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PREFACE 

The escalating costs and the continuing limitations of wind tunnel testing together with 
the growing imperative to achieve the ''optimal" design have rapidly increased the importance 
of computational fluid dynamics in the design of military aircraft. At relevant Reynolds 
numbers, inviscid flow methods continue to play an essential role in this design process. 

In recognition of this, the AGARD Fluid Dynamics Panel established Working Group 
07 to specify relevant reference test cases to serve as validation bases for those developing 
new methods with improved accuracy and cost-effectiveness. These cases further serve as 
check cases for those learning to use existing production codes. 

This report presents the recommendations of the Working Group. 

H.Yoshihara 
Chairman, WG07 

P.Sacher 
Co-chairman, WG07 
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OBJECTIVES AND SCOPE OF THE WORKING GROUP 07 (H. YOSHIHARA) 

In real flows over configurations at full scale Reynolds numbers, conf1ned 

continues to be an essential requirement. 

succinctly 1n the proposal to the National Delegates Board composed by Dr. Gre-n, that 1s. 

OBJEUIVE: 

■T. .«mlÃSTJí ”.í,rr.ríí,:!"’,;"Xr 

sãs w 
viscous effects." 

SCOPE: 

ál«^S Ä“ 

■« t* »»« « <« 

solutas- ., th. otter h;"« t, s.lotloo^.s „ .bs.l.t. 

•.;!SiLir.frt«” Lilt.! ^rort It ..t »rÆ1"1'’ "s''"' ^ " 
these solutions as “reference test cases" rather than definitive solutions 

t- ci™.-» i ï ï« «ketched the discretization and solution procedure, for example, for a finite 

Referenc^Testbcases^of'prîmarybîmportmct^lî^be ^"««s^Í^oVthe truncation “eirors" since the 

"residual errors" can be readily calculated. 

I 

DEFINITION OF 
CONFIGUWATION 

♦ 

BOUNDARY WH PROBLEM 
(proper conser¬ 
vation FORM) 

• EULER 
• EXACT POT. 
• SM. PERT, 

»DISCRETIZE» 
•HtiH GENERATION 

•FLOH DIFFERENCE ESS 

.ROUNJARY CONDITION« 

* FLUID DYHAWIC ERROR ===««=. ,-- 
I 

_I- 
SOLVE 
ALGEBRAICALLY 

A"BENIGN" ALGEBRAIC ihfo.siílíI 

t CODING ERRORS 

SYSTEM 
OF 
ItOHIHEAR 
BLGEBRAIC 
FQUATIONS 

RESIDUAL 
ERROR_ 

• STABILITY (ROBUSTNESS) 
• COMPUTING TIME 

FIGURE 1.1. ANATOMY OF A FINITE DIFFERENCE METHOD - SOURCES OF NUMERICAL ERROR. 
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Due to possible numerical instabilities and certainly to computer costs, the mesh is rarely 
adequately refined. As a consequence, different codes of the same nominal order of accuracy can yield 
significantly different absolute truncation errors even with the identical mesh. Of particular concern 
here is the accuracy in the fulfillment of the flow equations and the boundary condition at the 
configuration surface which unfortunately is seldom verified. Assessment of the contributed reference 
test cases in this uncertain environment will be a challenging task for the Working Group. 

The Euler solutions have been selected since they represent the most general class of inviscid 
solutions, encompassing flows with varying total pressure and temperature and therefore varying entropy 
and vorticity. Relative to exact potential codes, the state of Euler codes is less mature, but the 
recent rapid development should shortly close this gap. 

As mentioned above, Euler codes, in contrast to exact potential codes, can treat directly ^1°*« 
containing strong curved shock waves, vortex sheets as springing from sharp edges of wings, and regions 
of varying total pressure and temperature as occurring in a jet engine exhaust plume. In an important 
class of flows over wings at high subsonic freestream Mach numbers with shocks, the exact potential 
code however continues to be a viable code. Here shock waves are usually sufficiently swept or made 
sufficiently oblique by the shock/boundary layer interactions that the shock total head losses are 
insignificant. 

In the future with the development of improved Euler codes and the availability of advanced 
computers with increased memory capacity, more accurate results for the selected test cases must 
follow. The Reference Test Cases presented herein must therefore be considered as interim results to 
be possibly updated in the future. This is particularly true of the three dimensional cases. 

The achievements of the WG contained herein have been fully responsive to the Objectives and Scope 
as given above with one exception, the third item under the Scope paragraph. An exhaustive 
consideration of "shapes embodying practical aircraft features" was deemed premature at this stage due 
to the expected Inadequate state of mesh generation in the near future. 

The Working Group was composed of the following members. 

FDP PANEL MEMBERS NOW-PANEL MEMBERS 

Dr. Ing. G. Bucciantini 
Aeritalia S.P.A. 
Corso Marche 41 
10146 Torino - Italy 

Professor H. Norstrud 
The University of Trondheim 
N-8034 Trondheim - NTH - Norway 

Dr. L. Roberts 
Stanford University 
Stanford, CA 94305 - U.S.A. 

Dipl. Ing. P. Sacher (Co-chairman) 
Messerschmitt-Bolkow-Blohm GmbH, UF 
Postfach 80 11 60 
D-8000 München 80 - West Germany 

Dr. H. Yoshihara (Chairman) 
Boeing Military Airplane Company 
Mail Stop 41-16 
P. 0. Box 3707 
Seattle, Washington 98124 - U.S.A. 

Assisting the Working Group were several invited unofficial observers. These include the following: 

Prof. Dr. G. Chiocchia (1982-1983) 
Corso Duca 0. Abruzzi 24 
Politécnico 01 Torino 
1-10129 Torino - Italy 

Dr. A. Rizzi (1982-1983) 
F.F.A. P. Box 11021 
S-16111 Bromna 11 - Sweden 

Dr. W. Schmidt (1983) 
Domler Gmb H 
Postfach 1420 
D-7990 Frletlrlchshafen 1 - West Germany 

Dr. Ir. J. W. Boerstoel 
Nationaal Lucht-En 
RulmtevaartlaboratoMum 
P. 0. Box 90502 
1006 BM Amsterdam - Netherlands 

Mr. D. J. Jones 
National Aeronautical 
Establishment 

Montreal Road, 
Ottawa, Ontario K1A 0R6 - Canada 

Mr. J. H. B. Sm'th 
Royal Aircraft Ertabllshment 
Famborough, Hants GU14 6TD 
United Kingdom 

Dv. H. Vlvland 
Office National D'Etudes et de 
Recherchas Aérospatiales 
29 Avenue de la D1v. Leclerc 
92320 Chat!lion - France 
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Mpetinas of the WG were held usually over two days, twice a year, preceding the FDP symposium and 
business meeting. The tlm of the WG was two years, U October 1981 to 31 October 198 . Much of the 
early preparatory effort was however organized and car-!ed out between the formal meetings y 
following three committees for consideration and approvol by the Working Group. 

Committee A (Chairman: Dr. W. Boerstoel) . . 
Select and define exact solutions as the existing hodograpn solutions. 

,* r«.™« .... «... ... P«.»«.. 

contributors. 

Committee C (Chairman: D1pl. Ing. P. Sacher) 
Suggest two and three dimensional reference test cases. 

The remainder of the report Is organized as follows with the primary authors "Oted ^ P^enthesH. 
The chapter contents, particularly of chapters 6, 7, 8, and 9. reflect the consensus of the Working 

Group. 

Chapter 2. Formulation of the Euler Problem (Prof. Norstrud) 

Chapter 3. Numerical Methods: General Considerations (Dr. Ir. Boerstoel assisted by 
Dr. Rlzzl) 

Chapter 4. 

Chapter 5. 

Chapter 6. 

Chapter 7. 

Chapter 8. 

Chapter 9. 

Exact Solutions (Prof. Ch1occh1a) 

Reference Test Cases (Mr. Jones) 

2D Reference Test Cases (Dr. Vlvland) 
(Assisted hy Dr. Boerstoel, Prof. Chlocchla, Mr. Jones, 

3D Reference Test Cases - Swept Wings (Mr. Sacher) 
(Assisted by Dr. Bucclantlnl, and Dr. Roberts) 

3D Reference Test Cases - Delta Wings (Mr. Smith) 
(Assisted by Prof. Norstrud and Dr. Rlzzl) 

Concluding Remarks (Dr. H. Yoshlhara) 

and Dr. Schmidt) 
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2. FORMULATION OF THE EULER BOUNDARY VALUE PROBLEM (H. NORSTRUD) 

2.1 Fluid dynamic background 

The Swiss mathematician Leonard Euler (1707-1783) is remembered through the 
equations of motion which describes rotational, but inviscid compressible flow. Most 
of the obtained solutions to sucii fluid flow problems are based on irrotational motion 
and, hence, can be grouped together as potential flow solutions. 

In many practical cases such potential approximations1,2 yields satisfactory 
results as compared to a rotational flow solution3'1'. This is e.g. illustrated in figure 
2.1 which shows the Mach number contours around an airfoil at supersonic speed. For 
flows with strong entropy variation in the flow field the situation, however, is changed. 
This is especially true for embedded shocks as can be seen from figure 2.2. Here figure 
2.2a shows the Mach number contour around a cylinder for M^ < 1, whereas 2.2b shows the 
corresponding streamlines. 

The major reason behind the discrepancy between a rotational and irrotational 
solution lies in the fact that the potential flow solution does not satisfy the Rankine- 
Hugoniot jump condition across a shock, see figure 2.3. As it can be seen, an irrotati¬ 
onal solution like the full potential solution or the transonic small perturbation solu¬ 
tion (TSP), will yield a larger Mach number jump across the shock as compared to the 
equivalent rotational or Euler solution. Furthermore, the shock location will differ 
between a rotational and irrotational solution, and this is depicted in figure 2.4. 

Finally, it must be stated that for flows with complex shock patterns and for 
flows with inherent vorticity the method of solution adopted must be based on the Euler 
equations. The flow field around a modern combat aircraft is well suited to serve as an 
example to this, see figure 2.5 which shows the calculated pressure distribution around 
an aircraft forebody at M^ > 1. 

2.2 Integral form of the Euler equations 

We will follow the formulation given by Rizzi6 and can write the integral 
form of the Euler equations in a higher-dimensional space as 

I q dV + f Q-n dA = 0 (2.1) 

V A 

where q = [p, p'J pv, pw] refers to the fluid density p and to the components of the 
translational momentum pv » (pu, pv, pw) in a Cartesian coordinate system x,y,z. The 
closed area A bounds the volume V and n designates the outward unit normal on the element¬ 

al area dA. 

Furthermore, the flux vector Q = [qv + (0,e ,e ,e )p] is a function of the 
static pressure p acting on dA with the unit directional vectors given as ex'ey and ez- 

Time is denoted by t and for steady flows the first integral in (2.1) will be identical 
zero. 

With the definition of enthalpy h as 

h ■ e + p/p 

where e denotes the internal energy per unit mass, we can write for the stagnation 
enthalpy 

hj = h + -|(u2 + V2 + w2) 

and for isoenergetic flow (i.e. globally constant h ) we obtain the relation 
0 

P = p - I(u2 + V2 + w2)] (2.2) 

where y designates the ratio of specific heats. 

The integral formulation is the basis for various finite volume techniques 
adopted for the solution of the Euler equations, but is not necessarely associated with 
constant stagnation enthalpy. 

2.3 Differential form 

The differential form of the Euler equations can be found in many papers, 
see e.g. reference 7-10 for different applications. In three space-dimensions these 
equations can be written in conservation form as 

lU + M + iS + lSco 
3t 3x 3y 3z 

(2.3) 
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where the vector U of the conservative variables(p, pu, pv, pw and E) and the flux vectors 

F, G and H are 

U = 

P 

pu 

pv 

pw 

E 

F 

pu 

pu2+p 

puv 

puw 

u(E+p) 

pv 

puv 

pv2+p 

pvw 

V(E+p) 

H 

pw 

puw 

pvw 

pw2+p 

w(E+p) 

Here the total energy E is given as 

E =-Et+ £ <u2 + V2 + w2) = p[e + i(u2 + V2 + w2)] 
Y-l 2 ¿ 

see e.g. equation (2.2). For two-dimensional, unsteady flows equation (2.3) reduces to 

Iy+1E+1G=0 (2.4) 
at ax ay 

where 

U 

P 

pu 

pv 

E 

pu 

pu2+p 

puv 

U(E+p) 

pv 

puv 

pv2+p 

V (E +p) 

A transformation of (2.4) to curvilinear coordinates is in many application mandatory 

and will be given in the following section. 

2.4 General curvilinear transformation 

The system of Euler equations (2.3) will not alter its conservation form when 

subjected to an arbitrary coordinate transformation such as 

Ç = Ç(x, y, z, t) 

n = n(x, y, z, t) 

ç = ;(x, y, z, t) 

T = x(t) 

where Ç, n, C are the transformed space coordinates and J is the Jacobian of the trans 

formation 

il Ü 
3x 3y 3z 

J a(x,y,z) 
an an 3n 
3x ay 3z 

ii li 
3x 3y 3z 

This will transform equation (2.3) to 

30.31+30+31=0 
3t 3Ç 3n 3Ç 

where the following transformed vectors are Introduced 

U = IU 

F = I ÇtU + ÇXF + ÇyG + ÇZH 

G = i n=u + n„F + n„G + n,H t X y z 

H = I çfcU + çxF + ÇyG + ÇZK 

Here I = I/J denotes the Jacobian of the inverse mapping, i.e. 

I = *ç(Ynzc - yç*n> - xn<yçzç - yçzç> + xç(yç2n " ynzC> 

and where 

J = ÏX<VZ " nzV ' Çy(T,xC* " V*’ + Çz(nxçy ■ Vx> 
For the two-dimensional unsteady case, see equation (2.4), we will obtain 

au 
a? + 

3F 

TZ + 
3G 
Tí ' 

0 (2.5) 
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where 

U = XU 

F = I(ÇtU + ÇXF + ÇyG) 

G = I(ntu + nxF + hyG) 

(2.6) 

Again I = 1/J denotes the Jacobian of the inverse mapping, i.e. 

and 

as follows 

Vn 

Sx'V 

Ve 

Vx 

The metrics of the mapping to the metrics of the inverse mapping are related 

IEt = yTxn- xTyn 

IÇx = yh 
IÇ = -X 
y n 

and 

lnt = xTyr yTxç 

Irix = -yE 

Ir|y = XÇ 

and these relations rewrites equations (2.6) to yield 

Ü = IU 

- X G ■-Tn t-rr *h 
G 

xTyn)u t ynF 

F + x.G 

(2.7) 

(xTyç - yTxç)u - yçr - 

Hence, equation (2.5) together with (2.7) forms the transformed system of equations for 

the non-steady, planar case. 

2.5 Alternative form of the differential equations 

plicitely 

The conservation form of tne energy equation, as embedded in eq. 2.3, reads ex- 

or 

3E . 3u (E+p) . 3v (E+p) 3w(E+p) 

3t + 3x 8y 

-^[p(e+ ¿V2)] + grad[p(e+ ^V2)V] + grad(pV) = 0 
(2.8) 

where V = (u2 + v2 + w2)1/2 is the modulus of the velocity vector V. Equation (2.8) is 

vaUd for the unsteady flow of a compressible, inviscid fluid with fe absence of body 

forces and heat transfer. Hence, it relates to adiabatic flow and in terms of the total 

enthalpy h eq. (2.8) can be transferred to the non-conservation form 
o 

Dh 

Dt 

1 3p 

p It 
(2.9) 

where D/Dt • 3/3t + div V denotes the substantial derivative. Furthermore, 

flows eq. (2.9) reduces to H = const, i.e. constant total enthalpy along a streamline. 

Similarely, the momentum equations can be stated in a non-conservation form as 

= - ¿grad p 
(2.10) 

(2.11) 

which will lead to the Crocco’s theorem 

T grad s = grad h - 3? x curl ^ + 3V/3t 
3 0 

This equation relates the entrophy gradient to the vorticity (curl V) in the 

alona with the gradient of the total enthalpy and the unsteady velocity term. For steady, 

homentropic flows eq. (2.11) yields_a direct correspondance between the entropy gradient 

and the vorticity si ice grad h^ = 3V/3t » 0. 

in calculating flow fields with strong entropy gradients (e.g. across shocks), Moretti" 

made ¿se of an ¿n?ropy function as a dependent variable in solving the Euler equations 

and thus incorporated eq. (2.11) in his analysis of supersonic, steady flows. The re¬ 

lation between circulation and vorticity flux should also be pointed out. 
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2.6 Nature of equations for steady and unsteady flows 

The steady state solution is frequently found on the basis of an iteration pro¬ 

cess involving the unsteady Euler equations, i.e. in many applications only the limiting 

state of time-independancy is of interest. This means that the physical time scale is 

adopted for numerical purposes only and that the introduction of a surrogate time could 

serve the sam: purpose. 

Such a solution technique, however, is not a simple one since any iteration pro¬ 

cess involves a communication scheme between the numerical grid points which must satisfy 

the physics of the flow. 

The physical unsteady flow equations says that it requires initial data to app¬ 

roach the steady state condition. This is due to the hyperbolic nature of the partial 

differential equations with respect to time and a time-dependent technique requires 

special criterions for stability purposes. Furthermore, it puts emphasis on the diff¬ 

erent utility of implicit and explicit iteration schemes. 

Sinularely, the steady-state equations are of a elliptic and/or hyperbolic type 

and due to this mixed flow behaviour the solution of the time-independent equations are 

inherently more difficult to solve. 

2.7 Formulation of boundary conditions 

The Euler equations, as presented in the previous sections, are subject to certain 

boundary conditions in order to render a desired unique solution. These conditions applies 

to a physical fluid region and can in general be specified“ or listed in relation to 

a) physical objects 

b) inflow 

c) outflow 

d) internal surfaces 

e) artificial surfaces 

The physical objects (profiles, wings etc.) constitutes single or multiple body 

surfaces which internally bounds the fluid region and, hence, give rise to the tangential 

flow condition. Since the computational space is often a truncated part of the physical 

space, these objects have a distinct influence on the inflow/outflow conditions <e.g. 

the Sommerfeld radiation conditions). The inflow condition is usually identical to the 

free-stream condition, which again can be specified in terms of constant total enthalpy. 

The term internal surfaces refers to singular areas in the flow field which are 

caused by the geometric representation of the physical objects or by flow phenomena such 

as vortlcity sheets or shock waves. The Rankine-Hugoniot condition is associated with 

the latter type surface and relates the flow properties across a shock. The classical 

Kutta condition, however, seems at present to be under doubt as a necessary supplementary 

condition. 

Artificial surfaces are normally constructed as an integral part of the compu¬ 

tational space and, hence, bears no physical significance. Nevertheless, the use of 

artificial surfaces for the purpose of convergence improvements should be noted. 
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Fig. 2.1 Mach number contours around 

a 10 % thick parabolic arc 

airfoil at M^ = 1.2 (from ref.3) 
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Fig. 2.4 Pressure distribution over 
a circular arc bump in a 
channel at Mœ = 0.85 
(from ref.4) 
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3. NUMERICAL METHODS (J.W. BOERSTOEL) 

SUMMARY 

A survey of numerical techniques used in computational simulations of Euler flows is presented. The number 

of techniques reported in literature is so large that a detailed description of all of them is out of scope. 

Therefore, this survey is concentrated to sketching only the more important numerical topics, and pointing 

out differences in possible approaches. 

3.1 General requirements for numerical methods ; general approach 

From the point of view of aeronautical applications, numerical methods for the solution of the initial- 

boundary-value problem of the Euler equations should satisfy a number of primary requirements. The following 

list is expected to cover many specific application fields. 

•The numerical method should be able to compute Euler flows around a specified, sufficiently wide class 

of aeronautical configurations (aerofoils, wings, aircraft configurations, air intakes, etc.), and for 

a specified suitably wide range of free-stream conditions, incidences, in- and outflux conditions, etc. 

The desired flow should be specified to be steady or unsteady, if possible. 

•For a given desired accuracy level, the calculation results should be obtained with minimal 

computational effort. 
•The desired acc’iracy levels should be specified. This may be done in terms of overall quantities, like 

c. , c., cra, and in terms of distributions of functions on the configuration or in the flow field, like c , 

M, total pressure, entropy, and vorticity. ^ 

•(^-discontinuities . like shocks and vortex sheets, should be as sharp as possible, with a minimum of 

smearing and dispersion (wiggles). The best resolution is obtained when ^-discontinuities have a 

thickness of one mesh. 

•Unphysical phenomena (like expansion shocks) have to be rigorously suppressed. 

Lists of primary requirements are seldom explicity specified. However, they are needed to objectively 

evaluate the quality of a numerical method, because they specify the criteria that should be met by a 

numerical method. 

Starting from such lists of requirements, the general approach to the numerical solution of the 

initial-boundary-value problem of the Euler equaticms consists of two major steps. In the first step the 

flow equations, the boundary conditions, and the initial conditions of the continuum-model formulation of 

the problem are replaced by a large system of algebraic equations (discretisation). In the second step the 

resulting system of algebraic equations is solved (solution), see figure ?.1. The discretisation process 

reduces to splitting the (t,x,y,z)-space into small elementary volumes called cells (grid generation, 

section 3.2), and writing down, for each cell, algebraic approximations of the conservation equations 

(section 3.3), of the initial conditions (section 3.5), and of boundary conditions (section 3.1*). The 

solution of the algebraic equation system is ¿L.scussed in section 3.7, and the topic of well-posedness of 

tne numerical problem is briefly discussed in section 3.8. 

Fig. 3.1 General approach to numerical solution of initial-boundary-value problem for Euler-equation flows 
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3’2 Thedfirstrstepnin a numerical technique is the choice of a grid in (t ,x,y ,7.)-space. Most existing grid 

generation procedures produce grids for ultimately steady flows. These grids shouidbe designed suc^ that : 

•adequate resolution is obtained: high resolution where the flow has large gradients (leading and 

trailing edges, side edges of wing tips, leading edges of nacelles, etc.), low resolution in regions 

•thehgrid is preferably solid-boundary conforming, so that boundary conditions may be simply incorporated; 

•data bases are well-ordered. 
Such grids are technically realized by designing a mapping 

X = xU.n.ç), y = yU,n,c), z = zU.n,;), 
(3.1) 

such that a uniform mesh in U.n.C) generates a mesh with desired resolution in (x.y.z) space, with the 

boundaries corresponding to surfaces C,n, or ; = constant. The main burden of the grid generation then 

becomes the design of a mapping from some rectangular box in (ç,n,5)-space onto the flow domain with 
boundaries. Topological questions (0,C,H type meshes, and combinations of these for threedimensional flows 

around wings), mesh singularities, and their effect, and practical engineering questions, like sizes of 

computational domains are discussed by Eriksson (3-1 ) and Rizzi-Eriksson (3-2). They describe in detail a 

technique based on transfinite interpolation. Mesh generation techniques based on the solution of elliptic 

solvers and other techniques are reviewed by Thompson e.a. (3-3). . ^ ., „ 
It is generally expected that the construction of a single mapping from one rectangular box to the flow 

domain becomes impractical, when complicated aeronautical configurations have to be dealt with (for example, 

a wing with flaps, engines and pylons). In such cases, the mapping problem may be alleviated by resorting 

to domain-splitting (= zonal = composite grid = subdomain) techniques. The flow domain is thereby spli 

into a few subdomains, and each subdomain is mapped onto a rectangular box in(Ç,n.{-space by its own 
mapping For examples, see e.g. Hessenius-Pullism (3-1.) and Cambier-Ghazzi-Veuillot-Viviand ( 3-5).The mapping 

problem is avoided if rectangular grids are used; exploratory research in this direction has been reporte 

by Wedan (3-6), using potential-flow theory. 
For steady-flow solutions, the grids may be defined time-independent, and the grid may be generated 

prior to flow calculations. This becomes impossible when the solid surfaces move in time, and the grid is 

required to be boundary conforming. Practical experience with time-dependent grids seems to be limited, 

however. 

3.3 Discretisation of conservation equations . ._ 
For each cell in a grid, algebraic equations representing approximations of the conservation equations, 

over the cell hav* to be defined. (When the cell is adjacent to a boundary, the boundary conditions have also 

to be discretized, see below.) The discretisation process leads to difference scheues for t e continuum 

equations.author3 foUow oertain numerical guidelines that should lead to meeting primary requirements like 

those presented in section 3.1. These guidelines, and some major related topics are briefly discussed. 

• A major topic is the choice between the following differencing alternatives: 

Ist-order accurate 1 / sPace: cen^ral or upwinu 
2nd-order accurate j \ in time : explicit or implicit # i * 

Combining these alternatives, eight major ways for differencing may be identified, and of several of them 

examples may be found in literature. There are two main approaches, however. 
a. In most older techniques ( 3-2, 7 to lU ), 2nd-order accurate explicit central schemes are used. In order 

to suppress odd-eian decoupling effects and unphysical expansion shocks (3-9, 11,15), artificial viscosi y 

(AV) is explicitly added. See below for more remarks about the AV-issue. t ^ . . 
b. In many recent computation techniques (3-16,36) explicit schemes are also used but they are st- or 

2nd-order upwind in space. The upwinding is based on flux-vector or flux-difference splitting Ü-16, 18 29) 

or on wave splitting according to characteristics théorie (X and SCM methods) Ö-17, 30-36), and introduces 

implicit AV of desired nature; so the addition of explicit AV may be dispensed with. 
Many explicit schemes may be viewed as implicit, whereby the differences between the solution.at the 

new and the old time levels are linearized in terms of the solution at the old time level Newton Ilk 

iteration, (3-2, 7), Runge-Kutta-like time stepping (3-9, 10), ADI approximate factorization (3-11, 14, 16, 18, 32, 33). 

• Semi-discretisation (method of lines) is a discretisation technique that some authors like to follow 

to derive their final différence scheme in (t,x,y,z)-space. They first discretize in the spatial variables 
(x y z) and obtain then a system of first-order, coupled, nonlinear, ordinary differential equations of the 

fora’au/at = AÕ, where Ü is a vector of unknowns at cell centres, and A = A(U) a sparse matrix. Subsequently, 

this system is further discretized in time; the vast body of knowledge for integrating numerically such 

ordinary differential-equation systems may then be used. 

• Major properties of a difference-equation system may be judged from its AV (artificial viscosity). This 

concept is useful within the context of an analogy consideration: when the it 
analogously to a continuum model with a small viscosity, which has smooth solutions due to that viscosity, 

then the difference scheme may be expected to have also smooth discrete solutions. This analogy is usually 

arrived at as follows. Assume the dependent variables on a grid to be smooth in a certain region, then 

differences may be replaced by derivatives using Taylor sene., expansions. As the difference scheme i 

consistent, the difference between the scheme and the corresponding differential expression is a partial 

differential operator of 0(hm), m»1. When in the continuum model thxs partial-differential operator may be 

identified to simulate a viscosity, the difference scheme is said to have AV, and the 0(h ) operator 

^Th^yapplicability of the AV analogy hinges on the assumption that the discrete solutions must be smooth, 

so that Taylor series expansions are valid approximations. It may be used then to explain why discre 

solutions in smooth flow regions are smooth. 

• Flux-ve' '.or and flux-difference splitting ore concepts that are used to construct (fully-conservative) 

upwind~schem*.s having in smooth flow regions Appropriate implicit AV, so that discrete solutions are smooth 

À 

Æ:; 
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- STÄÄÄ. 
snurrrsr^Tis« “T^i sssÄ^fa: {s,uÄ*ss,r 
in finite-volume discretisations) may be separate with their own characteristic speed 

each wave at both sides of the plane-segments are . . . j manifold (3-37 ). For each given initial 
in the direction of the corresponding threedimensional n¿ence and of determinacy, 
plane-segment P, and for each type of wave, we may then determine domains of^dependenc^a^^ 

and ranges of influence. The wave types and characteristic propaga J\ differential equations, applied 

may be determined with ^erical simulations should properly account for 

rhe^wa^pÂiôn complex relations between various domains of dependence and of 

^"^AcSsTf^vÄitting (3-18 to 38)and 

characteristics theory as follows. In order to cons r certa£n jacob-;.an matrices, because these signs 

of the eigenvalues and the corresponding eigenvecu define how to split flux vectors or flux- 

define the direction of upwinding. The correspon ing e 8 iR-eq 38-1*0) Because the eigenvalue- 

difference vectors. For details about these techniques ^f ^tîie^theor^^of 'characteristic manifolds, there *ri;r.^s«r;rr str,; 
evaluation of ^-discontinuities; etc. 

. ... SC, .«>^1 ... ,r. is; Srs-«i .»«.) »« usually nonconservative, so that differencing over 

avoided. See further (3-30 to 35). 

• A major problem encountered in mirass^HtCt^hfdependenfvariables"011 ^ 

(pIpuirv.P^E'arfs'ot^nctions of tZ coordinate*, (t.i.y.t). is not true, however, for the following 

types of (^-discontinuities : 

•shock waves 

•contact discontinuities' contact-slip discontinuities (vortex sheets) 

•slip discontinuities J , „e thcop discontinuities have to be traced. The 

s...8».«™. - - 

(unsteady) C°-discontinuities. . . . ,, two basically different approaches. 

=“ä“ £rä-"r /f w *ro” “ 

•“r»trr‘=rr4;r“)™( .»o.«*«™ p™». » .... 

s.h r;iq;:r 
For that reason some authors advocate schemes avoiding differencing over 

. Elimination of AV at C°-discontinuit^ ^e concepts of 1-sc^mes^fl^-vector^r^l^-^fference^ & 

splitting leads in many cases to schemes P^ucing^st^p ^ example. Sells (3-16), Hancock-Van Leer 

sign of smearing or dispersion (wiggle >) (v?8) and shocks over one mesh in Pandolfi-Zanetti (3-17), 

(3-23), Chakravarthy-Osher (3-27 ) ), ^‘^^Av fs effectivtíy switched oïf or reduced between two cells where 
Eedone-Napolitani (3-32, 33)). In such schemes, shocks the schemes act as approximate algebraic 
an eigenvalue (characteristic speed) changes Bign Over j::,3::,, centres. eigenvalue-sign 

Rankine-Hugoniot relations allowing discontinu y J p direction into the opposite + directions. Such 

switche^reduce^^eliminat^at111 isolate^points AV, and C<>-discontinuities tend to concentrate at such points. 

• An important issue ^=1^11 p^c^dures tbarrimitlrldierts^ompu^d^fro^grid 

equations. At such discontinuities, onnnrrt (3-1*1) and the limiters introduced at shocks by 

■- - “ “ -- » -- 
to avoiding differencing over C°-discontinuities. 

• Maintaining free-stream accuracy is of importance ^gBydthÍ8Uis meant that the 

the ultimately steady flow is a sil^ ^ steady uniform flow is an exact solution of the schemes, 
difference schemes are designed such that flow may give rise to relatively large 

V-f 
•J. ! 
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. Stiffness is a property of - ^^raic^nonilinear^^tion ^ ^ 

efficient solution of the system. It is g (non)linear equation system. 
smallest moduli of eigenvalues of the Jacobian of ^ equivalentqother notions involving large scale 

It is usually possible to character! maior causes of stiffness may be identified: larg 
differences. In Euler-flow calculations, at leas J limiting via the CFL numbers the time step (in 
ratios between largest and smallest cell s^or ’^secondly. the sensitivity of many shoch- 

capturing'conservation'eq^itions'to the interior’numerical structure of smeared shocks. 

. steadv-flow equations. In a few -cent publications^the^steady-flo^ Ôritir^fon^^las, 

solved by a time-independent iterative tecta 'î ' 3^ ^urrogatfc"-equation technique), Jespersen (3-^), 
Gunn ADI approximate factorization), John 
Ni (3-1.5) (Newton and multigrid), and Bruneau e.a. (3-½). 

Ii7 ) 2nd-crder accurate two-point upstream 
• Fade difference operators. In a few recen P®?® ' , difference operators; for an extensive list 

fee&SSÍñ "rlforHL^e higher-order accuracy with smaller stencil 

rinansion shocks ove^i^ are --Uy Prevented by ^^iSv o^]ô£ 
!nt.ronv inenuality of the continuusT^uations ts not explici^y^ condition which can be formulated 

„u————- 

functions 

f(S) , 

S = P P 

(3.2) 

(3.3) 
-Y 

. . i uo-tor, (q-lQ)) such that a conservation integral of 
with f(S) satisfying only coordinates.’ The continuum conservation equations 
f(S) is always nonnegative, independent ronv integral inequality rules out these shocks. 

'"^In^ome^recent'mathematical'^studies'of continuum Euler flows, the entropy inequality is explici y u , 

see e.g. (3-29) und (3-39). 

3-' ** «• ,o ‘"cor‘””“ 

“Sää. .«■)■ “* t“1 . Conditions at solid walls (likeaerofons wingB fuselages win^ one t<ould HKetospecify 
velocity is put equal to tero, but when a "a^ layer ^ & stee..y flow has to be 

transpiration fluxes for mass, angen i ’ t0 become steady. 
determined, the boundary conditions have ult ^ ■nues are applied. In flux-vector and flux- 
At solid surfaces with zero normal f^;"xe= ’ the wall in SuchPa way that the boundary condition 
difference methods, the waves are reflected g (3-33), and Pandolfi-Zanetti (3-IT), in [»rticular. 
becomes satisfied, s«, Chakraverthy 3-3U) i’nThe boundary condition, because it is 
Special attention is sometimes n*ed^ t° *^^eally the unsteady normal momentum equation, see Rizzi 
unknown; the pressure may be evaluated ™ may be realized by using the known 
¡3-2 7). Higher-order accuracy in the boundary conuiv Jnh . ravarthy (3-34). 
derivatives of the boundary conditions^with conditions have to be approached when^going 

• Conditions far away from the configurâtlon whe f ° k waves near convected vortex sheets 

to infinity, except P°s=iblyf/^^0 evaluate the perturbation of the uniform flow. For supér¬ 
ete.. Asymptotic theory should be app theory leads to different types of results. In curren 

•Differential operators are used bo Bl (3-52)). These differential operators act as 

^i„SiÂ‘.u2;í;«^S”â. «»..i». «■« »=» “• 
.SÏISÎrîïS'S^ÏÏ’wpîié«- »>•" 

SThÄäV.“.'"“'.:*,—i those o, the „^rtotbe, t„-field tie., see -.. 

“ÆJ;” wÄ £ïïS’l; , "“et .«r- or under-specific*tion of the bounder, conditions. 

Pb, theory of cherect.ri.tic. proHde, “ 

each time level t on a boundary surface, ere T,rpv;oug times from the interior of the flow, and 
those carrying waves arriving at the boun ^yp Boundary conditions have to be 

3.5 Initial conditions taken to be that of a uniform flow. 
Initial conditions for time-dependent approaches are often taken tobe ^ . (3.9). 

e.g. (3-2, 7 to 14, 16), or an approximation corresponding to a steady pocen 

WÊÊÊÊÊ • 

' ! 
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When initial and boundary conditions are ^^^^^d'surface“ i'strong transient effects 
parallel flow, and time-independent zero-fluxboimdani fil resulta, like in final steady states, 
arise. When these effects have to be converted to a steady state. This 
such strong transient effects can better be avoi t■^„ por example the time-independent zero- 
may be realized by making initial and ^ boundary conditions, see 

rÄÄ edition of sens, (3-.6). 

3.6 Kutta conditions „„„fimirations is a matter of debate. Usually, a 
The application of Kutta conditions at sharp edg edaes (trailing edges of aerofoils and wings, 

special boundary condition is not explicitly enforce appropriate, because in the continuum 
Sharp leading edges of delta ving.), but it is not V^Essíoní in e.g. (3-7, .0, 15, 16, 
model the Kutta condition cannot be ^P^jith, Pandolfi-^etti in (3-17), and by Cambier-Ghazzi- 
57). An appropriate numerical model is presentea oy e.g 

Veuillot-Viviand in (3-5). 

3.7 Numerical solution. (pseudo-Hime evolutiop ei ,f ible to a ateady state, involves 

.„.“Su — nzttrjess* 
Netfton(-like) iteration on implicit schemes, Runge-Kut^ ike^^^ime^^^p^ ^ based on the use of sequences 

A much used technique is ADI approximate factorizat_ . soace-o0ordinate direction, and explicit in 
of time integrations, that are implicit at all gri p ,.- , Cy0iiCally exchanged with the other 
the other ones. The implicitly treated orace-coordinate^irection^^cyclically^exch^ng^ an in.all. 

^;ce - rÄ“ rÄon 
bandedtsystema^Íallowingrsimplifiednsolution°algorithms. For examples of ADI approximate factorization, see 

(3-11, 1U-15, 18, 32,33). 
• • • + o+oariv-ctntp solution a true time-evolution simulation is not 

.Ir!L^r-nnsl\^nrtI:urrf;ilowing techniques may be considered for 

lnPI«tówlttime stepping: at each cell, the local ^-valueisused compute a local time step ^e. in ^ 

coordinates and on the solution. , 4-vio pttt n+Ahilitv limits* 
• Change from explicit to implicit schemes to d ultimately steady boundary conditions 
.Make initial conditions (often: uniformparallelflowiand ultimately ste dy ^ ^ of the 

compatible to avoid strong transient effect that ^^!a^foil concept, Sells (3-16)). 

from coarse to fine^ and appiy = 

r.vrÆ.is, —<>»». 
Chima-Johni in (3-51*), and Schmidt Jameson <3-58). reduces the size of the equation system. 

•Replace the energy equation by its steady state solut of such techniques has been presented by 
Examples of the use of this assumption are (32, f, ;. 

Viviand (3-55). 

3-8 Consistency, stability, and convergence well-known criteria: consistency, stability, and 
The difference schemes should satisfy three J Consistency implies that each difference 

convergence. These notions *“°ial) expression of the continuum model, when the mesh is 
expression tends to a corresponding (d if the linear first-variation problems of the 
decreased to zero. A difference equation system liable if the ^ar^first V of 

equation system are well-posed (nonsingular), -ind®P b if the sequence of solutions tends to a 

general conditions (3-2U). 

These issues presuppose that the continuum analog of ^e beatable against (first- 
the discrete Euler equations is well-posed: a solution should e itaelf_ stability of the first- 

variation) perturbations in the initial data, boun Solution and thus e.g. absence of bifurcation problems, 
variation of the solution impHesuniquenessofthe sol , tical applications, where discontinuous 

What this requirement means for the seems to be not clear. It is even 
features like vortex sheets, shock waves, and contfi oblems where the boundary conditions become 
not clear, that asymptotically steady solutions al ay analysis of (3-56), the various numerical 
time-independent. See the (stabiiity of transonic flow over circular cylinder), and the 
stability experiments discussed by fjas (3 40) (st Krause-Shi in (3-57). The well-posedness of 

area of concern. 

in view of this situation, it is difficult to to 
stability and convergence. For this reason, authors of , successively finer grids are compared 
analyse íhe stability and convergence issues; f°r examp e solutes varied, etc. 
to each other, computational-domain sizes are varied, time steps are varia. 
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4. EXACT SOLUTIONS TO TRANSONIC AND SUPERSONIC FLOWS ( G. CHIOCCHIA) 

INTRODUCTION 

In this chapter a survey of the most important analytical solutions for transonic and 
supersonic flows is presented. Particular attention Is paid to the transonic cases, where 
the presence of embedded supersonic regions of “a priori" unknown extension causes consid¬ 
erable difficulties to the numerical computations and raises the need for reference test 
cases. 
Unfortunately, exact analytical transonic solutions are rare and not always adequate for 
checking practical cases. For this reason some approximate analytical solutions are also 
presented; in this case, however, the approximations must be well known In advance and 
their numerical effects must be limited. As a general standard of judgement, we exclude 
from this survey solutions In which the approximation consists in the replacement of partial 
differential equations by finite difference equations. He accept however closed form or 
series solutions for two or three cases of approximate equations whose validity fields are 
well established. 
For a more extensive review of cases and methods, ref. Cil C141 C403 are suggested. 

1. EXACT SOLUTIONS FOR TRANSONIC FLOWS 

1.1 General considerations 

Analytical solutions for compressible flows are particular Integrals of the systems of 
equations (normally called Euler equations): 

d1v(p$) = - 

- —grad p * + ygrad q2 + rot q x q (1.1.1) 

3h 
TÈ2- + $-0rad h0 * T -|f- o P 

completed by the state equation: 

R p T (1.1.2) 

In the (1.1.1) and (1.1.2) t Is the time, q the velocity vector with (u,v,w) as cartesian 
components referred to a (x,y,z) reference frame, R the specific gas constant, p the density, 
p the pressure and h0 the total enthalpy per unit mass defined as: 

V + (1.1.3) 

Cn being the specific heat at constant pressure per unit mass and T the static temperature. 
Eqs. (1.1.1) and (1.1.2) are a s;stem of six equations for the six unknowns u,v,w,p,p,hp 
(or T); If suitable Initial and boundary conditions are also assigned, the problem of the 
motion of a perfect gas with given geometrical constraints could be, at least from a the¬ 
oretical standpoint, defined. 
Unfortunately, we do not even know any approximate analytical solution to the full Euler 
equations, so that some restrictions must be accepted. 
The first restriction Is the steady flow assumption; then the local time derivatives 3/3t 
disappear from the (1-1-1)- 
The second restriction consists In assuming everywhere In- the flow field: 

rot q (1.1.4) 

l.e. that the flow 1s 1rrotatlonal. As It Is well known, an Important consequence of this 
assumption Is that If h0 Is assumed to be uniform In the whole flow field, the entropy must 
also be uniform. This conclusion Is not compatible with the presence of finite extension 
shocks, or curved shock waves which, on the contrary are so often detected In actual trans¬ 
onic flows; as a consequence, any analytical solution based on the (1.1.4) In which shock 
waves are present must be considered as being only approximate. 
However, If the component Mn normal to the shock of the upstream Mach number Is sufficiently 
close to unity, the approximation can be very good, the typical error being of the order of 
(MV1)3 (see p.e. ref. Cl]). 
If the (1.1.4) Is satisfied, a potential function *(x,y,z) can be Introduced: 

■ * - 1 

I 
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¡1.1.5) 

so that Eqs. (1.1.1) and (1.1.2) can be condensed In an unique second order non linear 
partial differential equation: 

(1 - “F)4 (1 - ?t)< yy (1 - F-) 
. ,uv . ,vw 
zz • 2cl *xy • 2F 

» 9UW 
»yz - 2F 

(1.1.6) 

where c Is the local sound speed. ^ ^ ., ^ 
It Is not encouraging to observe that even this simplified equation Is untractable because 
of Its non linearity; on the other hand no transformation has been developed at this date 
to reduce the (1.1.6) to a linear equation In the general 3-D case. A consequence 1s the 
almost absolute absence of 3-D analytical solutions for potential flows; the case quoted 
later in sect. 1.4 Is not In contradiction to this, this case to be regarded more as a 
superposition of known 2-D solutions than a true 3-D flow extracted from Eq. (1.1.6). 
The third restriction consists therefore In the limitation to two-dimensional flow fields. 
In this case a stream function f(x,y) can be easily defined so that: 

* Pr y pi 

where pr Is an arbitrary reference value for p. 
Eq. (11.6) reduces then to Its 2-D form: 

(1 T-)» C7' XX 
uv 

> + ( 1 * “Sf ) $ 
xy v yy 

and an Identical equation can be written for 'f(x,y): 

(1 ■)Ÿ / w - 2 -¡¿r- Y + (1 - -3-)31 c2 xy ' c' yy 

(1.1.7) 

(1.1.8) 

(1.1.9) 

Eqs. (1.1.8) and (1.1.9) are simpler than Eq. (1.1.6) but still non-linear. Their reduction 
to a linear form can only be performed if the flow field is not only two-dimensional but 
also planar, and this Is the case we choose to start. 

1.1 2-D planar potential flows 

1.2.1 The hodograph transformation method 

If the velocity q and Its deviation e with respect to a reference direction are assumed as 
Independent variables Instead of x and y, Eqs. (1.1.8) and (1.1.9) can be linearized In the 
planar case. This Is tantamount to solving the problem In the (q,8 ) plane Instead of In 
the (x.y) one; since the first Is known as "hodograph plane“ this procedure Is called 
“hodogríiph method*. . . . ^ „ 
Two ■■•ays can be followed to apply It. The first one Is the classical Legendre transforma¬ 
tion [21. If It Is applied to (1.1.8) the Legendre potential transform Is defined as: 

Sl(u ,v) ■= xu + yv - i 

Then (1.1.8) takes the linear form: 

q2ilqq + q 0 f i”, ♦ <’ 

(1.2.1) 

(1.2.2) 

In which the change from (u,v) to (q,e) has been already accounted for, so that the sought 
function Is now n(q,0). 
A fully similar equation can also be obtained from Eq. (1.1.9). The main shortcoming of 
the Legendre transformation method Is that the boundary conditions tor n cannot be easily 
Identified. For this reason the Molenbrock - Tschapllgln C31C4D transformation Is more 
frequently used. In which the original functions « and Y are retained. 
Applying It to Eq. (1.1.9) leads to the equation: 

q2 y qq + *1' * ÿ-^q + (1 
(1.2.3) 

Eqs. (1.2.2) and (1.2.3) are similar to each other, so we can concentrate our attention 
solely to (1.2.3). The most general known solutions are obtained by separation of the 
variables q and e. By Introducing the quantity: 

q lim 
(1.2.4) 

where q^ is the limiting speed of the stream, a class of solutions of Eq. (1.2.3) Is: 

(T*,9) * x*v/l Fv (av. bv; v+1; T*)e 
1v9 (1.2.5) 

where only the real or the Imaginary part of the right hand side Is retained and Fv Is the 
hypergeometric function. 
The parameters a^ and bv are given by: 

a + b v v Y-l a b v v 
u(v+l) 
Z(y-l) 

(1.2.6) 
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with y = Cn/Cy. The quantity v Is the variable separation constant and can be arbitrarily 
chosen (only negative integer values of v must be separately considered). 
Because of the linearity of Eq. (1 .2.3 ), solutions like (1.2.5) can be summed to build more 
general solutions. The Fv's are convergent series for q<qiim, i.e. on the whole flow field 
(only for q = q,^ the convergence is not assured); the idea to obtain general solutions 
by considering tne infinite series: 

* -Kc (1.2.7) 

was developed by Lightill C53. The goal is to f«nd proper values of the coefficients cv, 
so that the conditions imposed to the flow can be satisfied. In some cases (profile flows 
are the most important ones) singularities in the hodograph plane must be considered: then 
one or more functions satisfying (1.2.3) and displaying these singularities have to be 
added to (1. 2 .7 ). 
Unfortunately, the convergence of the single series (1.2.5) does not imply that ct the 
(1.2.7), which has to be proved each time; analytical continuations can then result to be 
necessary in certain flow regions. Moreover, the convergence of (1.2.7), even if proved, 
can be very slow; this causes numerical difficulties which can more than offset the advan¬ 
tage of the theoretical exactness. 
To find a solution of Eq. (1.2.3) is only one of the necessary steps: the next step is the 
transfer of the solution from the hodograph to the physical plane. This transfer can be 
unsuccessful, at least in the supersonic region, if two "limit lines" appear on the (x,y) 
plane, separating a region in which the streamlines turn back and cross themselves. This 
is usually represented by means of a three - folded Riemann surface. This behaviour is 
physically unrealistic, and the solution 
must be rejected (see Fig. 1). However, if 
allowed by the nature of the problem, a 
part of the solution can be retained by 
choosing a particular streamline as rigid 
wall, so that the limit lines fall in the 
region occupied by the body. 
This approach is called the "Indirect method" 
and consists in solving the equations on the 
hodograph plane and obtaining the flow field 
on the physical plane together with the shape 
of the boundaries (which are therefore part 
of the solution itself). 
In contrast to this, the "direct method" 
consists in imposing the physical constraints 
on the physical plane and determining the 
related flow. As it can be expected, most 
exact solutions have been found by means of 
the indirect method, which is basically 
simpler. 

1.2.2 Exact solutions and fictitious gas models 

To avoid the difficulties of solutions like (1.2.7), some modifications have been Introduced 
Into Eqs. (1.2.2) or (1.2.3) so that a solution in closed form becomes possible. 
Let us work with Eq. (1-2.3). By referring q and p to their critical values, a new Inde¬ 
pendent variable can be defined: 

r An. 
q 

(1.2.8) 

Eq. (1.2.3) can then be shown to take the form C13: 

M^ee + * 0 (1-2>9) 
wherç: 

Mal ■ ^-U-ÿ-) 

The behaviour of k(o) depends on the pressure - density relationship, which, for a real 
gas Is given by the Poisson adiabatic law. The fictitious gas method consists 1n substi¬ 
tuting k(o) through a suitable approximate function, so that Eq. (1.2.9) can be solved in 
closed form. The resulting solution can be Interpreted as describing the motion of a fic¬ 
titious gas whose adiabatic law Is not that of Poisson, but the one which can be derived 
from the chosen approximated form of k(o). A comparison of the adiabatic behaviour of the 
real and of the fictitious gas provides a test for the validity of the method. 
The advantage of this procedure Is that only the error In k(o) Is Introduced, which 1s 
well known 1n advance; on the other hand, this Is only justified If the remainder of the 
computation Is rigorously analytical, so that additional numerical error generation Is 
avoided. 
Two approximate forms for x^) are most wlduly used. 
The Trlcoml approximation Is linear E63: 

ky(o) » (1 + y)o ( 1.2.11 ) 

An equivalent form for (1.2.11) can be determined In the physical plane (see p.e. C13 
pp. 54 to 59) anl leads to the approximate equation: 

.Igj 
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Cl - M - (ï + UV*,», + fyy 

(1.2.12) 

where 4. Is the perturbation potential given by 4> = 4 - q«,x. Eq. (1.2.12) jj9* 

perturbation” equation. _ 
The Tomotika - Tamada approximation is exponential C7J. 

wi th 

kTT(o) = • (1 - e ) 

. Y+l 

6 = (^)fr 

(1.2.13) 

The comparison of kT(o) and kTT(o) to 
the real gas functi¿n k(o) is give.! 
in Fig. 2a. It can be seen that all 
three functions give the same (exact) 
value at o = 0, i.e. at the sonic 
conditions. However, whereas kW/) is 
a good approximation of k(o) only in 
a small neighbourhood of o = 0, kxf(o) 
approximates k(o) closely in the whole 
subsonic region (o>0) and also in part 
of supersonic region. It can be eval¬ 
uated that the Tomotika - Tamada law 
provides a good approximation if the 
local Mach number is everywhere lower 
than 1.2 t 1.3. 
A further comparison is given in Fig. 
2b where the curves p = p(p) are plot¬ 
ted for the two quoted approximations 
and for the real case p « pX 
Fictitious thermodynamic laws relating 
the pressure to the density and to the 
Internal energy, that is to say in the 
form required for the full Euler equa¬ 
tions, can be associated to a given 
k(a) law in such a way that the solution 
of Eq. (1.2.9) is also a solution of 
the full Euler equations for these 
fictitious thermodynamic laws C93. 

! 

* I 
•» 

j 
I 

ted to smooth transonic flows, 
stream Mach number Ma> must be 
dge of the body, 
of a stable steady smooth 
sion and no definitive answer 
butions of many Authors CIO] 
therefore, can be unstable 

These flows can also be re¬ 
prevents the reflection of 

1.2.3 Cases of fully exact analytical solution 

As already mentioned (sect. 1.1) these cases can only be rela 
i.e. shockless flows. A consequence is that the und sturbed 
less than one to avoid the bow wave in front of the leading e 
It should, however, be recalled here tb*t «ven the existence 
transonic flow around an obstacle is still a matter of discus 
to this question has been given as yet in spite °f the contri 
C11 g Cl] C12] Cl 3] Cl 4]. The smooth flow cases , quoted here, 
if small disturbances 'as numerical errors) are Introduced, 
girded as exceptional ¿ases in which a favorab e Interference 
the waves at the sonic line to form a shock lIdj. 

1 2.3.1 Source, vortex and doublet flows 

regí on*(not present in the incompressible case) in which no flow is possible. 

1.2.3.2 Ringleb’s flow C18] 
uu j_ 11 ? » neoative integer, F is a logarithmically modified hypergeometric 

the streamlines on the hodograph plane have the simple form. 

À 
r- 
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(1.2.14) 

and p are referred to the stagnation values 

to the (1.2.14) has streamlines given by the 

(1.2.15) 

where : 

k * l/i)/ constant on every streamline 

J * T + ^ + UT- * T ^ 

c * 1 - V q2" i1-2'16) 

.2/(^-1) 
p » c 

* * T 
.sine 

In this and in the following relations, q, c 
of sound speed and density respectively. 
The flow on the physical plane corresponding 
simple relations: 

1 1 i 
T T< 

1 
IT 

2 
ir 

j 
~r 

- i|i' 

The constant velocity lines are circles given by: 

(X 
2 

+ y 
_i_ 

4p2 H2 
(1.2.17) 

where the sonic line is also obtained if 
the critical values of p, q and J are 
used. 
The flow pattern is shown in Fig. 3: a 
curved stream around an obstacle is 
envisaged. The streamlines are symmet¬ 
rical with respect to the x-axis and 
their shape tends to become parabolic 
far from the body. By choosing two 
streamlinas and regarding them as rigid 
walls, the flow in a curved duct with 
and without a supersonic region can also 
be obtained. 
If k > 4/(Y+l), limit lines appear and no 
realistic streamlines are described by 
the 1.2.15) and (1.2.16); for 
k » 4/(y+l ) the streamline has two points 
with infinite curvature. The regular 
flow is therefore only possible if 
k < 4/ (y+l ). 

1.2.3.3 Cherry's cylinder flow C193 C203 C21] 

streamlines i|i * cte 

isotach lines c* » cte 

sonic line 

Fig. 4 - Cherry's cylinder flow, M,,, * 0.509. a) symmetric; b) unsymaetric 
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T M fhprrv determined a solution of the same kind as (1.2.7) to Eq. (1.2.2) by trans- 

TheWres2ltshof1Cher?y"for m! ^O^O^are reproduced In Fig. 4a. By superposing other so- 

! 1 !h Î i0 Slol XT?* rncrraseS!4]^; ?rneISapep^i!etn1n 
addition atiSOthis: the seHes'become difficult to compute because of the growing extension 

of the slow convergence region. 

1.2.3.4 The NLR alrfolIs 

Bv developing the basic methods outlined In 
Sect. 1.2.1, the Dutch school was able to 
p-oduce a set of transonic airfoils which 
can also have the property (rare In exact 
fansonic solutions) of producing lift. ^ 
Two techniques have been used. Nlewland s 
quasi-elliptical profiles C223 were obtained 
by transforming Incompressible flow patterns 
where .'ome parameters could be varied to a 
certain enent, so that an airfoil shape 
resulten. F1*. 5 shows one of these cases. 
In the technique of Boerstoel-Hui zing C233 
a hodograph Image transformation method was 
adopted, where the starting point was the 
Image of the airfoil on the hodograph plane 
(see also C253 ). The NLR 7301 airfoil ex¬ 
tensively described in Chapt. 5 belongs to 
this family. Other NLR airfoils can be found 
also ln C243C263. 
Both Nlewland‘s and Boerstoel-Hulzlng s meth¬ 
ods develop convergent series solutions and 
combine them, so satisfying our requirement 
for analytical solutions. Other well known 
reliable examples of profile flows exist, 
where a large amount of analytical work is 
present, as those of Bauer-Garabedlan-Korn 

C273C28] • however, unlike the NLR airfoils, a significant part of the design 
performed by means of numerical finite difference methods and therefore they are not consid¬ 

ered In this survey. 

Fig. 5 - Niewland's airfoil 0.1- 
M = 0.745 

.675-1.6 

1.2.3.5 An Inner flow: Cherry's nozzle C29H303C313 

Some particular nozzle flows have been exactly 
computed by T.M. Cherry, who used similar 
procedures as those quoted In Sect. 1.2.3.3. 
A result Is given In Fig. 6. 

1.2.3.6 A cascade flow: the Hobson cascade C323 

Two cascade flows have been 
computed by D.G. Hobson ap¬ 
plying a hodograph Image trans¬ 
formation method; one of them 
is reproduced In Fig. 7, but 
more details can be found in 
Chapt. 5. 

Fig. 7 Hobson cascade 
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1.2.3.7 A flow with shock: Chattot's double wedge C333 

Although 1t Is not rigorously exact (the shock 1s assumed to be Isentroplc), this solution 
Is considered here because no approximate gas law Is used. Moreover, the value of the Mach 
number In front of the shock Is 1.05, l.e. close enough to unity, so that the error can be 
neglected. 
Chattot obtained this solution by reducing Eq. (1.2.3) to a system of ordinary differential 
equations; to do this, solutions of Eq. (1.2.3), suitably transformed, were examined In the 
form of trigonometric polynomials. The results shown In F1g. 8a,b are fora 4.5* half-wedge 
angle and for M«, » 0.89 

1.2.4 Cases of fictitious gas analytical solutions 

Cases are quoted In this section for which no exact real gas solution exists. As a rule, 
the Tomotlka-Tamada cases are first given, followed by those based on the Trlcoml (or equiv¬ 
alent) gas law. 
If shock waves are present, the same considerations as In Sect. 1.1 and 1.2.3.7 hold, 1.e. 
Mn must be close to unity, so that no meaningful additional error source affects the solu¬ 
tion. In some cases an overall error assessment across the shock has also been performed. 

1.2.4.1 Subsonic upstream flow (M„<1) 

Two profile flows are considered here, both based on the Tomotlkf-íamada approximation: the 
first one Is smooth, the second displays a shock wave. 

1.2.4.1.1 The profiles of Tomotlka and Tamada C73 

Eq. (1.2.9) through the substitution of k(o) 
by I<tt(o) 'eads t0 exact solutions. By 
superposing two of them, Tomotlka and Tamada 
derived a family of symmetrical profiles at 
zero Incidence, whose shapes depend slightly 
on the value of M„. One case Is given In 
Fig. 9; two features characterize these air¬ 
foils: 
- a sharp leading edge with a fixed half¬ 

angle of 19.2°; 
- a cusped trailing edge with smooth outflow. 
If thf limiting value M» • 0.752 Is exceeded, 
limit lines appear and the regular flow Is 
no longer possible. 

Fig. 9 - Tomotlka-Tamada profile for M«,=0.717: 
velocity distribution and profile shape 

1.2.4.1.2 The profiles of Chlocchla and Nocllla C363 

These profiles are the extension of those of Tomotlka and Tamada to the case M.> 0.752. 
A first effort was made by Nocllla E343C353 by means of a local use of the Trlcoml approx¬ 
imation confined to the shock region; separate streamfunctlons to be matched to each other 
were also sought. The method has been simplified ln C36] where the shock was suitably In¬ 
serted at the locus of the self-intersections of the stream-lines to avoid the multivalued 
region produced by the limit lines. An Independent test on the fulfillment of the Ranklne- 
Hugonlot conditions across the shock shows errors not exceeding lt2X In the meaningful cases. 
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An example Is given In Fig. 10: the 
profile features are the same as In 
Sect. 1.2.4.1.1, but also a slope dis¬ 
continuity 1s now present; the corre¬ 
sponding angle amounts to lf3°. 

1.2.4.2 Sonic upstream flow (H» » 1 .) 

When the undisturbed stream 1s pre¬ 
cisely sonic some Important simpli¬ 
fications take place. From the math¬ 
ematical standpoint. If the Trlcoml 
approximation Is used Eq. (1.2.12) 
takes a simpler form for * 1 ; more 
generally, however, the whole flow 
structure becomes easier to handle. 
This Is due to the existence of a 
"limiting Mach wave", l.e. a charac¬ 
teristic Une starting on the body and 
meeting the sonic line at Infinity. 
The downstream flow Is supersonic and 
cannot Influence the region 1n front 
of the limiting Mach wave; It can 

therefore be solved Independently (p.e. by means of the standard method of the characteris¬ 
tics) for different shapes of the tall of the body. . , 
At the trailing edge a shock wave must be expected; however, this does not 1'fluence the 
already computed pressure distribution on the profile. 

1.2.4.2.1 Nocllla's sonic profiles 

By extending the class of the 
exact solutions In the Tomotlka- 
Tamada approximation, S. Nocilla 
[37][383 derived a family of 
profiles for M» * 1 with a free 
parameter. One case Is reported 
In Fig. 11; detailed results 
can be found In [393. 

F1g. 11 - Sonic airfoil by Nocilla: a) flow field; 
b) velocity distribution on the profile 

1.2.4.2.2 Guderley's sonic profiles [403 

• 12r 

Fig. 12 - Guderley sonic profile 10% thick; a) cp - distribution 
with maximum thickness at 40% of the chord; b) variation 
of the drag coefficient with the position of max. thickness 

This family of profiles, whose leading edges are cusped and whose maximum thickness position 
along the chord can be chosen, have been obtained In the Trlcoml approximation. Working 
with the method of the characteristics, Guderley determined also the tall shape giving the 
minimum drag; Fig. 12 shows a result. Owing to the necessity of a Prandtl-Meyer expansion 
to minimize the drag, the obtained shapes present a slope discontinuity at the junction of 
the front and the rear part (l.e. at the startpolnt of the limiting Mach wave). 

_ ' :/ 

p
p

m
; 
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1.2.4.2.3 Sobleczky's sonic profiles 

Both Nocilla's and Guderley's cases are not able 
to produce lift. By rearranging the hodograph 
equation as previously suggested by Busemann C41], 
H. Sobieczky C42DC43] obtained a Beltrami equation 
which could be solved through the consideration of 
certain special curves called "rheographs“. A 
family of profiles, which can also be lifting, was 
then derived in an approximation fully equivalent 
to the Tricomi one. Fig. 13 shows the profile 
shape, characterized by a cusped leading edge and 
by a sharp trailing edge. Thickness, camber and 
Incidence can be changed but not independently 
from one another; the direction of the free stream 
coincides with the tangent to the cusped leading 
edge (something like the "ideal incidence" of the 
theory of the thin airfoils in incompressible flow). 
In [43] very simple closed form relations are 
given, so that the profile shapes, the pressure 
coefficient distributions and the lift coefficients 
can be easily worked out. 

Fig. 13 - Sonic profile by 
Sobieczky: geometry 

1.2.4.2.4 The double wedge at incidence of Guderley and Yoshihara [453 

The flow over a double wedge has been studied 
by Guderley and Yoshihara C44] in the Tricomi 
approximation neglecting the shock wave which 
necessarily occurs at the shoulder of the 
profile (see p.e. Fig. 8). This second as¬ 
sumption is a significant one, but if M,,,, = 1, 
it does not invalidate the computation of 
the flow over the upstream wedge because the 
limiting Mach wave arises also at the shoulder. 
At zero incidence [44] these results are 
overcome by the more exact ones of Chattot 
(see Sect. 1.2.3.7), which, moreover, are not 
limited to the sonic upstream case. However, 
the quoted authors were able in a later work 
[453 to extend their results to the case in 
which a small angle of incidence is present. 
This was done by means of a perturbation 
procedure; the results without incidence 
and the correction due to an angle of 1° 
are shown in Fig. 14 for a 10Ï thick profile. 

Fig. 14 - Double wedge by Guderley and Yoshihara. Full 
line: without incidence; dashed line: c - 
correction due to a = l" 

1.2.4.3 Supersonic upstream flow ^„>1) 

Only cases where a bow wave occurs, followed by a subsonic region and, further downstream, 
by a recompression, are considered in this section. Cases without a subsonic region pertain 
to the fully supersonic flows (Sect. 2). 
These flows are difficult to study; there is still, however, a limiting Mach wave, so that 
the downstream flow cannot Influence the subsonic region and can be separably studied. 

1.2.4.3.1 Nocilla's airfoil flow [46] 

The profile belongs to the family quoted in Sect. 1.2.4.2.1 but with M„ « 1.11, where the 
Tomotika-Tamada approximation is still retained. The results are given in Fig. 15a,b: 
the computations have been terminated when the limiting Mach wave on the profile was reached. 
The given solution is rigorous if a very slight non uniformity in the undisturbed flow is 
accepted; if not, a small error in the fulfillment of the shock conditions (which have been 
rederived for the Tomotika-Tamada gas) occurs. The evaluation of this possible error is 
also performed in [46]. 

1.2.4.3.2 Sobleczky's extension to M«, > 1 of Guderley's airfoils C47] 

By further exploiting the methods developed in C42H433 , the flow past a Guderley profile 
(see Sect. 1.2.4.2.2) was computed in an approximation equivalent to the Tricomi one and 
for a M„ > 1 given by: 

M„ - 1 . + .836[(y ♦ IJtí-1/* (1.2.18) 

where t Is the thickness ratio and the factor 0.836 refers only to the presented results. 
These are given in Fig. 16: they have been scaled for a 10* '■hick profile, so that M.-l.lS. 



I 

/ ' 

4-10 

Fig. 17 - Body of revolution by Guderley and 
Yo&hihara: cp-d1str1bution for three 
different distances from the axis 

Fig. 16 - Sobieczky's profile for 
M > 1 : flow field for 
x” 0.10 1.15) 

1 .3 2-D axisymmetric flows 

If the 2-0 flow is not planar, the hodograph method can still be used but it no longer 
iI.hc tn tho linéarisation of Eo. (1.1.6) and its main advantage is lost. 
Guderley and Yoshihara [483 determined the flow with M. * 1 past J by me#nS 
of the Tricomi approximation and looking for a perturbation potential in the form. 

A 

Y3n"2 f(t) 

where 

ü(X,Y) 

ç , (Y + 1)‘1/3 XY’n 

(1.3.1) 

in H 3 11 X and Y are the coordinates in a meridian plane. 
Such à flow has been called "homogeneous" by Guderley [403; Its assumption reduces the 
potential equation to an ordinary differential equation for f(c). In [473 this equation 
was numerically solved and solutions were found for n - */7; some results are In Fig. 17. 
This value of n was later confirmed by Fal'kowich and Çhernow 1493«"d «atschat 
[503 and by Randall [513: all Authors derived simple closed form solution for f(t). 
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1.4 3-D transonic flows: Greitzer's swirling flow C52] 

This solution has been obtained by superposing a uniform strem to a 
In Fig. 18. The result Is a swlrli 
flow In an annular duct; the pro¬ 
jection of a streamline on a merid¬ 
ian plane Is also represented In 
Fig. 18 for two cases, l.e. with a 
certain amount of swirl and without 
It. A minimum distance from the 
axis exists, at which the radial 
Mach number (due to the source) 
reaches unity; nearer to the axis 
no flow Is possible. 
The Greltzer flow, owing to Its 
construction, Is 1rrotatlonal. It 
Is however possible to use its 
streamlines to describe a rotation¬ 
al flow in which the stagnation 
enthalpy varies from streamline 
to streamline but remains constant 
along each of them; as a consequence 
the velocity field Is altered. This 
possibility Is a very Interesting 
feature of this flow. 
The formula.* given ln C52] have been 
obtained In closed form for y * 1.4, 
but other values of y should also 
allow this. 

vortex-source as shown 

Fig. 18 - Greitzer's swirling flow: streamline shape 1n 
a meridional plane 

2. EXACT SOLUTIONS FOR SUPERSONIC FLOWS 

Fully supersonic flow fields have the advantage. If compared to the transonic ones, to be 
everywhere hyperbolic and therefore, in principle at least, can be solved by means of the 
method of the characteristics. , 
However, curved shock waves occur frequently, p.e. when an expansion fan from a wedge meets 
an already existing shock. In these cases an amount of rotatlonal1ty Is Introduced In the 
flow field, which cannot be neglected when the Mach numbers are high. Although the exact 
computation Is also possible (see p.e. C533 Chapt. V), It Is much more complicated. 
We quote here only some cases whose construction Is simple; similar flows can be found In 
textbooks as C533C543. 

2.1 2-D supersonic flows 

We recall all flows consisting of simple wave regions. Examples are flows over simple 
wedges, double wedges (so far the expansion fan does not meet the shock wave), expansions 
around corners, etc.. , ^ 
Also duct flows can belong to this family; they may also have a curved axis as the one 
reproduced In Fig. 19 (from C543). 

Fig. 20 - Construction of a new duct flow starting from 
an assigned analytical one 
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By choosing two streamlines as new physical boundaries (i.e. as rigid walls) different 
flows can be obtained: an example is given in Fig. 20 (C552). 
A very particular flow pattern is provided by the Busemann biplane L56J and it is repres- 
ented in Fig. 21. The flow structure in the region between the profiles is complicated 
but can be exactly computed for a special configuration; it can therefore be very useful 

as a test case. 

2.2 2-D axisymmetric supersonic flows 

The theory of the flow over a circular cone without incidence is well developed, owing to 
the irrotationality of the flow behind the shock. The results have been tabulated by 
Sims C572 and can be used for testing of codes. 

2.3 3-D supersonic flows 

Three-dimensional fields are in general difficult 
to study and analytical solutions are mostly 
based on approximate assumptions (linearized 
theories, perturbation methods, ...). 
An exception are the special body shapes of 
Non«e11er C583 and Flower C593 , where the 
flow field was determined by means of an 
indirect method, i.e. the body shape was 
obtained by selecting known streamlines. 
In these cases the flow in every plane 
parallel to the symmetry one is two-dimen¬ 
sional, so that it can be easily studied 
through elementary techniques. No irrota- 
tionality is Introduced in the flow if the 
design conditions are assumed. An example 
is offered by Nonweiler's "caret wing" 

Other shapes, based on axisymmetric flows obtained by characteristic 
been derived by Pike [603 and can be very Interesting as test cases, owing to their resem¬ 
blance to aircraft configurations. _ . .. .., - .. C11 
Finally, let us mention the tabulations of Sims C613 which extend the results ^ the su¬ 
personic flow over a circular cone to the case where the Incidence angle is not zero. 

M > 1 

Fig. 22 - The "caret wing" by Nonweiler 
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5. REFERENCE TEST CASES AND CONTRIBUTORS (D.J. JONES) 

5.1, Two Dimensional Airfoil» and Cascades 

5.1.1. Specification of 2-D Ref«rence Te»t Cw 

(1) NACA0012 M-0.8, Ofl.25* 

This airfoil la the NACA0012 foil with of the TE was 

The NACA0012 foil la symmetrical. Its upper surface la defined by 

7(7) - 5 t (0.2969 7* - 0.126 I - 0.3516 72 ♦ 0.2843 73 - 0.1015 74). (5.1) 

where 

7 - the chordwlae distance from the leading edge at x - 0, 
* - the upper-surface coordinate, B..An0..x 
t - 0.12 (value of thickness parameter for NACA0012). 

5 2 In Ord:r*tó*avold*ámblgultléat^tbnth*.<>op:n0tralílog*®díe^"*^«t**r*®*^*^°u*^*^®U"*^*^"^°**^r¿*°e 

that there 1. a well-defined tr.lllng-edge point. For the teat .. the tr.lllng-edge coordinate x^ 1. 

n-13 

defined to be the H-value, where y_0: 

7(7) - 0 --7 - 7te - 1.008930411365 -- |7| < ‘0 

Thi, means that the chord length 1. ...u.l to the value 7t, and .lightly exceeds the unit value. 

... .... c.lcul.tlon.» «. -...- "¡"‘nr.'“ 
...„i,.... .. ». — — 

This rescales the airfoil to unit chord. 

Result, of invladd computations for this case (NACA0012) were given In the Rlzxl-Vivi.nd 

Workshop (5.1). 

Experimental data for NACA0012 were presented In ACARO AR-138 (Working Group 04), Reference . . 

(2) NACA0012 See (1) above. M-0.85, m-l* 

(3) NACA0012 See (1) above. M-0.95, »0 

., . i ... rh, Rizzi-Vlvland GAMM Workshop. The latter case has a 

strong shock*”atCthe*trailing ZZ - -U.cond.ry shock downstream of the trailing edge. 

(4) NACA0012 

(5) NACA0012 

See (1) above. M-1.2, ofO* 

See (1) above. M-l.2, o»*!* 

, , ^ ^ -h. GAMM workshop but are included here to define reference 

solution. “*chuîP.r -tereat are the up.tre.m and downstream 

pressure jumps. 

(6) RAE2822 M-0.75, <**3* 

, ,.,i.., „.„i..... i. «i- •• "• ”*•" “ 

., ....,-. <■ - “* -11 ----1 ““ •" 
presented in AGARD AR-138 [5«3]« 

(7) MLR7301 M-0.720957, op-0.194* 

given in Table 5.3. The profile la shown in Fig. 5.1(c). 
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.. / li in A 9 10 below) we already have a definitive solution* _irr1 —■» » *- — 
solution can be made. 

Experimental result, for this airfoil are gl«n ln AGARD AR-138 (5.3]. 

(8) CHIOCCHIA-NOCIUA profile. M-0.769041, opO° 

This symmetrical profile Is designed In the hodograph plane using the Tomotlka-Tamada 

approximation to the Chaplygin equation. 

.. ^ :: ™ 
Reference 5.5. 

Is difficult to incorporate this difference Into an Euler code. 

The coordinates and design pressure distribution can he found In Table 5.4. The sonic line sod 

the shock line are tabulated In Tables 5.5 and 5.6 respectively. 

Figs* 5*2 - 5*5 show some details of the flow. 

5.1.2* 2-D Cascade Reference Solutions 

(9) HOBSON-1. M-0.476, ce43.544• Spacing s/c-1.0121 

(10) HOBSON-2. M-0.575, o-46.123* Spacing s/c-0.5259 

respectively. 

Their coordinates and Mach number distribution, are given In Tables 5.7 and 5.8 respectively, 

while their profiles are shown in Figs. 5.6(a) and 5.6(b) respectively. 

These profiles are Included so that one can see how well lntern.1 flows are handled by the 

various Euler codes. 

5.1.3. 2-D Test Case Contributors 

This sub-section gives a list of contributor, for the 2-D test cases. The numeral 1. used to 

identify the contributor In the assessments made later. 

1. J.P. Veulllot and A.M. Vulllot 

ONERA 

29 Av. de la Dlv. ledere 

Chatillon F-92320 

France 

3. C.C. Lyttan 
Royal Aircraft Establishment 

Farnborough, Hants 

England 

5. T.H. Pulliam and J.T. Barton 

NASA Amea 

N215-1 Moffet Field 
California 94035 

U.S.A. 

7. A. Eberle 
Postfach 801160 

MBB UF-FE122 

8000 Muenchen 80 

Germany 

9. W. Schmidt (Dornler) and A. Jameson (Princeton Unlv.) 

Postfach 1420 Aeronautical Dept. 

Dornler Princeton 

7990 Friedrichshaffen New Je”*y 08540 
Germany U.S.A. 

2. J. Sides 
0NERA (see 1) 

4. J.L. Jacocks 
A.E.D.C., A.R.O. Inc. 

Tennessee 37389 

U.S.A. 

6. M.D. Salas and J.C. South Jr. 

NASA Langley 

Hampton, Va 
U.S.A. 

A. Rizal 
F.F.A., P.0, Box 11021 

S-16111 Bromma 11 

Sweden 
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10. R.H. NI 
Pratt Whitney A/C Group 

East Hartford 

Connecticut 06108 

U.S.A. 

11. A. Dadone 
Unlveralty of BARI »la re David 200 

latltuto dl Macchlne 

Italy 

12. G. Meauze and P. Leaalnt 

ONERA (aee 1 above). 

13. B. Fortunato 
Unlveralty of Barl (aee 11). 

5.2. Three Dlmenalonal Caaea 

5.2.1. Specification of 3-D Reference Teat Caaea 

(11) ONERA M-6 M-0.84, op3.06* 

(12) ONERA M-6 M-0.92, ce-O'' 

The pertinent pointa of this awept back conical wing are Ita trapezoidal planforn, 5X 

thlckneaa/chord, 30° leading edge aweep, symmetry, aspect ratio 3.8 and taper ratio 0.56. 

Note that the present definition differs very slightly from that of the real M6 wing given In 

Ref. 5.3, by the fact that the 0NERA-D profile Is extended to the point of strictly zero thlckneaa. This 

corresponda to an extension In chord of about 0.62. Also the wing tip la rounded In a slightly different 

manner from the real M6 wing. 

Experimental results for this wing are given In AGARD AR-138. 

A complete definition of the wing now follows. 

1) Planform 

The planform la shown on Fig. 5.7. The point A, with coordinates: 

xA - 1578.7 mm yA - 2734.5 mm 

Is the apex of the conical surface to which the wing belongs. 

The root-chord la: 

Xg - 810.5 mm 

(Instead of 805.9 mm for the real wing; aee note above) 

The semi-span, excluding the rounded wing tip, la: 

b ■ 1196.3 mm 

For dimensionless quantities, use the semi-span b as reference length. 

11) "Extended" ONERA-D Profile 

The Intersection of the wing by a vertical plane Inclined at an angle - 9 with respect to the 

x-axis (Fig. 5.7) Is the symmetrical ONERA-D profile. The angle 8 la given by Its tangent: 

tan6 - 0.45891 

Here we consider the ONERA-D profile extended to the point of exactly zero thickness. Let c be 

the chord of the extended profile, and t-x'/c the reduced absclaaa along the chord. The equation of the 

upper surface can be written: 

z - c g (kO/k, 0 < Ç < 1 

with k " 1.00638425 

and where the function gOO la given by the following set of equations: 

a) 0 < X < 0.044 

7 

g(X) • ã I a xn 
n-0 n 

Ao - -0.189f3087584379 Dt00 

Ai - +0.31813568315041 D-01 

A2 - -0.79875599950822 D+02 

A3 - +0.19826412221164 D+04 

Aq - -0.17124203429644 D+05 

As - -0.83765417234613 D+04 

As - +0.89884596073744 D+06 

Ay - -0.35691922706000 D+07 
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0.044 < X < 0.945 

g(XÏ - I B Xn 
n-0 

Bo - +0.20511700000000 D-01 

B1 - +0.27338051499795 D+00 

B2 - -0.12221782415231 0+01 

B 3 - +0.38864797060892 0+01 

B4 - -0.75862963116995 0+01 

Bs - +0.68359355107744 0+01 

Be - -0.73185676985056 0+00 

B? - -0.2754u347977852 0+01 

B g - +0.12790983175276 0+01 

0.945 < X < 1.00638425 
g(X) - -0.127 (X-0.945) + 0.0077958 

ill) Root Section 

Let 7 be the reduced absciss, «long the chord of the root section (Intersection of wing by plane 

y-0): 7-x/xg. 

The upper surface of the root section Is given by the equation: 

with 

yA " XA 8ln6 * yA 00,0 

p ■ X,, 8in0/yî ■ 0.10753067 
B A 

l.e 

i- - 0.96843983 (1-w) g(X) 
XB 

with 

X - - 0.89816708 -*-= 
l-iot 

lv) Tip Section 

The tip of wing M6 is not completely defined by analytical expression«. It Is based on the half 

body of révolu ion formed by rotating the tip section around its symmetry axis, however a nothing is 

neceslarj to ensure the continuity of the tangent plane; In particular, the upstream part of the half body 

of revolution Is modified over a distance of about 3X of the tip chord. 

Another wing tip, with a simple definition, Is to be used for calculations. 

wing tip is generated by circular arcs in the vertical planes going through the apex A of the conical 

surface of the wing. Each arc la completely defined by the condition of tangency with the generators of 

the wing surface in the vertical plane (see Fig. 5.8). 

follows. 

An explicit equation for the rounded wing tip In the form x-function of x.y can be found as 

For given x,y on the wing tip make the substitutions 

yA-y 
and XA-V 

where *„ Is the x value of S0 (see Fig. 5.7). Then letting *0-F(x0) be the equation of the root section, 

we can compute the z value on the tip as given by 

^ 2 

Z2 - (y-y )2 - C2 (y-b)2 

A Xa 

2 2 n 
where C ■ 1+P + 

1 Xa 

T 



¡ 
/ 

5-5 

Also a parametric representation of the section of the wing tip In the plane z-0 In terms of the 

above mentioned variable x (Fig. 5.9) can be written as follows. 

z +C b 

v . v 0 . l— 
y yA * +C y 

x ■ x +Py 
0 

(13) BUTLER WING. M-2.5, opO* 

This wing (see Ref. 5.7) has a delta planform with sonic lending edge at M-3.5. It has elliptic 

cross sections with aspect ratio decreasing from unity (circular up to 20X) to xero at the trailing edge. 

Experimental results for this wing are reported In Ref. 5.8. 

The complete wing description Is given on Fig. 5.10. 

(14) DILLNER WING. M-1.5, <p15* 

(15) DILLNER WING. M-0.7, oplS* 

This wing has a delta planform with 70* sweep and a sharp leading edge. The surface Is specified 
by spanwlse sections of bl-convex circular arc profiles whose maximum thickness (at midchord) Is 6* of the 

local chord (see Fig. 5.11). 

Experiments! results are reported ln FFA Report No. AU-295. 

(16) NASA Ames Swept Wing. M-0.833, <pl.75* 

Thi. 1. an arrow type wing with 36V27* leading edge aweep. UX thlckneaa at root, 12* at the 

break and 9.7X at the tip. The aspect ratio Is 7.2, It has 4.34 of twist and 1.293 /2.93 dihedral. 

Fig. 5.12 shows the planform, twlat ( e) and leading edge dihedral for this wing while Fig. 5.13 

show, the defining sections 1, 4. 6 and 11 (the surface la lofted linearly between aectlona 1, 4. 6 and 

11). 
Table 5.9 contalna values of the leading edge coordlnatea, local chord length and twist at each 

of the aectlona 1 through 11. All units are In metres. Finally Table 5.10 gives the coordlnatea of 

sections I through 11« 

Thla wing la conaldered typical of the type on modern aupercrltlcal transport aircraft. 

(17) AGARD B. M-1.5, cpO* 

(18) AGARD B. M-1.5, cp2* 

(19) AGARD B. M-2.0, <p0’ 

(20) AGARD B. M-2.0, or2* 

Thla wing-body configuration has been the model for aaveral wind tunnel testa. In particular 

resulta are reported In References 5.9 and 5.10. 

Fig. 5.14 gives a complete definition of the model. It ahowa a delta wing mounted on a 

cylindrical body of revolution. The wing has a 4X thick bl-convex section with exposed aspect ratio 2.31 

and 60* leading edge sweep. 

5.2.2. 3-D Test Case Contributors 

Dr. D.S. Chaussee 

MS 202A-14 

NASA-Ames Research Center 

Moffett Field 

California 94035 

USA 

Prof. G. Morettl 

P.0. Box 184 

Freeport 

New York 11520 

Dr.-Ing. K. Welland 

Postfach 801160 

MBB UF-FE122 

8000 Muenchen 

W. Germany 

m. H. Fenain* and J. Lordon 
Adrospatlale 

Division des Engins Tactiques 

92320 Chatlllon 

France 
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Dr. A. Rltxl 

(address as in 5.1.3) 

Dr.-Ing. W. Schmidt and Prof. A. Jameson 

(address as in 5.1.3) 

Prof. F. Walkden 

Dept, of Mathenatlce 
Salford M54WT 

England 

/ 
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O.N.E.R.A. MATRA 

France FRANCE 

F-92320 Chatlllon F-78U0 Vellry 
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TABLE ; I 

X/C 

0.00000 
0.00060 
0.00241 
0.00541 
0.00961 
0.01498 
0.02153 
0.02923 
0.03806 
0.04801 
0.05904 
0.07114 
0.08427 
0.09840 
0.11349 
0.12952 
0.14645 
0.16422 
0.18280 
0.20215 
0.22221 
0.24295 
0.26430 
0.28622 
0.30866 
0.33156 
0.35486 
0.37851 
0.40245 
0.42663 
0.45099 
0.47547 
0.50000 

Coordinate, of RAE 2822 Aerofoil 

DESIGN ORDINATES 
Z/C 

UPPER LOWER 

0.00000 0.00000 
0.00316 0.00316 
0.00631 0.00631 
0.00942 0.00944 
0.01248 0.01256 
0.01549 0.01565 
0.01844 0.01871 
0.02135 0.02172 
0.02422 0.02469 
0.02706 0.02759 
0.02987 0.03042 
0.03264 0.03317 
0.03536 0.03584 
0.03801 C.03843 
0.04059 0.04093 
0.04307 O.C4333 
0.34546 0.04561 
0.04773 0.04777 
0.04987 0.04981 
0.05188 0.05169 
0.05375 0.05343 
0.05547 0.05499 
0.05703 0.05638 
0.05841 0.05755 
0.05963 0.05846 
0.06066 0.05905 
0.06150 0.05924 
0.06213 0.05897 
0.06256 0.05822 
0.06278 0.05698 
0.06277 0.05526 
0.06253 0.05310 
0.06203 0.05056 

x/c 

0.52433 
0.54901 
0.57336 
0.59754 
0.62149 
0.64514 
0.66845 
0.69134 
0.71378 
0.73570 
0.75705 
0.77778 
0.79785 
0.81720 
0.83578 
0.85355 
0.87048 
0.88651 
0.90160 
0.91574 
0.92886 
0.94096 
0.95200 
0.96194 
0.97077 
0.97847 
0.98502 
0.99039 
0.99459 
0.99759 
0.99940 
1.00000 

DESIGN ORDINATES 
Z/C 

UPPER LOWER 

0.06125 
0.06019 
0.05885 
0.05722 
0.05534 
0.05326 
0.05099 
0.04857 
0.04603 
0.04338 
0.04064 
0.03785 
0.03502 
0.03218 
0.02935 
0.02655 
0.02382 
0.02115 
0.01858 
0.01611 
0.01377 
0.01156 
0.00951 
0.00762 
0.00592 
0.00440 
0.00309 
0.00200 
0.00114 
0.00051 
0.00013 
0.00000 

0.04772 
0.04464 
0.04140 
0.03804 
0.03463 
0.03121 
0.02781 
0.02449 
0.02129 
0.01823 
0.01536 
0.01269 
0.01024 
0.00803 
0.00605 
0.00431 
0.00283 
0.00159 
0.00060 

-0.00016 
-0.00069 
-0.00103 
-0.00120 
-0.00121 
-0.00111 
-0.00093 
-0.00072 
-0.00050 
-0.00030 
-0.00014 
-0.00004 
0.00000 
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TABLE 5.2 Coordinate» of NLR7301 Aerofoil 

1.0152284 
1.0130394 
1.0108504 
1.0086614 
1.0064723 
1.0042833 
1.0020942 
.9999052 
.9977161 
.9928541 
.9879921 
.98313 
.978268 
.9734058 
.9685437 
.9636815 
.9588193 
.9442415 
.9340827 
.9239238 
.9137649 
.900792 
.8906331 
.8804741 
.8703152 
.8604179 
.8505207 
.8406234 
.8307263 
.8217815 
.8128369 
.8038922 
.7949477 
.7867346 
.7785316 
.7703087 
.7620959 
.7543987 
.7467015 
.7390044 
.7313074 
.7239965 
.7166857 
.709375 
.7020644 
.6951093 
.6881543 
.6811995 
.6742447 
.6674601 
.6606756 
.6539319 
.6470765 
.6401197 
.6329293 
.625404 
.6174218 
.6130854 
.6087491 
.6040016 
.5992541 
.5938567 
.5884593 
.5822243 
.5759893 
.5686577 
.5613261 
.5525071 
.5436882 
.5383319 
.5302975 
.5222632 
.5157191 
.509175 
.502631 
.496087 
.488345 
.480603 
.4728611 
.4651193 
.4562811 
.4474429 
.4386048 

Y 
.0 
.0004144 
.000832 
.001253 
.0016772 
.0021046 
.0025354 
.0029695 
.0034069 
.0043901 
.0053884 
.0064005 
.0074251 
.008461 
.0095069 
.0105616 
.0116237 
.014844 
.0171138 
.0193996 
.0216968 
.0246399 
.0269475 
.0292535 
.0315545 
.033788 
.03601 
.0382174 
.0404068 
.0423675 
.0443086 
.0462276 
.0481221 
.0498382 
.0515298 
.0531951 
.0548323 
.0563396 
.0578191 
.0592694 
.0606892 
.0620082 
.0632973 
.0645558 
.0657827 
.0669196 
.0680263 
.0691019 
.0701454 
.0711318 
.072086 
.0730023 
.0739003 
.0747768 
.0756458 
.0765152 
.0773934 
.0778517 
.0782972 
.0787704 
.0792287 
.0797321 
.0802173 
.0807557 
.0812713 
.0818492 
.0823976 
.0830196 
.083602 
.0839369 
.0844136 
.0848603 
.0852026 
.085526 
.0858307 
.0861171 
.0864327 
.0867235 
.0869899 
.0872324 
.0874805 
.0876982 
.0878857 

X 

.4297667 

.4204592 

.4111518 

.4018445 

.3925373 

.3834053 

.3742734 

.3651416 

.3560099 

.3473354 

.338701 

.3300467 

.3213925 

.31352 

.3056476 

.2977752 

.2899029 

.2827236 

.2755442 

.268365 

.2611858 

.2546944 

.248203 

.2417117 

.2352205 

.2293459 

.2234714 

.217597 

.2117226 

.2063608 

.2009991 

.1956374 

.1902757 

.1830136 

.1757516 

.1709103 

.1620297 

.1531492 

.1451619 

.1371749 

.1298374 

.1225001 

.1174463 

.102879 

.0926554 

.0848828 

.0764002 

.0661071 

.0566824 

.047259 

.0378375 

.0316879 

.030451 

.0296602 

.0285818 

.0279647 

.0276023 

.0265278 

.024055 

.021127 

.0194052 

.0175319 

.0153049 

.0131194 

.010753 

.0081862 

.0056121 

.0028314 

.0022988 

.0017468 

.0011758 

.000587 

.0000012 

.0004787 

.0009431 

.0014054 

.0017744 

.0021625 

.0031756 

.0046153 

.0059313 

.0073992 

.0091007 

.0880434 

.0881775 

.0882789 

.0883475 

.0883833 

.0883867 

.0883584 

.0882986 

.0882071 

.088091 

.0879641 

.0877723 

.087569 

.0873584 

.0871229 

.0858622 

.0865757 

.0862918 

.0859859 

.0856577 

.0853068 

.0849698 

.0846135 

.0842377 

.0838418 

.0834659 

.0830729 

.0826623 

.0822338 

.0818267 

.081404 

.0809654 

.0805103 

.0798669 

.0791914 

.0787225 

.0778222 

.0768871 

.0759587 

.0750008 

.0740738 

.0730979 

.0723954 

.070215 

.0685253 

.0671354 

.0654949 

.0632814 

.0609237 

.0581064 

.0546577 

.0519702 

.051385 

.0510052 

.0504716 

.0501553 

.0499651 

.0493759 

.0478651 

.0457913 

.0443882 

.0426834 

.0404096 

.0378449 

.0346503 

.0305312 

.0254172 

.0179878 

.0160878 

.0138934 

.0112217 

.0076768 
-.0004162 
-.0076027 
-.0102206 
-.0121076 
-.0133248 
-.0144608 
-.0169046 
-.0197634 
-.0219728 
-.0240599 
-.0261667 

.0108218 

.0127561 

.0154631 

.0179506 

.0197713 

.0219376 

.0245498 

.0268947 

.0323335 

.035881 

.0376546 

.0394281 

.0423271 

.045226 

.0481247 

.0510232 

.0565381 

.0620525 

.0675667 

.0730805 

.0771059 

.0811312 

.0851564 

.0891816 

.0929399 

.0966982 

.1004565 

.1042147 

.1078915 

.1115683 

.1152451 

.1189218 

.126463 

.134004 

.1417023 

.1494005 

.1581394 

.1668782 

.1756167 

.1843551 

.189524 

. 1946928 

.1998615 

.2050302 

.2110365 

.2170428 

.2230491 

.2290552 

.2363154 

.2435754 

.2508353 

.2580952 

.2673729 

.2766505 

.285928 

.2952053 

.3053582 

.3155109 

.3256635 

.3358159 

.3460392 

.3561913 

.3663432 

.376495 

.3866465 

.3967979 

.4069491 

.4171001 

.4272508 

.4374014 

.4475517 

.4594475 

.4688157 

.4745806 

.4856332 

.4933971 

.5001765 

.5067021 

.5133493 

.5202298 

.5274553 

.5351272 

.5431744 

y 
-.0280297 
-.0298946 
-.0321417 
-.0339548 
-.0351686 
-.036506 
-.0379864 
-.0392137 
-.0417721 
-.0432701 
-.0439771 
-.0446591 
-.0457248 
-.0467344 
-.047693 
-.0486058 
-.050231 
-.0517267 
-.053111 
-.0544013 
-.0552931 
-.0561467 
-.0569652 
-.0577513 
-.0584584 
-.0591412 
-.059801 
-.0604391 
-.0610431 
-.0616267 
-.0621901 
-.0627346 
-.0638076 
-.0648412 
-.0658428 
-.0667871 
-.0677937 
-.0687354 
-.0696163 
-.0704393 
-.0708995 
-.0713408 
-.0717636 
-.0721684 
-.0726163 
-.0730405 
-.0734416 
-.07382 
-.0742478 
-.0746437 
-.0750084 
-.0753426 
-.0757257 
-.0760604 
-.0763472 
-.0765865 
-.0767948 
-.0769474 
-.0770445 
-.0770861 
-.0770716 
-.0770007 
-.076872 
-.0766837 
-.0764334 
-.0761186 
-.0757362 
-.0752827 
-.0747544 
-.0741469 
-.0734558 
-.0725326 
-.0717156 
-.0711708 
-.0700287 
-.0691512 
-.0683376 
-.0675108 
-.0666367 
-.0656939 
-.0646685 
-.0635414 
-.0623191 

N.B. Rescale coordinate» to unit chord aa specified in section 5.1.1. 

y 
.5516579 
.5545499 
.5636167 
.5726834 
.5821558 
.591628 
.6011052 
.6105822 
.6197243 
.6288662 
.6376225 
.6463786 
.6550535 
.6637283 
.6727886 
.6818488 
.6915939 
.7013389 
.7118449 
.7223508 
.7279285 
.7335062 
.7390839 
.7446616 
.7506223 
.7565831 
.7625439 
.7685048 
.7752698 
.7820349 
.7888 
.7955653 
.804048 
.8125308 
.8210139 
.8294972 
.8396449 
.8497929 
.8599413 
.8700901 
.8763318 
.8864812 
.896631 
.9067813 
.9169321 
.9270833 
.9372351 
.9473873 
.9575401 
.9676934 
.9748111 
.9839296 
.988489 
.9930485 
.9971651 
.9999096 

1.0026541 
1.0040264 
1.007327 
1.0106277 
1.0143956 
1.0152284 

-.0609873 
-.0605234 
-.0590373 
-.0575037 
-.0558514 
-.0541483 
-.0523934 
-.0505882 
-.0487996 
-.0469661 
-.0451694 
-.0433366 
-.0414889 
-.0396149 
-.0376348 
-.0356373 
-.0334759 
-.0313082 
-.0289698 
-.0266371 
-.025403 
-.0241734 
-.0229494 
-.0217322 
-.0204404 
-.0191598 
-.0178924 
-.0166403 
-.0152405 
-.0138661 
-.0125201 
-.0112058 
-.0096069 
-.0080674 
-.0065919 
-.0051848 
-.0035977 
-.0021236 
-.0007717 

.0004496 

.0011324 

.0021265 

.0029712 

.0036605 

.0041886 

.0045505 

.0047413 

.0047565 

.0045921 

.0042446 

.00389 

.0032994 

.002945 

.0025507 

.0021591 

.0018774 

.0015787 

.0014231 

.0010317 

.0006148 

.0001129 

.0 
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TABLE 5.3 T«chnlc«l Tables 
Mach INF - 0.720957 
Incidence “ -0.358998 DEG 
CL - 0.594936 
CN - 0.594924 
CT - 0.003728 
CP(MACH-O) - 1.136786 
CP(MACH-l) - -0.695936 
UPPER PART OF AEROFOIL 

, Including Mach Nunber and C^, for NLR7301 as Obtained 

5-9 

fron Kodograph Theory 

X Z 
-0.00000 -0.00041 

0.00119 0.01105 
0.02171 
0.03217 
0.03976 
0.04434 
0.04909 
0.05173 
0.06306 
0.06584 
0.06778 
0.06963 
0.07153 
0.07334 
0.07521 
0.07699 
0.07872 
0.08033 
0.08211 
0.08337 
0.08456 
0.08535 
0.08578 
0.08585 
0.08551 
0.08454 
0.08334 
0.08203 
0.08074 
0.07951 
0.07836 
0.07712 
0.07628 

.07534 

.07443 

.07355 

.07267 
j.07179 
0.07091 
0.07000 
0.06908 
0.06812 
0.06714 
0.06276 
0.05786 
0.05183 
0.04514 
0.03745 
0.02864 
0.01878 
0.00870 
0.00049 

0.00422 
0.00943 
0.01519 
0.02005 
0.02722 
0.03278 
0.06994 
0.08380 
0.09548 
0.10759 
0.12087 
0.13533 
0.15107 
0.16857 
0.18765 
0.20878 
0.23193 
0.25751 
0.28580 
0.31682 
0.35092 
0.38690 
0.42357 
0.45839 
0.48889 
0.51467 
0.53577 
0.55314 
0.56758 
0.57986 
0.59049 
0.59984 
0.60838 
0.61624 
0.62365 
0.63073 
0.63758 
0.64433 
0.65097 
0.65765 
0.66433 
0.69172 
0.72061 
0.75082 
0.78316 
0.81838 
0.85735 
0.90012 
0.94447 
0.98276 
1.00000 

COORDINATES OF 

THETA 
89.7175 
78.9392 
68.9825 
57.7134 
47.4163 
39.0787 
27.9208 
23.5938 
12.1222 
10.3503 
9.2952 
8.4118 
7.6114 
6.8614 
6.1473 
5 4501 
4.7675 
4.0870 
3.4060 
2.7129 
2.0029 
1.2693 
0.5038 

-0.2843 
-1.0827 
-1.8614 
-2.5809 
-3.2298 
-3.8041 
-4.3156 
-4.7739 
-5.1915 
-5.5757 
-5.9334 
-6.2704 
-6.5898 
-6.8961 
-7.1910 
-7.4761 
-7.7545 
-8.0250 
-8.2916 
-8.5519 
-9.5556 

-10.4899 
-11.3298 
-12.0395 
-12.5775 
-12.8939 
-12.9145 
-12.5279 
-11.6106 
-9.4533 

SONIC LINE 

1/R 
1.841,+1 
1.373,+1 
1.634,+1 
1.817,+1 
2.124,+1 
2.535, +1 
2.199,+1 
8.307,+0 
2.751,+0 
1.778,+0 
1.386,+0 
1.138,+0 
9.641,-1 
8.341,-1 
7.337,-1 
6.536, -1 
5.888,-1 
5.352,-1 
4.910,-1 
4.542,-1 
4.243,-1 
4.014,-1 
3.861,-1 
3.798,-1 
3.838,-1 
3.988,-1 
4.237,-1 
4.562,-1 
4.939,-1 
5.347,-1 
5.744, -1 
6.114,-1 
6.457,-1 
6.745, -1 
6.968,-1 
7.119,-1 
7.201,-1 
7.216,-1 
7.176,-1 
7.091,-1 
6.970,-1 
6.827,-1 
6.666,-1 
5.958,-1 
5.191,-1 
4.285,-1 
3.204,-1 
2.014,-1 
7.612,-2 

-6.232,-2 
-2.496,-1 
-6.649-1 

0.0002 
0.2008 
0.3932 
0.6135 
0.8257 
1.0120 
1.2221 
1.2738 
1.2738 
1.2652 
1.2566 
1.2479 
1.2393 
1.2307 
1.2221 
1.2135 
1.2048 
1.1962 
1.1875 
1.1/89 
1.1702 
1.1616 
1.1529 
1.1442 
1.1355 
1.1268 
1.1180 
1.1093 
1.1005 
1.0918 
1.0830 
1.0742 
1.0653 
1.0565 
1.0476 
1.0388 
1.0299 
1.0209 
1.0120 
1.0030 
0.9940 
0.9850 
0.9759 
0.9393 
0.9022 
0.8644 
0.8257 
0.7861 
0.7454 
0.7032 
0.6594 
0.6135 
0.5686 

CP 
1.137 
1.029 
0.744 
0.265 

-0.265 
-0.725 
-1.192 
-1.296 
-1.296 
-1.279 
-1.262 
-1.244 
-1.227 
-1.210 
-1.192 
-1.174 
-1.156 
-1.138 
-1.120 
-1.102 
-1.083 
-1.065 
-1.046 
-1.027 
-1.008 
-0.989 
-0.969 
-0.950 
-0.930 
-0.910 
-0.890 
-0.870 
-0.850 
-0.829 
-0.809 
-0.788 
-0.767 
-0.746 
-0.725 
-0.703 
-0.682 
-0.660 
-0.638 
-0.549 
-0.457 
-0.362 
-0.265 
-0.164 
-0.061 

0.045 
0.153 
0.265 
0.372 

0.01953 
0.01957 
0.02006 
0.02107 
0.02236 
0.02389 
0.02612 
0.03006 
0.03697 
0.04823 
0.06577 
0.08293 
0.10739 
0.14366 
0.19795 
0.25361 
0.29768 
0.34585 
0.39593 
0.44531 
0.49159 
0.53311 
0.58503 
0.63623 
0.67200 

0.03685 
0.03899 
0.04234 
0.04632 
0.05165 
0.05877 
0.06767 
0.07841 
0.09241 
0.11389 
0.15016 
0.18694 
0.23590 
0.29554 
0.35670 
0.39100 
0.40149 
0.39832 
0.38024 
0.34851 
0.30641 
0.25819 
0.18263 
0.08834 
0.00866 

LOWER PART OF AEROFOIL 

0.00090 
0.00380 
0.00973 
0.01514 
0.02032 
0.03173 
0.03871 
0.05012 
0.07183 
0.08768 
0.10248 
0.11696 
0.13181 
0.14697 
0.16344 
0.18139 
0.20175 
0.22541 
0.25401 
0.29056 
0.34063 
0.45235 
0.46726 
0.47815 
0.48580 
0.49891 
0.50546 
0.51936 
0.52692 
0.53485 
0.54321 
0.54606 
0.56393 
0.58260 
0.60128 
0.61930 
0.63656 
0.65366 
0.67152 
0.69073 
0.71144 
0.73343 
0.75693 
0.78360 
0.81704 
0.86319 
0.96020 
0.97816 
0.98897 
0.99547 
0.99918 
1.00000 

-0.01007 
-0.01817 
-0.02674 
-0.03170 
-0.03528 
-0.04119 
-0.04403 
-0.04794 
-0.05373 
-0.05710 
-0.05982 
-0.06217 
-0.06430 
-0.06626 
-0.06814 
-0.06997 
-0.07172 
-0.07338 
-0.07492 
-0.07620 
-0.07674 
-0.07265 
-0.07139 
-0.07032 
-0.06950 
-0.06793 
-0.06709 
-0.06521 
-0.06411 
-0.06293 
-0.06164 
-0.06119 
-0.05827 
-0.05502 
-0.05158 
-0.04806 
-0.04454 
-0.04090 
-0.03702 
-0.03283 
-0.02826 
-0.02348 
-0.01851 
-0.01321 
-0.00733 
-0.00121 

0.00109 
-0.00032 
-0.00145 
-0.00225 
-0.00275 

THETA 
-78.1070 
-63.2287 
-47.4469 
-37.8363 
-31.8854 
-23.7468 
-20.7632 
-17.1851 
-13.0435 
-11.1493 
-9.7987 
-8.7150 
-7.7675 
-6.9198 
-6.1020 
-5.2977 
-4.4710 
-3.5902 
-2.6068 
-1.4290 

0.1428 
4.4299 
5.2831 
5.9586 
6.4272 
7.1442 
7.4549 
8.0380 
8.3230 
8.6082 
8.8955 
8.9913 
9.5760 

10.1729 
10.7615 
11.3087 
11.7694 
12.1112 
12.3224 
12.4071 
12.3602 
12.1462 
11.6662 
10.7331 
9.0608 
5.9425 

-3.5723 
-5.5151 
-6.7713 
-7.5880 
-7.9294 
-9.4533 

1/R 
-2.815,+1 
-2.379,+1 
-2.386,+1 
-1.911,+1 
-1.487,+1 
-7.879,+0 
-6.086,+0 
-4.338,+0 
-2.390,+0 
-1.751,+0 
-1.406,+0 
-1.186,+0 
-1.028,+0 
-9.116,-1 
-8.174,-1 
-7.407,-1 
-6.763,-1 
-6.225,-1 
-5.792,-1 
-5.503,-1 
-5.534,-1 
-9.293,-1 
-1.057,+0 
-1.084,+0 
-1.029,+0 
-8.612,-1 
-7.864,-1 
-6.740,-1 
-6.347,-1 
-6.048,-1 
-5.826,-1 
-5.767,-1 
-5.540,-1 
-5.456,-1 
-5.353,-1 
-4.973,-1 
-4.062,-1 
-2.719,-1 
-1.356,-1 
-1.826,-2 
+9.588,-2 
+2.442,-1 
+4.631,-1 
+7.284,-1 
+9.821,-1 
+1.386,+0 
+1.846,+0 
+1.938,+0 
+2.111,+0 
+2.162,+0 
+2.891,-1 

0.2008 
0.3932 
0.6135 
0.7245 
0.7861 
0.8452 
0.8644 
0.8834 
0.8928 
0.8959 
0.8991 
0.9002 
0.9053 
0.9084 
0.9115 
0.9146 
0.9177 
0.9208 
0.9239 
0.9270 
0.9301 
0.9301 
0.9239 
0.9146 
0.9053 
0.8865 
0.8771 
0.8580 
0.8484 
0.8387 
0.8290 
0.8257 
0.8061 
0.7861 
0.7659 
0.7454 
0.7245 
0.7032 
0.6815 
0.6594 
0.6367 
0.6135 
0.5896 
0.5649 
0.5394 
0.5130 
0.5130 
0.5264 
0.5394 
0.5523 
0.5649 
0.5686 

CP 
1.029 
0.744 
0.265 

-0.009 
-0.164 
-0.314 
-0.362 
-0.410 
-0.433 
-0.441 
-0.449 
-0.457 
-0.464 
-0.472 
-0.480 
-0.488 
-0.495 
-0.503 
-0.511 
-0.518 
-0.526 
-0.526 
-0.511 
-0.488 
-0.464 
-0.418 
-0.394 
-0.346 
-0.322 
-0.297 
-0.273 
-0.265 
-0.215 
-0.164 
-0.113 
-0.061 
-0.009 
0.045 
0.099 
0.153 
0.209 
0.265 
0.322 
0.380 
0.439 
0.498 
0.498 
0.469 
0.439 
0.409 
0.380 
0.372 

l/i 
V— 



TABLE 5.4 

Coordinates and design pressure distribution for the 
CHIOCCHIA-NOCILLA profile 

MACH X 
THETA(DEG) CP 1-P/Piinf 

0.0 0.0 0.0 
0.488612 0.003894 0.001247 
0.572144 0.014612 0.004553 
0.636718 0.030045 0.008914 
0.693529 0.049502 0.013927 
0.745445 0.072377 0.019268 
0.793323 0.098087 0.024669 
0.837438 0.126071 0.029916 
0.877884 0.155786 0.034842 
0.914741 0.166713 0.039325 
0.948112 0.210365 0.043283 
0.978129 0.250283 0.046668 

STARTPOINT OF THE SONIC LINE 
1.004969 
1.028830 
1.049926 
1.068479 
1.084706 
1.098819 
1.111020 
1.121493 
1.130408 
1.137921 
1.144170 
1.149277 
1.153352 
1.156489 
1.158776 
1.160284 
1.161077 
1.161214 
1.160742 
1.159946 

SHOCK 
0.927877 
0.921246 
0.911380 
0.901474 
0.891538 
0.881583 
0.871618 
0.861653 
0.851697 
0.841761 
0.831853 
0.821982 
0.812156 
0.802385 
0.792675 
0.783034 
0.773469 
0.763988 
0.754595 
0.745298 
0.736100 
0.727007 
0.718023 
0.709151 
0.700395 
0.691758 
0.683240 
0.674846 
0.666573 
0.658424 
0.650400 
0.642498 
0.634718 
0.627061 
0.619523 

0.282055 
0.313312 
0.343733 
0.373049 
0.401037 
0.427519 
0.452367 
0.475490 
0.496834 
0.516377 
0.534127 
0.550114 
0.564388 
0.577015 
0.588075 
0.597652 
0.605840 
0.612740 
0.618448 
0.621982 
POSITION 

0.621982 
0.624244 
0.628011 
0.632205 
0.636832 
0.641900 
0.647415 
0.653383 
0.659809 
0.666698 
0.674054 
0.681883 
0.690188 
0.698972 
0.708240 
0.717993 
0.728237 
0.738973 
0.750204 
0.761935 
0.774167 
0.786904 
0.800147 
0.813901 
0.828170 
0.842954 
0.858259 
0.874090 
0.890449 
0.907342 
0.924774 
0.942749 
0.961273 
0.980350 
1.000000 

0.049466 
0.051685 
0.053355 
0.054520 
0.055235 
0.055561 
0.055559 
0.055291 
0.054817 
0.054191 
0.053462 
0.052672 
0.051859 
0.051051 
0.050273 
0.049544 
0.048878 
0.048283 
0.047767 
0.047433 

0.047433 
0.047096 
0.046529 
0.045894 
0.045189 
0.044413 
0.043564 
0.042642 
0.041645 
0.040574 
0.039427 
0.038205 
0.036908 
0.035538 
0.034096 
0.032583 
0.031001 
0.029355 
0.027646 
0.025880 
0.024061 
0.022195 
0.020290 
0.018354 
0.016396 
0.014427 
0.012462 
0.010515 
0.008607 
0.006761 
0.005006 
0.003383 
0.001948 
0.000794 
0.0 

19.107422 
17.756042 
16.411728 
15.079749 
13.7666’2 
12.477856 
11.218925 
9.994726 
8.809763 
7.667740 
6.571787 
5.524612 

4.528163 
3.583742 
2.692245 
1.853807 
1.068211 
0.334760 

-0.347706 
-0.980638 
-1.565775 
-2.105159 
-2.600936 
-3.055461 
-3.471148 
-3.850451 
-4.195918 
-4.509984 
-4.795117 
-5.053729 
-5.288099 

-8.526827 
-8.582439 
-8.634891 
-8.683694 
-8.728315 
-8.768196 
-8.802744 
-8.831294 
-8.853109 
-8.867'02 
-8.874045 
-8.871398 
-8.858867 
-8.835476 
-8.800179 
-8.751842 
-8.689221 
-8.610911 
-8.515388 
-8.400879 
-8.265397 
-8.106626 
-7.921855 
-7.707864 
-7.460680 
-7.175355 
-6.845499 
-6.462562 
-6.014545 
-5.483386 
-4.839442 
-4.026045 
-2.900028 
-0.019028 

1.000000 
0.63051'* 
0.434137 
0.284291 
0.158597 
0.048691 

-0.049519 
-0.138393 
-0.219400 
-0.293531 
-0.361497 
-0.423803 

-0.480840 
-0.532949 
-0.580383 
-0.623383 
-0.662165 
-0.696922 
-0.727856 
-0.755145 
-0.778965 
-0.799505 
-0.816945 
-0.831445 
-0.843194 
-0.852350 
-0.859082 
-0.863553 
-0.865915 
-0.866321 
-0.864911 
-0.860927 

-0.318653 
-0.306666 
-0.286704 
-0.266726 
-0.246746 
-0.226765 
-0.206791 
-0.186836 
-0.166900 
-0.146993 
-0.127123 
-0.107291 
-0.087510 
-0.067782 
-0.048112 
-0.028510 
-0.008980 
0.010473 
0.029841 
0.049120 
0.068306 
0.087389 
0.106365 
0.125229 
0.143975 
0.162599 
0.181092 
0.199453 
0.217675 
0.235752 
0.253683 
0.271457 
0.289074 
0.306528 
0.323816 

0.138896 
0.196483 
0.240436 
0.277299 
0.309532 
0.338335 
0.364400 
0.388158 
0.409899 
0.429832 
0.448105 

0.464833 
0.480115 
0.494027 
0.506638 
0.518012 
0.528205 
0.537277 
0.545281 
0.552267 
0.558291 
0.563406 
O. 567658 
P. 571104 
0.573689 
0.575763 
0.577074 
0.577767 
0.577886 
0.577473 

0.413751 
0.407896 
0.402038 
0.396178 
0.390318 
0.384460 
0.378607 
0.372761 
0.366922 
0.361095 
0.355278 
0.349477 
0.343691 
0.337922 
0.332174 
0.326446 
0.320741 
0.315061 
0.309407 
0.303779 
0.298183 
0.292618 
0.287085 
0.281588 
0.276126 
0.270702 
0.265317 
0.259973 
0.254671 
0.249412 
0.244200 
0.239033 
0.233914 
0.227844 

PROFILE SLOPE DISCONTINUITY DTHETA - 3.036777 DEGREES 
CRITICAL CP - -0.470166 
CD - 0.000914 
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TABLE 5.5 
XS 

0.275917 
0.278843 
0.285491 
0.292113 
0.298710 
0.305280 
0.311822 
0.318336 
0.324820 
0.331272 
0.337690 
0.344071 
0.350415 
0.356717 
0.362975 
0.369187 
0.375350 
0.381461 
0.387518 
0.393517 
0.399456 
0.405331 
0.411141 
0.416883 
0.422554 
0.428151 
0.433673 
0.439116 
0.444479 
0.449759 
0.454955 
0.460066 
0.465088 
0.470020 
0.474862 
0.479612 
0.484268 
0.488831 
0.493298 
0.497670 
0.501945 
0.506124 
0.510205 
0.514189 
0.518075 

YS 
0.048967 
0.053360 
0.063377 
0.073387 
0.083369 
0.093303 
0.103168 
0.112946 
0.122618 
0.132164 
0.141567 
0.150810 
0.159878 
0.168753 
0.177421 
0.185868 
0.194081 
0.202047 
0.209754 
0.217192 
0.224351 
0.231221 
0.237796 
0.244068 
0.250030 
0.255677 
0.261005 
0.266010 
0.270689 
0.275040 
0.279063 
0.282756 
0.286120 
0.289156 
0.291866 
0.294252 
0.296316 
0.298064 
0.299498 
0.300622 
0.301443 
0.301964 
0.302193 
0.302135 
0.301795 

Sonic line In flow 

THETAS(DEG) 

4.717499 
4.617150 
4.395081 
4.181582 
3.975973 
3.777692 
3.586191 
3.400987 
3.221618 
3.047688 
2.878806 
2.714645 
2.554858 
2.399165 
2.247267 
2.098929 
1.953910 
1.811987 
1.872941 
1.536599 
1.402751 
1.271257 
1.141956 
1.014650 
0.889271 
0.765643 
0.643639 
0.523166 
0.404085 
0.286304 
0.169718 
0.054233 

-0.060231 
-0.173766 
-0.286466 
-0.398401 
-0.509640 
-0.620275 
-0.730354 
-0.839957 
-0.949131 
-1.057933 
-1.166445 
-1.274726 
-1.382797 

around CHIOCCHIA-NOCILLA profile 

XS 

0, 
0 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0, 
0, 

0, 

0, 
0 
0 
0 
0 
0 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0, 
0. 
0, 
0, 
0 
0 
0 
0 
0 
0 
0 

521865 
525557 
529152 
532650 
536052 
539359 
542571 

,545688 
,548713 
,551645 
,554486 
.557237 
.559898 
.562470 
.564956 
.567356 
.569672 
.571904 
.574056 
.576124 
578116 
580027 
581864 
583626 
585315 

,586931 
,588476 
,589952 
.591361 
.592702 
.593978 
.595192 
.596341 
.597432 
.598461 
.599432 
.600347 
.601205 
.602010 
.602760 
603459 
604105 
604703 

YS 
0.301182 
0.300302 
0.299160 
0.297767 
0.296127 
0.294249 
0.292140 
0.289807 
0.287259 
0.284502 
0.281545 
0.278394 
0.275057 
0.271541 
0.267854 
0.264002 
0.259993 
0.255834 
0.251532 
0.247091 
0.242519 
0.237823 
0.233009 
0.228081 
0.223047 
0.217912 
0.212678 
0.207355 
0.201946 
0.196454 
0.190887 
0.185248 
0.179539 
0.173767 
0.167934 
0.162044 
0.156102 
0.150109 
0.144071 
0.137987 
0.131864 
0.125703 
0.119506 

THETAS(DEG) 

-1.490753 
-1.598593 
-1.706409 
-1.814238 
-1.922112 
-2.030080 
-2.138209 
-2.246512 
-2.355025 
-2.463828 
-2.572921 
-2.682361 
-2.792172 
-2.902390 
-3.013061 
-3.124219 
-3.235898 
-3.348111 
-3.460939 
-3.574335 
-3.688405 
-3.803122 
-3.918571 
-4.034763 
-4.151700 
-4.769445 
-4.388004 
-4.507409 
-4.627696 
-4.748887 
-4.870984 
-4.994067 
-5.118114 
-5.243181 
-5.369289 
-5.496442 
-5.624691 
-5.754058 
-5.884557 
-6.016201 
-6.149041 
-6.283085 
-6.418339 

TABLE 5.6 Shock 
MACHI 

1.159946 
1.158066 
1.156225 
1.154204 
1.152234 
1.150295 
1.148203 
1.146109 
1.144050 
1.141891 
1.139658 
1.137474 
1.135197 
1.132822 
1.130518 
1.128042 
1.125535 
1.123078 
1.120347 
1.117719 
1.114854 
1.112018 
1.108968 
1.105914 
1.102553 
1.099241 
1.095469 
1.09'509 
1.06/328 
1.082674 
1.077170 
1.070333 
1.062473 

line In flow 

MACH 2 
0.927877 
0.930135 
0.932479 
0.934736 
0.937072 
0.939429 
0.941740 
0.944179 
0.946703 
0.949205 
0.951670 
0.954146 
0.956757 
0.959417 
0.962094 
0.964651 
0.967541 
0.970382 
0.973129 
0.976218 
0.979151 
0.982321 
0.985530 
0.988880 
0.992341 
0.996053 
0.999702 
1.004012 
1.008S81 
1.013508 
1.019155 
1.025985 
1.041033 

around CHIOCCHIA-NOCILLA profile 

XU 

0.621982 
0.621263 
0.620561 
0.619890 
0.619199 
0.618505 
0.617828 
0.617147 
0.616462 
0.615782 
0.615111 
0.614432 
0.613760 
0.613095 
0.612418 
0.611759 
0.611099 
0.610434 
0.609780 
0.609127 
0.608481 
0.607834 
0.607191 
0.606550 
0.605916 
0.605284 
0.604656 
0.604031 
0.603408 
0.602793 
0.602185 
0.601578 
0.600961 

YU 
0.047433 
0.050124 
0.052846 
0.055573 
0.058311 
0.061059 
0.063811 
0.066573 
0.069342 
0.072117 
0.074899 
0.077687 
0.080480 
0.083277 
0.086081 
0.088888 
0.091698 
0.094515 
0.097332 
0.100153 
0.102976 
0.105801 
0.108628 
0.111457 
0.114286 
0.117117 
0.119947 
0.122778 
0.125607 
0.128437 
0.131265 
0.134092 
0.136918 
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TABLE 5.7 Coordinate* of Hobson-1 Cascade. 

Suction aurface 

x/c y/c M 0 

0 
.0043 
.0283 
.0883 
.1206 
.1469 
.1747 
.1980 
.2158 
.2560 
.2918 
.3310 
.3750 
.3937 
.4072 
.4167 
.4318 
.4503 
.4843 
.5000 

0 
.0074 
.0481 
.1487 
.2018 
.2440 
.2869 
.3193 
.3414 
.3828 
.4124 
.4387 
.4618 
.4695 
.4741 
.4767 
.4800 
.4827 
.4847 
.4854 

0 
0.299 
0.394 
0.491 
0.540 
0.590 
0.667 
0.746 
0.800 
0.883 
0.941 
1.000 
1.096 
1.158 
1.239 
1.330 
1.401 
1.458 
1.502 
1.520 

1.0600 
1.0430 
1.0372 
1.0285 
1.0210 
1.0088 

.9766 

.9200 

.8624 

.7396 

.6417 

.5400 

.4200 

.3600 

.3000 

.2400 

.1800 

.1200 

.0600 

.0000 

Blade Is symmetrical about mid chord 

c chord 
s spacing 
0 flow direction 

(Profile symmetric w.r.t. the line x-0.5) 

Pressure surface 

x/c y/c M 0 

0 
.07.82 
.1343 
.2103 
.3312 
.3612 
.4179 
.5000 

0 
.0112 
.0434 
.0608 
.0803 
.0838 
.0873 
.0909 

0 
0.323 
0.394 
0.418 
0.439 
0.442 
0.444 
0.447 

.5003 

.3479 

.2502 

.1987 

.1200 

.0996 

.0600 

.0000 

0J - -02 - .7600 

M1 “ M2 ‘ ,476 

s/c - 1.0121 

TABLE 5.8 Coordinates of Hobson-2 Cascade 

Suction surface 

x/c y/c M 0 

0 
.0064 
.0167 
.0342 
.0562 
.0803 
.1069 
.1350 
.1651 
.1833 
.2063 
.2347 
.2642 
.2906 
.3174 
.3393 
.3608 
.3828 
.4054 
.4286 
.4521 
.4759 
.5000 

0 
.0096 
.0249 
.0506 
.0824 
.1156 
.1496 
.1822 
.2132 
.2299 
.2488 
.2693 
.2876 
.3018 
.3141 
.3225 
.3299 
.3361 
.3413 
.3453 
.3483 
.3501 
.3507 

0 
0.466 
0.515 
0.565 
0.615 
0.667 
0.719 
0.773 
0.827 
0.855 
0.883 
0.912 
0.941 
0.970 
1.005 
1.031 
1.057 
1.080 
1.100 
1.114 
1.123 
1.130 
1.132 

.981 

.980 

.978 

.972 

.957 

.928 

.886 

.833 

.764 
.719 
.661 
.591 
.522 
.462 
.400 
.350 
.300 
.250 
.200 
.150 
.100 
.050 

0 

(Profile symmetric w.r.t. the line x-0.5) 

Pressure surface 

x/c y/c M 0 

0 
.0072 
.0265 
.0456 
.0727 
.1062 
.1460 
.1943 
.2087 
.2602 
.2872 
.3124 
.3371 
.3778 
.4088 
.4321 
.4550 
.4777 
.5000 

0 
.0045 
.0154 
.0256 
.0387 
.0534 
.0692 
.0861 
.0906 
.1053 
.1118 
.1171 
.1217 
.1280 
.1316 
.1337 
.1351 
.1360 
.1362 

0 
0.418 
0.466 
0.491 
0.515 
0.540 
0.565 
0.590 
0.596 
0.615 
0.624 
0.630 
0.635 
0.641 
0.644 
0.646 
0.647 
0.647 
0.647 

.614 

.542 

.499 

.471 

.437 

.399 

.359 

.313 

.300 

.251 

.225 

.200 

.175 

.132 

.100 

.075 

.050 

.025 
0 

0j • -02 - .805 

M1 - M2 - .575 

s/„ - .5259 



TABLE 5. 
Definition of leading edge coordinates x.y,*, local chord length and twist 

No. »
 

»
 

X z c «[•] 

root 
1* 0 0 0 0.40927 2.69 

2 0.03081 0.02212 0.00069 0.38893 2.54 

break 

3 0.06162 0.04425 0.00139 0.36861 2.37 

4* 0.12324 0.08850 0.00299 0.32794 1.97 

5 0.22964 0.16490 0.00573 0.25776 0.72 

6* 0.25504 0.18314 0.00639 0.24136 0.31 

7 0.28044 0.19626 0.00715 0.23628 0.25 

8 0.39749 0.25674 0.01222 0.21287 -0.03 

9 0.68021 0.40284 0.02544 0.15501 -0.99 

10 0.77429 0.45145 0.03016 0.13605 -1.39 

11* 0.82162 0.47590 0.03258 0.12652 -1.65 tip 

«surface is lofted linearly between defining stations 

1, 4, 6 and 11 

**x,/,* - coordinates in meters 
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FIG. 5.1(a): AIRFOIL NACA0012, USED FOR TEST CASES (1) - (6) 
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FIO. 6.2: ISOMACH LINES, M_ - 0.76», CHIOCCHIA-NOCILLA PROFILE 

FIO. 6.3: PRESSURE COEFFICIENT, M. - 0.76». CHIOCCHIA-NOCILLA PROFILE 
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FIQ. 6.4: STREAMLINES. M. - 0.760, CHIOCCHIA-NOCILLA PROFILE 
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1.2 0.0 0.2 0.4 0.6 0.6 1.0 

X 
FIO. 6.6(a): HOBSON CASCADE-1, TEST CASE (B) 
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(b) 

FIO. 6.9: SKETCHES TO DETERMINE EQUATIONS FOR ROUNDED WING TIP 
OF ONEPA-M6 (Not to Seal«) 

--- 







SECTION I 

+■ 

SECTION 4 

SECTION 6 

SECTION II 

FIG. 6.13: NASA AMES SWEPT WING. PLOTS OF DEFINING SECTIONS 1,4,6,11 

Wing profila: sYtnm^ri<»l drcutor arc »ction. Tliicki»« ratio - 0.04 

Nom profil«: tangth 3D. Equrton of our*«, r - 

FIG. 6.14: TEST CASES 17-20. AGARD CALIBRATION MODEL B 
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6. 
«»Xe«. aOLOTIOHS OX «O-DXHBHSIO»«. BEFEREBCE TEST GASES (H- VIVIMDl 

llo—nol«ture 

cd 
cl 
Cm 
Cp, or CP 

or MACH 
p , or P 
Pi, or PI 

ohord length, ueed ae referenoe length 
drag ooefficlent 
lift coefficient th „gpeot to the 1/4 ohord-y-axls. 
pitching aoaent coefficient wltn re p 
pressure coefficient 

: Mach nimber 
100.1 ^»tlo pressure^.. froo D and M by : Pl • P [ 1 ♦ ' ^ 

V 

, -,V/(*-0 
local static pressure j from o and Mhy ' ct xpll + lï “ DM^/PJ 
local total pressure defined froa p anc n cy 

— •TTiff total pnassuna 
S1* ’ ° : local absolute temperature . 1)M2/2V (Ti » Ti«, for th. exact solutions) 
V or TI i local total temperature, Ti * T [.1 ♦ V o J- 

or TIIMF : free-str— total tmiperature 
: velocity ^.°tor the now Is (x, x) 

X y, t : cartesian coordinates , tne pia 

: specific heat ratio, taken equal to 1.4 

x y introduction , ... - the two-dlaenslonal refer- 

- ob^ectlve of tblStchapter l^to aoour.o, of these solutions. 

enoe test oases, and t oosslble, but these oases either 

rests largely upon physical o P >r<i . taken Into consideration In the 

(unknown) solution. „.-»«.t agreement were found between 

flowt number of numerical eolutlons, cw 

“rrrr-irz- -——--- 
solutions : 

.1 f-nmoutat'^«1 domain and mesh 

: number°of'aish'points1,(or'oell») 1» -oh mesh direction. 

: rr of rÄS 40 th# f‘r 
: dietañ^ofoutefbouñdary'lfappropriate directions. 

hi at__ of the nup«ri°al solution have been obtal- 

- “ • -- — “ 
ned by time-marching »sthoda^ The d p^H ^ uked the following data : 
dlscrepwicles between solutions. To oh.ok , . .. tor ..oh of the 

. plots Of the lift, drag »d pitching .<~nt ooefficl-ts versus iterations. 

-1 mnhml Quantities 

- lift coefficient 

: *« i?» 
—.”ÄS“ ^ “"°u ^ “““ 

a..rfaoe values 

. ,.«*«- -i-- ~ - -’i-'i« 

. plot, of the same quantities versus x/o «kl versus ./ . 

(if relevant) 



I 

/ 

(If relevant) 
of large gradients such as the leading-edge 

f versus x/o on the downstream x-axis. 

versus x/c on the upstream x-axis. 

moment on the body based on momentum flux 
, Such calculations provide an accuracy check 
mass flux (which must be zero) across suol\ a 
in fact were not carried out by any of the 

6-2 

«1 Flow fielt (U’ possible) 
-. contour maps of the following quantities : 

Hi P/Pic , pl/pi® , Tl/Tleo 

- local contour maps with enlarged scale« in regions 

region. 
- for test case 03, plots of 1 - p/Pi« , M, 1 - Pl/Pl«o 

- for test cases 04 and 05, plots of the same quantities 

- calculations of the resulting aerodynamic fore« 
balance across various closed contours surroundingthebody, 
for the flow field. Another global check can be made on the 
contour. Unfortunately, these checks require much work and 
contributors. 

111 i,.» ». »•" “a *“ "rl°“ 
numerical solutions available for each test case. 

Two kinds of criteria or checks can Tlch“ p^vlde ^1^1^ 
Egr.^^^ 0f tghe Certainty on the error with 

respect to the exact solution. 

For criteria of the first kind, the most obvious properties of the exact solution which can be used 

are the following : 

., ™ »,.1 .n,»i„ i. »11.™ »» “ 
provides a criterion only if the numerical oeth unsteady method). Only three contributors do not 

- i-“1 ¿,» »«. — «»*■ 

property has been of limited interest in the present evaluation. 

b) Upstream of shocks, the total pressure of*the sautions obtained by 
to clearly state how this property has been us- pr«Uo.ll^ been) extrap0lated from values 
finite-volume methods the given wall value . ... wall value of pi as a function of the given 
at inner points close to the wall. Here we have determined the wall valjie Pi ^ ^ yalue of pi t0 

wall values of p and M according to the values of p and M. The plots and tabulated values 
p,. then provides a check on the consistency of the wall valu P calculated in this way, and 
of (1 - Pi/Pi«®) given in the following sections correspond to the value oi pi 
therefore may differ from the values of Pi given by the author. 

c) The shock which terminates a 9“£r“*1[1£^)ln MhdTnumber 
the wall (except if the shook is at th* A, VÀ1J<th**DIir|itln..HuIoni0t Jumps for a normal shock. More preci- 
jumps at the wall in the numerical solution withthe Fanklne Hugonioi j as given Up8tream value 

sely, taking the numerical value of dimstre^ viäue of the Mach number, M2, and the ratio of 
in the Rankine-Hugonlot relations, we comput and M compare these values to the corres- 
downstream static pressure to upstream total P™B*ur®’J^i of the fact that, whereas for the exact 
ponding ones from the numerical sdution Qne ° le98 fron pi08 due to numerical errors 
solution Pli» P1«. I" th« numerical error °in pressure Jump from the 
(numerical gain or loss of entropy). ®ae “'L’, ^ the value 0f po/p, for the numerical solution as : 
error in upstream total pressure, we have determined the value or Pa'Pi, 

P2/P1, = (P2/Plet) (Pl«»/P1> [1 ♦ ( Í 15 

upstrwua^f 7hockT^p^sa,U1um78w«^uni mo°re .U mer 

The upstream and downstream points ¿^he stock in the “cl““»!^ 

r. „“trst^rth.Y‘St°.ft ™ ^ 

For a shock arising normally cn a 

. i8nhott-^1^d8^.zr.p0rl8 
numorioal representations of the shock its®1^ °a t ® t^® tM0 SOurces of errors in the evaluation of shook 
hand interfere. No attempt has been made to separate these two sources 

quality. 

d) A, already mentioned, the 
across arbitrary olosed contours surrounding the body. Variations 
contours provide a measure of error in the flow field. 

u.^rÄd)1^^ wr.,sÄ 'considered* t£ ^-0^ 

and the shook Jumps. 

The second kind of criteria groups all those ’^'^v.Mous^faotora whloh characterize a particular 

n^r sol*u8t*irPtosid0.ns8 tto^urr8:.*!1^.». r¿.ít : mesh »1-, variations in space, artificial 
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viscosity (nature and aaount), Ucation of outer boundary, nuierloal at 
looked at for such comparisons were essentially the aerodynamic coefficients of lift, drag and pitching 
moment, the circulation around the airfoil, the shock position and shock quality (fharpness, *t*en<* 
oscillations), and more generally the pressure and Maoh number distributions a. the • J" the second 
kind of criteria, we can also include the convergence of the numerical solution towaru? a steady state. 

Based on these two kinds of criteria, the assessment procedure can be developed by stages, going from 
the more obvious global or local features to more detailed examination of pressure, Mach number and total 
pressure distributions. However, owing to the large number of test oases, it was not 
take full advantage of all the material available concerning the numerical solutions ; in particular detai¬ 
led comparisons of flow fields through the contour maps of Isobars and of iso-Mach lines were not carried 

out, nor detailed comparisons of the meshes. 

In the general ease, the assessment procedure can be decomposed into three successive stages described 

below. 

Stage 1 : The aerodynamic coefficients CL, CD, CM, and the circulation F (when available) ®f® ^ 
ïïïthï numerical solutions, the contributor's number being used as abscissa. These ¿°ts allow to quickly 
see how the solutions group together. In general, there exists a homogeneous group made of the Z solutions, and onlf a few isolated point, dearly standing ap^ frem this main group 
necessarily the same on all the plots). Then we try to find out whether these singular points can be 
explained by simple reasons, and firstly by the mesh ooarsness and by the closeness of the outer boundary. 

Concerning the influence of the distance of the outer boundary, one must distinguish broadly between 

two types of conditions applied on the inflow part of this boundary : 

i) all the flow properties are imposed equal to their free-stream values, 

ii) Only some of the flow properties are imposed equal to their free-stream values, or some »«Wto- 
tic representations of the flow field are used, while the additional necessary informations are obtained 

from some compatibility relations or some non-refleotlve type relations. 

It is not possible in this evaluation to make a finer discrimination between different treatments of 
the second type!although it could be of interest. The essential point here is that, with conditions of 
tvoe i) they outer boundary must be located much further away from the body than with conditions of type 
ÏÏTfor 'an equivalent accuracy. A numerical study by Pulli«, and Barton (see their ““tributl« ln Appendix 
A1) gives indications on the sensitivity of the solution to outer boundary distance with conditions 1). 

In general, we find a clear correlation between these few singular pointa and the two following fac¬ 
tors • Msh coarseness .and closeness of outer boundary taking into account the above remark, (te the oon- 

the degree of emergence towards a steady state doe. not see- to play a role for explaining these 

POlntThus, stage 1 of the evaluation alms only at uncovering these singular solutions, so as to be left 

with a more homogeneous group of results which hereafter shall be called group 1. 

Stage 2 : For some test oases (but not for all), group 1 includes more than one solution from some 
oOTtributors. These multiple solutions are of interest to evaluate the effects of factors such as mesh 
sise, mesh refinements, outer boundary distance, amount of artificial viscosity... 

Stage 2 of the evaluation consists in comparing these multiple solutlcns fumished by th, ®“® 
butor and in determining the best one using the criteria discussed above. By selecting only one solution 

per contributor in the solutions of group 1, we obtain group 2. 

He noticed, as a general trend, that the variations on the aerodynamic ooefflolsnts and^on local 
features (shook positions...) between the multiple solutions coming from the same contributor were gene 
rally ssialler than the global scatter of group 1. This means that the global scatter of group 1 is du« to 
solutions coming from different contributors, and that the global scatter is about the same for group 1 an 

for group 2. 

A general conclusion which can be drawn fro. stage 2 is that, although e. do get ^^^on. on the 
..n.itivitv of the numerical solutions to some uf the numerical parameters, the number of these multiple 
solutions is not yet sufficient to quantitatively assess the effects of these ‘“ ^ion 
conclude definitively, just fro. numerical experiments, as to the convergence towards tta «»f 
It is clear that we do not have yet a real control over all the numerical parameters, and more syatema 

and costly studies are necessary. 

Stage 3 ! In this last stage, we try to discriminate more sharply between the solutions 
seewhether one or several of them stand out as best solutions constituting group 3. In particular, we look 
at the error on total pressure upstream of shocks, and at tho shook quality (sharpness, absence of osc 

tions, shook Jumps). 

The convergence to a steady state, evaluated from the convergence histories of the serodynamio coeffl- 
oients (not always available) and from the residuals, appears to be almost always satisfactory. However, w 
do not know in 1 quantitative way the influence on the solution of a small defect of convergence. Hhen the 

residuals are reduced below 10-6, there is no doubt cn the steadiness of the numerical solution , 
but in many oases the final maximum values of residuals are of the order of 10-3, and we cannot be sure 
that the influence on the solution is oompletely nsgligible. All we can say is th“t’ "°®pt ™ 
instances where convergence was suspect, we did not notice any correlation b«J’'««n J**1?® °f 
the one hand and accuracy of the solution, as deduced from other features, on the other hand. 

The following section, relate to the assessment of the solutions to the different tsst o.»«»- ^ is 
not possible, because of space limitation, to give all the details of these evaluations and still leas to 
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„resent »11 the maer-loal solutions. Rather we try to give a sumary presentation starting with the 

solutions of group 2. The list of these solutions Is given In a table together with the «ain futures of 

the mesh and the values of the aerodynamic coefficients and of the circulation (when available). ° 

the wall distributions of pressure p, Mach number M and total pressure pi are shown for all the solutions 

of group 2. Tabulated values of these quantities are given for one solution of group 3 only exoept for test 

cases 07 and 05 for which two solutions of group 3 are tabulated. Moreover the complete aet8 of V“ ?*ta 
supplied by the contributors are given in microfiche form in Appendix A1 for all the solutions of group 2. 

Exceptions are made for the presentation of test cases 07 to 10, which are the test oases for which 

exact (or almost exact) solutions are known. For test cases 08 to 10, there are only a few numerioal 

solutions available so that the general assessment procedure does not really apply in the f°™ 
above, and we give all these solutions. As to test case 07, we choose it as an example for a more complete 

presentation of the numerioal solutions (in particular listing all the solutions avsllable), and we present 

it first in the next section. 

In the following sections, the numerical solutions will be referred to by numerals j the 

correspondence between the author(s) and this numeral has been given in section 5.1.3. 

6.11. Reference test case 07 (NLR 7301, Mm, = 0,720957. <* ° - 0.19^) . 
-Thls is a special test case corresponding to a supercritical shookless flow for which the exact 

solution is known. A physioal picture of the flow is given by the maps of iso-Mach lines shown on Fig. b.n 

and taken from the numerical solution N" 9.2. 

This case is chosen as example for a more complete presentation of the evaluation and of the compari¬ 

son of the numerical solutions. All the numerioal solutions supplied for this test case are listed in tab^e 

6 1. Each solution is referred to by a number, the integer part being the contributor's number and the 

digit following the decimal point being used to distinguish between the multiple solutions from the same 

contributor. The distance of the outer boundary (measured in chords) is characterized either by three num¬ 

bers a/b/c for C-type meshes, where a and o are respectively the upstream and downstream distances from the 

leading-edge and b is the lateral distance, or, for 0-type meshes, by one number representing the mean 

distance from the airfoil. The symbol "FS" following these numbers means that the conditions on the inflow 

part of the outer boundary are of type 1) ($ 6.3), namely all the flow properties imposed equal to free- 

stream values (this is the case for solutions M° 4 and 5 only). 

It should be noted that solution N* 10 has been calculated with a value of the incidence different 

from the design value, namely o< . 0.244" instead of « « - 0.194", which is an important variation. 

On the bottom line of table 6.1., we give the values of the aerodynamic coefficients fjr the exact 

solution, calculated by numerical integration of wall values. The drag coefficient la not found to be 

strictly zero, but is equal to 0.5 x 10-3 ; therefore values of this order of magnitude given by the 

numerioal solutions should be considered as quite satisfactory. 

The plots of the aerodynamic coefficients and of the circulation are given on Figs. 6.1 to 6.4. The 

exact value is shown by the horizontal line, but we wish to evaluate the numerioal solutions without using 

the exact solution, except for a posteriori comparisons. 

On each of the plots of the aerodynamic coefficients (Figs. 6.1 to 6.3), we can distinguish between 

the main group of results, and some isolated points apart from this main group which are : 

solutions N" 4, 5, 7 for 0^, 

solutions N" 4, 7, 10 for Cp, 
solution N" 5 for CM. 

On the plot of the circulation (Fig. 6.4), many points are missing, nevertheless solution N" 5 oan be 

considered as a singular point. Thus we define group 1 as made of all the solutions except N 4, 5, 7 and 

10. An additional reason for not including N" 10 in group 1 is the fact it corresponds to an incidence 

quite different from the design incidence. The global scatters of Cl and Cm In group 1 are : 

ACL « 0.084, ACl/Cl x 14 * 

ACm x 0.007, ACm/|CmI x 5 f 

and the maximum value of Cp in group 1 is 2.8 x 10~3. 

Solutions N" 10, 7 and 4 are those with the coarsest meshes at the airfoil, and solution N" 7 has the 

closest outer boundary. For solutions N" 4 and 5, the outer boundary (at least the inflow part for N" 5) is 

not very far, and we can suspect that this is the main reason why these solutions stand apart in view of 

the conditions of type 1) (see discussion in S 6.3.) which are applied on the inflow boundary. Many other 

solutions of group 1 involve outer boundaries whioh are also rather close to the airfoil but they use 

conditions of type ii). 

As to the effect of the mesh size, we see that solutions N" 8.1 and 8.2 do not use many more points on 

the airfoil than solutions M" 4 and 7. However, we must look more closely at the distribution of points on 

the airfoil ; in particular the mesh fineness in the leading-edge region could play an important role due 

to the bluntness of the leading-edge. Solutions H" 8.1 and 8.2 have the same total number of points on the 

airfoil, but their distributions are quite different, with a finer mesh in the leading-edge region for 

solution N* 8.2. To characterize the mesh fineness in this region, we look at the number of meshes in this 

part of the leading-edge approximately defined by - 0.041 £ z/c f 0.056 ; let Nle be this number, we find 

Solution H" 10 7 4 8.1 8.2 

NLE 13 17 22 25 38 
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Table 6.1 - Numerical rolubom for «eat case 07 (NLR 7301, M. = 0.721, 0.194“ ) 

(© : aerodynamic coefficient« only, ® : a - 0.244' ) 
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Fig. 6.1 - Lift coefficient for test cese 07. 
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Fig. 6.2- Drag coefficient for test case 07. 

Fig. 6.3 — Pitching moment coefficient for test case 07. Fig. 6.4 - Circulation around airfoil for test case 07. 

The difference in iiesh fineness at the leading-edge between solution H* 7 and solution N° 8.1 appears signi¬ 
ficant enough to explain the difference in these two solutions; despite the fact that the total nunbars of 
points on the airfoil are not auch different. 

The pressure, Mach number and total pressure distributions are shown, and coopared with the exact 
solution, on Pig. 6.5 for solutions M* 4, 5, 7, and on Fig. 6.6 for solution N* 10. The dotted line with a 
star on the pressure axis indicates the sonic value (for p¿ = Pies)- 7118 pressure and the Mach number are 
plotted not only versus x/o, but also versus x/o to get a clearer representation of the leading-edge 
region. The total pressure is plotted versus x/o only, but in two parts separately for the upper surface 
(on the left) and for the lower surface (on the right). 

The solutions N* 4, 5 and 7 are characterised by an under-expansion on the upper surface at the 
leading-edge (compared to the exact solution), followed by a rapid compression, or even a shook for Na 5, 
in the fore part of the airfoil. The total pressure is very good for solution M* 5, but is quite in error 
for solutions N* 4 and 7. 
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Despite the eoerse mesh used, solution H* 10 (rig. 6.6) follows rather well the exact solution, except 

In the suction peak region, but It shows undulations on part of the upper surface. This solution gives an 

alaust exact value of lift, but an la portant drag (since the numerical solution is .'hookless, the drag 

reveals the trunoation error). The existence of this numerical solution tends to prove -hat it is possible 

to obtain a good approxiaatlon of the exact shonklsss solution by adjusting the Incloenoe so as to Batch 

the lift with the exact value, the modified Incidence depending on numerical parameters (mesh, artificial 

viscosity...) 

In stage 2 of the assessment, we compare the multiple solutions given by the same contributor. It Is 

not possible here to show the full data on which these comparisons are based (In particular total pressure 

plots), and we present only a sunuary of this stage 2. 

Solutions N° 2.1 ai.d 2.2 differ by the mesh which Is finer in the direction around the airfoil for H» 

2.2. The differences In the aerodynamic coefficients are very small ; solution N* 2.2 is better than M* 2.1 

(smaller drag, more accurate total pressure). 

Solutlom M° 3.1 and 3.2 differ by the numerical treatment at the wall, with N* 3.2 giving a smaller 

error on pi and a lower drag than 3.1. Solution N* 3.3, obtained In a much finer mesh, cannot be retained 

slnoe the full data are not available. 

The discussion of the five solutions N* 8.1 to 8.5 is more complex. Between the solutions N* 8.1 to 

8.3. only the meshes differ ; the mesh at the leading-edge Is finer for H* 8.2 than for N* 8.1, not only In 

the direction along the airfoil surface as already seen, but also In the transverse direction ; compared to 

H* 8.2, the mesh of H* 8.3 is refined In the middle of the airfoil. We would expect solution »• 8.3 to be 

the best one of the three slnoe it uses the finest mesh. Indeed solution M* 8.3 has the smallest drag, but 

curiously enough it also has a slightly higher error on the toUl pressure. The solutions H* 8.1 and 8.3 

show a very weak rear shock, whereas solution H* 8.2 shots no shock at all and (referring to the exact 

solution) gives better values of CL, P and Cm (although the variations remain small between the three 

solutions). Looking at the convergence of the aerodynamic coefficients and of the circulation for solutions 

II* 8.1 to 8.3, it appears to be very good for Cl, but only good or sometimes doubtful for the other 
coefficients, with an oscillatory behaviour. A possible explanation Is that the solution Is not strictly 

converged, but exhibits slight oscillations possibly looaliaed upstream of the rear sonic point where this 

very weak shock forms and disappears in time. If this is so, solution M* 8.2 would correspond exactly at a 

time when this shock has vanished. 

Solution H* 8.4 is obtained using the same mesh as solution W* 8.3 but a reduced artifloal viscosity. 

It gives a much better total pressure and shows no shook on the rear part of the upper surface (see Fig. 

6.9). The above remark on the oscillatory convergence applies here too. The values of Cl, (¾. Cm and T are 

seen to be excellent. 

Solution H* 8.5 corresponds to a further important reduction of artificial viscosity compared to M* 

8.4. The accuracy on the total pressure la not Improved, and the solution now shows a compression bump at 

the rear of the airfoil. 

Based an the total pressure criterion, solutions H* 8.4 and 8.5 are much better than solutions H* 8.1 

to 8.3, but it is necessary to appeal to the exact solution to make a choice between the two and to retain 

solution H* 8.4 as the best one. A remarkable feature of all the solutions W* 8 Is the small distance (5 

chords) at which ths outer boundary Is placed. 

Solutions II* 9.1 and 9.2 differ only by the mash which Is twice finer In each direction for solution 

g* 9.2. The accuracy on the total pressure is good for both solutions, and, as It should be expected, is 

better for solution H* 9.2. If we now refer to the exact solution, the values of the aerodynamic coeffi¬ 

cients are seen to be vary good, solution II* 9.2 giving practically the exact values for Cl and Co, but the 

same value of Cm (In error of 1.7 t) as solution M* 9.1. So, were It not for this slight discrepancy, we 
could consider that the convergence of the numerical solution with respect to mesh refinement was achieved 

for solution N* 9.2. 

Thus, stage 2 leads to the selection of solutions H* 1, 2.2, 3.2, 6, 8.4 and 9.2 to form group 2. It 

is interesting to note that the global scatters on Cl and Cm in group 2 are exactly (for Cl) ^ practically 

(for Cm) the same as In group 1. 

The full sets of data, as given by the contributors, for the solutions of group 2 are presented In 

Appendix A1 In microfiche form. 

Of the six solutions of group 2, four of them, namely W* 1, 2.2, 3-2 and 6, give a rear shook of weak 

Intensity. Figures 6.7 and 6.8 show the cross-plots of p, H and pi for these solutions and compare them to 

the exact solution. The solutions »• 8.4 and 9.2, which give no shook, are plotted on Figs. 6.9 and 6.10 

respectively, together with the exact solution. 

Comparing the solutions of group 2 from these plots (and using the exact solution Just as a conn on 

reference), one can see that the solutions II* 8.4 and 9.2 are in very good agreement, and furthermore that 

the solutions D* 1 and 2.2 are In rather good agreement with M* 8.4 and 9.2 except of course in the 

neighborhood of the weak rear shook. On the contrary, solutions *• 3.2 and 6 differ appreciably from the 

four other solutions on the upper surface from the minimum pressure point to the rear shoe«. For solution 

H* 3.2, we can relate this observation to the high error on total pressure (Fig. 6.8 c)j for solution H* 6 

the above discussion Is Insufficient to reveal reasons for this discrepancy. Among the four solutions M* 1, 

2.2, 8.4 and 9.2, the preference clearly goes to *• 9.2 because of its very fine mash and of the large 

distanoe of the outer boundary ; these criteria do not allow to distinguish between the three others and ws 

have to appeal to the exact solution (or to a comparison with solution H* 9.2) to see that, in spite of its 

coarser mesh, solution N* 8.4 is better than N* 1 and 2.2. 

Thia discussion of solutions of group 2 shows the limits of this type of evaluation. However the 



special character of this teat case, due to the flow being ahcckleaa, should also be kept in *ind. 

Finally, making use of our knowledge of the exact aolution, we restrict group 3 to the •olutlons M* 

8 4 and 9.2. Hall properties are given in tabulated form for these two solutions in tables . . -3- 

Fig. 6.7- Sct'tiom 1/2.2 tnd axscr for tmt ctm 07 INLfí 7301, Mich » 0.721, o - - 0.194). 
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Hç. 6.9 - Solution 8.4 tnd txtct for mt cmt 07 (NLR 7301, Mtch -0.721. a- 0.194). 
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Fig. 6.1 i - Iso-Mach lines of solution n° 9.2 for test case 07 

(AM = 0.05, curve parameter = 100 Ml. 
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Table 6.2 - Wall values of solution n° 8.4 for test case 07 (NLR 7301, M_ = 0.720957, a - - 0.194° 

2 

3 
4 
5 
6 
7 
8 

9 
10 

11 
12 

13 
M 

15 
16 
17 
18 
f«f 
20 

71 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1 

42 
43 
44 

45 
46 
47 
48 
49 
50 

X/C 

999233 
996220 
990341 
981774 
970706 
957323 
941815 
924371 
905179 
884424 
862287 
838944 
814566 
7893 i8 
763357 
736836 
709895 
682672 
655293 
627876 
600533 
5733G5 
546467 
519925 
493815 
468209 
443168 
418748 
394996 
371952 
349652 
328124 
307389 
287465 
268363 
250089 
232646 
216033 

.200242 

. 185266 

.171091 
157702 
145083 

.133213 

.122070 

. 1 1 1632 

.101873 

.092769 
084292 

.076415 

Z/C 1-P/PI INF 

.000104 
000503 

.001227 
002143 
003099 
003937 
004494 

.004608 
004128 
002931 

.000929 
00*917 
005591 
010027 
015119 

.020707 

.026606 
032645 
038664 
044485 
049949 
054971 
059524 
063584 

• 067093 
■ 069947 
-072116 
-073692 
-.074782 
-.075470 
-.075823 
- 075894 
-.075720 
-.075331 
-074751 
-.074002 
-.073105 
-.072076 
-.070934 
-.069693 
-.068368 
- 066973 
- 065518 
-.064014 
-.062489 
-.060952 
-059385 
-.057790 
-.056176 
-.054547 

193388 
187820 

. 181230 
174255 
168474 
163876 
160634 
158978 
159094 
161189 
165500 
172182 
181100 
192522 
206562 
222546 
239979 
259303 
280479 
301763 
321513 
340262 
360096 
382757 
405161 

.420306 
428295 
431416 
431735 
430759 
429397 
428102 
426877 
425641 
424306 
422887 
421356 

.419693 

.417937 
416200 

.414401 

.412345 
409398 
406197 
406555 
407526 

.407191 
406560 
406045 
405771 

CP 

.3^5511 

.407 . *2 
432743 
459840 
482299 
500162 
512757 
519190 
518739 

.510601 
493853 
467894 
433248 
388875 
334331 

.272235 

.204510 

.129438 
047171 
035515 

-. 1 12242 
• .185079 

262133 
■350168 
■ .437205 
.496042 

-527079 
-539203 
-540443 
- 536651 

531360 
-526329 
-521570 
- 516768 
- 511582 
- 506069 
-.500121 
-493661 
- 486839 
-480091 
-.473102 
-.465114 
-453666 
-.441230 
-.442621 
-.446^93 
- .445092 
-.442640 
- 440640 
-.439575 

MACH 1-PI/PI INF 

.560502 
552144 
541449 
529691 
519314 
51 1323 
505747 
50286 1 

.503092 
506802 
514339 
525899 

.541272 

.560457 
583609 
609804 

.637903 
668247 

.701148 

.734329 
765123 
794027 

.824189 
858446 
893117 
918098 

.930583 
935493 
935999 
934368 
932171 
930074 
928138 

.926172 

.924066 

.921804 

.919386 
916758 
913980 

.911194 
908341 
905071 
900621 
895819 

.895412 

.897496 

.896895 
895700 

.894914 

.894322 

001630 
000882 

.000526 
000381 
000627 

.000587 

.000492 
000460 

.000443 

.000442 

.000474 

.000528 

.000494 

.000591 
000730 
000653 
000563 
000755 

.000928 
00072S 

.000368 

.000264 
000579 
001290 
001407 

-.000010 
000069 

.000080 

.000077 

.000179 
000233 
000296 

.000304 

.000327 

.000334 
000370 
000385 

.000406 

.000434 

.000505 

.000546 
000606 

.000440 
000234 

.001276 

.000661 

.000746 

.000974 
000956 

.001133 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 

X/C 

069112 - 
062353 ■ 
056113 ■ 
050363 ■ 
045075 
040224 
035782 
031724 
028025 
024662 
021611 
018850 

.016357 

.014114 
012100 

.010299 
008692 
007266 

.006004 
004895 
003925 
003084 

.002362 
001749 
001238 
000823 
000498 
000257 
000099 

.000021 

.000021 
000099 
000257 
000498 

.000823 

.001238 

.001749 

.002362 

.003084 
003925 

.004895 

.006004 
007266 
008692 

.010299 

.012100 

.014114 
016357 

.018850 

.021611 

Z/C 1-P/PI INF 

.052906 
051250 

.049577 

.047890 

.046192 

.044487 

.042779 
041071 
039364 

.037654 

.035937 

.034212 
032482 

.030747 
028994 

.027218 
025430 

.023644 
021858 

.020059 

.018271 
■016528 
• .014814 
- .013090 
- .011323 
■ 009491 
- 007583 
- 005592 
-.003534 
- 001452 

000621 
002682 
004762 
006897 
009114 

.011408 
013757 

.016169 

.018629 

.021087 
023546 

.026038 

.028571 

.031120 

.033660 

.036183 

.038676 

.041106 

.043446 
045660 

405719 
404811 
402371 
398602 
393540 
387108 
379777 
371649 
362554 
351559 
337324 
319862 
301762 
282104 
257954 
230303 

.201709 
176411 

.151044 
124328 
101173 
083033 
066072 
050780 
036228 
024094 
014284 
006988 
002467 

.000258 
000422 
002411 
006367 

.012078 

.019876 
029844 
042612 
057004 

.076011 

.097125 

.119339 

. 144632 

.175034 
210491 

.248502 

.290753 
337934 
393169 

.448867 

.511574 

CP 

-.439373 
-.435846 
-.426366 
-.411724 
- .392059 
-.367071 
-.338591 
-.307015 
-.271682 
-.228967 
- .173666 
-.105828 
-.035511 

040856 
134679 
242100 
353185 
451465 
550013 

.653802 

.743756 

.814228 

.880120 

.939528 

.936061 

MACH 1 -PI/PI INF 

1.043200 
1.081311 
1.109655 
1 .127219 
1 . 135801 
1.135164 
1.127437 
1.112068 
1.089881 
1.059587 
1.020862 

.971260 

.915348 

.841508 
759482 

.673183 

.574923 

.456814 

.319067 
171399 

.007258 
-.176035 
- 390618 
- 606999 
- 850609 

894034 
892563 
888605 
882526 
874468 
864287 
852608 
839742 

.825228 
807807 
785541 
758589 

.730013 

.699049 
661331 

.617803 
572291 
528674 
484734 

.436563 
390558 
350334 
310676 
269637 
227301 

.183587 

.140234 
096560 

.053298 

.011352 

.014804 
054079 

.092059 
129406 

.167492 
207565 

.247833 
290283 

. 336694 

.382893 

.428361 

.476510 
530669 

.588762 
650645 

.714457 

.789889 

.868841 

.960575 
1.055562 

001356 
001416 

.001584 

.001812 

.002015 

.002229 

.002571 
002882 

.003366 
003835 

.004155 

.004173 

.004712 

.005050 
004838 
004279 
003211 
003702 

.003014 
001831 

.001485 
001806 
001435 
001587 
000920 
000875 
000648 

.000492 
000482 

.000168 

.000269 

.000367 
000460 
000449 
000493 

.000269 
000813 

.000200 

.000587 

.001021 
000938 

.000783 

.000637 

.001736 

.001228 
003317 

.000818 
007339 
003031 

.012368 

1' ! 
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N X/C 

101 024662 
102 028025 
103 031724 
104 035782 
10« 040224 
106 045075 
107 050363 
108 056113 
109 062353 
110 069112 
111 076415 
112 084292 
113 092769 
114 101873 
115 .111632 
116 122070 
117 133213 
118 145083 
119 157702 
120 171091 
121 185266 
122 200242 
123 216033 
124 232646 
125 250089 
126 268363 
127 287465 
128 307389 
129 328124 

Table 6.2 (continued). 

Z/C 1 -P/PI INF CP MACH 1 -PI/PI INF 

047719 
049613 
051410 
053199 
054975 
056717 
058415 
060063 
06165P 
063209 
064730 
066239 
067741 
069232 

.070713 
072178 
073625 
075048 
076440 

.077794 
079099 
080346 

.081526 
082626 
083635 
084540 
085329 
08598? 
086498 

565665 - 
603698 - 
606509 - 
602548 - 
602870 - 
607049 - 

.613184 - 
619810 - 
625546 - 
628637 - 
628229 - 

.626109 - 
623468 - 
620381 - 
616921 - 
613183 - 
609291 - 
605301 - 

.601408 - 
597676 - 
594070 - 
590609 - 
587306 - 
584132 - 

.581013 - 
577924 - 
574830 - 
571634 - 
568294 - 

1 060747 
1 208501 
1 219421 
1 204033 
1.205284 
1.221519 
1.245353 
1 271094 
1 293378 
1 305386 
1 303801 
1 295565 
1 285305 
1 273313 
1 259871 
1.245349 
1.230229 
1 214728 
1 199605 
1 185106 
1 171097 
1 . 157652 
1 . 144820 
1 . 132489 
1.120372 
1.108372 
1.096352 
1.083936 
1.070960 

1 156540 
1 225854 
1 233612 
1 223113 
1 223453 
1 232746 
1 245399 
1 258793 
1.270771 
1 277014 
1 276110 
1.271849 
1.266638 
1.260623 
1.253848 
1.246610 
1.239092 
1.231465 
1.224097 
1.217073 
1.210333 
1.203905 
1.197816 
1.191987 
1 . 186282 
1.180668 
1.175064 
1 . 169281 
1 . 163261 

004221 
005824 
002700 
006536 
006896 
005210 

.004158 
003564 
002701 
002584 
002704 

.002755 

.002720 
002620 
002608 
002549 

.002532 
002477 
002394 
002322 
002245 
002167 

.002077 
002001 
001932 
001853 
001784 

.001739 
001700 

130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 

145 
146 

147 
148 
149 
150 
151 
152 

153 
154 
155 
156 
157 
158 
159 
160 

349652 
37 1952 
394996 
418748 
443168 
468209 
493815 

.519925 
546467 
573365 
600533 
627876 
655293 
682672 
709895 
736836 

.763357 

.789318 
814566 
838944 
862287 
884424 
905179 
924371 
941815 

.957323 

.970706 
981774 
990341 

.996220 
999233 

086849 

087022 
087000 
086765 
086296 

.085571 
084564 
083244 
08 1573 
079500 
076966 

.073910 
O'0305 
006179 
061601 
056653 
051432 
046044 
040596 
035195 
029939 

.024920 

.020217 
015902 

.012034 
008663 

.005830 

.003560 
001858 

.000719 

.000145 

564901 
561590 
558390 
555023 
550854 
545067 
537211 
527758 
518171 
509365 
500198 
487540 
468662 
444393 

.419071 
395976 

.375087 
355630 
337356 
320377 
304774 
290477 
277363 
265251 
254061 

.243612 

.233790 

.224603 
216215 
209042 
201497 

•1.057779 1 
•1 044916 1. 
-1 032484 1. 
-1.019404 1. 
-1 003208 1. 
-.980726 1. 
-.950206 1 
-.913482 1 
-.876237 1 
-.842027 1 
-.806414 1 
-.757239 1 
- 683900 
-.589618 
- 491244 
- 401523 
- 320371 
-.244783 
- 173790 
- .107828 
- 047212 

.008330 
059277 

.106330 

.149802 

.190396 

.228553 
264244 

.296830 

.324697 

157 181 
151307 
145674 
139775 
132430 
122212 
108378 

.092042 
075882 

.061337 
046154 
024834 
993359 
954175 
914476 
878646 
846304 

.816265 
788155 
762075 
738063 
715993 
695602 

.676717 
659177 
642507 
626583 

.612371 

.598344 

.578447 

.541971 

001652 
001566 
001460 
001348 
001308 

.001364 

.001540 

.001578 

.001337 

.000941 
000758 
001196 

.001960 
002197 
001838 
001596 
001591 
001643 
001648 
001612 
001578 
001537 
001546 

.001504 

.001448 
001540 

.001729 

.001258 
001574 
007764 

.010593 

Table 6.3 - Wall value* of solution n° 9.2 for test case 07 (NLR 7301, M- * 0.720957, a * - 0.194° ). 

N X/C Z/C 1 -P/PI INF CP MACH 1-PI/PI INF 

1 

2 
3 
4 

5 
6 
7 
8 
9 

10 

11 
12 

13 
14 
15 
16 
17 
18 
19 
20 
21 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

999890 
999454 
998589 
997298 
995578 
993435 
990867 
987874 
984460 
980627 
976375 
971710 
966636 
961155 
955275 

.949000 
942338 
935296 
927882 
920104 
911973 
903498 
894691 
885564 
876129 
866398 
856386 
846105 
835572 
824798 
813798 
802590 
791186 

.779600 
767848 

.755943 
743901 

.731733 

.719455 
707079 

.691618 

.682086 
669494 
656854 
644180 
631484 
618775 
606067 
593371 
580697 
568057 
555462 
542922 

.530447 

.518048 
505733 

.493513 

.461394 

.469389 
457505 

.445749 

.434130 

.422654 

.411327 

.400157 

.389148 

.378305 

.367634 

.357136 

.346619 

000015 
.000074 
000191 
000364 
000590 

.000864 

.001177 

.001523 
001893 

.002277 

.002666 

.003052 
003423 
003769 
004078 
004337 

.004533 
004654 

.004687 

.004617 
004433 
004124 

.00? «79 

.003086 
002338 
001428 
000351 

- 000897 
- 002316 
- 003903 
- 005654 
-007564 
- 009625 
- 011830 
- 014164 
- 016615 
-.019164 
- 021794 
-.024485 
-.027223 
-.029993 
-032780 
-.035569 
-038344 
- 041083 
-.043769 
-.046385 
-.048915 
-.051355 
-.053698 
-.055944 
- .058090 
-.060134 
-.062073 
-.063902 
-.065574 
-.067156 
-.068626 
-.069895 
-.071007 
-.071973 
-.072806 
-.073517 
-.074118 
-.074618 
-.075024 
-.075347 
-.075591 
-.075765 
-.075874 

186418 
189420 
188761 
187096 
184662 
181953 

.179314 

. 176622 

. 174118 

.171937 
169811 
167767 
165890 
164160 

. 162593 
161231 

.160094 

. '59211 

.'58612 

.158316 

.158345 

.158714 

.159448 

.160572 

.162098 

.164058 

.166481 

.169386 

.172789 

.176659 
180954 

.185715 

.191004 
196861 

.203275 
210200 
217573 
225271 

.233238 

.241475 
250*056 
259048 
268515 

.278370 
288477 
298554 

.308372 
317825 

.326929 
335773 

.344531 

.353465 

.362868 

.372615 

.381923 

.388622 

.405355 

.414302 

.421497 
426201 

.429444 
431515 

.432653 

.433103 
433062 

.432681 

.432082 

.431382 

.430642 

.429935 

.412588 
400926 

.403486 

.409955 

.419410 

.429935 

.440187 

.450645 

.460373 

.468846 

.477105 

.485046 

.492338 

.499058 

.505146 

.510437 

.514854 

.518285 

.520612 

.521762 

.521649 
520216 

.517364 

.512997 
507069 

.499455 

.490042 

.478756 

.465536 

.450501 

.433816 

.415320 

.394772 

.372019 

.347101 

.320198 

.291555 

.261649 
230698 

.198698 

.165361 

.130428 

.093650 
055365 

.016100 
-.023048 
-.061190 
-.097914 
-. 133282 
-.167640 
-.201664 
-.236372 
-.272901 
-.310768 
-.346928 
-.372053 
-.437959 
-.472717 
-.500669 
-.518944 
-.531542 
-.539588 
-.544009 
-.545757 
-.545598 
-.544119 
-.541829 
-.539071 
-.536196 
-.533450 

.£47994 
554577 

.554641 

.551606 

.547433 
542862 
538298 
533808 

.529464 

.525591 

.522013 

.518486 

.515171 

.512158 
509426 
507021 

.505020 

.503465 

.502403 

.501880 

.501936 

.502595 

.503899 

.505889 

.508590 

.512037 

.516274 
521335 

.527218 

.533887 

.541263 

.549350 

.558249 
568024 

.578655 
590044 

.602064 

.614556 

.627377 

.640530 

.654124 
668275 
683068 
698420 

.714085 
729701 

.744860 
759453 
773460 

.787061 

.800523 

.814226 

.828541 

.843382 

.856278 

.869995 

.890358 
910731 

.919284 

.927160 

.932279 

.935487 

.937278 

.937902 
. 93780.1 
.937294 
.936352 
.935229 
.934052 
.932927 

.002169 
001077 
000219 

.000383 
000421 

.000397 
000439 

.000351 
000375 
000447 
000370 
000348 

.000372 

.000358 
000342 

.000344 
000338 
000332 

.000331 

.000330 

.000327 

.000324 

.000322 

.000322 

.000317 
000319 
000325 

.000328 

.000340 

.000340 

.000322 
000325 

.000340 

.000360 

.000371 
000379 

.000394 

.000376 

.000364 

.000360 

.000370 
000387 

.000*24 

.000435 
000456 

.000428 

.000392 

.000368 

.000354 

.000336 

.000333 

.000345 

.000491 

.000668 

.000116 
-.001320 

.004695 
-.002237 

.000741 

.000209 

.000196 
000261 

.000269 

.000275 
000290 

.000299 

.000312 
000314 

.000325 

.000336 

71 .336684 -.075921 
72 .326734 - 075913 
73 316972 -.075853 
74 307400 -.075743 
75 .298020 -.075586 
76 .288833 -.075386 
77 .279839 - 075145 
78 .271042 -.074865 
79 262440 -.074549 
80 254033 -.074199 
81 .245823 -.073818 
82 .237806 -.073407 
83 .229984 -.072969 
84 .222355 -.072506 
85 .214917 -.072018 
86 207670 -.071508 
87 200610 -.070978 
89 .193737 -.070429 
89 .187047 -.069864 
90 .180539 -.069283 
91 .174208 -.068687 
92 .168054 -.068078 
93 .162071 -.067459 
94 .156258 -.066827 
95 .150610 -.066187 
96 .145125 - .0655:(6 
97 .139797 -.064880 
98 .134624 -.064214 
99 .129599 -.063542 

100 .124720-.062871 
101 .119978 -.062201 
102 .115370-061531 
103 .110895 -.060854 
104 106546 -.060168 
105 .102321 -.059474 
106 .098212 -.058773 
107 .094215 -.058066 
108 090324 -.057351 
109 .086532 -.056629 
110 .082836 -.055898 
111 .079227 -.055158 
112 .075703 -.054406 
113 .072257 -.053643 
114 .068881 -.052866 
115 065572 -.052071 
116 .062325 -.051257 
117 .059133 -.050420 
119 .055991 -.049557 
119 .052896 -.048666 
120 .049642 -.047743 
121 .046824 -.046784 
122 .043840 -.045785 
123 .040888 -.044742 
124 .037966 -.043649 
125 .035074 -.042503 
126 .032214 -.041295 
127 .029392 -.040023 
128 .026617 -.038675 
129 .023901 -.037248 
130 .021260 - 035732 
131 .018712 -.034122 
132 .016272 - 032418 
133 .013960 -.030618 
134 .011813 -.028715 
135 .009840 - .0267.16 
136 .008044 -.024633 
137 .006431 -.022473 
138 .005012 -.020244 
139 .003776 -.017959 
140 .002705 -.015633 
141 .001819 -.013268 
142 .001137 -.010871 

429305 - 
.428729 
.428189 
427667 

.427150 
426629 
426074 
425482 

.424876 

.424247 
423611 

.422972 

.422308 

.421673 

.420864 

.420105 

.419292 
418503 

.417714 

.416878 

.416014 

.415201 

.414455 

.413752 

.413003 

.412014 

.410528 

.408499 

.406564 

.406216 

.407530 

.409062 

.409795 
409730 

.409350 

.408994 
408692 

.408457 

.408284 

.408096 
4078P6 

.407743 

.407755 
407885 

.407853 

.407434 
406503 

.405064 

.403197 

.400995 

.396348 

.395016 

.391007 

.386496 

.381430 

.375824 

.369465 

.361636 

.351519 

.338126 

.322018 

.304446 

.283001 

.253562 

.223826 

.192052 

.161034 
. 127643 
.099748 
.075911 
.053239 
.033914 

.531002 

.528765 

.526667 

.524639 

.522630 

.520606 

.518450 

.516150 
513796 

.511352 
508882 

.506399 

.503820 

.501353 

.498210 

.495261 

.492103 
•489038 
•485972 
-.482725 
- .479368 
-.476210 
-.473312 
-.470580 
-.467671 
-.463829 
- 458056 
-.450173 
-.442656 
-.441304 
- .44640^ 
-482310 
-.455208 
-454955 

.453479 

.452096 

.450923 

.450010 

.449338 
448608 

.447831 
-.447236 
-.447283 
-.447788 
-.447663 
-.446036 
-.442419 
-.436829 
-.429575 
-.421021 
-.410738 
-.397793 
-.382219 
-.364694 
-.345013 
-.323234 
-.298530 
-.268123 
-.228812 
-.176781 
-.114203 
-.045936 

.037374 
. 151741 
.267262 
.390701 
.511203 
.640923 
.749292 
.641997 
.929979 

1.005061 

.931918 

.931011 

.930157 
929333 

.928513 

.927687 
926818 
925885 

.924922 

.923936 

.922929 

.921922 

.920877 

.919849 

.918654 

.917379 

.916154 

.914860 

.913647 

.912352 

.910998 

.909706 

.908531 

.907414 

.906221 

.904678 
902440 

.999441 

.896437 

.895493 
897423 
900026 

.901300 

.901209 

.900566 

.699978 

.899520 

.899138 

.898862 

.898590 

.898283 

.898036 

.898001 

.898169 

.898133 

.897478 

.896031 

.993775 
890822 

.887317 

.883170 

.878005 

.871717 

.864601 

.856663 

.847751 

.837641 

.825354 

.809643 

.769185 

.763984 

.736040 

.703825 

.660137 

.610590 

.559667 

.508219 

.447690 

.369077 

.336341 

.291447 

.223222 

.000353 

.000353 
000356 
000358 
00036o 

.000371 

.000366 

.000368 
000379 

.000376 

. 00038« 

.00038 ! 
OoC3«9 
000423 
000341 

.000434 

.000379 

.000419 
000416 

.000400 

.000401 

.000422 

.000431 

.000450 

.000474 

.000471 

.000380 

.000199 

.000185 
000618 

.000747 

.000517 
000376 
000364 

.000418 
000454 

.000439 

.000456 

.000462 
000439 

.000434 

.000443 

.000501 

.000539 

.000524 

.000526 

.000521 

.000535 

.000584 

.000668 

.000702 

.000692 

.000766 

.000902 

.001009 

.001271 

.001578 
001806 

.001940 

.001799 

.002202 

.002986 

.002041 
-.000036 

.001675 

.000430 

.000650 
-.000997 

.000666 

.000642 
-.000307 
-.000205 



/ 

6-lft 

mm 

Table6.3 (continued). 

143 
144 
145 
146 
147 
148 
149 
150 
15 I 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 

197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 

X/C 

000641 
.000303 
000100 
000018 
000043 
000169 
000390 
000700 
001093 
001567 

.002118 
002743 

.003453 
004256 
005147 
006117 

.007169 
008308 
009542 
010870 
012298 
013823 

.015459 

.017210 
019079 
021082 
.023222 
.025494 
027896 
030392 
032923 
035476 
038055 
040662 
043295 
045953 
048637 
051346 
054079 
056839 
059625 
062439 
065282 
068155 
071061 

.074000 

.076975 
079988 
083042 

.086142 
089290 

.092490 
095744 
099056 

.102429 

.105866 
109369 

.112942 

.116589 
120310 

.124110 
127991 
131956 

.136007 

.140147 

.144379 
148704 
153127 
157648 
162272 
166998 
171830 
176771 
181822 
186985 
192261 

.197655 
203166 

.208796 
214548 

.220422 
226422 
232547 
238798 

.245178 

.251687 
258326 

.265096 

.271998 

Z/C 1-P/PI1NF CP MACH 1- 

008455 
006031 
003608 
001192 
001213 
.003602 
005974 
008327 
010660 
012969 
015257 

.017519 
019756 
021965 
024141 
026288 
028401 

.030478 
032516 

.034509 
036457 
038353 
040192 

.041965 
043668 
045287 
046813 
048242 
049565 

.050797 
051968 
053084 
054146 
055157 
0561 17 
057031 
057900 
058729 
059520 

.060276 

.061001 

.061696 
062367 

.063014 
063643 
064255 

.064854 

.065442 

.066021 

.066590 

.067151 
067706 
068254 

.068795 
069332 
069864 

.070392 
070915 

,071435 
.071951 
.072464 
072974 
.073480 
.073983 
.074483 
.074979 
075473 

.075962 

.078448 

.076929 

.077406 

.077379 
078346 

.078807 

.079263 
079712 
080154 

.080590 

.081016 
081436 

.081846 
082246 

.082635 
083014 
083381 

.083736 
084078 
084406 
084719 

.019320 
009395 
003369 
000806 
001188 
004154 
009449 
016869 
026212 
037576 
050839 
066088 
0844 11 

.103358 

.123669 

.146103 
171396 
199093 
228592 
259747 

.292706 
328787 
368502 
408299 
450923 
495494 
535964 
572459 ■ 
598913 - 

604723 ■ 
602651 • 

601415 
601791 
603550 
606017 
608852 
611902 

.615044 
618069 
620848 
623345 
625463 
627090 
628132 
628473 
628061 
627123 
626064 
625039 
624044 

.623010 
621908 
620743 

.619551 
618338 - 

617071 - 

615762 - 

.614450 - 

613145 - 

611829 
610516 - 

.609223 - 

.607923 
606579 
605193 
603779 

.602362 
600961 
599582 
598220 
596864 
595527 
594209 
592905 
591623 

.590361 
589102 
587849 
586620 
585409 
584219 
583036 
581857 
580691 
579524 
578366 
577206 

.576059 
574927 

1 061747 
1 100304 
1 . 123715 
1 . 133672 
1 . 132188 
1.120665 
1 100095 
1.071269 
1.034972 

990824 
939299 
880058 
808875 
735268 
656362 
569208 
470947 
363347 

.248747 
. 127713 

-.000329 
- . 140500 
-.294789 
- 449396 
- .614986 
- .788140 
- 945361 

-1.087141 
-1 . 189912 
-1.212483 
-1.204433 
-1 .199632 
-1.201092 

1 207926 
1.217510 
1.228524 
1.240373 
1.252579 
1 264331 

•1.275127 
-1.284828 
-1.293056 
-1.299376 
-1.303425 
-1.304749 
-1.303149 
-1.299505 
-1.295391 
-1.291409 
-1.287543 
-1.283526 
-1.279245 
-1.274719 
-1.270088 
-1.235376 
-1.260454 
-1 255368 
-1.250271 
-1.245202 
-1.240089 
-1 234988 
-1.229973 
-1.224915 
-1.219693 
-1.214309 

1.208816 
1.203311 
1 . 197868 
1 . 192511 
1 .187219 

•1.181952 
•1.176757 
•1.171637 
-1.166571 
-1.161591 
-1.156688 
-1 . 151797 
-1 . 146929 
-1 . 142155 

137450 

-1 
-1.132827 1 

128231 
1.123651 

-1.119121 
-1.114587 
-1.110089 
-1.105582 
-1.101126 
-1.096729 

166781 
.114637 
066915 
.027930 
036275 

.074637 

.114864 

. 154715 
.194232 
233563 
272846 
314304 
356611 
397074 
437551 
479900 
524918 
571735 
619847 
669063 

.719959 

.776654 
836675 
897547 
966212 

1.037245 
1.104372 
1.171906 
1.216405 
1.225887 
1.225173 
1 225689 
1.227671 
1.231072 
1.235313 
1.240212 
1.245741 
1 251664 
1.257502 
1.262989 
1 268000 
1.272270 
1.275568 
1.277707 
1.278424 
1.277579 
1.275755 
1.273705 
1.271675 
1 269624 
1 267462 
1 265169 
1.262774 
1.260365 
1.257928 
1.255387 
1 252780 
1.230195 
1.247623 
1.245026 
1.242455 
1.239942 
1.237402 
1.234788 
1.232102 
1.229372 
1 226645 
1.223950 
1.221308 
1.218700 
1.216114 
1.213580 
1.211087 
1.208627 
1.206223 
1.203857 
1 201494 
1 199160 
1 .196868 
1 . 194619 

192413 
190216 
188042 

1 
1 _ 
1 . 185887 
1 
1 
1 

183743 
181812 
179485 

1 . 177391 
1.175324 

PI/PI INF 

.000092 
000252 

.000242 
000260 
000268 

.000265 
000270 
000297 
000253 
000321 
000449 
000104 
000281 
000435 
000498 
.000334 
000263 
000363 
000423 

.000654 

.001071 
000024 

.001046 

.001910 

.000361 
002064 

.003828 
000292 
006262 
008352 
004092 
000314 

-.001359 
-.001427 
-.000799 
-.000075 

.000403 
000639 
000729 
000684 
000568 
000466 
.000379 
000294 

.000245 
000276 
.000216 
.000141 
.000135 
.000243 
000401 
000560 
.000696 
.000785 
.000863 
000946 
.001016 
.001056 
001104 

.001166 

.001208 

.001237 
001281 
.001324 
001363 
001398 
.001430 
001468 

.001500 

.001537 

.001567 

.001584 
001601 
001615 
001617 

.001625 
001642 

.001642 

.001652 

.001654 
001657 

.001670 

.001667 

.001677 

.001674 
001681 
001683 

.001677 

.001677 

232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 

X/C 

279032 
286199 
293498 

.300931 
308498 
316197 
324030 
331994 
340090 
348318 
356674 
365161 
373775 
382515 
391379 
400366 
409473 
413699 
428040 

.437494 
447057 
456728 

.466502 
476376 
486346 
496407 
506556 
516787 

,527097 
537480 
547930 
558441 
569009 

.579625 
590285 
600980 

.611704 

.622449 

.633208 

.643972 

.654733 
665486 
676219 
686926 
697599 
708228 
718807 
729326 

.739775 

.750150 

.760439 

.770634 

.780728 

.790710 
800573 
810307 
819904 
829355 
838651 

.847783 
856740 

.865517 
874100 
882483 
890656 
898610 

.906333 

.913819 

.921057 

.928037 

.934752 
941190 
947343 

.953203 
958759 
964002 
968924 
973516 

.977769 
981676 
985226 
988412 
991227 
993663 
995711 
997365 
998619 

.999464 
999891 

Z/C 1-P/PIINF CP MACH 1-PI/PIINF 

085017 
085299 
085563 
085809 
086036 
086243 
086429 
086593 
086734 
086852 
086944 
087010 

.087049 
087059 
087039 
086987 
086906 
086789 
086638 
086450 
086225 
085961 

.085656 

.085309 
084916 
084478 
083991 
083453 

.082862 
082216 
081511 
080742 
079909 

.079006 

.078030 
076974 
075838 

.074617 

.073310 

.071917 

.070440 
068883 

.067249 

.065543 

.063772 
061939 
060050 
058111 
056127 

.054105 

.052052 

.049974 

.047878 

.045770 

.043656 

.041543 

.039437 

.037344 
035270 
033219 
.031198 
.029211 
.027264 
.025360 
.023504 
.021701 
.019952 
.018263 
.016637 
.015076 
013585 

.012164 

.010815 

.009542 

.008346 
007229 

.006193 
005238 
004365 

.003573 

.002862 

.002232 

.001681 

.001210 
000816 
000199 

.000261 

.000101 

.000021 

573797 
572666 
571534 
570380 
569191 
567970 
566719 
565428 
564084 
562717 
561326 
559919 
558546 
557215 
555826 
554189 
553005 
551722 
550421 
549062 
547626 
546062 
544361 
542522 
540504 

.538244 
535662 
532682 
529340 
525789 
522315 

.519272 
516900 
515082 

.513315 
510364 
505289 

.497472 
487248 

.475790 
464515 
454351 
445346 
437000 
428772 
420343 
411753 

.403131 
394634 
386345 
378268 
370399 
362732 
355271 
348033 

.341011 
334212 
327643 

.321289 

.315147 
309214 
303480 

.297945 

.292604 
287434 

.282438 

.277603 

.272918 
268389 

.264018 

.259785 
255664 
251638 
247695 

.243862 

.240194 

.236688 
233328 
230096 

.226967 

.223925 
220919 

.217844 

.214634 

.211150 

.207226 
202701 

. 197477 
188343 

1 092339 1 
1 087945 1 
1 083547 1 
1.079064 1 
1.074445 1 
1.069701 1 
1.064841 1 
1.059826 1 

•1.054605 1 
•1.049294 1 
• 1.043890 1 
■1 038424 1 
-1.033090 1• 

-1.027919 1. 

-1 022523 1 
-1.016164 1. 

-1.011564 1 
- 1.006580 1 
-1.001525 1. 
- 996246 1 
- 990667 1 
- 984591 1 
-.977983 1 
-.970839 1 
- 962999 1 
- 954219 1 
- 944188 1 
-.932611 1 
-.919628 1 
- 905833 1 
- 892336 

880515 1 
871300 

- .864237 
-.357372 1 
-.845908 1 
-.826192 1 
-.795824 1 
-.756105 1 
-.711592 1 
-.667789 
-.628303 
-.593320 

.560897 

.528932 
496186 

- 462815 
- .429319 
- .396309 
-.364107 
- 332729 
-.302159 
-.272373 
- .243' 48 
-.215269 
- .187989 
-. 161576 
- .136056 
-. 111371 
- 087510 
-.064461 
-.042185 
- 020682 

000067 
.020152 
039561 

.058344 

.076545 
094140 

. 111121 
. 127565 
. 143575 
.159216 
.174534 

189425 
.203674 
217295 

.230348 

.242904 
255060 
266878 

.278556 

.290502 
302972 

.316507 

.331752 
349331 
369625 

.405110 

. 173262 

.171207 
169155 
167061 
164909 

.162704 
160457 
158126 
155712 
153266 

.150774 
148259 
145794 
143573 
140821 
138136 
136016 
133727 
131432 
129054 
126530 
123784 

.120815 
117614 

.114106 

.110189 
105705 
100542 
094767 
088653 
082719 

.077599 
073610 

.070719 
067738 
062754 

.054125 
040929 
023912 
.005169 
987020 

.970797 
956445 
943168 
930090 

.916796 
903323 
889874 
876676 
863827 
851333 
839183 

.827362 
815881 

.804746 

.793949 
.78350^ 

.773400 
763625 

.754171 

.745025 

.736178 
727631 

.719358 

.711342 

.703584 
696054 
688743 
681670 

.674820 
668169 
661677 

.655309 
649054 

.642976 

.637141 
631543 
626164 

.620971 
615938 

.611042 
606165 

.601193 
595939 

.590197 

.583951 
576835 
567008 

.551610 

001679 
001674 
001668 
001668 
001667 
001663 
001649 

.001656 
001652 

.001643 

.001643 
001642 
001661 
001471 
001828 

.001550 
001579 
001605 
001603 
001582 
001579 
001580 
001566 
001549 
001535 
001518 
001526 
001542 
001567 
001596 
001596 
001524 
001480 

.001252 
001247 
001260 
001394 

.001586 
001718 
001695 

.001533 

.001388 
001348 
.001369 
.001450 
.001484 
.001500 
.001492 
.001474 
.001470 
.001471 
.001474 
.001478 
.001474 
001476 
001476 

.001471 

.001472 

.001472 

.001471 
001473 
.001473 
.001468 
.001475 
.001475 
.001473 
001477 

.001479 

.001472 

.001472 
001472 
.001473 
.001481 
001489 

.001480 

.001474 

.001471 
001468 
.001467 
001459 

.001443 
001446 
001423 
001436 

.001464 

.001305 
001030 

,001884 
.001913 

*“ —... «... » - — 

11m . 
TM full s.t- of data for tM solution, of group 2. as given by tM oontrlbutors. can be found, 

microfiche form in Appendix A1. 

. „.«..i pie... .f ». n.. n.i. i. w «» -» 
taken fro« solution H* 9. 

I 

•■rip?.* ,;:r' 
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Table 6.4 - Solutions of group 2 for test case 01 (NACA 0012, M_ = 0.8, a = 1.25° ). 

g 

MESH 

outer 

boundary 

(chords) 

cL r CD CM 3 

5 
points or cells 

type total on airfoil 

i C 189x25 147 4/6/7 0.3642 0.1692 0.0225 0.0376 

2 C 188x24 146 4/6/7 0.3736* 0.1733* 0.0244* -0.0411 

3 O 158x23 158 16 0.3463* 0.1634* 0.0223 0.0358* 

5 C 249 x 67 181 48/96/96 0.3661 0.1723 0.0229 - 0.0430* 

6 O 192 x 39 192 50 0.3474 0.0221* - 0.0374 

8 O 128x28 128 5 0.350 0.161 0.0221* - 0.037 

9 O 320x64 320 25 0.3632 0.0230 - 0.0397 

0.0273 0.0196 0.0023 0.0072 

-7.6% - 12% -9.9% = 18% 

The overall scatter of the solutions of group 2 can be evaluated from Fig. 6.12 which gives °r°aa~ 

plots of the pressure, Mach number and total pressure distributions. Enlarged plots of pressure and Mach 

nimber in the shock regions, on the upper surface and on the lower surface, are shown on Fig. 6.13. * 

characteristic shook Jump, computed from the Hankine-Hugoniot relations for a given value of the upstream 

Mach number M1 and assuming pii = piee, is given by the dashes marked "BH", Just as an example and not for 

precise comparisons with the numerical solutions since the values of Mi and pii vary from one solution to 

another. 

From table 6.4, we see that the solutions can be separated into two sub-groups, according to the 

distance of the outer boundary. For solutions N* 1, 2 and 8, this distance varies from 4 to 7 chords, while 

for the other solutions, it is at least of 16 chords and goes up to 96 chords for solution N 5. *s 

discussed in $ 6.3, the distance of the outer boundary should not be considered alone but in relation to 

the type of boundary condition used. It is only in solution N° 5 that all the flew properties are imposed 

ecual to their free-stream values on the Inflow part cf the boundary ; for all other solutions, some oompa- 

tibility or non-refleotive type relatione are used, which allows the outer boundary to be taken much closer 

to the airfoil. However, whether a distance of the order of 5 chords, as in solutions H° 1, 2 and 8 is 

sufficient or not is not clear and, from this point of view, we have to give a preference to the other 

solutions. 

This preference is strengthened by the consideration of the mesh sise at the wall. It twna wt that 

the solutions »• 1, 2 and 8 are also those with the coarsest meshes at the wall, while solution N 9 has 

the finest mesh, followed by solutions H* 6 and 5. 

Looking now at the error on the total pressure at the wall upstream of shocks (Fig. 6.12 o), it can *>e 

seen that the relative errer is of the order of or smaller than 10-2 for all the solutions except solution 

H» 5 for which the error reaches 6 x 10-2 ¡ the error is by far the smallest for solution N» 9 aince it is 

below 10-3. 

If we consider the quality of the shocks, (Fig. 6.13), and firstly the Jumps through the shock on the 

upper surface, we find that all solutions give very good Jumps in Mach number, but only good Jumps in 

pressure, with solution H° 5 slightly not as good as the others. As to the shock on the lower surfaoe, this 

is a weak ahook located much more upstream than the upper shock, hence in a region of higher wall curva¬ 

ture. and we find that neither the p-easure Jump nor the Maoh nimiber Jump are good for any of the 

solutions : they are appreciably smaller than the Hankine-Hugoniot Jumps (discrepancies are of the order of 

0.05 in the Jumps of M and of p/pi* ). Here, there is a possibility that the error comes as much from the 

Zierep singularity as from the shock Itself. 

As to the sharpness of the upper shook, solution H° 5 comes first, followed by solutions H* 3, 9 and 6 

in this order. Solutions «• 1, 2 and 8 have rather thick shocks due to mesh c oars ness. Solutions H* 3 and 9 

show no oscillation at the shook ; solution N" 5 has post-shock oscillations, and solution N b shews very 

small ripples in the pressure and Maoh number distributions on the upper surfaoe upstream of the shock 

(probably related to the saw-tooth distribution of pi). 

So, considering the accuracy on the total pressure and the shock quality, we class solution H* 9 

first, solution N* 3 second and solution N* 6 third, and these three solutions constitute the group 3. 

Desoíte the fine mesh used, solution N* 5 suffers from a large error on the total pressure at the wall. 

Looking again at the aerodynamic ooeffloients in table 6.4, we see that the solutions H* 3 and 6 agree very 

well on CL and on Co, while solution H° 9 gives slightly higher lift and higher drag ¡ the agreement on Cm 

is not as good. 



/ 
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„u "C. ^ sc & rr .'sf^srs-sri'Vr ^ 
this solution. 
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B) LOWER SHOCK 

Fig. 6.13 - Shock profilât for tolutions of group 2. Tott can 01. 
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Fig. 6.14 - Solution of group 3 for tut case 01 (NACA 0012, Mach * 0.80, a = 1.25). 

y*-**» mu- 

,M».. ■u- jRjf 
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Fig. 6. IS - Iso-Mach lines of solution n° 9 for test case 01 
'ùM = 0.05, curve parameter = 100 M). 

Table 6.5 - Wall values of solution n° 9 for test case 01 (NACA 0012 M« = 0.8, a ~ 1.25°). 

x/c Z/C 1-P/PI INF CP MACH 1-PI/PI INF 

999928 - 
999659 - 

999147 
998404 
997440 
996259 
994867 
993267 
991463 
989458 

.987255 
984857 

.982267 
979488 
976521 
973371 
970039 
966528 
962840 

.958979 

.954946 

.950743 

.946375 
941842 

.937148 
932296 

.927286 
922123 
916809 
911346 
905738 
899985 

.894092 

.888061 

000010 
000048 
000121 

.000226 
000363 

.000530 
000726 
000951 

.001205 
001486 

.001794 

.002128 
002488 

.002873 

.003282 
003716 
004172 
004651 
005152 
005674 
006216 
006779 

.007360 

.007960 

.008579 
009215 
009867 

.010535 
011218 

.011916 
.012Ç28 
.013354 
.014092 
.014842 

.139562 
170725 

.184682 
196671 
205956 

.214201 
221169 

.227405 
233107 

.238500 

.243378 

.247929 

.252471 

.256673 
260505 

.264340 
268090 

.271631 

.275056 

.278398 

.281625 

.284713 

.287720 

.290743 
293734 

.296625 

.299384 
302068 

.304747 

.307399 

.310028 
312650 

.315172 

.317565 

695536 
589502 

.542013 

.501220 

.469627 

.441573. 

417864 
396646 

.377245 

.358895 
342297 

.326812 
311358 
297060 

.284022 

.270973 

.258214 
246165 

.234511 
223140 
212160 

.201653 

.191422 

.181136 

.170959 
. 161122 
.151734 
.142602 
. 133487 
.124463 
. 115518 
.106596 
.098015 
.069873 

.468564 

.522552 

.548702 
567548 

.583620 
596761 
608279 

.618255 

.627432 
636000 

.643829 

.651014 
658128 
664834 

.670849 
676801 
682709 
688243 
693565 
698767 
703786 
708587 

.713243 

.717907 

.722542 
727011 
731280 

.735413 

.739534 

.743625 

.747665 

.751691 

.755586 

.759273 

-.000094 
.001097 

-.000473 
.000479 

-.000042 
.000245 
.000094 
.000167 
.000149 
.000189 
.000132 
.000156 
.000209 
.000136 
.000141 
.000193 
000157 

.000152 
000166 

.000165 

.000161 

.000153 

.000157 

.000171 

.000163 

.000161 

.000153 
000160 

.000168 

.000164 

.000171 
000180 
000166 

.000159 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

881894 - 

875594 - 

869164 
.862607 - 

855924 ■ 

.849119 

.842195 - 

.835154 

.827999 

.820733 • 

813358 
805878 
798294 
790610 

.782828 

.774952 
766984 

.758927 
750783 

.742556 
734249 

.725863 

.717403 

.708870 

.700268 

.691599 

.682867 

.674074 
665224 

.656318 

.647359 
638352 

.629298 

.620201 

.611063 

.601888 

015603 
.016376 
.017158 
.017950 
.018751 
.019560 
.020376 
.021200 
.022029 
.022865 
023706 

.024552 
025401 

.026254 

.027109 
027967 
.028826 
029686 

.030545 

.031406 

.032265 

.033123 

.033979 

.034832 
035682 

.036527 
.05/369 
.038205 
.039035 
039859 
040676 

.041486 

.042287 

.043078 

.043860 

.044632 

320005 
.322493 
324898 
327241 
329576 

.331907 

.334211 

.336469 
338705 
340946 

.343208 
345466 
347684 

.349875 
352074 
354306 
356515 
358652 
360812 

. 363042 

.365264 
367484 

.369738 
371953 

.374129 
376411 

.378755 
381011 

.383223 
385506 

.387906 
990999 

.392676 

.394” • 

. 3974¾. . 

081571 
073105 

.064922 
056950 

.049005 

.041073 

.033234 

.025551 

.017943 

.010318 

.002621 
005062 

.012609 

.020064 

.027546 
■035140 
-.042656 
-.049928 
-.057277 
-064865 
-.072425 
.079979 

- 087648 
-.095185 
■.102589 
-.110353 
-.118329 
-.126005 
-.133532 
-.141300 
-.149466 
-.157741 
-. 16569« 
-.173fc97 
-.181783 
- .190160 

.762988 
766815 

.770524 

.774110 

.777688 

.781262 

.784793 

.788261 

.791682 
795116 
798578 
802041 

.805444 
808800 
812166 
815579 

.818974 

.822261 

.825556 

.828975 

.832397 

.835798 
839253 

.842672 

.846020 

.849503 

.853120 

.856615 

.860016 

.863532 
867227 

.870992 

.874628 

.878210 

.881932 

.885757 

000193 
000190 
000176 

.000189 

.000197 

.000202 

.000209 

.000208 
000219 

.000226 
000237 
000242 

.000245 
000254 
000267 
000284 
.000284 
.000282 
000310 

.000321 

.000319 

.000336 

.000353 

.000347 
000354 

.000393 

.000394 

.000382 

.000400 

.000415 
000435 
000436 

.000423 

.000444 
000458 
000459 

—- 

S4M* Viummif 
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Table 6.5 (continued). 

I 

N X/C Z/C 1-P/PI INF 

71 592677 -.045393 402356 
72 583435 - 046142 
73 574163 - 046878 
74 564866 - 047601 
75 555545 - 048311 
76 546204 - 049005 
77 536846 - 049685 
78 527474 - 050347 
79 : 18090 - 050993 
80 500698 -.051622 
81 499300 - 052233 
82 489900 - 052824 
83 480500 - 053395 
84 471105 - 053946 
85 461715 - 054475 
86 452335 -.054982 
87 442968 -.055466 

433616 -.055926 
424283 -.056362 
414971 -.056772 
405685 - 057157 
396425 - 057514 
387197 -.057844 
378003 - 058147 
368846 -.058420 
359728 -.058664 
350654 -.058977 
341627 - 059059 
332648 - 059209 
323722 - 059327 
314852 - 059412 
306041 -.059464 
297291 - 059481 
288606 - 059464 
279990 - 059412 
271445 - 059324 
262974 - 059200 
254581 - 059040 
246268 - 058843 
238040 - 058608 
229898 - 058336 
221847 - 058025 
213889 - 057676 
206028 -.057289 
108265 - 056864 
190606 - 056400 
183052 - 055897 
175608 - 055355 
168275 -.054774 
161058 -.054154 
153958 -.053495 
146980 - 052798 

.140126 -.052062 
133399 - 051288 

.126803 - 050475 
120339 - 049625 

.114012 - 048737 

.107824 - 047811 

.101778 - 046849 
095878 -.045850 
090125 - 044815 
084522 -.043744 
079073 -.042637 
073781 -.041495 
068647 - 040320 
063676 -.039110 
058869 -.037867 
054229 - 036591 
.049759 -.035283 
045461 -.033942 
041339 -.032570 

.037394 -.031167 
033630 -.029734 

.030049 -.028270 

.026653 - 026776 

.023445 -.025253 

.020428 - 023699 

.017604 -.022117 

.014976 -.020505 

.012548 -.018863 
010322 -.017191 
008302 -.015490 
006492 -.013758 
004896 -.011997 

.003518 -.010208 

.002365 -.008391 
001440 -.006551 
000746 -.004692 

.000286 -.002820 
000057 -.000941 

.000057 .000941 

89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 

102 
103 
104 
105 
106 
107 
108 
109 
110 
111 

112 
113 
1 14 
115 
1 16 
117 
1 18 
1 19 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
178 
177 
178 

.000286 

.000746 

.001440 

.002365 

.003518 

.004896 

.006492 
008302 

.010322 

.012548 

.014976 

.017604 

.020428 

.023445 

.026653 

.030049 

.033630 

.002820 
004692 

.006551 

.008391 

.010208 
011997 

.013758 

.015490 

.017191 

.018863 

.020505 
022117 

.023699 

.025253 

.0287^3 

.028270 

.029734 

404866 
407359 
409845 
412427 
415072 
417641 
420201 
422880 
425628 
428392 
431180 
433976 
436774 
439626 
442507 
445314 
448107 
451117 
454527 
458256 
461847 
464523 
465454 
464345 
462312 
462330 
468363 
482327 
500619 
515879 
523641 
525254 
524251 
522803 
521576 
520547 
519498 
518259 

.516763 
515000 
512987 
510799 
508497 
506062 
503425 
500519 
497359 
494015 
490568 
487015 
483288 
479335 
475135 
470694 
466088 
461348 
456308 
450949 
445433 
439666 
433498 
426986 
420162 
412967 
405314 
397228 
388764 

.379663 
369772 
359356 
348254 

.336121 

323025 
.308890 
293457 
276618 
258269 
238238 
216270 
192264 
166374 

.138776 
109835 
080553 
052622 
028329 

.010425 

.001545 
003446 
016607 

.040515 

.073246 

.111808 

.152893 
. 193649 
.232099 
.267510 
299502 

.328097 

.353571 
376077 

.395965 

.41374« 

.429758 

.444164 

.457111 

.468950 

CP 

198632 
207173 
215655 
224114 
232899 
241899 
250640 
259351 
268466 
277816 
287221 
296707 
306221 

,315741 
325445 

.335248 
344799 
354302 
364544 
376147 
388835 

.401053 
410158 
413326 
409553 
402635 
402697 
423224 
470737 
532977 

MACH 1-PI/PI INF 
889622 000467 
893523 
897414 
901291 
905299 
909439 
913482 
917480 
921672 
926000 
930350 
934741 
939162 
943590 
948C.A4 
952672 
957156 
961609 
966404 
971833 
977776 
983529 
987860 
989443 
987811 
984664 
984613 
993986 

1.016296 
1 046573 

584900 1 072679 
611310 1 086249 

.616798 1 089040 
613386 1 087199 
608459 1 084632 
604284 1 082506 
600783 1 080756 

.597213 1 078983 
592998 1 076888 
587907 1 074353 
581909 1.071373 
575059 1.067979 
567615 
559782 

.551497 
542524 

1 064282 
1 060405 
1 056320 

.051909 
532636 1 047071 
521884 1.041817 
510506 1 036269 
498778 1 030558 
486688 1.024704 

.474007 1.018585 

.460557 1.012116 
-.446266 1 
- 431156 
- .415483 
-.399355 
-.382207 
-.363972 
-.345204 
-.325581 
- .304634 
-.282437 
-.259218 
-.234737 
- .208697 
-.181184 
- .152385 
-.121419 
- 087764 
-.052323 
-.014548 

.026735 
071295 
119390 

.171901 

.229197 
291630 
359786 

.434533 

.516215 
604307 
698210 

.796683 

.896317 

.991353 
1.074011 
1 . 134930 
1 . 165145 
1.158677 
1.113896 
1.032548 

.921179 

.789970 

.650177 

.511502 
380675 

.260187 
151333 

.054037 
-.032639 
-.109217 
-.176887 
-.237387 
- 291869 
- 340886 
- .384939 
-.425222 

005268 
998055 
990581 
982917 
974845 
966255 
957417 
948265 
938505 
928207 
917470 
906193 
894251 
881652 
868479 
854434 
839179 
823060 
806002 

.787387 
767208 

.745450 

.721644 

.695501 
666797 
635077 
599726 

.560107 
515784 

.466107 

.410232 

.347779 

.278390 
202415 

.121172 

.042215 
067258 

.154537 

.244415 
332349 

.415830 

.493006 

.563285 

.626069 
681891 

.731364 

.775280 

.814318 

.848882 

.879632 

.907323 
932480 

.955276 
975965 
995121 

000474 
000468 

.000470 
000497 
000493 
000471 
000488 
000503 
000495 
000497 
000503 
000497 
000496 
000513 
000509 
000486 
000483 
000495 
000526 
000570 
000597 
000577 
000485 
000302 
000151 
000244 
000671 

.001171 
001096 
000506 

.000038 
-.000007 

000150 
000269 

.000313 
000312 
000300 
000290 
000289 
000286 
000280 
000294 
000304 

.000307 
000308 

.000298 
000298 
000305 
000324 
000327 

.000328 
000331 
000332 

.000331 
000353 
000376 
000346 
000359 
000405 

.000392 
000387 
000J18 
000432 
000443 
000442 

.000465 
000516 

.000486 

.000483 

.000570 
000562 

.000541 

.000598 

.000606 
000593 

.000606 

.000604 
000604 
000564 
000530 

.000532 
000533 

.000484 

.000325 
000223 

.000175 

.000217 

.000299 

.000287 

.000069 
- 000211 
-.000410 
-.000427 
- .000204 
-.000104 
-.000056 

000080 
.000243 
.000329 
000416 

.000503 

.000528 

.000539 

.000523 

.000543 

.000539 

.000456 

N 
79 
80 
81 
82 
83 
84 

185 
186 
187 
188 
189 
190 

1 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 

X/C 
037394 
041339 
045461 
049759 
054229 
058869 
063676 
068647 
073781 

.079073 
084522 
090125 
095878 
101778 

.107824 

.114012 
120339 

.126803 

.133399 

.140126 

.146980 
153958 
161058 

.168275 
175608 
183052 

.190606 

.198265 

.206028 

.213889 
221847 
229898 

.238040 
246268 
254581 
262974 
271445 

.279990 
288606 
297291 

.306041 
314852 

.323722 
332648 
341627 
350654 

.359728 
368846 
378003 

.387197 

.396425 
405685 
414971 
424283 
433616 
442968 
452335 
461715 

.471105 
480500 
489900 
499300 
508698 
518090 

.527474 
536846 
546204 
555545 
564866 
574163 
583435 
592677 

.601888 
611063 

.620201 
629298 

.638352 

.647359 

.656318 
665224 
674074 
682867 
691599 

.700268 
708870 

.717403 

.725863 

.734249 

.742556 

.750783 
758927 
766984 

.774952 

.782828 

.790610 

.798294 
805878 
813358 

.820733 

.827999 

.835154 

.842195 

.849119 

.855924 

.862607 
869164 

.875594 

.881894 

2/C 1-P/PI INF 
031 167 479797 
032570 
033942 
035283 
036591 

.037867 

.039110 
040320 
041495 
042637 
043744 
044815 
045850 
046849 

.047811 
048737 
049625 

.050475 
051288 

.052062 

.052798 
053495 
054154 

.054774 

.055355 
055897 
056400 

.056864 
057289 
057676 
058025 
058336 

.058608 
058843 

.059040 

.059200 

.059324 
059412 
059464 
059481 
059464 

.059412 
059327 

.059209 
059059 
058877 
058664 
058420 
058147 
057844 
057514 
057157 
056772 
056362 
055926 
055466 
054982 
054475 
053946 
053395 
052824 
052233 
051622 
050993 

.050347 
049685 
049005 
048311 

.047601 

.046878 
046142 
045393 

.044632 

.043860 

.043078 

.042287 

.041486 
040676 

.039859 

.039035 

.038205 
037369 
036527 

.035682 
034832 
033979 

.033123 

.032265 

.031406 

.030545 

.029686 
028826 

.027967 
027109 

.026254 

.025401 

.024552 

.023706 

.022865 

.022029 

.021200 

.020376 

.019560 

.018751 
017950 

.017158 
016376 

.015603 

CP 
462129 

489545 - 495297 1.028711 
498599 - 526104 1 043787 
507231 - 555474 1 058214 
515147 - 582409 1.071499 
522406 
529282 
535782 
541888 
547684 
553260 
558589 
563570 
568325 
572984 

.577405 
581566 
585613 
589556 
593350 
596988 
600465 
60379* 
607038 
610221 
613314 
616275 

.619084 -.936059 1.259831 
621770 -.945198 1.265113 
624383 -.954089 1.270279 
626953 -.962834 1.275386 
629452 
631844 
634141 
636362 
638512 
640584 
642562 -1.015944 
644446 -1.022354 
646268 -1 028554 
648057 -1.034641 
649780 -1.040504 
651408 -1 046043 1 325216 
652981 -1 051395 1 328516 
654502 -1 056570 1.331707 
655947 -1.061487 1.334741 
657348 -1 066254 
658719 -1.070919 
65P391 -1.075247 
661162 -1.079231 
662307 -1 083127 
663438 -1 086976 
664523 -1 090667 
665539 -1.094124 
666500 -1.097394 
667434 -1 

MACH 1-PI/PIINF 

1 012745 000479 

- 607108 1 083856 
-.630504 1 095642 
- 652620 1 106848 
- 673396 1 
- 693117 1 
-.712090 1 
-.730222 1 
-.747170 1 
- 763349 1 
- 779202 1 
- 794244 1 
- 808402 1 
- 822173 1 

835589 

117460 
127612 
137471 
146931 
155815 
164409 
172873 
180911 
188558 
196052 
203383 

-.848498 1 210481 
- 860877 1.217330 
-.872707 1 223909 
- 884041 1 230249 
- 895072 1.236465 
- 905902 1 242596 
- 916426 1 248583 
- 926501 1.254340 

-.971337 1 280364 
- 979476 1 285154 
- 987291 1 289779 
- 994848 1 294271 

-1 002164 1 298638 
-1.009214 1.302862 

1 306911 
1 310779 
1 314540 
1 318254 
1.321824 

1.337710 
1 340623 
1 343308 
1 345803 
1.348258 
1 350678 
1 353006 
1 355186 
1.357259 

100572 1 359287 
668313 -1.103563 1.361181 
669110 -1.106275 1.362903 
669882 -1.108902 1.364590 
670652 -1.111522 1 366270 

.671383 -1.114009 1 367853 
672070 -1.116346 1 369360 
672719 -1.118555 1.370778 
673285 -1.120480 1 372018 
673799 -1.122229 1.373121 
674350 -1.124104 1.374393 
674917 -1.126033 1.375566 
675363 -1.127551 1.376635 
675804 -1.129051 1.377439 

.676196 -1.130385 1.378608 
676667 -1.131988 1.379128 
676991 -1.133090 1 380708 

.677606 -1.135183 1.380813 
677323 -1.134220 1.381716 

.675286 -1.127289 1.373565 
650653 -1.043474 1.310627 

.552235 - .708602 1.090365 

.421976 -.265390 .865887 

.337689 .021400 .750665 
337836 020900 75«790 
339457 .015384 .754115 

.340692 .011182 .755851 

.340910 .010440 756222 
340878 .010549 756249 
340841 .010675 756197 
340614 .011447 .755823 

.340187 .012900 755157 
339645 .014745 .754309 
338974 .017028 .753233 
338181 .019726 .751975 
337340 .022587 750651 

.336419 .025721 .749172 
335347 .029369 .747457 

.334181 .033336 745602 
332967 .037467 .743662 

.331686 041825 .741617 
330319 .046477 .739424 
328859 051444 .737086 
327342 .056606 .734662 
325791 061883 .732175 
324194 067317 .729618 
322533 .072969 .726949 
320794 .078886 .724157 
318996 .085004 .721270 

.317159 .091254 .718317 

.315281 .097644 .715302 

.313319 .104320 .712128 

.311258 .111333 .708806 

000514 
000406 
000385 
000436 
000391 
000363 
000363 
000358 
000347 
000311 
000315 
000344 

.000301 
000276 
000312 
000304 
000283 
000283 
000281 

.000278 
000281 
000283 
000269 
000264 
000263 
000269 

.000273 
000271 

.000265 
000257 
000265 
000269 
000267 
000265 
000263 

.000264 
000265 

.000270 

.000268 
000255 
000270 

.000275 

.000264 
000267 
000281 
000269 
000258 
000283 
000284 

.000272 
000275 
000278 
000287 

.000287 
000275 

.000289 

.000299 

.000287 
000283 
000300 

.000292 
000294 

.000297 
000332 
000246 
.000350 
.000230 
000465 
000041 

.000769 
-.000439 

.001319 
- 000822 

.004272 

.017927 

.055284 
057405 
037536 

.036726 
036966 

.037182 

.037161 
037090 

.037083 

.037094 

.037079 

.037063 

.C37067 

.037059 

.037041 

.037048 

.037049 

.037041 

.037040 
037036 

.037042 
037043 
.037033 
037041 

.037039 

.037044 

.037046 

.037047 

.037050 

.037047 

.037064 

.037068 

f- 

—— 

i*** 
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Table 6.6 (continued). 

i 

- 

N 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 

X/C 
888061 
894092 
899982 
9057 38 
911346 
916809 
922123 
927286 
932296 
937148 
941842 
946375 
950743 
954946 
908979 
962840 
966528 

2/C 1 
014842 
014092 
013354 
012628 
011916 
011218 
010535 
009867 
009215 
008579 
007960 
007360 
006779 
006216 
005674 
005152 
004651 

P/P1INF 
309213 
307180 
305010 
302737 
300439 
298099 
295714 
293307 
290818 
288199 
285482 
282720 
279952 
277096 
274106 
271003 
2678 11 

CP 
1 18291 
125208 
132592 
140326 
148145 
156107 
164222 
172412 
180881 
189792 
199037 
208434 
217853 
227570 
237744 
248302 
259163 

MACH 1 
705537 
702244 
698723 
695054 
691341 
687540 
683678 
679770 
675711 
671443 
667000 
662499 
657970 
653275 
648356 
643234 
637978 

■PI/PI IN»- 
037046 
037059 
037076 
037073 
037071 
037081 
037077 
037078 
037089 
037093 
037103 
037094 
037093 
037102 
037107 
037115 
C37103 

304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 

970039 
973371 
976521 
979488 
982267 
984857 
987255 
989458 
991463 
993267 
994867 
996259 
997440 
998404 
999 * 47 
999659 
999928 

004172 
003716 
003282 
002873 
002488 
002128 
001794 
001486 
001205 
000951 
000726 
000530 
000363 
000226 
000121 
000^48 
000010 

264499 
260992 
257388 
253764 
249797 
245514 
241196 
236555 
231437 
226008 
220069 
213425 
205659 
196846 
185730 
172812 
148697 

270432 
282365 
294628 
306958 
320456 
335029 
349722 
365513 
382927 
401399 
421607 
444214 
470638 
500625 
538447 
582401 
664454 

632482 
626617. 
620670 
614605 
607863 
600706 
593410 
585437 
576707 
567327 
557057 
545258 
531722 
515338 
495956 
4696C4 
422318 

6-23 

037112 
037143 
037098 
037102 
037 166 
037117 
037104 
037156 
037128 
037139 
037099 
037196 
037023 

.037361 
036694 
037887 
037581 

6.6. Reference teat caae 02 (NACA 0012, Me» = 0.85, 5Í_l_üi » ^ f f 
The sever solutions of group 2 are Hated in table 6.6 below. The full sets of data for these 

solutions are given In Appendix A1 In microfiche form. 

Table 6.6 - Solution» of group 2 for test case 02 (NACA 0012, M. = 0.85, 0 = 1°). 

i MESH 

outer 

boundary 

(chords) 
cL r CD CM 

S
ol

ut
io

n 

points or cells 

type total on airfoil 

1 C 193 X 29 147 10/14/10 0.3405 0.1699 0.0464* 0.0951* 

2 C 188x24 146 4/6/7 0.3436 0.1733 0.0541 0.1093 

3 0 158x23 158 16 0.3637 0.187 0.0556 •0.1209 

5 C 249 X 67 181 48/96/96 0.3889* 0.2005* 0.3690* 0.1378* 

6 0 192x39 192 50 0.3472 0.0557 -0.1167 

8 0 128x28 128 5 0.330* 0.166* 0.0528 -0.104 

9 0 320 x 64 320 25 0.3584 0.0580 -0.1228 

scatter : 

0.0589 

= 16.4 % 

0.0345 

° 18.9% 

0.0126 

1 » 23.9 % 

0.0427 

1 -36.7% 

A physical picture of the flow field Is given by the map of Iso-Mach linea shown on Fig. 6.19 and 

taken from solution N° 9. 

The scatter of the solutions of group 2 oan be evaluated from Fig. 6.16 which gives cross-plots of p, 

M and Pi. Enlarged shock profiles are shown on Fig. 6.17 together with a characteristic shock Jump. The 

scatter on shock positions Is seen to be appreciably larger here than for test case 01. 

As for test case 01, we can divide the solutions of group 2 into two sub-groups according to the 

distance of the outer boundary and to the mesh fineness at the airfoil : 

- sub group 2.a, made of the solutions M* 1, 2 and 8 for which there are 147 or less points on the 

airfoil and the outer boundary distance Is at most 14 chords in any direction ¡ 

- sub-group 2-b, made of the solutions N* 3, 5, 6 and 9 for which there are 158 or more points on the 

airfoil and the outer boundary distance is at least 16 chords In any direction. 

It is striking to see that the sets of values of CL, CD, Cm and of the upper shock positions, for sub¬ 

group 2.a on the one hand and for sub-group 2.b on the other hand do not overlap: sub-group 2.a 

corresponds to lower values of Cu, CD, |CM| and to more upstream upper shocks than sub-group 2.b. This 

correlation points out to a greater sensitivity of the solution to the outer boundary distance for test 

case 02 than for test case 01, which Is related to the fact that the supersonic regions are more extended 
laterally (the lateral extent of the upper supersonic region is of about 1.75 chords for sub-group Z.b, 

while it varies from 1.5 to 1.7 chords for sub-group 2.a). 

However, the comparison of solutions N» 1 and 3 indicates that the distinction between these two sub¬ 

groups is not so clear-cut. Indeed, if these two solutions bridge the gap betwe^ sub-group j.a .nd sub- 

group 2.b as far as mesh size and distance of the outer boundary are concerned, they don't as far as the 

values of Cl, Cp, Cm and the upper shock positions are concerned. A closer look at these quantities shows I . 

I 
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Fig. 6.16 - Solutions of group 2 for Mtr cot» 02 (NACA 0012, Usch - 0.86, a* U 
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It can be noted also that the global scatter of the aerodynamic coefficients of sub-group 2.b remains 

important and is in fact not much smaller than the global scatter of group 2 without solution N° 1. 

These observations tend to indicate that, even if the outer boundary distance plays an important role, 

its Influence is mixed up with that of other factors such as artificial viscosity, truncation error, 

convergence... This test case is an illustration of the general cement made in f 6.3, namely that we do 

not have a real control over all the numerical parameters on which the numerical solution depends. 

Considering then sub-group 2.b, solution N'5 appears as standing somewhat apart from the three 

others ; in particular the upper shock is located more downstream. The relative error on the total pressure 

at the wall upstream of shocks is appreciably larger for solution M* 5 (Pig. 6.16 c), and it is the 

smallest for solution N° 9 (Pig. 6.18 c). The shock Jumps are good or very good, except the Mach number 

jump on the upper surface for solution Na 3, and the pressure Jump on the upper surface for solution N* 5. 

Solutions N* 3 and 5 have an important overshoot of the Mach number Just upstream of the upper shook, 

whereas the shock profiles for solutions N* 6 and 9 show no oscillation nor overshoot. 

On the oasis of the criteria used, solutions H° 6 and 9 app ar to be of higher quality than solutions 

N* 3 and 5, and they are selected for the group 3. figure 6.18 gives the cross-plots of p, M and Pi for the 

solutions N* 6 and 9 ; the tabulated wall values of solution N* 9 are presented in table 6.7. Figure 6.19 

shows the map of iso-Mach lines of solution N* 9. 
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Fig. 6.19 - Iso-Mach Unes of solution n° 9 for test case 02 

(AM = 0.05, curve parameter = 100 M). 

Table 6.7 - Wall values of solution n° 9 for test case 02 (NACA 0012 M_ = 0.85, 0 = 1°). 

N 

2 
3 
4 
5 
6 
7 
a 
9 

10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 

21 

22 
23 
24 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

X/C Z/C 1-P/PI INF 

999928 - 000010 
999659 - 000048 
999147 -.000121 
998404 -.000226 
997440 - 000363 
996259 - 000530 
994867 -.000726 
993267 - 000951 
991463 - 001205 
989458 - 001486 
987255 -.001794 
984857 -.002128 
982267 - 002488 
979488 - 002873 
976521 - 003282 
973371 - 003716 
970039 - 004172 
966528 - 004651 
962840 - 005152 
958979 -.005674 
954946 -.006216 
950743 - 006779 
946375 - 007360 
941842 -.007960 
937148 -.008579 
932296 - 009215 

.927286 - 009867 
922123 -0105?5 
916809 -.011218 
911346 -.011916 
905738 - 012628 
899985 013354 
894092 - 014092 
888061 - 014842 
881894 -.015603 
875594 -.016376 

.869164 -.017158 
862607 -.017950 

155450 
186701 
200772 

.212833 
222192 
230499 
237522 

.243807 
249553 
254986 
259896 
264477 
269045 
273267 
277114 
280960 
284-M6 
288259 
291678 
295010 
298220 
301283 
304258 
307240 

.310183 
313016 
315703 
318305 
320887 
323430 
325934 
328413 

.330772 

.332981 
335215 

.337471 
339617 

.341669 

MACH 1-PI/PI INF CP 

700949 
.601847 
557226 
518978 
489299 
462956 
440683 

.420754 
402533 
385304 
369733 
355206 

.340720 
327332 
315132 
302936 
291025 
279790 
268947 
258381 

.248202 

.238488 
229054 

.219598 

.210265 
201281 

. 192760 

.184509 
. 176321 
.168256 

160316 
. 152454 
144974 

. 137969 
130884 
123730 

. 116925 

.110417 

472855 
527543 
554142 

.573326 
589685 
603070 

.614797 

.624959 

.634309 
643036 
651003 
658313 
665546 
672357 

.678465 
684499 
690483 
696084 

.701459 
706704 

.711752 

.716572 
721233 
725888 
730502 
734932 

.739142 
743197 

.747220 

.751193 
755089 
758944 

.762635 
766083 

.769530 

.773045 

.776401 

.779583 

015711 
.016929 
.015380 
.016335 
015830 

.016129 

.015993 

.016079 

.016071 

.016121 

.016075 

.016113 
016179 
016118 
016132 

.016198 

.016174 

.016180 
016204 

.016216 

.016225 
016226 
016241 
.016267 
016272 
016283 
016284 

.016302 

.016319 

.016324 
016342 
.016361 
016356 

.016359 

.016398 
016406 
016400 
.016421 

39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 

855924 -.018751 
.849119 -.019560 
.842195 -.020376 
835154 - 021200 
827999 -.022029 
820733 -.022865 
813358 -.023706 
805878 - 024552 
798294 -.025401 

.790610 - 026254 

.782828 -.027109 

.774952 -.027967 
766984 -.028826 

.758927 - 029686 

.750783 - 030545 

.742556 -.031406 

.734249 -.032265 

.725863 -.033123 

.717403 -.033979 
708870 - 034832 
700268 - 035682 
691599 -.036527 
682867 -, 37369 
674074 - :^5 
665224 -.OJ* 35 
656318 - .0?s>359 
647359 -.040676 
638352 -.041486 
629298 -.042287 
620201 -.043078 

.611063 -.043860 
601888 -.044632 

.592677 -.045393 
583435 -.046142 

.574163 -.046878 

.564866 -.047601 
555545 -.048311 

.546204 - 049005 

.536846 -.049685 

.527474 -.050347 

343680 
.345649 
347550 

.349362 
351101 
352791 
354441 
356021 
357489 
358848 
360125 
361333 
362410 
363294 

. 364067 
364755 
365263 
365566 
365694 
365600 
365229 
364445 
362994 
361386 

.354434 
386167 

.468643 
577575 
623442 

.628422 
628953 
628131 
627749 
627075 
626591 

.625928 
625367 
624712 
623969 
623198 

.104040 782706 
097796 .785768 
091768 788727 
086022 791544 
080507 .794246 
075148 796871 
069915 .799432 

.064905 .801891 

.060250 804179 

.055940 .806291 

.051890 .808273 
048060 .810144 
044644 811826 

.041841 .813211 
039390 814396 

.037208 .815464 
035597 .816267 

.034636 816733 
034230 .816926 

.034528 .816784 

.035705 .816190 

.038191 .814979 

.042792 .812852 

.047891 .810424 
069937 .800787 

-.030693 842056 
-.292239 966157 
-.637680 1 168045 
-.783132 264026 
-.798925 1.279720 
- .800609 1.278208 
-.798002 1.278569 
-.796791 1.276464 
-.794653 1.275915 
-.793118 1.274482 
-.791016 1.273454 
-.789237 1.272142 
-.787160 1 270971 
-.784804 1.269444 
-.782359 1 267935 

.016436 

.016447 

.016454 
016465 

.016477 
016489 
.016503 
.016511 
016514 

.016524 
016536 

.016551 

.016551 

.016547 

.016569 

.016576 

.016566 

.016574 

.016581 

.016576 
016590 
016576 
.016438 
016356 

.015168 
023593 
032682 

.017146 

.006140 
-.001643 

001827 
-.000872 

000940 
-.000129 

.000505 
000115 
000382 
000211 

.000286 
000265 
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N 
79 
BO 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 

102 

103 
104 
105 
106 
107 
108 
109 
1 10 
1 11 

112 
113 
114 
1 15 
1 16 
117 
1 18 
1 19 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 

X/C 
518090 
508698 
499300 
489900 
480500 
471105 
461715 - 
452335 - 
442968 - 
433616 -, 
424283 - 
414971 - 
405685 - 
396425 - 
387197 - 
378003 - 
368846 - 
359728 - 
350654 - 
341627 - 
332648 - 
323722 - 
314852 - 
306041 - 
297291 - 
288606 - 
279990 - 
271445 
262974 
254581 
246268 
238040 
229898 
221847 
213889 
206028 
198265 
190606 
183052 
175608 
168275 
161058 
153958 
146980 
140126 

.133399 
126803 
120339 
114012 
107824 
101778 
095878 
090125 
084522 
079073 
073781 
068647 
063676 -. 
058869 - 
054229 -, 
049759 - 
045461 - 
041339 - 
037394 - 
033630 - 
030049 - 
026653 - 
023445 - 
020428 - 

.017604 - 
014976 - 

.012548 - 
010322 - 
008302 - 
006492 - 

.004896 - 
003518 - 

.002365 - 
001440 - 
000746 • 
000286 

.000057 
000057 
000286 
000746 

.001440 

.002365 
003518 
004896 
006492 
008302 

.010322 
012548 

.014976 

.017604 

.020428 

.023445 
026653 
030049 
033630 

.037394 
041339 
045461 
049759 
054229 
058869 
063676 
068647 
073781 

2/C 1 
050993 
051622 
052233 
052324 
053.95 
053946 
0544 '5 
054912 
0554f6 
055926 
056362 
056772 
057157 
0575'4 
057814 
058147 
058420 
058664 
058877 
059059 
059209 

- 059327 
- 059412 
-.059464 
- 059481 
- 059464 
- 059412 
- 059324 
- 059200 
- 059040 
- 058843 
- 058608 
- 058336 
- 058025 
-.057676 
- 057289 
- 056864 
- 056400 
- 055897 
- 055355 
-.054774 
-.054154 
-.053495 
-.052^98 
-.052062 
- 051288 
- 050475 
- 049625 
- 048737 
- 047811 

046849 
045850 
044815 
043744 
042637 
041495 
040320 
039110 
037867 
036591 
035283 
033942 
032570 

.031167 

.029734 
028270 

.026776 
025253 
023699 

.022117 
■ 020505 
• 018863 
- 017191 
- .015490 
- .013758 
- 011997 
-.010208 
- 008391 
- 006551 
- 004692 
- 002820 
- 000941 

000941 
002820 
004692 
006551 
008391 

.010208 

.011997 
013758 

.015490 

.017191 

.018863 

.020505 

.022117 
023699 
025253 
026776 
028270 
029734 
031167 
032570 
03394? 
035283 
036591 

.037867 

.039110 
040320 
041495 

■P/PI INF 
622488 
621709 
620840 
619916 
618941 
617915 
616884 
615825 
614670 
613443 
612181 
610856 
609449 
607982 
606493 
604976 
603342 
601584 
599783 
597931 
595988 
593978 
591900 
589710 
587434 
585115 
582720 
580213 
577589 
574863 
572048 
569139 
566115 
562959 
559711 
556408 
553018 
549483 
545755 
541856 -, 
537835 -, 
533742 - 
529547 - 
525179 - 
520607 - 
515832 - 
510867 - 
505780 - 
500575 - 
495083 - 
489298 - 
483379 - 
477214 - 
470651 - 
463759 - 
456574 - 
449031 - 
441048 - 
432655 - 
423889 - 
414469 
404257 
393534 

.382118 
369640 
356179 
341648 
325764 
308408 
289453 
268700 
245835 
220703 
193400 
164027 
132891 

.100821 
069439 

.041053 

.018476 
004575 
001392 
009662 
029076 
057966 
093505 

.132403 
171807 
209562 

. 244669 

.276724 
305637 

.331594 

.354696 

.375257 
393748 
410479 
425605 
439274 

.451827 
463374 

.473812 
483543 
492826 
501360 
509217 

.516679 

.523755 
530426 

CP 
780107 
777637 
774881 
771951 
768859 
765605 
762336 
758978 
755315 
751424 
747422 
743220 
738758 

.734106 
729384 

.724574 
719392 
713817 
708106 

.702233 
696071 
689697 
683107 
676163 

- 668945 
- 661591 
- 653996 
- 646046 
-.637725 
- 629080 
-620153 
- 610928 
-.601339 
- 591331 
-581031 
-.570556 
- 559806 
-.548596 
-.536774 
-.524409 
-.511658 
-.498679 
-.485375 
-.471524 
-.457025 
-.441883 
- 426138 
- 410006 
-.393500 
- 376084 
- 357739 
- 338969 
-.319419 
- 298606 
-.276751 
- 253966 
- 23004P 
-.204730 
-.178115 
-.150316 
-.120444 
-.088060 
- 054055 
-.017853 

.021717 

.064404 

.110484 
.160855 
.215894 
276003 
341814 
414323 
494021 
580603 

.673750 

.772488 

.874187 

.973705 
063722 

. 135317 
179399 
189493 
163268 

.101703 

.010088 
897387 

.774035 
649079 

.529351 

.418021 

.316369 

.224681 
. 142367 
.069107 
.003904 

- 054734 
-.107791 
-.155758 
-.199105 
-.238912 
-.275530 
- 308630 
- 339489 
-.368927 
-.395990 
-.420906 
-.444569 
-.467008 
- 488163 

MACH 1 
1 266503 
1 265000 
1 263271 
1 261456 
1 259545 
1.257534 
1.255505 
1.253444 
1 251202 
1.248807 
1.246355 
1 243796 
1.241082 
1 238256 
1.235386 
1 232475 
1 229369 
1 226016 
1 222580 
1 219079 
1.215413 
1.211622 
1 207726 
1 203641 
1 199393 
1 195081 
1 190655 
1 186038 
1 181223 
1.176234 
1.171107 
1.165832 
1 160374 
1.154706 
1 . 148887 
1 .142996 
1 . 136984 
1.130742 
1.124197 
1 . 117376 
1.110376 
1.103277 
1.096050 
1.088564 
1.080763 
1 072659 
1 064281 
1 055719 
1.047011 
1.037914 
1.028341 
1.018574 
1.008509 

997841 
986667 
975097 
963017 
950308 
936994 
923135 
908395 
892450 
875698 
8580J2 
838797 
818017 

.795675 
771289 

.744566 

.715293 

.683012 
647075 
606844 
561895 

.511579 
455056 

.391832 
321663 

.244779 
162246 

.077357 
036420 
.115899 
.205505 
293641 
377433 
455056 
525780 
589214 
645675 
695860 

. 740543 
780385 

.815797 

.847436 
876026 
902078 
925767 

.947360 
967417 
985936 

1.002810 
1.018786 
1.034081 
1.048204 
1 .06138^ 
1 .073997 
1.086025 
1.097458 

Table 6.7 
-PI/PIINt- 

000305 
000261 
000285 
000284 
000281 
000283 
000301 
000294 
000284 
000298 
000305 
000299 
000297 
000299 
000314 
000321 

.000301 
000307 
000327 
000320 
000319 
000331 
000331 
000321 
000333 
000345 

.000343 
000343 
000344 
000354 
000359 

.000363 
000364 
000361 

.000372 

.000383 
000386 
000390 
000386 

.000393 
000400 
000419 
000421 
000422 
000428 
000434 
000434 
000462 
000482 
000452 
0C0470 
000517 
000502 
000499 
000532 

.000546 
000538 
000561 
000587 

.000639 

.000603 
000608 

.000700 
000689 
000667 

.000729 

.000739 
000722 
0(/)739 
000732 
000726 
000677 

.000632 
000616 

.000593 

.000559 
000417 

.000280 

.000227 

.000270 

.000399 
000464 

.000319 
000069 

-.000129 
-.000155 
-.000004 

000158 
.000213 
.000301 
000'34 
00CÍ07 

.0CJ588 
TJ0668 
J0069C 

.000704 

.000690 

.000712 
000711 
000634 
000659 
000690 

.000584 
000569 

.000621 
000579 

.000551 

.000553 
000547 

(continued). 
N X/C 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 

202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 

220 
221 
222 
223 
224 
225 
226 

079073 
084522 
090125 
095878 
101778 
107824 

.114012 
120339 
126803 
133399 
140126 
146980 
153958 
161058 
168275 
175608 

. 183052 
190606 
198265 
206028 
213889 
221847 
229898 

.238040 
246268 
254581 
262974 

.271445 
279990 

_ ,. 288606 
218 297291 
219 306041 

314852 
323722 
332648 
341627 
350654 
359728 

... 368846 
227 378003 
228 387197 

396425 
405685 
414971 

___ .424283 
233 433616 
234 442968 

452335 
461715 
471105 
480500 
489900 
499300 
508698 

.518090 
527474 
536846 
546204 
555545 
564866 

.574163 
583435 
592677 
601888 
611063 

___ 620201 
254 629298 
255 638352 

647359 
656318 

___ 665224 
259 .674074 
260 682867 

691599 
700268 
708870 

.717403 

.725863 

.734249 
267 .742556 
268 .750783 

758927 
766984 

271 .774952 
272 .782828 

790610 
798294 
805878 
813358 
820733 
827999 
835154 
842195 

.849119 
855924 
862607 
869164 

.875594 
881894 
888061 

.894092 
899985 
905738 

.911346 
916809 
922123 
927286 

.932296 

.937148 

229 
230 
231 
232 

235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 

256 
257 
258 

261 
262 
263 
264 
265 
266 

273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 

Z/C 1 
042637 
043744 
044815 
045850 
046849 
04781 1 
048737 
049625 
050475 
051288 
052062 
052798 
053495 
054154 
054774 
055355 
055897 
056400 
056864 
057289 
057676 
058025 
058336 
058608 
0588*3 
059040 
059200 
059324 
059412 
059464 

.059481 
059464 
059412 

.059327 
059209 
059059 
058877 
058664 

.058420 
058147 

.057844 
057514 
057157 
056772 
056362 

.055926 
055466 
054982 
054475 
053946 
053395 
052824 
052233 
051622 
050993 

.050347 
049685 

.049005 
048311 

.047601 

.046878 
046142 
045393 

.044632 

.043860 
043078 

.042287 

.041486 
040676 
039859 

.039035 
038205 

.037369 
036527 
035682 
034832 
033979 
033123 
032265 

.031406 
030545 
029686 
.028826 
.027967 
027109 
026254 

.025401 

.024552 

.023706 

.022865 

.022029 

.021200 

.020376 

.019560 

.018751 

.017950 
.017158 
.016376 
.015603 
.014842 
.014092 
.013354 
012628 

.011916 

.011218 

.010535 

.009867 

.009215 

.008579 

P/PIINF 
536777 
542892 
548741 
554226 
559469 
564603 
569483 
574089 
578572 
582942 
587153 
591197 
595071 
598791 
602414 
605973 
609434 
612756 
615919 
618954 
621910 
624818 
627651 
630372 
632994 
635535 
638003 
640388 
642675 
644867 
646993 
649084 
651106 
653033 
654901 
656716 
658454 
660146 
661808 
663369 
664829 
666263 
667681 
669054 
670359 
671607 
672830 
673997 
675084 
676146 
677207 

.678228 
679209 
680151 
681015 
681824 
682676 
683535 
684296 
685016 
685755 
686482 
687178 

.687843 
688456 

.689034 
689662 
690325 
690911 
691416 
691915 - 

.692482 - 
693082 - 
693590 - 
694054 - 
694572 - 
695094 ■ 
695590 - 
696091 

.696573 
696999 
697456 
697960 
698468 
698914 
699397 

.699829 
700393 
700744 

.701328 

.701560 

.702561 

.701947 
696970 

.646388 

.511066 

.388143 

.319951 

.328124 
.325030 
322610 

.320786 

.318802 

.316612 

.314359 

.312069 
309739 
307311 
304741 

MACH 1 
1.108430 
1.119095 

cP 
- 508303 
- 527695 
- 546243 
-563637 
-.580263 
- .596544 
-.612019 
- .626626 
-.640842 
-.654700 
- .668054 
- .680878 
-.693163 
-.704960 
- .716449 
- .727735 
- 738711 
-.749245 
- 759276 
- 768900 
- .778274 
- 787496 
- 796480 
- 805109 
- 813423 
- 821481 
- 829308 
- .83687 1 
- 844124 
- 851075 
- 857817 
- 864448 
- 870860 
- .876970 
- 882894 
-.888650 
- 894161 
- 899527 
- 904797 
- 9097 
- 914778 
- 918925 
-.923422 
-.927776 
- 931914 
- 935872 
- 939750 
-.94345 I 
-.946898 
-.950266 
-.953630 
-.956868 
- .959979 
-.962966 
-.965706 
-.968272 
- 970973 
- 973697 
- 976111 
- 978394 
- 980737 
-.983043 
-.985250 
- 987359 
-.989303 
- 991136 
-.993127 
-.995230 
- 997088 
-.998689 
1.000272 
1.002070 

•1 003973 
■1.005584 
•1.007055 
•1.008698 
-1.010353 
-1.011926 
•1.013515 
-1.015043 
-1.016394 
-1.017843 
-1.019442 
-1 021053 
-1.022467 
-1.023999 
-1.025368 
-1.027157 
-1.028270 
-1.030122 
-1.030858 
-1.034032 
-1.032085 
-1.016302 
-.855898 
-.426769 
-.036959 

.179289 
.153371 
.163183 
.170857 
. 176641 

182933 
189877 

.197022 
204294 
211673 
219372 

.227522 

1 129342 
1 139000 
1 148356 
1.157568 
1 166337 
1.174707 
1 . 182916 
1 190955 
1.198751 
1 206291 
1.213556 
1.220573 
1.227462 
1 234263 
1 240914 
1 247331 
1 253478 
1 259411 
1 265224 
1 270978 
1 276600 
1 282030 
1 287294 
1 292422 
1 297426 
1 302282 
1 306964 
1.311465 
1 315858 
1 320202 
1 324405 
1 328428 
1 332360 
1.336185 
1.339851 
1.343455 
1 347003 
1 350327 
1 353461 
1 356556 
1 359621 
1 362593 
1 365420 
1 368143 
1.370825 
1.373376 
1.375756 
1.378106 
1 380450 
1 382704 
1.384881 
1.386983 
1 388893 
1 390697 
1 392630 
1.394544 
1 396234 
1 397865 
1 399538 
1.401174 
1.402745 
1.404256 
1.405638 
1 406945 
1 408398 
1.409907 
1.411228 
1.412377 
1.413519 
1.414843 
1.416216 
1.417353 
1.416430 
1.419640 
1.420835 
1.421969 
1.423149 
1.424247 
1.425238 
1.426287 
1.427509 
1.428607 
1 429758 
1.430700 
1.432010 
1.432869 
1.434417 
1 434602 
1.436996 
1.436804 
1.438582 
1.417163 
1.285489 

992154 
797973 
708655 
717957 
713505 
709796 

.706706 

.703386 
699794 
696066 

.692321 

PI/PIINF 
000539 
000504 
000509 
000541 
000498 
000474 
000514 
000504 
000484 
000486 
000490 
000487 
000490 
000495 
000483 
000481 
000482 
000489 
000493 
000494 
000492 
000484 
000494 
000501 
000502 
000502 

.000503 

.000508 
000508 
000518 
000516 
000508 
000522 
000535 
000524 
000528 
000547 
000536 
000532 
000557 

.00C559 
000553 
000553 

.000561 
000578 

.000578 
000569 
000583 
000599 
000588 
000591 
000604 
000607 

.000602 
000627 
000635 

.000602 
000623 
000654 

.000643 
000637 
000649 
000659 
000657 

.000673 
000687 

.000657 
000665 
000693 
000705 

.000709 

.000678 
000689 

.000736 

.000727 

.000708 

.000725 

.000746 

.000720 

.000750 
000749 
000770 
000703 
000827 
000672 

.000939 

.000515 

.001174 

.000145 
001833 

- 000796 
.002834 

-.001758 
.012025 
.038328 
082894 
069195 

.04935 * 

.052824 

.052304 

.052093 

.052183 

.052244 
052246 
052255 

.052258 
052259 
052266 

.052267 
684482 

.680243 
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Table 6.7 (continued). 

N X/C 

297 941842 
298 946375 
299 950743 
300 954946 
301 958979 
302 962840 
303 966528 
304 970039 
305 973371 
306 976521 
307 979488 
308 982267 

Z/C 1-P/PIINF 

007960 302063 
.007360 299333 
006779 296591 
006216 293755 
005674 290778 
005152 287683 
004651 284495 
004172 281183 
003716 .277671 
003282 274059 
002873 270423 
002488 266440 

MACH 1-PI/PI INF CP 

236015 
244672 
253367 
262361 

. 271801 
281616 
291726 
302229 
313366 
324820 
336351 
348981 

675818 
671324 
666790 
662083 
657139 
651988 
646687 
641148 
635223 
629212 
623085 
616260 

052270 
052252 
052244 
052244 
052238 
052232 
052212 

.052205 
052225 
052166 
052151 
052203 

309 .984857 002128 
310 987255 001794 
311 989458 001486 
312 991463 .001205 
313 993267 000951 
314 994867 .000726 
315 996259 000530 
316 997440 .000363 
317 998404 000226 
318 999147 000121 
319 999659 000048 
320 999928 .000010 

262135 
257791 
253119 
247964 
242490 
236499 
229793 

.221952 
.213050 
201831 

.188766 
164385 

. 362633 609009 
376409 601616 
391224 593535 
407572 .584675 
424931 575144 
443929 564712 
465195 552717 
490060 538952 
518290 522293 
553867 502583 
595299 475845 
672615 427723 

052140 
052109 
052142 
052099 
052097 
052038 
052120 
051929 
052250 
051566 
052741 
052389 

6.7. Reference test case 03 (NACA 0012. M» = 0.95. «t = 0°) 

The six solutions of group 2 are listed in table 6.8 below. Since this is a symnetric flow case, only 
the drag coefficient appears. This table also gives the abscissa of the sonic point on the downstream x- 
axls. The full sets of data for these solutions are given in Appendix A1 in microfiche form. 

Table 6.8 - Solution* of group 2 for test case 03 (NACA 0012, M_ = 0.95, a - 0J ) 

MESH 

outer 

boundary 

(chords) 
CD 

sonic point 

on 

downstream 

x-axis (x/c) 

S
o

lu
ti
o

i 

type 

points or cells 

total on airfoil 

i C 439 X 37 201 7/15/12 0.1080 2.1 

3 0 160x24 160 16 0.1085 3.1 

6 0 192x39 192 50 0.1086* >2.5 

8 0 128x32 128 10 0.108 2.5 

9 0 320 X 64 320 25 0.1084 1.4 

10 C 129x25 80 9 0.1078* 1.9 

scatter : 

0.0008 

= 0.7% 

A physical picture of the flow field, with the oblique shock attached at the tralling-edge, 
ia map of iso-Mach lines shown on Fig. 6.24 and taken from solution M« 9. 

is given 

by the map 

Cross-plots of the wall distributions of p, M and Pi for the solutions of group 2 are presented on 
Fig. 6.20. From these cross-plots and from the values of CD (table 6.8), we can see that there is a very 
good agreement of all the solutions -at least as far as the wall values are concerned- except in 

neighborhood of the trailing-edge. 

The discrepancy near the trailing-edge comes essentially from solution N° 10 which uses a much coarser 

mesh than the other solutions. 

The error on total pressure at the wall is largest for solution H° 3, then come solutions N" 1, 6, 8, 
10 with errors of same order, and finally solution N° 9 with the smallest error. 

Figure 6.21 shows enlarged plots of p and M near the tralling-edge. We see that solutions H» 1, 6 and 
8 have some oscillations announcing the oblique shook at the tralling-edge. On the contrary, solutions N 3 

and 9 show no oscillation at all. 

Thus, so far as the flow properties on the airfoil are concerned, solutions N° 1, 3, 6, 8 ■** 9 »how • 
remarkable agreement, with a superiority conceded to results H° 3 end 9 since they have no oscillation a 
the trailing-edge. Figure 6.23 compares the wall distributions of p, M and Pi for these two solutions , 
there ri a almost * no viable difference for p and M. The fact that solution «• 3 has a PI 
than solution H* 9 does not reflect into visible differences on p and M. The tabulated values on the 
airfoil and on the downstream x-axis for solution H» 9 are presented in table 6.9. 
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Fig. 6.20 - Solution/ of ¡roup 2 formt com 03 (NACA 0012, Mtch - 0.96, a - 01 

% 

f * 

L( 
; ; Tr » 



6-31 

Fig. 6.21 - Trailing edge behaviour for solutions of group 2. Test case 03. 

The flow pattern downstream of the trailing-edge is of special Interest for this test case since the 

flow has to change from supersonic velocity at the trailing-edge to subsonic velocity somewhere downstream. 

Figure 6.22 shows the pressure and Mach number distributions on the downstream x-axis (or very close to 

this axis) for the solutions N° 1, 3. 8, and 9 for which these data are available in tabulated form. The 

solutions N° 1, 9 and also 10 exhibit a normal shock standing at various distances downstream of the 

trailing-edge and corresponding to a lambda shock pattern. The solutions N° 3 and 8 on the contrary show a 

more or less continuous compression to subsonic velocity. This behaviour seems to result from the coarsness 

of the mesh. Indeed the mesh size Ax at the sonic point is approximately equal „i 0.62 c for N0 3 and to 

0.29 c for N° », which is too large for proper shock capturing, whereas it is only 0.02 c for M" 1 and 

O.OM c for N0 9 ; for N* 10 it is also rather large, 0.18 o, and gives a thick shock. In the interval 

lix/e¿ *t, we have 114 meshes for M° 1, 59 for N" 9, and only 27 for N* 8 and 16 for N° 3. For solution 

N» 6, the given data stop at x/c = 2.5 with supersonic velocity. 

We see that there are large variations between the solutions concerning the flow field downstream of 

the trailing-edge ; these variations contrast strongly with the good agreement observed on the airfoil, but 

they are not incompatible with it since the flow remains supersonic on the tirfoll up to the trailing-edge. 

Clearly more numerical experiments are necessary, concerning the Influence of the mesh, including the 

position of the downstream boundary, and possibly also the influence of the numerical treatment applied at 

this boundary. 
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Fig. 6.24 - Iso-Mach Unes of solution n° 9 for test case 03 

(AM = 0 05, curve parameter = 100 M). 

Table 6.9 - Solution n° 9 for test case 03 (NACA 0012, = 0.95, a = 0° ). A - wall values. 

x/c 

.UG0057 
000286 

.000746 

.001440 
002365 

.003518 
004896 

. '006492 
008302 
010322 
012548 
014976 

.017604 
020428 

.023445 
026653 
030049 

.J33630 
037394 
041339 
045461 
049759 
054229 

.058869 
063676 

.068647 

.073781 
079073 
084522 
090125 
095878 

.101778 

.107824 

.114012 
120339 

.126803 
133399 

Z/C 1-P/PI INF 

000941 
002820 
004692 
006551 
008391 

.010208 
01 1997 
013758 

.015490 
017191 
018863 
020505 

.022117 

.023699 
025253 

.026776 

.028270 
029734 

.031167 

.032570 

.033942 

.035283 
036591 

.037867 
0391 10 

.040320 

.041495 

.042637 

.043744 

.044815 
045850 

.046849 

.047811 

.048737 
049625 
050475 

.051288 

003680 
015141 
036864 
066386 
100553 
136546 

.172051 
205662 
236889 
265473 
291456 
314844 
335876 
354949 
372322 
388135 
402526 

.415812 
428093 
439275 
449750 
459738 
468942 

.477466 
485602 
493349 
500677 
507669 

.514395 
520819 
526850 
532627 
538276 
543648 

.548732 
553688 
558523 

CP 

1.236027 
1.203600 
1.142138 
1.058610 

961940 
.860104 
759648 
664551 

.576199 

.495325 

.421810 
355637 
296130 

.242166 

.193012 
148272 

.107555 
069964 

.035217 

.003579 
-.026058 
-.054318 
- .080359 
- 104476 
-.127496 
-.149415 
- .170148 
- 189931 
- 208961 
-.227137 
-.244201 
- 260546 
-.276529 
- 291728 
- 306112 
-.320135 
-.333814 

MACH 1-PI/PTINF 

.055880 
141204 
228665 

.312215 
389828 
460546 

.524314 
581121 
631736 
676927 

.717345 

.753403 

.785754 

.815079 

.841862 
866296 
088657 
909476 
928754 

.946422 
963193 

.979216 
994037 

1.007937 
1.021285 
1 .034060 
1.046238 
1.057940 
1 069297 
1.080190 
1.090467 
1 100436 
1.110234 
1.119569 
1 128498 
1 137266 
1.145858 

001501 
.001327 
.001149 
.001113 
.001183 
001405 

.001473 

.001495 
00157/ 
001624 
001688 
001755 

.001770 
001782 

.001770 

.001790 

.001787 
001718 
001743 
001766 
001663 

.001653 

.001700 

.001654 

.001624 

.001624 
001615 

.001604 
001569 

.001572 

.001600 
001555 

.001531 
001564 

.001551 

.001528 

.001578 

.347005 1 
359683 1 
371844 1. 
383534 1 
394940 1. 
406144 1. 

.417042 1. 

.427511 1. 

.437493 1. 

.447087 1. 

.456438 1. 
465636 1. 

.474600 1. 
483218 1. 
491536 1. 

.499605 1. 
■ .507446 
■515028 1 
•522314 1 
-.529311 1 
-.536104 1 
.542787 

-549258 
-555437 
-.561441 1 
-567281 1 
-572883 1 
-.578352 1 
-583719 
-588784 1 
- . 593545 1 
-598228 
-.602857 1 
-.607347 1 
-.611631 1 
-.615747 
-619782 
-623650 1 
-.627277 1 



Table 6.9 - A wall values (continued). 
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77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 

89 
90 
91 
92 
93 
94 
9b 
96 
97 
98 
99 

100 
101 

102 
103 
104 
105 
106 
107 
108 
109 
110 
1 11 
112 
113 
1 14 
1 15 
1 16 
1 17 

N 

X/C 

47 1 1 ó 
4805V. ' 
489900 
499300 
508698 
518090 
527474 
536846 
546204 
555545 
564866 
574163 
583435 
592677 
601888 
611063 
620201 
629298 
638352 
647359 
656318 
665224 
674074 
682867 
691599 
700268 
708870 
717403 
725863 
734249 
742556 
750783 
758927 
766984 
774952 
782828 
790610 
798294 
805878 
813358 
820733 
827999 

2/C 1-1 

053946 
053395 
052824 
052233 
051622 
050993 
050341 

049685 
049005 
0483 1 1 
047601 
046878 
046142 

.045393 
044632 
043860 
043078 
042287 
041486 
040676 

.039859 
039035 
038205 
037369 
036527 
035682 
034832 
033979 
033123 
032265 
031406 
030545 

.029686 
028826 

.027967 
027109 

.026254 
025401 
024552 
023706 

.022865 

.022029 

CP MACH 1-PI/PI INF 

663499 - 

664752 - 

665962 
667128 
668252 
669294 
670279 • 

671309 
672341 
673271 
674158 
675065 
675957 
676815 
677640 
678410 
679145 
679930 
680748 
681484 
682136 
682783 
683499 
684245 
684895 
685499 
686158 
686821 
687453 
688091 
688705 
699265 
689849 
690491 
6911 16 
691704 
692285 
692884 
693495 
694083 
694638 
695186 

630828 
634373 

.637796 
641095 
644275 
647224 
650011 
652925 
655845 
658476 
660986 
663552 

- 666076 
- 668503 
- 670837 
- 673016 
- 675096 
- 677317 
- 679631 
-.681713 
- 683558 
- 685389 
- 687414 
-.689525 
-.691364 
-.693073 
-.694938 
-.696814 
-.698602 
-.700407 
-.702144 
-.703728 
-.705381 
- 707197 
-.708966 
-.710629 
- .712273 
-.713968 
-.715697 
- 717360 
-.718931 
-.720481 

1 349929 
1 352621 
1 355221 
1,357740 
1 360181 
1 362430 
1 364571 
1 366843 
1 369088 
1 371106 
1 373066 
1 375069 
1.377030 
1 378925 
1 380755 
1 382454 
1 384081 
1,385851 
1 387674 
1 389301 
1 390759 
1 392210 
1 393844 
1 395518 
1 396951 
1 398327 
1 399837 
1 401323 
1.402753 
1 404215 
1 405605 
1 406868 
1 408219 
1 409692 
1.411111 
1.412457 
1 413793 
1 415176 
1 416568 
1 417937 
1.419219 
1 420489 

001493 
001493 
001503 

.001503 

.001494 
001512 
001516 
001481 
001497 
001525 
001509 
001499 
001508 
001510 
001505 
.001518 
001528 
001497 

.001500 
001525 
001528 
001528 

.001492 
001499 
001544 
001526 
001499 
001521 

.001526 

.001508 

.001519 

.001537 

.001512 
001504 

.001521 

.001524 

.001522 
001514 
001508 
001519 

.001519 

.001516 

1 19 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 

835154 
842195 
849119 
855924 
862607 
869164 
875594 
881894 
888061 
894092 
899985 
905738 
911346 

.916809 
922123 
927286 
932296 
937148 
941842 
946375 
950743 
954946 
958979 
962840 
966528 
970039 
973371 
976521 
979488 
982267 
984857 
987255 
989458 
991463 
993267 
994867 
996259 
997440 
998404 
999147 
999659 
999928 

021200 
020376 
.019560 
018751 
017950 
017158 
016376 
015603 

.014842 

.014092 
013354 

.012628 

.011916 
011218 
010535 
009867 
009215 
008579 
00796C 
007360 
006779 
006216 
005674 
005152 

,004651 
004172 
003716 
003282 
002873 
.002488 
002128 
.001794 
001486 

.001205 

.000951 

.000726 

.000530 
000363 

.000226 
000121 

000048 
OOOO10 

695754 - 

696346 
696930 
697489 
698039 
698629 
699228 
699728 

.700209 

.700791 
701386 
701932 
702443 
702915 
703368 
703873 
704437 
704988 
705449 
705821 
706223 
706683 
707148 

,707564 
707977 

.708420 
708718 
708922 
709365 

.709772 
709956 
710178 
710538 
710626 
710875 

.710755 

.711951 

.711594 
710266 
703158 
679709 

.518416 

722088 
. 723763 
725415 
726997 

.728553 
730222 
731917 
733332 

. 734693 

.736340 
738023 

■ 739568 
■ 741014 
- 742349 
- .743631 
-.745060 
-.746655 
- .748214 
- 749519 
- 750571 
- .751709 
- .753010 
-754326 
-.755503 
- .75667 1 
- .757925 
- .753768 
-.759345 
-.760598 
-.761750 
-.762270 
- .762899 
- .763917 
- .764166 
- .764871 
-.764531 
-.767915 
-.766905 
- 763148 
- 743037 
- 676691 
-.220338 

1 421811 
1 423185 
1 424543 
1 425839 
1 427115 
1,428517 
1 429918 
1 431055 
1.432203 
1.433592 
1 434978 
1 436256 
1 437471 
1 438581 
1 439651 
1 440862 
1 442204 
1 443518 
1 444591 
1 445478 
1 446454 
1 447562 
1 448672 
1 449648 
1.450650 
1.451761 
1.452384 
1.452907 
1.454042 
1.455005 
1 455300 
1 456101 
1 456636 
1 457368 
1.457056 
1 458127 
1.459213 
1 461506 
1 452341 
1 435113 
1 340085 
1 049450 

001508 
001508 
001507 
001514 
001523 
001488 
001487 
001535 
0015OC 
001474 
001493 
001504 
001490 
001497 
001498 
001477 
001470 
001462 
001495 
001493 

.001467 
001452 
001453 
001480 

.001461 
001391 

.001523 
001476 
001375 
001399 
001610 

.001230 
001706 
000963 

.002269 
000323 

.002906 
-.001616 

006890 
.007227 
062442 

.033356 

Table 6.9 - So.ution n* 9 for te,, case 03 (NACA 0012. M- - 0.95, a = 0°). B - value, near the downstream x-axis. 

X/C Z/c 1-P/PI INF CP MACH 1-PI/PI INF 

1 999979 - 

2 1 000162 -. 
3 1 000510 - 
4 1 001024 - . 

5 1 001706 - 

6 1 002563 *. 

7 1 003600 - 

8 1.004825 - 

9 1 006244 - 

10 1.007867 - 

11 1.009704 - 

12 1.011765 - 
13 1.014061 - 

14 1.016606 
15 1.019411 
16 1.022494 
17 1 025868 
18 1 029553 
19 1 033567 
20 1.037931 
21 1 042668 
22 1 047804 
23 1 053365 
24 1.059381 
25 1 065887 
26 1.072919 
27 1 080518 
28 1.088727 
29 1.097599 
30 1.107188 
31 1.117557 

000062 
000164 
000262 
000358 
000453 
000549 
000644 
000740 
000837 
000935 
001034 

.001135 
001237 
001341 

■ .001447 
- 001556 
-.001666 
- 001779 
- 001895 
- 002014 
-002137 
- 002262 
- 002392 
-.002526 
-002664 
-.002807 
-.002956 
-.003110 
-.003270 
-.003438 
-.003612 

.516718 
487560 
507105 
536397 
558910 
576206 
582305 
578346 
571569 
566781 
564521 
564592 
565016 
565268 
565351 
565274 
565087 
564774 
564417 
564094 
563832 

.563597 
563348 
563060 
562734 
562379 

.561991 
561565 
561091 

.560576 
560035 

.215534 

.133036 
188335 

.271212 

.334909 
383846 
401102 

- .389901 
- 370726 
-357179 
- 350785 
- .350986 
-.352185 
-.352898 
-.353133 
-.352915 
-.352386 
-351501 
-.350491 
-.349577 
- 348835 
-.348171 
-.347466 
-.346651 
-.345729 
-.344724 
-.343627 
-.342421 
-.341080 
-.339623 
-.338092 

1 046500 
985561 

1.010255 
1.062775 
1 704512 
1 . 137323 
1 . 149746 
1.144696 
1 . 134172 
1.129421 
1.127951 
1.130010 
1.132453 
1.134295 
1.135499 
1.136252 
1.136704 
1.136932 
1 137068 
1.137198 
1.137363 
1 137508 
1 .137574 
1 137532 
1.137406 
1.137213 
1.136944 
1.136582 
1.136116 
1.135557 
1.134939 

033384 
.046113 
055716 

.054337 

.052922 
051836 
050632 

.047767 

.045272 

.040370 

.037148 

.034805 

.032770 

.031080 

.029790 

.028694 

.027721 

.026740 

.025774 

.024802 

.024102 
023397 

.022758 

.022166 

.021592 

.021037 

.020502 

.019998 

.019517 

.019059 

.018618 

32 1. 

33 1 
34 1 
35 1 
36 1 
37 1 
38 1 
39 1 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 1 
50 1 
51 1 
52 1 
53 1 
54 2 
55 2 
56 2 
57 2 
58 2 
59 3 
60 3 
61 4 
62 5 
63 8 
6418 

128775 - 

140923 - 

154087 - 

168370 - 
183885 - 
200764 - 

.219158 - 

239238 - 

261206 
285298 
311787 
340998 

.373318 

.409211 
449237 

.494081 

.544587 

.601811 
667089 

.742135 
829189 

.931236 

.052337 
198175 

.376947 

.600935 
889438 
274622 
814541 
626147 
987495 
779475 
586113 

.003795 

.003987 

.004188 

.004401 

.004625 
004862 

.005115 
005383 
005670 
005978 

-.006309 
- 006667 
-.007055 
- 007478 
-.007941 
- 008452 
-.009018 
- .009650 
-.010361 
-.011168 
-.012093 
-.013165 
-.014424 
-.015926 
-.017751 
-.020020 
-.022922 
-.026773 
-.032144 
-.040182 
-.053617 
- 081097 
- . 177447 

.559484 
558930 
558364 
557724 
556890 

.555774 

.554547 

.553766 
554088 

.555326 
555153 
547420 
527040 
498582 
473845 

.460656 

.456866 

.456918 

.457168 
456345 

.454590 

.452554 
.450772 
449457 
448560 
447962 
447586 
447297 
446991 
446866 
446314 

.444335 
443988 

336533 1 
.334966 1. 

333365 1 
.331554 1. 

.329194 1. 

.326037 1. 

-.322565 1 
-.320355 1 
-.321266 1 
-.324769 1 
-.324280 1 
-.302400 1 
-244738 1 
-.164221 1 
-.094231 
-.056915 
-.046192 
-.046339 
-.047046 
-.044718 
-.039752 
-.033992 
-.028950 
-.025229 
-.022691 
-.020999 
-.019936 
-.019118 
-.018252 
-.017898 
-.016337 
-.010737 
-.009756 

134290 
133627 
132935 
132099 
130880 
129111 

.127124 

.126011 
127030 
129869 
129910 
115477 

.078063 
028223 

.987276 
966396 
960616 
960788 

.961199 

.959895 

.957139 
953985 

.951263 
949281 
948030 

.947303 
946603 

.946176 
946933 
946804 
943319 

.941058 
943781 

.018195 

.017783 
017381 

.016994 

.016654 

.016372 

.016120 

.015774 

.015222 
014440 

.014005 

.014876 

.017100 
018778 
018639 

.017874 

.017455 

.017357 

.017351 

.017317 

.017220 

.017065 
C16890 

.016735 

.016519 

.016257 

.016361 

.016319 

.014937 

.014857 

.017724 

.016707 

.013086 
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6.8. Reference teat case 04 (NACA 0012, Moo = 1-2. o* = °°1 

The four solutions of group 2 are listed In table 6.10 below, with the value of the drag coefficient 

given in Appendix A1 in microfiche form. 

A physical picture of the flow field, showing the detached shock and the oblique shocks attached at 

the trailing-edge, is given (Fig. 6.29) by the map of iso-Mach lines taken from solution N 9. 

Table 6.10 - Solutions of group 2 for test case 04 (NACA 0012, M_ = 1.2, o - 0 ) 

§ 

MESH 

outer 

boundary 

(chords) 

CD 

sonic point 

on 

upstream 

x-axis (x/c) 

3 

<8 
type 

points or cells 

total on airfoil 

i C 201 X 55 169 3/15/2 0.0946* ■0.54 

3 O 160 X 24 160 16 0.0951 • 0.45 

6 O 192 x 39 192 50 0.0957 -0.41 

9 O 320 X 64 320 25 0.0960* -0.42 

scatter : 

0.0014 

= 1.5% 

Figure 6.25 Shows the cross-plots of p, M and Pl for the solutions of 8rouP 

ä “u.»r.r. .. 
Hat* °-9928 P1» ' 

The tabulated values on the airfoil and on the upstream x-axls for solution N* 9 are presented in 

Table 6.11. 

For this test ease, and also for test case 05, the solution behaviour upstream of the leading-edge is 

versu^x/c^on ^ “lÎFiO^ 
are available. The position of the sonic point on this axis ls also glven .^t^ cSrÏousÎy 

rnUh: r^rr/or^ch r -. ^ 
from the downstream side of the shook to the stagnation point. 

The available solutions do not permit 

Mesh fitting or shock fitting techniques 

shook, but we see that the uncertainty on 

flow properties on the airfoil. 

to conclude precisely as to the position of the detached shock, 

seem to be required for a very precise determination of this 

the shock does not prevent from having a good agreement on the 
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'Vf. 6.25 - Solutions of group 2 for tost coso 04 (NACA 0012, Noch = 1.20, a = OI. 
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0 = 35 0 = 30 0.31 0=30 0 = 33 1.00 0.35 0 = 36 0=31 0 = 30 0.33 1.00 

Fig. 6.26 - Trailing edge behaviour for tolutiont of group 2. Teit cate 04. 
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Fig. 6.2/ - Solutions 1/3/9 on upstream x-axit. Test cata 04. 
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Fif. 6.28 - Solution of group 3 for mt case 04 (NACA 0012. Mach -1.20, a- 0). 
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Table 6.11 - Solution n° 9 for test caw 04 (NACA 0012, M- = 1.2, a = 0° ). A - wall value*. 

i 

■ 

i ! 

x/c Z/C 1-P/PI INF CP HACH 1-PI/PI INF 

000057 
000286 
000746 
001440 
002365 
003518 
004896 
006492 
008302 
010322 

.012548 
014976 
017604 
020428 

.023445 

.026653 
030049 

.033630 
037394 
041339 

.045461 
049759 

.054229 
058869 
063676 
068647 
073781 
079073 
084522 
090125 
095878 
101778 

.107824 

.114012 

.120339 

.126803 

.133399 

.140126 

.146980 

000941 
002820 
004692 
006551 
008391 

.010208 

.011997 
013758 
015490 

.017191 
018863 
020505 
022117 
023699 
025253 
026776 
028270 
029734 
031167 
032570 
033942 
035283 
036591 
037867 
039110 

.040320 

.041495 
042637 
043744 
044815 
045850 

.046849 

.047811 
048737 
049625 
050475 
051288 

.052062 

.052798 

008199 
.019794 
.041770 
.071645 
106229 

. 142677 
178650 
212723 
244399 
273421 
299825 

.323618 
345037 

.364481 
382214 
398376 

.413101 

.426712 

.439308 

.450794 
461559 

.471837 

.481325 
490120 
498513 
506505 
514073 
521298 
528256 
534914 
541179 

.547181 
553051 

.558642 
563941 
569102 

.574134 

.578990 
5836*2 

393932 
.366037 
313169 

.241298 
158099 
070415 
983874 
901904 

.825701 
755882 
692361 
635122 
583594 
536817 

.494156 
455275 

.419851 
387107 
356804 

.329172 

.303275 

.278549 

.255723 

.234565 

.214374 

.195147 

. 176941 

.159559 

.142820 

.126803 
. 111731 
.097292 
.083170 
.069720 
.056972 
.04455* 

.032451 

.020768 

.009529 

055963 
. 14221* 
.230484 
.314623 
393221 
464726 

.529284 
586866 

.638251 
684207 

.725381 
7*2185 
795266 

.825310 
852807 
877946 
901000 

.922506 

.942462 

.960791 
978208 

.994889 
1.010363 
1 024895 
1.038854 
1 052231 
1 065003 
1.077296 
1.089249 
1.100745 
1 .111625 
1.122186 
1.132573 
1.142501 
1.152011 
1.161348 
1.170505 
1.179403 
1.188031 

.006023 
005846 
005662 
005624 
005693 
005918 

.005985 
006010 
006090 
006138 
006201 
006269 
006285 
006296 
006284 

.006304 

.006299 
006226 

.006250 

.00*273 
006171 
006158 

.006201 
006153 

.006125 
006123 
006114 
006100 

.006061 

.00*060 
006086 

.006037 
006014 

.006042 

.006029 

.006007 

.006002 

.006000 

.005991 

40 153958 
41 .161058 
42 .168275 
43 175608 
44 183052 
45 190606 
46 198265 
47 .206028 
48 213889 
49 .221847 
50 229898 
51 .238040 
52 246268 
53 .254581 
54 .262974 
55 .271445 
56 .279990 
57 .288606 
58 .297291 
59 306041 
60 .314852 
61 .323722 
62 332648 
63 .341627 
64 .350654 
65 .359728 
66 .368846 
67 .378003 
68 .387197 
69 .396425 
70 •405685 
71 .414971 
72 .424283 
73 .433616 
74 .442968 
75 .452335 
7* .461715 
77 .471105 
78 .480500 
79 .469900 
80 499300 

053495 588148 
054154 592466 

.054774 596675 
055355 600806 

.055897 604826 
056400 608694 
056864 612390 
057289 615947 
057676 .619413 
058025 .622822 
058336 626145 
058608 629345 

.056843 632437 
059040 635439 

.059200 638359 

.059'2 4 .641 186 
059412 .643909 

.059464 .646528 
059481 649072 
059464 651575 
059412 654001 
059327 656325 
059209 658584 

.059059 .660783 
058877 662899 
058664 .664963 
058420 666990 
058147 668912 

.057844 670728 

.057514 .672512 
057157 .674274 

.056772 .675986 
056362 .677626 
055926 679204 
055466 680751 
054982 .682240 
054475 .683645 

.053946 685019 
053395 .686388 

.052824 .687713 

.052233 .688994 

-.001263 1.196369 
-.011651 1.204450 
-.021777 1.212390 
-.031715 1.220232 
-.041386 1.227912 
-050691 1 235346 
-.059583 1.242497 
-.068140 1.249426 
-.076478 1.256226 
-.064679 1.262957 
-.092673 1.269546 
-.100372 1.275934 
- 107810 1.282146 
-.115032 1.288214 
-.122057 1.294149 
-.128858 1.299926 
-.135408 1.305524 
-.141709 1.350930 
-.147829 1.31*222 
-.153851 1.321457 
-.159687 1.326542 
-.165278 1.331440 
-.170712 1.336240 
-.176003 1.340924 
-.181093 1.345444 
-.186058 1 349895 
-.190935 1.354280 
- 195559 1.358435 
- 199927 1.362394 
-.204219 1 366306 
- 208458 1.370180 
-.212577 1.373956 
-.216522 1.377582 
-.220318 1 381093 
- 224040 1 384557 
-.227622 1.397884 
-.231002 1.391035 
-.234308 1.394147 
-.237*01 1.39724* 

- .240789 1 400249 
-.243970 1.403168 

005988 
005985 

.005971 
005961 
005956 
005958 
005958 

.005954 
005943 

.005930 
005935 
005934 

.005929 
005924 

.005920 
005916 
005914 

.005919 
005907 
005894 
005903 
005908 
005892 
005891 
005903 

.005884 

.005875 
005895 

.005892 
005880 

.005875 
005876 
005884 
005880 
005863 

.005874 
005883 

.005864 
005862 
005869 
005867 



N 

81 

82 

83 
84 

85 
86 
87 

88 
89 

90 

91 
92 

93 
94 

95 
96 
97 

98 
99 

102 

103 
104 

105 
106 
107 

108 
109 

1 10 
1 1 1 

112 
113 
114 

1 15 

1 16 

117 
118 

119 

120 

Z/C 1-P/PI INF X/C 

508698 

518090 
527474 

536846 

546204 

555545 
564866 

574163 
583435 
592677 

601888 
611063 

620201 

629298 
638352 

647359 

656318 
665224 
674074 
682867 
691599 
700268 

.708870 

.717403 
725863 
734249 

742556 
750783 

.758927 
766984 

774952 
782828 

790610 
798294 

805878 

813358 
820733 

827999 
835154 

842195 

051622 

050993 
050347 

049685 

049005 

048311 
047601 
046878 

046142 
045393 

044632 

043860 
043078 
042287 

041486 

040676 
039859 

039035 
038205 

.037369 
036527 

035682 

034832 
033979 

033123 
032265 

031406 

030545 
029686 

028826 
027967 

027109 
026254 

025401 

024552 
023706 

.022865 
022029 

021200 
020376 

690232 

691391 

692491 
693627 

6947F5 
695807 

696803 

697812 

698805 
699765 

700692 
701564 

702398 
703274 

704181 

705012 

705762 
706499 

707295 

708122 
708860 
709550 
710284 

711020 
711728 
712439 

713126 

.713758 
714408 

.715109 
7 15795 
716447 

.717087 

717737 

718399 

.719039 

7196^/ 
.720244 

.720855 
721487 

Table 6.11 - A - wall values (continued). 

CP MACH 1-PI/PI INF 

005854 

005874 

005877 

005840 
005848 
005877 

005861 

005851 
005856 
005856 

005852 
005862 

005872 
005837 

005838 

005860 
005864 

005867 

005828 

005831 
005873 
005859 

005832 
005846 

005855 
005834 

005847 

005865 
005837 

005829 
005843 

005848 

005849 
005834 

005831 
005841 

.005840 
005839 
005829 
OOS829 

121 849119 019560 
122 855S24 018751 

123 862607 017950 
124 869164 017158 

125 875594 016376 

126 881894 015603 

127 888061 014842 
128 894092 014092 

129 899985 013354 
130 905738 012628 
131 911346 011916 

132 916809 .011218 

133 922123 010535 
134 927286 009867 

135 932296 009215 

136 937148 008579 
137 941842 007960 

138 946375 007360 
139 950743 006779 

140 954946 006216 
141 958979 005674 

142 962840 005152 

143 966528 004651 

144 970039 004172 
145 973371 003716 

146 976521 003282 
147 979488 002873 
148 982267 002488 

149 984857 002128 

150 987255 .001794 
151 989458 001486 
152 991463 001205 
153 993267 000951 

154 994867 000726 

155 996259 000530 

156 997440 000363 
157 998404 000226 

158 999147 000121 

159 999659 000048 
HO 999928 000010 

246849 1 406006 

249637 1 408648 
252283 1.411174 

255016 1.413819 
257754 1 4(6444 

260260 1 418839 

262657 1 421165 
265084 1.423524 

267473 1.425840 
269782 1.428089 

272012 1 430269 
274110 1.432314 
276117 1.434275 

.278224 1.436371 

280406 1 438520 
282405 1.440479 

284209 1.442262 

285982 1 444018 
287897 1 445949 

289887 1.447928 
291662 1 449671 
293322 1 451341 

295088 1 453129 
296859 1 454897 

298562 1 456605 
300272 1 458344 

301925 1 460004 

303446 1 461530 

305009 1 463135 
306696 1 464854 
308346 1 466524 

309915 1 468120 
311454 1 469692 

313018 1.471303 

314610 1 472938 

.316150 1.47451C 

317613 1 476019 
319049 1 477501 

.320519 1 479026 

322039 1 480599 

722112 
722713 

723299 

723918 
724547 

725086 

725601 

726201 
726815 
727387 

727925 

728421 
728895 
729413 

729985 

730549 

731031 
731425 
731836 

732298 

732770 
733199 

733620 
731065 

734380 
734599 

735031 
735435 
735646 

735880 
736229 
736341 
736629 

736502 
.737382 
737537 

736860 
732111 
717141 

5/4604 

- 323543 

-324989 
- 326399 

- 327888 

- 329401 
- 330698 

-.331936 

- 333380 
- 334857 

- 336233 
- 337527 

- 338721 
- 339861 

-.341107 

- 342483 

- 343840 

- 345000 
- 345947 

- 346936 

- 348048 
- 349183 

-.350215 

-.351228 
-.352298 

- .353056 

-.35358J 

-.354622 
-.355594 

-.356102 
- .356665 
-.357504 

-.357774 
-.358467 

- .358161 
-.360278 

-.360651 

- .359022 
- .347598 
-.311584 

031320 

1 482159 
1 483654 
1 485114 

1 486690 
1 488273 

1 489593 
1 490909 
1 492449 

1 493990 
1 495429 
1 496801 

1 498058 
1 499263 

1 500599 

1 502064 

1 503510 
1 504722 

1 505732 
1 506805 
1.508004 

1 509219 
1 510305 

1.511400 

1.512605 
1 513327 

1 513923 

1.515112 
1.516151 
1.516552 

1.517410 
1.518021 
1.518752 
1 518799 

1 519408 
1.520443 

1 523432 
1 516755 
1 505971 

1.433684 

1.151928 

005827 
005837 

005846 

005812 
005807 

005860 
005834 

005797 

005814 

005829 

005819 
005825 
005827 

005805 
005798 
005794 
005827 

005828 

005803 
005788 

005789 

005819 
005808 

005730 
005865 
005824 

005726 
005741 
005954 
005594 
006025 

005390 
006408 

005048 
006876 

003133 
010227 
008024 
055914 

030437 

Table 6.11 - Solution n° 9 for test case 04 (NACA 0012, M„ = 1.2, a = 0° ). B values near the upstream x-axis. 

N X/C Z/C 1-P/PI INF CP MACH 1-PI/PI INF 

1 - 000605 000977 

2 -.001991 001049 

3 - 003503 001123 
4 - 005150 001198 
5 - 006937 .001274 

6 - 008871 .001352 
7 -.010960 001431 

8 - 013213 001512 
9 - 015638 001594 

10 -.018245 001678 
11 -.021044 001764 

12 - 024047 001852 

13 - 027265 001943 

14 - 030712 002035 

15 -.034401 002130 
16 - 038347 002227 

J7 -.042567 002328 

18 - 047079 .002431 
19 - 051901 002537 
20 - 057057 002647 

21 - 062567 002760 

22 - 068458 002877 
23 -.074757 002999 

24 - 081495 003124 

25 - 088705 003255 

26 - 096423 003390 
27 - 104691 003531 

28-113554 003678 

29 - .123061 003832 
30 - 133269 003992 
31 - 144240 004161 

008070 
012585 

018868 
027993 

037634 

048279 
059164 

.070281 

081400 
092449 
103347 

114055 

.124542 

.134792 

144795 

154550 
.164057 

173322 

. 182352 
. 19 * 155 
.199739 

208117 

216298 

224293 

.232115 
239775 

247285 
254657 
261904 

269039 
276077 

1 394242 054231 

1 383380 093981 
1 368265 137970 

1 346313 178299 
1 323119 215733 

I 297510 249905 
1 271324 281451 
1.244580 310597 

1.217830 337689 
1.191250 362960 
1.165032 .386635 

<139272 408891 
1.114043 429886 
1.089384 449752 

1 065320 468605 

1.041852 486546 
1.018981 503662 

996692 520030 
.974968 535720 
953791 550791 
933140 .565299 

912985 579293 
893304 592819 

974070 605917 

855252 618626 
836825 630981 

818758 643016 
801023 654761 

783588 666249 
766424 677507 

749492 688567 

006026 
006467 

005732 

006190 
005915 

006019 

005953 
005969 

005960 
005964 

005962 
005962 

005962 

005963 
005962 

005963 

005962 
005962 
005962 
005964 
005963 

005965 

005965 
005965 

005966 
005967 

005968 
005969 

005969 
005970 

005972 

32 -.156044 
33 -.168760 
34 -.182477 
35 - 197295 
36 -.213329 
37 -.230710 
38 -.249588 
39 -.270137 
40 - 292558 
41 - 317084 
42 - .343992 
43 - .373604 
44 -.406310 
45 -.442570 
46 -.482947 
47 -.528124 
48 -.578947 
49 .636471 
50 - .702031 
51 -.777342 
52 -.864644 
53 -.966921 
54 -1.088235 
55 -1.234268 
56 -1.413218 
57 -1.637367 
58 -1.926010 
59 -2.311317 
60 -2.851340 
61 -3.663035 
62 -5.024451 
63 -7.816479 
64-17.621149 

004337 283032 

004523 289918 
004718 296742 

004925 303545 

005144 310398 

005376 .317292 
005623 323936 

005887 330478 

.006169 338407 
006473 .348613 

006799 356552 
007153 369461 

007537 .427219 
007957 509149 

008417 566941 

008924 .583245 

.009487 586377 
010116 587569 

010825 587418 
011629 587007 

.012551 586822 
013621 586868 

014878 586981 
016377 587065 

018201 587102 
020468 .587113 
023369 587117 

027219 .587124 
032588 587137 

040625 587157 
54060 .587184 

.„*5 «540 587222 

.17,189 587271 

732760 699459 
716195 710209 
699778 720840 
683412 731409 

666925 742015 

650340 752660 
634357 762995 

618619 .773228 
599544 785240 
574991 800186 

555892 812144 
524836 831197 
385887 .914977 

.188786 1 048935 

.049755 1 156381 
010532 1.1909M 
002997 1.197394 

000130 1.200059 
.000493 1.199773 
001482 1.198887 
001927 1.198504 

.001816 1.198582 
001544 1.198809 

001342 1.198975 

001253 1.199046 
001227 1.199065 

001217 1.199071 

001200 1■199083 
.001169 1.199107 
001121 1.199144 
001056 1.199196 

000965 1.199265 
000847 1.199351 

005973 
005974 
005971 

005972 

005993 
006022 
005966 

005848 

006075 
006881 

007198 
008147 
015297 

015366 
006587 

001217 

000380 
- 000208 

-000201 
- 000041 

000010 
000020 

-.000002 
-.000015 

-.000018 
-000017 

-.000015 

-.000013 
-.000013 

-.000013 
-.000015 

-.000013 
-.000007 

6.9. Reference teat case 05 (NACA 0012, Moo = 1.2t c* = 7°) 

The seven solutions of group 2 are listed in table 6.12 below. The full sets of data for these 

solutions are given in Appendix A1 in microfiche form. 

A physical picture of the flow field is given on Fig. 6.36 by the map of iso-Mach lines taken from 

solution N° 1. Compared to the flow field of test case OH, the lower shock has vanished but a very weak 

recompression wave remains. 

The drag coefficient is 60 % higher than for test case 04, but the absolute scatter of the values of 

C d in group 2 is about the same. The scatter of the values of Cl or Cm is much smaller than for the test 

cases 01 and 02. 

Figure 6.30 shows the cross-plots of p, M and p* for the solutions of group 2. The scatter is seen to 

be much more important than for test case 04, especially on the Mach number distribution, and the error on 

the total pressure at the wall is also more important. The exact value p*!* of pi at the wall is unknown ; 

it should be slightly higher than for test case 04 (i.e. 0.9928 pit» < pni8o < Pie») because the stagnation 
streamline does not cross the detached shock exactly at right angle. In any case, the uncertainty on p"iee 

is small compared to the errors on pi for some of the solutions (Fig. 6.30 c). Solutions N° 3 and 5 have 
the largest errors ; solution N° 6 also shows a large error for Pi on the upper surface, and for solution 

N° 8 the error is important only at the leading-edge on the upper side. The comparison with test case 04 

shows that for solutions N° 3 and 6 the error on p* is very much enhanced by the lifting effect. 
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Table 6.12 - Solution» of group 2 for te»t case 06 (NACA 0012, M.* 1.2, a * 7°). 

S
o
lu

ti
o
n

 

MESH 

outer 

boundary 

(chord») 
Cl r CD CM 

type 

point» or cell» 

total on airfoil 

1 C 201 X 55 169 3/15/2 0.5280* 0.3046 01536 -0.1121* 

3 O 160 X 24 160 16 0.5214 0.2863 0 1542 -0.1109 

5 C 249 X 41 181 2/12/18 0.5196 0.2995 0.1543* 0.1102 

6 O 192x39 192 50 0.5177 0.1638 -0.1103 

8 O 128x32 128 10 0.528* 0.303 0.154 0.112 

9 O 320 x 64 320 25 0.5138* 0.1538 -0.1087 

10 C 129x25 80 9 0.5189 0.1531* -0.1071* 

scatter : 

0.0142 

= 2.7% 

0.0012 

= 0.8% 

0.005 

= 4.6% 

Figure 6.31 gives enlarged plots of p and M Just upstream of the trailing-edge. The flow being 

supersonic, the influence of the trailing-edge should not be felt upstream, but Fig. 6.31 shows that the 

numerical solutions are more or less perturbed upstream, solutions H° 8 and 10 being those for which the 

perturbations are felt the most upstream. 

A more detailed comparison of the pressure and Mach number distributions reveals that, Inside group 2, 

we can distinguish a sub-group 2a made of solutions N° 1, 8 and 10, and a sub-group 2.b made of solutions 

N° 6 and 9, such that there is a rather good general agreement (and partly very good agreement) between the 

solutions of each sub-group, on both upper and lower surfaces. This is shown on Figs. 6.33 and 6.3*1 which 

give the cross-plots of p, M and p^ for these two sub-groups. The solutions N° 3 and 5 do not fit well 
neither with sub-group 2.a nor with sub-group 2.b, and they do not agree well together, especially on the 

Mach number. In view of this and of the fact that they have a large error on pi, we cannot consider the 

solutions N° 3 and 5 for group 3- 

Inside sub-group 2.a, solution N° 1 appears to be the best one because of its finer mesh, its better 

accuracy on pi and its better behaviour at the trailing-edge. Inside sub-group 2.b, solution M° 6 has a 

rather large error on pi on the upper surfsace and shows small ripples ln p, M and Pi over parts of the 
airfoil ; whereas solution M° 9 is very accurate on pi and well-behaved near the trailing-edge except right 

at the trailing-edge where an important overshoot occurs. 

Therefore we keep solutions N° 1 and 9 to form group 3, conceding a superiority to N° 9 for its finer 

mesh, its better accuracy on pi and its better behaviour near the trailing-edge; Figure 6.35 shows the 

cross-plots of p, M and pj for these two solutions ; one sees that the difference between them is 

essentially confined to the lower surface. 

Tabulated wall values and upstream x-axis values for solutions N* 1 and N' 9 are given in tables 6.13 

and 6.14 respectively. 

Figure 6.32 gives the pressure and Mach number distributions on (or very close to) the upstream x-axls 

for solutions N° 1, 3, 8 and 9 for which tabulated data are available. The distances of the sonic point on 

this axis for all the solutions of group 2 are listed below : 

Solution N» 1 3 5 6 8 9 10 

Sonic point -0.68 - 0.52 - 0.55 - 0.51 - 0.72 - 0.51 - 0.70 

on upstream 

x-axls (x/c) 

There are important variations in shock profiles and sonic point positions, as for test case 04. The 

merging of the pressure or Mach number distributions into a single curve downstream of the shock, already 

observed for test case 04, occurs at a larger distance from the shock. 
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■ 

Fig. 6.32 - Solutions 1/3/8/9 on upstream x-axis. Test case 05. 
/ 
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A) PRESSURE DISTRIBUTION 

2 

Fig. ¢.75 - Solutions of group 3 formt cm OS (NACA 0012, Utch * 1.20, a « 7). 
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‘1 

Fig. 6.36- Iso-Uëch lines of solution n° 1 for test case 05 

(AM = 0.05. curve parameter = M). 

Tibie 6.13 - Solution n° 1 for twt caw 05 (NACA 0012, M- 

I/C 1-P/PlINf 
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Table 6.13 - A wall values (continued). 

51 

52 

53 
54 

55 

56 
57 

58 
59 
60 

61 

62 
63 
64 

65 
66 
67 

68 

70 
71 

72 
73 

74 

75 
76 
77 

78 
7» 

80 
81 
82 
83 

84 

85 0 

86 
87 

88 
89 

90 
91 

92 

93 
94 

95 
96 
»7 

Oë 
99 

100 
101 

102 
103 
104 

105 

106 
107 

108 

109 

1 10 

X/C 

262570 

247440 

232470 
217680 

203100 
188760 

174670 
160880 

147420 
134330 

121640 
109420 

097700 

086540 
075990 

066090 
056900 

048450 
040770 

033880 
027780 

022450 
017860 

013970 
010730 

008070 

005920 
004220 

002890 
001880 

001140 
000610 
000260 

000060 

000000 
000060 

000260 
000610 

001140 
001880 

002890 

004220 
005920 

008070 
010730 

013970 
017860 

022450 
027780 

033880 
040770 

048450 
056900 

066090 

075990 

086540 
097700 
109420 

121640 
134330 

2/C 1- 

- 059200 

- 058880 
- 058430 

- 057850 

- 057140 
- 056290 

- 055290 

- 054 MO 
- 052 .50 
- 05 400 

- 049810 

- 048060 
- 046170 

- 044140 
- 0*1990 

039720 
- 037340 

- 034890 

- 032390 
- 029850 

- 027300 

- 024770 
- 022280 
- 019870 

- 017540 

-.015310 
- 013190 

- 011190 
-.009310 
- 007550 

- .005900 
-.004340 

- 002850 

-.001410 

0 000000 
001410 

002850 
004340 
005900 

007550 

009310 

.0111?0 

.013190 

015310 
017540 

.019870 
022280 
024770 

027300 
029850 
032390 

034890 

037340 

039720 

041990 
044140 

046170 
048060 
049810 

051400 

P/P1INF 

510014 

503542 

496680 
489309 

481429 
473067 

464085 
454484 

444193 

433181 

421440 
408745 
395064 

180434 

364661 
347611 
329175 

09156 
287998 
264894 

240203 
213840 
186087 

157238 
127855 

098902 

071528 
047173 

027416 

013628 
006823 
008862 

016931 

035352 
056752 

089808 

124982 

165520 
210216 
257897 

306631 
354547 

400062 
441671 

478748 

511366 
539525 
563777 

584822 
602994 
618946 

633013 
645404 

656455 

666489 

675582 
683840 
691494 

698585 

705098 

CP 

186705 

202275 

218783 
236516 

255473 

275590 
297 198 

320285 

345052 
371544 

399790 

430330 
463243 

498439 
536384 

577401 
621753 

720814 
77639'i 

835705 
0^217 

965983 

1 035385 
1 106073 

1 175726 

1.241580 
1 300171 

1 347701 
1 38087 t 

1 397242 
1 392337 

1 372925 

1 328609 
1 277127 

1.197603 
1 112984 

. 015461 
907935 

793228 
675988 

560715 

451219 

351118 

261923 
183453 

1 15710 
057367 

006738 

-.036978 
-.075354 

- . 109196 

-.139005 
-.165591 

-.189730 
-.211605 
-.231471 

-.249885 
-.266944 

-.282612 

1 056986 

1 046120 

i 034668 

1 022460 
1 009496 

995818 

981255 

965761 
949291 
931773 

913198 
893267 

871878 
849088 

824619 
798205 

769640 

738802 
705356 

668762 
628856 

585101 
537157 

484578 
427063 

364696 

297810 
227235 
154198 

080102 
006278 
066403 
140203 

210885 
276627 

350098 

423626 
499622 
577374 

656403 
735084 

811736 

884521 
951604 

1 012140 

1 066243 
1 . 113976 
1 156227 

1 194055 

1 227808 
1 258386 

1 286142 
1 311272 

1 334250 
1 355605 

1 375370 
1 393710 
1.411049 
1 427387 

1 442702 

■PI/PI INF 

007506 
007484 

007469 

007440 
007412 

007401 
007359 
007354 

007323 
007303 

007301 
007263 
007254 

007270 
007276 
007307 

.007357 

007474 
007634 

007859 

008250 
008764 

009493 

010388 

011340 
012181 
012596 

012286 

011132 
009191 

006796 
005799 

003338 

004986 

005252 

009293 
.010041 

.010379 
010042 
008916 

007000 
004513 

002107 
000215 

- 000824 

- 000931 

- 000430 
000292 
000974 

001485 
001844 

002111 
002292 

002432 
002547 

002668 
002755 

002830 
002943 

.002995 

111 

112 

113 
1 14 

115 
’ ’6 

117 

118 
1 19 

120 

121 

122 

123 
124 

125 
126 

127 

128 
129 

130 
131 
132 

133 
134 

135 

136 
137 

1 38 

139 

140 
141 
142 
143 
144 

145 

146 
147 

148 

«49 

150 

151 
152 
153 
154 

155 

156 

157 

158 

159 
160 
161 

162 

163 
164 

165 

166 
167 

168 
169 

147420 
160880 

174670 
188760 

203100 
217680 

232470 
247440 

262570 
277860 

293280 

308810 

324460 

340200 
356030 
371930 

387900 
403930 

420010 

436140 

452310 
468530 
484790 

501090 
517420 
533780 

550170 
566590 

583030 
599490 

615960 
632450 

648950 
665440 

681930 

698400 
.714840 

731240 
747560 

763790 

779900 

.795830 
811560 

827020 

842170 

856930 
871260 

885090 

898370 

911050 
923110 
934530 

945320 

955500 

965140 
974300 
983080 
991610 

1 OOOOOO 

052850 

054140 

055290 
056290 

057140 
057850 
058430 

058880 

059200 
059400 

059480 
059460 

059320 
059090 

058760 

058330 

057820 
057230 

056560 

055810 
054990 

054100 

053140 
052120 
051040 

049910 

048710 

047470 
046180 

044830 
043440 

042010 
040530 

039020 
037460 

035870 

034240 
032580 

030890 
029170 

027430 
025680 

023910 

022140 
020380 

018630 
016900 

.015210 

013560 
011950 

050410 
008920 

007500 

006140 

004840 

003590 

002380 
001<80 

0 OOOOOO 

711177 

716855 

722161 
727143 

731772 
736153 
740273 

744109 
747737 

751149 

754331 

757381 

760233 
762889 

765412 
767774 

7/0009 
772137 

774123 
.776007 

777779 
779445 

781052 
782563 
783988 

785345 

786652 
787890 
789078 

790221 
791298 
792375 

793402 
794404 

795398 

796346 

797293 

798231 
799167 

800090 

800992 
801926 

802856 
803771 

804677 

805596 

806500 
807387 

808275 
809128 

810000 
810819 
811574 

.812256 

•13210 
813835 

815385 
825719 

746830 

297236 

310896 

323661 

335646 

346782 
357322 
367233 

376462 
385189 
393398 

401053 

40839C 

415251 
421641 
427711 

433393 

438770 
443889 
448667 

453199 
457462 

461470 
465336 
468971 

472399 
475664 

478808 

481786 
484644 

487394 

489985 

492576 
495047 

497457 

499848 

502129 
504407 
506664 

508916 
511136 

513306 

515553 

517790 
519992 
522171 

■ 524382 
•526557 

528691 
■ 530827 

• 532879 
-534977 

536947 

- 538763 
- 540404 

-542699 
- 544203 

-547932 

- 572792 
- 383007 

1 457207 

1 471004 
1 484104 

1 496579 

1 508350 
1 519635 

1 530398 

1 540552 
i 550263 
1 559517 

1 568219 
1 576685 

1 584660 
1 592164 
i 599354 
1 606174 

1 612655 

1 618872 
1 624732 
1 630341 

1.635633 
1 640652 

1.645540 
1 650157 

1 654518 
1.658716 

1 662770 
1 666643 

1.670355 
1 673976 
1 677371 

1.680805 

1.684065 
1 687299 

1 690512 
1.693554 
1.696644 

1 699706 
1.702769 

1 705831 

1 708778 
1.711886 

1 715012 
1.718082 

1 721 121 

1 724231 

1 727291 
1 730312 
1 733356 
1 736294 

1 739301 
1 742148 

1 744832 

1 747005 

1 750903 
1 747639 
1 762943 
1 884677 

1 731086 

003095 
003156 

003211 
003282 
003334 

003401 
003455 

003501 
003562 

003601 
003676 

003698 
003754 

003803 
003858 

003868 

003919 
003975 

004010 
004032 
004084 

004118 
004129 

004152 
004202 
004217 

004250 
004262 

004309 

004306 
004353 
004365 

004420 
004415 
004424 

004486 
004490 

004511 

004540 
004525 

004597 
004607 

004588 
004598 

004629 

004638 
004665 

004683 

004691 
004696 
004714 

004713 

004638 

004963 

004139 

012381 
-002453 
- 140495 
- 309777 

Table 6.13 - Solution n° 1 for test case 05 (NACA 0012, M. * 1.2, a * 7° ). B - values on the upstream x-axis. 
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Table 6.14 - Solution n° 9 for test case 05 (NACA 0012, M.» 1.2, o - 7° ). A wall valeur 

x/c Z/C 1-P/PIINF CP MACH 1-PI/PIINF 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 

999928 - 000010 
999659 - 000048 
999147 - 000121 
998404 -.000226 
997440 - 000363 
996259 - 000530 
994867 - 000726 
993267 - 000951 
991463 - 001205 
989458 -.001486 
987255 - 001794 
984857 - 002128 
982267 - 002488 
979488 - 002873 
976521 - 003282 
973371 - 003716 
970039 - 004172 
966528 - 004651 
962840 - 005152 
958979 - 005674 
954946 - 006216 
950743 - 006779 
946375 - 007360 
941842 - 007960 
937148 - 008579 
932296 - 009215 
927286 - 009867 
922123 - 010535 
916809 - 011218 
911346 - 011916 
905738 - 012628 
899985 -.013354 
894092 -C14092 
888061 -.014842 
881894 -.015603 
875594 - 016376 
869164 -.017158 
862607 - 017950 
855924 - 018751 
849119 - 019560 
842195 - 020376 
835154 - 021200 
827999 - 02202e 
820733 - 022fo5 
813358 - 023706 
805878 - 024552 
798294 - 025401 
790610 - 026254 
782828 - 027109 
774952 - 027967 
766984 - 028826 
758927 -.029686 
750783 - 030545 

.742556 - 031406 
.734249 - 032265 
725863 - 033123 
717403 - 033979 
708870 - 034832 

.700268 - 035682 
691599 - 036527 
682867 - 037369 
674074 - 038205 

'665224 - 039035 
656318 - 039859 
647359 - 040676 
638352 - 041486 
629298 - 042287 
620201 - 043078 
611063 -.043860 
601888 -.044632 
592677 -.V '5393 
583435 -.046142 
574163 -.046878 
564866 -.047601 
555545 -.048311 
546204 -.049005 
536846 -.049685 
527474 -.050347 

.518090 -.050993 
508698 -.051622 
499300 -.052233 
489900 -.052824 
480500 -.0533r5 

.471105 -.0539 .6 
461715 -.0544 75 
452335 -.054«82 
442968 -.055*66 
433616 - 055J26 

.424283 - 056362 

.414971 - 056772 
405685 -.057157 
396425 - 057514 
387197 - 057844 
378003 - 058147 
368846 - 058420 
359728 - 058664 
350654 - 058877 
341627 - 059059 
332648 - 059209 
323722 - 059327 
314852 - 059412 
306041 - 059464 
297291 - 059481 
288606 - 059464 
279990 - 059412 
271445 - 059324 
262974 - 059200 

350145 
584395 
617343 
635068 
637913 
642525 
637922 
639199 
638081 
638379 
637607 
637395 
637050 
636540 
635876 
635554 
635127 
634519 
633924 
633347 
632709 
632055 
631464 
630926 
630293 
629541 
628755 
628035 
627383 
626712 
626000 
625246 
624416 
623588 
622892 
622191 
621362 
620523 
619735 
618948 
618129 
617292 
616479 
615693 
614904 
614077 
613211 
612353 
611520 
610688 
609810 
608900 
608057 
607253 
606385 
605485 
604591 
603655 
602713 
601847 
600944 
599915 
598898 
597967 
597054 
596044 
594916 
593814 
592782 
591719 
590590 
589413 
588189 
586940 
585722 
584464 
583076 
581673 
580329 
578929 
577425 
575861 
574240 
572564 
570885 
569182 
567377 
565486 
563555 
561557 
559472 
557317 
555137 
552932 
550602 
548127 
545594 
543005 
540321 
537561 
534724 
531761 
528696 
525579 
522381 
519058 
515593 

571305 780297 
007766 1 148386 
071498 1 248738 
114139 1 281*99 
120984 1 298296 - 
132079 1 300531 
121005 1 297182 
124077 1 294510 
121388 1 296046 
122105 1 294154 
120248 1 294155 
119738 1 292698 

.118908 1 292548 
117681 1 291290 

. 116083 1 290017 
115309 1 289216 

.114281 1 288483 

.112819 1 287183 
111367 1 285965 
109999 i 284798 
108464 1 283514 
106891 1 282181 

.105469 1 280067 
104175 1 279869 
102652 1 278616 
100843 .277098 
098952 1 275514 
097220 1 274053 
095652 1 272742 
094037 1 271405 
092324 1 269970 
090010 1 26C467 
088514 1 266830 
086522 1 265163 
084847 1 263750 
083161 1 262390 
081167 1 260754 

1 259070 
1.257514 
1 255963 

073389 1 254353 
-.071375 1 252707 
- 069420 1 251101 
-067529 1 249557 
-065631 1 248013 
-063641 1 246401 
-061558 1.244711 
-059494 1.243030 
- 057490 1 241405 
-055488 1 239789 
-053376 1.238098 
-051187 1 236333 
-049159 1.234680 
-.047224 1 233136 
-.045136 1.231475 
-.042971 1.22972F 
-040820 1.228009 
-.038569 1 226229 
-.036302 1.224409 
-.034219 1 222733 
-.032047 1.221035 
-.029571 1.219083 
-.027125 1.217124 
-.024885 1.215350 
-.022688 1 213616 
-.020259 1.211720 
-.017545 1.209595 
-.014894 1.207489 
-.012411 1.205544 
-.009854 1.203557 
-007138 1.201433 
-.004306 1.199228 
-.001362 1 196943 

001643 1.194608 
004573 1.192321 
007600 1.190000 
010939 1.187440 

.014314 1.184818 

079148 
.077253 
075359 

.017547 

.0201» if 

.024533 
028296 

182327 
4 79763 
17b?96 

. 17412.3 
032196 1.171159 
036228 1.168099 
040267 1.165029 
044364 

.048706 
053255 
057901 

161938 
158675 
155250 
151764 

062707 1.148177 
067723 
072908 
078152 1 

.C?3457 1 
086062 1 

144443 
140580 
136696 
132771 
128660 

095016 1 124288 
10111O 1 

.107338 1 
119814 
115276 

. 113795 1.110586 
105765 
100838 
095718 
090425 

.120435 1 
.127260 1 

134388 1 
.141762 1 
.149260 1 085058 
.156954 1.079584 
.164948 1.073914 
.173284 1.068024 

028409 
057015 
010475 
013907 
000928 
008813 
000611 
007743 
002590 
005968 
003844 
005230 
004486 
004787 
004687 
004888 
004708 
004805 
004826 
004830 
004827 
004849 
004884 
004907 
004884 
004899 
004915 
004945 
004958 
004958 
004982 
004988 
004974 
005009 
005057 
0050^3 
005023 
005064 
005072 
005078 
005082 
005091 
003111 
005123 
005130 
005131 
OC* 139 
005159 
005171 
005178 
005170 
005181 
005218 
005213 
005204 
005231 
005238 
005223 
005251 
005282 

.005254 
005248 
005285 
005298 
005306 
005290 
005287 
005328 
005335 
005325 
005337 
005343 
005344 
005355 
0051*95 
00536b 
005355 
005393 
005409 
005394 
005401 
005415 
005413 
005418 
005439 
005440 
005436 
005450 
CD5462 

.005462 
005463 
005471 
005487 
005501 
005485 
005492 
00551 » 
005516 
005517 
005535 
005539 
005534 
005547 
005564 
005566 
005571 
005575 

108 
109 
110 
111 

112 

113 
114 
115 
116 
117 
118 
1 19 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 

18f? 

189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 

254581 
246268 
238040 
?¿9898 
221847 
213889 
206028 
198265 
190606 
183052 
475608 
16b2?5 
161058 
153958 
146980 
140126 
133399 
126803 
120339 
1 14012 

.107824 
101778 
095878 
090125 
084522 
079073 
073781 
068647 
063676 
058869 
054229 
049759 
045461 
041339 
037394 
033630 - 
030049 - 
026653 - 
023445 - 
020428 - 
017604 - 
014976 - 
012548 - 
010322 - 
008302 - 
006492 - 
004896 - 
003518 - 
002365 - 
001440 - 
000746 - 
000286 - 
000057 - 
000057 
000286 
000746 
001440 

.002365 
003518 
004896 
006492 
008302 
010322 
012548 
014976 
017604 
020428 
02344 1 
026653 
030049 
033630 
037394 
041339 
045461 
049759 
054229 
05886P 
063676 
068647 
073781 

,079073 
084522 
090125 
095878 
101778 
107824 
114012 
120339 
126803 
133399 
140126 
146980 
153958 
161058 
168275 
175608 
18305? 
190606 
198265 
206028 
213889 
221847 
229898 
238040 
246268 
254581 
262974 
271445 
279990 

- 059040 
- 058841 
- 058600 
- 0583 /6 
- 058025 
- 0576 '6 
-.057289 
- 056864 
-.056400 
-.055897 
-.055355 

054774 
-.054154 
-.053495 
-.052798 
-.052062 
-.051288 
-.050475 
-.049625 
- 048737 
-.047811 
- 046849 
- 045850 
- 044815 
- 043744 
- 042637 
- 041495 
- 040J20 
- 039110 
- 037867 
- 036591 
- 035283 
- 033942 
- 032570 
-.031167 
- 029734 
- 028270 
- 026776 
- 025253 
- 023699 
- 022117 
- 020505 
-.018863 
-.017191 
-.015490 
-.013758 
- 011997 
-.010208 
- 008391 
- 006551 

004692 
002820 
000941 
000941 
002820 
004692 
006551 
008391 
010208 

.011997 
013758 
015490 
017191 
018863 
020505 
022 117 
023699 

.025253 

.026776 
028270 
029734 
031167 
032570 
033942 
035283 
036591 
037867 
039110 
040320 
041495 
042637 

.043744 
044815 
045850 
046849 
047811 
048737 
049625 
050475 
051288 
052062 
052798 
053495 
054154 
054774 
055355 
055897 
056400 
056864 

.057289 
057676 
058025 
058336 
058608 
058843 
059040 

.059200 
059324 
059412 

511996 
508286 
504464 
500506 
496393 
492172 
487901 
483569 
479105 
474423 
469506 
464395 
459167 
453834 
448347 
442662 
436746 
430585 
424245 
417^0 
411^06 
403913 
396646 
389128 
381221 
372966 
364392 
355451 
346056 
336211 
325990 
315182 
303634 
291569 
278871 
265263 
250814 
235476 
219081 
201590 
182974 

.163204 
142246 
120254 
097546 
074651 
052531 
032598 
016851 
007694 

,007580 
018325 
040674 
073970 
116848 
166260 

.218518 
269808 
317658 
361068 
399551 
433173 
462432 
487949 
510061 
529189 
545970 
560899 
574210 
586044 
596783 
606604 
615362 
623380 
630983 
637974 
644374 
650413 
6:6119 
66\479 
666143 
67 1: 98 
676056 
680424 
604578 
008647 

692536 
696210 
699774 
703249 
706607 
700841 
712947 

.715932 

.718838 
721693 
724476 
727160 
729724 

.732188 
734586 
736948 
739259 
741487 
743637 
745721 
747749 

.749719 
751619 

181937 
190862 

1 061920 
1 055666 

200057 1 049239 
209579 1.042615 
219474 1 035760 
229620 1 028742 

021667 
014523 

239903 1 
250325 1 
261064 1 
272327 
284156 
296452 
309029 
321859 
335059 
348735 
362968 
377789 
393042 
408619 
424891 
441955 
459437 
477523 
496545 
516404 
537031 
558541 
581142 
604827 
629416 
655417 
603198 
712223 
742771 
775508 
810268 
847167 
886609 
920687 
973472 

1 021033 
1 071452 
1 124359 
1 . 178988 
1 234067 
1 287281 
1 335234 
1 373117 
1 395146 
1 395421 
1 369571 
1 315806 
1 235705 
1 . 132552 
1 013681 

887963 
764574 
649460 
545028 
452448 
371563 
301174 
239788 

007189 
999538 
991527 
983235 
974768 
966175 
957374 
940281 
938860 
929087 
919013 
908017 
098213 
887097 
§75706 
864001 
851718 
830809 
825601 
811764 
797249 
782025 
766184 
749481 
731589 
712744 
692900 
671524 
648551 
623930 
597267 
560238 
536594 
501909 
463601 
421077 
373788 
321208 
262591 
187519 
126137 
051980 
051107 
135790 
227839 
322203 
417128 
510004 
590305 
680273 
754556 
821218 
880581 
933146 
979831 

1 021383 
186592 1.058152 
140576 1 090716 
100205 1. 119900 
064290 1 . 146419 
032268 1.170485 
003799 1 192288 

-022036 1.212505 
-045663 1.231227 
-066732 1.248139 
-086021 1 263984 
-.104312 1.279175 
-.121130 1.293269 
-.136527 1.306407 
-.151055 1.318961 
-.164782 1 330951 
-177677 1 342343 
-.189059 1 353230 
-.201539 1 363813 
-.212745 1 374059 
-.223253 1 383731 
-.233247 1 393082 
-.243036 1 402334 
-.252391 1 411214 
-.261230 1 419708 
-.269804 1 428041 
-.278164 1 436230 
-.286242 1 444210 
-294022 1.151971 
-301494 1 459487 

308676 1 466771 
- 315667 1 473932 
-.322535 1 481020 
- 329230 1 487988 
-.335687 1 494754 

341855 
347703 
353552 
359234 
364794 

.370154 
375326 

501274 
507588 
513786 
519941 
525992 
531871 
537586 

-.380340 1 543168 
-.385218 1 548639 
-.389958 1 553985 
-394528 1 559176 

005586 
005594 
005604 
005606 
005607 
005621 
005637 
005647 
005658 
005656 
005662 
005666 
005690 
005702 
005706 
0057 IP 
005724 
005726 
005752 
005779 
005760 
005771 
005819 
005817 
005815 
005846 
005863 
005079 
005883 
005904 
005953 
005940 
005934 
006009 
006013 
005996 
006048 
006063 
006061 
006087 
006102 
006116 
006115 
006139 
006158 
006079 
006005 
005920 
005858 
005816 
005764 
005596 
005360 
004910 
004522 
004329 
004538 
004623 
004768 
005101 
005455 
005772 
005928 
006064 
006200 
006230 
006232 
006193 
006205 
006200 
006007 
006083 
006146 
006033 
005992 
006049 
006016 
005985 
005981 
005985 
005989 
005954 
005947 
005995 
005961 
005927 
005967 
005971 
005954 

.005953 
005961 
005960 
005964 
005970 
005961 
005962 
005960 
005972 
005976 
005980 
005974 
005961 
005972 
005979 
005983 
005982 
005978 
005980 
005981 

/ 
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N X/C 

217 286606 
218 297291 
219 306041 
220 314852 
221 323722 
222 332648 
223 341627 
224 350654 
225 359728 
226 368846 
227 378003 
228 387197 
229 396425 
230 405685 
231 .414971 
232 424283 
233 433616 
234 442968 
23» 452335 
236 461715 
237 .471105 
238 480500 
239 489900 
240 499300 
241 508698 
242 518090 
243 527474 
244 536846 
245 546204 
246 555545 
247 564866 
248 574163 
249 583435 
250 592677 
251 601888 
252 611063 
253 620201 
254 629298 
255 638352 
256 647359 
257 656318 
258 665224 
259 674074 
260 682867 
261 691599 
262 700268 
263 708870 
264 .717403 
265 725863 
266 .734249 
267 742556 
268 750783 

2/C 1-P/PI INF 

059464 753446 
059481 755216 
059464 756958 
059412 758655 
059327 760281 
059209 761858 
059059 763394 
058877 764871 
058664 766312 
058420 767730 
058147 769081 
057844 770355 
057514 771598 
057157 772824 
056772 774024 
056362 775180 
055926 .776288 
055466 777368 
054982 778411 
054475 779396 
053946 780358 
053395 781313 
052824 782242 
052233 783142 
051622 784014 
050993 784830 
050347 785597 
049685 786381 
049005 787175 
048311 787916 
047601 788623 
046878 789325 
046142 790013 
045393 790683 
044632 /91337 
043860 791956 
043078 792540 
042287 793143 
041486 793770 
040676 794361 
039859 794904 
039035 795421 
038205 795960 
017369 796530 
036527 797059 
035602 797558 
034832 798073 
033979 798580 
033123 799074 
032265 799576 
031406 800065 
030545 800516 

CP 
-.398924 
- 403182 
-.407373 
- 411455 
-.415367 
- .419161 
-.422856 
- 426409 
-.429876 
-.433287 
-.436537 
-.439602 
- 442592 
-.445542 
-.448429 
-.451210 
- .453875 
-.456473 
-.458983 
-.461352 
-.463666 
-.465964 
-.468199 
-.470364 
- 472462 
-.474425 
-.476270 
-.478156 
-.480066 
-.481849 
-.483550 
-.485239 
-.486894 
-.488506 
- 490079 
-.491568 
-.492973 
-.494424 
-.495932 
-.497354 
-.498660 
-.499904 
-.501200 
-.502572 
-.503844 
-.505045 
-.506284 
-.507503 
-.508692 
-.509900 
-.511076 
-.512161 

Table 6.14 — A - wall values (continued). 

MACH 1-PI/PI INF 

1 564193 005991 
1 569092 005988 
1 573952 005973 
1 578695 005987 
1 583267 006001 
1 587743 005990 
1 592120 005989 
1 596342 006004 
1 600498 005996 
1 604612 005985 
1 608528 006009 
1 612250 006016 
1 615911 006004 
1 619535 005999 
1 623096 005997 
1 626530 006014 
1 629841 006022 
1 633098 00600/ 
1 636239 006018 
1 639215 006032 
1 642148 006023 
1 645070 006015 
1 647909 .006029 
1 650675 006034 
1 653374 006025 
1 655890 .006044 
1 658263 006061 
1 660735 006021 
1 663218 006024 
1 665519 006061 
1 667747 006058 
1 669971 006048 
1 672143 006058 
1.674269 006061 
1.676355 006057 
1 678324 006069 
1 680180 006090 
1 682134 006063 
1 684155 006059 
1 686049 006079 
1.687797 006092 
1.689462 006109 
1.691236 006076 
1.693099 006067 
1.694798 006110 
1.696431 006111 
1.698133 006092 
1.699793 006103 
1.701410 006119 
1.703077 006106 
1 70461/1 006113 
1.706169 006140 

269 758927 
270 766984 
271 774952 
272 782828 
273 790610 
274 798294 
275 805878 
276 813358 
277 820733 
278 827999 
279 835154 
280 842195 
281 849119 
282 855924 
283 862607 
284 869164 
285 875594 
286 881894 
287 888061 
288 894092 
289 899985 
290 905738 
291 911346 
292 916809 
293 922123 
294 927286 
295 932296 
296 937148 
297 941842 
298 946375 
299 950743 
300 954946 
301 958979 
302 962840 
303 966528 
304 970039 
305 973371 
306 976521 
307 979488 
308 982267 
309 984857 
310 987255 
311 989458 
312 991463 
313 993267 
314 994867 
315 996259 
316 .997440 
317 998404 
318 999147 
319 999659 
320 999928 

029686 
028826 
027967 
027109 
026254 
025401 
024552 
023706 
022865 
022029 

. 02 1200 
020376 
019560 
0187¿1 

.017950 
017158 
016376 
015603 
014842 
014092 
013354 

.012628 
01 1916 

.011218 
010535 
009867 
009215 
008579 
007960 
007360 
006779 
006216 
005674 
005152 
004651 
004172 
003716 
003282 
002873 
002488 
002128 
001794 
OO' 1486 
001205 
000951 
000726 
000530 
000363 
000226 
000121 
OOOC48 
OOOC10 

800971 
601455 
801936 
802405 
802865 
803323 
803785 
804236 
804672 
805099 
805529 
805972 
806416 
806850 
807272 
807706 
808149 
808542 
808917 
809336 
809761 
810172 
810569 
810935 
811274 
811632 
812024 
812423 
812787 
813092 
813388 
813697 
814018 
814329 
814637 
814961 
815201 
815371 
815652 
815919 
816071 
816283 
816489 
816611 
816736 
816914 
817074 
817052 
817691 
817220 
814129 
874160 

513256 
514420 
515577 
516705 
517812 
518914 
520025 
521110 
522159 
523186 
524221 
525287 
526355 
527399 
528414 
529458 
530524 
531469 
532371 
533379 
534402 
535391 
536346 
537226 
538042 
538903 
539846 
540806 
541682 
542415 
543127 
543871 
544643 
545391 
546132 
546912 
547489 
547898 
548574 
549216 
549582 
550092 
550588 
550881 
551182 
551610 
551995 
551942 
553479 
552346 
544910 
689328 

1 707692 
1 709311 
1 710907 
1 7*2471 
1 714008 
1.715550 
1.717105 
1 718621 
1 720092 
1.721535 
1 723000 
1.724504 
1 726014 
1 727492 
1.728921 
1 730427 
1.731957 
1 733¿-»3 
1.734573 
1.736042 
1.737505 
1.738920 
1.740305 
1.741570 
1 742744 
1.744008 
1.745381 
1.746790 
1.748044 
1 749106 
1.750158 
1.751253 
1.752396 
1.753474 
1.754564 
1.755764 
1 756548 
1.757127 
1.758228 
1.759140 
1.759609' 
1.760478 
1.761088 
1.761749 
1.761651 
1.763481 
1.761640 
1.766059 
1 760504 
1.771003 
1.740100 
2.078408 

006124 
006114 
006128 
006136 
006143 
006138 
006139 
006147 
006152 
006157 
006148 
006152 
006157 
006163 
006186 
006159 
006147 
006202 
006192 
006160 
006173 
006189 
006182 
006196 
006209 
006189 
006187 
006173 
006210 
006227 
006214 
006207 
006195 
006230 
006233 
006158 
006263 
006303 
006152 
006214 
006326 
006158 
006351 
006012 
006838 
005035 
008686 
001875 

.013736 
-004746 

.025162 
-.112611 

Table 6.14 - Solution n° 9 for test case 05 (NACA 0012, M« = 1.2, o = 7o ). B values near the upstream x-axis 

N x/c I/C 1-P/PI INF CP MACH 1-PI/PI INF 

1 - 000605 000977 
2 - 001991 001049 
3 - 003503 001123 
4 - 005150 001198 
5 - 006937 001274 
6 - 008871 001352 
7 -.010960 001431 
9 -.013213 001512 
9 - 015638 001594 

10 -.018245 001678 
1» - 021044 001764 
12 -.024047 001852 
13 -.027265 001943 
14 -.030712 .002035 
15 - 034401 002130 
16 - 038347 002227 
17 - 042567 002328 
18 -.047079 002431 
19 -.051901 002537 
20 -.057057 002647 
21 - 062567 002760 
22 - 068458 002877 
23 -.074757 .002999 
24 - 081495 003124 
25 - 088705 003255 
26 - 096423 003390 
27 - 104691 003531 
28 -.113554 003678 
29 - . 123061 003832 
30 -.133269 003992 
31 - . 144240 004161 

068664 
064195 
062831 
065228 
069154 
074783 
081355 
088678 
096481 
104604 

. 1 12920 
121336 
129783 
138212 
146584 

. 154874 
163063 
171138 

.179093 
186922 
194624 
202200 
209652 
216984 
224200 
23130f 
238312 
245221 
252042 
258784 
265457 

1.248470 308991 
1 259221 296401 
1 262502 293665 
1 256736 298540 
1 247291 308991 
1 233749 322668 
1.217939 338420 
1 200322 355236 
1.181550 .372540 
1.162008 389935 
1 142002 407178 
1.121756 .424118 
1.101435 440668 
1 081157 456780 
1 061016 .472434 
1.041073 .487625 
1.021372 502362 
1 001946 .516659 

962808 530534 
963974 544009 
945445 557105 
927220 569845 
909292 58.253 
891653 594351 

.874294 606161 
857194 .617707 
840344 629010 

.823723 640091 

.807314 .650972 
791094 661674 
775041 672220 

004920 
005370 
005026 

.005598 
005444 
005580 
005575 
005605 
005616 
005625 
005631 
005635 
005638 
005642 
005643 

.005o45 

.005647 
005647 
005649 
005649 
005650 
005651 
005652 
005653 
005654 
005656 
005657 
005659 

.005660 

.005661 
005662 

32 -.156044 
33 -.168760 
34 -.182477 
35 -.197295 
36 -.213329 
37 -.230710 
38 -.249588 
39 -.270137 
40 - 292558 
41 -.317084 
42 - . 343992 
43 -.373604 
44 -.406310 
45 -.442570 
46 -.482947 
47 -.528124 
48 -.578947 
49 -.636471 
50 -.702031 
51 -.777342 
52 - 864644 
53 - .966921 
54 -1.088235 
55 -1.234268 
56 -1.413218 
57 -1.637367 
58 -1 926010 
59 -2 311317 
60 -2.851340 
61 -3.663035 
62 -5.024481 
63 -7.816479 
64-17.623149 

.004337 .272070 

.004523 278636 
004718 285168 
004925 .291678 
OOS144 298167 

.005376 304682 

.005623 .311300 
005887 .317984 
006169 324423 

.006473 . 330663 

.006799 338851 
007153 .349074 

.007537 .357211 

.007957 .372213 

.008417 430875 

.008924 511549 

.009487 566563 

.010116 582657 

.010825 566080 

.011629 .587393 

.012551 587315 

.013621 586841 

.014878 586572 
016377 586559 

.018201 586666 

. 020468 586779 

.023369 586858 

.027219 586909 

.032588 586948 
040625 586989 
054060 .587039 
081540 .567102 

.177889 .587182 

759132 682629 
743336 692928 
727622 .703141 
711961 713291 
696350 .723390 
680677 .733504 
664756 .743734 
648676 754050 
633185 .764082 

.617692 .774157 
598476 .786199 
573882 801109 
554307 .813319 
518216 835103 

.377092 920202 

.183013 1.052601 
050664 1.155954 

.011947 1.189749 

.003712 1.196693 
000553 1.199777 
000741 1.199575 

.001881 1.198604 

.002529 1.198032 
002560 1.197996 

.002302 1.198206 
002030 1.198429 
001840 1 . 198583 
001718 1.198679 
OOir24 1.196751 
001525 1.198827 

.001405 1.198920 
001253 1.199037 
001061 1.199179 

005663 
005665 
005667 
005669 
005666 
005666 
005693 
005721 
005648 
005526 
005809 
006674 
X)7043 

1518 
946 

.\j >5342 

.007023 
001368 
000575 

-.000267 
-000192 
-.000074 

000020 
000036 
000021 
000004 

-000006 
-000007 
-.000007 
-000007 
- 000007 
-000007 

000002 

6.10 Reference teat case 06 (RAE 2822, Mçp s 0.75. ^ = 3°) 

The five solutions of group 2 are listed in table 6.15 below. The full sets of data for these 
solutions are given in Appendix A1 in nicrofiche fora. 

A physical picture of the flow field is given on Pig. 6.40 by the map of iso-Mach lines taken from 
solution N° 9. 

Before discussing the solutions of group 2, we present the most significant part of stage 2 of the 
evaluation (see I 6.3 for definition of stage 2) showing the effects of the outer boundary position and of 
the mesh refinement on the aerodynamic coefficients. 
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Table 6.15 - Solution* of group 2 for test caw 06 (RAE 2822, M- - 0.75, o - 3 ). 

MESH 
outer 

boundary 
(chords) 

cL r Cb CM 
So

lu
tio

r 
points or cells 

type total on alrfoll 

1 C 251 X 35 195 4/6/7 1.0975 0.5340 0.0471 -0.1946 

2 C 298x34 230 5/6/7 1.1292* 0.5440 0.0504* 0.2035* 

3 O 158x24 158 16 1.0971 * 0.5149 0.0461 0.1894* 

6 O 192x36 192 80 1.1008 0.0450 0.1902 

9 O 320 x 64 320 50 1.1044 0.0448* -0.1897 

scatter : 

0.0321 

= 2.9% 

0.0056 

= 11.8% 

0.0141 

= 7.2% 

.Mntinne n° 3 for which the outer boundary dlatance varies, but with the 
First we compare several solutions N 3 for wnicn fineness also varies. Note that a vortex 

total number if mesh points being kept constant so ^ the mesh fineness 
term is used for the far field treatment except in solution N 3.T. 

Solution Outer boundary Cl 
distance (chords) 

CD 

3.2 
3.1 
3.7 
3.3 

* 

8 
16 
16 

32 

1.0903 0.0453 
1.0971 0.0461 
1.0951 0.0455 
1.1031 0.0465 

CM 

- 0.1894 
- 0.1885 
- 0.1909 

(Jjtno vortex term for the far field treatment) 

He see that Cl, Cd and ICMI increase with the distance of _^f^ e’* fir ^!*ms 
variations, when this distance inoreasea from ® 32 ohords. are of ^ * r if a Cortex term is included, 
indicates that the far field conditions have to Iw applied very far away eve nuBarioal factors 
However, the effect of the outer ^und.ry ^sition is c.rt^nly intermlngl.d wlt M. for ^ 

(details of the far field treatment ^ ^ ^TTcMlTppr^l.bly hltfi.r tham the values given 
the outer boundary is very close, 81^68 L V1 and 3 7 shows'^that the influence of the vortex term 

r, 3 “ ^2 “ *“ N° 3.1, complete data being not available for solution N 3«3. 

in each direction : 

Solution 

9.1 
9.2 
9.3 

Mesh 

80 X 16 
160 X 32 
320 X 64 

Cl 

1.0276 
1.0950 
1.1044 

CD 

0.0455 
0.0450 
0.0448 

CM 

. 0.1801 
- 0.1888 
- 0.1897 

Th. oo.fnol.nt» CU «.d ICrfln.ro~. M U>. ““ “"tTÕ»" »>‘.S 

i-s'ÄfÄ.i? ,t “ï“ "«“T irnr-rj«!-— .. 
group 2 is the solution H* 9.3. 

t~. »■ t. .1» ..M.«. .1 «T» %8-rÄ í “lo'tSi K .2; 
error on th- total pressure on the upper surfaoe (Flg. '37 ^ùeat for Solution N* 9. In relation with 
for .11 the other solution. of group “ot^ra ^ th. Mach n-ber distribution on 

^ up^r aurrf0.rc.0nupP-tr.« of th. sUk %lg. 6.37 b) ; in p^ticular, th. stagnation point is not well 

represented. 
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Fig. 6.38 - Shock profiles for solutions of group 2. Test cese 06. 

Solution N° 2 exhibits small wiggles or steps in the leading-edge region (upper surface), visible only 
on the plots of p and M versus z/o ; this could denote an insufficiently converged solution. Solution N“ 6 
exhibits a different kind of wiggles (saw tooth shape) on parts of the upper surface ¡ they are almost not 
visible on p and H, but quite apparent on p¿. 

Figure 6.38 gives enlarged plots of p and M in the shock region. The shock jumps are good or very good 
(the figure shows only a sample of an exact shock Jump). 

Concerning shock sharpness, the solutions rank in the order 2, 1, 3, 9 and 6 (decreasing sharpness). 
Solution N* 1 shows an overshoot (or half-oscillation) on the Mach number upstream of the shock ¡ solutions 
N° 2 and 3 also show a similar overshoot, but much smaller. A similar but much less marked behaviour can be 
noted for the pressure. Solution H* 1 also gives some oscillation downstream of the shock. Solutions N° 6 
and 9 have no oscillation at the shock. 

Solutions N° 1 and 2 find the shock at a position about 1 t of the chord more downstream than the 
other solutions of group 2. The lateral extent of the supersonic region is also slightly larger for these 
two solutions : 

Solution 

(z/claax on 
sonic line 

1 

1.0<t 

2 

1.1 

3 

1.02 

6 

1.02 

9 

1.01 

These observations correlate well with the closeness of the outer boundary for solutions N* 1 and 2. 

In summary, for solutions N* 1 and 2, the outer boundary is not placed far enough, and solution N° 3 
has an important error on p^. Solutions N* 6 and 9 stand out as the beat ones in group 2, with a preference 
for N" 9 due to its much finer mesh and to its accuracy on Pi- Figure 6.39 gives the cross-plots of p, M 
and Pi for these two solutions which constitute group 3. 

Figure 6.40 shows the map of iso-Mach lines given by solution N° 9, and tabulated wall values of H# 9 
are given in table 6.16. 

f\ f . 

f- 
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Fig. 6.40 - Iso-Mach Unas of solution n° 9 for test case 06 

(AM = 0.05, curve parameter = 100 M). 
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28 
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Table 6.16 - Wall values of solution n° 9 for test case 06 (RAE 2822, M. = 0.75, a = 3° ). 

Z/C 1-P/PIINF CP MACH 1-PI/PI INF X/C 

999868 
999356 
998357 
996881 
994937 
992531 
989667 
986350 
982585 
978379 
973736 
968662 
963166 
957253 
950931 
944210 
937097 
929603 
921737 
913511 
904934 
896018 
886776 
877219 
867359 
857211 
846786 
836097 
825160 
813986 
802590 
790986 
779188 
767209 
755063 
742765 
730328 

.717767 
705094 
692323 
679468 
666542 
653557 
640527 

.627464 
614381 

.601289 
588200 
575127 

000009 
000042 
000099 
000178 

.000281 
000400 

.000530 
000667 

.000802 
000930 
001046 
001139 
001197 

.001216 
001183 

.001089 
000931 
000708 
000415 
000044 

-.000413 
-.000953 
-.001580 
-.002295 
-.003097 
-.003983 
-.004959 
- 006024 
-.007170 
- .C08393 
-.'X)9691 
-.011067 
-013519 
-.014041 
-.015627 
-.017272 
-.018975 
-020730 
-022524 
-024351 
-.026208 
-028089 
-.029983 
-.031879 
- 033769 
-035646 
-037508 
-.039347 
-.041153 

179194 
194177 
201066 
204315 
204932 
205315 
204836 
204046 
203589 
202675 
201300 
200488 

. 199858 
199084 
1989*6 

.199477 
20012t 
200676 
201197 
202288 
203737 
205123 
206860 
208989 
210930 
212933 
215449 
218214 
220998 
223660 

.226379 
229432 
232769 
236279 

.239780 
243427 
247588 
251962 
256213 
260595 
265306 
270331 

.275535 

.280703 
285831 
291029 
296534 
302454 
308393 

487719 
432457 

.407048 
395064 
392789 
391376 
393143 
396057 
397742 

.401113 

.4CS185 
409180 

.411503 
414358 
414830 
412909 
410515 
408486 
406565 
402541 
397196 
392084 
385678 
377825 

.370666 
363278 
353999 

.343800 
333532 
323714 
313685 

.302425 

.290117 

.277171 
264258 

.250807 
235459 

.219327 
203648 

.187485 

.170110 
. 151576 
.132382 
.113321 
094407 

.075235 
054931 
033096 

.011191 

5359G6 
563961 
575600 
581055 
582145 
582401 
581971 
580579 
579607 
578355 

.576160 
574534 

.573628 
572488 
572058 
572909 
574065 
575007 

.575920 
577564 
579998 
582410 
585135 
588585 
591938 
595158 
599148 
6037C4 
608228 
612575 
616951 
621802 
627168 
632772 
638406 
644196 
650682 
657648 
664419 
671247 
678608 
686454 
694559 
702631 

.710583 

.718641 
727112 

.736192 

.745416 

001949 
000049 

-.000083 
-.000148 
- .000204 

000083 
-.000192 
-.000124 

.000042 
-.000154 
-.000214 
-.000002 
-.000106 
-.000215 
-.000051 
-.000041 
-.000100 
-.000123 
-.000161 
- 000039 
-.000069 
-.000166 
-.000063 
-.000027 
-.000161 
-.000118 
-.000030 
-.000077 
- 000085 
-.000119 
-.000112 
-.000065 
-.000077 
-.000070 
-.000114 
-.000109 
-.000018 
-.000064 
-.000128 
-.000080 
-.000063 
-.000058 
-.000054 
-.000087 
-000085 
-000094 
-000061 
-.000011 
-000081 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 

562079 
549068 

.536105 
523200 
510364 
497605 
484934 

.472359 
459890 
447535 
435303 

.423201 

.411237 
399419 
387753 
376245 
364901 
353727 

.342728 
331909 

.321273 

.310824 
300566 
290501 
280631 

.270958 

.261485 

.252213 

.243142 
234273 
225607 

.217145 
208885 
200828 
192974 
185320 
177868 
170615 
163560 
156700 
150036 

. 143563 

. 137281 

.131188 
125280 

.119556 
114013 

.108647 

.103457 
098440 
093591 

-.042915 
-.044627 
-.046282 
- 047872 
-.049384 
- .050812 
-.052149 
-.053384 
-.054509 
-.055517 
- .056405 
-.057170 
-.057810 
-.058327 
-.058723 
- .059003 
-.059170 
-.059228 
-.059184 
-.059045 
-.058821 
-.058522 
-.058159 
-.057740 
-.057271 
-.056758 
-.056204 
-.055615 
-.054999 
-.054360 
-.053696 
-.053007 
-.052294 
-.051564 
-.050822 
-.050063 
-.049287 
-.048494 
-.047690 
-.046878 
-.046060 
-.045234 
-.044401 
-.043561 
-.042715 
-.041864 
-.041008 
-040151 
- 039292 
-.038433 
-.037574 

314196 
320252 
326642 
332983 
339197 
345492 

.351773 
357685 
363053 
367800 

.371801 

.374867 

.376935 

.378001 
378151 

.377483 
375974 
373498 

.370116 
366019 
361435 

. 356651 
351871 
347227 
342800 
338423 

.333886 
329372 
325378 
321975 
318570 
314668 

.310613 
307027 
303911 
300708 
296989 
293017 
289182 
285598 
282128 

.278666 

.275152 
271516 
267706 
263781 
259811 
255830 
251822 
2477C9 
2436:0 

-.010213 
-.032549 
-.056118 
-.079505 
-.102425 
-. 125643 
-.148809 
-.170614 
-. 1904 13 
-.207922 
-.222679 
-.233987 
- 241615 
-.245546 
-.246100 
-.243636 
-.238070 
-.228938 
-.216464 
-.201353 
-. 184446 
- 166801 
-. 149170 
- 132042 
- 1 15714 
-.099570 
-082836 
-.066187 
-051456 
- 038904 
-.026345 
-.011954 

.003003 

.016229 

.027722 

.039536 
053252 
067902 
082047 
095266 
108065 

.120834 

.133794 

.147205 
161258 
175734 
190377 
205060 

.219843 
234792 
249947 

754381 
.763608 
.773406 
783206 
792743 
802346 
811990 
821103 
829350 
836648 
842814 
847562 
850753 
852411 
852640 
851600 

.849277 
845494 

.840291 
833990 
826942 
819570 
812219 
805076 

.798248 

.791546 

.784631 

.777695 

.771486 
766211 
761034 

.755112 
748844 
743239 
738415 

.733518 
727843 
7216-9 

.715711 

.710143 

.704769 
699386 
693916 
688250 
682313 
676164 
669929 
663665 
657344 
650932 

.644417 

l 
t 

t 
\ 

-.000115 
-.000037 
-.000020 
-.000083 
-.000082 
-.000022 
-.000021 
-.000051 
-.000044 
-.000037 
-.000041 
-.000064 
-.000066 
-.000080 
-.000078 
-.000068 
-.000073 
- 000108 
-.000116 
-.000123 
-.000126 
-000107 
-.000100 
- 000088 
-000057 
-.000073 
-000121 
-.000114 
-.000041 

000005 
-000047 
-.000120 
-000091 
-.000012 

.000010 
-000028 
-000087 
-000061 
-000029 
-000013 
-.000021 
-.000015 
-000012 
-.000012 
-.000021 
-.000014 
-.000005 

000001 
000006 
000013 
000015 
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Table 6.16 (continued). 

101 
102 

103 
104 
ios 
106 
107 
ios 
109 
110 
111 
112 
113 
1 14 
115 
116 
117 
118 
11S 
120 
121 
122 
123 
124 
123 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
143 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 

088909 -.036716 
084391 -.035860 
080032 -.035005 
075830 -.034153 
071782 -.033304 
067885 - 032457 
064135 -.031614 
060529 
057065 

030773 
029934 

053738 -.029099 
050546 -.028268 
047484 - 027442 
044551 -.026622 
041742 - 025806 
039055 - 024995 
036487 - 024187 
034033 - 023385 
031692 - 022588 
029459 - 021799 

.027331 - 021017 
025304 - 020242 
023377 -.019474 
021545 -.018712 
019806 - 017955 
018158 -.017204 

.016596 .016457 
015117 -.015716 
013719 - 014979 

.012397 -.014246 
011150 - 013516 
009973 -.012788 
008864 - 012061 
007820 -.011333 
006839 - 010601 
005918 - 009864 

.005054 - 009118 
004248 - 008362 
003500 - 007591 
002811 - 006802 
002183 - 005993 
001619 - 005161 
001128 - 004305 
000717 - 003425 
000395 - 002523 
000168 - 001604 
000041 -.000674 
000017 000259 
000099 
000279 
000554 
000914 
001353 
001859 
002424 
003041 
003704 
004412 
005163 
005953 

.006782 
007351 
008560 

.009507 

.010195 
011524 

.012595 
013710 

.014869 

.016075 

.017327 
018628 
01S#977 
021376 
022825 

.024326 
025880 
027488 
029152 
030873 
032653 
034491 
036391 
038354 
040380 
042471 
044630 

.046856 
049153 
051521 
053962 
056478 
059072 
061744 
06^496 
067331 

.070250 

.073255 

.076347 
079530 
082804 

.086173 
089637 
093199 
096860 
100622 

.104488 
108459 

.112538 

.116726 
.121026 

001189 
.002105 
003003 
003875 
004719 

.005533 
006317 

.007074 
007805 

.008512 
009199 
009868 

.010521 
011161 

.011790 

.012411 
013024 
013633 

.014236 
014835 
015431 

.016023 

.016613 

.017201 

.017788 

.018374 

.018961 

.019549 

.020138 

.020729 

.021320 

.021914 
022509 

.023106 

.023705 
024307 

.024912 

.025520 
026131 

.026745 
027364 

.027986 
028612 
029242 
029876 

.030512 
031153 

.031796 
032444 
033095 

.033749 

.034407 
035068 
035730 
036395 
037061 

.037731 

.038403 
039079 
039755 
040432 

.041108 

.041784 

239500 265291 637796 000021 211 
235296 280796 631081 000029 212 
231046 296472 624270 .000034 213 
226736 312369 617338 00003» 214 
222365 328490 610274 .000047 215 
217924 344870 603066 000054 216 
213380 361630 595660 000059 217 
208671 378998 587944 000065 218 
203727 397233 579815 000057 219 
198604 416129 .571311 .000071 220 
193365 435452 562567 000076 221 
108095 454839 553689 000094 222 
182772 474522 544671 000098 223 
177322 494624 535353 000108 224 
171631 515614 525548 000107 225 
165583 537921 515039 000094 226 
159295 561113 503935 000116 227 
152864 584833 492459 000121 228 
146391 608707 480724 000142 229 
139895 632667 468778 000158 230 
133304 656976 456481 000162 231 
126559 681854 443657 000175 232 

.119565 707650 .430125 000172 233 
112306 734424 415752 000178 234 
104846 761939 400601 .000188 235 
097222 790059 384680 .000197 236 
089433 818787 367900 000202 237 
081484 848105 350146 000210 238 
073413 877874 331365 000217 239 
065247 907993 .311449 .000223 240 
057028 938307 290281 .000226 241 
048811 968614 267712 000230 242 
040615 998844 243435 .000218 243 
032535 1.028645 .217186 .000212 244 
024721 1 057466 188684 000199 245 
017446 1.084299 .157836 000205 246 
010892 1 108472 124173 .000175 247 
005502 1 128352 087434 000170 248 
001891 1.141671 049428 .000183 249 
000849 1 145514 030289 000207 250 

.003413 1.136057 .067553 000226 251 
010933 1.108321 .124024 000242 252 
024796 1 057189 188924 .000213 253 
046110 978576 260328 000086 254 
075427 870446 336965 - 000169 255 
112693 732996 .418096 -.000709 256 
156474 571518 .500728 - 001087 257 
203444 398277 580951 -.001164 258 
251622 220581 658209 - 000995 259 
298948 046027 .731430 -.000608 260 
342797 - 115703 797801 000382 261 
381400 - 258083 .856079 001570 262 
414550 - 380351 .906401 002912 263 
442952 - 485107 950352 .003916 264 
468704 - 580089 991428 .004273 265 
492345 -.667285 1.029951 004530 266 
512655 -.742194 1.063797 .004673 267 
529407 - 803981 1 092291 .004758 268 
543504 - 855976 1.117035 .004414 269 
556055 - 902268 1.139564 .003930 270 
567008 -.942666 1.159568 .003450 271 
576028 -.975935 1.176277 .003038 272 
583177 -1.002303 1.189695 .002682 273 
589066 -1.024023 1.200947 .002267 274 
594347 -1.043501 1.211130 .001884 275 
599346 -1.061939 1.220796 .001585 276 
604324 -1.080300 1.230464 .001331 277 
609305 -1.098671 1.240189 .001114 278 
613965-1.1158591.249278 001021 279 
618000-1130741 1.257189 .000966 280 
621348 -1.143090 1.263815 .000896 281 
623993 -1.152846 1 269109 000799 282 
626028 -1.160351 1.273226 .000689 283 
627649 -1.166330 1.276546 .000561 284 
629043 -1.171472 1.278416 000441 285 
630318 -1.176174 1 282030 .000355 286 
631561 -1.180759 1.284559 000305 287 
632780 -1.185255 1 287029 000278 288 
633881 -1.189316 1 289228 000303 289 
634772 -1.192602 1 291000 000339 290 
635436 -1.195051 1.292325 000362 291 
635877 -1.196678 1 293220 .000358 292 
636133 -1.197622 1.293750 000342 293 
636231 -1.197983 1.293963 000323 294 
636194 -1.197847 1.293900 000306 295 
636036 -1.197264 1.293588 000296 296 
635772 -1.196290 1.293050 .000300 297 
635439 -1.195062 1.292370 000309 298 
635093 -1.193786 1.291665 000316 299 

.634779 -1.192628 1.291018 .000333 300 
634539 -1.191743 1 290523 .000347 301 
634378 -1 191149 1.290184 000366 302 
634229 -1 190599 1.289865 .000391 303 
634030 -1 189865 1.289442 .000420 304 
633750-11888331.288869 .000432 305 
633395 -1.187523 1.288144 .000445 306 
633033 -1 186188 1.287416 000443 307 
632761 -1 185185 1 286873 .000437 308 
632637 -1 184727 1.286619 000444 309 
632688 -1 184916 1 286725 000439 310 
632827 -1.185428 1 286987 000463 31 1 
632884-11856381287081 000491 312 
632766 -1.185203 1 286837 .000500 313 
632446 -1 184023 1 286180 000518 314 
f32060 -1 182599 1.285419 000498 315 
631854 -1.181839 1.285026 000469 316 
631965 -1.182249 1.285254 .000463 317 
632408 -1.183883 1 286157 000446 318 
632969 -1 185952 1.287253 .000490 319 
633347 -1.187346 1 287990 000522 320 

125439 
129966 
134610 
139373 
144255 
149260 
154388 
159642 
165023 
170532 
176171 
181941 
187844 
193880 
200051 
206357 

.212800 
219381 
226100 
232958 
239955 
247093 
254370 
261789 
269347 
277047 
284886 
292865 
300983 
309239 
317633 
326164 
334830 
343630 
352562 
361626 
370819 
380138 
389582 
399148 
408833 
418634 
428549 
438574 
448705 
458938 
469271 
479697 
490214 
500816 
511497 
522253 
533079 
543968 
554914 
565911 
576953 
588033 
599143 
610277 

.621429 
632590 
643752 
654909 
666052 
677174 
688265 
699318 
710325 

.721276 

.732161 

.742973 

.753701 
764337 

.774872 

.785295 
795596 
805767 
815796 
825673 
835389 
844934 
854296 
863467 
872434 
881187 
889716 
898011 
906059 
913851 
921377 
928624 
935583 
942243 

.948594 
954625 
960325 
965686 
970697 
975346 
979625 
983525 
987035 
990117 

.992850 
995135 
996991 
998408 
999374 
99987 1 

042459 
043134 
043810 
044486 
045160 
045832 
046501 
047165 
047825 
048479 
049129 
049773 
050412 
05(044 
051669 
05228^ 
052896 
053496 
054086 
054664 
055231 
055787 
056328 
056854 
057363 
057854 
058329 
058789 
059232 
059655 
060055 
060432 
060787 
06H18 
061423 
061698 
061945 
062162 
062350 
062509 
062635 
062728 
062783 
062799 
062776 
062713 

.062608 
062457 
062256 
062002 
061693 
061327 

.060905 
060424 
059885 
059284 
058619 
057888 

.057095 
056244 
055339 

.054385 
053382 
052328 

.051227 
050083 
048900 

.047681 
046427 

.045138 

.043814 
042458 

.041075 

.039670 
038245 

.036801 

.035340 

.033867 
032386 
030899 

.029407 

.027914 

.026429 

.024958 
023495 
022042 

.020607 

.019194 
017805 
016441 

.015109 
013810 

.012546 

.011323 

.010145 
009012 
007928 

.006901 
005932 

.005019 

. OC** 170 
003390 
002682 
002050 
001498 
001025 

.000636 
000339 
000135 

.000028 

-1 187604 1 288112 
186896 1 287727 
186199 1.287381 
186336 1.287477 
187501 1 288124 
189386 1 289134 
191385 1 290204 

633417 
633225 -1 
633036 -1 
633073 -1 
633389 -1 
633900 -1 
634442 -1 
634960 -1 193295 1 291241 
635452 -1 195110 1 292240 
635925 -1.196855 1 293204 
636370 -1. 198496 1 2941 11 
636783 -1.200019 1 294950 
637186 -1.201506 1 295773 
6376M -1.203073 1 296638 
638069 -1 204762 1 297569 
638572 -1 206618 1 298592 
639137 -1.208702 1 299741 
639770 -1.211036 1.301038 
640447 -1 213533 1 302418 
641105 -1.215960 1 303761 
641720 -1.218228 1 305006 
642374 -1 220641 1 306350 
643240 -1.223835 1 308136 
644369 -1 227999 1 310492 
645566 -1.232414 1 312949 
646483 -1.235796 1.314815 
647051 -1.237891 1.315958 
647563 -1 239779 1.317044 
648419 -1.242937 1.318869 
649647 -1.247466 1 321437 
650954 -1.252287 1.324134 
652083 -1.256451 1.326447 
653092 -1 260172 1 328563 
654269 -1.264513 1.331062 
655732 -1.263909 1 334176 
657315 -1.275748 1 337508 
658757 -1.281067 1 340529 
660029 -1.285758 1 343231 
661289 -1.290405 1.345934 
662652 -1.295433 1 348856 
664174 -1.301046 1.352115 
665909 -1.307445 1.355865 
667819 -1.314490 1.360000 
669727 -1.321527 1.364118 
671540 -1.328214 1.368043 
673412 -1.335119 1.372159 
675575 -1.343097 1.376945 
678048 -1.352218 1.382412 
680739 -1.362143 1.388393 
683579 -1 372618 1.394753 
686489 -1 383351 1.401313 
689420 -1.394162 1.407969 
692360 -1 405005 1.414707 
695311 -1.415890 1.421504 
698350 -1.427098 1 428570 
701621 -1 439163 1 436284 

.705063 -1.451858 1.444433 
708384 -1.464107 1 452328 

.711406 -1.475253 1 459621 
714060 -1 485042 1 466030 

.716362 -1.493533 1.471669 
718603 -1 501798 1 477178 
720975 -1.510547 1 483189 

.723377 -1 519406 1 489013 

.725497 -1.527226 1 494576 
727411 -1.534285 1 498939 

.729012 -1.540190 1.503736 
731017 -1.547585 1 507878 
732643 -1 553582 1 513828 
731960 -1 551063 1.507600 

.710353 -1.471369 1.436940 
613141 -1 .1 * 2820 1.1/2934 
465939 - 569891 886832 

.346470 -.129250 .713622 
331597 -.074393 695771 

.331706 -.074795 .695820 
331176 -.072840 694838 

.330148 - 069049 .693110 
328890 - 064409 .690962 

.327364 -.058781 688372 
325485 -.051850 685158 

.323186 -.043371 681157 
320735 -.034331 677047 
318618 - 026522 .673579 

.316495 -.018692 669827 
313681 -.008313 664891 
310603 .003040 659757 

.307858 .013164 655114 
305049 .023524 .650161 
301860 035287 644643 
298678 .047023 .639266 
295588 058420 633879 
292155 .071082 .627769 
288522 084481 .621548 
285208 .096705 .615888 
281761 109418 609596 

,2776<.9 .124511 .602323 
.273754 138951 595723 
.270265 151819 .589407 
266033 167406 581585 
261201 .185250 .573095 
256666 .201977 .565019 

.251988 219231 556233 

.246753 238539 .546695 

.241608 257516 .537572 
236031 .278085 .526735 
228710 .305088 .512398 

.220387 .335786 .498124 
212420 365171 .480821 
197994 .418378 450826 

000548 
000546 
000499 
000470 
000455 
00048.1 
000514 
000527 
000521 
000512 
000504 
000501 

.000494 
000491 
000491 
000491 
000493 
000484 
000487 
000490 
000509 
000504 
000492 
000446 
000460 
000499 
000544 
000509 

.000442 
000421 
000459 
000523 
000519 
000481 
000434 
000451 
000499 
000502 
000478 
000466 
000473 
000452 

.000442 
000474 

.000513 
000489 
000450 
000453 
000464 
000468 
000476 
000484 
000474 
000489 
000488 
000423 

.000412 

.000458 

.000435 
000483 

.000465 

.000472 

.000276 
000517 
000171 
000854 

-.000205 
.001213 

- 001364 
005116 

.028768 
094220 

.109479 

.082310 
076342 

.076452 
076525 
076521 

.076542 

.076553 
076585 

.076675 
076640 
076541 

.076657 

.076774 
076683 

.076646 

.076756 

.076790 

.076713 

.076754 

.076881 

.076813 

.076727 

.076921 

.076983 

.076760 
.076856 
077064 

.076938 
076867 

.077065 

.077035 

.076788 

.077078 

.077407 
076367 

.077426 

.077976 
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6.11. Beference teat ease 08 (Chlocchla-Nocllla profile. Mm = 0.769. c/i- 0°) 

This test case corresponds to an exact hodograph solution, for a Tosiotika-Tamada gas, with an 

Isentropic shock occurlng at a convex corner point of the airfoil. The flow is synmetrlo. A physical 

picture of the flow field is given on Fig. 6.A4 by the map of iso-Mach lines taken from solution N0 11. 

Table 6.17 lists the four numerical solutions available for this test case, one of them (N° 9.2) being 

obtained for an upstream Mach number slightly different from the design value (Moo = 0.785 instead of Moo : 
0.769). The full sets of data given by the contributors are presented in microfiche form ln Appendix A1. 

Table 6.17 — Numerical solutions for test rase 08 (Chlocchla-Nocllla profile, M» = 0.769, a - 0° ). 

S
o
lu

ti
o
n

 

MESH 

outer 

boundary 

(chords) 

103 xCD 

sonic 

point 

in shock 

X(/c type 

points or cells 

total on airfoil 

7 C 150x25 120 3.6/4.6/3.2 2.98 0.631 

9.1 0 320 x 64 320 50 0.43 0.637 

9.2 0 320x64 320 50 1.31 0.629 
solution calculated 

for M_ = 0.785 

11 H 11 x3C 17 0.4/1.3/2.3 1.54 0.624 
solution calculated 

in half-plane (symmetry) 

"exact" 0.914 0.622 

Solution N* 11 is calculated in a half-plane only, using the symmetry condition ; the method involves 

an incompressible flow solution which allows to use a coarse mesh and to place the outer boundary very 

close. The other solutions are calculated in the full plane. The values of Cl and I Cm I given by the 
solutions N° 9.1 and 9.2 are less than 10_13, ihereas solution N° 7 gives Cl * 0.5 x 10*3 and Cm = -0.4 x 10"3 

denoting a very slight asymmetry of the flow. 

The drag coefficient is obtained by integration of wall pressure ; for the "exact" solution, since the 

shock is isentropic, the value of the drag is correct only within the framework of transonic small 

perturbation theory. In any case, the drag coefficient is of the order of 10-3 and the differences observed 

among the solutions are not really significant, except perhaps for solution N° 7 which gives a relatively 

much higher drag than the other solutions. 

The position of the shock, defined as that of the sonic point, is very well determined by solution 

N° 11 despite the coarse mesh used (the sonic point is determined by a linear interpolation on the 

tabulated values of M). The other solutions find the shock more or less downstream of the "exact" position 

(from 0.007 c for solution N° 9.2 to 0.015 c for solution N° 9.1). 

The numerical solutions are compared with the "exact" solution on Figs. 6.41 to 6.43 which give cross¬ 

plots of Cp and M. The total pressure distribution is shown for the numerical solutions only since the 

"exact" solution corresponds to an isentropic flow of a gas which does not follow strictly the perfect gas 

law. 

Solution N° 7 (Fig. 6.41) has an important error on pi Just at the stagnation point. This error first 

diminishes rapidly as x increases, and then stays around 0.01 up to the shock ; curiously no Jump on pj is 
visible. Up to the shook, solution N° 7 is very underexpanded (for Cp and for M) compared to the "exact" 

solution ; a compression zone is seen to precede the shock. 

Solution N° 9.1 (Fig. 6.42) shows a similar behaviour for the pressure and Mach number distributions, 

but with practically no error on pi upstream of the shock and with a sharper compression zone preceding the 

shock. Solution N° 9.2, also shown on Fig. 6.42, obtained with a modified value of M (M = 0.785 instead 

of 0.769), has now a regular behaviour (no compression "bump") but it is over-expanded, compared to the 

"exact" solution, upstream of the shock. 

Contrary to the solutions N° 7 and 9.1, solution N° 11 compares very well with the "exact" solution, 

especially on the Mach number as can be seen on Fig. 6.43. The only appreciable difference on M comes from 

the shock thickness (of one mesh, corresponding to about 4 Í of the chord). In particular, the accuracy on 

PL upstream of the shock appears remarkable in view of the coarse mesh used. It should be noted 
nevertheless that the coarsness of the mesh completely erases the sharp corner at which the shock is 

attached in the "exact" solution ; it would have been interesting to see how the numerical solution changes 

as the mesh is refined. 

Tabulated wall values for solution N* 11 are given in table 6.18, and the map of iso-Mach lines for 

this solution is shown on Fig. 6.44. 
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Table 6.18 

x/e i/c t 

- Wall values of solution n” 11 for test case 08 (Chiocchia-Nocilla profile, VL - 0.769041 

-P/PIINF CP MACH 1-PI/PIINF 

028270 
084620 
141360 
197900 
254440 
310990 
367540 
424080 

008410 
021880 
032450 
040720 
047030 
051520 
054300 
055520 

244560 283033 
326146 - 008428 
384349 - 216355 
425036 - 361707 
458360 - 480755 
486795 - 582338 
510709 -.667769 
531344 -.741487 

647092 
772220 
860231 
923852 
977092 

1 023472 
1 063437 
1.098710 

- 001027 
000390 
002000 

001838 
001547 
001357 
001135 
000654 

9 
10 

1 1 
12 

13 
14 

15 
16 

17 

480620 055180 
537170 C53310 
593700 049850 
653480 0-2630 
716490 032820 
779480 023280 
842470 014490 
905460 006970 
966480 001510 

548751 
560945 
571305 
372987 
340199 
305197 
280476 
260786 
246918 

- 803672 
-.847235 
-.884245 
- . 175765 
-.058632 

066411 
154725 
225067 

.274610 

a ■ 0°). 

1.129132 
1 150902 
( 169634 

836903 
783750 
730177 
691377 
660051 
639862 

000795 
000613 
000519 
005866 
010210 
009459 
009560 

.009715 
008082 

6.12. Reference teat caaea 09 (Hobson 1 cascade. Mp» 

ats 46.123-7 

X O.U76.oC»m-lS|t|l,l> and fO (Hobaon2 oeecede. M« xO.511,. 

Tb.ee two oae.e correspond to exeot ^^V.^'Trx.Tne^ut^1“- fhTHo^-.o.TïS 
ilane caicades. Only two solutions for « 0 with ’characteristic parameters of the mesh and with 

rr.’ r-rz-: ^ic^rc,6-^ - 
¡aralÍel*to" the front'"plane'^of8 the** cascade*. sÄ“ ex/ct^low“ fl.lTf. sy-.trlo.l with respect to the 

lid-chord vertical axis, the exact value of Cx Is zero. 

Table 6.19 - Ku nericl K,lutiom for t»t c». 09 (Hot-on 1 cascade, M. = 0.476. . - 43.644- ) and for «« c-e 10 

8 
MESH outer b oundary 

Cz r Cx 

*-> 
3 

31 points upstream 

x/c 

downstream 

x/c 
typ* 

total on blade 

H
O

B
S

O
N
 1

 12 H 9R X 21 56 + 31 • i. 2. 2.0421 0.0082 

13 H 25x 10 11 + 11 -0.6 1.6 1.96 1.31 0.18 

exact 
2.0216 1.3946 0 

H
O

B
S

O
N

 2
 

12 H 98x11 46 + 36 -1. 2. 1.0622 0.0037 

exact 
1.061 0.7582 0 

WÊBÊÊBÍf 

‘ 
^ a’ 

f • 

-- 

f ? 
/ 

- 
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For both aolutions N* 12 and N* 13, tha computation domain la of channel type, bounded by the upper 

and lower aurfacea of two aucceaalve bladea extended by two artificial permeable boundarlea verifying the 

periodicity condition. Table 6.19 glvea the axial dlatance, measured from the leading-edge, of the upatream 

and downatream boundarlea. The number of pointa on the blade la given aa the aum of two terma, the flrat 

one eorreapondlng to the upper aurface (auction aide), and the aecond one to the lowei surface (pressure 

aide). 

The full sets of data for these aolutions are given In microfiche form in Appendix A1. 

The plots of p, M and pi are shown separately for each solution, and compared to the exact solution, 

on Flga. 6.45 to 6.47. 

Solution N" 12 for teat oaae 09 (Fig. 6.45) la In good agreement with the exact solution except on the 

rear half-part of the upper surface where the solution shows a tendency to form shocks. This la related to 

the rapid decrease of the total pressure which occurs in this region, corresponding to a rather large 

error. It is possible also that the convergence to a steady state is not quite sufficient. Nevertheless the 

value of Cz Is good (1 9 of relative error) and the value of Cx Is less than 0.01. 

Solution N* 13 for test case 09 (Fig. 6.46) suffers clearly from the coarsness of the mesh, especially 

for the values on the upper surface. There la an appreciabls error on p* on the upper surface, and the 

minimum pressure at mid-chord Is too high. This reflects Into the value of Cx, O.lfl, which Is far from 

zero, but the accuracy on Cz is much better (3 t of relative error). 

0. 0.5 1.0 0. 0.5 1.0 

B»TOTAL PRESSURE DISTRIBUTION 

Fig. 6.4S - Solution! 12 tnd oxtet for tmt esse 09 (Motion-1 encade, Mach ■= 0.476, a = 43.544). 
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0,8 

o,r> T-1 

0,5 

0,4 

0,3 
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- 0,2 

T 
0,5 1,0 0, 0.5 

A) PRESSURE AMD IÏACH NUHBER DISTRIBUTIONS 
0,08 "i 11 

s 

0,08 - 

0,04 - 

0,02 - 

-0,02 - 

(UPPER) X/C 
-(-0.04 J J 

0.5 1.0 0, 
B)TOTAL PRESSURE DISTRIBUTION 

-~r~ 

0.5 

1.0 

(LOUER) X/C 
-1 

1.0 

Fig. 6.46 - Solutions 13 tnd exact for test case 09 (Hobson-1 cascade, Mach • 0.476, o - 43.5441. 



Surprisingly, whsre.s t.st css. 10 s^s ^ fTt^ U .fV^^ 

former (Fig. 6.47) Is much more In Is more scc^ratV as f.r as the total pressure Is 
number distributions are concerned, but on the contrary Is transverse direction for test 
concerned. This is probably due to the fact tha the ^ ^^rcoipens.te each o^.r to a large extent 
case 10. The errors on the pressure on th* 'TL.T r remalns very and the relative error on C* Is 
(the pressure Is too low on both surfaces) so that Cx remains very small anc 

only 1 J. 

Finer meshes seem required to solve these supercritical shockless cascade flows with . really 

satisfactory accuracy. 

6.13 c.Mn.ion about the evaluation of the numerical solutions to the two-dimensional test ca.sea 

A large number of numerical eolutions ^ ^ ^^^«"beln ^í^.t^tlth’^1^«*!« 

through cascades have been made available to ™ ® p GOnaldere<i aa essentially achieved (some 

-s^^nr^8rr-c^.Äri^=^ - - - - 
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definitive solutions but rather to be representative of the highest presently attelneble and 

accuracy Indeed much effort is being devoted to the numerical solution of the Euler equations, and 

important progress on the accuracy can be expected in the next feu years. The referen« 
here should prove very useful as benchmarks either to test approximate methods or to measure future 

progress. 

Trying to sumarize the main points of this evaluation, we find that the test «ses separate into 

three groups as follows. 

10 a) Test «ses 07 . 06 , 09 and 

They correspond to exact or almost exact Euler solutions determined fromhodographtheory. Theexact 

solutions constitute the true benchmarks, and the evaluation of numerical solutions should ‘»“fP^ticuiar 

interest for determining the state of the art sin« only for these test «ses can ue assess the accuracy of 

numerl«! solutions by direct comparison with the exact solution. 

However it must be kept in mind that these exact solutions all present special features : shockless 

supercritical flow, or special gas law and isentroplo shook attached at a corner point (test case 08) ; the 

difficulties in obtaining highly accurate numerical solutions may « enhanced because of these features. 

Shockless accurate numerical solutions exist for the test «se 07 («J> 7301 However, 

solutions of different types which differ markedly from the exact solution have aiso been obtained , 

although their validity is in doubt, we cannot reject them completely and the question of well-posed« 

(uniqueness and stability of solution) of this test «se oould be raised. 

Test «se 08 must « considered with caution due to its peculiarities and also in view of the fact 

that an accurate nmerieal solution in a fine mesh has not been presented yet. 

No accurate numerical solutions have been given for the teat «ses 09 and 10 which ' 
and the number of available solutions is too small to conclude about the differences with respect to the 

exact solution. It seems likely that the meshes used a« not fl« enough. 

b) Test «ses 01, 02 and 06 

These «ses correspond to supercritical lifting flows at Mach numbers not close to unity. 

Here a slgnlfl«nt number of solutions are found to be in good agreement with each o«™, «mn« 

confidence in the validity of these solutions. However, the agreement is not complete enough (especially on 
positions) to allow u. to qualify these solutions as definitive solutions. *t the same tl-e. the 

convergence with respect to the parameters of the discretized problem (such as "*8h "*“h 
mesh variations, outer boundary position, artifloial viscosity...) cannot be considered as fully 

established for any of these solutions. In fact, «cause of the large number of these parameters• 

numerical experiments would « necessary to assess this convergence. But, contrary to 
arabove, the remaining discrepancies do not hint at a well-posedness problem. It can « «ted that the 

largest variations occur for test «se 02. 

n) Test «ses 03. 0*1 end 05 

These «ses correspond to high transonic or low supersonic flows. 

For these cases, we also find a significant num«r of solutions which are in good agreement together, 

and moreover*this agreement is appreciably «tt.r than for test «ses b) above, at least as far .» the flow 

properties at the wall are concerned. This is particularly striking for the test «ses 03 end 04 which a« 

non-lifting «ses. 

The lifting effect is of course a main sour« of numerl«! difficulties, hence 
«tween solutions, so that it is not surprising to find a much «tter agreement ^ test cas.a OB end 04^ 

However, it should « noticed thet for t«se throe test «ses, the shock weves on t« sirfoil ere shifted 

«ok exsctly at the tralling-edge, so that the discrepancies in shook positions vanish ¡ some discrepancies 

due to shock thickness still exist but they are small if t« meshes are fine enough. 

Although the solutions agree well at the wall, appreciable differences remain •“her downstream of the 
trailing edge (test «se 03) or upstream of t« airfoil at t« detached shook (test «ses 04 and 05). 

Progress made in the last few years can « seen by comparison with the Euler •f1^p^86nt^f * 
GAM4 Workshop in 1979 U) for the test «ses 01, 02, 03 and 06. The emp«sis at this workshop «s « 

potential solutions more than on Euler solutions and the latter were only 
comcarison shows that t« scatter of t« present solution» of group 2 is much smaller than the SMtter of 

the^uler solutions of til, with one noticeable exception concerning t« drag o«ffiolent for test «se 02. 

We «ve already noted t«t this test «se seems the most difficult of test «ses 01 to 07. 

Following the present evaluation of numerical Euler solutions, we think t«t throe Points »hould « 

emphasized for future studies ; they relate to the traillng-edge ««viour, to shook waves and to the outer 

boundary. 

in all the numerl«! Euler solutions obtained up to now, t« exact tralling-edge T8“88 (0Or[“P°"^¡|‘ 
to a stagnation point on the side with the lower total pressure, or on both sides if they have same total 

pressurofare far from «ing satisfied, essentially «cause t« fl« properti.8 8 
diatanc« much smaller than the local aeah sise (even if the mesh la much refined at the trailing-edge as it 

is often the «se). This error is lo«llzed over a very small distan«, of t« order of /**8h’ 
such it should not appreciably affect t« glo«l quantities. However, a relation «tween the shook P®8““ 
and t« pressure reached at t« tralling-edge in a numerl«! solution tas been recently proposed by Hirsohel 

1- 



and Luoohi C21. Such a relation, if It ia confirmed, could mean that the ahock location la aenaltlve to 

trailing-edge error, and it would then be necesaary, in order to achieve deflnlteneaa in invlacld 

solutions, to make the error at the tralllng-edge much smaller by using extremely refined meahes near this 
point. 

The second point, which has not yet received much attention in mnerloal solutions, la the accurate 

representation of the Zierep singularity [31, l1!], which occurs on a curved wall just at the downstream side 

of a shock (infinite gradients in the wall direction). The influence of mesh refinement on the 
representation of this singularity has not been sufficiently studied, and the combination of a shock 

fitting technique and of mesh refinement on the downstream side of the shock may prove necessary to achieve 

a high accuracy. As an example of the difficulty of this problem, we recall the weak shock occurlng on the 
lower surface in test case 01. 

The present evaluation has shown the importance of the outer boundary position in relation with the 

boundary conditions and the numerical treatment applied at this boundary. It seems that the minimum 

distance at which this boundary should be located in order to achieve a given accuracy can vary to a very 

large extent depending on the boundary treatment. This is an important question which requires detailed 

studies of all the factors Involved. Whereas the tralllng-edge problem and the Zierep singularity probl'im 

change in nature when viscous effects are taken into account, the problem of the far field treatment 
(outside the viscous wake) remains exactly the same at high Reynolds numbers. 

As a final conclusion, it is recommended that further investigations of the effects of all the various 
parameters of the discretized problem be carried out. Because of the large number of these perameters and 

of the intricate way in which they can Interact, it seems preferable to carry out in-depth investigations 

for one test case only rather than to consider seversl test cases simultaneously. We suggest that test case 
02 be given the priority for such investigations. 
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7. NUMERICAL SOLUTIONS FOR THREE-DIMENSIONAL CASES - SWEPT WINGS (P. SACHER) 

Nomenclature: All Symbols are used In accordance with chapter 6 

7.1 Introduction 

Nearly all problems in Aircraft Industry are related to 3D compressible flow. So 

numerical methods solving the Euler Equations should be extended consequently to three 

dimensions. But in contrast to 2D-Test Cases in Chapter 6, where up to 13 different 

authors have contributed to 10 Test Cases, only 4 solutions were obtained even for the 
simplest geometry. 

This can be attributed to the extraordinarily high computing cost, the need of 
access to a large memory and high speed computer, and, at least for complex wing shapes 

or wing-body-configurations, due to problems in generating mesh-grids. 

The simplest swept wing geometry of practical interest was Test Case 11 and 12, 
ONERA M6, with constant section, moderate Aspect Ratio • 3.8 and only 30’ leading edge 

sweep. But even this simple planform produces in TC11 with 3.06* angle of attack the 

rolling up of a Tip-Vortex which may contribute to induced drag. The numerical 

analysis of the nonlinear wake leaving the trailing edge of a lifting wing including the 

rolling up at the wing tips is one of the most promising aspects of the potential of 

solving the Euler equations at considerably higher cost in place of Full Potential equa¬ 

tion. Of course all arguments concerning the prediction of shock-position and strength 
according to Chapter 6 (2D-Test Cases) are still valid. y 

Consequently the complexity of a realistic transport type planform with twist, 
camber, variation of section profiles and breakpoints in leading and/or trailing edge 

sweep can be represented by Test Case 16, NASA AMES SWEPT WING. More or less all addi¬ 

tional problems in computation of the flow field are due to mesh-grid generation and the 

increase of the number of grid points which are necessary to simulate the flow suffici¬ 
ently accurate. Only one contribution was obtained for this Test Case. 

The next order of complexity was reached by prescribing 3D swept wings at super¬ 
sonic speed, high angle of attack and in presence of a body as reported in Chapter 8. 

7.2 

scheme: 

ASSESSMENT OF SOLUTIONS 

Data used for assessment of solutions are organized according to the following 

- Test Case No. 11 (Chap. 7.3) 
"Onera M6" 

M - .84, a ■ 3.06* 

‘1 

- Test Case No. 12 (Chap. 7.4) 
"Onera M6" 

M « .92, a - 0* 

- Test Case No. 16* 

"NASA AMES Swept Wing" 
M » .833, a - 1.75" 

For detailed discussion, each Test Case will be subdivided in 7 sections: 

Compilation of data received 

Tables 7-1/7-7 Contributions obtained 

Tables 7-2/7-8 Contour-maps and total coefficients (completeness check) 

Tables 7-3/7-9 Section characteristics (completeness check) 

Description of methods 

ONERA/MATRA (1) 

DORNI ER/JAME SON (2) 
FFA (3) 

MBB (4) 

- Planform contour maps 

ONERA/MATRA (1) 

DORNIER/JAMESON (2) 
FFA (3) 

MBB (4) 

•I * Data for Teat Case No. 16, the NASA Ames Swept Wing, was not available 
for discussion or presentation at the time of printing. 

? ' 
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Sectional field plots 

ONERA/MATRA (1) 
DORNIER/JAMESON (2) 
PFA (3) 
MBB (4) 

- Comparison of section characteristics 

Mach » f(x/c) 
1 - P/P~ * f(*/c) 
1 - Pi/Pi» * f(*/c) 
1 - Ti/Ti, « f(x/c) 
Cp » f(x7c) 

- Convergence history 

- Tabulated data for spanwise sections and local coefficients for lift, drag 
and pitching moment 

ONERA/MATRA (1) 
DORNIER/JAMESON (2) 
PFA (3) 
MBB (4) 

- Additional GARTEUR sections 

Cp » f ( x/c ) 
tabulated data 

ONERA M6 - Test Case 11 

COMPILATION OF DATA RECEIVED 

Solutions were obtained from 4 contributors: 

- M. Néron (ONERA)/C. Koeck (MATRA) 
- W. Schmidt (DORNIERl/A. Jame«on (Princeton) 
- A. Rizzi (FFA) 
- A. Eberle (MBB) 

Table 7-1 gives a collection of characteristic data used for the mesh-grid gen¬ 
eration in each contribution. Integrated overall coefficients for lift, drag and pitching 
moment are compared if available. In most cases sectional cuts for presentation of data 
are slightly different from specified values (Table 7-2). 

Table 7-1 AQARD TC 11, SURVEY ON DATA OBTAINED 

7.3 

7.3.1 

AQARO VKG07 TC11 M ■ .84 / a - 3.06* 

0.0251 

T 
-
-
-

 
•
-
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Table 7-2 AGARD TC 11, FIGURES REQUESTED AND OBTAINED 
AGARD WG07 TC11 / M » 0 84. a - 3.0€° 

CONTRIBUTION SURFACE - PLOTS FIELD - PLOTS LOCALCOEFF. TABl JLATE D DA TA 

—r 
NO COMPANY Y/S M I 

P/PINE P./PINT 

1 

Ti/TINP 
Cp M ! 

P/PINF i Pi/PINE 

1- 

Ti/TINF 
C| Cm Cd tue M P/ 

PINE 

1- 
Pll 
PINE 

1- 
T./ 
TINE 

Cp 

7-4 ONE AA MATRA X X X X X X * * 
--=- _ 

X 

O 

X 

■ 

x X 

: 
—ï 1 X X * X » 

7Ï— -, t « X X X X X X * X 

0 

2« 1 OORNIER JAMESON 01 - 11 » ] — 
X — A . 

— 
X X 

—5— 
X 

— 

044 
-ï- X X III X 

— — X X X X — — 

-w- X * X X X X X L_ 
0 95 

— 
1 — 

7b OORNlER JAMESON 0 1 X x * ! , * X X X X 
-1 — “ 1 X X X . 

X X X 

, ,-- » r ~ X ~ » I X X X X 

—-— —ïH- X X X X X X 

0 96 
— X X X 

3a ,, A- X X X X X X X X X X X A 

LiS_- X — » - X X X X X X X 

643 
X —5— —- X X X X X X X X X 

I-5ST- — - 

4 MBB 
X X X 

X X X X X X X X X X X X X X X 

[ '21— - X X X 

X X * 
Hïir- X X X X X X X X X X X X X 

X X X 

X X X X X X X X X X X X X X 

X X X 

X X X 

X • iNCLUDfO IN «PO«T 

O ■ ADDITIONAL PLOT GA*»TfU*5CALt 

Y/C • SfCTlONS AVAILABLt 

The total number of meshpoints used was completely different! 

TC 11 TC 12 

ONERA 54 150 36 414 

DORNIER/JAMESON a 23 409 23 409 

b 175 329 175 329 

FFA a 38 400 38 400 

b 307 200 - 

MBB 18 900 18 900 

Results for the "fine grid* solution from A. Rizzi (3b) will be presented in a 

separate Appendix A after Chapter 8, 

Whereas integrated values for lift are within 10 » scatter, the drag shows 

strong dependency on the mesh-grid refinement. The results for coarse grids (2a), (4) 

are unreliable, the differences can be explained by looking at the values obtained for 

pressure near the leading and trailing edges at all wing sections. 

The completeness of each contribution can be checked by comparing the Table 7-3 

with the standard format Table 7-4 which was originally requested by the Working Group. 

There is only one method which uses the energy equation (4), the others keep total tem¬ 

perature constant by definition. 

7,3.2 DESCRIPTION OF METHODS 

7.3.2.1 PRINCIPLES OF THE NUMERICAL METHOD 

M. Nerón (ONERA) and C. Koeck (MATRA) 

The Euler equations are numerically solved by a pseudo unsteady type method as¬ 

suming that the stagnation enthalpy is constant (Ti » Tj^). The continuity and momentum 

equation are integrated step by step in time, using an explicit predictor-corrector 

scheme with a local time step technique. 

The spatial dérivâtes are discretized directly in the physical space (x, y, z) 

by means of finite difference formulae. The treatment of the boundary conditions is 
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Table 7-3 AGARD TC 11, COMPLETENESS OF CONTRIBUTIONS RECEIVED 

AGARD WG07 TC11 / M ■ 0 84 a - 3 06 

CONTRIBUTION 

CONTOUR MAPS 

TOTAI CDF F F 

UPPER SURFACE LOWER SURFACE 

No. COMPANY M 1P/PINF IPi/PINF 1-TI/TINF M 1-P/PINF 1-Pi/PINF 1-Ti/TINF d cm Co 

1 ONERA/MATRA X X X X X X 

2a OORNI ER/JAMESON X X X X X X X X X 

2b DORNIER/JAMESON X X X X X X X X X 

3a FFA X X X X X X X 

4 MBB X X X X X X X X X X X 

Table 7-4 SCALES REQUESTED FOR PRESENTATION OF DATA 

AGARD WG 07 - ONERA M 6 

Scale for presentation of data 

• Contour maps 

root * 13.5cm 

span - 20.0 cm 

ISO-Hacn A * 0.05 

1-P/Pl. A* 0.025 

1 *Pi/Pi„ A * 0.005 
1-Ti/Ti^ A - 0.001 

• Spanwise sections 

y/s * 0,1/ (0,2)* / (0,W/0.5/0,8/ (O.OS)* 

x/c 1.0 * 5cm 

x/c 

(TC 12: x/c 
(TC 11: x/C 

1.0 • 10 cm 

1.0 * 20cm) 
1.0 s 15 cm ) 

ISO-Mach 

1-P/PU 
1-P|A>1„ 
l-Tt/TU 

A = 0.05 

A - 0.025 

A = 0.005 

A - 0.001 

^ Field 

Mach 0.1 * 1.0 cm 

1-P/Plai 0.05 a 1.0 cm 

1 - P|/p"œ 0.01 a 1,0 cm 

1-7(/11” 0.01 a 1.0cm 
-Cp 0.2 * i.ocm 

> Surface 

’optional for comparison of cp 
with AGARD AR 138 (exp. data) 

achieved by a technique baaed on compatibility relationa. The main features of the 
numerical method are described in Ref. 7-1, Ref. 7-2, Ref. 7-3. 

The mesh, which is of C-0 type, is symmetrical with respect to the (z » O) 
plane, as the H6 wing itself. 

The basic numerical scheme is the NacCormack scheme, being non-centered and 
therefore non-isotropic, the computational domain has been divided into two parts, re¬ 
spectively for the upper and lower half-spaces, in order to compute the flow in both 
sub-domains by symmetrical discretizations. 

Artificial viscosity terms are added to the equation in order to insure the 
stability of the scheme, and in order to correctly capture shocks. Two extra-terras are 
added after the computation of the corrector step, noted fn+1 and the final value of the 
variable f, noted fn+', is given by: 

fn+1 . fñ+1 + D((fn) + D2<fn> 
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The first term is a smoothing term added to each variable. It is of the form: 

Di (fn) 
(4) n . <4> n „ .(4) rn, 

-<Qli 6i f + Qij 5 j f + Qik «k f > 

( 4 ) 
with 6Í f = fi+2 - 4fi+1 + i - «i-1 + fi-2 

Qlif Qlj and Qik are three constants. 

Two different types of term D2 have been used: 

Type A: 
(2) n c (2) n ,.(2) n 

D2(fn) = Ci 6i f + Cj 6 j f + Ck 5 f 

with Ci « Û2iI9i+1 - 29i + 9i-l|/9i 

S[2> f = fi+i - 2 fi + fi-i 

Q2i( Q2j and Q2k are three constants; D2 is added to each variable. 

Type B: 

Now, the term D2 is added only to the momentum equation. The form of D2, for 

instance for the x-component, is: 

(D2)x • Atijk f— [<9i+i + 9 i ) j Ui+i - Uij(ui+i - Ui) 

V4hi 

- (9i + 9i-i>jui - ui_i|(ui - ui-i)] 

+ following terms for 1 and kj 

Q2i> Q2j» ^2k are constants. 

hi * 1/NPI, with NPI equal to the number of mesh surfaces of index i. 

Slip conditions are applied on both the wing surface and the root sidewall 
boundary. On the inflow boundary, the total pressure and the direction of the velocity 
vector are given. A non-reflective condition is used for the outflow boundary. 
Periodicity conditions are used for the inner boundaries, that is, here, at the cut 
between the upper and lower sub-domains (z « 0 plane). 

Initial conditions are the uniform flow: 

V - Vœ 

9-9., 

Type A of artificial viscosity is used for TC 11 ; the constants are: 

(Qli* Qlj» Qlk> _ (0.001, 0.003, 0.002) 

(Q2i, Q2j, Û2k> * (0.10, 0.20, 0.15) 

Fig 7-1 to 7-5 illustrate the mesh-grid used for representation of wing and 
flow field. Three additional Fig. 7-6, 7-7 and 7-8 show the solution for cross-flow 

velocity near the wing tips. 

7.3.2.2 PRINCIPLES OF THE NUMERICAL APPROACH 
W. Schmidt (Dornier)/A. Jameson (Princeton) 

The numerical method to solve the time-dependent Euler equations is described in 

detail in Ref. 7-4 and 7-C 

The version used is the unsplit four-stage two-level scheme with the enthalpy¬ 
forcing term and the local time stepping. A blend of second and fourth differences is 
used to construct dissipative terms of a filter-type. 

The farfield boundary conditions are nonreflecting and allow either for sub- or 

supersonic freestream Mach numbers. 
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AGARD WG07 TEST CASE 11 
ONERA M6 

M = .84 « » 3 06“ 

ONERA/MATRA (la) 

Fig. 7-1 MESH-GRID BOUNDARIES 

OBLIQUE VIEW OF THE MESH ON THE WING 

Fig. 7-2 REPRESENTATION OF WINC TIPS 

N \ \ \ \ 

'\N-\-\-V-\ 

\\.A 
Nr \ 

PLANAR VIEW OF THE MESH SURFACE 

X, '' . \X\ A V \ .,.,, 

' ' \ -\ -\- V V -\- \-1 ! 
\ \ \ Y \;1 .1 J 

yjJ.Mli 
/////// 

Fig. 7-3 MESH QRID-O-TYPE IN SPANWISE DIRECTION 

* 

1 . 

t . 
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AGARD WG07 TEST CASE 11 
ONERA M6 

M = .84 am 3.06 

ONERA/MATRA (la) 

Fig. 7-4 MESH GRID ON WING UPPER SURFACE 

....\ M 
\ MESH IN THE PLANE OF SYMMETRY y - o 

Fig. 7-5 C-C TYPE MESH GRID AT WING SECTIONS 
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CROSS-FLOW VELOCITY MESH SURFACE i » 38 
I ‘1 

' ' ' ' ' ' "/y,'tr t' f , , , / / / / / / / ' r' r 
, - / / / / / ■' ' , ' 

AGARD WG07 TEST CASE 11 
ONERA M6 

M « .84 a - 3.06 

ONERA/MATRA 

II'' 
• 1 ’ Flo 7-8 FLOW FIELD NEAR THE WING TIP, 

t “ SPANWISE SECTION ON WING PLANFORM 

( 

,//>' ! Î 
, ' > 

, t ! ' ' ( 

0.» 0-> 

CROSS-FLOW VELOCITY MESH SURFACE I - 41 

t t • 

09 I’O 
Y/ft 

» 

' 

y 

i 

t 

' CROSS-FLOW VELOCITY MESH SURFACE i - 46 

Fig. 7-8 FLOW FIELD NEAR THE WING TIP, 

BEHIND WINQ TRAILING EDGE 

or °'9 *0 
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All solid surfaces have no-flux boundary conditions, the wall pressure being 
extrapolated from the field. No special treatment is given to any wakes or vortices 
emanating from leading or trailing edges. 

A C-H Type mesh-grid was used to solve the equations. To study the effect^of 
mesh-grid refinement two grids were investigated. A "medium grid’ 81x17x17 and a "fine 
grid" 161x33x33 solution will be presented within this report. The extension of the 
outer boundaries is shown in Fig. 7-9, the distribution of grid points on the wing sur¬ 
face can be taken from Fig. 7-10. The wing surface was defined by constant wing sections 
using the numbers from Table 7-5. 

AGARD WG07 TEST CASE 
ONERA M6 

DORNIER/JAMESON (2) 

Table 7-5 DEFINITION OF WING SECTIONS 
USED BY DORNIER/JAMESON 

AGARD WQ07 TEST CASE 
ONERA MS 

Point Distrubution x/c for all Wing Sections 

Upper Surface Lower Surface 

0.0 
0.000?? 
o.ooooe 
0.00?2J 
0.00429 
0 0071S 
0.0109? 
0.01U9 
0.021S4 
0.02853 
o.ojtn 
0.04616 
0.06701 
0.06946 
0.06370 
0.10004 
0. 11876 
0 13660 
0. 16113 
0.17736 
0.10633 
0.21607 
0.2336? 
0 26201 
0.27027 
0.28644 
0 30666 
0.32464 
0.34274 
0.y089 
0 3701? 
0.39746 
0.41696 
0.43462 
0.45360 
0.47264 
0.49207 
0.S1IO1 
0.53191 
w.65239 
0.57329 
0.59466 
0.61651 
0.63609 
0.66103 
0.66536 
0.70953 
0./3436 
0.75909 
0.78615 
0.81318 
0.84100 
0.8696( 
0.89917 
0.92575 
0 94661 
0.96297 
0.97581 
0.98589 
0.99380 
1.00000 

0.0 
0.00249 
0.00625 
0 00824 
0.01134 
0.01463 
0.01766 
0.02069 
0.02320 
0.0264? 
0 02728 
0 02896 
0.03064 
0.03241 
0.03424 
0.03611 
0.03800 
0.03976 
0.04126 
0.04266 
0.04369 
0.04468 
0.04564 
0.04629 
0.04693 
J.04 747 
0.04 791 
0.04826 
0 04849 
0.0486? 
0 04866 
0.04866 
0 04836 
0.04803 
0.04 768 
0 04699 
0.04627 
0.04542 
0.04442 
0.04329 
0.04201 
0.04069 
« 03904 
0.037)8 
0.03654 
0.03360 
0 03153 
0.02933 
0.02699 
0.02460 
0.02183 
0.01894 
0.01580 
0.01239 
0.00918 
0.00661 
0.00468 
0.00299 
0.00176 
0.00077 
0.0 

1.00000 
0.99380 
0.9«689 
0.9758? 
0 96298 
0 94661 
0.92576 
0 89917 
0 86966 
0.84101 
0.81318 
0 78616 
0.76989 
0.73436 
0.70953 
0.68637 
0.66183 
0.63889 
0.61661 
0.69466 
0.67330 
0.56240 
0.5)191 
0.5118? 
0.49207 
0 4 7266 
0.45351 
0.4)462 
0.41595 
0.39746 
0.3791? 
0.36090 
0.34275 
0 )2466 
0.30666 
0.28846 
0.27028 
0.25201 
0.23362 
0.21507 
0.19633 
0.17736 
0.15813 
0.13860 
0.11876 
0.10004 
0.08371 
0.06946 
0.0570? 
0.04617 
0.03671 
0.02853 
0.02154 
0.01669 
0.01093 
0.00715 
0.00429 
0.0022) 
0.00088 
0.OCO22 
0.0 

0.0 
-0 00077 
0.00176 
0 00299 

-0.00458 
-0.006(1 
0 00918 

-0.01239 
-0.01580 
-0.01894 
-0.02183 
-0.02460 
-0.02699 
-0.02933 
-0.0)153 
-0.0)360 
-0.03564 
•0.03736 
-0.03904 
-0.0*069 
-0.0-201 
0.0-.329 
0 04442 
0.0464; 

-0.04627 
-0.04699 
-0.04 768 
-0.04803 
-0 048 36 
-0.04866 
-0.04865 
-0.0486? 
-0 04849 
-0.04826 
-0.04791 
-0.0474/ 
-0.04693 
-t. 04629 
-0.04554 
-0.04468 
-0.04369 
-0.04255 
-0.04125 
-0.03975 
-0.03800 
-0.03612 
-0.03424 
-0.03241 
-0.03064 
-0.02895 
-0.02728 
-0.02542 
-0.92321 
-0.02069 
-0.01766 
-0.01454 
-0.01135 
-0.00824 
-0.00525 
-0.00249 
0.0 

boundary distance 
t panwise 

Fig. 7-9 BOUNDARIES FOR GRID GENERATION USED 
FOR THE DORNIER/JAMESON CONTRIBUTION 

AGARD WG07 TEST CASE 
ONERA M6 

DORNIER/JAMESON (2b) “FINE GRID”. 

* 

r— 

Fig. 7-10 MESH-GRID ON ONERA M6 - WING SURFACE USES BY DORNIER/JAMESON 

'\ 
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WING A2 ,.3.2.3 THE AERODYNAMIC FLOW CODE FOR CYBER 205 
Art Rizzi (FFA) 

The numerical solution of the Euler equations for flow past wings of arbitrary 
geometry is carried out by a set of software modules called WING A2 organized around 
common data files. 

The first module is a pre-solution 
processor that constructs an 0-0 mesh around 
the wing. The second, the main processor it¬ 
self, solves the Euler equations for steady 
compressible flow upon the generated mesh. 
Following the solution procedure is a sophisti¬ 
cated post-processing graphics module to visu¬ 
ally display the results from the computation. 
This set of modules WING A2 has been written 
in special FORTRAN to obtain a high degree of 
vector processing on the CYBER 205 and offers 
to the aircraft designer a fast and easy-to- 
use tool for aerodynamic flow analysis. 

Lastly another type of post-processor has been devised to aid the numerical 
analysis in understanding the method’s convergence to a y‘ 
zcs the least-damped transient modes in the eigen-decomposition of the 
eigensystem analysis is carried out numerically by computer and the results are disp y 
ed graphically. 

GRID GENERATION MSING TRANSFINITE INTERPOLATION 

The computer program tr a computational procedure for generating 
qonal surface-fitted mesh systems around either trapezoidal or d*lta "lnq“ ,. 
the concept of transfinite interpolation (Ref. 7-6). The theory has . , lt 
handle very general mapping-function specifications at the boundaries, thereby making it 
oõssible to generate singll-block 0-0 mappings with geometry data specified only at the 
outer bound-riesrof*the computational domain. Since it is a lir.ct algebraic mapping 
♦‘tts'hninn» thi* method is very inexpensive in terms of computer costs. This fact allows 
thfSÍrío «pTríí^t frSÏÏ withPthe control parameter, and quickly obtain the desired 
mesh One version of the computer program can generate grids around most types of medi 
urn-to-large aspect ratio trapezoidal wings of practical aerodynamic 
other version treat, highly swept delta wings. They have been Ritten in 
nonsoecialiat should find convenient and simple to use. Since the eye is one of the best 
iudges of overall mesh quality, this module contains a powerful graphics package to dis 
play*the meshrwith great flexibility in cross-section plane perspective or zoom views. 
The mesh grid used for the calculation of TC 11 and 12 is shown in Fig. 7 11. 

ï 
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FINITE VOLUME PROGRAM TO SOLVE THE STEADY EULER EQUATIONS 

Numerical methods to solve the Euler equations have become useful and realistic 
tools for the simulation of inviscid transonic flows that contain either Strong shock 
waves or complex vortex structure. 

This computer program solves the steady Euler equations for transonic flow upon 
an 0-0 mesh generated by transfinite interpolation around either moderately swept trape¬ 
zoidal wings or highly swept delta wings. It is founded on an explicit time-marching -- . - — — explicit time-marching 
finite-volume procedure to solve the flow equations and features a nonreflecting bound¬ 
ary condition and an internal mechanism for temporal damping together with a refined 
model for artificial viscosity (Ref. 7-7). The method has been coded in special vector 
FORTRAN specifically for the CYBER 205 so that the vector-processing unit of the machine 
is utilized almost exclusively (Ref. 7-8). For a typical case vectors with more than 
20,000 elements are realized, and a rate of over 50 megaflops is sustained during the 
entire computation which indicates the high degree of vectorization that is achieved. 
Converged solutions are reached usually after only several minutes of CPU time. 

The program consists of about 1300 FORTRAN statements. An example of the time 
if®fation to steady state of the transient residual, number of supersonic points, and 
lift and drag is given for flow past the M6 wing. 

COMPUTER GRAPHICS FOR 3D FLOWFIELD VISUALIZATION 

Once the flowfield is computed the user needs to see the results displayed 
graphically in order to judge the overall correctness of the computation, to grasp the 
physical nature of the flow, and to detect unexpected phenomena. In most cases the usual 
chordwise section plots of pressure coefficient versus chord length is insufficient. In 
addition to the dependent flow variables (density and momentum), vorticity, velocity 
vectors, and loss in total head (total pressure) are useful properties to help visualize 
the flowfield since vortex phenomena are so prevalent in aerodynamic flows. The vortici¬ 
ty vector is determined by approximating the curl of the velocity field through the im¬ 
plementation of a finite-volume concept that corresponds to the one used to solve the 
flowfield. 

The program is highly flexible and offers its user the possibility to investi¬ 
gate any or all of the flow properties: pressure, Mach number, total pressure loss, vor¬ 
ticity, magnitude, and velocity vectors. He can choose to display those located on the 
wing surface in the usual chordwise or spanwise graph, or, to gather information about 
the entire 3D field, he can construct 3L> Asograms of these properties in any of the 
three families of coordinate surfaces. With vhe specification of a viewing angle and 
frame, the isograms in one or multiple surfaces can be selected for the composition of a 
single picture seen in plane projection. Much of the program is written in special 
vector FORTRAN for the CYBER 205. The user composes the desired display through a 
straightforward set of input instructions which the nonspecialist will find easy to 
master (Ref. 7-9). 

COMPUTER PROGRAM TO ANALYZE THE FLOW SOLVER'S CONVERGENCE TO STEADY STATE 

By means of numerical differentation and approximate eigensystem analysis this 
program can be used to study the behaviour of the centered finite-volume scheme of the 

oilÜV I?1Verkf0r the f80e"er9etic Euler equations in two space dimensions. The entire 
semi-discrete approximation including boundary conditions is formulated as a large 

?! °Idin?IÏ differential equations which are linearized by numerically approxi- 
Rechet derivative. An approximate eigensystem procedure that only needs the 

i* U8ed to «tract the least damped eigenmodes. The overall method 
?•** of t'’8"80»*': flow PMt an airfoil and has revealed that the 

most persistent transient modes are highly structured and are associated with eigen- 

shocVSreoionalih'n0dl?1U8 ' 7"!0)' furthermore, they appear to be centered around the 
shock region, the stagnation region and the trailing edge/wake region of the airfoil as 
the plots of the most persistent eigenvectors indicate. 

The insight gained from this information has been very helpful for devising 
boundary conditions and for improving models of artificial viscosity. In addition it can 
be used by the advanced numerical analyst to aid him in constructing techniques to 
accelerate the solution's convergence to steady state. 

7.3.2.4 THE MBB 3D EULER ALGORITHM 
A. Eberle (MBB) 

Proc*dure used for the generation of the WG07 results is a characteristic 
finite volume code which makes use of the observation that in a finite volume code 
neither the fluxes nor the flow variables are defined at the cell faces since they se¬ 
parate a lef^ and tight state by step functions. So we need an averaging procedure prior 

ÍLCal?"latí.?9 the fl“1,e8 there. A simple device for this purpose would be for example 
the arithmetic mean of each individual flux as it is done in the centered diffusive 
schemes which have become popular recently. 

—
^
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In contrast to this approach MBB has developed an asymmetric weighting procedure 

for the flow variables at the cell faces which is based on the eigenvalue decomposition 

of the Euler equations: We first define a left and right state by linear combinations of 

th*> flow quantities of the two adjacent cells on each side of a volume cell face. Upon 

weighting these states by the elements of the characteristic split matrix the averaged 

flow values at the cell faces are obtained from which the conventional Euler fluxes are 

formed there. For updating the cell midpoint values the usual centered difference oper¬ 

ator is ^hen applied on the fluxes. 

The scheme is second order accurate in space and first order accurate in time in 

the pseudo unsteady version. It solves all five equations including the energy equa¬ 

tion. It is perfectly entropy conditioned (no wiggle at sonic surfaces, shocks extend 

over never more but two cells regardless of the shock strength). It only requires one 

grid sweep per time step, needs no farfield absorbing boundary algorithm (since this is 

automatically included in the interior point algorithm by the eigenvalue sign logic), is 

total variation diminishing, runs at a linear analysis CFL number of .5, makes use of 

local time stepping without consistency violation and needs only one complete solution 

vector which in these calculations was stored permanently in the core memory. The calcu¬ 

lations were performed on a DIGITAL VAX computer and needed 2000 iterations each. 

The details of the method are documented in Ref. 7-11. 

Fig. 7-12 shows the dimensions for the outer boundaries used to generate a mesh- 

grid of C-H Type according to Fig. 7-13. Fig. 7-14 gives the distribution of grid points 
on the upper and lower wing planform. 

As in the contribution by ONERA/MATRA some selected results for the calculated 

flow field velocity vectors are plotted in Pig. 7-15, 16, 17. 

! 
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7.3.3 PLANFORM CONTOUR MAPS 

In order to obtain a quick survey on the structure of data obtained, contour maps 
of the wing upper and lower surface were plotted. Figs. 7-18 to 7-20 show the comparison 
of calculated lines for constant values ("ISO-lines") of 

local Mach number 
1 - p/pi«, (static pressure) 
1 - pi/pi«, (total pressure). 

Due to the different representation of the real wing tip geometry the most se¬ 
vere differences between the 4 contributions occur in this region. For the contributions 
of ONERA/MATRA and FFA the numbers for the ISO-line-values are given. The numbers speci¬ 
fied in the second contribution by DORNIER/JAMESON are correlated to calculated values 
according to table 7-6. No values are given for the ISO-plots of MBB. 

In Figs. 7-21 and 7-22 the influence of mesh-grid density is demonstrated. From 
DORNIER/JAMESON two calculations were obtained. One for a 23409 point-solution ("medium" 
grid) and one for a 175329 point-solution ("fine" grid). 

Table 7-6 CORRESPONDANCE BETWEEN NUMBERS AND 

CALCULATED VALUES FOR DORMER/JAMESON (2A.2B) 

ISO-MACH-LINES ISO-P/PIN F-LINES ISO-PI/PIIN F-LINES 

MEDIUM (2a) FINE (2b) MEDIUM (2a) FINE (2b) MEDIUM (2a) FINE (2b) 

1 f.65000 
2 0.60000 
3 0.65000 
4 0.70000 
5 0.75000 
6 0.80000 
7 0.85000 
e 0.90000 
9 0.95000 

10 1.00000 
11 1.05000 
12 1.10000 
13 1.15000 
14 1.20000 
15 1.25000 
16 1.30000 
17 1.35000 
18 1.40000 
19 1.45000 

1 0.05000 
2 0.10000 
3 0.15000 
4 0.20000 
5 0.25000 
6 0.30000 
7 0.35000 
8 0.40800 
9 0.45000 

10 0.50000 
11 0.55000 
12 0.60000 
13 0.65000 
14 0.70000 
15 0.75000 
16 0.80000 
17 0.85000 
10 0.90000 
19 0.95000 
20 1.00000 
21 1.05000 
22 1.10000 
23 1.15000 
24 1.20000 
25 1.26000 
26 1.30000 
27 1.35000 
28 1.40000 
29 1.45000 
30 1.50000 
31 1.55000 
32 1.60000 
33 1.65000 
34 1.70000 
35 1.75000 
36 1.80000 
37 1.85000 
38 1.90000 
39 1.95000 

1 0.02500 
2 0.05000 
3 0.07500 
4 0.10000 
5 0.12500 
6 0.15000 
7 0.17500 
8 0.20000 
9 0.22500 

10 0.25000 
1) 0.27500 
12 0.10000 
13 0.32500 
14 0.35000 
15 0.37500 
16 0.40000 
\7 0.42500 
18 0.45000 
19 0.47500 
20 0.50000 
21 0.52500 
22 0.55000 
23 0.57500 
24 0.60000 
25 0.62500 
26 0.65000 
27 0.67500 
28 0.70000 
29 0.72500 
30 0.75000 
31 0.77500 
32 0.80000 
33 0.82500 
34 0.85000 
35 0.87500 
36 0.90000 
37 0.92500 
38 0.95000 
19 « 97**0 

1 *0.07500 
2 -0.05000 
3 -0.02500 
4 -0.00000 
5 0.02500 
6 0.05000 
7 0.07500 
8 0.10000 
9 0.12500 

10 0.15000 
11 0.17500 
12 0.20000 
13 0.22500 
14 0.25000 
15 0.27500 
16 0.30000 
17 0.32500 
18 0.35000 
19 0.37500 
20 0.40000 
21 0.42500 
22 0.45000 
23 0.47500 
24 0.50000 
25 0.52500 
26 0.55000 
27 0.57500 
28 0.60000 
29 0.62500 
30 0.65000 
31 0.67500 
32 0.70000 
33 0.72500 
34 0.75000 
35 0.77500 
36 0.80000 
37 0.82600 
38 0.86000 
39 0.87800 

1 0.00S00 
2 0.01000 
3 0.01500 
4 0.07000 
5 0.02500 
6 0 03000 
7 0.03500 
8 0.04000 
9 0 04500 

10 0.05000 
11 0.05500 
1? 0.0G000 
13 0 06500 
14 0 07000 
15 0.07500 
16 0.08000 
17 0.08500 
18 0.09000 
19 0.09500 
20 0.10000 
?1 0.10500 
2? 0.11000 
23 0.11500 
24 0.17000 
75 0.12500 
26 0.13000 
27 0.13500 
28 0.14000 
29 0.14500 
30 0.15000 
31 0.15500 
32 0.16000 
33 0.16500 
34 0.17000 
35 0.17500 
36 0.18000 
37 0.18500 
36 0.19000 
39 0.19500 

1 0.00600 
2 0.01000 
3 0.01500 
4 0.02000 
5 0.02500 
6 0.03000 
7 0.03500 
8 0.04000 
9 0.04500 

10 0.05000 
11 0.05500 
12 0.0600C 
13 0.06500 
14 0.07000 
15 0.07500 
16 0.08000 
17 0.08500 
18 0.09000 
19 0.09500 
20 0.10000 
21 0.10600 
22 0.11000 
23 0.11500 
24 0.12000 
25 0.12500 
26 0.13000 
27 0.13500 
28 0.14000 
29 0.14500 
30 0.15000 
31 0.15500 
32 0.16000 
33 0.16500 
34 0.17000 
36 0.17500 
36 0.16000 
37 0.16600 
38 0.19000 
39 0.19500 

7.3.» FIELD CONTOUR MAPS 

For a first overlook on the flowfield at wing section planes, three spanwise sta¬ 
tions were specified to show the characteristic slope of local pressure and Mach number. 
Figs. 7-23 to 7-25 compare the results of all four contributors at the wing sections y/b 
= 0.1, 0.5 and 0.8. They show generally the same overall characteristics but the lines 
obtained for M = 1 are significantly different located. 

7.3.5 COMPARISON OF SECTION CHARACTERISTICS 

From a more conventional engineering point of view the comparison of computed re¬ 
sults at the section surface is of more practical interest. Fig. 7-26 shows the slope of 
local Mach number at three different spanwise sections. At least on the upper surface the 
deviations are remarkable. Especially the shock position is scattering within 51 of the 
chord length. Even the shock strength is predicted different. 

The same tendency can be seen in fig. 7-27 for the static pressure and fig. 7-29 
(cp). Following the lines of 2D test cases, an attempt was made to determine the quality 
of computed results. In fig. 7-28 total pressure losses are plotted and compared with 
each other. 



Obviously due to the development of a double-shock-system the peak values are 
V.1 ■;» The treatment of the first shock close to the leading edge re 

sultan complete different slope. Even negative value, were obtained ¿"two cases. 

present time solutions up to 1 million mesh points are achievable. 

7.3.6 CONVERGENCE HISTORY 

one of the most important questions is the stage of convergence which a particu¬ 
lar ,olutlôn°h.s achieved £fore the iteration process had to stop. Several criteria pro¬ 

posed by different authors have been demonstrated: 

Slope of 
- integrated lift and drag« 
- maximum residual, 
- mean residual, 
- numbe. of supersonic points 

* - ___ ««.„-»Hons or cvcles. Fig. 7-32 compares the convergence rate 
as a function of the f‘0NERA/MATRA The dependence of mesh-grid size can be seen in figs. 

7O33 a:d07-35 wïth rising lesh-grid point, the convergence process needs more 
I'nl mTre iterations ^ computer time 1 ). So it is worthwhile to look for a compromise between 
the no.of field points and the quality of the computational results. 

7.3.7 SECTIONAL COEFFICIENTS 

For practical applications the sectional coefficients are of i”Portan°e- 

representin^the"tip*shape geometry better no integrated local coefficient, have been ob¬ 

tained. 

7.3.8. APPENDICES 

In addition to the figure, ehown before, tabulated data have been 

7-A-l to 7-A-l 2 .how the calculated r.ault. for Mech p/pr ^h.o-c.Íud-^SR-t.ctions 
Figure. 7-A-l3 to 7-A-17 »how the pre.eure di.tribution of ONERA/MATRA at the »o canea a«*. 

plotted in a different »cale for individual coepari.on. 
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y/b » 0.80 

y/b “ 0.10 

ï 

(SO-P/PI INF-LINES (INCR. - 0.025) 



y/b - .50 
y/b-JO 

ONERA/MATRA (la) 

7-25 AOARDWQ07TC11 ONERA M6(M-0J4, a-3.08°) 
COMPARISON OF FIELD PLOTS AT SPANWISE SECTIONS 

ISO-PI/PI INF-UNES (INCR. - 0.008) 
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f\ AQARD WG07 TEST CASE 11 

ONERA MS 
M - .84 a - 3.06° 

DORNIER/JAMESON (2b) “FINE GRID” 

DORNIER (2b) “FINE GRID“ 

- 0.04 

AQARD WG07 TEST CASE 11 

kiMMi ONERA MS 
MBB (4) M-.84 a-3.06“ 

0.041 
0.122 
0.204 
0.286 
0.367 
0.449 
0.S31 
0.612 
0.694 
0.776 
0.857 
0.937 
0.988 

0.3084 
0.3142 
0.3214 
0.3279 
0.3325 
0.3349 
0.3336 
0.3281 
0.3177 
0.3017 
0.2787 
0.2730 
0.2143 

Cd 

0.0517 
0.0363 
0.0288 
0.0241 
0.0204 
0.0172 
0.0142 
0.0111 
0.0081 
0.0050 
0.0020 

-0.0022 
-0.0073 

-0.0655 
-0.0740 
-0.0842 
-0.0961 
-0.1096 
-0.1242 
-0.1393 
-0.1541 
-0.1680 
-0.1807 
-0.1912 
-0.2231 
-0.2046 

y/s - 

0.9875 

0.9600 

0.9300 

0.9000 

0.8700 

0.8375 

0.8000 

0.7500 

0.6950 

0.6500 

0.6100 

0.5675 

0.5225 

0.4800 

0.4400 

0.3950 

0.3450 

0.2950 

0.2450 

0.2000 

0.1550 

0.1100 

0.0650 

0.0200 

Ci 

0.3355 

0.2343 

0.2206 

0.2388 

0.2543 

0.2617 

0.2635 

0.2790 

0.2(31 

0.2894 

0.2941 

0.2964 

0,2971 

0.2964 

0.2952 

0.2939 

0.2913 

0.2(77 

0.2(36 

0.2791 

0.2754 

0.2696 

0.2641 

0.2596 

Cd 
3.0134 

-0.0036 

-0.0087 

-0.0065 

-0.0042 

-0.0031 

-0.0027 

-0.0002 

0.0022 

0.0039 

0.0055 

0.0071 

0.0087 

0.0102 

0.0117 

0.0135 

0.0154 

0.0171 

0.0203 

0.0230 

0.0264 

0.0303 

0.0368 

0.0474 

'-m 

-0.6052 

-0.3756 

-0.3266 

-0.3374 

-0.3434 

-0.3349 

-0.3151 

-0.3115 

-0.2913 

-0.2795 

-0.2684 

-0.2543 

-0.2384 

-0.2232 

-0.2094 

-0.1950 

-0.1792 

-0.1642 

-0.1502 

-0.1384 

-0.1285 

-0.1189 

-0.1109 

-0.1046 
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7.4 ONERA M6 - Test Case 12 

7.4.1 COMPUTATION OF DATA RECEIVED 

As in the previous chapter 7.3 solutions were obtained from the same four contri¬ 
butors: 

- M.Nerón (ONERA) / C.Koeck (MATRA) 

- W.Schmidt (DORNIER) / A.Jameson (PRINCETON) 

- A.Rizzi (FFA) 

- A.Eberle (MBB) 

Table 7-7 presents characteristic dtta used for each calculation in the same way 
as for the previous chapter in table 7-1. Tables 7-8 and 7-9 may be used to check the 
completeness of results provided by each contributor. 

Table 7-7 AQARD TC 12. SURVEY ON DATA OBTAINED 

AGARO WG07 TC12 M - 92 / a - 0' 

CONTRIBUTION MESH OUTER 
BOUNDARY 

cl CD CM (APEX) REMARKS 

NO. COMP. 

TYPE NO. OF POINTS 

Xmin/ 
*MAX 

zM*./ 

‘MIN 
[choro] 

VMAX 
(»AN) X Y 

TOTAL ON 
UPPER 

VING 
SURF. 

X Y Z CHORO 

— 
SECT 

la ONERA/ 
MATRA 

C 0 51 21 17 37 21 -3.5/6 6/0 5 0.0172 
USED FOR 
STANDARD 
COMPARISON 
M6NP4 

1b ONERA/ 
MATRA 

C 0 51 21 17 37 21 -3.5/6 6/0 5 0.0192 
INFL. OF ART. 
VISCOSITY 
M6003B 

2a DORNIER/ 
JAMESOr 

C H 81 17 17 31 13 -a/io 9/-9 2 0.0 0.01938 0.0 
„MEDIUM 
MESHGRID" 

2b DORNIER/ 
JAMESON 

C H 161 33 33 61 25 -8/10 9/-9 2 -0.00003 0.01924 0.00003 „FINE GRID" 

3a FFA 0 0 96 20 20 24 20 -5/6 5/-5 3.5 0.0003 0.0226 
y/b- .06 

.468 

.816 

4 MBB C H 90 21 10 36 13 -3/4 6/-6 2 -.000023 0.0260 0.000016 
y/b- 0.122 

.531 

.776 

7.4.2 DESCRIPTION OF THE NUMERICAL METHOD 

The numerical methods applied to test case 12 were essentially the same like in 
the previous test case 11 prescribed in chapter 7.3.2. 

There is only one case (ONERA MATRA) where some additional information should be 
given: 

Using the fact that the M6 wing is symmetrical, with respect to the (z=0) plane, 
the computational domain is restricted to the upper half-space. The global mesh is of C-0 
type. 

Slip conditions are applied to both the wing surface and the two planes of symme¬ 
try (y - 0 and z * 0) . 

In order to study the effect of varying the artificial viscosity terms two calcu¬ 
lations have been carried out: 

ONERA/MATRA 1a: 

Type A of artificial viscosity is used; the constants are: (Qli, Q11, Qlk) = 
(0.0006, 0.0009, 0.0009); (Q2i, Q2j, Q2k) * (0.1, 0.15, 0.15). 

f- 

ONERA/MATRA 1b: 

The same mesh-grid as for la has been used and orly the type of artificial visco¬ 
sity has been changed. The constants used for type B of the artificial viscosity are: 
Q’f' QJJ' * (0.002, 0.002, 0.002), (Q2i, Q2j, Q2k) * (3.2, 3.2, 3.2) for pu; 
<Q2i, Q2j, Q2k) - (0.8, 0.8, 0.8) for Pv and P„. 

^^9.7-36 shows the representai n of the wing upper surface by the mesh-grid used. 
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Table 7-8 AGARO TC 12, FIGURES REQUESTED AND OBTAINED 

«GARD WG07 TC1I/M-0J2.a-0‘ 

X . INCLUOCD IN RIFORT 
»0O1T0.»LK0T0....U.K... «CT,0«.V«L«L. 

Table 7-9 AGARD TC 12, COMPLETENESS OF CONTRIBUTIONS RECEIVED 

CONTOUR MAPS 
TOTAL COEFF. 

CONTRIBUTION [■ 
UPPER SURFACE LOWER SL RFACE 

COMPANY M 1-P/PINF 1-Pi/PINF •Ti/TINF M 1-P/PINF 1-Pi/PINF •TITINF CL ! Cm Co 

la ONERA/MATRA X X X 
X 

1b ONERA/MATRA X X X 

2a DORNIER/JAMESON X X X X X X X X X 

2b OORNIER/JAMESON X X X X X X X X X 

3a FFA X X X 
X X 

4 MBB 

J_ 1 x 
X X X X X X 

7.4.3 PLANFORM CONTOUR MAPS 

th. oh„“ i; 
"footprints" is achieved within all contributions. 

7.4.4 FIELD CONTOUR MAPS 

cording to Fig*.7-43 to 7-45. 
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7.4.5 SECTION CHARACTERISTICS 

The comparison of calculations of Mach numbers and pressures at constant spanwise 

Figs.7-50, 7-51 and 7-53 demonstrate. 

Even more important is the influence of mesh-grid density according to Figs.7-54 
to 7-55. By the use Sf a finer mesh DORNIER/JAMESON have reduced the total pressure los- 

ses by about 50%. 

7.4.6 CONVERGENCE HISTORY 

5™ b"1 *hl- ~thlns po,,ibls 
in the flowfield which may still be present. 

7.4.7 SECTIONAL COEFFICIENTS 

Except for the tip region the prediction of local drag by DORNIER/JAMESON and 

MBB, Fig.7-59 shows an agreement at least for the slope. 

7.4.8. APPENDICES 

Also for TC 12 tabulated data are added in the appendix which 

to 7-A-27. ONERA/MATRA has, in addition, provided the so-called GARTEUR 

in a different scale on Figures 7-A-28 to 7-A-35. 

follows this chapter, Figures 7-A-18 

sections y/b - 0.2, 0.44, 0.8, 0.96 
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ONERA/MATRA (Ib) 

Fla 7-37 AQARD WG07 TC 12 ONERA M« (M - 0.92 a - 0°) 
I30-MACH-UNE8 flNCR. - 0.0« 
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Fig. 7-30 AQARD WQ07 TC 12 ONERA M« (M - 0.82 a - 0°) 
180-PI/PI INF-UNE8 (INCR. - 0.006) 

UPPER SURFACE 





FFA (3) 

MB8<*> 

Fla 7-41 AQARO WO07 TC12 ONERA M8 (M - 0.92 a - 0“) - 
COMPARISON OF FIELD PLOTS AT 8PANWI8E SECTIONS y/b - 0.1,0JS, 0.8 

ISO-P/PIINF-UNES (INCR. - 0.02¾ 



y/b - 0.10 

ï 

» y/b » .50 

7-43 

y/b » 0.80 

! 

ISO-P1/P1INF-LINES (INCR. - 0.006) 
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y/b - 0.10 
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y/b - 0.80 
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ONERA/MATRA (1b) 

Fifl. 7-44 AGARD WQ07 TC 12 ONERA M6 (M ■ 0.92 a ■ 0°) 

INFLUENCE OF ARTIFICIAL VISCOSITY (ONERA/MATRA) 
l»0 P/PI INF-LINES, FIELD-PLOTS AT SPAN WISE SECTIONS 
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ONERA/MATRA (la) 
ONERA/MATRA (1b) 

Fig. 7-45 AQARD WQ07 TC 12 ONERA M« (M - 0.92 a - 0°) 
INFLUENCE OF ARTIFICIAL VISCOSITY (ONERA/MATRA) 
ISO-PI/PHNF-UNES, FIELD-PLOTS AT SPANWISE SECTIONS 
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0.10- 

Cd 

0.08- 

-\ 0.06- 

w 
\N 

_DORNIER/JAMESON (2b) “FINE GRID" 

-MBB (4) 

■0.04-V- 
N 

.0.02- 

0.2 0.4 .6 K. y/c '.o 

Í 0.02- 

\ N 

\ V 

AGARD WG07 TEST CASE 12 
ONERA M6 

M - .92 a -0° 

DORNIER/JAMESON (2b) “FINE GRID" 

y/s 

MBB (4) 

0.041 
0.122 
0.204 
0.286 
0.367 
0.449 
0.531 
0.612 
0.694 
0.776 
0.857 
0.937 
0.988 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0608 
0.0452 
0.0374 
0.0325 
0.0286 
0.0253 
0.0219 
0.0186 
0.0144 
0.0092 
0.0027 

-0.0036 
-0.0172 

Cm 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.9875 

0.9600 

0.9300 

0.9000 

0.8700 

0.8375 

0.8000 

0.7500 

0.6950 

0.6500 

0.6100 

0.5675 

0.5225 

0.6800 

0.4600 

0.3950 

0.3450 

0.2950 

0.2450 

0.2000 

0.1550 

0.1100 

0.0650 

0.0200 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
0.0 

'•d 

-0.0053 
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7.5 Numerical Solution for Three-Dimensional Cases 
- NASA AMES SWEPT WING (W. Schmidt) 

7.5.1 General outlook on data obtained 

This arrow-type wing with 36°/270 leading edge sweep and an aspect ratio of 7.2 has been only cal¬ 
culated by Dornier. Therefore no comparisons are available and no recommendations can be made rather than 
to use the data presented in the next chapters for future comparisons. To be consistent with the previous 
chapters 7, table 7-10 portrays some overall information about the results from Dornier. 

CON TRIBUT ION MESH OUTER 
BOUNDARY 

Cl CD CM REMARKS 

NO COMP 

TYPE NO. OF POINTS 

•mm' 
"MAM 

Zmar' 

'MIN VMAN 
X V 

TOTAL ON WING US 

X Y Z (MOHO MCT 
|»A*| 

1 DORNIER / 

JAM F JON 
C H 161 33 33 61 25 ♦6,-5 ♦6 2 0.649 0.033 -0.869 

Table 7-10: Results available 

Table 7-11 contains all the contour maps and total coefficients required and provided. All information except 
T^ is provided. 

CONTOUR MAPS 

TOTAL COEFF. 

UPPER SURFACE LOWER SURFACE 

No COMPANY M 1 -P/PINF 1 Pi/PINF 1 T,/T!NF M 1 P/PINF 1-Pi/PINF 1 Ti/TINF Cl cm CD 

1 DORNICR / JAMESON X X X X X X X X X 

MOMENT RFFFRENCE POINT : X » V • Z ■ 0 

Table 7-11: Components required and provided 

Contour maps and total coefficients 

Table 7-12 contains corresponding information for section characteristics. 

CONTRIBUTION SURFACE - PLOTS FIELD - PLOTS LOCAL COE FF. TABULATED DATA 

NO COMPANY 'fit M 
HAmr 

»• 
P./PIN» 

»• 
TMTtNP 

Cp M 
KPINP 

t 
P./PIN» fl/TINf «. Cm Ctf KJC M 

1 
p/ 
PiNF 

t- 
P.Í 
PIMP 

•- 
ill 
TIN» 

Cp 

1 n -X y V X X X X X X 
0 : Y X X X X X 

X X X X X X X 
.0*6 . JL-.H .1_ X X V X X X x' y 

tLä . — -X_ _x_ _x_ ...6,.. _s_ X X í - 

Table 7-12: Components required and provided 

Section characteristics 

7.5.2 Description of method and specification of mesh grid used 

The Dornier/Jameson method used for all three-dimensional cases is basically an extension of the 
method used for the airfoil test cases. The Euler equations are solved by the finite volume multi-stage 
time-stepping scheme described in Ref. 7-4 and 7-12 to 7-15. The scheme used for the present calculations is 

the 4-2 scheme with non-standard coefficients and an evaluation of the dissipative terms twice per complete 

time cycle. The dissipative terms used are the blended 4th and 2nd order terms as discussed already in Ref. 
7-4. 

The mesh is of C-H type and has been generated using the Dornier-mesh generator for complex wing- 

body combinations as described in Ref. 7-12 and 7-14. The J-2-line is wrapped around the wing sections at 

a nearly constant distance based on local chord. The mesh spacing is smoothed using a three-dimensional 

Poisson solver. Details on the location of outer boundaries can be found in table 7-10. The surface mesh can 
be seen in figure 7-60. 
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Figure 7-60 

H*0.833 ALPHA«l.75 
Ming Surface Grid 121 » 25 

Total Grid 161 x 31 x 33 

7.5.3 Contour Maps 

Fig. 7-61 and 7-62 portray the contour plota of constant lines of Mach number for upper and lower 

wing surface correspondingly. This supercritical wing has a large supersonic rone on the upper surface with 

local Mach numbers 1.50 and a rather strong shock from 30Z half span outwards at SOX local chord. The 

shock is swept forward towards the wing tip. The lower surface has local Mach numbers 1.0 and almost 

parallel pattern over a wide range of the wing. 
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Figures 
7-63 and 7-64 show the corresponding results 

for static pressure. The information is quite similar. 
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Figure 7-66 

7.5.4 Section characteristics / field plots 

Details on field plots are not presented here. If for re8ult8 °£ individual 
interest, the contributors from Dornier will offer the corresponding information. 

7.5.5 Comparison of section characteristics (surface plots). 

shock. 

AGARD mn TEST CASE IS 

NASA AMES SWEPT WING 

DORNIER / JAMESON 

M - .833 0-1.75 

WING SECTION MACH NUMBER DISTRIBUTION 

H*0.833 ALPHRal.75 

AGARD •KOI TEST CASE IS 

NASA AMES SWEPT WING 

DOWNIER / JAMESON 

M ■ .833 «-1.7B 

RING SECTION NACH NUNBER DISTRIBUTION 
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WING SECTION HACH NUH6ER DISTRIBUTION 
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WING SECTION MACH NUMBER DISTRIBUTION 
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WING SECTION PRESSURE DISTRIBUTION 

M*0.833 ALPHA-1.75 



-P
/P

I 

I 

7-66 

«• 7 77 fa 7-76 oortray the corre.ponding information for .tatic prea.ure. Except for the 

Retînt y/b1“« W neer the Tip no aignific.nt difference c.n be ..en. 

Figure. 7-77 to 7-81 .how the tot.l pr...»rLlo..e. for ScÄ'.«* 

î^re ïr^îÂ-^nr.Tf “.'^“c^r'e.ult.. e.peci.lly if -e compare with the accur.cy for the 

two-dimen.ional te.t ca.ee. 



7-67 

M«0.833 RLPHfi*1.75 

U1NG SECTION TOTAL PR(SSU«t-LOSS DlSTMiUTION 
N1NG SECTION TOTAL PRESSURE-LOSS DISTRIBUTION 

S 
-K 
Û- 

^-1 

Y/B • 0.25 

Y/B • 0.05 

i-1-r- 
00 1. to I 

X / c 

t 

=°‘ 

X - 

s 

Figure 7-77 

WING SECTION TOTAL PRESSURE-LOSS DISTRIBUTION 

Y/B • 0,<l0 

2 
|o“ 

Rj 

A 

xrixil i H 

•0 00 I.to Ä 1 
¥ / r 

Figure 7-78 

WING SECTION TOTAL PRESSURE-LOSS DISTRIBUTION 

...1. 
Y/B • 0.60 

• 7.t.t.j.r 

M 

i i i 

i i. 
■ '.•.r . i 

«_ 

00 ' lito ' 1 
X / C 

Figure 7-79 
Figure 7-80 

SECTION TOTAL PRESSURE-LOSS DISTRIBUTION 

/\ 
.1. 
.i. 

/ V 'I 
' / . .•*!. .. 

! 

.!.!. .I.1.!. 

: 
.1.I.i .1.j.] 

.;. ! ! 1 ! 
i . 1 ] L 

! ! 1 
■ 

,.4....1. 
.1

. j 

.1.!.;.:. 
.i.!.i.i. 

i i 

't. 

"7. 

-i. 

Figure 7-81 Figure 7-82 

j_ 

si 



7-68 

M-0.833 ALPHA«!.75 

WING SECTION PRESSURE DISTRIBUTION WING SECTION PRESSURE DISTRIBUTION 

7-82 

Finally, the figures 7-82 to 7-86 present the corresponding results in pressure coefficients cp. These 
results are very similar to the p-plots,,only different in scale. 

7.5.6 Comergence history plots 

These results we-e obtained In 1983 using mesh refinements, but not the multigrid technique. In 
each mesh, 40 x 8 x 8, 80 x 16 x 16, and 160 x 32 x 32, 600 cycles were run with an reduction per cycle of 
approximately 0.99. The results can not be claimed to be converged down to machine accuracy, but well 
enough for engineering purposes. Convergence plots are not available. 

7.5.7 Tabulated data 

Table 7-13 presents the listed section lift, drag and moment characteristics, of which fig. 7-88 
to 7-90 are the plotted results. From fig. 7-89 the increase in section drag resulting from the strong shock 
starting at 30Z semispan can be seen. 

Figure 7-85 
Figure 7-86 

Figure 7-84 

V 



7-69 
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y/b ^ 
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The following tables 7-13 to 7-17 contain all the listed data for the sections y/b - 0.05, 0.25, 
0.40, 0.60, and 0.90. The first column contain the absolute x-value of the point with the origin in the 
wing apex and normalized with the root chord, the second column contain the local Mach number, the third 
the total pressure loss normalized with the total pressure at infinity, the next is static pressure, and 
the last the pressure coefficient cp. All data read from lower surface trailing edge to upper surface 
trailing edge. 
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0.46961 
0.45659 
0.44330 
0.43047 
0.41877 
0.40861 
0.39981 
0.39219 
0.38562 
0.37990 
0.37519 
0.37116 
0.36795 
0.36525 
0.36331 
0.36195 
0.36110 
0.36062 
0.36042 
0.36037 
0.36061 
0.36107 
0.36191 
0.36326 
0.36521 
0.36704 
0.37117 
0.37526 
0.30015 
0.39509 
0.39256 
0.40029 
0.40920 
0.41945 
0.431*4 
0.44423 
0.45750 
0.47057 
0.40345 
0.49617 
0.50973 
0.52117 
0.53351 
0.54577 
0.55797 
0.57014 
0.69230 
0.99447 
0.60069 
0.61996 
0.63132 
0.64379 
0.65639 
0.66915 
0.60209 
0.69523 
0.70960 
0.72222 
0.73612 
0.75032 
0.76495 
0.77971 
0.79495 
0.11050 
0.92663 
0.94310 
0.96004 
0.97744 
0.99535 
0.91377 
0.93272 
0.95222 
0.97101 
0.99696 
0.99926 
1.00999 
1.01993 
1.02249 
1.02709 
1.02911 

MACH 

0.65309 
0.63679 
0.62907 
0.61969 
0.61146 
0.60360 
0.60102 
0.60509 

61593 
63154 
65188 
67550 
70063 
72704 
75609 

_ 79241 
0.80637 
0.93003 
0.95422 
0.97703 
0.89902 
0 91784 
0.93401 
0.94622 
* 95357 
0.9570* 
0.95783 
0.95696 
0 95709 
0.95927 
0.96315 
0.96736 
0.96956 
0.96643 
0.96469 
0.96605 
0.96989 
0.97245 
0.97 12<d 
0.96784 

96452 
96173 
95702 
95075 
93755 
91999 
90536 

, 00722 
0.86079 
0.03750 
0 81242 
0.77753 
0.73974 
0.69950 
0.65009 
0.59490 
0.54647 
0.51131 
0.49341 
0.49221 
0.50439 
0.50439 
0.56298 
0.61602 
0.68969 
0.79301 
0.39660 
0.99906 
1.09039 
1.17607 
1.23091 
1.24092 
1.26849 
1.29109 
1.29141 
1.26624 
1.26229 
1.26246 
1.26300 
1.26163 
1.25935 
1.25745 
1.25719 
1.25935 
1.26251 
1.26567 
1.26715 
1.26036 
1.27006 
1.27170 
1.27292 
1.27236 
1.27225 
1.27463 
1.20029 
1.29701 
1.29932 
1.29560 
1.29200 
1.20249 
1.20491 
1.28539 
1.29314 
1.29111 
1.21119 
1.20367 
1.28969 
1.29704 
1.29452 
1.20717 
1.01267 
0.96724 
0.94269 
0.03214 
0.91364 
0.79123 
0.76141 
0.74140 
0.71607 
0.69190 
0.65319 
0.65359 

0.00934 
0.00450 
0.00100 
0.00204 
0 0*099 
0.00167 
0 0*144 

00210 
002*7 
00192 
00241 
00224 
002 37 
00287 
00329 
00324 
00340 
00361 

. 0*401 
0 00447 
0 00454 

00515 
00550 
00600 
00610 
00645 
00638 
00610 
00626 

. 00603 
0 00646 
0.0*697 
0.0*699 
0 00685 
0.00687 
0 *07*9 
0.0*775 
0.00900 
0.00013 
0.00851 
0 00079 
* 00939 
0 00966 
0.01069 
001013 
0 01062 
0 01361 
0.01275 
0.01332 
0.01769 
0.01747 
J.01869 
0 02088 
0.02157 
0 01984 
0.01609 
0.01411 
0.01168 
0.01181 
0.01209 
0.01373 
0.01373 
0.01671 
0.01046 
0.02404 
0.02017 
0.03586 
0.03909 
0.03600 
0.03712 
0.03290 
0.03307 
0.02243 
0.02327 
0.02370 
0.01996 
0.01921 
0.01065 
0.01820 
0.01791 
0.01710 
0.01726 
0.01609 
0.01699 
0.01697 
0.01699 
0.01724 
0.01671 
0.01717 
0.01660 
0.01706 
0.01691 
0.01719 
0.01714 
0.01730 
0.01696 
0.01747 
0.01736 
0.01722 
0.01727 
0.01749 
0.01701 
0.01010 
0.01500 
0.01541 
0.01145 
0.01930 
0.01616 
0.02141 
0.02062 
0.04194 
0.03349 
0.03003 
0.03131 
0.03104 
0.03067 
0.03134 
0.02055 
0.02599 
0.02299 
0.02997 
0.02997 

1-0/MNr 

0.25664 
0.24227 
0.23376 
0 22974 
0.22392 
0.21957 
0.21775 
* 22083 
0 22743 
0.23701 
0.25017 
a 26502 

29118 
29907 
31764 
33469 
35034 
36592 

.38171 
0.39719 
0 41*90 

423 1 3 
43356 
44152 
4461 9 
44952 
44901 
44930 

..44047 
0.44971 
0.45236 
0.45527 
0.45601 
0.45462 
0.4S3SS 
0.45451 
0.45727 
0.45999 
0.45029 
0.45641 
0.45450 
0.45313 
0.45092 
0.44699 
0.43042 
0.42766 
0.42017 
0.40917 
0.39169 
0.37961 
0.36339 
0.34189 
0.31929 
0.29431 
0.26140 
0.22553 
0.19527 
0.17315 
0. 16329 
0.16286 
0.17099 
0.17099 
0.20703 
0.24019 
0.28994 
0.35170 
0.42169 
0.49597 
0.54352 
0.59041 
0.61702 
0.62649 
0.63102 
0.64319 
0.63965 
0.62970 
0.62752 
0.62740 
0.62753 
0.62670 
0.62629 
0.62436 
0.62409 
0.62521 
0.62679 
0.62933 
0.62920 
0.62961 
0.63062 
0.63123 
0.63200 
0.63167 
0.63172 
0.63293 
0.63673 
0.63099 
0.64021 
0.63936 
0.63659 
0.63670 
0.63901 
0.63940 
0.63742 
0.63639 
0.63660 
0.63701 
0.64069 
0.64349 
0.63932 
0.60316 
0.50133 
0.40015 
0.39099 
0.39470 
0.37295 
0.35966 
0.34271 
0.32566 
0.31076 
0.29020 
0.26993 
0.26993 

C0 
0.39306 
0.39960 
0.42733 
0.44033 
0.45962 
0.47333 
0.47922 
0.46925 
0.44701 
0.41660 
0.37405 
0.32596 
0.27341 
0.21540 
0.15514 
* 09995 
0.04902 

-0.00119 
-0.05274 
-0.1*296 
-0.14712 
-0.18714 
-0.22*97 
-0.24691 
-0.26194 
-0.26953 
-0.27109 
-0.26990 
-0.26936 
-0.27337 
-0.28197 
-0.29141 
-0.29303 
-0.20930 
-0.20592 
•0.20896 
-0.29799 
-0.30347 
-0.30119 
-0.29512 
-0.20992 
-0.29446 
-0.27697 
-0.26453 
•0.23674 
•0.20103 
-0.17754 
•0.13061 
-0.09511 
•0.04592 
0.00670 
0.07650 
0.14990 
0.23003 
0.33759 
0.45397 
0.65217 
0.62394 
0.65592 
0.66730 
0.63093 
0.63093 
0.51402 
0.40646 
0.24502 
0.04462 

-0.10247 
•0.39070 
-0.57773 
-0.72997 
-0.81620 
-0.04690 
-0.06423 
•0.90113 
-0.99639 
-0.05760 
-0.95029 
-0.94999 
-0.95030 
-0.04762 
-0.94302 
-0.94003 
-0.93913 
-0.94279 
-0.04709 
-0.96291 
-0.05174 
-0.95704 
-0.06035 
-0.96230 
-0.86402 
-0.06374 
•0.96399 
-0.96790 
-0.97690 
•0.99717 
-0.99146 
•0.08944 
•V.07969 
-0.09031 
-0.90431 
•0.00997 
-0.99241 
-0.979ft 
•0.97971 
-0.99)99 
-0.99301 
-0.90209 
-0.99999 
•0.77124 
-0.44099 
•0.13999 
-0.09196 
•0.06270 
-0.02432 
0.02236 
0.07379 
0.12911 
0.17790 
0.24419 
0.31317 
0.31317 

Table 7-13 
Table 7-14 



7-71 

MACH 

! «66651 
: 9.1472( 
I 9.(3372 
> 9.(17(( 
* 9.(9(92 
I 9.((2(9 
I 9.(1((( 
F 9.(((94 
i 9.((17( 
* 9.(943( 
* 9.(22(2 
I 9.64((7 
» 9.(79(2 
*■ 9.69996 
» 9.72732 
* 9.7(((1 
I 97(2(7 
! 9.(1913 
» 9.(3(97 
1 9(66(7 
r 9.((1(2 
I 9.(1497 
I 9.(3561 
I 995521 
i 9.96(21 
» 9.(7232 
» 9.(7193 
J 9 96742 
‘ 9.(4399 
» 9.(6lj' 
r 9.96379 
1 9.96582 
1 9.96367 
i 9.9573: 
* 9.95973 
* 9.9479( 
S 9.94992 
I 9.95924 
1 9.94(95 
i 9.94231 
* 9.93423 
I 9.92695 
7 9.921(2 
I 9 92382 
f 9.91871 
I 9.99199 
7 9.89756 
) 9.(9619 
J 9.(7214 
! 9(5(93 
* 9.84473 
1 9.(1264 
1 9.77811 
7 9.737(4 
! 9.67(33 
» 95922( 
! 9.51472 
' 9.45297 
* 9.49(84 

9.39379 
' 9.49399 
I 9.49399 

9.4(419 
i 9 55(73 
* 9.65(14 
I 9.76262 
* 9.85974 

9.9597( 
' 1.9(734 
' 1.1(379 

1.24312 
I 1.2(144 
Í 1.2(299 
I 1.31(39 
! 1.39(3( 
1 1.297(9 

1.299(( 
1.399(4 
1.39994 

' 1.39991 
i 1.29(12 
I 1.2(774 

1.20(3 
1.2(((( 
1.2(239 
1.29((( 
1.29744 
1.29((4 
1.2(341 
1.291(( 
1.291(8 
1.29291 
1.2929( 
1.29(93 
1.39491 
1.31218 
1.31(84 
1.3144( 
1.31439 
1.31923 
1.32774 
1.33((8 
1.34189 
1.3482( 
1.35532 
1.3((28 
1.37781 
1.397(4 
1.41399 
1.43381 
1.38224 
1.14397 
9.84979 
9.78724 
9.78(89 
9.7712( 
9.74714 
9.72(11 
9.79293 
9.(893( 
9.(4(29 
9.(4(29 

1-71/7187 
9.997(( 

-9.99924 
-9.994(2 
-9 99339 
-9.99(22 
-9 99(94 
-9.(9(3( 
-9.9947( 
-9 (94(4 
-9 («594 
-9.99451 
-9 99461 
-9.99439 
-9 99386 
-9.89318 
-9.99292 
-9 99279 
-9 99186 
-9 99121 
-9 99943 
-9 0999( 
9.09943 
9 08125 
9.09217 
9 09244 
0 09243 
0.00258 
9 09229 
9 09147 
0 09133 
9 09166 
0 00162 
9 09163 
9 09104 
9 0095( 
9 00927 
9.90047 
9 0906( 
0.90073 
9 90987 
9.00037 

-9.00936 
-0.0004( 

0 0023( 
0 00050 

-9 00155 
« 00532 
0 09434 
0 00093 
0 0114( 
0 0093( 
0.01239 
0.017(7 
0.91903 
0.01(13 
9.00753 
0 00589 

-9.00161 
-0.0935( 
-0.004(( 
-0.00391 
-9.00391 
-0.009(1 
0.00490 
0.01114 
9.01(70 
0.02700 
0.02(92 
9.01970 
9.02034 
0.920(4 
9.017(0 
0.00413 
9.09((( 
0.09((( 
0.09234 
0.092(( 
0.09290 
0.092(4 
0.902(9 
0.90349 
0.90339 
0.99414 
9.9941( 
9.99479 
9.90(32 
9.09(11 
0.90(30 
0.90(37 
9 90((3 
0.00(72 
9.00(27 
9.00(3( 
0.90((1 
0.90(7( 
0.00(4( 
0.00713 
0.00(88 
0.09702 
0.00(77 
0.0070( 
0.00714 
0.00734 
9.00(90 
0.00771 
0.00(11 
0.0091( 
0.0032( 
0.011(2 

-0.00((1 
0.03349 
0.0434( 
00(021 
0.04(2( 
0.049(7 
0.049(( 
0.0490( 
0.04449 
0.04((4 
0.03977 
004114 
0.04114 

Table 7-15 

MACH 

1 0.8(89( 
1 0.(49(( 
1 0.(3(12 
I 0.(2177 
> 0.(1012 
I 0(5(39 
I 0.(9149 
> 0.59113 
I 0.59777 
I 0.60994 
I 0(2799 
I 0 65010 
• 0.67399 
I 0.69958 
I 0.72622 

0.7C9i 
0.776J0 
0.80143 

' 0(2(30 
0.((35( 
0.(7370 

i 0.(9043 
0.906(1 
0.9213( 
0 93214 
0.93737 
0.93777 
0.93(4( 
0.93190 
0.93005 
0.93130 
0.93360 
0.9335( 
0.93041 
0.92((4 
0.924(( 
0.92447 
0.92413 
0.92212 
0.91793 
0 9120( 
0.90595 
0.901(2 
0.901(2 
0(9(71 
0.8(10( 
0.(7(3( 
0.(7338 
0.(52(( 
0.(3(2( 
0.82(52 
0.797(5 
0.7((02 
0.72((2 
0.(6(41 
0.(9230 
0.(1(27 
0.4(097 
0.40(14 
0.39010 
0.403(1 
0.403(1 
0.49(23 
0.(7992 
0.(((07 
J.7913( 
0.((393 
0.97(0 
1.09((4 
1.20433 
1.24731 
1.2(140 
1.27917 
1.302(( 
1.29072 
1.2(309 
1.284(( 
1.2((19 
1.2((13 
1.2((7( 
1.28473 
1.28150 
1.28074 
1.28(17 
1.2927( 
1.298(3 
1.30133 
1.301(( 
1.30121 
1.3009( 
1.30117 
1.30308 
1.30(81 
1.31222 
1.31948 
1.32(81 
1.32848 
1.32723 
1.32773 
1.333(8 
1.34224 
1.3(01( 
1.3((40 
1.3(127 
1.3(849 
1.379(3 
1.3922( 
1.4111( 
1.428(8 
1.44341 
1.38494 
1.111(2 
0.79439 
0.7(1(2 
0.7(2(3 
0./(149 
0.729(9 
0.70929 
0.(9710 
0.((4(2 
0.(3241 
0.(3241 

Table 7-16 

I 
4 

*■ 



MC MACH 

l.4«||7 f.71«iS 
I.40749 f.11771 
I.4«S«2 «.S7II4 
I.40117 0.(5710 
1.35715 0.(4574 
1.35272 0.(3345 
1.31(1( 0(25(2 
1.37700 0.(2523 
1.3(754 0.(3121 
1.35775 0.(4235 
1.34750 0.((023 
1.33137 0.(1213 
1.32513 
1.32017 
1.31147 
1.30235 
I.23475 
I.20(71 
1.2710( 
i.27120 

70400 
72735 
75111 
77341 
73531 
01323 
045(( 
0(347 

1.2(3(3 0.00550 
1.25(35 0.03(37 
1.24314 0.307(4 
1.24207 0.31377 
1.23513 0.3301( 
1.22030 0.33731 
1.22157 0.34132 

340(9 
33(49 
93300 
93105 

1.21493 
1.20037 
1.20100 

19545 
1.10906 0.932(2 
1.10270 0.93424 
1.17(37 
1.17004 
1 .1(371 
1.15737 
1.15099 
1.14450 
1.13012 
1.13159 
1.12499 
1.11030 
1.11151 
1.10462 
1.09706 
1.09173 
1.00637 

93542 
93564 
93447 

0.9317( 
0.92005 
0.92(46 
0.92413 
0.92197 
0.92031 
0.91029 
0.91469 
0.90723 
0.09(42 
0.09001 
0.00501 

1.08170 0.07060 
1.077(3 0.05774 
1.07409 
1.07103 
1.06837 
I.06609 
I.06417 
1.06258 
1.06129 
1.06031 

0.04748 
0.02051 
0.00059 
0.7(072 
0.70575 
0.(3054 
0.56721 

49385 
1.05966 0.43358 
1.05929 0.40878 
1.05913 0.42181 
1.05910 0.42181 
1.05929 
1.05966 
1.06031 
I.06126 
1.06250 
1.06402 
1.06587 
1.06809 
1.07070 
1.07372 
!.07721 
1 .08124 

.08587 

.09118 
2.09728 

10400 
1 1086 

1.117(2 
1 .12420 
1.13087 
1.13730 
1 .14303 
1.15023 
1 .15659 
I .1(293 
1 
1 
1 

1(926 
1 7550 
10191 
10827 

1 . 194(6 
1.20110 
1.20759 
1.21416 
1.22081 
1.22756 
1.23441 
1.24139 
1.24850 
1.25575 
1.2(315 
1.27073 
1.27048 
1.20(43 
1.29459 
1.30295 
1.31154 
1.32038 
1.3294( 
1.33800 
1.34841 
1.35020 
1.3(045 
1.37024 
1.30(51 
1.39290 
1.39804 
1.40199 
1.40509 
1.40751 
1.40057 

0.53617 
0.64102 
0.75794 
0.05300 
0.94260 
1.04494 
1.17178 
1.25621 
1.26124 
1.26417 
1.28718 
1.29(93 
1.28452 
1.28019 
1.28033 
1.27(96 
1.27386 
1.27233 
1.2(949 
1.26495 
1.2(219 
1.26270 
1.2(367 
1.2(396 
1.2(276 
1.25091 
1.25224 
1.24333 
1.23715 
1.23594 
1.23757 
1.23041 
1.23582 
1.22920 
1.22007 
1.21052 
1.20409 
I. <•««/ 
1.20574 
1.20255 
1.19449 
1.18(07 
1.17962 
I.1(300 
1.11(24 
1.00358 
0.05277 
0.70319 
0.78725 
0.80415 
0.79993 
0.77(32 
0.74009 
0.72(24 
0.70143 
0.(7562 
0.(4506 
0.(2061 
0.58907 
0.58907 

1-H/HHF 

0.00241 
-0.00723 
-0.01030 
•0.00003 
-0.01001 
•0.00971 
-0.00952 
-0.00791 
-0.00780 
-0.00731 
-0.00(71 
-0.00549 
-0.00'45 
•0.00404 
-0.0/410 
-0.f0306 
-0.00339 
-0.00255 
-0.90109 
-0.^0014 
•0.0^020 
-0.00726 
-t.Bâtât 
-0.00007 
-0.00015 
0.00005 

-0.00003 
-0.00084 
-0.00156 
-0.00246 
-0.00316 
-0.00385 
-0.00422 
-0.00479 
-0.00498 
-0.00550 
-0.00(03 
-0.00(47 
-0.00689 
-0.00741 
-0.007(5 
-0.00753 
-0.00731 
-0.00(59 
-0.00(67 
-0.00720 
-0.00435 
-0.00251 
-0.00415 
0.00279 
0.00488 
0.00450 
0.01029 
0.01340 
0.01(29 
0.01500 
0.01140 
0.00386 

-0.00103 
-0.00210 
-0.00029 
-0.00029 
0.00928 
0.01145 
0.03031 
0.03598 
0.03762 
0.03433 
0.02(10 
0.03121 
0.02841 
0.02090 
0.01547 
0.01741 
0.01491 
0.01280 
0.01338 
0.01330 
0.01290 
0.01334 
0.01450 
0.01(04 
0.01774 
0.01999 
0.02277 
0.02510 
0.02016 
0.03089 
0.0344( 
0.03791 
0.04174 
0.04583 
0.05007 
0.05420 
0.05049 
0.0(202 
0.067(2 
0.07270 
0.07704 
•.»14*1 
0.08051 
0.09449 
0.09943 
0.10466 
0.10972 
0.11(37 
0.12(69 
0.13293 
0.13133 

12135 
0.119(2 
0.12229 
0.12253 
0.12150 
0.11975 
0.11090 
0.11944 
0.11593 
0.11(01 
0.10931 
0.1134¿) 
0.11343 

1-0/MHf 

0.20730 
0.26591 
f.25342 
0 24550 
B.ZiZZi 
0.22934 
0.22455 
0.22550 
0.22939 
0.23(03 
«.24093 
0.*6322 
0.2/310 
0.29371 
0.30933 
0.32406 
0.330(9 
0.35490 
0.37299 
0.38900 
0.3993t 
0.40*26 
0 413(2 
0.42134 
0.42790 
0.43293 
0.43542 
0.43418 
0.43112 
0.42039 
0.42725 
0.42735 
0.42017 
0.420(0 
0.428(3 
0.42759 
0.42556 
0.42345 
0.42168 
0.41989 
0.41836 
0.41737 
0.41(19 
0.41430 
0.40946 
0.40217 
0.39972 
0.39012 
0.38728 
0.38323 
0.37790 
0.3(022 
0.35(35 
0.33272 
0.29446 

.25141 

.20525 
.15(80 
.12027 
10(81 
11493 

. 11493 
. 18534 
. 25019 
.33731 
.40079 
.45709 

0.51629 
0.58343 
0.62908 
0.63050 
0.62911 
0.63843 
0.(4389 
0.63692 
0.63401 
0.63430 
0.(3260 
0.(3094 
0.(3031 
0.(2934 
0.(2765 
0.(2692 
0.(2003 
0.(2957 
0.(3059 
0.(3116 
0.(3029 
0.(203( 
0.(2526 
0.62368 
0.(2469 
0.(2716 
0.(2919 
0.(2960 
0.(2011 
0.(2549 
0.(2206 
0.(2214 
».itiki 
0.(2493 
0.(2783 
0.(2595 
0.(2442 
0.62302 
0.(1810 
0.59917 
0.54385 
0.45993 
0.41397 
0.41513 
0.42(58 
0.42432 
0.41013 

CP 

0.25356 
0.32296 
0.3(349 
0.38910 
0.41704 
0.441(2 
0.45717 
0.45407 
0.44145 
0.41732 
0.37005 
0.33171 
0.20277 
0.23277 
0.18210 
0.13430 
0.00(04 
0.03425 

•?.02446 
-0.07(39 
-0.11000 
-0.13239 
-0.15(27 
-0.18131 
-0.202(2 
-0.21092 
-0.22701 
-0.22300 
-0.21304 
-0.20419 
-0.20051 
-0.20083 
-0.20350 
•0.20480 
-0.20497 
-0.201(1 
-0.19501 
-0.18016 
-0.10243 
-0.17(62 

39325 
37977 
3(599 
34003 
33279 
31305 
29943 

.17166 

.1(843 
-0.164(3 
-0.15849 
-0.14276 
-0.11914 
-0.11119 
-0.10598 
-0.07082 
-0.05767 
-0.04039 
0.01698 
0.02953 
0.10620 
0.23033 
0.37000 
0.51979 
0.67696 

.79549 

.03917 

.81281 

.81281 

.58439 

.37396 

.09132 

.11466 
-0.29732 
-0.48938 
-0.70722 
-0.85533 
-0.85995 
-0.85542 
-0.88568 
-0.90338 
-0.80079 
-0.87134 
-0.87227 
-0.86676 
-0.86139 
-0.05934 
-0.05(17 
-0.85071 
-0.04031 
-0.05193 
-0.05(91 
-0.86024 
-0.0(209 
-0.85928 
-0.85299 
-0.84296 
-0.03782 
-0.84109 
-0.04910 
-0.85570 
-0.05703 
-0.05210 
-0.043(8 
-0.03515 
-0.03203 
-• .i*m 
-0.04036 
-0.05127 
-0.84517 
-0.84023 
-0.035(9 
-0.01990 
-0.75030 
-0.57001 
-0.30(53 
-0.15740 
-0.1(119 
-0.19032 
-0.19100 
-0.14497 
-0.09019 
-0.04(45 
-0.00173 
0.05394 
0.10596 
0.17004 
0.21421 
0.21421 
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7.5.8 Conclusions - NASA Ames Swept Wing 

We recall that the objective of the Working Group has been to find solutions of whose numerical 
accuracy we can be reasonably confident, rather than to recommend the use of any particular method. Since 
for this case, only one result was obtained, recornnendations are very difficult. There exists no compari¬ 
sons, neither with theory nor with experimental data. A detailed analysis of the results is therefore not 
possible. We can only argue that based on experience with other solutions we believe the solution to be 
quite accurate from the engineering point of view. The spurious total pressure losses at the wing leading 
edge and the behaviour at the wing tip need finer numerical resolution to draw conclusions. If can be re¬ 
commended to use the present solution as a guideline, but we hesitate to call it exact solution. 
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APPENDIX 7A 

Test Case 11 

Figure No. 

7-A-l 
7-A-2 
7-A-3 

7-A-4 
7-A-5 
7-A-6 

7-A-7 
7-A-8 
7-A-9 

7-A-10 
7-A-l 1 
7-A-l 2 

7-A-l 3 

7-A-l 4 
7-A-l 5 
7-A-l 6 
7-A-l 7 

Test Case 12 

Figure No. 

7-A-l 8 
7-A-l 9 

7-A-20 
7-A-21 

7-A-22 
7-A-23 
7-A-24 

7-A-25 
7-A-26 
7-A-27 

7-A-28 
7-A-29 
7-A-30 
7-A-31 

7-A-32 
7-A-33 
7-A-34 
7-A-35 

I 
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ONERA/MATRA (la): ONERA M6 (M ■ 
tabulated values 
tabulated values 
tabulated values 

ONERA/MATRA (2a): ONERA M6 (M ■ 
tabulated values 
tabulated values 
tabulated values 

R1ZZI/FFA (3a): 
tabulated values 
tabulated values 
tabulated values 

EBERLE/MBB (4): 
tabulated values 
tabulated values 
tabulated values 

■ 0.84, alpha — 3.06*) 
y/b-0.10 
y/b - 0.50 
y/b - 0.80 

■ 0.84. alpha - 3.06*) 
y/b-0.10 
y/b-0.50 
y/b — 0.80 

ONERA M6 (M - 0.84. alpha - 3.06*) 
y/b - 0.077 
y/b - 0.468 
y/b-0.816 

ONERA M6 (M - 0.84, alpha - 3.06*) 
y/b-0.122 
y/b-0.351 
y/b - 0.776 

ONERA/MATRA (la): ONERA M6 (M - 0.84, alpha - 3.06*) 
y/b - 0.20 
y/b — 0.44 
y/b-0.80 
y/b - 0.96 

tabulated values for cp 
tabulated values for cp 
tabulated values for cp 
tabulated values for cp 

ONERA/MATRA (la): ONERA M6 (M 
pressure distribution 
pressure distribution 
pressure distribution 
pressure distribution 

■0.84, alpha-3.06*) 
y/b-0.20 
y/b — 0.44 
y/b — 0.80 
y/b — 0.96 

ONERA/MATRA (la): ONERA M6 (M - 0.92, alpha - 0*) 
tabulated values y/b — 0.10 and 0.50 
tabulated values y/b — 0.80 

ONERA/MATRA (lb): ONERA M6 (M - 0.92, alpha - 0*) 
tabulated values 
tabulated values 

RIZZI/FTA (3): 
tabulated values 
tabulated values 
tabulated values 

EBERLE/MBB (4): 
tabulated values 
tabulated values 
tabulated values 

y/b-0.10 and 0.50 
y/b - 0.80 

ONERA M6 (M - 0.92, alpha - 0*) 
v/b — 0.0 /7 
y/b-0.468 
y/b-0.816 

ONERA M6 (M - 0.92, alpha - 0*) 
y/b-0.122 
y/b —0.531 
y/b-0.776 

ONERA/MATRA (la): ONERA M6 (M ■ 
pressure distribution 
pressure distribution 
pressure distribution 
pressure distribution 

ONERA/MATRA (lb): ONERA M6 (M ■ 
pressure distribution 
pressure distribution 
pressure distribution 
pressure distribution 

■0.92, alpha-0*) 
y/b-0.20 
y/b — 0.44 
y/b — 0.80 
y/b-0.96 

■0.92, alpha 0*) 
y/b-0 20 
y/b — 0.44 
y/b-0.80 
y/b — 0.96 
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AGARD WG07 TEST CASE 11 
ONERA M6 

M - .84 a - 3.06 

DORNIER/JAMESON (2a) “MEDIUM GRID” y/b - 0.10 

1 
2 
3 
4 
5 
G 
7 
8 
9 

1« 
1 1 
12 
13 
14 
15 
IS 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

57 
58 

XC 

0.70644 
0.69913 
0.67997 
0.65022 
0.61434 
0.57935 
0.54631 
0.51506 
0.48541 
0.45719 
0.43023 
0.40434 
* .37935 
0.35509 
0.33138 
0.30805 
0.28492 
0.26182 
0.23857 
0.21500 
0.19094 
0.16621 
0.14249 
0.12282 
0.10783 
0.09653 
0.08831 
0.08281 
0.07961 
0.07824 
0.07960 
0.08281 
0.08831 
0.09653 
0.10783 
0.12281 
0.14249 
0.16621 
0.19094 
0.21500 
0.23857 
0.26182 
0.28491 
0.30804 
0.33138 
0.35508 
0.37935 
0.40434 
0.43023 
0.45719 
0.48541 
0.51506 
0.54631 
0.57935 
0.61434 
0.65022 

0.67996 
0.69913 

YC 

0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
». 13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 
0.13500 

0.13500 
0.13500 

MACH 

0.66220 
0.65430 
0.69942 
0.73143 
0.78430 
0.82335 
0.84957 
0.87506 
0.90066 
0.92631 
0.94761 
0.96175 
0.96722 
0.96567 
0.35789 
0.94577 
0.93118 
0.91520 
0.89864 
0.88188 
0.86504 
0.84737 
0.82738 
0.80674 
0.78986 
0.78238 
0.77286 
0.68886 
0.55388 
0.44048 
0.50264 
0.64158 
0.83431 
1.03396 
1.10646 
1.03461 
0.96527 
0.95773 
0.95017 
0.95135 
0.95909 
0.97096 
0.98522 
1.05064 
1.01729 
1.03430 
1.05300 
1.06987 
1.08799 
1.09603 
1.09676 
1.05146 
0.96253 
0.82082 
0.74915 
0.71185 

0.66064 
0.60337 

1-PI/PINF 

0.01911 
0.03081 
0.02292 
0.02729 
0.02741 
0.02551 
0.02654 
0.02589 
0.02685 
0.02668 
0.<12654 
C.02540 
0.02443 
0.02324 
0.02215 
0.02136 
0.02080 
0.02051 
0.02057 
0.02089 
0.02171 
0.02296 
0.02464 
0.02656 
0.02648 
0.02710 
0.01520 
0.00208 
0.00250 

-0.00018 
-0.00223 
-0.00086 
0.00210 
0.01152 
0.07959 
0.11385 
0.11460 
0.11558 
0.11414 
0.11320 
0.11301 
0.11326 
0.11352 
0.11390 
0.11402 
0.11488 
0.11460 
0.11675 
0.11482 
». 11987 
0.11471 
0.12817 
0.11907 
0.13018 
0.12575 
0.12431 
0.12759 
0.12387 

1-P/PINF 

0.26914 
0.27300 
0.29523 
0.31849 
0.35202 
0.37552 
0.39277 
0.40842 
0.42503 
0.44086 
0.45392 
0.46195 
0.46475 
0.46316 
0.45779 
0.44988 
0. 44052 
0.43039 
0.42005 
0.40969 
0.39955 
0.38914 
0.37752 
0.36567 
0.35492 
0.35059 
0.33654 
0.27343 
0.19016 
0.12460 
0.15659 
0.24121 
0.36764 
0.49831 
0.57237 
0.55060 
0.51315 
0.50950 
0.50449 
0.50462 
0.50884 
0.51557 
0.52359 
0.53224 
0.54135 
0.55095 
0.56077 
0.57071 
0.57923 
0.58576 
0.58370 
0.56670 
0.51409 
0.44117 
0.39753 
0.37538 
0.34910 
0.31493 



AGARD WG07 TEST CASE 11 
ONERA M6 

M - .84 a - 3.06° 

DORNIER/JAMESON (2a) “MEDIUM GRID” y/b - 0.50 

xc vc MACH 1-PI/PINF 1 -P/P INF 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
60 
51 
52 
53 
54 
55 
56 
57 
58 
59 

0.81120 
0.80514 
0.78925 
0.76459 
0.73484 
0.70583 
0.67843 
0.65252 
0.62793 
0.60454 
0.58218 
0.56071 
0.53999 
0.51988 
0.50022 
0.48087 
0.46169 
0.44254 
0.42327 
0.40372 
0.38377 
0.36327 
0.34360 
0.32729 
0.31487 
0.30549 
0.29868 
0.29412 
0.29146 
0.29033 
0.29146 
0.29411 
0.29867 
0.30549 
0.31486 
0.32728 
0.34360 
0.36327 
0.38377 
0.40372 
0.42326 
0.44254 
0.46169 
0.48087 
0.58022 
0.51987 
0.53999 
0.56071 
0.58218 
0.60454 
0.62793 
0.65252 
0.67843 
0.70583 
0.73484 
0.76459 
0.78925 
0.80514 
0.81120 

0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50259 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
¢.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0 50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 
0.50250 

0.67006 
0.66290 
0.70667 
0.73584 
0.78308 
0.81661 
0.83825 
0.85702 
0.87482 
0.89377 
0.91241 
0.92925 
0.94211 
0.95017 
0.95200 
0.94802 
0.93989 
0.92893 
0.91646 
0.90332 
0.88967 
0.87469 
0.85714 
0.83797 
0.82058 
0.81085 
0.79666 
0.70658 
0.57146 
0.47937 
0.55373 
0.70587 
0.92409 
1 .16157 
1.27815 
1.19618 
1.08323 
1.07563 
1.05610 
1.03644 
1.02592 
1.02899 
1.03905 
1.05204 
1.06772 
1.08827 
1.10497 
1.11119 
1.06780 
0.96834 
0.82144 
0.74697 
0.73191 
0.71394 
0.68827 
0.65855 
0.61122 
0.55887 
0.52916 

0.01531 
0.02760 
0.01908 
0.02379 
0.023/7 
0.02161 
0.02270 
0.02224 
0.02284 
0.02278 
0.02321 
0.02331 
0.02377 
0.02421 
0.02462 
0.02525 
0.02593 
0.02672 
0.02765 
0.02867 
0.02983 
0.03101 
0.03213 
0.03336 
0.03351 
0.03341 
0.02108 
0.00641 
0.00899 
0.00441 

-0.00047 
0.00201 
0.00359 
0.61338 
0.'0065 
0.16949 
0.16729 
0.16442 
0.15917 
0.15551 
0.15153 
0.14841 
0.14623 
0.14357 
0.14162 
0.13792 
0.13814 
0.13417 
0.14315 
0.13784 
0.14446 
0.14067 
0.14059 
0.14020 
0.14222 
0.14095 
0.14719 
0.14622 
0.14573 

0.27123 
0.27589 
0.29704 
0.31883 
0.34848 
0.36874 
0.38319 
0.39480 
0.40642 
0.41830 
0.43022 
0.440^6 
0.44897 
0.45419 
0.45554 
0.45345 
0.44883 
0.44251 
0.43532 
0.42776 
0.41994 
0.41129 
0.40100 
0.389’4 
0.37891 
0.37273 
0.35567 
0.28790 
0.20584 
0. 14929 
0.18765 
0.28429 
0.42619 
0.57242 
0.66566 
0.65581 
0.60184 
0.59673 
0.58445 
0.57265 
0.56523 
0.56522 
0.56930 
0.57465 
0.58171 
0.59035 
0.59883 
0.60009 
0.58249 
0.52759 
0.45068 
0.40660 
0.39814 
0.38787 
0.37514 
0.35793 
0.33729 
0.30938 
0.29406 

Figure 7-A-5 
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AGARD WG07 TEST CASE 11 
ONERA M6 

M = .84 a * 3.06° 

DORNIER/JAMESON (2a) “MEDIUM GRID" y/b - 0.80 

xc VC MACH 1-PI/PINF 1 -P/P INF 

1 0.88753 
2 0.88238 
3 0.86887 
4 0.84791 
5 0.82262 
6 0.79796 
7 0.77467 
8 0.75264 
9 0.73175 

10 0.71186 
11 0.69285 
12 0.67460 
13 0.65699 
14 0.63989 
15 0.62318 
16 0.60674 
17 0.59044 
18 0.57416 
19 0.55777 
20 0.54116 
21 0.52420 
22 0.50677 
23 0.49005 
24 0.47618 
25 0.46563 
26 0.45766 
27 0.45186 
28 0.44799 
29 0.44573 
30 0.44477 
31 0.44573 
32 0.44799 
33 0.45186 
34 0.45766 
35 0.46562 
36 0.47618 
37 0.49005 
38 0.50677 
39 0.52420 
40 0.54116 
41 0.55777 
42 0.57415 
43 0.59043 
44 0.60673 
45 0.62318 
46 0.63989 
47 0.65699 
48 0.67460 
49 0.69285 
50 0.71186 
51 0.73175 
52 0.75264 
53 0.77467 
54 0.79796 
55 0.82262 
56 0.84790 
57 0.86887 
53 0.88238 
59 0.88753 

0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 
0.77000 

0.68133 
0.67325 
0.71582 
0.74247 
0.78711 
0.81768 
0.83746 
0.85468 
0.87184 
0.89077 
0.91012 
0.92802 
0.94216 
0.95161 
0.95490 
0.95231 
0.94528 
0.93507 
0.92312 
0.91031 
0.89670 
0.88136 
0.86277 
0.84180 
0.82223 
0.80932 
0.79197 
0.69981 
0.56647 
0.48512 
0.76469 
0.72341 
0.95143 
1.19924 
1.33390 
1.25043 
1.12956 
1 .13000 
1.12510 
1.11385 
1.09833 
1 .08854 
1.08958 
1.09190 
1.08675 
1.05713 
0.98425 
0.86539 
0.78413 
0.76662 
0.75250 
0.73406 
0.71104 
0.68655 
0.65777 
0.62619 
0.57710 
0.52334 
0.49511 

0.01196 
0.02504 
0.01610 
0.02159 
0.02084 
0.01987 
0.02078 
0.02062 
0.02128 
0.02142 
0.02196 
0.02218 
0.02266 
0.02311 
0.02352 
0.02415 
0.02485 
0.02570 
0.02671 
0.02783 
0.02908 
0.03035 
0.03149 
0.03271 
0.03296 
0.03247 
0.02059 
0.00606 
0.00977 
0.00523 
0.01467 
0.00304 
0.00110 
0.01392 
0.10374 
0.19058 
0.18603 
0.18200 
0.17508 
0.17063 
0.16667 
0.16326 
0.16004 
0.15830 
0.15504 
0.15622 
0.15289 
0.15606 
0.15680 
0.15425 
0.15437 
0.15419 
0.15483 
0.15489 
0.15736 
0.15703 
0.16436 
0.16544 
0.16546 

0.27586 
0.28041 
0.30071 
0.32151 
0.34942 
0.36830 
0.38147 
0.39231 
0.40358 
0.41561 
0.42806 
0.43935 
0.44838 
0.45446 
0.45671 
0.45547 
0.45154 
0.44572 
0.43891 
0.43161 
0.42388 
0.41507 
0.40413 
0.39174 
0.37959 
0.37115 
0.35237 
0.28331 
0.20349 
0.15314 
0.33094 
0.29632 
0.44205 
0.59296 
0.69119 
0.68770 
0.63260 
0.63099 
0.62557 
0.61820 
0.60890 
0.60251 
0.60150 
0.60181 
0.59773 
0.58350 
0.54424 
0.48220 
0.43812 
0.42678 
0.41909 
0.40884 
0.39671 
0.38343 
0.36978 
0.35278 
0.33319 
0.30754 
0.29418 
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r/B = 0o20 

x/c 
laO 

AQARD WG07 TEST CASE 11 
ONERA M6 

M = .84 a - 3.06° 

ONERA/MATRA 

Oo8 -1 

0 = 6 - 

0 = 4 -1 

0 = 2 -i 

-0 = 2 - 

-0=4 -> c 

-0 = 6 -j 

j 

-0 = 8 -j 

-1 = 0 -I 
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8 NUMERICAL SOLUTIONS FOR THREE-DIMENSIONAL CASES - DELTA WINGS (J.H.B. SMITH) 

8. l Motivation 

The problems of the design of swept wings for transport aircraft flying at tran¬ 
sonic speeds can be approached through the study of aerofoil sections and through the 
use of the potential flow approximation. In contrast, there are two specific aspects of 
the design of combat aircraft which are essentially three-dimensional, and for which the 
representation of rotational flow and of shock waves of finite strength are necessary. 
These aspects are the estimation of supersonic wave drag and the prediction of vortex 
flows. In principle, both aspects may arise together in predicting the performance of 
an aircraft at its limits of Mach number and lift coefficient; but in practice the two 
aspects tend to arise separately, since the manoeuvres which give rise to strongly rota¬ 
tional flows are not sustainable at Mach numbers much above unity, and when they are 
executed the vortex drag is usually much greater than the wave drag. It is therefore 
not unrealistic to consider these two aspects of the solution of the Euler equations 
separately, and the cases selected by the Working Group reflect this approach. What 
must be remembered in examining the outcome is that the potential of the numerical solu¬ 
tion of the Euler equations for predicting wave drag has been recognised for fifteen 
years, while its potential for describing vortex flows has only become apparent in as 
many months. It would therefore be entirely unrealistic to expect to find calculations 
of vortex flows which approach the accuracy achievable in calculations of flows about 
symmetrical, non-lifting bodies. 

Wings of delta planform present the real problems of estimating wave drag and 
representing vortex flows in their simplest form. Any method of calculation aiming to 
contribute to these problems should be capable of performing well on such simple shapes. 
On the other hand, there is no evidence that reliable solutions for such simple shapes 
already exist. The Group therefore decided to seek solutions for wings of delta 
planform for conditions which are relevant to wave-drag estimation and vortex-flow 

prediction. 

For a shape which is reasonably slender, at a Mach number sufficiently greater 
than unity, the flow is supersonic everywhere, so that there is no upstream influence, 
and the flow can, in principle, be calculated by a space-marching method. Slightly more 
restrictive assumptions of the same kind ensure that the component of the flow parallel 
to some fixed axis is also supersonic, so that the flow in each plane normal to this 
axis is independent of the flow in all planes further downstream. This means that the 
evolution of the flow in the direction of the axis can be calculated plane by plane, 
with an effort and an accuracy comparable to those needed for, and provided by, two- 
dimensional time-accurate calculations. Since the purpose of the Group was to seek 
solutions of high quality, to which reference would be made by future developers of 
methods, it was decided to Include at least one flow of this kind. 

The final considerations affecting the choice of case are that the shape should be 
simple, and that experimental measurements should exist. The first makes it easy to 
ensure that the description of the shape is complete and unambiguous, and makes it 
possible for all potential computors to represent the shape in their programs. The 
second, while not strictly necessary and perhaps even irrelevant to the assessment of 
the accuracy of inviscid calculations, does provide an assurance that solutions judged 
to b'e mathematically accurate are not in serious conflict with physical reality. 

The choice of cases can now be viewed in the light of these criteria. Number 13, 
the Butler wing (see Fig 5-8) at zero incidence at a Mach number of 2.5, presents a very 
simple problem related to the prediction of wave drag at a Mach number likely to be of 
practical concern. Its shape is analytically described, and has been the subject of 
earlier calculations, see Refs 8-1 to 8-3, at a higher Mach number. Measurements of 
surface pressure exist at both Mach numbers in Refs 8-1 and 8-4. The velocity component 
parallel to its axis is everywhere supersonic, so space-marching techniques can be used. 
The apex of the wing is a circular cone, so starting conditions for the marching process 
are readily obtained. However, the accurate prediction of the complete flow is far from 
simple, as demonstrated in Ref 8-2, largely because the transverse component of the 
surface curvature increases indefinitely as the trailing edge is approached along the 
leading edge. (Note that there is a typographical error in the definition of the wing 
shape in Ref 8-2.) 

Number 14, the Dillner wing (see Fig 5-9) at 15* incidence and a Mach number of 
1.5, presents a simple problem relevant to the prediction of vortex flows. The shape is 
analytically described. Measurements of pressure on the surface and velocity in the 
field have been made, together with oil-flow observations of the skin-friction lines on 
the surface, see Ref 8-5. The sharp leading edges of the wing define the origins of the 
free shear layers in the real flow, and provide an unambiguous signal to a numerical 
method capable of representing separation phenomena. The velocity is probably just 
supersonic everywhere, so that a space-marching solution might be possible. The angle 
of incidence is large enough for the structure of the leading-edge vortex to b- approxi¬ 
mated on a grid fine enough to represent the shape of the wing. Number 15 is the 
Dillner wing again at 15* incidence, but at a Mach number of 0.7. The points made above 
still apply, except that space-marching is ruled out. Comparative calculations using 
the vortex-sheet model in the Prandtl-Glauert framework, as implemented at Boeing, 
Ref 8-6, and NLR, Ref 8-7, become possible. 
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8.2 Butler wing - case 13_ 

8.2.1 Solutions received 

Solutions were received fro™J^^Aerospat 1^1^re¿?éctivelyrPro£ G- "0«ttl 
M M Fenain and M.J. Lordon from ONERA and A® p walkden from the University of 

ico« »Kfohnio ín'«î •" ? *pr„rcS; A. 

therefore be dl8=u3^dfÍündethe tow shock by fitting. The cross-sections of 

rddt^r;hõcS form£grid one faLly. 

^iStion^^he^srco^^efng^onTgrid formed by ^^i^^iS^d ftofsoíutíons: in two 

“"referred to as We. Of these solutions, only Z,'e been modified from 
values of the drag ooeffielent. All t correspondence. The modifications ®PP®a^ 

;; ;.r.; «.ô. » th*’ 
revision of the pressure calculations. 

The numbers of U"« «J f^11^ c?oss-sêct!onnof'the"tod^^including^he 

number of p!.« o5 .U®try, and n is the number of grid lines 

the ^"shtokrnd^the1^ including both of them. 

—^^ 

c FLl FL2 FL3 Mol Mo 2 Wal Wa2 Wa3 Wa4 We 

m 

n 

m/n 

61 

30 

2.0 

60 

15 

4.0 

84 

21 

4.0 

140 

35 

4.0 

49 

13 

3.8 

97 

13 

7.5 

41 

25 

1.6 

41 

49 

0.8 

81 

25 

3.2 

81 

49 

LLi!_ 

73 

33 
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^ futth,r 

8.2.2 Description of methods used 

Dr Chaussee writes! 

„ i.. p„..n. «.«.. ;h.r9- 
The algorithm is o0038177^^,,'r accu-acy in the marching plane, 

and can have second-order accuracy 

"Implicit boundary conditioners are"spatiallî^second-n 

the theory of characteristics P igtg 0f the bow-shock wave» whic Ji*.;nnc 
Lk ArPLirate. The outer boundary consists tne initial conditions 

^ “ Tr 
::,.1. «ich. eh... » - —“ 
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body is flattened. t . angles Intersects the 

iui’ ., -,., 
- - - - - -—w 

line9* . lines of step (iv). 
^iat-ributed along the straight lines or 

(v) Equispaced points are ^ (y) are repeated.- 

(vi) At the next marching step, step 

mm. Fenain and Lordon write« «„viscid stationary flow 

-A finite-volume ^^“cidence^nd^ Mach ^•^„^„‘conserOativrform. The 

:“p.r»:uoiw 01 ., f*'“" i, an— 1”“ 
-T, «,,..„1 u.ia. —a, ,. .——«„■’•¿‘T.''.,,, 

::::: r-7 ‘HrsÆ s-äss - « • » “ ‘ -1 ---- 
latëd explicitly along the marching -lamentarv 

_ r sj» —Oz-xr-mapVc tVDÔ ^ 
ipiicitiy .1.™ ., »"B1™ [or ,, ,, .1....,« 

volumes, «hile t*'® shock belong to a m®s whiCh takes into account the 
facets discretizing the bo . .. difference scheme whlcl? snecial treatment of the 

thieve that, we have d9“"e^ei° mg to the wing. 
Í ancv at the four points belonging a gpecial 

'Given the geometrical .d^f inition^of ^the^utle^w^ 

tion which is a 3ood. aPPr°ade ï>f hyperbolae ortho?ona,_^ The hyperbolae intersect the 
we - const, the ™afc°rVes surrounding the wing. planes. Several 
wing and of points in «nS the^w shoch were 

the other. . ieading edge. It becomes 

-A slight asymmetry of the results ^“’^ted to the »^“^freTatio 

r;;:v" “ 

More details will appear i8 ba9ed on Ref 8-3. 

The following ::::;c7=^ .ingia ^^^«pr.dicto^ 

::^ar,r,á,9t 

s., i,.« - u - * u, ,., i-.,- íT:;':r.s:*» “““«“‘ï» 
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The external boundary is the bow shock, which is fitted. At it, the Rankine- 

Hugoniot conditions are applied, together with one characteristic equation. The treat¬ 

ment at shock and body points follows the method of Ref 8-13. More details, together 

with calculated examples, are given in Ref 8-3. 

Prof Walkden writes: 

"The method used has been described in Ref 8-14. It is an explicit marching tech¬ 

nique for computing steady, inviscid, three-dimensional supersonic flows. Equations 

based on characteristic relations derived from the equations of motion after splitting 

the three-dimensional operator are used as the basis of a finite-difference approxima¬ 

tion. General coordinate systems specified by subroutines defining a transrormation 

between physical and working space are allowed. The energy equation is not used 

explicitly in the method. The numerical approximation is to first order. The bow 

shock, which is the outer boundary of the calculation, is fitted as a discontinuity. 

The appropriate Taylor-Maccoll solution for flow past a cone has been used to provide 

initial data to start the marching process. 

"The mesh used in the calculation (Wal) is the same as that used for a detailed 

study of the Butler wing at a Mach number of 3.5. The results of this study are 
described in Ref 8-2. There is no reason to suspect that the solution is so different 

in the present case that further detailed examination would be necessary. Mesh 
intervals have been halved in both directions without noticeable effect on the results. 

Also the distribution of points between body and shock has been varied without effect. 

The mesh consists of a uniform computation space bounded by symmetry planes, body 

surface and bow shock. An algebraic transformation between the working space and a 

cylindrical polar space is defined for 0.2 < x/c < 0.6. In the region 0.6 < x/c < la 

transformation between working space and a Cartesian space is used. In the calculation 

(Wal) the total number of points in each cross-section, consisting of one quadrant, is 

525. The number of mesh points on the body jurface is 7140." 

Details of Dr Welland's method may be found in Refs 8-15 and 8-16. His complete 

solution has been issued as Ref 8-17. 

8.2.3 Assessment of solutions 

Contributors were asked to present their solutions in tabular and graphical form. 

The graphical presentation serves to draw attention to major features of the solution 

and to summarize large quantities of information. The solutions received are, in 

general, very close, so that assessment requires the use of the tabulated data. This 

was requested in planes 20», 60» and 95» of the length from the apex. All contributors 

supplied data in planes sufficiently close to these for direct comparisons to be 

meaningful. 

The quantities requested were static pressure (in the form 1 - p/p ^ where 

subscript i denotes the total, or isentropically-achieved stagnation, value, and 

subscript - denotes the value in the undisturbed stream), the pressure coefficient 

(C « (p - p.i/ipJT), the Mach number, the total pressure (in the form 1 - P^Pj^ J. ant3 

the total temperature. There should be no variation in the total temperature, neither 
across the shock nor in the isentropic flow downstream of it. Of the five contributors, 
only Walkden and Weiland quoted values for the total temperature. Walkden found a 
variation which increased along the length of the wing to about 1» of the freestream 
total temperature; Welland's variation is about ten times smaller. No further account 
will be taken of the values of total temperature. 

Upstream of the 20» station, the wing takes the form of a circular cone at zero 

incidence, so the flow field depends on a single coordinate only, and it should be 

possible to obtain it accurately. Guidance is available from the tables of Kopal 

(Ref 8-18) and Jones (Ref 8-19) and the charts (Ret 8-20) based on Kopal s tables. All 

contributors did obtain similar values, which will be examined in detail later. 

Further downstream errors will be larger, partly because the solution depends on 

the other coordinates and partly because the thinner cross-sections of the *¡ln9 towards 
the rear impose a more severe test on the adequacy of the computing grid. Nonetheless, 

all contributors produced results for the static pressure and Mach number which are in 

reasonable agreement. To illustrate this, the entire range of values of 1 - p/p^ 

from the eleven solutions of the five contributors is shown in Fig 8-2. In order to 

display the values near the leading edge, they are plotted against the eccentric angle, 

arc costy/a(x)). Fig 8-2a, for the 60» section, shows a very encouraging situation, 

with only a small spread of values. At the 95» station. Fig 8-2b, the situation is not 

as good, particularly near the leading edge, where the cross-section =i the wing is very 

highly curved, as is clear from Fig 8-1. Fig 8-3 shows, in the same way, the range of 

values of the local Mach number at thr same two stations. Again, the agreement is 

closer at 60» than at 95». There is more difference between contributors estimates of 

the Mach number than between their estimates of the static pressure, measuring the 

difference in each case in terms of the total variation of the quantity across the span. 

The same trend, to incur larger errors in Mach number than in static pressure, can be 

seen in the two-dimensional results discussed in chapter 6. A more detailed examination 

of these results is deferred until the drag predictions have been examined. 

» 
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Drag values have been provided by three of the five contributors. 
A drag 

coefficient C •C - DAj-s 

and S * planform area, 

in section 8.2.2: 

"was^sought, «here D > drag, q. * freestream kinetic pressure. 

The values contributed are, using the nomenclature introduced 

FLl 

0.05918 

FL2 

0.05942 

FL3 

0.05956 

Wal 

0.0593 

Wa2 

0.0597 

We 

0.05939 

The overall range of these values is leas than 1%, „which is isf a^tory. s 

Moreover, the availability of results y ., f ze[0 Spacing, and the 'exact' 

resultt^'ciearly^'the'values^from ?enain and Lordon on three grids of the same propor¬ 

tions offer the best chance of successful extrapolation. 

How is the extrapolation to be performed? f 

introduced by replacing a continuous p ..Y,,,, nf the local error as a power series 
of the exact solution, leading to a representation th gfore seems inevitable that, 
in the discretization interval spacing). It therefore see ^ almen¬ 

ar approx ima te°sol u tion°at be repreLntable in the form 

f(x,h) * f(x,0) + ajlxih + ajixih + a 3<x)hJ (8-1) 

1, » i. sufficiently -11. 

However, it i. .« el-y. » Oet.r.in. the order of .ecur.c, of . -thod pr.o •• 

»hen oonsidering the dreg, .. ... th.t the lnt.gr.tlon proo... eli.in.te. the 

dependence on x , and Eq.(8-1) becomiss 

F ( h ) 
2 .J . 

F (0) + 83h + a2h + a3h + 

TH. reeult. ,L provide velue, of ,1») for three v.iue. o, h . "i ' B2 ’ "3 ‘ Tl““ 

ere Ju.t enough to d.t.rein. the li.it ,(01 ■£“<> “•»“»"“i 
expression is specified. The forms to be considered are therefore 

F(h) = F(0) + amhm + anhn , m < n . <8 2) 

It is suggested that the following considerations should motivate the choice of 

and n. 

(a) 

(b) 

(c) 

(d) 

(e) 

n and n should be as small as is consistent with the other 

considerations. 

The contribution of F(h) from anh 
should be less than that from amh 

for as many as possible of h^, h2, h3 , and at least for h hj 

The variation of F(h) from h = 0 to h - ^ should be nonotonic. 

The coefficients a and should be of the same sign. 

The same values of m and n should apply to all the elements (such as 

drag ^pressure? etc) of a particular set of solutions. 

It will not, in general, be ^reconsiderations, ^nd^^ is 

not proposed to offer a formal justifie accuracy. (b) arises because, for 
bility of encountering a method of a or - ^ negligible, so that 

the representation to be meaningful, ^ ^ stronger form (d), are based on 

successive terms should b«00*« < a property which would hold if the process 
experience with numerical methods. (e) is a property w.. 
truly reflected the orders of the errors in the calculation. 

h , 7Refhere.T h° -he3 'may*be"associated* with*the*sol* t ions ÎIT. 
little’algebra produces the following relations for the three smallest pairs of values 

for **> and ne 

If m » 1, n * 2s 

/P(°)\ 

»1 

a2 , 

15 

-8 

-42 

20 

5.9583 

0.003 

-0.00125 
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i 
« 

using for F 

If m = 

the values of CD tabulated above multiplied by 100. 

2, n 3: 

F ( 0 ) 

a 2 

\ a3 

-5ÏF 

225 

-49 

-882 

158 

1225 

-109 

-20 12 

F ( 7 )\ 

F ( 5 ) 

5.9627 

I-0.000616 

F ( 3 ) / \-0.0000423 

If 2, n 

Í F(0)\ 

4: 

* 

1_ 
T527T 

450 

-68 

-2205 

290 

3675 

-222 

-5 

F ( 7 ) 

F ( 5 ) 

\f<3) 

5.9632 

-0.000769 

-0.0000031 

m = 1, n » 

(8-3) 

2 . Both cases 

leads to a 
The considerations (b), (c) and (d) above rule out the case m 

with m » 2 satisfy (b), (c) and (d). However, the case with n 

smaller contribution from anhn , so it is to be preferred. It also produces satisfac¬ 

tory results for other elements of the solution for which m * 2, n = 3 fails. 

Consequently, in view of considerations (a) and (e), the form Eq.(8.2) with its outcome 

Eq.(8-3) , is accepted for the extrapolation of the FL solutions. 

The estimate of drag provided by Eq.(8-3) appears to be the best that can be made 

from the FL calculations. However, it can be supplemented by a minimum error band based 

on the round-off error implied by the form of the numbers on which the extrapolation is 

based, viz 0.0005 in 100 CD, and the amplification introduced by the extrapolation. 

Writing iF(7) » -AF(5) - AF(3) =■ 0.0005 in Eq.(8-3), we find AF(0) - 0.0016. Hence 

the best estimate based on the FL calculations iss 

(5.9632 ± 0.0016) x 10 
,-2 

(8-4) 

The drag values Wal, Wa2 and We cannot be expected to lie within this tiny error band of 

0.03%, since they are based on non-zero grid spacings. Reference to the table in 

section 8.2.1 shows that the numbers of grid lines in the two directions in the We grid 

are closest to those in the FL2 grid, so the best that can be expected is that the drag 

values will be similar. In fact, the difference is 0.05%, so it appears that We is 

consistent with the estimate Eq.(8-4). The proportions of the grids Wal, Wa2 are both 

quite different from FL and We, so direct comparisons are dubious. Wal has about the 

same number of grid points as FL1 and the drag values differ by 0.2%. Wa2 has about the 

same number of grid points as FL2, but the proportions are totally different: the drag 

values differ by 0.5%. Since the grid in Wa2 is only refined in one direction from Wal, 

it is not possible to extrapolate to zero grid spacing from these two solutions. In 

fact it will be seen later that Wa2 is not significantly more accurate than Wal. 

Accordingly, it appears that the evidence from Wal and Wa2 does not conflict with 

Eq.(8-4), though it cannot be said to support it. 

From this detailed study of the contributed drag values, it is provisionally 

conclude:" that Eq.(8-4) is a reference value; and that the method FL is second-order 

accurate over most of the wing, with Eq.(8-3) being a suitable extrapolation formula for 

the results. 

Let us now return to our examination of the results in the stations at 20%, 60% 

and 95%, starting with a more detailnd examination of the 'conical' solutions at 20%. 

The adjacent table shows the values quoted. No evidence of grid dependency was 

1 - P/Pi 

C_ 
P 

N 

1 - Pi/Pj 

0.8847 

0.2219 

2.061 

0.006 

FL 

0.8856 

0.2182 

2.064 

0.0116 

Mo 

0.8857 

2.079 

-0.0116 

Wa 

0.8856 

0.2182 

2.064 

0.0114 

We 

0.8855 

2.056 

0.0116 

M 

provided. The solutions C, FL, Mo and Wa are axisymmetric. We shows small variations 

round the surface, changing the value of 1 - P^/P^ by 1 bbe last figure quoted. 

The value of 1 - Pi/Pi for C has been read from a plot. 

Because the differences between these tabulated values are small and because the 

Working Group omitted to specify the value of the adiabatic index, y , it is necessary 

i - ¡¿•íPvff' 

¡.«¡La 

' -tUtF - - 
Í 
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to consider the possibility that the differences arise from the use of different -ai.^es 
of y • The use of y * 1*4 is now almost universal, but the cone-flow tables (8-18) 
are for y * 1.405. The values of C and 1 - p/p ^ quoted by C, FL and Wa are 

* 00 

consistent with y * l*4 , but not with y * 1.405 , so it is clear that those solutions 
were obtained with y = l*4 • Moretti, in Ref 8-3, makes comparison with Jones 
(Ref 8-19), who used y “ 1.4 , rather than with Kopal (Ref 8-18), who used y = 1.405 , 
which suggests he also uses y * 1.4 . The effect of a change in y from 1.4 to 1.405 
can be assessed by comparing Refs 8-18 and 8-19. It is very small. As will be shown 
below, the discrepancies in the table above appear to originate elsewhere. 

The differences between the solutions FL, Wa and We are small, and all are 
consistent with interpolation procedures applied to the published tables and charts. 
Ref 8-18 to 8-20. Coincidentally, at the time this assessment was being undertaken, a 
first-order calculation method somewhat resembling that of Moretti was being developed 
by K. Taylor at RAE, Farnborough. The first solutions, for cone flow, showed that the 
results of Ref 8-18 could be reproduced by a linear extrapolation of Taylor's results to 
zero grid spacing. It therefore appears justifiable to quote, and use as a reference, 
the same extrapolation of Taylor's results for the cone which forms the apex of the 
Butler wing at a Mach number of 2.5. These are: 

i - -e- 0.885585 1 - 
Pi 0.01143 , 2.0636 

and the associated shock angle is 29.695’, all for y = • 

All the contributors provided contour plots in cross-flow planes close to the 20% 
station, and by measuring these, values of the shock angle can be obtained as: 
29.6’ (C), 29.7’ (FL), 29.9’ (Mo), 29.9’ (Wa), 29.8’ (We). 

In view of the limited accuracy of plotting and measuring, these values are 
consistent with all the contributors having found the shock angle correctly. Chaussee's 
contour plot at the 22% station shows a variation in 1 - P^/P^ from a level between 

00 

0.011 and 0.012 at the shock to a level close to 0.006 on the wing. The solutions FL, 
Mo, Wa and We indicate no variation in total pressure between shock and wing, so it 
appears that the change in total pressure across the shock has been found with consider¬ 
able accuracy by all the contributors, but that the Mo value has been quoted with the 
wrong sign. However, in the isentropic flow downstream of the shock, the relation: 

1 + 
l-Y/(7-l) 

(8-5) 

should apply. From this (with y = 1.4), and the values of M and Pj/Pi quoted in 
00 

the table above, values of 1 - p/p^ are obtained which agree exactly with those 
00 

tabulated for FL, Mo and Wa. For C the value is 0.8845 instead of 0.8847, and for We it 
is 0.8842 instead of 0.8855. The agreement for FL and Wa supports the accuracy of these 
solutions. The agreement for Mo shows that the sign error In (1 - Pj/P¿ ) is not just 

00 

at the output stage, but affects the relationship between the quoted values of Mach 
number and static pressure. Comparison with other solutions, in particular with 
Taylor's, suggests the Mach number is more affected than the static pressure. The small 
discrepancy of C is not surprising, since, as mentioned above, the flow downstream of 
the shock is not isentropic. The discrepancy for We cannot be explained further. His 
contour plots of Mach number and static pressure at the 20% station are consistent with 
the quoted values on the wing and with values deduced from the shock relations, but they 
are not sufficiently detailed to establish whether the error occurs across the shock or 
between the shock and the wing. Comparison with the other solutions suggests that the 
error, as with Mo, is in the Mach number rather than the static pressure. 

From this examination of the results at the 20% station it is concluded that there 
are features of the solutions C, Mo and We which make them inferior to FL and Wa. 
However, the effects of these deficiencies are very small, particularly on the static 
pressure. It is also concluded that all the solutions are consistent with the use of 
Y “ 1.4 . 

Further downstream the flow remains isentropic and, since the entropy should be 
uniform over the conical nose, the entropy should be uniform over the whole wing 
surface. It is therefore important to examine the values of the total pressure quoted 
by the contributors. Since the discrepancies differ by orders of magnitude, a tabular 
presentation is most convenient. Since increases as well as decreases in total pressure 
arise, a useful indication of solution accuracy is provided by the variation in total 
pressure across the span at the two specified stations, 60% and 95%. Another useful 
indication is the maximum difference from the best estimate of (1 - P^/P^ ) * C.0114 . 

00 

Both quantities are shown in the adjacent table. 

/ 
r— 
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Variation in Pj/P^ 
00 

(l - Pi/P, ) - 0.0114 
«* max 

Station 60% 95% 60% 95% 

C 

FL1 
FL2 
FL3 

Mol & 2 

Wal 
Wa2 
Wal 
Wa4 

We 

0.085 

0.0005 
0.0003 
0.0001 

<0.0001 

0.0056 
0.0051 
0.0033 
0.0029 

0.0018 

0.227 

0.0568 
0.0363 
0.0196 

Ü.0001 

0.0417 
0.0418 
0.0287 
0.0296 

0.0335 

0.125 

0.0006 
0.0004 
0.0002 

-0.0230 

0.0C43 
0.0044 
0.0023 
0.0023 

0.0011 

0.352 

0.0258 
0.0234 
0.0120 

-0.0230 

0.0401 
0.0409 
0.0275 
0.0288 

0.0316 

It is clear that the error in C is substantially larger than those in the other 
solutions, so it will not be considered further. The absence of variation in Mo is 
striking. It arises because Morretti treats the entropy as a primary variable, and the 
equation he solves for it is in conservation form. It is unfortunate that the surface 
value is conserved at its wrong initial level. The other three sets of solutions, FL, 
Wa and We, show a rather similar type of behaviour. Among them, FL3 has the lowest 
error levels at both stations. At the 60% station, the FL solutions are very good in 
themselves and, in addition, show a convincing convergence behaviour as the grid spacing 
is reduced. A marked deterioration has occurred by the 95% station. The values for the 
overall variation are affected by errors near the leading edge, which will be discussed 
later. The error in the maximum loss of total pressure, in the last column, does show a 
reasonable convergence - Eg.(8-3) yields an extrapolated value at zero grid size of 
0.0021. The error in Wa shows no consistent improvement with an increase in the number 
of grid lines between the wing and the shock, between Wal and Wa2 and between Wa3 and 
Wa4. This explains why no attempt was made above to extrapolate the corresponding drag 
values from Wal and Wa2. The reduction of the error by about a half between Wal and Wa3 
and between Wa2 and Wa4 at the 60% station is what would be expected from a first-order 
method if the error were dominated by the grid spacing round the cross-section. Walkden 
describes the method as first-order in section 8.2.2. Some additional source of error 
appears to affect the results at 95%. One feature of the Wa results not brought out by 
the tabulation is that the total pressure is correct at the leading edge, where other 
calculations have significant errors. A final connection between the grid and the error 
in total pressure is also brought out by the Wal insults. These were supplied at 
closely spaced lengthwise stations, so the growth of the error can be examined. In the 
adjacent table are shown the variation in P^/P^ across the section, multiplied by 

00 
4 

10 i and below, the differences, which indicate the increase in error from 

x/c 
Error 
Increase 

0.3 
0 
0 

0.35 
2 
2 

0.4 
5 
3 

0.45 
9 
4 

0.5 
19 
10 

0.55 
34 
15 

0.6 
56 
22 

0.65 
106 
50 

0.7 
160 
54 

0.75 
218 
58 

0.8 
278 
60 

0.85 
335 
57 

0.9 
383 
48 

0.95 
417 
34 

the previous station. There is clearly an increase in growth rate at x/c > 0.6 . This 
is the station at which there is a change in the way the grid is constructed, see 
section 8.2.2. 

From this examination o¿ total pressure it is concluded that Morettl's method has 
the potential to predict total pressure correctly; that the solution FL3 appears to be 
accurate at the 60% station; that all solutions have significant errors at the 95% 
station; and that extrapolation of the FL and Wa solutions to zero grid spacing has 
possibilities. 

Let us now look again at the static pressure and Mach number at the 60% and 95% 
stations, but now omit the results C, FL1, FL2, Mol, Wal, Wa2 and Wa3, each of which is 
known to be inferior to one of the other results. Fig 8-4 shows the plot for 1 - p/p^ 

at 60% and 95%, while Fig 8-5 shows the corresponding plot for Mach number. On each, 
the complete curves are shown for Wa4 and We; Mo2 is shown where it differs from both 
these two; and FL3 where it differs from all the previous three. As expected, in 
comparison with the plots of the same quantities in Figs 8-2 and 8-3, the spread of the 
solutions has been reduced. (t.ote that Fig 8-5a is on a larger scale than Fig 8-3a. ) 
It is also clear that, as before, the agreement is closer on pressure than on Mach 
number, and closer at 60% than at 95% (note that Fig 8-5a is on a larger scale than 
Fig 8-5b). Figs 8-4b and 8-5b suggest that the slopes of the curves for We do not 
vanish at the centre line and leading edge, as regularity and symmetry require. 
Examination of the velues in the adjacent table confirms this impression. On the other 
hand, away from the centre line and leading edge, the FL, Mo and We solutions lie close 
together, with the Wa solution significantly different. 



I 

H-Sl 

arc cos y/a(x) 90* 87.5* 85.0* 0* 1.8* 3.7* 

1 - P/Pi 
as 

M 

0.9721 

2.972 

0.9726 

2.986 

.7,9735 

3.008 

0.9435 

2.518 

0.9477 

2.572 

0.9565 

2.692 

The spread between the curves in Figs 8-4 and 8-5 is still rather large, and some 
other approach is needed in order to generate confidence in the accuracy of one or more 
of the solutions. In view of the success achieved so far, extrapolation to zero Qtid 
spacing is worth attempting. Three contributors provided results on different grids. 
Moretti's two grids are the same up to the 60% station, and beyond that the number of 
grid lines is doubled in one direction only. Systematic extrapolation from Mol and Mo2 
is therefore impossible, but since the differences between them are small, this is not a 
serious disadvantage. The FL and Wa solutions will now be examined. 

With the FL solutions there are two difficulties! there are no points common to 
all three of the solutions! and the solutions behave in an irregular way near the 
leading edge at the 95% station. The absence of common points means that an interpola 
tion in the spanwise direction is needed before the extrapolation to zero grid spacing 
is possible. This process will be carried out for the extreme values! the pressure 
maxima at the centre line and the leading edge, and the pressure minimum which lies 
between them. The difficulty at the leading edge of the 95% station is apparent from 
Fig 8-6, in which the symbols show the calculated static pressure values very near the 
leading edge. The calculated values are slightly different at corresponding points on 
the upper and lower surfaces, given by positive and negative values of the abscissa. 
The pressure maximum therefore lies just below the symmetry plane, though there is only 
a very small difference between the pressure at the leading edge and the maximum. M°re 
serious for the present purpose is the irregular variation, most obvious in Fig 8-6 for 
FL2 on the positive (upper) side. FLl behaves similarly, as is apparent over a rather 
larger range of values. FL3 behaves smoothly to graphical accuracy, but it must be 
assumed that a similar latent irregularity is present. It is clear from Fig 8-6 that 
the best that can be done is to extrapolate either the leading-edge values or the 
pressure maxima as read from a plot of this kind, with the understanding that there is a 
degree of arbitrariness in the way it is drawn. 

Interpolation for the other extreme values is a much more reliable process. 
The first three lines in the adjacent table show the values obtained. 

1 - P/Pi 
00 

Station 60% 95% 

Location 
Centre 
line 

Suction 
peak 

Leading 
edge 

Centre 
line 

Suction 
peak 

Leading 
edge 

FLl 
FL2 
FL3 
FL- 

Wal 
Wa2 
Wa3 
Wa4 
Wa« 

Mo2 

We 

0.96527 
0.96532 
0.96532 
0.96532 

0.9647 
0.9651 
0.9648 
0.9651 
0.9653 

0.9652 

0.9657 

0.96717 
0.96728 
0.96729 
0.96729 

0.9663 
0.9668 
0.9665 
0.9669 
0.9673 

0.9672 

0.9677 

0.90973 
0.90913 
0.90867 
0.90839 

0.9109 
0.9097 
0.9113 
0.9099 
0.9085 

0.9088 

0.9082 

0.97290 
0.97298 
0.97301 
0.97302 

0.9744 
0.9738 
0.9737 
0.9734 
0.9730 

0.9731 

0.9721 

0.98973 
0.99000 
0.99011 
0.99015 

0.9882 
0.9888 
0.9886 
0.9892 
0.9902 

0.9901 

0.9901 

0.9540 
0.9510 
0.9463 
0.9427 

0.9434 
0.9435 
0.9442 
0.9436 
0.9424 

0.9413 

0.9435 

Except for the leading edge at 95%, they are believed to be accurate interpolations to 
the number of figures shown. The fourth line, labelled FI/* represents an extrapola¬ 
tion of the first three lines to zero grid spacing. It is based on Eg.(8-3), previously 
found suitable for the FL solutions, except that some small overshoots have been 

suppressed. 

In the discussion above of the errors in total pressure, it emerged that the ornii: 
in the Wa solutions is first order, at least at the 60% station, ’’his suggests that, if 
ht and h2 «re characteristic dimensions of the grid spacings in the two directions, 

an element, f , of the solution should be written! 

f(h1,h2) » f(0,0) ♦ ahj + bh2 ♦ ch1h2 . 

It then follows that, if f1 to f4 are the values in the solutions Wal to Wa4, the 

value at zero grid spacing isi 

f(0,0) - * t3) * 4£4 • 

% 

f 
• — 

; * » 
0 

f * 

T— 

(8-6) 
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The values of 1 - p/Pi for the four solutions are given In the adjacent table, the 

peak values being obtained by simple interpolation. Below them, labelled 'Wa-', are the 

values obtained by using Eg.(8-6). 

peo^õ;, at*the3 leadingCedge : Ithe^accuracy of^the^basic -lutions^nd the^i.t.nc. of 

the extrapolations. The FL solutions ar Dressure and regularity of behaviour). 

í^^ir^V^ti^ r^r^ th^shorter «trapolatioh so the «iteri. .re^oppo^, 

zu..... ». », .„»uo» 

is to be preferred. 

The solutions Mo2 and We are also included in the table we can 

contributed solutions whfcjj come nearest to t e P^* ®r" point depends on how Fig 8-6 

sir™; ¿líjC PL! 

ra'». o»...« i. ^ .. »» ». .»nd„a 

deviation# 

It appears from sample checks that the three quantities 1 - p/p^ , M , and 

1 - pi/pl in the solutions, FL, M, Wa and We are not Independent. The relation: 

1-(1- Pi/Pj i 

1-(1- p/Pi ) " V 
' eo 

:3.5 
1 + 

(8-7) 

based an *,.(.-51. bold, b.b.e.b .W» “ÏÏ^SÎ"»“ 
examine the values of Mach number in a .. . th total pressure are distributed 
However, it is not clear how the »rror“ ra*^f*^hl"u^!r^°tîîlePï*”catlons from the 
between the estimates of static pressu p,rora appear predominantly in the Mach 
solutions for the 20% station are tha Qr>mBUhat different techniques to generate the 

have been applied to the contributed values of M . i-^lng the use of a plot 
resembling Fig 8-6. The results are shown in the adjacent table. 

Station 

Location 

FL1 
FL2 
FL3 
FL- 

Wal 
Wa2 
Wa3 
Wa4 
Wa« 

Mo 2 

We 

60% 

Centre 
line 

2.831 
2.832 
2.832 
2.832 

2.822 
2.828 
2.823 
2.828 
2.832 

2.846 

2.836 

Suction 
peak 

2.868 
2.870 
2.H71 
2.871 

2.852 
2.860 
2.855 
2.862 
2.870 

2.884 

2.877 

Leading 
edge 

2.215 
2.211 
2.208 
2.206 

2.224 
2.215 
2.226 
2.216 
2.206 

2.224 

2.210 

95% 

Centre 
line 

2.995 
2.997 
2.998 
2.998 

3.034 
3.018 
3.016 
3.009 
3.000 

3.016 

2.972 

Suction 
peak 

3.662 
3.683 
3.692 
3.695 

3.543 
3.580 
3.577 

613 
680 

,707 

,685 

Leading 
edge 

2.637 
2.592 
2.561 
2.543 

2.514 
2.515 
2.523 
2.517 
2.505 

2.505 

2.518 

At the 60% station, the two extrapolation. FL- and ^t.tlonf 

expected from the foregoing corapari80n8' the err0r in the total pressure in Wa, 
asPwould be expected from the^poor convergence^ the imp?ession that 

and the uncertainty near the lea£ing t h«’contributors is rather larger than the 
the spread of values of Mach number reaï comparison £ssible, like must be 
spread of values of static pressure. To m M_h mimhi»r were converted to pressure 
compared with like, so the tabuiated values fM contributor: FL3, Mo2, Wa4 and 

standard deviation varies markedly from point to point, in the way we should expect, but 

I . 

P- • - ^ 
mm-; 

\ - % 



60« 95» 

Centre 
line 

Suction 
peak 

Leading 
edge 

Centre 
line 

Suction 
peak 

Leading 
edge 

1 _ p mean 

pi sd X 103 « 

0.9653 

0.263 

0.9673 

0. 330 

0.9089 

0.719 

0.9729 

0.560 

0.9899 

0.452 

0.9437 

2.047 

1 - £_ mean 
pi sd X 103 

0.9651 

0. 386 

0.9671 

0.465 

0.9086 

1.034 

0.9727 

0.787 

0.9897 

0.629 

0.9437 

2.137 

at each point it is significantly greater for (1 - p/p^). Contributors calculations of 

Mach number are therefore more widely spread than their calculations of static pressure. 
This is an indication that the Mach numbers are less accurate than the static pressures. 
Consequently, the best approach to obtaining an accurate solution is to use the best 
estimate of static pressure (1 - p/p^ ), together with the exact value of total pressure 

00 

(1 * Pi/Pi * 0.0114), and derive other quantities from these. 

As to the best estimate of static pressure, the discussion above leads to the 
recommendation of the extrapolated values Wa«. If the idea of using extrapolated values 
is rejected, the solution FL3 should be taken at the 60» station and Inboard of the 
suction peak at the 95% station. Outboard of the suction peak at 95», either Mo2 or We 
should be taken, rirally, if the idea of using elements of more than one solution is 
rejected, the choice be:ween FL3, Mo2 and We is open. 

8.2.4 Summary and reference solutions for case 13, the Butler wino. 

All the contributtid solutions for the static pressure and Mach number on the wing 
lie reasonably close together, as indicated by the plots in Figs 8-2 and 8-3. 
Dr Chaussee's solution has a significantly larger error in the total pressure than the 
others, and is set aside for this reason. Prof Moretti's solutions are very close, 
suggesting convergence with respect to grid spacing has been achieved. However, his 
grid is only refined in one direction, so we cannot be sure of convergence; and his 
value for the total pressure on the wing surface has the wrong sign, introducing an 
unknown error. The three solutions of MM. Fenain and Lordon, on grids which are refined 
simultaneously in both directions, show little variation over the forward part of the 
wing. At the rear, there is more variation, but a satisfactory trend with reducing grid 
spacing is established everywhere except close to the leading edge. The four solutions 
of Prof Walkden are rather further from convergence with respect to grid spacing, as 
would be expected with a first-order method. However they, like the solutions of Fenain 
and Lordon, provide a firm basis for extrapolation to zero grid spacing. These two 
extrapolations lead to very nearly the same values for the static pressure over the 
whole wing and to very nearly the same values for the Mach number over the forward part 
of the wing. Towards the leading edge at the rear of the wing, the extrapolation of 
Walkden's results appears a little more reliable. It is also rather easier to perform 
since his finer grids are subdivisions of his coarse grid. The error which appears in 
the total pressure variations on the wing surface appears to affect the calculations of 
Mach number rather than those of static pressure, so the latter are assumed to be more 
nearly correct. Dr Welland's solution looks good, apart from some doubts near the 
planes of symmetry, but the single solution offers no prospect for exploring sensitivity 
to grid spacing, or extrapolation to zero grid spacing. 

The above considerations suggest that the best approach to obtaining definitive 
values at the 60» and 95» stations would be to extrapolate Walkden's solutions for 
static pressure to zero grid spacing and then use the known value of the total pressure 
on the wing surface (with constant total temperature) to obtain corresponding distribu¬ 
tions of Mach number. This process provides the reference solution 'Wa»' given in 
Table 8-1. 

The largest number of grid points is used by Fenain and Lordon in solution FL3. 
In combination with a second-order algorithm, this provides a solution of great 
potential accuracy. At the 60» station, this potential accuracy seems to be realized, 
and the same is true over the Inboard part of the 95» station. Consequently, the 
solution FL3 is given as a reference solution in Table 8-2. Because values are slightly 
different on the upper and lower surfaces, both are Included in the table. The calcula¬ 
tion is by a finite-volume method, with the corners of the volumes lying on the wing 
surface. The pressure is evaluated at a mid-point, which is therefore just inside the 
wing. Consequently the quoted values of y and z do not exactly satisfy the equation 
of the wing surface, and the approximations arc cos(y/a) and arc sin(z/b) to the 
eccentric angle, e , are slightly different. The column headed 8 gives the eccentric 
angle of the closest point on the true surface to the mid-point of the grid at which the 
pressure is evaluated, and this should be regarded as the identifier of the point. 

Near the leading edge at the 95» station, the FL solutions encounter a difficulty, 
so that FL3 remains further from the extrapolated solution than the solutions of 
Moretti and Welland. These solutions are therefore listed as reference solutions in 
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Table 8-3 and 8-4. In Table 8-3, the values are at constant increments of eccentric 

angle« 3.75* at 60» In Mol, 1.875* at 95» in Mo2. 

Contributors did not indicate any grid dependence in their ^^lons at the 20» 
station, but it must be assumed that small truncation errors are present ‘n “u J,®?’ 
The recommended solution for the 20» station is therefore one -stained outside the fiel 

of the Working Group's investigation, by K. Taylor at 
extrapolation to zero grid spacing has been carried out. The results are« 

P/P, > 0.8856 - 0.2183 M - 2.064 1 - P,/Pt 0.0114 

Four of the contributed solutions lie within 0.0001 of this value for ^e “tatic 
pressure and within 0.0002 of this value for the total pressure (with Morettl s sign 

error corrected). 

The best result for the drag is obtained by extrapolating the solutions of Fenaln 

and Gordon to zero grid spacing, to give: 

CD - 0.05963 , 

where the uncertainty is at least 2 in the last figure. The three ^ibutors (FL, Wa 
and '.«e) who calculated the drag all provided values within 0.00024 of this 

Contributors were also asked to produce their solutions in 9raP5lj;?Lf^!íTi 
plf by MM. Fenain and Gordon, in Indian ink on tracing paper, are of high quality, 
si « their solution is in many ways the most accurate, their plots are reproduced. 
SirTcl the other sortions differ so little, the plots of the other contributors are not 

reproduced. 

Figs 8-7 and 8-8 present graphically the results of Table 8-2 for the solution 
FL3 All the plots are, as requested, against the distance from the centre line, 
axoressed as a fraction of the local semi-span. Details near the leading edge, particu- 
larlv at the 95» station, are therefore not resolved. The plots of static pressure and 
Mach^number are typical of all the solutions received. The plots of total pressure show 
in ueneral less variation, and levels closer to the exact value, than the other srlu- 
tions; except that Moretti achieves an almost constant level over the whole surface, 
walkden achieves almost the correct level along the leading edge. 

Fig 8-9 shows the contour lines of the same quantities, static P^®®ure' 

ï ¿i-, ■■ „rió irr.^“0* “* small variation in total pressure. In particular, the contours for M 

1 - p/p 
t0?98 coincide^Fig^^c illustrates ¿learly how the error in total pressure 

is concentrated near the tip. All the solutions except Moretti’s show the largest 
errors in total pressure in this region. Moretti calculates virtually uniform total 

pressure over the wing surfaces 

In Figs 8-10 and 8-11 are shown contours of quantities in the flow field, between 

-“ilrc“;äMS? &ä. 
- vr ui; rl;r 

of total pressure suggest that the”errors in total pressure only arise close to the wing 

surface. 

For comoarison with the total pressure contours from FG3 shown in Figs 8-10c and 

i: siri;« 
r^r;r. „r;. 

i:: 

walkden produces the weakest of the four »hocks, while l" «e“*^est difference, that 

î:“ïï;? ;".“s;”?o5î“; . » .......t.. ai....... 

in the strength of the rather weak shock» but is only 0.1» of p^ , corresponding to 

about 0.2* in shock angle. 

1/ 

i 

: » » 
§ 

« . 



¡ 
; 

8-13 

8.Î Dillner wing - cases 14 and 15 

8.3.1 Solutions received 

Two test cases were proposed based on the Dillner wing (see Fig 5-9), the angle of 
incidence for both being 15*. For case 14, the onset Mach number is 1.5, and for 
case 15 it is 0.7. At the time of the last meeting of the Working Group, in 
September 1983, only one solution had been received for the two cases, calculated by 
Dr Rizzi of FFA. Since there was the promise of a solution from Dr Schmidt of Dornier, 
the deadline was extended. By mid-November, solutions for the two cases had been 
received from Dornier, Dr Rizzi had recalculated his solutions, and a solution for 
case 15 had been received from Dr C. Koeck of Matra. As a result of the extended 
deadline, this presentation has the advantage of extra material, but lacks the benefit 
of the opinions and scrutiny of the whole Group, being the work of Dr Rizzi and 
Mr Smith. All the solutions were obtained by time-marching methods, and all show the 
presence of leading-edge vortices, in qualitative agreement with the observations 
reported in Ref 8-5. 

Not all of the details requested were provided by all the contributors, and time 
was too short to pursue enquiries. In particular, only Rizzi provided convergence 
histories, quoted final residuals, indicated the location of the outer boundary of the 
computed field, and presented contours of the vorticity. Only Koeck found the centre of 
pressure. Only Koeck and Rizzi showed details of their grids, calculated the overall 
lift and drag, and presented results downstream of the wing. The only evidence of 
convergence with respect to grid spacing comes from Rizzi's values for the overall 
forces calculated on a coarser grid. However, the results that were provided by all the 
contributors, in particular the static pressure, Mach number, and total pressure in 
cross-sectional planes, enable useful comparisons to be made. The complete set of 
results gives a good impression of the present capabilities of methods of this type. 

The three contributors use grids of different kinds. Consider first the pattern 
of grid lines on the wing surface. Koeck and Rizzi use lines x =■ const of constant 
distance downstream of the apex and rays y/x * const through the wing apex. The 
Dornier tabulated values are at the intersections of line'' y » const at constant span- 
wise distance from the apex and rays (s - y)/(c - x) » const through the wing tip. No 
detail is provided of the grid off the wing surface, but it is described as C-H type. 
In the cross-flow planes, x = const , downstream of the apex, both Koeck and Rizzi have 
O-grids. In the vertical plane of symmetry, Koeck has a C-grid and Rizzi an O-grid. 
Figs 8-13 and 8-14 illustrate the grids of Koeck and Rizzi. In view of the lateral 
symmetry only one half of the flow field is computed by all contributors. 

In considering the grid densities used, it must be noted that, although all the 
methods are of finite-volume type, Koeck’s method computes values at the corners of his 
volumes, while the methods of Dornier and Rizzi compute average, or cell-centre, values. 
So, if there are N cells along a particular line, Koeck will provide values at N + 1 
points, while the others provide values at N points. Koeck has 36 cells along the 
length of the wing and 56 round the cross-section of the half-wing, making 2016 cells on 
the half-wing surface. There are a further 8 cells of the C-grid downstream of the 
trailing edge, and 16 cells between the wing and wake and the outer boundary of the 
computing space, making 39424 cells in the computing space. Rizzi has 28 cells along 
the length of the wing and 64 round the cross-section, making 1792 cells on the half¬ 
wing. There are 20 cells to the outer boundary, making 35840 in all. In the Dornier 
tabulations there are 23 spanwise stations and 102 rays through the tip, making 2346 
points on the wing. So far as the average spacing on the wing is concerned, all three 
grids are similar, and all provide a concentration of grid lines near the leading edge. 
The Dornier grid provides a greater density of lines near the trailing edge, while the 
Koeck and Rizzi grids provide closer definition in the apex region. 

Rizzi describes his computing space as extending five spans from the wing. This 
is less than four root-chords, which would be Inadequate for a two-dimensional aerofoil, 
as is clear from section 6. However, the disturbance introduced by a wing of small 
aspect ratio decays much more rapidly both upstream and laterally. In the downstream 
direction, the disturbances do not decay. However, the upstream influence of the 
omitted portion of the vortex wake on the wing seems likely to be small in incompress¬ 
ible flow, and it will certainly be less at M^ * 0.7 and non-existent at M_ - 1.5. 

Rizzi also provides a convergence history of his calculations. These start on a 
coarse grid, and are then interpolated to a fine grid and iterated to the steady state. 
At M^ » 0.7, the first 400 cycles on the fine grid sees the number of supersonic cells 

grow from zero to 689, the lift and drag increase by 10», and the residual (defined as 
Ap/At) decrease by a factor of 63. In the second 400 cycles, the number of supersonic 
cells appears to level off at 848, the lift and drag change by less than i», and the 
residual decreases by a further factor of 5. The final maximum residual is below 10-4 

and the average residual over the whole grid is just over 10-5. The convergence is 
faster when the free-stream Is supersonic. At M^ * 1.5, the final 400 cycles on the 

fine grid reduce the residual by a factor of 700, the levels of 3 « 10-5 for the maximum 
and 1.5 x 10"« for the average. The lift and drag change by less than 1». At this 
stage, only 17 of the mesh cells are subsonic. 

Tabulated results were presented by all the contributors. The tabulations given 
by Koeck and Rizzi at the lengthwise stations close to those requested are reproduced as 
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Tables 8-5 to 8-7. The grid used In the Dornler calculation does not Include lines of 
constant x , so interpolation was needed to produce data at the specified lengthwise 
stations. This data was presented graphically, but the tabulated data supplied by 
Dornier is along the 23 spanwise stations of the grid used. The differences between the 
contributed solutions are large enough to be seen in the graphical presentation, signi¬ 
ficantly larger than for the Butler wing. Reproduction of the very extensive Dornier 
tabulation has therefore not been attempted in the text, but is included in microfiche 

form. 

8.3.2 Methods used 

Dr Koeck writes of his method« 

"The Euler equations are solved by a pseudo-unsteady type of method, with constant 
total enthalpy. The numerical scheme is tnat of Ron-Ho Ni, Ref 8-21. is a one-step 
finite-volume scheme of the same type as the Lax-Wendroff scheme. Multiple-grid conver¬ 
gence speeding-up is used, with 3 grids (H-2H-4H). Inflow and outflow boundaries are 
treated using the compatabi1ity relaticns technique of ONERA. The artificial dissipa 
tion model is linear and of the second order." More details are given in Ref 8-22. 

The method used by Dornier is the Jameson-Schmidt method, as used for the ONERA 
M-6 wing discussed in section 7, and similar to that used for the aerofoil sections 
discussed in section 6. An early version is described in Ref 8-23 and 8-24. 

Rizzi's method is also the same as he used for the ONERA M-6 wing discussed in 
section 7. It is described in more detail in Refs 8-25 and 8-26. The common origins of 
Rizzi's method and the Jameson-Schmidt method are apparent from Ref 8-27. He writes« 

"All the calculations have been carried out by A. Rizzl using mesh-generating and 
flow-solving software developed by Lars-Erik Eriksson and Arthur Rizzl at FFA. The 
isoenerget1c (Tt - constant) Euler equations are stepped forward in time by an explicit 

three-stage Runge-Kutta type time-integration scheme using the local time *teP* . 
spatial derivatives are approximated by a centered finite-volume scheme. On solid walls 
a normal-momentum-equation technique determines the boundary pressure. At the farfield 
inflow/outflow boundary the First Approximation of Engquist's Nonreflecting Boundary 

Theory is implemented. 

■The rationale for our artificial viscosity model is given in Ref 8-41 where we 
describe a combination of switched second-difference and (in 2D only so far) nonswitched 
fourth-difference dissipation added to the convective terms at the same time level. An 
important property of this model is that it is negative definite at each and every cell 
in the mesh. In other words if you consider only the dissipative operator Du^ in the 
absence of the convective terms, you can establish that the time decay of the energy « 

d 2 
It u 

T du 
u It 

T 
U Du < 

summed over all cells including those at the boundaries. 

"Another important feature of our integration scheme is that if a steady state is 
reached, we can show that the original steady total-difference operator must be equal to 
zero independent of the time step (Ref 8-26). 

"In all my calculations initial conditions are the uniform free stream. The solu¬ 
tion in the ultimate fine mesh is approached by starting in a much coarser mesh and 
successively refining it to the fine mesh. Our method is a cell-centred o"®' 
number and 1 - P^/Pi are extrapolated from the middle of the adjacent cells to the 

to 

airfoil surface." 

8.3.3 Assessment of results for test cases 14 and 15 (Dillner wing) 

It is difficult to evaluate the results for these two cases, in part because our 
understanding of the physics of the flow field is still incomplete, and in part because 
they are among the first inviscid vortex-flow solutions of their type. In a sense we 
are just coming to grips with this class of problem. However, the ®°Jutl°')8 
compared, and those aspects that seem correct and others that arewobvl°“8ly. ,i"corre®^ 
are pointed out. The dominant feature of these two flow fields about the Dillner wing 
is the vortex over the upper surface of the wing, created by the rolling-up of the 
vortex sheet that is shed from the leading edge. Both fields contain regions of sub- 
sonic and supersonic flow, but, although shock waves are present in case 14, they are ot 

secondary importance. 

All the solutions are qualitatively realistic. A vorticity field above the wing 
is obtained, fed by a smeared sheet separating from the leading edge. Some limited 
experimental pressure measurements show that the static pressure distribution on the 
wing is being computed reasonably well, although the effects of secondary separation in 

the experiment cloud the comparison. 

A qualitative impression of the flow field over the wing is given by Fig 8-15, 
taken from Rizzi's solution for case 15. The figure shows a view of the starboard half¬ 
wing from above, behind, and to the side, together with parts of three of the curved 
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grid surfaces which intersect the wing along lines of constant x/c . On each of the 
grid surfaces are drawn contours of the magnitude of ^ . If the vortex grew in a 

conical fashion, the vorticity would decrease linearly along its length from the apex) 

so, to produce more uniform values, the actual vorticity vector has been scaled-up in 

proportion to the distance from the apex to produce the vector whose magnitude is 
displayed in Pig 8-15. The approximately conical shape of the vortex is apparent, in 

actordance with observation. High levels of vorticity occur in the shear layer close to 

the leading edge, as can be seen most clearly at the 90% station. A further peak in the 

vorticity is present in the core of the vortex at 60% and 90%. At the 20% station the 

core is not distinguishable from the shear layer in this presentation. 

A different kind of presentation of the kinematics of the whole flow is given in 

Fig 8-16, taken from Koeck's solution for the same case. Here it is the streamlines 

which pass through the leading edge that are shown. Pig 8-16a is a view of the star¬ 

board half-wing from above, and Fig 8-16b is a view of the port half-wing from above, 

ahead, and to the side. (Note that the curved line in Pig 8-16b is the upper side of 

the centre-section of the wing.) Again the approximately conical shape over the wing is 

apparent, but an impression is also given of the violent distortion of the vortex 

downstream of the trailing edge. 

A third type of kinematic presentation is given in Fig 8-17, once more for 

case 15, and taken from the Dornier solution. Here the velocity vectors in the cross- 

flow plane are represented in magnitude and direction by arrows. The rapid variation in 

the magnitude and direction of the cross-flow velocity above and just outboard of the 

leading edge indicates the presence of a shear layer very clearly in Pig 8-17a. The 

elliptic shape of the core suggested by Fig 8-15 is confirmed by these pictures. A 

further departure from axial symmetry is the presence of much larger velocities beneath 

the core than above it. 

To show the difference in the kinematics at * 1.5, case 14, Fig 8-18 presents 

contours of the scaled velocity magnitude at the same lengthwise station, from Rizzi's 

solution. The distribution in Fig 8-18a is part of that depicted in Fig 8-15, but that 

in Fig 8-18b is for » 1.5. It is clear that, with the supersonic free stream, the 

vortex extends further inboard and lies closer to the wing. There is also a difference 

in structure, with no indication of a peak of vorticity in the core. A similar shift in 

vortex position between subsonic and supersonic speeds has been osberved in real flows. 

The same shift of the vortex inboard and towards the wing is apparent in Fig 8-19, taken 

from the Dornier solution at the same station as Fig 8-18. Fig 8-19a is from the same 

sequence as Fig 8-17, with Fig 8-19b at the higher Mach number. The shear layer is 
equally marked in the two cases and it is clear that a vigorous vortex is present in 

both. 

At this point it may be asked why it is that these solutions of the Euler 

equations include vortex structures at all, and it must be admitted that no satisfactory 

explanation can be given. It would be expected that there are other solutions of the 

exact equations in which the flow remains attached round the sharp leading edge of the 

wing, and no vortices are generated above it. If we attempt to describe the local 

behaviour of such a flow in terms of a uniform stream along the leading edge and a two- 

dimensional flow normal to it, we are led to a centred expansion to limiting conditions, 

followed, probably closely, by a shock. The shock strength must fall rapidly away from 

the surface, leading to an entropy gradient and vortical flow inboard of it. This local 

flow must be embedded in a more slowly varying outer flow, which is always subsonic in 

the plane normal to the leading edge. If such a flow does exist it would scarcely be 

possible to describe it on a grid as coarse as those in use, so it may be thought that 

the solutions obtained are the only ones representable on the grids used. A similar 

argument can be used to suggest why it is unnecessary to impose a Kutta condition at the 

trailing edge of a two-dimensional aerofoil. The situation seems to be quite different 

from the familiar one which arises with a linear governing differential equation, where 

attached and separated (vortex-sheet) solutions can be obtained, depending on the 

introduction of a Kutta condition. The question is considered further in Refs 8-29 and 

8-30. 

Further views of the overall flow are presented in Figs 8-20 to 8-22. These have 

the same structure as Fig 8-15, and also relate to case 15. They show contours of 

static pressure, Mach number, and total pressure respectively. The impression of 

geometric conicality given earlier is confirmed, and a close approach to conlcality of 

the pressure and Mach number fields is revealed. The static pressure has a well-defined 

minimum along the axis of the vortex, though pressures almost as low extend to the wing 

surface. The Mach number has two maxima, one in the vortex and one on the wing. The 

flow is locally supersonic near both maxima. Rizzl finds no indication of a shock in 

the return to subsonic flow downstream of the trailing edge. The double peak in the 

Mach number is considered further below. The contours of total pressure in Fig 8-22 

show minima of total pressure in the core of the vortex, with sharp fluctuations near 

the leading edge. The total pressure loss in the core is about a quarter of the free 

stream total pressure. This very large loss is discussed in detail later. 

Similar pictures to these for case 14, with « 1.5, reflect the features noted 

earlier, with the vortex lying closer to the wing. For this reason, they are less 

clear, and have not been reproduced. Instead, Fig 8-23, taken from the Dornier solu¬ 

tion, is used to Illustrate the difference in the static pressure field between the two 

cases. In the supersonic case, the static pressure levels are much ! jwer, in terms of 
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the free stream total pressure, so that there are no contour levels common to 

Figs 8-21aib. The pressure variation and gradients are also much smaller, with the 

level so close to zero. There is no defined minimum of the static pressure in the core 

at this 80% station, and the contours are squeezed closer to the wing. 

To show more clearly the relation between the contours of Mach number and static 

and total pressure, Fig 8-24a has been drawn from the Dornier results for case 15 at 

x/c » 0.6. The solid curves show contours of 1 - p/p¿ at 0.6, 0.5 and 0.4; the 

broken lines show the M = 1 contour; and the chain-dotted lines are the contours of 

1 " Pi/Pi equal to 0.28 and 0.07. It is clear that the minima of static and total 

00 

pressure lie close together; they may be taken as defining, in some sense, the axis of 

the vortex. The maxima of the Mach number are displaced symmetrically above and below 

this axis. A simple explanation is possible in terms of the isentropic relation 

Eq.(8-5 ) 

(' P 

From this we expect M to be high where p is low, unless p^ is also low. In 

Fig 8-24a the hole in the total pressure distribution superimposed on a slowly-varying 

static pressure distribution lowers the Mach number in the region of the hole. If the 

pressure contours had been axisymmetric, the Mach number would have peaked on a 

concentric circle. The actual pattern arises because the static and total pressure 

contours are flattened in perpendicular directions. To make the point more precisely, 

the variation of the three quantities along the normal to the wing passing through the 

vortex txis (indicated in Fig 8-24a) is shown in Fig 8-24b. The points in this figure 

have been read from contour plots and smooth curves have been drawn near them. The 

abscissa is the distance, n , from the wing, referred to the local semi-span, s . A 

n/s increases from zero, the static pressure is almost constant, so the Mach number 

falls and rises in sympathy with the total pressure. Away from the wing, the total 

pressure is almost co-stant, and the Mach number falls in sympathy with 1 - p/p1 . 
* 00 

The origin of the loss in total pressure must now be considered. In a real 

laminar flow, or in the mean motion of a turbulent flow, vorticlty is produced at solid 

boundaries (and at shocks of varying strength). At high Reynolds number and moderate 

Mach number, significant levels of vorticlty are confined to thin boundary layers, the 

free shear layers that result from the separation of boundary l.~y rs, and the vortices 

which result from the rolling-up of the shear layers. These high levels of vorticlty 

involve large gradients, so that in laminar flow viscous forces act, degrading mech¬ 

anical energy and lowering the total pressure. In turbulent flow, energy is taken from 

the mean motion and added to the fluctuating motion, again lowering the total pressure 

of the mean flow. Thus, in real flows, regions of high vorticlty usually coincide with 

regions of reduced total pressure. The exception is the recirculating or dead-water 

region, where the total pressure is reduced by the prolonged action of small viscous 

forges without an associated high level of vorticlty. Such regions do not arise in the 

highly three-dimensional flow over a delta wing, so the association of low total 

pressure and high vorticlty is justified for real flows of this kind. 

However, this is not the case for inviscid flows, ie for exact solutions of the 

Euler equations. The connection between entropy and vorticlty in steady inviscid flow 

is described by Crocco's equation; 

V X Q » - TVs , (8-8) 

where V is velocity, n is vorticlty, T is temperature, and s is specific 
entropy? From this it appears that a gradient of entropy or, equivalently, a gradient 

of total pressure, is associated with vorticlty. In plane flow, for which 

V X n » |V||n| , this is indeed the case. However, in three-dimensional flow n may 
be parallel to V , so that non-zero vorticlty *s compatible with uniform total 

pressure. This Is the behaviour shown by the i.v. iscid incompressible conical vortex 

solution of Hall (8-31) and Ludwelg (8-32), and oy the inviscid compressible conical 

vortex solution of Brown (8-33). 

There is no doubt that, in the exact solution of the Euler equations to which the 

present numerical solutions approximate, the vorticlty vector should be almost parallel 

to the velocity vector almost everywhere, with Vs very small, corresponding to the 

production of entropy through weak shocks. No other mechanism or the production of 

entropy exists, so from uniform upstream conditions no large variations in entropy or 

total pressure are possible. The qualification 'almost everywhere' is needed because 

small differences in entropy over very small distances can make Vs significant. Such 

small differences arise in flows past pointed bodies, because the stream surfaces which 

wet the upper and lower surfaces of the body originate from different lines on the bow 

shock, at which the shock strength is different. Subsequently these stream surfaces run 

together, leading to a singularity in the entropy. It is hard to believe that the 

present calculations are reproducing this behaviour, and, if they were, the associated 

variation in total pressure would be very small. In other words, the appearance of 

significant variations in total pressure in these calculations is the result of errors. 
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xinyuttanc cney are depen_ 
the calculations are to be used. 

these calculât ions0lielbetween^25»1 and*35%*of^the3fÍnUJm J08808 in total pressure in 
", - 0.7, and between 50» and 65» at M ” 1 ( th® free 8treara total Pressure at 

1 T» ^• In nieasurements of low-speed vortex 

z:.^zv? 
At H, . 0.7, the kinetic pressure is 25« of the total pressure, and at M >1.5 "it" is 

wh3í;h Lh%h1r;:;eí^fthío¿.nv^:slcbí1íí!^;Ontí;r?'°cr:seí0e:2the ï1;?“0 0< 
tive measure of the size ofPthe loss is the rhanno ?nCt i-1? the real flow' An alterna- 
shock. For an upstream Mach number of 1 5 ï“1 pre8?ur0 across a normal 
Mach numbers of 1.9 and 2 5 Anot-hpr »o« ' ? 7J, losses of 25% and 50% require 

obtained by assuming s;ntrôpïc r.“?îô“ ÎS!5?fho?SB8l0nafiCanCe.Of the erro" ia 
static p-essure is correct? so the whole ?’ and 8UPP08lng first that the 
that the Mach number ïs correct and íhe -ho?- aPPear8 in th8 M-oh number, and second 

Consider a point on the axis of the vortex^tlSt^rFi^S-^. StUiCp^8SU[r 

correct and ?1 were equal to p^ , the isentropic relation gives a Mach number of 

the^Mach o?* ' 

s - 

:3.:3333 33.S.Í:1: “ “ “3.“ 
the location of the minimum in the static pressure, denoted by V, 

the location of the minimum in the total pressure, denoted by ’p.•, 

the point at which the cross-flow velocity vanishes, denoted by 'velocity1; 

the location of the maximum in the scaled vorticity, denoted by '|a|' 

and the axis about which the streamlines spiral (Fig 8-16), denoted by 'streamlines'. 

% £.¾ î-svâî: ■'s.*.:;:“-:;" *-“j *v 
qualifies these Th- «h.--?- SoiBeti”i«s the determination is speculative; a •?• 

2hích I dete^miüatioñ cou^^be^d“*".0ntry 8lmPly that "0 Pl0t -8 callable from? 

its;:, i Hr!-»! «E r"1“ 
Fig1^-!? but U^iearwT cr°88-flow velocity 1. easily found from plots like 

core- Th. kïnimat c property Ô? t^c"^ °PTy °f the VOrtex 
vanishes, but this only defines it as * the velocity vector normal to it 

is a streamline of small curCaturS (and to?siôÍ) Thí^can“^0^^8?10 f6atUre 18 that 

Spproi?mat:?ÿ1:t^nî2:În?aty:V0lOClty’' at l8a8t °V8r th* Win«' ^ "0 ^ ^ 

* See Appendix 8-A for additional reeulte from Ri«i with more refined grid. 

« t 
* 

a* 

» 

-.,¾ f™ 

• V ,-. 
ri '1$&í3ê* ■ 
f " - . 

¿i . - 



Position of vortex axis, case 1*, « 1.5 

Station 20« 60* 80« 95* 150« 

Source Criterion Coordinate 

0.815 

not det. 

0.815 

0.130 

1 not det. 

0.775 

not det. 

0.74 

0.185 

0.605 

0.23 

0.74 

not det. 

0.69 

0.185 

0.60 

0.22 

0.71 

not det, 

0.67 

0.17 

0.645 

0.19 

Dornier P 

Pi 

velocity 

y/* 

z/s 

y/s 

z/s 

y/s 

z/s 

Rlzzl P 

Pi 

Q 

y/s 

z/s 

y/s 

z/s 

y/» 
z/s 

0.80 

not det. 

0.76 

0.18 

1 not det. 

0.72 

not det. 

0.685 

0.19 

not det. 

0.685 

0.165(7) 

0.62 

0.18 

not det. 

0.69 

0.175(7) 

0.615 

0.16 

0.58(7) 

0.16 

0.615 

0.275 

0.57 

0.215 

Position of vortex axis, case 15, “ 0.7 

Station 20* 60* 80« 95« 115« 150« 

Source Criterion Coordinate 

0.81 

0.27 

0.82 

0.22 

0.60 

0.35 

0.80 

0.21 

0.77 

0.21 

0.74 

0.26 

0.755 

0.22 

0.76 

0.22 

0.74 

0.25 

0.75 

0.22 

0.755 

0.20 

0.73 

0.245 

Dornier P 

Pi 

velocity 

y/s 

z/s 

y/» 

z/s 

y/s 

z/s 

Koeck P 

Pi 

velocity 

streamlines 

y/s 

z/s 

y/s 

z/s 

y/s 

z/s 

y/s 

0.71 

0.205 

0.725 

0.205 

0.69 

0.25 

0.72 

0.19 

0.72 

0.185 

0.69 

0.23 

0.72 

0.185 

0.73 

0.18 

0.70 

0.20 

0.72 

0.775 

0.30 

0.79 

0.305 

0.79 

0.285 

Rlzzl P 

Pi 

Q 

y/s 

z/s 

y/s 

z/s 

y/s 

z/s 

0.825 

0.21 

0.80 

0.23 

1 not det. 

0.775 

0.20 

0.76 

0.205 

0.81 

0.20 

0.77 

0.18 

0.755 

0.19 

0.79 

0.185 

0.77 

0.165 

0.755 

0.195 

0.785 

0.165 

0.765 

0.265 

0.830 

0.250 

With these considerations in mind, let us see how far t;he different determinations 
agree. We concentrate on case 15, for which the definition is better, and neglect the 
•velocity1 criterion in the first place. Consider first the dynamic criteria p and 
•p^'. in the Dornier solution, these determinations agree within 3%, apart from the 

effect of rather poor resolution at 20*, and the differences are not systematic. In 
Koeck'a solution, the determinations agree within 1.5*. In Rizxi s solution, they agree 
within 3.5*, and again the differences are not systematic. It therefore appears that 
these two dynamic definitions agree. Are the kinematic determinations significantly 
different? The 'streamline* criterion in Koeck's solution gives the same lateral 
position. The ' |ö| ' criterion in Rlzzi's solution gives the same vertical position, but 
seems to place the axis a little too far outboard. This may be the effect of the high 
values of Ini in the shear layer. Finally, we see that the •velocity1 criterion does 
place the vortex above and inboard of the other determinations. It therefore appears 
that the dynamic and kinematic axes are not significantly different. 

We can now look for variations in the position of the vortex axis along its 
length. The Dornier results show an Inboard displacement of the vortex, relative to the 
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Peak values in the vortex, case 14 

Source Station 1 - P/Pi 
•» 

M 1 - Pi/Pi lQ-l 

Dornier 20« 
60« 
80« 
95» 

0.875-0.9 
0.925-0.95 
0.925-0.95 
0.925-0.95 

1.8 -1.85 
2.15-2.2 

2.3 
2.3 -2.35 

0.6 -0.64 
0.64 

0.64-0.68 
0.64-0.68 

Rizzi 20« 
60« 
80« 
95« 
150* 

0.9 -0.95 
0.9 -0.95 
0.95 -1.0 
0.95 -1.0 

2.0 -2.1 
2.2 -2.3 
2.4 -2.5 
3.0 -3.1 
2.0 -2.1 

0.5 -0.6 
0.3 -0.6 
0.5 -0.6 
0.5 -0.6 
0.65-0.7 

0.8-0.9 
0.5-0.6 

c 

Peak values in the vortex, case 15 

Source Station 1 “ P/Pi 
m 

M 1 - Pi/Pi IM 

Dornier 20» 
60« 
80« 
95* 

0.5 -0.525 
0.6 -0.625 
0.625-0.65 
0.525-0.55 

0.9 - 0.95 
1.05-1.1 
1.0 -1.05 
0.85-0.9 

0.22 -0.24 
0.32 -0.34 
0.36 -0.38 
0.36 -0.38 

Koeck 61« 
79* 
94« 
115* 

0.625-0.65 
0.65 -0.675 
0.625-0.65 
0.525-0.55 

1.05-1.1 
1.1 -1.15 
1.05-1.1 
0.9 -0.95 

0.225-0.25 
0.25 -0.275 
0.25 -0.275 
0.25 -0.275 

Rizzi 20« 
60« 
80« 
95* 

1 150« 

0.55 -0.6 
0.6 -0.65 
0.6 -0.65 
0.55 -0.6 

0.95-1.0 
1.05-1.1 
1.05-1.1 
0.85-0.9 
0.75-0.8 

0.3 -0.35 
0.25 -0.3 
0.3 -0.35 
0.3 -0.35 
0.3 -0.35 

0.5-0.6 
0.7-0.8 
0.6-0.7 
0.4-0.5 

For the subsonic free stream, there is a much greater departure from conical flow, 
th th^upstream influence trailing ino-asing the static^pre^ure^.n^^^ 

TïrnClhl,Til\:ZbTs relatively trailing edge, it is to be oxpected 
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that their prediction is correct. On the other hand, near the apex their grid is less 
dense, and Rizzi's lower pressure and higher Mach number are to be preferred. At 
and 80» all three solutions for the static pressure and Mach number a^®e ^^e closely. 
Koeck and Rizzi have almost constant levels of total pressure loss, with Koeck s being 
smaller. The Dornier loss of total pressure increases from front to rear, straddling 
the values from the other solutions. It appears that the total pressure loss in the 
vortex may vary inversely with the grid spacing. Vorticity values increai back to the 
80% station, perhaps as a result of better resolution, and then fall, perhaps because 
decrease in velocity produces 'vortex contraction', the opposite process to vortex 

stretching. 

The flow field close behind the wing is illustrated by the four parts °£ Fi9 8'“- 
Showinq conditions in a plane 15» of the root chord behind the trailing edge, taken from 
Koeck's solution for case 15. Fig 8-25a shows the cross-flow velocity vectors, where 

here the cross-flow is defined as normal the the free strea™' r“^®r "ÎJ" ^raight line 
centre line, as it is in the earlier pictures of flow over the wing. The straight line 
is a section through a constant-span extension of the mean plane of the wing* The 
leading-edge vortex is clearly visible, with a more complicated structure below and out¬ 
board of it. This latter structure is the major part of the vortex wake shed from the 
trailing edge, swept outwards and upwards by the leading-edge vortex. Its sense of 
rotation is clockwise, in this view from behind. Fig 8-25b shows the contours of 
pressure. The low pressure region centred on the leading-edge vortex is <jra“n °u 
sideways and downwards by the presence of the trailing edge vortex. F^ar"a!ite 
corresponding picture for the total pressure. The two vortices now appear quite 
distinct with the remains of the shear layer joining them. It is remarkable that the 
total pressure has dropped nearly as low in the trailing-edge vortex as in the leading- 
edge vortex, despite its more recent formation. If this had been a picture of the rea 
flow we might have expected to see just such regions of reduced total pressure; but 
ther4 would also have been a band cf low total pressure in the viscous w^e from th. 
trailing edge. The small region of increased total pressure is a product o£ 
error with no analogue in a real flow. The unlabelled Mach number contours of Fig 8-25d 
can be interpreted with the help of the two previous parts. The two 
within the M » 0.8 contour also lie within the low static pressure region of part b, one 
on each side of the inboard region of low total pressure in part c* Conee<^°"“y,*hey 
represent Mach number peaks, rising above 0.9 in each case. Th® 
part d lies in the outskirts of the low static pressure re9l°" an? 
coincides with the outboard region of low total pressure. It is therefore almost 
certain that this represents a hole in the Mach number distribution, going down below 

0.6. 
Plots of the flow further downstream, 50» of the root chord behind the trailing 

edge, are shown in Fig 8-26, taken from Rizzi’s solution for ca!e.The 
straight line represents a downstream constant-span extension of the wing Plane. The 
■profile' surrounding it should be ignored. The two parts °£ the show the total 
pressure and vorticity magnitude contours. Both these quantities indicate th® ^®a<“n9 
and tra!ling-edge voriices, as seen in Fig 8-25. However the tota pressure loss in the 
trailing-edge vortex is now much less than in the leading-edge w°rtex. £t is not clear 
whether this is a feature of the different numerical solution or of the different 
downstream station. The peak levels of vorticity magnitude in the two vortices, on the 
other hand, are the same, though the dominant, struamwice component of the vorticity 
should have the opposite sign in the two vortices. The larger area of the leading edge 
vortex indicates that its circulation is greater, as indeed it must be if the wing 
nroduce oositive lift. The relative orientation of the two vortices is rather 
surprising. The stronger leading-edge vortex should be driving the «®ak®r trailing-edge 
vortex round it, in an anti-clockwise sense, yet the orientation in Fig 26 is almost the 
same as that further upstream in Fig 8-25. Either the solutions of Koeck and Rizzi 
behave somewhat difierently, or the relative rotation of the vortices is very much 
slower at M, - 0.7 than it is in the familiar low-speed context of Ref 8-3«. 

For case 1«, Fig 8-27 shows the contours corresponding to Fig 8-26. There is a 
qualitative similarity between the figures, but some significant differences. A® "® 
expect by now, the leading-edge vortex is further inboard at the higher Mach number, and 
the total pressure lore is twice as large. The total pressure loss in the £rai ing-edge 
vortex is now as large as it is in the leading-edge vortex. The vorticity magnitude in 
the leading-edge vortex is a little larger than it is in the subsonic case, but that 

the trailing-edge vortex is smaller. 

Another view of the flow field of case U is the plot °£®ta£i°. Pr|8^re 
in the plane of symmetry, taken from Rizzi's solution, and shown in Fig 8.28. The bow 
shock below the wing is apparent, weakening as it extends further from the wing. The 
much stronger trailing-edge shock above the wing is also clear, it al8° weakens, on 
account oAhe three-dimensionality of the flow, as it extends further from the «ing- 
In the absence of wing thickness, the flow field forward o£ the trailing edge would be 
conical and the pressure on the centre-line of the wing would be constant. As it is, 
there are smooth expansions on both the upper and lower surfaces. The amount of 
pressure adjustment downstream of the trailing-edge wave 8y®tems is unexpected. From 
its symmetrical form it appears to be associated with the wing thickness. 

Contours of static pressure on the wing surface were provided by a1} 
Fig 8-29 is taken from the Dornier solution for case 15. The other con£rlb)!b°“ hpth 
are similar. The principal common feature is the ridge of suction running beneath the 
leading-edge vortex. The variation in pressure along this ridge shows that, despite the 

' 
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conical shape of the vortex and the small variation of properties along its axis, the 
overall flow over the wing is far from being conical. There are at least three causes 
of this, two of them physical and one numerical. The first physical cause is the non- 
conical thickness distribution. This has a direct effect, visible in the pressures 
along the .entre line in Fig 8-29, and on the lower surface in Fig 8-30. It also has an 
indirect effect in that the angle included between the upper and lower surfaces of the 
wing at the leading edge is greatest near the apex, resulting in a weaker vortex there, 
according to the calculations of Ref 8-37 The second physical cause is the elliptic 
nature of the flow equations in most of the flow field, so that, in particular, the 
presence of the trailing edge is felt upstream of it and the suction falls off before 
the trailing edge is reached. The importance of this is brought out by comparison with 
Fig 8-31, taken from the Dornier solution for case 14. Here the governing equations are 
hyperbolic almost everywhere and the upper surface suction ridge is maintained until it 
terminates in a cliff at the trailing edge shock shown in Fig 8-28. The non-physical 
cause is the inability of the finite grid to represent the detail of the flow near the 
apex, which is a singular point of the exact solution. 

Contours of total pressure and Mrch number on the wing were also provided by all 
the contributors. These are not very informative, since the total pressure variation is 
complex, with much of it occurring very near the leading edge, while the variation of 
Mach number parallels that of the static pressure, except very near the leading edge. 
Consequently these plots are not reproduced. 

To see the variation of the flow quantities on the surface in more detail, 
comparative plots of the static pressure, Mach number, and total pressure at the various 
lengthwise stations have been prepared. These are presented in Figs 8-32 to 8-37. The 
first three relate to case 14, for which M_ - 1.5, and for which two solutions are 

available. The second three relate to case 15, at Mach number 0.7, for which all three 

contributors provided solutions. 

Fig 8-32 shows the static pressure variation, as calculated by Dornier and Rizzi, 
at the 20», 60», 80» and 95* stations, for case 14. Agreement between the sjlutions is 
very good, with the prospect that agreement on the overall lift could be even better, 
since some of the lift lost from the suction peak in the Dornier solution is recovered 
further inboard. At the 20» station the Dornier distribution looks crude. This arises 
from the type of grid used. The line x - const, is not a grid line on the surface and 
relatively few grid lines cross it. Consequently some care is needed to produce a 
smooth variation along the line. The effect is that the plotted points, which appear as 
corners on the curves, are more accurate than the lines connecting them* The stations 
further downstream are also affected near the leading edge. 

Fig 8-33 shows the Mach number variation. Agreement on the lower surface remains 
very good, when the comments above about the Dornier data handling are borne in mind. 
This is certainly not the case on the upper surface, where the maximum discrepancy in 
Mach number exceeds 0.3. Moreover, the spikes in both solutions look extremely 
unphysical. (Rizzi's spikes look sharper because his data r.s are spaced more 
closely.) By now, we know to look for the explanation in t).» values of total pressute, 
shown in Fig 8-34. This figure has been prepared on a scale which is appropriate for 
the small losses in total pressure on the lower surface, but whicn turns out to be 
rather large for the losses on the upper surface. At the 20» station, in particular, 
most of the upper surface distribution in the Dornier calculation is off the plot; and 
there are spikes running off the plots, both ip and down, at all stations. Throughout, 
the lower surface values are small and fairly smooth, except at the leading edge itself. 
(It is worth pointing out t ist the smallness of the errors in total pressure is related 
to what seems achievable. In the Butler wing solutions, case 13, errors of 0.01 were 
treated seriously.) On the upper surface, at 20», the larger total pressure loss the 
Dornier solution explains the lower values of the Mach number. Two upward spikes, with 
a downward spike between thor., in Rizzi's total pressure distribution correspond to the 
two downward spikes, with an upwa-á spike between them, in his Mach number distribution. 
Further aft, the level of total pressure loss in the Lornier solution reduces and the 
Mach number levels come closer together. This reduction in total pressure loss on the 
wing from front to rear is oppo- ite to the increase described above in the total 
pressure loss along the axis of the vortex. It must be remembered that the losses in 
the vortex are greater than those on the wing. We may guess that they spread out from 
the core by a process of numerical diffusion, so that the loss on the wing is greatest 
near the apex, where the vortex is closest to the wing. Near the leading edge, where a 
low total pressure on the upper surface meets a high total pressure on the lower 
surface, a ringing oscillation appears, with resemblance to Gibb's phenomenon. This 
tentative explanation is based on the behaviour of the Dornier solution. In Rizzi s 
solution, the upper surface total pressure is actually above the lower surface value 
(and above the free-stream level) towards the rear of the wing, and this defies explana¬ 
tion at present. The relation between the spikes in Mach number and total pressure can 
be followed throughout the plots. In particular, the outboard hump on the Mach number 
peak in the Dornier solution at 95* corresponds with the downward-going spike which runs 
from top to bottom of the total pressure plot. 

It appears from these comparisons that the erroneous total pressure losses are 
affecting the Mach number more than the static pressure: firstly because the two methods 
produce different total pressure losses and different Mach number distributions, but 
about the same distribution of static pressure» and secondly because within each solu¬ 
tion violent local changes in total pressure are associated with violent local changes 
in Mach number, but smooth distrl! .ions of static pressure are obtained. 
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We now turn to the more complex three-way comparison for case 15 at Mach 
number 0.7. The static pressures are shown In Fig 8-35. The solutions of Dornier and 
Rizzl are In good agreement over the first 60% of the wing, and this persists further 
aft on the lower surface. At >5% the suction peak in the Dornier solution seems more 
affected by the proximity of the trailing edge, and this effect seems to extend forward 
to 80%. The solution of Koeck contains a peak on the upper surface just inboard of the 
leading edge at 20% and 60%. This has vanished at 95% and, as will be seen in Fig 8-39, 
it is very small at 80%. It seems unlikely to correspond to any behaviour of the exact 
inviscid solution or of the real flow. Otherwise, Koeck'a solution agrees with the 
other two on the lower surface. At t'.e 95% station it is closer to Rlzzi's solution 
than to Dornier's. This last feature seems likely to be related to the grids used, and 
so the Dornier solution is preferred because the o'-id on the wing is denser near the 
trailing edge. 

The Mach number variations in Fig 8-36 are again explicable in terms of the static 
pressure and total pressure variations, Fig 8-37. The total pressure losses in both the 
R.zzi and Dornier solutions are consistently lower than at M^ = 1.5, and the levels are 

also closer together. Agreement in Mach number between the two solutions is also better 
at M^ = 0.7. The sharp leading edge peaks in Koeck's static pressure do not appear in 

the Mach number, apparently because of peaks in the total pressure loss. The loss of 
total pressure in Koeck's solution decreases away from the apex, until it is the lowest 
of the three at the 95% station. It is also the lowest of the three in the vortex core 
and along the centre line of the wing. Rizzi again finds total pressure values above 
free-stream level on the upper surface over the rear of the wing. 

The results for case 15 support the view that, in the calculations of Dornier and 
Rizzl, the error in total pressure affects the Mach number rather than the static 
pressure. This is not clear in Koeck's solution, where the large total pressure loss 
at the 20% station is associated with static pressure and Mach number distributions 
which both appear to be unphysical. Unfortunately, Koeck did not supply flow field 
information at the 20% station. 

It has to be remembered that the static pressure plays a special ole in methods 
of the Jameson-Rizzi-Schmidt family, in that the smoothing operators are based on 
variations in pressure. It would seem therefore that sharp pressure variations are 
likely to be inhibited. Moreover, if sharp variations in a quantity appear anywhere in 
the time-evolution of a solution, such as a variation in density across a shear layer, 
sympathetic variations in pressure are likely to emerge. These will Invoke the 
smoothing operator, and the static pressure will be smoothed at the cost of a truncation 
error which appears as a loss in total pressure. Clearly a loss in total pressure in 
the shear layer shed from the leading edge will be convected into the core of the 
vortex. 

The plots in Figs 8-32 to 8-37 do not reveal what is happening very close to the 
leading edge, in partie liar in the Dornier solution. Fig 8-38 Ju s therefore been 
prepared from the tabulated solutions for case 15. To obtain the Dornier curve, values 
have been transferred from the constant y stations to the x/c * 0.6 station of the 
plot along rays through the apex, exploiting the approximate conlcality of the flow. A 
proper interpolation scheme could have been used, but seemed unnecessary. Only the 
static and total pressures are shown, since the Mach number appears to follow from them, 
and only a very small part of the section near the leading edge is covereu. The section 
is unfolded, so that the plots run from lower surface to upper surface across the page. 
The curves are based on 30 points from the Dornier solution, 14 points from Rizzi's 
solution and 11 from Koeck's. There is some arbitrariness about how the curves of 
static pressure are drawn. A discontinuity in slope at the leading edge is strongly 
indicated in the distributions of Koeck and Rizzi, and would be expected in an exact 
solution in which a vortex sheet leaves the ee'ge tangentially to the lower surface. A 
second slope discontinuity has been admitted in the Rizzi curve, without physical justi¬ 
fication, because the numerical values suggest its presence. It is not peculiar to this 
station. 

The Dornier results suggest that an attempt to reproduce a discontinuity in slope 
has been confused by a small oscillation. The previously remarked agreement on the 
lower surface, in both static and total pressure, appears again, as does the agreement 
between Dornier and Rizzi about the static pressure on the upper surface. All three 
solutions predict the total pressure on the upper surface differently. Away from the 
immediate neighbourhood of the edge, Dornier shows a constant loss of total pressure 
relative to the lower surface, Rizzi shows a small and roughly constant gain in total 
pressure, and Koeck has a loss which increases steadily to a value greater than 
Dornier's. The transition oetween the twe levels in the Dornier result is by a step 
change, only slightly perturbed by oscillations. Rizzi has an oscillation as large as 
the total change in the Dornier solution, and Koeck has a larger oscillation than this. 
These results suggest that Ri;szi and Koeck may be suppressing a tendency towards an 
oscillation in static pressure at the cost of a larger oscillation in total pressure. 
The leading edge is the obvious place for a jump in total pressure, with the flow 
leaving the wing on two sides of a vortex sheet. The Dornier solution reproduces just 
such a discontinuity. However, since we do not believe there should be variations in 
total pressure, it is not clear how we should wish the methods to perform. There is no 
suggestion that the losses in total pressure originate at the leading edgei in this 
Dornier solution the step at the leading edge is only 10% of the overall loss in total 
pressure. 
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Some confirmation of the view that the static pressure is being computed correctly 

comes from a comparison with the experimental measurements of Ref 8-5. Only the upper 

surface of the 80» station was instrumented. The comparisor. is shown in Fig 8-39 for 

C (* (p * p l/ip.vi) tor two cases. The measurements at » 0.7 are typical of a 

flow in which the boundary layer flowing outboard under the primary vortex is turbulent, 

and is therefore able to withstand a considerable rise in pressure from the suction peak 

before separating to form a secondary vortex. Previous experience (Ref 8-38) with 

vortex-sheet models at low speeds suggests that such measurements agree more closely 

with inviscld flow models than do measurements made with laminar boundary layers. The 

latter separate after a smaller pressure rise, and the interaction produces a broader, 

lower peak. The inboard shift of the suction peak from its calculated position has 

previously been attributed (Rsf 8-38) to a displacement effect of the secondary vortex. 

It should be .dded that attempts to introduce an inviscld model of the secondary vortex 

(Ref 8-39) have not led to more realistic pressure distributions: Instead of the 

constant pressure level apparent outboard of the suction peak in Fig 8-39, a further 

narrow peak Is calculated. This may be because, at wind-tunnel Reynolds numbers, the 

height of the secondary vortex above the wing is little more than the boundary layer 

thickness, so an inviscld model is Inappropriate. The problem of the representation of 

the secondary separation remains the chief obstacle to the reproduction of measured 

pressure distributions, as it has been since 1968. 

Fewer detailed experiments have been carried out at supersonic speeds. Observed 

suction peaks usually resemble that shown in Fig 8-39 for * 1.9, but it is not known 

whether the state of the boundary layer under the primary vortex has any significant 
effect. The oil-flow picture in Ref 8-5 does show an outboard shift of the secondary 

separation line between 30» and 40» of the length from the apex. This is almost 

certainly a sign of transition in the boundary layer, well ahead of the pressure 

measuring station. The distributions in Fig 8-39 can therefore both be taken to be 

associated with turbulent secondary separation. 

At M »0.7, the calculated results agree with the measurements inboard, and 

straddle the height of the measured suction peak. Presumably, small changes to the 

methods would bring about much closer agreement. As explained above, it is doubtful 

whether any Inviscld method can reproduce the observed pressure distribution between 

the suction peak and the leading edge. At ■ 1.5, the agreement is not quite so 

satisfactory. Both calculated peaks are too low and too broad, missing the shape of the 

observed peak. We may guess that this is associated with the total pressure loss in the 

vortex core, for which the Dornier prediction is somewhat greater than Rizzl's. 

Finally, the overall force data is presented. The adjacent table shows the 

contributed values of the lift and drag coefficients. The only calculation of the 

Case 14, ■ 1.5 Case 15, M^ » 0.7 

Rlzzi (coarse) Rlzzi (fine) Rlzzi (coarse) Rlzzi (fine) Koeck 

CL 

CD 

CL tan a 

0.482 

0.135 

0.129 

0.526 

0.147 

0.141 

0.604 

0.156 

0.162 

0.676 

0.171 

0.181 

0.678 

0.171 

0.182 

centre of lift is by Koeck, for case 15. He finds it at x/c ■ 0.6055. Rizzl's coarse 

grid has half as man/ cells along the length of the wing as his fine grid. Use of It 

underestimates the lift and drag by about 10». The agreement between the results of 

Koeck and Rlzzi for case 15 is very striking, but In view of the sensitivity to grid 

spacing and the differences In upper surface pressure distribution apparent In Fig 8-35, 

the closeness of the agreement must be regarded as sonewhat coincidental. Rizzl's lift 

for case 14 is comparable with the value ftom supersonic linearized theory: 

i* Aa /e</t: e2A2/i6) - 0.519 

There is some evidence In Ref 8-28 that the measured lift Is close to the linearized 

theory estimate for a Mach number and aspect ratio close to the present. In the sub¬ 

sonic case, the drag is about 5* less than CL tan a , which Is consistent with a 

favourable axial force arising from the Interaction between the vortex flow and the wing 

thickness distribution. In the supersonic case, CD is about 5» greater than CL tan a 

this Is consistent with a wave drag due to wing thickness which outweighs any favourable 

Interaction with the vortex flow. 

8.3.4 Conclusions and rec ndations - vortex flow calculations 

Three methods of broadly similar type, but with significant differences, using 

grids of similar overall density, but of different types, have all produced vortex flows 
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with the same principal features, but with significant differences of level. 
Differences with measured values of static pressure are comparable with differences 
between the predictions at the 80» lengthwise station, where agreement between the 
methods is closest. Very large losses In total pressure, greater than the free-stream 
kinetic pressure, are calculated in the cores of the vortices. Although these are 
comparable with those produced by viscous forces in real flows, they represent large 
errors in the invlscld solutions. Oscillations in total pressure arise near the leading 
edge on the upper surface, with sympathetic oscillations in the Mach number. The 
calculated static pressure appears to be more reliable than the calculated Mach number. 
A better estimate of the Mach number in an invlscld flow would be obtained from the 
calculated static pressure and an assumption of homentropic flow, at least upstream of 
the trailing edge shock. 

The methods all show great potential, but, in view of the magnitude of the errors, 
there is a need to validate them by further comparisons, both between calculated solu¬ 
tions and with measured values. No one solution is clearly superior to the others. 
Koeck produces the lowest overall loss in total press ire, but his static pressure over 
the forward half of the wing has unrealistic features. The static pressure distribu¬ 
tions of Dornier and Rizzi are in close agreement, excapt near the trailing edge in 
case IS, where it is not clear which is better. 

All the presented results have great value to users and developers of methods, but 
their value is seen more as establishing a base line from which advances can be made, 
than as providing a reference against which subsequent work can be judged. 

Among the developments that ought to follow the preiient exercise arei 

(a) For some three-dimensional vortex flows, convergence with respect to grid spacing 
needs to be established. It is unlikely that this can be ¿\chieved with current 
computers fo1 cases like those of the present exercise. Possibilities are: to limit the 
extent of t' e flow field, either by confining a low Mach number flow or by computing 
that part of a supersonic flow between the bow shock and the upstream characteristic 
surfaces through the trailing edge; or to study conical flows with only two independent 
space variables; or even just to calculate the vortex core solution of Ref 8-33. 

(b) The existing calculations should be lepeated, if possible, for simple delta wings 
for which detailed flow field measurements are available. These are usually the result 
of experiments in low-speed wind tunnels, but laser velocimetry is being used for tran¬ 
sonic vortex flows over wings (Ref 8-40). The results of calculations in which the 
nonlinear effects of compressibility are insignificant could also be compared with 
results from existing panel methods. Ref 8-6 and 8-7. 

(c) Since it appears from Ref 8-40 that there are real and little understood inter¬ 
actions between vortex flows and nonlinear compressibility effects on configurations of 
practical Interest, detailed flow field measurements of pressure, as well as velocity, 
are needed at transonic conditions. 

(d) The important role of streamlines as characteristics of vortex flows needs 
emphasis, in view of their relatively minor significance in most applications of the 
Euler equations considered hitherto. Numerical solutions like those contributed to this 
exercise should be analyzed to display information along selected streamlines, most 
simply the variation of total pressure, but perhaps also the terras governing the evolu¬ 
tion of vorticity. This may reveal the sources of error. 

(e) The presentation of surface streamlines in calculations like the present ones is 
recommended, in order to provide clear evidence of where the invlscld separation is 
taking place, as well as locating the attachment lines from which the streamlines 
diverge to cover the wing surface. 

(f) Different algorithms should be exercised on the same grid and the same algorithm 
exercised on different grids. Without this, the effects of choice of algorithm and grid 
cannot be separated with confidence. 

(g) In any future exercise of this kind, details of smoothing operators, or artificial 
viscosity, should be requested, including values of coefficients used. 

8.4 Wing-fuselage - AGARD B - cases 17 to 20 

8.4.1 Solutions received 

Four test cases were proposed for the AGARD B configuration, angles of incidence 
of 0 and 2*, at Mach numbers of l.S and 2.0. Details of the configuration are shown in 
Fig 5-12. The only solutions received are for the two cases at * 1.5, number 17 at 

zero incidence and number 18 at 2*, both supplied by Dornier. These were received after 
the final meeting of the Working Group in September, 1983. Consequently, no comparisons 
could be made, and there has been no opportunity for the Group to express views. The 
presentation of the solutions has been prepared by Prof Norstrud. 

The contributed solutions are in graphic form, without estimates of overall 
forces. The only Information about the grid used is that conveyed by Fig 8-40. 
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The method used appears to be same Jameson-Schmidt program used for the Dlllner 
wing, cases 14 and 15. as described in section 8.3.2. 

8.4.3 Presentation of results 

The configuration is a delta wing mounted on a body of revolution which is 
cylindrical over a portion extending both upstream and downstream of the wing root. The 
wing has a 4» thick biconvex section, with a leading-edge sweep of 60*. The aspect 
ratio of the exposed wing, see Fig 8.40, is 2.31. 

All the results contributed by Dornier are reproduced in microfiche form. A 
selection is presented in the text. Fig 8-41 shows the upper surface Mach number 
distribution for case 17, at zero incidence. The lower surface distribution is almost 
identical. The corresponding distribution of static pressure is shown in Fig 8-42, as 
contours of 1 - p/p^ . Plots on the body surface are not included. The total 

«0 

pressure distribution, as 1 - P^/P^ » wing upper (and lower) surface is shown in 

Fig 8-43. 

The distribution of the pressure coefficient, Cp , across the semi-span of the 

exposed wing at the station x/(root chord) = 0.95 is given in Fig 8-44. The term 
'exposed wing* is explained in Fig 8-40. The symbol s in Fig 8-44 is used to denote 
twice the semi-span of the exposed wing. 

Next, we turn to case 18, for which M_ = 1.5 and the incidence is 2*. Fig 8-45 

shows the spanwise distribution of pressure coefficient at the same station and in the 
same form as Fig 8-44. Fig 8-46 shows the contours of the Mach number for the upper and 
lower surfaces of the wing in parts (a) and (b). Note that the Mach numbers listed in 
the key to Fig 8-46b appear to be too small a factor of 10. Finally, Fig 8-47 depicts 
the distribution of total pressure in the cross-flow plane at x/(root chord) * 0.6, in 
the form of contours of 1 - P^/Pj » also for case 18. 

« 

8.5 Conclusions - delta wing solutions 

We recall that the objective of the Working Group has been to find solutions of 
whose numerical accuracy we can be reasonably confident, rather than to recommend the 
use of any particular technique or individual program. The outcome has been very 
different for the three different configurations on which the test cases are based, 
which is very much what the Group expected when it chose problems of varying difficulty. 

The difficulty of obtaining a solution Increases through the cases, from the 
relative simplicity of case 13, the Butler wing at zero incidence and a Mach number of 
2.5, for which space-marching .methods are suitable, through the two cases, 14 and 15, of 
the Dillner wing at 15* incidence and Mach numbers 1.5 and 0.7, for which time-marching 
methods are needed, to the four cases, 17-20, of the AGARD B wing-fuselage combination 
at incidences of zero and 2* and Mach numbers of 1.5 and 2.0. The difficulty of 
obtaining a solution is related in part to the number of independent variables involved, 
and in part to the difficulty of generating an appropriate grid. It is reflected in the 
number of contributors attempting the solution, and the number of solutions they 
submitted. For case 13, five contributors submitted 11 solutions in all, for case 14, 
two contributors submitted one solution each and, for case 15, three contributors 
submitted one solution each, there was one solution for cases 17 and 18 and none for 
cases 19 and 20. 

The difficulty of assessing the solutions Involves two other aspects! the number 
of solutions available for comparison, particularly those using the same method on 
different grids, and the nature of the solutions found. For the Butler wing, many solu¬ 
tions are available, with three contributors showing effects of grid spacing. The exact 
solution is not very different from a potential flow, and the maximum loss of total 
pressure can be found accurately from conical flow calculations. A detailed analaysis 
of the results* is therefore possible, and is presented in section 8.2.3. For the two 

Since completion and typing of section 8.2, further details have been received from 
Prof Walkden. These are the values of the drag coefficient calculated on his grids 3 
and 4. The complete set of values is: 

Wal Wa2 Wa3 Wa4 

100CD 5.928 5.967 5.904 5.948 

Extrapolation to sero grid-spacing, using Eq.(8-6), yields 100CD 

where the error band is solely due to the extrapolation process. It would have been 
extremely satisfactory to find that this range of values overlapped that derived from 
the solutions of MM. Fenaln and Lordon, Eq.(8-4). In fact, there is a discrepancy of 
unity in th» third significant figures, but this is small enough to confirm the 
validity of the treatment given in section 8.2.3. 

5.978 ± 0.0045, 

/ 

r-- 

_ - ^ ■ j 
. •• - --i 
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cases involving the Dlllner wing only a few solutions are available; all show large 
vortices lying above the wing surface, and all show very substantial losses in total 
pressure. It appears that the solutions found are approximations to exact solutions of 
the Euler equations in which a vortex sheet is shed from each leading edge and rolls up 
into a spiral above the wing; and that differences between such an exact solution a.-.d 
the approximations are attributable, in a qualitative sense, to numerical diffusion. A 
lengthy discussion of these features is presented in section 8.3.3, but the lack of 
quantitative information about the influence of numerical diffusion limits the conclu¬ 
sions that can be drawn. For the wing-fuselage configuración, the single solutions 
received for two of the test cases are presented in section 8.4.3. 

The outcome of the detailed analysis of the results for case 13, on the Butler 
wing, is summarized in section 8.2.4. In brief; 

(a) plausible extrapolations of the results of Fenain and Lordon and of Walkden to 
zero-grid spacing are possible; 

(b) these extrapolations agree very closely except near the wing tip; 

(c) consequently an extrapolation of this kind can be regarded as being very close to 
an exact solution of the Euler equations, and forming a reference solution; 

(d) several of the solutions submitted come close enough to such an extrapolation to 
be quoted as reference solutions; 

(e) the errors in the calculated total pressure on the surface are easily 
identifiable; 

(f) these errors apparently effect the calculated Mach number more than the calculated 
static pressure; 

(g) for the single quantity of greatest Interest, the drag coefficient, the total 
spread of the best results from the three contributors who calculated it and the 
two possible extrapolations to zero grid-spacing is less than 1» of the value. 

The outcome of the discussion of the results obtained for cases 14 and 15 on the 
Diliner wing is given in section 8.3.4. Apart from recommendations for further work, 
the conclusions are; 

(a) all the solutions are of vortex flows with the same principal features, but with 
significant differences of level; 

(b) where a comparison with measured static pressure is available (at the station 80» 
of the length from the ape^c), the differences between the solutions are similar in 
size to their individual differences from the measured values; 

(c) elsewhere, the differences between the solutlonu are larger; 

(d) no one solution is clearly superior to the others; 

(e) the losses of cotai pressure in the core of the vortex, exceeding the free stream 
kinetic pressure, are very significant; 

(f) the errors in total pressure seem to affect the Mach number more than the static 
pressure; and 

(g) the value of the solutions lies in establishing a base line from which advances 
can be made, rather as providing a reference against which other work can be 
judged. 

Only one solution was received for each of cases 17 and 18 on the AGARD B wing- 
fuselage combination. No comparisons could therefore be undertaken, and the results, 
contributed in graphical form, are presented without evaluation. Two main causes can be 
seen as contributing to the poor response; constructing a grid for such a configuration 
is not easy, and potential contributors had already expended a good deal of effort on 
the other configurations. 



8-27 

Table 8-1 

REFERENCE SOLUTION Wa- FOR CASE 13, THE BUTLER WING 

x/c » 0.6 X/ c - 0.95 

arc cos y/a(x) 1 - P/Pi 
m CP 

H 1 - P/Pt 
m CP 

H 

0 
4.5 

9 
13.5 

18 
22.5 

27 
31.5 

36 
40.5 

45 
49.5 

54 
58.5 

63 
67.5 

72 
76.5 

81 
85.5 

90 

0.9085 
0.9100 
0.9139 
0.9200 
0.9270 
0.9344 
0.9414 
0.9476 
0.9530 
0.9575 
0.9610 
0.9637 
0.9655 
0.9667 
0.9672 
0.9672 
0.9668 
0.9664 
0.9658 
0.9654 
0.9653 

0.1287 
0.1229 
0.1076 
0.0840 
0.0565 
0.0277 
0.0004 

-0.0240 
-0.0452 
-0.0624 
-0.0762 
-0.0867 
-0.0940 
-0.0985 
-0.1006 
-0.1005 
-0.0991 
-0.0974 
-0.0951 
-0.0936 
-0.0931 

2.207 
2.217 
2.246 
2.292 
2.351 
2.419 
2.491 
2.564 
2.635 
2.699 
2.755 
2.802 
2.836 
2.859 
2.870 
2.869 
2.862 
2.853 
2.842 
2.835 
2.832 

0.9426 
0.9571 
0.9695 
0.9765 
0.9809 
0.9838 
0.9858 
0.9874 
0.9887 
0.9894 
0.9899 
0.9901 
0.9897 
0.9887 
0.9863 
0.9824 
0.9789 
0.9763 
0.9745 
0.9734 
0.9731 

-0.0044 
-0.0610 
-0.1096 
-0.1369 
-0.1538 
-0.1653 
-0.1733 
-0.1795 
-0.1844 
-0.1872 
-0.1893 
-0.1898 
-0.1885 
-0.1844 
-0.1752 
-0.1599 
-0.1463 
-0.1359 
-0.1288 
-0.1248 
-0.1235 

2.505 
2.693 
2.918 
3.092 
3.230 
3.344 
3.438 
3.522 
3.596 
3.643 
3.681 
3.690 
3.666 
3.596 
3.463 
3.288 
3.165 
3.084 
3.035 
3.009 
3.000 

m 

i 

\ 



Table a-2 

REFERENCE SOLUTION FL3 FOR CASE 13, BUTLER WINO 

6, upper surface 

y/c */c M COR i 
a 

aln" 

.001124 .092701 .911321 

.001417 .092111 .911341 

.009144 .092119 .911310 

.012741 .092472 .911431 

.011441 .092311 .911114 

.020093 .092122 .911101 

.023733 .091119 .911713 

.027311 .091111 .911133 

.030419 .091301 .911914 

.034104 .090914 .911103 

.031209 ,090111 .911247 

.041102 .090137 .911394 

.041313 .019119 .911140 

.041910 .019112 .911112 

.012102 .011117 .911111 

.011031 .011031 .911943 

.019111 .017407 .917013 

.013011 .011744 .917147 

.011137 .0110*1 .417219 

.019991 .011291 .917211 

.073433 .014111 .917219 

.071147 .013191 .917279 

.010231 .012134 .917237 

.013191 .011934 .917117 

.011932 .010944 .917039 

.090231 .010011 .911179 

.093113 .071991 .911174 

.091711 .077931 .911422 

.099911 .071131 .911121 

.103140 .071700 .911719 

.101271 .074122 .911312 

.109371 .073304 .914191 

,112437 .072041 .414371 

.111411 .070749 .413791 

.111430 .019413 .913143 

.121319 .011037 .912429 

.124241 .011021 .911141 

.127073 .011111 .910790 

.129111 .013173 .919111 

.132114 .012140 .411111 

.131211 .010111 .917770 

.137174 .011911 .911103 

.140431 .017309 .951312 

.142927 .011123 .914011 

.145319 .013199 .912591 

.147724 .012134 .411071 

.110021 .010341 .949471 

-.093139 2.132111 .011149 

-.093211 2.132112 .011110 

-.093370 2.133301 .011111 

-.093191 2.134401 .011112 

-.093192 2.135147 .011554 

-.094212 2.137104 .011111 

-.094170 2.139110 .011111 

-.091131 2.141911 .011111 

-.095141 2.I444H .011113 

-.091190 2.147110 .011111 

-.091713 2.149913 ,011170 

-.097327 2.152111 .011173 

-.097191 2.115111 .011577 

-.091411 2.111493 .011510 

-.091913 2.111171 .011114 

-.099471 2.113149 .011511 

-.099904 2.111111 .011192 

-.100211 2.117725 .011197 

-.100112 2.119174 .011101 

-.100741 2.170111 .011101 

-.100123 2.170172 .011109 

-.100711 2.170310 .011112 

-.100119 2.119113 .011111 

-.100309 2.117911 .011120 

-.099141 2.111144 .011123 

-.099220 2.112341 .011121 

-.091421 2.111290 .011129 

-.097431 2.113339 .011131 

-.091213 2.147417 .011134 

-.094111 2.140111 .011131 

-.093291 2.132190 .011a39 

-.091411 2.124111 .011141 

-.0194*1 2.114414 .011143 

-.01711* 2.103102 .011144 

-.01*134 2.792112 .0<1t*i 

-.011143 2.779117 .011141 

-.071713 2.711123 .011110 

-.071444 2.711722 .011151 

-.071114 2.731441 .011113 

-.017115 2.720309 .011154 

-.Qo3i47 2.703314 .011111 

-.019019 2.111144 .011151 

-.05*20* 2.117194 .011159 

-.041914 2.141011 .011111 

-.043422 2.121312 .011112 

-.037514 2.107993 .011114 

-.031251 2.517173 .011115 

19.413 19.170 19.413 

11.240 11.141 11.240 

17.011 17.001 17.011 

11.192 IJ.ilO 11.192 

14.711 i*.lt! 14.711 

13.143 13.111 13.143 

12.317 12.344 12.317 

11.190 11.170 11.190 

10.012 79.994 10.012 

71.132 71.111 71.132 

77.152 77.137 77.111 

71.419 71.411 71.419 

75.215 71.273 75.215 

74.099 74.001 74.099 

72.911 72.900 72.911 

71.721 71.711 71.721 

70.129 70.519 70.521 

19.334 19.324 19.333 

11.131 11.127 11.131 

11.931 11.927 11.931 

11.732 11.723 11.731 

14.125 14.117 14.525 

13.311 13.307 13.311 

12.102 12.094 12.101 

10.001 10.077 10.004 

19.114 19.117 19.114 

10.440 10.432 10.439 

57.211 57.204 57.210 

55.970 55.971 15.977 

14.741 54.733 14.740 

53.499 13.492 13.490 

12.212 12.241 12.211 

51.000 50.993 50.999 

49.744 49.737 49.743 

40.402 40.471 40.401 

47.211 47.200 47.214 

45.943 45.931 45.941 

44.111 44.110 44.113 

43.301 43.374 43.379 

42.091 42.004 42.090 

40.791 40.709 40.794 

39.495 39.407 39.492 

30.107 30.179 30.105 

31.073 31.011 31.071 

35.153 35.141 35.550 

34.227 34.219 34.224 

32.094 32.101 32.091 

% 

, 
- 
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x/c = 0.6, lower surface 

y/c 

.t»24ê 

.1S4Û1 

.15647? 

.15147? 

.160394 

.162234 

.163965 

.165646 

.167221 

.161701 
.170017 
.171376 
.172565 
.173654 
.174639 
.175520 
.176294 
.176961 
.177511 
.177965 
.171301 
.171526 
.171631 
.171631 
.171526 
.171301 
.177965 
.177511 
.176961 
.176294 
.175520 
.174639 
.173654 
.172565 
.171376 
.170017 
.161701 
.167221 
.165641 
.163915 
.162234 
.160391 
.15147? 
.156479 
.154401 
.152241 
.150021 
.147724 
.145359 
.142927 
.140431 
.137174 
.135251 
.13251* 
.129155 
.127073 
.124241 
.121359 
.111430 
.115455 
.112437 
.109371 
.106271 

z/c 

.041501 

.046639 

.044735 

.042797 

.040126 

.031123 
.036719 
.034725 
.032631 
.030510 
.021363 
.026190 
.023995 
.021771 
.019540 
.017215 
.015014 
.012729 
.010431 
.001123 
.005101 
.003417 
.001163 

-.001163 
-.003417 
-.005101 
-.001123 
-.010431 
-.012729 
-.015014 
-.017215 
-.019540 
-.021771 
-.023995 
-.026190 
-.021363 
-.030510 
-.032631 
-.034725 
-.036719 
-.031123 
-.040126 
-.042797 
-.044735 
-.046639 
-.041501 
-.050341 
-.05213? 
-.053199 
-.055623 
-.057309 
-.054951 
-.060561 
-.062140 
-.063673 
-.065166 
-.066621 
-.061037 
-.069413 
-.07074? 
-.072046 
-.073304 
-.074522 

Table 8-2 (continued) 

1 -- ■T1 i . -1 Z 
sin — 

D 

.947715 

.946006 

.944140 

.942192 

.940167 

.931071 

.935912 

.933702 

.931455 

.929115 

.926912 

.92*651 
,922445 
.920300 
.911251 
.916321 
.914560 
.912977 
.911606 
.910475 
.909604 
.909012 
.901711 
.901707 
.909001 
.909516 
.910451 
.911577 
.912943 
.914523 
.916219 
.911211 
.920259 
.92240* 
.924611 
.926174 
.929141 
.931419 
.933669 
.935111 
.931041 
.940140 
.942167 
.944117 
.945914 
.947765 
.949457 
.951061 
.952575 
.954000 
.955331 
.956590 
.957757 
.951144 
.959151 
.960711 
.961636 
.962*21 
.963136 
.963714 
.964369 
.964192 
.965356 

-.024653 
-.017704 
-.010419 
-.002112 

.005091 

.013215 

.021715 

.030345 

.039123 

.047916 

.056162 

.065661 

.074310 

.012616 

.090667 

.091171 

.105103 

.111216 

.116631 

.121057 

.124451 

.126771 

.127946 

.127961 

.126113 

.12*521 

.121151 

.116752 

.111411 

.105247 

.091351 

.0901*5 

.012146 

.074469 

.065124 

.057013 

.041131 

.039260 

.030*75 

.021137 

.013399 

.00520* 
-.002713 
-.010327 
-.017611 
-.u24573 
-.031114 
-.037*46 
-.0*3351 
-.0*1925 
-.054149 
-.059031 
-.063599 
-.067141 
-.071773 
-.075*06 
-.071741 
-.011111 
-.014603 
-.017136 
-.019420 
-.091462 
-.093275 

2.565927 
2.544327 
2.522460 
2.500413 
2.471214 
2.456177 
2.434201 
2.412*75 
2.391122 
2.370273 
2.35006* 
2.330636 
2.312133 
2.294702 
2.271*11 
2.263635 
2.250210 
2.231556 
2.221510 
2.220460 
2.214212 
2.210116 
2.201011 
2.207919 
2.210053 
2.21417? 
2.220320 
2.221401 
2.231355 
2.250056 
2.263392 
2.271232 
2.294437 
2.311164 
2.330365 
2.349795 
2.370001 
2.390162 
2.412222 
2.433956 
2.455940 
2.471056 
2.500192 
2.522241 
2.544123 
2.565730 
2.516916 
2.607112 
2.621137 
2.647191 
2.667034 
2.615490 
2.703216 
2.720161 
2.736306 
2.751593 
2.766001 
2.779502 
2.792073 
!.103700 
2.114361 
2.12*072 
2.132101 

.011666 

.011667 

.011661 
011o6l 

.011161 

.011661 

.011667 

.011665 

.011662 

.011659 

.011654 

.0116*9 

.011643 

.011636 

.011621 

.011619 

.011610 

.011600 

.011590 

.011510 

.011570 

.011561 

.011553 

.0115*6 
.011540 
.011535 
.011532 
.011530 
.011529 
.011530 
.011531 
.0H533 
.011536 
.0115*0 
.011543 
.011547 
.011551 
.011555 
.011559 
.011563 
.011567 
.011570 
.011573 
.011576 
.011579 
.011512 
.01151* 
.011517 
.011519 
.011591 
.011593 
.01159* 
.011596 
.011591 
.011599 
.011600 
.011601 
.011602 
.011603 
.011604 
.011604 
.011604 
.011604 

31.555 
30.210 
26.151 
27.500 
26.136 
24.766 

23.319 
22.007 
'0.620 
19.226 
17.121 
16.424 
15.016 
13.604 
12.111 
10.769 
9.347 
7.924 
6.500 
5.071 
3.663 
2.272 
1.016 
1.016 
2.272 
3.663 

5.071 
6.500 
7.924 
9.347 

10.769 
12.111 
13.604 
15.016 
16.424 
17.121 
19.226 
20.620 
22.007 
23.319 
24.766 
26.136 
27.500 
21.151 
30.210 
31.555 
32.194 
34.227 
35.553 
36.173 
31.117 
39.495 
40.796 
42.091 
43.311 
44.665 
45.943 
47.215 
41.412 
49.744 
51.000 
52.252 
53,499 

31.546 
30.201 
21.149 
27.490 
26.126 
24.755 
23.371 
21.995 
2C.607 
19 213 
17.113 
16. *01 
14.999 
13.515 
12.167 
10.745 
9.31? 
7.191 
6.460 
5.027 
3.592 
2.155 

.719 
-.71? 

-2.155 
-3.592 
-5.027 
-6.460 
-7.191 
-9.319 

-10.745 
-12.167 
-13.515 
-14.999 
-16.401 
-17.113 
-19.213 
-20.607 
-21.995 
-23.371 
-24.755 
-26.126 
-27.490 
-21.1*9 
-30.201 
-31.546 
-32.116 
-34.219 
-35.545 
-36.165 
-31.179 
-39.417 
-40.71? 
-42.01* 
-43.374 
-44.651 
-45.936 
-47.201 
-41.475 
-*9.737 
-50.993 
-52.245 
-53.492 

31.552 
30.206 
21.154 
27.495 
26.131 
24.760 
23.313 
22.000 
20.611 
19.217 
17.117 
16.412 
15.003 
13.511 
12.170 
10.741 
9.322 
7.193 
6.462 
5.021 
3.593 
2.156 

.719 
-.719 

-2.156 
-3.593 
-5.021 
-6.462 
-7.193 
-9.322 

-10.741 
-12.170 
-13.511 
-15.003 
-16.412 
-17.117 
-19.217 
-20.611 
-22.000 
-23.313 
-24.760 
-26.131 
-27.495 
-21.154 
-30.206 
-31.552 
-32.191 
-34.22* 
.-35.550 
-36.171 
-31.115 
-39.*92 
-40.794 
-42.090 
-43.379 
-44.063 
-45.941 
-47.21* 
-41.411 
-49.7*3 
-50.999 
-52.251 
-53.491 

I 
T
 

li 



Table 8-2 (continued) 

i 

x/c 0.95, upper surface 

y/c r/c 

.002101 .0H103 

.OOliOl .0(W17 

.011000 .011711 
,0195« .011761 
.025116 .011715 
.030770 .011716 
.036317 .011611 
.011916 .011610 
.017171 .011591 

.053021 .011511 
.051555 .011113 
.061075 .011119 
.069579 .011319 
.075065 .011273 
.010533 .011191 
.015911 .011101 
.091107 .011010 
.096110 .013910 
.102111 .013105 
.107510 .013693 
.112163 .013575 
.111157 .013152 
.123119 .013322 
.121617 .013116 
.133111 .013013 
.131997 .012195 
.1911(9 .012790 
.199190 .012510 
.159223 .012912 
.159210 .012239 
.169150 .012059 
.169090 .011173 
.173177 .011610 
.171659 .011911 
.113319 .011275 
.111099 .011063 
.192650 .010199 
.197115 .010619 
.201650 .010317 
.206099 .010191 
.210361 .009903 
.219599 .009651 
.211759 .009393 
.222122 .009127 
.226799 .001155 
.230611 .001576 
.239963 .001291 

.973020 -.123203 

.973065 -.123311 

.973156 -.123737 

.973293 -.121272 

.973976 -.129916 

.973705 -.125162 

.973912 -.124961 

.971306 -.121226 

.971671 -.129611 

.975101 -.131330 

.975579 -.133110 

.9)6101 -.135231 

.976619 -.137513 

.977325 -.190011 

.971029 -.192767 

.971100 -,M776 

.979691 -.199063 

.910557 -.152631 

.911512 -.156iI7 

.912519 -.160555 

.913650 -.169719 

.914695 -.161602 

.915671 -.172613 

.916542 -.176011 

.917290 -.171934 

.917911 -.111316 

.911436 -.11341) 

.911160 -.115066 

.919203 -.116406 
,919471 -.117471 
.919693 -.111320 
.919151 -.111962 
.919977 -.119421 
.940056 -.119736 
.990091 -.119900 
.990106 -.119931 
.990012 -.119136 
.990027 -.119623 
.919943 -.119297 
.919131 -.111159 
.919691 -.111311 
.919522 -.117652 
.919325 -.116110 
.919097 -.115992 
.911190 -.114916 
.911551 -.113159 
.911230 -.112606 

2.991241 .011541 
2.999367 .011550 
3.001625 .011551 
3.005033 .011554 
3.009616 .011551 
3.015401 .011564 
3.022451 .011571 
3.030126 .011579 

3.040590 .011511 
3.051146 .011599 
3.064714 .011611 
3.079346 .011624 
3.0«931 .011640 
3.114701 .011651 
3.135910 .011611 
3.160121 .011701 
3.117513 .011741 
3.211161 .011711 
3.254366 .011129 
3.294169 .011115 
3.337665 .011944 
3.313311 .011991 
3.429236 .012042 
3.473072 .012073 
3.513306 .012095 
3.549090 .012116 
3.510191 .012139 
3.606767 .012166 
3.629019 .012199 
3.647502 .012239 
3.662321 .012216 
3.673141 .012340 
3.612312 .012402 
3.617952 .012471 
3.690947 .012399 
3.691433 .012636 
3.619627 .012732 
3.615601 .012140 
3.679501 .012959 
3.671432 .013091 
3.661410 .013240 
3.649707 .013405 
3.636179 .013390 
3.620954 .013796 
3.604120 .014023 
3.513760 .014273 
3.365923 .014543 

cos'1 * sin'1 t 
a b 

19.433 19.191 
11.299 11.207 
17.165 17.109 
16.030 13.990 
14.195 19.163 
13.739 63.733 
12.622 12.600 
11.414 11.464 
10.344 10.327 
79.203 79.111 
71.060 71.046 
76.916 76.903 
75.769 75.757 
74.620 74.609 
73.969 73.459 
72.315 72.305 
71.159 71.149 
69.999 69.990 
61.136 61.127 
67.670 67.661 
66.500 66.491 
65.326 65.311 
64.141 64.140 
62.966 62.951 
61.779 61.772 
60.312 60.311 
59.392 59.314 
51.190 31.113 
36.913 36.976 
55.771 35.764 
54.553 54.546 
53.321 33.321 
52.097 52.090 
50.160 30.153 
49.616 49.609 
41.364 41.337 
47.106 47.099 
43.140 43.132 
44.366 44.331 
43.214 43.276 
<1.993 41.916 
40.695 40.617 
39.317 39.310 
31.071 31.063 
36.746 36.731 
35.411 35.403 
34.067 34.059 

8 

19.433 
16.299 
17.(65 
16.030 
14.193 
13.759 

12.622 
11.414 
10.344 
79.203 
71.060 
76.916 
75.769 
74.620 
73.469 
72.315 
71.159 
69.999 
61.136 
67.670 
66.500 
63.326 
64.141 
62.966 
61.779 
60.511 
59.392 
51.190 
56.913 
55.771 
54.553 
53.321 
52.097 
50.160 
49.616 
41.364 
47.106 
43.140 
44.366 
43.214 
41.993 
40.6« 
39.317 
31.071 
36.746 
33.411 
34.067 

t 

-- -,, , 
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Table 8-2 (concluded) 

x/c 0.95, lower surface 

y/c x/c M 

.Î829J9 -.000195 

.282792 -.000588 
.282399 -.000976 
.281610 -.001366 
.281027 -.001751 
.280056 -.002136 
.278891 -.002518 
.277566 -.002897 
.276016 -.003272 
.276307 -.003666 
.272627 -.006011 
.270377 -.006376 
.268166 -.006732 
.265792 -.005015 
.263266 -.005633 
.260592 -.005775 
.257773 -.006111 
.256817 -.006661 
.251728 -.006766 
.268511 -.007086 
.265171 -.007395 
.261713 -.007700 
.238162 -.007999 
.236663 -.006291 
.230681 -.008576 
.226799 -.008855 
.222822 -.009127 
.218756 -.009393 
.216599 -.009651 
.210361 -.009903 
.206066 -.010168 
.201650 -.010387 
.197185 -.010619 
.192650 -.010866 
.188069 -.011063 
.183386 -.011275 
.178660 -.011681 
.173877 -.011680 
.169060 -.011873 
.166150 -.012059 
.159210 -.012239 
.156223 -.012612 
.169190 -.012580 
.166116 -.012760 
.138997 -.012895 
.133861 -.013063 
.128667 -.013186 
.123619 -.013322 
.118157 -.013652 

.967903 

.952253 

.957976 

.962757 

.966621 

.969765 

.972355 

.976519 

.976353 

.977928 

.979295 

.980695 

.981560 

.982511 

.983362 

.986129 

.986826 

.985660 

.986038 

.986563 

.987060 

.987673 

.987866 

.988223 

.988565 

.988835 

.989093 

.989320 

.989518 

.989688 

.989828 

.989961 

.990025 

.990079 

.990103 

.990096 

.990056 

.989975 

.989856 

.989692 

.989677 

.989206 

.988861 

.988638 

.987920 

.987293 

.986565 

.985675 

.986699 

-.023192 
-.062106 
-.066666 
-.083126 
-.098213 
-.110692 
-.120607 
-.129060 
-.13622? 

-.162371 
-.167710 
-.152398 
-.156558 
-.160270 
-.163595 
-.166590 
-.169310 
-.171789 
-.176066 
-.176096 
-.177959 
-.179650 
-.181185 
-.182577 
-.183836 
-.186967 
-.185975 
-.186063 
-.187637 
-.186298 
-.188868 
-.189288 
-.189615 
-.169828 
-.189922 
-.189891 
-.189728 
-.189621 
-.188957 
-.188317 
-.187677 
-.186607 
-.185070 
- 183617 
-.181395 
-.178966 
-.176025 
-.172627 
-.168816 

2.5(6368 
2.623689 
2.702173 
2.778673. 

2.868988 
2.913657 
2.972985 
3.0276(0 
3.078105 
3.125032 
3.168878 
3.210105 
3.269068 
3.285935 
3.320793 
3.353859 
3.385392 
3.615501 
3.666166 
3.671366 
3.697056 
3.521303 
3.566100 
3.565662 
3.585383 
3.603809 
3.620665 
3.635887 
3.669626 
3.661231 
3.671228 
3.679332 
3.685668 
3.689673 
3.691292 
3.690782 
3.687801 
3.682187 
3.673750 
3.662267 
3.667(86 
3.629107 
3.606821 
3.580287 
3.569210 
3.513650 
3.673228 
3.629386 
3.383525 

.003790 

.011252 

.018267 

.021987 

.023969 

.026805 

.026891 

.026500 

.023856 

.023087 

.022235 

.021322 

.020609 

.019566 

.018822 

.018165 

.017577 

.017062 

.016569 

.016087 

.015656 

.015253 
.016868 
.016561 
.016272 
.016018 
.013793 
.013592 
.013610 
.013266 
.013096 
.012958 
.012836 
.012726 
.012629 
.012562 
.012665 
.012396 
.012339 
.012289 
.012266 
.012209 
.012180 
.012157 
.012139 
.012123 
.012103 
.012076 
.012030 

-1 i 
a 

. -1 z sla — 
D 

I. J69 -.756 -.779 
2.391 -2.268 -2.316 
3.856 -3.779 -3.825 
5.361 -5.287 -5.326 
6.835 -6.793 -6.828 
6.329 -8.296 -8.325 
9.821 -9.792 -9.818 

II. 309 -11.286 -11.307 
12.792 -12.770 -12.791 
16.269 -16.269 -16.268 
15.739 -15.721 -15.739 
17.202 -17.186 -17.202 
18.656 -18.662 -18.657 
20.105 -20.091 -20.106 
21.563 -21.530 -21.363 
22.973 -22.960 -22.972 
26.393 -26.381 -26.393 
25.606 -25.793 -25.806 
27.205 -27.195 -27.205 
28.397 -26.587 -28.397 
29.979 -29.969 -29.979 
31.351 -31.362 -31.351 
32.716 -32.705 -32.716 
36.067 -36.059 -36.067 
35.611 -35.603 -35.611 
36.766 -36.738 -36.766 
36.071 -38.063 -36.071 
39.387 -39.360 -39.387 
60.695 -60.687 -60.695 
61.993 -61.966 -61.993 
63.286 -63.276 -63.286 
66.566 -66.558 -66.566 
65.860 -65.632 -65.860 
67.106 -67.099 -67.106 
68.366 -68.357 -66.366 
69.616 -69.609 -69.616 
50.860 -50.853 -50.B60 
52.097 -52.090 -52.097 
53.328 -53.321 -53.328 
56.553 -56.566 -56.552 
55.771 -55.766 -55.771 
56.983 -56.976 -56.983 
58.190 -58.183 -56.190 
59.392 -59.366 -59.392 
60.588 -60.561 -60.388 
61.779 -61.772 -61.779 
62.966 -62.956 -62.96c 
66.168 -66.160 -66.168 
63.326 -63.318 -65.326 



8-32 

x/c 

Table 8-j 

REFERENCE SOLUTIONS Mol AND Mo2 FOR CASE 13, BUTLER WING 

0.6, Mol and 2 

y/a 

0.0000 
0.0654 
0.1305 
0.1951 
0.2588 
0.3214 
0.3827 
0.4423 
0.5000 
0.5556 
0.6088 
0.6593 
0.7071 
0.7518 
0.7933 
0.8315 
0.8660 
0.8969 
0.9239 
0.9469 
0.9659 
0.9808 
0.9914 
0.9979 
1.0000 

2.8457 
2.8474 
2.8526 
2.8598 
2.8691 
2.8767 
2.8833 
2.8836 
2.8791 
2.8655 
2.8442 
2.8139 
2.7754 
2.7299 
2.6777 
2.6213 
2.5610 
2.5000 
2.4392 
2.3814 
2.3293 
2.2845 
2.2515 
2.2305 
2.2236 

1 - 
Pi 

0.9652 
0.9653 
0.9656 
0.9660 
0.9664 
0.9668 
0.9672 
0.9672 
0.9670 
0.9663 
0.9652 
0.9635 
0.9613 
0.9585 
0.9550 
0.9509 
0.9461 
0.9408 
0.9349 
0.9288 
0.9227 
0.9171 
0.9127 
0.9098 
0.9088 

ÍL 
Pi 

-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 

x/c * 0.95, Mol 

y/a 

0.0000 
0.0654 
0.1305 
0.1951 
0.2588 
0.3214 
0.3827 
0.4423 
0.5000 
0.5556 
0.6088 
0.6593 
0.7071 
0.7518 
0.7934 
0.8315 
0.8660 
0.8969 
0.9239 
0.9469 
0.9659 
0.9808 
0.9914 
0.9978 
1.0000 

3.0165 
3.0228 
3.0416 
3.0737 
3.1226 
3.1973 
3.3103 
3.4516 
3.5735 
3.6524 
3.6946 
3.7089 
3.7013 
3.6764 
3.6374 
3.5868 
3.5268 
3.4590 
3.3848 
3.3037 
3.2103 
3.0909 
2.9276 
2.7213 
2.5137 

1 - 

0.9731 
0.9734 
0.9741 
0.9753 
0.9771 
0.9795 
0.9826 
0.9858 
0.9880 
0.9893 
0.9899 
0.9901 
0.9900 
0.9896 
0.9891 
0.9883 
0.9872 
0.9859 
0.9844 
0.9824 
0.9798 
0.9760 
0.9693 
0.9579 
0.9420 

1 - 

-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0..0116 
-0.0117 
-0.0117 
-0.0117 
-0.0117 
-0.0117 

x/c * 0.95, Mo2 

y/a 

0.0000 
0.0327 
0.0654 
0.0980 
0.1305 
0.1629 
0.1951 
0.2271 
0.2588 
0.2903 
0.3214 
0.3523 
0.3827 
0.4127 
0.4423 
0.4714 
0.5000 
0.5281 
0.5556 
0.5825 
0.6088 
0.6344 
0.6594 
0.6836 
0.7071 
0.7299 
0.7518 
0.7730 
0.7934 
0.8129 
0.8315 
0.8492 
0.8660 
0.8819 
0.8969 
0.9109 
0.9239 
0.9359 
0.9469 
0.9569 
0.9659 
0.9739 
0.9808 
0.9866 
0.9914 
0.9952 
0.9979 
0.9995 
1.0000 

3.0165 
3.0180 
3.0224 
3.0297 
3.0401 
3.0540 
3.0717 
3.0939 
3.1215 
3.1552 
3.1966 
3.2478 
3.3100 
3.3814 
3.4546 
3.5209 
3.5760 
3.6196 
3.6530 
3.6773 
3.6937 
3.7033 
3.7068 
3.7051 
3.6985 
3.6877 
3.6730 
3.6549 
3.6336 
3.6093 
3.5842 
3.5530 
3.5214 
3.4876 
3.4518 
3.4141 
3.3744 
3.3327 
3.2890 
3.2428 
3.1938 
3.1409 
3.0826 
3.0159 
2.9371 
2.8390 
2.7208 
2.5870 
2.5052 

1 - 

0.9731 
0.9732 
0.9734 
0.9737 
0.9741 
0.9746 
0.9753 
0.9761 
0.9770 
0.9781 
0.9794 
0.9809 
0.9826 
0.9843 
0.9859 
0.9871 
0.9881 
0.9888 
0.9893 
0.9897 
0.9899 
0.9900 
0.9901 
0.9901 
0.9900 
0.9898 
0.9896 
0.9893 
0.9890 
0.9886 
0.9882 
0.9877 
0.9871 
0.9865 
0.9858 
0.9850 
0.9841 
0.9831 
0.9820 
0.9808 
0.9793 
0.9777 
0.9757 
0.9731 
0.9697 
0.9649 
0.9579 
0.9483 
0.9413 

arc' 
■tita, 

« 
t* 

t 
t 

/ 

-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0116 
-0.0117 
-0.Ç117 
-0.0117 
-0.0117 
-0.0117 
-0.0117 
-0.0117 
-0.0117 

/ 



Table 8-4 

REFERENCE SOLUTION We FOR CASE 13, BUTLER WING 

x/c - 0.6 

y/a(x) 

0 
0.0579 
0.1156 
0.1729 
0.2295 
0.2853 
0.3401 
0.3937 
0.4458 
0.4963 
0.5449 
0.5915 
0.6360 
0.6781 
0.7176 
0.7545 
0.7886 
0.8198 
0.8482 
0.8735 
0.8960 
0.9156 
0.9325 
0.9468 
0.9588 
0.9686 
0.9765 
0.9827 
0.9876 
0.9914 
0.9942 
0.9963 
0.9978 
0.9988 
0.9995 
0.9999 

1 

1 - 

0.9657 
0.9657 
0.9660 
0.9663 
0.9667 
0.9671 
0.9675 
0.9677 
0.9677 
0.9674 
0.9669 
0.9660 
0.9648 
0.9632 
0.9612 
0.9587 
0.9559 
0.9528 
0.9493 
0.9455 
0.9415 
0.9374 
0.9333 
0.9294 
0.9257 
0.9224 
0.9194 
0.9170 
0.9149 
0.9132 
0.9120 
0.9110 
0.9103 
0.9098 
0.9094 
0.9092 
0.9092 

2.836 
2.837 
2.842 
2.848 
2.856 
2.864 
2.872 
2.876 
2.876 
2.871 
2.861 
2.844 
2.821 
2.792 
2.757 
2.718 
2.676 
2.631 
2.585 
2.538 
2.493 
2.450 
2.409 
2.372 
2.340 
2.312 
2.288 
2.268 
2.252 
2.240 
2.230 
2.223 
2.218 
2.215 
2.212 
2.211 
2.210 

l - 
Pi 

0.0112 
0.0113 
0.0114 
0.0115 
0.0117 
0.0117 
0.0120 
0.0123 
0.0123 
0.0123 
0.0124 
0.0124 
0.0125 
0.0125 
0.0121 

0118 
0117 
0114 
OUI 
0110 
0109 
0108 
0107 

0.0107 
0.0107 
0.0109 
0.0110 
0.0110 
0.0110 
0.0111 
0.0112 
0.0112 
0.0112 
0.0112 
0.0112 
0.0113 
0.0113 

x/c * 0.95 

y/a(x) 

0 
0.0443 
0.0885 
0.1325 
0.1763 
0.2197 
0.2627 
0.3052 
0.3472 
0.3884 
0.4289 
0.4686 
0.5074 
0.5453 
0.5820 
0.6177 
0.6522 
0.6854 
0.7173 
0.7478 
0.7768 
0.8044 
0.8304 
0.8547 
0.8774 
0.8983 
0.9173 
0.9345 
0.9498 
0.9631 
0.9742 
0.9832 
0.9901 
0.9949 
0.9979 
0.9995 

1 

1 - 

0.9721 
0.9726 
0.9735 
0.9471 
0.9749 
0.9760 
0.9773 
0.9790 
0.9809 
0.9831 
0.9851 
0.9869 
0.9881 
0.9890 
0.9896 
0.9899 
0.9901 
0.9900 
0.9899 
0.9897 
0.9893 
0.9888 
0.9882 
0.9875 
0.9867 
0.9856 
0.9845 
0.9831 
0.9814 
0.9795 
0.9770 
0.9740 
0.9699 
0.9644 
0.9565 
0.9477 
0.9435 

972 
2.986 
3.008 
3.024 
3.046 
3.075 
3.114 
3.165 
3.233 
3.317 
3.407 
3.491 
3.562 
3.615 
3.652 
3.674 
3.684 
3.684 
3.675 
3.656 
3.631 
3.600 
3.562 
3.520 
3.474 
3.422 
3.366 
3.305 
3.238 
3.167 
3.089 
2.996 
2.899 
2.806 
2.692 
2.572 
2.518 

1 - 

0.0125 
0.0114 
0.0104 
0.0113 
0.0124 
0.0131 
0.0134 
0.0128 
0.0125 
0.0122 
0.0117 
0.0122 
0.0138 
0.0152 
0.0168 
0.0182 
0.0187 
0.0180 
0.0177 
0.0186 
0.0188 
0.0186 
0.0206 
0.0215 
0.0217 
0.0229 
0.0237 
0.0255 
0.0272 
0.0312 
0.0363 
0.0372 
0.0418 
0.0430 
0.0268 
0.0121 
0.0095 

8-33 
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Table 8-5 

SOLUTION Bï KOECK FOR CASE 15 (DILLNER WING, a = 15', » 0.7) 

X/C * 0.20 

N y/s 

1 0.00000 
B .05506 
3 .10787 
4 .15853 
5 .20720 
6 .25398 
7 .29901 
8 .34239 
9 .38423 

10 .42464 
11 .46370 
12 .50150 
13 .53813 
14 .57365 
15 .60815 
16 .64253 
17 .67611 
18 .71002 
19 .74292 
20 .77483 
21 .80579 
22 .83582 
23 .86490 
24 .89300 
25 .92022 
26 .94591 
27 .96955 
28 .98941 
29 1.00000 

UPLER SURFACE 

.34564 .80106 

.34661 .80129 

.34863 .80112 

.35109 .80134 

.35449 .80272 

.35924 .80596 

.36585 .81186 

.37493 .82150 

.38740 .83656 

.40372 .85839 

.42425 .88811 

.45086 .92778 

.47550 .96686 

.47824 .97155 

.47032 .94093 

.46943 .90189 

.46861 .87449 

.46646 .87328 

.46376 .88117 

.46350 .87540 

.46645 .86850 

.47319 .86581 

.48328 .86691 

.47596 .84172 

.47638 .75842 

.52538 -69445 

.59809 .72124 

.53113 .71324 

.36380 .83410 

.00148 1 

.00274 a 

.00598 3 

.00952 4 

.01335 5 

.01744 ¿ 

.02182 7 

.02640 8 

.03104 9 

.03526 10 

.03864 U 

.04250 12 

.04439 13 

.04428 14 

.06277 15 

.10077 16 

.12555 17 

.12311 18 

.11126 19 

.11624 20 

.12752 21 

.14093 22 

.15634 23 

.16585 24 

.23247 25 

.34441 26 

.43137 27 

.34174 28 
-.00374 29 

X/C 

y/s 

0.00000 
,05506 
.10787 
.15853 
.20720 
.25398 
.29901 
.34239 
.38423 
.42464 
.46370 
.50150 
.53813 
.57365 
.60815 
.64253 
.67611 
.71002 
.74292 
.77483 
.80579 
.83582 
.86490 
.89300 
.92022 
.94591 
.96955 
.98941 

1.00000 

0.20 

.19925 

.19932 

.19935 

.19937 

.19939 

.19940 

.19941 

.19943 

.19947 

.19954 

.19965 

.19979 

.19999 

.20025 

.20058 

.20102 

.20158 

.20233 

.20327 

.20449 

.20605 

.20811 

.21020 

.21479 

.22üb4 

.22774 

.23904 

.27495 

.36380 

LOWER 

M 

.57207 

.5722V 

.57253 

.57265 

.57272 

.57279 

.57287 

.57297 

.57308 

.57323 

.57342 

.57369 

.57403 

.57448 

.575U5 

.57581 

.57679 

.57808 

.57973 

.58188 

.58465 

.58831 

.59325 

.60010 

.60982 

.62591 

.66294 

.73345 

.83410 

SURFACE 

.00031 

.00024 

.00008 

.00002 
—.00001 
-.00006 
-.00010 
-.00014 
-.00017 
-.00020 
-.00022 
-.00023 
-.00024 
-.00026 
-.00028 
-.00030 
-.00034 
-.00038 
-.00046 
-.00056 
-.00071 
-.00093 
-.00134 
-.00162 
-.00182 
-.00561 
-.02193 
-.03680 
- .00 37-1 

X/C = 0.60 

N y/s 

1 0.00000 
B .06838 
3 .13279 
4 .19346 
5 .25061 
6 .30446 
7 .35520 
8 .40304 
9 .44814 

10 .49069 
11 .53082 
12 .56870 
13 .60447 
14 .63824 
15 .67015 
16 .70200 
17 .73243 
18 .76239 
19 .79090 
20 .81801 
21 .84379 
22 .86829 
23 .89156 
24 .91364 
25 .93483 
26 .95470 
27 .97325 
28 .98975 
29 1.00000 

UPPER SURFACE 

1 --E- M 

P1 
OO 

.36276 .83073 

.36257 .83057 

.36190 .82934 

.36106 .82727 

.36086 .82624 

.36230 .82877 

.36909 .83832 

.38221 .85859 

.40404 .89227 

.43479 .93982 

.47233 .99879 

.51281 1.06404 

.55109 1.12766 

.58163 1.17983 

.59961 1.21058 

.60212 1.21232 

.59064 1.18589 

.57010 1.14278 

.54690 1.09455 

.52441 1.05039 

.50666 1.02096 

.49265 1.00576 

.48329 .98033 

.47643 .95793 

.47726 .97393 

.46411 .97153 

.49867 1.07378 

.49506 .89121 

.37269 .80801 

-.00192 1 
-.00205 8 
-.00184 3 
-.00105 4 
-.00032 5 

.00015 6 

.00028 7 

.00026 g 

.00044 g 

.00119 10 

.00256 m 

.00471 i» 

.00781 i3 

.01168 14 

.01554 is 

.01949 ie 

.02537 17 

.03152 18 

.03907 19 

.04430 20 

.04286 21 

.03313 22 

.04395 23 

.05573 24 

.03987 25 

.01842 26 
-.03639 27 

.15405 28 

.03610 29 

X/C 

y/s 

0.00000 
.06838 
.13279 
.19346 
.25061 
.30446 
.35520 
.40304 
.44814 
.49069 
.53082 
.56870 
.60447 
.63824 
.67015 
.70200 
.73243 
.76239 
.79090 
.81801 
.84379 
.86829 
.89156 
.91364 
.93483 
.95470 
.97325 
.98975 

1.00000 

= 0.60 

.24479 

.24469 

.24433 

.24379 

.24310 

.24228 

.24135 

.24034 

.23927 

.23816 

.23703 

.23589 

.23477 

.23367 

.23263 

.23159 

.23068 

.22986 

.22927 

.22892 

.22898 

.22947 

.23070 

.23279 

.23663 

.24289 

.25357 

.27425 

.37269 

LOWER 

M 

.64515 

.64503 

.64458 

.64378 

.64272 

.64146 

.64002 

.63845 

.63678 

.63504 

.63326 

.63148 

.62971 

.62798 

.62635 

.62476 

.62332 

.62210 

.62118 

.62076 

.62089 

.62189 

.62395 

.62781 

.63401 

.64416 

.66307 

.71631 

.80801 

SURFACE 

.00090 
. 00086 
.00076 
.00072 
.00069 
.00064 
.00061 
.00059 
.00057 
.00054 
,00052 
.00049 
.00046 
.00043 
.00041 
.00035 
.00033 
.00025 
.00022 
.00011 
.00009 

-.00008 
-.00016 
-.00057 
-.00063 
-.00079 
-.00252 
-.02159 

.03610 
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Table 8-5 (concluded) 

X/C = 

N 

1 
a 
d 
A 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

0.95 UPPER SURFACE 

y/s H 

0.00000 
.06943 
.13476 
.19622 
.25404 
.30844 
.35963 
.40778 
.45309 
.49572 
.53582 
.57356 
.60906 
.64246 
.67389 
.70532 
.73525 
.76399 
.79136 
.81743 
.84225 
.86587 
.88834 
.90971 
.93018 
.94957 
.96795 
.98512 

1.00000 

.26627 .68316 

.26638 .68381 

.26670 .68498 

.26683 .68541 

.26692 .68571 

.26764 .68701 

.27071 .69220 

.27871 .70502 

.29445 .72956 

.31962 .76805 

.35379 .81974 

.39409 .88081 

.43623 .94570 

.47491 1.00675 

.50349 1.05167 

.51375 1.06621 

.50115 1.04394 

.47886 1.00667 

.45555 .96813 

.43001 .92562 

.40319 .88253 

.37804 .84179 

.35560 .80505 

.33729 .77140 

.32196 .74848 

.31266 .72762 

.30073 .73149 

.30706 .72494 

.27419 .67651 

-.00288 
-.00330 
-.00390 
-.00408 
-.00422 
-.00437 
-.00473 
-.00506 
-.00524 
-.00505 
-.00431 
-.00314 
-.00187 
-.00060 

.00202 

.00477 

.00524 

.00534 

.00620 

.00827 

.00921 

.01079 

.01266 

.01763 

.01665 

.02237 

.00169 

.01687 

.01384 

X/C = 0.95 LOWER SURFACE 

N y/s 

1 0.00000 
g .06943 
3 .13476 
A .19622 
5 .25404 
G .30844 
7 .35963 
8 .40778 
9 .45309 

10 .49572 
11 .53582 
12 .57356 
13 .60906 
14 .64246 
15 .67389 
16 .70532 
17 .73525 
18 .76399 
19 .79136 
20 .81743 
21 .84225 
22 .86587 
23 .88834 
24 .90971 
25 .93018 
26 .94957 
27 .96795 
28 .98512 
29 1.00000 

.24305 .64099 

.24327 .64144 

.24393 .64248 

.24499 .64417 

.24649 .64648 

.24849 .64977 

.25114 .65404 

.25448 .65972 

.25859 .66670 

.26330 .67502 

.26853 .68431 

.27386 .69394 

.27918 .70349 

.28393 .71209 

.28808 .71944 

.29145 .72517 

.29400 .72912 

.29508 .73094 

.29555 .73084 

.29425 .72869 

.29274 .72470 

.28906 .71933 

.28595 .71265 

.27959 .70460 

.27618 .69465 

.26370 .68290 

.26741 .67093 

.23713 .66256 

.27419 .67651 

.00195 

.00187 

.00188 

.00188 

.00194 

.00185 

.00180 

.00150 

.00111 

.00033 
-.00065 
-.00191 
-.00328 
-.00471 
-.00587 
-.00661 
-.00677 
-.00693 
-.00609 
-.00578 
-.00404 
-.00410 
-.00221 
-.00367 

.00058 
-.00607 

.00937 
-.02411 

.01384 
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Table 8-6 

SOLUTION Bï RIZZI FOR CASE 14 (DILLNER WING, o 15*, M. 1.5) 

1 
2 
3 
4 
5 
6 
7 
O 

9 
10 
11 
12 
13 
14 
15 
>6 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
3? 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 

SPAN SECTION X» = 0.201 

y/s 

.030707 

.090847 

.148241 

.202578 

.253716 

.301647 

.346467 

.388355 

.427551 

.464335 

.499012 

.531899 

.563310 

.593547 

.622892 

.651589 

.679846 

.707817 

.735598 

.763223 

.790650 

.817763 

.844368 

.870195 

.894901 

.918079 

.939273 

.957998 

.973760 

.986090 

.994576 

.998906 

.998906 

.994576 

.986090 

.973760 

.957998 

.939273 

.918079 

.894901 

.870195 

.844368 

.817763 

.790650 

.763223 

.735598 

.707817 

.679846 

.651589 

.622892 

.593547 

.563310 

.531899 

.499012 

.464335 

.427551 

.388355 

.346467 

.301647 

.253716 

.202578 

.148241 

.090847 

.030707 

1 

.586518 

.586384 

.586225 

.585887 

.585711 

.585229 

.584986 

.584467 

.584202 

.563714 

.583456 

.583027 

.582796 

.582438 

.582254 

.581987 

.581883 

.581748 

.581792 

.581879 

.582212 

.582715 

.583624 

.584970 

.587073 

.590267 

.595129 

.603191 

.615928 

.640912 

.681999 

.751510 

.809805 

.820498 

.819079 

.842434 

.852709 

.858587 

.870959 

.885111 

.899419 

.908416 

.914453 

.916894 

.917350 

.915857 

.913176 
,908960 
.903147 
.895292 
.885697 
.874537 
.862185 
.848685 
.834434 
.819734 
.805573 
.792649 
.782254 
.774751 
.770573 
.768672 
.768366 
.768273 

CP 

-.328829 
-.329140 
-.329512 
-.330300 
-.330709 
-.331834 
-.332399 
-.333609 
-.334227 
-.335365 
-.335965 
-.336967 
-.337505 
-.338338 
-.338768 
-.339389 
-.339632 
-.339948 
-.339844 
-.339642 
-.338866 
-.337692 
-.335575 
-.332437 
-.327536 
-.320090 
-.308757 
-.289966 
-.260279 
-.202046 
-.106281 

.055738 

.191612 

.216536 

.213228 

.267663 

.291614 

.305313 

.334150 

.367137 

.400485 

.421457 

.435526 

.441216 

.442278 

.438799 

.432551 

.422724 

.409175 

.390866 

.368501 

.342490 

.313700 

.282234 

.249017 

.214755 

.181747 

.151624 

.127396 

.109908 

.100168 

.095739 

.095024 

.094808 

1.190958 
1.190988 
1.190207 
1.188805 
1.187122 
1.185555 
1.184180 
1.183032 
1.182056 
1.181246 
1.180568 
1.180015 
1.179571 
1.179230 
1.178991 
1.178847 
1.178817 
1.178914 
1.179192 
1.179697 
1.180529 
1.181804 
1.183719 
1.186552 
1.190741 
1.196961 
1.207069 
1.221683 
1.250038 
1.297348 
1.392781 
1.560539 
1.675625 
1.599206 
1.733399 
2.071069 
1.948539 
1.835190 
1.913402 
1.961012 
2.026015 
2.075646 
2.108402 
2.123316 
2.120542 
2.107207 
2.082762 
2.052055 
2.011623 
1.964840 
1.913068 
1.861737 
1.812170 
1.766077 
1.723986 
1.687273 
1.656780 
1.632960 
1.616060 
1.605055 
1.599234 
1.598377 
1.603770 
1.611271 

M' 

» * i 

.009053 

.008693 

.009316 

.010310 

.012049 

.012905 

.014085 

.014318 

.014933 

.014809 

.015063 

.014751 

.014771 

.014362 

.014231 

.013785 

.013578 

.013134 

.012886 

.012446 

.012170 

.011734 

.011439 

.011012 

.010661 

.010340 
,009094 
.010012 
.005095 
.008640 

-.001744 
.003553 
.095020 
.237940 
.060719 

-.377251 
-.063941 
.142457 
.117244 
.153900 
.180485 
.193750 
.207359 
.211821 
.219534 
.221826 
.227115 
.227500 
.228350 
.224281 
.218470 
.207488 
.193260 
.174435 
.152605 
.127110 
.100665 
.074423 
.052170 
.035399 
.025945 
.019122 
.009942 

-.001539 

Til r- 

/ 
I f— 

il 



/ 
8-37 

i 

- 

1 
7 
3 
4 
5 
í 
7 
8 
9 

10 
11 
12 
13 
14 
15 
14 
17 
18 
19 
20 
21 
22 
23 
24 
23 
26 
27 
78 
29 
30 
31 
32 
33 
34 
35 
34 
37 
38 
39 
40 
41 
42 
43 
44 
45 
44 
47 
48 
49 
50 
51 
52 
53 
54 
55 
54 
57 
58 
59 
40 
41 
42 
43 
44 

y/» 

.030712 

.090842 

.148244 

.202410 

.253757 

.301495 

.344522 

.388414 

.427418 

.444408 

.499090 

.531982 

.543398 

.593441 

.422991 

.451494 

.479954 

.707932 

.735719 

.743347 

.790775 

.817888 

.844490 

.870311 

.895005 

.918148 

.939345 

.958051 

.973795 

.984109 

.994584 

.998908 

.998908 

.994584 

.984109 

.973795 

.958051 

.939345 

.918148 

.895005 

.870311 

.844490 

.817888 

.790775 

.743347 

.735719 

.707932 

.479954 

.451494 

.422991 

.593441 

.543398 

.531982 

.499090 

.444408 

.427418 

.388414 

.344522 

.301495 

.253757 

.202410 

.148244 

.090842 

.030712 

Table 8-6 (continued) 

SPAN SECTION X% 0.598 

1 CP 

.434281 

.434051 

.435508 

.434780 

.433812 

.432497 

.431439 

.430085 

.428455 

.427159 

.425421 

.424033 

.422415 

.42074 

.419050 

.4173 00 

.415524 

.413/03 

.411883 

.410059 

.408327 

.404711 

.405409 

.404498 

.404358 

.405224 

.407877 

.413279 

.423351 

.444945 

.482475 

.741093 

.835744 

.853792 

.841489 

.877840 

.877338 

.877488 

.885908 

.899294 

.909881 

.917914 

.925214 

.930704 

.934828 

.937735 

.939540 

.940119 

.938824 

.934991 

.928151 

.918553 

.904477 

.892488 

.875979 

.857528 

.838429 

.821274 

.808941 

.802517 

.801038 

.801902 

.803055 

.803285 

-.212840 
.213377 

-.214442 
-.214339 
-.218594 
-.221194 
-.224124 
-.227282 
-.230414 
-.234103 
-.237484 
-.241388 
-.245158 
-.249045 
-.253002 
-.257080 
-.241221 
-.245444 
-.249708 
-.273959 
-.277994 
-.281742 
-.284797 
-.284921 
■ .287247 
-.285223 
-.279044 
-.244455 
-.242978 
-.192599 
-.104704 

.078073 

.252075 

.294137 

.312544 

.350189 

.349018 

.349835 

.348994 

.400195 

.424871 

.443597 

.440413 

.473404 

.483018 

.489792 

.493799 

.495349 

.492331 

.483397 

.447454 

.445084 

.417403 

.384330 

.345850 

.302844 

.258330 

.218348 

.189444 

.174425 

.171178 

.173192 

.175878 

. 174415 

1.288180 
1.287573 
1.284174 
1.284119 
1.281804 
1.279433 
1.276944 
1.274323 
1.271567 
1.268723 
1.265782 
1.262771 
1.259676 
1.254515 
1.253272 
1.249962 
1.246582 
1.243151 
1.239705 
1.236294 
1.233037 
1.230052 
1.227624 
1.226006 
1.225817 
1.227712 
1.233152 
1.243278 
1.266282 
1.308337 
1.399770 
1.598679 
1.764578 
1 .700208 
2.083872 
2.312968 
2.090875 
1.959239 
2.046480 
2.140219 
2.206026 
2.263097 
2.320348 
2.365748 
2.402805 
2.429128 
2.445363 
2.448530 
2.431610 
2.388979 
2.321498 
2.238964 
2.151615 
2.063704 
1.978175 
1.899114 
1.831350 
1.781374 
1.751507 
1.739127 
1.737881 
1.739263 
1.736878 
1.732154 

1 - 

.008265 

.008453 

.008849 

.009629 

.010105 

.010266 

.010204 

.010069 

.009922 

.009726 

.009562 

.009369 

.009223 

.009047 

.008914 

.008749 

.008623 

.008463 

.008341 

.008180 

.008064 

.007897 

.007800 

.007631 

.007527 

.007225 

.006771 

.007207 

.002886 

.005053 
-.009486 
-.013469 
.105884 
.278092 

-.233346 
-.558828 
-.105834 

.101708 

.040276 

.019330 

.027257 

.031190 

.034631 

.039678 
•043C09 
.047345 
.051242 
.05567S 
.060378 
.065789 
.070851 
.074351 
.074883 
.070998 
.061973 
.046651 
.025976 
.001891 

-.019449 
-.034212 
-.039989 
-.037645 
-.027882 
-.019355 



8-3« 

h 

Table 8-6 (conclided) 

1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 

y/» 

.030729 

.090914 

.148349 

.202727 

.253903 

.301869 

.346722 

.388641 

.427865 

.464674 

.499376 

.532286 

.563721 

.593983 

.623353 

.652076 

.680359 

.708354 

.736158 

.763799 

.791235 

.818347 

.844937 

.870733 

.895389 

.918497 

.939607 

.958242 

.973920 

.986178 

.994612 

.998913 

.998913 

.994612 

.986178 

.973920 

.958242 

.939607 

.918497 

.895389 

.870733 

.844937 

.818347 

.791235 

.763799 

.736158 

.708354 

.680359 

.65?076 

.623353 

.593983 

.563721 

.532286 

.499376 

.464674 

.427865 

.388641 

.346722 

.301869 

.253903 

.202727 

.148349 

.090914 

.030729 

SPAN SECTION 

.694743 

.695035 

.695407 

.695766 

.696071 

.696319 

.696499 

.696602 

.696605 

.696495 

.696269 

.695930 

.695475 

.694899 

.694188 

.693319 

.692261 

.690969 

.689392 

.687455 

.685095 

.682200 

.678698 

.674434 

.669515 

.663777 

.658324 

.653186 

.653716 

.664302 

.681455 

.753384 

.883099 

.928468 

.922180 

.914116 

.910284 
911823 

.915952 

.920885 

.928252 

.935519 

.944050 

.951835 

.957658 

.962329 

.967245 

.971104 

.971697 

.969081 

.964288 

.957445 

.948125 

.935661 

.919371 

.898897 

.875668 

.856880 

.846313 

.842564 

.942502 

.843425 

.843867 

.843589 

X» - 0.9*'9 

CP 

•.076577 
-.075896 
-.075029 
-.074191 
-.073482 
-.072903 
-.072483 
-.072242 
-.072237 
-.072493 
-.073019 
-.073810 
-.074869 
-.076214 
-.077871 
-.079896 
-.082361 
-.085373 
-.089049 
-.093563 
-.099064 
-.105812 
-.113974 
-.123913 
-.135378 
-.148753 
-.161461 
-.173437 
-.172202 
-j 147530 
-.107547 
.060105 
.362446 
.468193 
.453537 
.434740 
.425808 
.429397 
.439020 
.450519 
.467690 
.484627 
.504513 
.522657 
.536229 
j547116 
.558574 
.567569 
.568952 
.562853 
.551683 
,333733 
.514009 
.484958 
.446990 
.399269 
.345126 
.301335 
.276706 
.267966 
.267821 
.269973 
.271004 
,270356 

1.407969 
1.408216 
1.408511 
1.408895 
1.409437 
1,409992 
1.410383 
1.410586 
1.410726 
1.410850 
1.410842 
1.410605 
1.410098 
1.409290 
1.408138 
1.406593 
1.404598 
1.402094 
1.398986 
1.395136 
1.390373 
1.384513 
1.377328 
1.368594 
1.358361 
1.346979 
1.335728 
1.327018 
1.329441 
1.344128 
1.438737 
1.652337 
1.832487 
1.742318 
2.116982 
2.288774 
2.223525 
2.198993 
2.295472 
2.367730 
2.415903 
2.467249 
2.534078 
2.649447 
2.728955 
2.808926 
2.903062 
2.989676 
3.003584 
2.944869 
2,848806 
2.733887 
2.604791 
2.465354 
2.319085 
2.171541 
2.039020 
1,93233V 
1.911520 
1.899193 
1.900351 
1.902726 
1.898321 
1.890905 

rl_ 

.017614 

.018212 

.019001 

.019627 

.019858 

.019890 

.019932 

.019984 

.019797 

.019271 

.018553 

.017785 

.017020 

.016282 

.015592 

.014945 

.014327 

.013675 

.012970 

.012181 

.011359 

.010435 

.009543 

.008558 

.007808 

.006383 

.005838 

.002911 

.001113 

.011839 
-.070866 
-.133175 

.294035 

.623572 

.269225 
-.055222 

.004707 

.058634 
-.043544 
-.099797 
-.075317 
-.046964 
-.039734 
-.037403 
-.030690 
-.036353 
-.039681 
-.045113 
-.045244 
-.045384 
-.043962 
-.043735 
-.042820 
-.041574 
-.038760 
-.033976 
-.033770 
-.040244 
-.048296 
-.053609 
-.055912 
-.053580 
-.043481 
-.033436 



I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
S3 
54 
55 
56 
57 
SB 
59 
60 
61 
62 
63 
'4 

Table 8-7 

K-.1V 

BY RIZZI FOR CASE 15 (DILLNER WING, a « 15*, - 0.7) 

SPAN SECTION X» - 0.201 

y/» 

.030707 

.090847 

.148241 

.202578 

.253716 

.301647 

.346467 

.388355 

.427551 

.464335 

.499012 

.531899 

.563310 

.593547 

.622892 

.651589 

.679846 

.707817 

.735598 

.763223 

.790650 

.817763 

.844368 

.870195 
,894901 
.918079 
.939273 
.957998 
.973760 
.986090 
.994576 
.998906 
.998906 
.994576 
.986090 
.973760 
.957998 
.939273 
.918079 
.894901 
.870195 
.844368 
.817763 
.790650 
.763223 
.735598 
.707817 
.679846 
.651589 
.622892 
.593547 
.563310 
.531899 
.499012 
.464335 
.427551 
.388355 
.346467 
.301647 
.253716 
.202578 
.148241 
.090847 
.030707 

. 202635 
.202653 
.202606 
.202582 
.202623 
.202594 
.202656 
.702661 
.272747 
.202821 
.202946 
.203117 
.203297 
.203600 
.203860 
.204352 
.204737 
.205522 
.206114 
.207380 
.208329 
.210424 
.212004 
.215603 
.218338 
.224828 
.229849 
.244752 
.256476 
.291326 
.325627 
.384433 
.391984 
.393099 
.430926 
.424205 
.431371 
.440379 
.459989 
.479443 
.499091 
.514900 
.527174 
.534522 
.537166 
.534918 
.528802 
.519250 
.507342 
.493484 
.478502 
.462636 
.446499 
.430221 
.414521 
.399484 
.385917 
.373805 
.363922 
.355868 
.350217 
.345907 
.343686 
.341890 

CP 

-.309112 
-.309040 
-.309233 
-.309327 
-.309163 
-.309279 
-.309029 
-.309009 
-.308660 
-.308362 
-.307855 
-.307165 
-. '06436 
-.305212 
-.304159 
-.302170 
-.300612 
-.297437 
-.295043 
-.289923 
-.286087 
-.277616 
-.271224 
-.256670 
-.245611 
-.219363 
-.199061 
-.138790 
-.091380 

.049556 

.188267 

.426082 

.456617 

.461128 

.614103 

.586920 

.615901 

.652330 

.731631 

.810305 

.889760 

.953693 
1.003330 
1.033047 
1.043738 
1.034647 
1.009912 

.971288 

.923128 

.867088 

.806501 

.742336 
-677080 
.611248 
.547759 
.486950 
.432083 
.383104 
.343134 
.310563 
.287712 
.270281 
.261300 
.254038 

M 

.575792 

.575956 

.576013 

.575975 

.575857 

.575744 

.575669 

.575655 

.575711 

.575836 

.576042 

.576325 

.576710 

.577191 

.577812 

.578563 

.579523 

.580671 

.582154 

.583925 

.586276 

.589091 

.593001 

.597669 

.604631 

.612716 

.626880 

.641542 

.673335 

.711466 

.785992 

.854138 

.871158 

.829662 

.941122 

.927057 

.886045 

.899055 

.931979 

.960368 

.986640 
1.011055 
1.029481 
1.040353 
1.043092 
1.038254 
1.026934 
1.010872 

.991335 

.969812 

.947086 

.924107 

.901321 

.879376 

.858701 

.839780 

.823102 

.809018 

.798001 

.790195 

.785860 

.784552 

.785434 

.786345 

.001516 

.001451 

.001378 
» 00139 7 
.001559 
.001626 
.001775 
.001806 
.001881 
.001888 
.001894 
.001900 
.001835 
.001855 
.001708 
.001759 
.001510 
.001625 
.001238 
.001486 
.000887 
.001392 
.000419 
.001446 

-.000318 
.001939 

-.002032 
.003843 

-.007465 
.006818 

-.013872 
.008477 
.002959 
.046826 

-.007094 
-.003155 

.052639 

.054481 

.054035 
,058562 
.064769 
.068730 
.072661 
.075222 
.Q77249 
.077741 
.077671 
.076208 
.074287 
.071253 
.067921 
.063774 
.059452 
.054506 
.049661 
.044511 
.039778 
.035007 
.030829 
.026418 
.022303 
.017279 
.013206 
.009635 



Ml 

8-40 

1 
7 
3 
4 
5 
6 
7 
6 
9 

10 
11 
12 
13 
14 
13 
1« 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
53 
36 
37 
38 
59 
60 
61 
62 
63 
64 

..- -- 

Table B-7 (continued) 

SPAN SECTION X* = 0.598 

y/s 

.030712 

.090862 

.148264 

.202610 

.253757 

.301695 

.346522 

.388416 

.427618 

.464408 

.499090 

.531982 

.563398 

.593641 

.622991 

.651694 

.679956 

.707932 

.735719 

.763347 

.790775 

.817888 

.844490 

.870311 

.895005 

.918168 

.939345 

.958051 

.973795 

.986109 

.994584 

.998908 

.998908 

.994584 

.986109 

.973795 

.958051 

.939345 

.918168 

.893003 

.870311 

.844490 

.817888 

.790775 

.763347 

.733719 

.707932 

.679936 

.651694 

.622991 

.593641 
.563398 
.531982 
.499090 
.464408 
.427618 
.388616 
.346322 
.301695 
.233737 
.202610 
.148264 
.090862 
.030712 

1 

.248129 

.247931 

.247539 

.247055 

.246415 
,243695 
.244884 
.244035 
.243132 
.242222 
.241275 
.240344 
.239374 
.238444 
.237460 
.236535 
.235577 
.234755 
.233841 
.233237 
.232537 
.232464 
.232306 
.231416 
.234443 
.238106 
.241660 
.251989 
.262084 
.290817 
.327564 
.397816 
.415536 
.418985 
.442725 
.444405 
.450866 
.460055 
.472048 
.488165 
.510122 
.534093 
.557070 
.575289 
.586347 
.589186 
.584114 
.372239 
,553168 
.534368 
.511171 
.486690 
.461964 
.438065 
.416129 
.397067 
.381763 
.370595 
.363595 
.360097 
.359183 
.359622 
.360408 
.360894 

CP 

-.125133 
-.125934 
-.127439 
-.129477 
-.132068 
-.134978 
-.138256 
-.141690 
-.145342 
-.149021 
-.152853 
-.136617 
-.160542 
-.164303 
-.168282 
-.171939 
-.175894 
-.179221 
-.182916 
-.185357 
-.188188 
-.188485 
-.189122 
-,194634 
-.180483 
-.165669 
-.151294 
-.109525 
-.068699 

.047495 

.196102 

.480205 

.551863 

.563810 

.661815 

.668610 

.694737 

.731899 

.780401 

.843578 

.934374 
1,031310 
1.124231 
1.197910 
1.242628 
1.234107 
1.233597 
1.185576 
1,116340 
1.032422 

.938615 

.839611 

.739620 

.642970 

.354263 

.477173 

.415283 

.370122 

.341811 

.327668 

.323969 

.323747 

.328923 
•330890 

M 

.650520 

.650286 

.649798 

.648995 

.647947 
,646738 
.645488 
.644164 
.642791 
.641380 
.639942 
,638487 
.637023 
.635553 
.634088 
.632631 
.631209 
.629833 
.628569 
.627449 
.626631 
.626183 
.626456 
.627552 
.630316 
.634788 
.643431 
.654795 
.679009 
.715879 
.786170 
.888938 
.886980 
.859688 

1.004641 
.983426 
.966725 
.994362 

1.011261 
1.030875 
1.039408 
1.095176 
1.132375 
1.163050 
1.182477 
1.187274 
1.177755 
1.156200 
1,126149 
1.090845 
1.032965 
1.014553 

.977303 

.942715 

.912104 

.886515 

.866685 

.852772 

.844291 

.839940 

.837834 

.836137 

.834179 
,832753 

'/¿ms 

1 ' Pi 08 
.000126 
.000057 

-.000021 
-.000004 

.00003/ 

.000097 

.000104 

.000109 

.000086 

.000088 

.000063 

.000076 

.000046 

.000076 

.000032 

.000086 

.000018 

.000114 

.000003 

.000176 
-.000016 

.000301 
-.000064 

.000547 
-.000250 

.001032 
-.000977 

.002382 
-.004798 

.002118 
-.011134 
-.006385 

.025280 

.058682 
-.060619 
-.031672 
-.000329 
-.015390 
-.012641 
-.004770 

.001308 

.007336 

.011371 

.014650 

.016644 

.018082 

.018865 

.019016 

.018458 

.017091 

.014957 

.012058 

.008403 

.004129 
-.000410 
-.005031 
-.009268 
-.012837 
-.015364 
-.016554 
-.015942 
-.013585 
-.010327 
-.008080 
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Table 8-7 (concluded) 
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SPAN SECTION X% = 0.949 

y/s CP 1 - ■ 

.030729 

.090914 

.148349 

.202727 

.253903 

.301849 

.346722 

.388641 

.427863 

.464674 

.499376 

.532286 

.563721 

.593983 

.623353 

.632076 

.680359 

.708354 

.736158 

.763799 

.791233 

.818347 

.844937 

.870733 

.895389 

.918497 

.939407 

.958242 

.973920 

.986178 

.994612 

.998913 

.998913 

.994612 
•986178 
.973920 
.958242 
.939607 
.918497 
.895389 
,870733 
■ 8.44937 
.818347 
.791235 
.763799 
.736158 
.708334 
.680359 
.632076 
.623353 
,393983 
.563721 
.532286 
.499376 
.464674 
.427565 
.388641 
.346722 
.301869 
.253903 
.202727 
il48349 
.090914 
.030729 

.252212 

.252627 

.233327 

.254291 

.255493 

.236931 

.258575 

.260407 

.262386 

.264472 

.266615 

.268770 

.270886 

.272914 

.274802 

.276486 

.277901 
,278970 
.279606 
.279710 
.279184 
.277914 
.275803 
.272731 
.268708 
.263763 
.258172 
.252309 
.248200 
,247872 
.254075 
,252264 
.297377 
.290288 
,295400 
,302823 
.313074 
.323551 
.341422 
.361421 
.386742 
,415941 
.448041 
i482Q51 
.511611 
.528950 
.530968 
.518871 
.496434 
.467729 
,435976 
.403405 
.372412 
.343124 
.322508 
.305096 
.292864 
.283175 
.281056 
.279339 
.279023 
.279172 
.279198 
.279086 

-.108625 
-.106944 
-.104115 
-.100215 
-.095353 
-.089541 
-.082890 
-.075481 
-.067480 
-.059045 
-.050378 
-,041663 
-.033104 
-.024894 
-.017267 
-.010437 
-.004734 
-.000411 

.002160 

.002581 

.000454 
-.004683 
-.013219 
-.025644 
-.041911 
-.061909 
-.084520 
-.108229 
-,124847 
-.126174 
-.101091 
-.108413 

.074023 

.045358 
,066032 
.096047 
.137504 
.187962 
.252146 
.333023 
.435420 
,553501 
.683314 
,820851 
,940394 

1.010312 
1.018674 

.969733 

.879018 
,762933 
,634522 
.502804 
.377468 
.267113 
.175637 
,105242 
.055774 
.024680 
.008022 
.001158 

-.000200 
,000403 
.000509 
.000056 

.657073 

.657724 

.658818 

.660295 

.662129 

.664336 

.666905 

.669777 

.672878 

.676138 

.679494 

.682868 

.686179 

.689347 

.692292 

.694922 

.697134 

.698806 

.699814 

.700009 

.699244 

.697328 

.694088 

.689342 

.683138 

.675653 

.667462 

.639117 

.653650 

.655964 

.657801 

.692536 

.681257 

.725463 

.772214 

.758973 

.769393 

.792169 

.813470 

.840390 

.874412 
,916377 
.966250 

1,019386 
1.068719 
1.100265 
1.106200 
1.087156 
1.050360 
1,003723 

,953239 
.902931 
.856185 
.815398 
.782471 
.757324 
.739978 
.729407 
.723998 
.721752 
.720396 
,717796 
.713518 
.709884 

.000072 

.000031 

.000037 

.000055 

.000093 

.000132 

.000144 

.000132 

.000161 

.000179 

.000190 

.000200 

.000206 

.000215 

.000214 

.000204 

.000184 

.000155 

.000108 

.000039 
-.000056 
-.000163 
-.000259 
-.000341 
-.000430 
-.000636 
-.001047 
-.000846 
-.001703 
-.004100 

.002631 
-.030329 

.041381 
-.007411 
-.045213 
-.021148 
-.016227 
-.020157 
-.017501 
-.014023 
-.011926 
-.008831 
-.008437 
-.006606 
-.006519 
-.008042 
-.009877 
-.010806 
-.011054 
-.010987 
-.011005 
-.011650 
-.012796 
-.014042 
-.015454 
-.016866 
-.018176 
-.019323 
-.020183 
-.020525 
-.019742 
-.017099 
-.013086 
-.009881 
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(b) 

•iq 8-1 Computing grids used by contributors near trailing edge of Butler wing: 
(a) C at x/c * 0.955, (b) R.1 at x/c - 1, (c) Mol at x/c - 0.940, 
(d) Detail from Ual at x/c - 0.95, (e) We at x/c * 0.95 
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Fig 8-2(a&b) Spread of contributed solutions for Butler wing: static pressure; 
(a) at x/c * 0.6, (b) at x/c = 0.95 

(a) (») 

Fig 8-3(a&b) Spread of contributed solutions for Butler wing: Mach number; 
(a) at x/c » 0.6, (b) at x/c * 0.95 
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(b) 

Fig 8-4(a&b) Static pressure variation on Butler wing: better solutions; 
(a) at x/c * 0.6, (b) at x/c = 0.95 
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Fig 8-7(a-c) The solution FL3 for the Butler wing at x/c * 0.6: 
(a) static pressure, (b) Mach number, (c) total pressure 

Fig 8-8(a-c) The solution FL3 for the Butler wing at x/c - 0.95: 
(a) static pressure, (b) Mach number, (cl total oressure 
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Fig 8-9(a-c) Projections on to the plane z = 0 of contours on the surface of the Butler wing, 
solutions FL2: (a) static pressure, (b) Mach number, (c) total pressure 

Fig 8-10(a-c) Contours In the flow field of the Butler wing, solution F13, at x/e • 0.6: 
(a) static pressure, (b) Mach number, (c) total pressure 
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, \ (b) 
(a) i 

nf thp Butler winQ, solution FL3, ât x/c * 0. 
Fig 8-11(8-0 ContourSti1npthesflow (c) ^ pressure 

(a) 
. /i in flow field of Butler wing, 

Fig 8-12(a&b) Contours of total pressure (1 - Pi/piJ 

solution Mol: (a) at x/c • 0.6, (b) at x/c * 0.95 
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Fig 8-13(a&b) Koeck's grid for Dillner wing 
(a) cross-section at x/c = 0.789, (b) plane of symmetry 
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SPANWISE GRID 
SECTION 

DILLNER DELTA WING MESH TYPE 0-0 

Fig 8-14 Rizzi's grid for Dillner wing 
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INCREMENT - 0.10 

(a) 

(a) 

(b) 

Fig 8-l9(«4b) Cross-flow velocity vectors at 
x/c * 0.8, by Dernier 
(a) case 15, (b) case 14 

Fig 8-18(a&b) Contours of magnitude of yorticity 
vector at x/c = 0.8, by Rizzl 
(a) case 15, (b) case 14 
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X * 60 X 

X - 90 X 

Fig 8-20 Contours of I - p/p. over wing, case 15, by Rizzi 

INCREMENT - 0.05 

X - 20 X 

X = 60 X 

X * 90 X 

Fig 8-21 Contours o' Mach number over wing, case 15, by Rizzi 
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Fig 8-22 Contours of 1 - over wing, case 15, by Rizzi 
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Fig 8-24(a&b) Solution for vortex in case 15, at x/c = 0.6, after Dornier 
(a) contours, (b) variation along normal through axis 

(d) 

Fig 8-25(a-d) Solution in wake, x/c = 1.15, for case 15, by Koeck 
(a) velocity vectors norma1 to free stream, (b) contours of 1 - p/p. 
(c) contours of 1 - p^/p. , (d) contours of Mach number « 
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Fig 8-26(a&b) Solution in wake, x/c = 1.5, for case 14, by Rizzi 
(a) contours of 1 - P^/P-j . (b) contours of magnitude of vorticity vector 

Fig 8-27(a&b) Solution in wake, x/c « 1.5, for case 14, by Rizzi 
(a) contours of 1 - pi/p1 , (b) contours of magnitude of vorticity vector 
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(a) 
(b) 

Fig 8-31(a&b) Contours of 1 - p/^ on win9. case 14' by Dorn1er 
oo 

(a) upper surface, (b) lower surface 
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Flg 8-33 Comparative plot for case 14, Hach number 



Fig 8-34 Comparative plot for case 11. total pressure 
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Fig 8-35 Comparitlve plot for case 15, static pressure 
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Fig 8-38 Variation of static and total pressure near leading edge at x/c = 0.6, case 15 

M* * 0,70 o(= 15.' M«, - l;5 
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Fig 8-39 Calculated and measured pressure coefficients for cases 15 and 14, at x/c = 0.8 
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Explanation for the ter» 

EXPOSED WING 

for the AGARDB test case 

Due to the demands for the 
evaluation teams the 
presentation of the AGARDB 
depicts the wing plus body 
In the cross-sections. 

Some restrictions In the plot- 
procedures for the last cross- 
section at x/c * 0.95 allowed 
only the presentation of the 
exposed wing 

WING / BODY Cross section 

Exposed WING 

Fig 8-41 Contours of Mach number on wing for 
case 17, by Dornler 

Fig 8-40 Configuration with surface grid for 
cases 17 and 18, by Dornler 
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Fig 8-42 Contours of 1 - p/pi on wing surface for 
CO 

case 17, by Dornier 
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Contours of 1 - P^/P^ on wing surface for 

case 17, by Dornier 
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Fig 8-45 Distribution of pressure coefficient at 
x/c = 0.95 for case 18, by Dornier 

Fig 8-44 Distribution of pressure coefficient at 
x/c * 0.95 for case 17, by Dornier 

i 

» 
1 
7* 

- m 
* > 

i * 
9 

/ . 
/ •' “ 

>■“ • - — 



8-72 

I 

(b) 

Fig 8-46(a&b) Contours of Mach number on wing for case 18, by Dornier 
(a) upper surface, (b) lower surface 
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APPENDIX 8-A: DENSE-MESH SOLUTIONS TO THE M6 AND DILLNER WING CASES (A.RIZZI) 

1. INTRODUCTION 

Thf! goal of this Working Group was to produce definitive, or at least as accu¬ 
rate as possible, reference solutions for a number of representative aerodynamic flow pro¬ 

blems. The accuracy of a computed solution is related directly to the number of grid points 

that discretize the problem. And comparing a given solution with another one obtained with 

the same numerical method but on a denser mesh is one of the most certain ways to judge 

how near the given solution is to the ultimate accuracy of a converged sequence of solutions 

using successively refined meshes. In evaluating the contributed solutions the Working 
Group was able to use this measure for the two-dimensional results but not the three- 

dimensional ones because the computer resources (primarily memory ) of even supercomputers 

(IM og 2M words of memory) do not allow refinement beyond the standard mesh. Recently 

however Control Data Corporation has built a CYBER 205 with 16M 64-bit words of memory 

and very generously gave me time on the machine to compute some of the M6 wing and Dillner 

wing test cases using meshes that contain double and even triple the number of cells in 

each of the three coordinate directions of the standard meshes that I used previously. 

Although these dense-mesh solutions have been computed (May 1984) at the close of the 

Working Group, they are of such interest to warrant being included as an appendix to this 
report. 

Three dense-mesh solutions are presented here. The first was carried out for 
the M6 wing at conditions M,„ = 0.84 and a = 3.06 deg. and shows only small improvements 

in accuracy compared to my earlier standard-mesh solution. But the other two for the 

Dillner wing cases reveal much richer detail in the vortex-shock-wave st-ucture of these 

flowfields than was seen before. These computations confirm what, basea on windtunnel 

measurements, aerodynamicists recently have claimed must exist in real flowfields1'2. 

2. ONERA M6 WING = 0.84 a = 3.06 deg. 

With double the number of cells in all the directions of my standard mesh3, 

I had 192 cells around the chord, 40 on the span, and 40 outward from the wing to the 

farfield. The variation in computed lift and drag with mesh density given in Table A1 

indicates the very small overall change achieved with the last mesh refinement. The so¬ 
lution is presented 

’ MESH 
CL CD 

coarse 

49x11x11 0.275 0.0122 

standard 

97x 21x21 0.286 0.0116 

dense 

193x41x41 0.283 0.0111 

Table A1 - Variation in lift and drag with mesh density 

M6 wing Mœ = 0.84 a = 3.06 deg. 

in Figs. A1-A7 which show that the suction peaks are nearer to the measured values, the 

pressure on the lower surface is in better agreement with the experiment, the shock waves 

are sharper, and the losses in total pressure are more localized to the shocks. The iso¬ 

bars on the upper surface run together at the trailing corner of the tip exactly as in the 

standard-mesh solution, ratifying our earlier belief in the reality of this striking 
feature3. 

3. 70 deg. SWEPT DILLNER DELTA WING 

The two solutions obtained with a much denser grid for subsonic and supersonic 

flows around the Dillner wing reveal flowfields of much more complex expansion and com¬ 

pression phenomena than the standard-mesh solutions do. In both cases weak and local 
shock waves interact with the vortex over the wing. 

Test cases included in 

discussed in Chapter 7 

this appendix are additional data related to that 

(2. ONERA M6) and Chapter 8 (3. 70° Swept Dillner Wing). 
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ME S 3 CT. CD 

coarse 
33x11x15 0.563 0.147 

standard 
65x21x29 0.639 0.161 

dense 
161x49x81 0.681 0.171 

Table A2 - Variation in lift and drag with mesh density 
Dillner wing. = 0.7 a = 15 deg. 

MESH CL 

coarse 
33x11x15 0.482 0.135 

standard 
65x21x29 0.525 0.146 

dense 
193x57x97 0.532 0.147 

Table A3 - Variation of lift and drag with mesh density 
Dillner wing. « 1.5 a » 15 deg. 

Tables A2 and A3 show the sequence of lift and drag coefficients for the three 

levels of grid density. 

3.1 Subsonic Case = 0.7 a = 15 deg. 

The solution computed fcr this case on a mesh of 160 cells around the semi¬ 
span, 80 on the chord, and 48 from the wing outward to the farfield is presented in a 
variety of views in Figs. A8-A13. The most striking feature — not seen in the standard- 
mesh solution but clearly visible here in the isobars, Mach number, and total pressure 
contours — is the small shock wave situated between the vortex and the uprer surface of 
the wing just outboard of the vortex core. From observations of windtunnei experiments 
Wendt1 recently has suggested the existence of just such a shock wave. In overall com¬ 
parison with my previous solution, the suction peak under the vortex is markedly stronger 
and produces the shock wave, the smearing of vorticlty across the vortex sheet at the 
leading edge is significantly reduced, and the total pressure losses are confined to a 
tighter region centered on the core of the vortex. In the wake the interaction of the 
1 jading and trailing edge vortices also is represented better. 

3.2 Supersonic Case Mœ = 1.5 a = 15 deg. 

A similar set of Figs. A14-A19 display the solution computed for this case 
on a mesh of 192 cells around the semi-span, 96 on the chord, and 56 from the wing out¬ 
ward to the farfield. The variation in pressure throughout this supersonic flowfield 
is not very great, but the distortion in the isobars and the coalescing of the Mach 
contours indicates the presence of a small Shock wave intersecting the coiling vortex 
sheet just inboard of and above the core of the vortex. This feature of the flowfield 
is consistent with the findings ol Miller and Wood (see fig. 12 of Ref. 2). Furthermore 
we see in the Mach number and total pressure contours at least two distinct shock waves 
between the suction peak and leading edge, forming a complex system of shocks and ex- 
oansion waves being reflected from the apex to the trailing edge. Such phenomena should 
be expected because the flow has to turn abruptly where the vortex sheet leaves the leading 
edge. And accompanying these phenomena are heavy losses in total pressure. 

4. CONCLUSIONS 

The dense-mesh solutions presented here have shown that the flowfield around 
a trapezoidal wing like the M6 can be represented vrlth reasonable accuracy on a standard- 
size mesh of say 50,000 grid points. But if the wing is one of low aspect ratio, like 
the Dillner delta wing, a much denser grid is required to capture the rich structure of 
rotating flow interacting with shock waves. 

Acknowledgement 

Many thanks to both Chuck Purcell of Control Data, who invited me to Minne¬ 
apolis, and Mike Hodous of Control Data, who put in many hours helping me to produce these 

solutions . 



/ 

8-75 

REFERENCES 

1. Vorropoulos, G. and Wendt, J.F., "Laser Velocimetry Study of Compressibility Effects 
on the Flow Field of a Delta Wing", AGARD-CP-342, 1983. 

2. Miller, D.S, and Wood, R.M., "An Investigation of Wing Leading-Edge Vortices at Super¬ 
sonic Speeds", AIAA Paper No. 83-1816, 1983. 

3. Rizzi, A.W. and Eriksson, L.E., "Computation of Flow Around Wings Based on the Euler 
Equations", Journal Fluid Mechanics, (in press). 



l-P/PIINF CONTOURS 
INCREMENT 0.05 

ONERA M6 WING 
M = 0.84 a = 3.06 

1-PI/PIINF CONTOURS 
INCREMENT 0.02 

Fig. Al - , 
Contours of 1-P/PIINF and 1-PI/PIINÎ plotted in 4 mesh surfaces for flow past 

M =0.84 and a = 3.06 deg. 
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a) Comparison of the dense-mesh and standatd-mesh surface distribution 

of 1-PI/PIINF in 3 span stations. 

b) Contours of computed 
vorticity magnitude on 
the upper surface 
Increment 0.05. 

Fig. A7 - Comparison graphs of the computed surface distribution of 1-PI/PIINF and 

contours of constant vorticity magnitude on the upper surface of the M6 wing. 
M *> 0.84 a = 3.06 deg. 
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Contours of 1-P/PIINF and Mach number plotted in three mesh surfaces at the 20%, 60% 
and 90% chord stations of the Dillner wing. Mœ = 0.7 a ** 15 deg. 
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íín^ours 'oí computed Mach number plotted in the upper surface of the Dillner wing and 
in the 80% chord station together with the surface distribution on the section. 
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Fig. A13 - 
Contours of 1-P/PIINF, Mach mmber, 1-PI/PIINF 
the Dillner wing at the 150* chord station. M 

and vorticlty magnitude in the wake behind 

= 0.7 a - 15 deg. 
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DILINER DELTA WING 
M» = 1-5 0( = 15. 
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UPPER SURFACE 

M «1.5 a = 15 deg. Contour increment 0.05. 
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X = 80 % 

Fig. A17 - 
Contours of computed Mach number plotted on the upper surface of the Oillner wing and in 
the 80% chord station together with the surface distribution on the section. 

= 1.5 0-15 deg. Contour increment 0.10. 
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INCREMENT = 0.10 

VORTICITY MAGNITUDE CONTOURf |«| 

DILLNER DELTA WING 
o< = 15? 

X = 80 % 

l-Pl/PIINF CONTOURS 

INCREMENT - 0.05 

0.1 

Q. 
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UPPER SURFACE 

X - 80 X 

A-J 
Fig. A18 - 

tunt2nfS ^on,Puted 1-PI/PIINF plotted on the upper surface of the Dillner wing and in 

d^trîbutîon^h10" t??etheVith1t£e vorticity magnitude contours and the efface 
istribution on the section. Mœ = 1.5 a » 15 deg. Contour increment 0.05. 
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9. CONCLUDING REMARKS (H. YOSHIHARA) 

Since detailed sunmarlzing and concluding remarkswere glvenlnthepcevlous chapters for the 
various classes of configurations, only general remarks will be made here. 

œÂ; —•' "• 
Except for . ,« ,p«»c„ ™ .-»r;c.¡ 

%¿\m îr.îrir.x'Â.Âii; is» <»»9» •>» »..i«».» •!« 
used was also an Important factor. 

The planar airfoil solutions reco*ended herein stould^serve J^^^^^nsîdeîed Iflntêrlm'leît* 

3D cases understandably are relatively less latter cases can be upgraded by future 
Cases to serve as approximate ^i^ It ^ped ^ ^"^^Vextent the scope to viscous 

solutíons^the'AGARD^luld Dynami espanei ^«established a Computational Fluid Dynamics Subcon.lttee. 

Finally the FDP and the WG07 wish to express their appreciation and gratitude to the many 

contributors for their valuable time und resources. 

_ 
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APPENDIX Al 

Numerical dala 

The complete sets of data provided by the contributors, concerning the solutions of group 2, are given in microfiche 
form. The solutions are grouped according to test cases, and are listed below for each test case. The summary description of 
the numerical method provided by each contributor together with the numerical data is included with the first set of data 
appearing in Appendix A1 for this contributor. 

Test case Solution 

01 NACA 0012, 
02 NACA 0012, 
03 NACA 0012, 
04 NACA 0012, 
05 NACA 0012, 
06 RAE 2822, 
07 NLR7301, 
08 CHIOCCHIA-NOCILLA profile 

09 HOBSON I cascade 
10 HOBSON 2 cascade 

M.-0.8, a-1.25* 
M«,— 0.85, a-r 
M„-0.95, a — 0' 
M.-1.2, a-0* 
M,»” 1.2, a-T 
M.-0.75, a-3* 
M.-0.720957, a--0.194' 
M„-0.769041, a-0" 

M«,-0.476, a-43.544- 
M„— 0.575, a — 46.123’ 

1,2,3,5,6,8,9 
1.2.3.5.6.8.9 
1.3.6.8.9.10 
1.3.6.9 
1.3.5.6.8.9.10 
1.2.3.6.9 
1.2.3.6.8.9 
7,9.1,9.2*, 11 
(‘obtained for M«,— 0.785) 
12,13 
12 

Also included in microfiche form are numerical data relating to the solutions for three-dimensional cases discussed in 

Chapters 7 and 8. 

Test case So,u,ion 

11 Data included in chapter 7 of the main volume 
12 Data included in chapter 7 of the main volume 
13 Data included in chapter 8 of the main volume 
14 DILLNERwing M«,-1.50, a-15* 9 
15 DILLNERww.g M„-0.70, a-15’ 9 
16 Data included in chapter 7 of the main volume 
17 AGARDB M«,-1.50, a-G- 9 
18 AGARDB M.-1.50, a-2- 9 
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APPENDIX AI 

Numerical data 

I he complete sets ol data provided by the contributors, concerning the solutions oí group 2. are given in microf iche 
form. I he solutions are grouped according to test cases, and are listed below lor each test case. The summary description of 
the numerical method provided by each contributor together with the numerical data is included with the first set of data 
appearing in Appendix AI for this contributor. 

Test case Solution 

01 NACA 0012, 
02 NACA 0012, 
03 NACA 0012, 
04 NACA 0012. 

05 NACA 0012, 
06 RAE 2822. 
07 NLR730I, 

OS CHIOCCHIA-NOCILLA profile 

09 HOBSON I cascade 
10 HOBSON2 cascade 

M„ — 0.8, 
M, — 0.85, 
M, — 0.95, 
M, - 1.2, 
M,- 1.2, 
M, ~ 0.75, 
M„ = 0.720957, 
M, = 0.769041. 

«= r 
a = 0° 
a = 0* 
a = 7° 
a = 3* 
« = -0.194° 
« = 0° 

M. = 0.4^6, «-43.544° 
M,„= 0.575, « = 46.123° 

1.2.3.5.6.8.9 
1.2.3.5.6.8.9 
1.3.6.8.9, 10 
1.3.6.9 
1.3.5.6.8.9, 10 
1.2.3.6.9 
1.2.3.6.8.9 
7,9.1 ,9.2*, I I 
(‘obtained for M .,= 0.785) 
12, 1.7 
12 

Also included in microfiche form are numerical data relating to the solutions for three-dimensional cases discussed in 
Chapters 7 and 8. 

Test case 

12 

13 
i i 
15 
16 
17 
18 

Data included in chapter 7 of the main volume 
Data included in chapter 7 of the main volume 
D-'.ta included in chapter 8 of the main volume 
DILLNERwing M,„= 1.50, 
DILLNERwing M, = 0.70, 
Not available at time of printing. 

AGARDB M„= 1.50, 
AGARDB M ,,= 1.50, 

« = 15° 

« = 15° 

u = 0° 
« = 2° 

Solution 

9 
9 

9 
9 
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PRINCIPLES OF THE NUMERICAL METHOD 

The Euler equations are numerically solved by a pseudo-unsteady type 

method assuming that the stagnation enthalpy is constant (T^T^«,). 

The continuity and momentum equations are integrated step by step in time 

using an explicit predictor-corrector scheme with a local time step 

technique. The spatial derivatives are discretized directly in the physi¬ 

cal plane (x,y) by means of finite difference formulae. The treatment of 

the boundary conditions is achieved by a technique based on compatibility 

relations. The main features of the numerical method are described in /1/ 

and /2/. 

The computational domain is divided into and upper subdomain ( <&a ) 
and a lower subdomain ( o^)i ) by means of two cut lines: the upstream one 
is the horizontal mesh line (AB) issued from the leading edge, and the 

downstream one is the mesh line (CD) issued from the trailing edge. 

In this method, the stream line leaving the trailing edge is fitted as 

this mesh line (CD), whether or not it is a real slip line (it is a slip 

line if the stagnation pressure is different above and below). The global 

mesh is of C-type and details on its generation are given in /3/. 

Artificial viscosity terms are added to the equations in order to 

insure the stability of the scheme and in order to correctly capture 

shocks. Two extra-terms are added after the computation of the corrector 

step, noted f**' , and the final value of the variable F , noted FW| 

is given by : 

The first term is a smoothing term added both to the continuity equation 

and to the momentum equation. It is of the form : 



... 
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The second term is added only to the momentum equation and is directly 

expressed in the computational plane (i,j). For instance, the x-compo- 
nent of has the following form : 

'D. At.. Qe, 
P .+f V i+i. A \ ^ 

AJL . - jLl 
mm) 

(.,¡ + (-.11) 
M. ■ - M- 

j 1"<I I Al1 

M- - - M 
X -X 

4t -J T ^ 

At^j is the local time step, i\ (resp. ri ) is the inverse of the 

number of mesh points along a mesh line of index ¿ (resp. \ ), 
and • are two constants. ^ 

The boundary conditions on the external boundary ( Z ) of the 
computational domain (c¿) ) are the following : 

i) On the part ) of the boundary ( 21 ) (see figure), 

- all the unknowns are given ( ( = f« and V = V« ) if the flow 

is entering the domain ( <Q ) with a supersonic normal velocity, 

- the direction of the velocity and the stagnation pressure are 

prescribed ( = 0(^ and ^i = f'Á.oo ) if the flow is entering the 
domain (q¡9 ) with a subsonic normal velocity, 

only the direction of the velocity is prescribed = oCa) if the flow 

is leaving the domain (aj) ) with a subsonic normal velocity. 

ii) On the part ( Zl¿ ) of the boundary ( ZI ), 

- there is no boundary condition if the flow is leaving the domain (0Õ ) 
with a supersonic normal velocity, 

the static pressure is given ( ^ = ■f-oo ) if the flow is leaving the 
domain (o$ ) with a subsonic velocity. 

REFERENCES 

/1/ VIVIANE H. et VEUILLOT J.P., Méthodes pseudo-instationnaires pour 

le calcul d'écoulements transsoniques, ONERA Pub. 1978-4 (English 
version ESA TT561), 1978. 

/2/ GAMBIER L., GHAZZI W., VEUILLOT J.P. et VIVIANO H., Une approche 

par domaines pour le calcul d'écoulements compressibles, Computing 

Methods in Applied Sciences and Engineering V, Ed. Glowinski R. 
and Lions J.L., North Holland, 1982. 

/3/ LE BALLEUR J.C., Strong Matching Method for Computing Transonic 

Viscous Flows Including Wakes and Separations. Lifting Airfoils, 

La Rech. Aerosp. 1981-3 (English version p. 21-43), May 1981. 
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COMMENTS ON CALCULATION FOR TEST CASE 01 

* The computational domain is inscribed in the rectangle 

- 3.96 4 x/c 4 6.94 , - 5.95 4 z/c 5.95 

* Number of mesh points : 189 x 25 = 4 725 ( 147 mesh points on 

the profile) 

* Artificial viscosity ; 

term : = = 0.1 10'* 

2), term : Q.=1.6,Q. =0.8 
C ¿-J 
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WALL VALUES - UPPER SIDE 

N x/C Z/C 1-P/PI INF CP 
MACH 1-PI/PI1NF 

1 

2 
3 
4 

5 
6 
7 
R 

9 
10 
1 1 
12 

13 
14 
15 
16 
17 
IB 
19 
20 
2 1 
22 
23 
24 

25 
26 
27 
2B 
29 
30 
31 
32 

33 
34 

35 
36 
37 
38 
39 
40 
4 1 
42 
43 
44 
45 
46 
47 
48 
a 9 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
7 1 
72 
73 
74 

0.OOOOOO 
.000138 
.000529 
001201 

.002226 

.003674 

.005596 

.008099 

.011281 

.015223 

.020026 

.025753 

.032467 

.040192 

.048942 

.058692 

.069411 

.081035 

.093511 

.106753 

.120700 

.135267 

.150395 

.166011 

.182063 

.198492 

.215256 

.232310 
249621 

.267155 

.284889 

.302795 

.320860 

.339062 
357393 

.375835 

.394381 

.413009 

.431708 
450471 

.469291 

.488165 

.507088 

.526055 

.545063 

.564108 

.583186 

.602295 

.621430 

.640590 

.659771 

.678972 

.698180 

.717356 

.736446 

.755403 

.774175 

.792703 

.810912 

.828722 

.846040 
862771 

.878819 

.894091 

.908505 

.922002 

.934543 

.946126 

.956782 

.966585 

.975646 

.984112 

.992164 

1.OOOOOO 

0.000000 
.001961 
.003956 
.006021 
.008176 
.010431 
.012817 
.015326 
.017946 
.020682 
.023494 

.026373 

.029276 

.032181 

.035036 

.037826 

.040495 

.043050 

.045423 

.047649 

.049662 

.051507 

.053132 

.054580 

.055813 

.056870 

.057725 

.058413 

.058912 

.059261 

.059431 

.059472 

.059343 

.059106 

.058707 

.058215 

.057578 

.056853 

.056008 

.055074 

.054044 

.052924 

.051725 

.050440 

.049088 

.047654 

.046163 

.044594 
042973 

.041282 

.039541 
037737 

.035886 

.033979 

.032039 

.030054 

.028051 

.026017 

.023982 

.021942 

.019920 

.017927 

.015976 

.014092 

.012273 

.010549 

.008918 

.007391 

.005969 

.004641 

.003402 

.002231 

.001106 
0 OOOOOO 

.010458 

.031854 

.065745 

.109257 

.158876 

.207914 

.258098 

.306104 

.346786 

.384309 

.416338 

.443740 

.467833 

.488990 

.507367 

.523702 

.537866 

.551185 

.56284° 

.5(3522 

.583240 

.591960 

.600085 

.607411 

.614283 

.620464 
.626227 
.631516 
.636303 
.640827 
.644817 
.648632 

.651950 

.655152 

.658031 

.660555 

.663051 

.664984 
667064 

.668591 

.670202 

.671573 

.672610 

.673794 

.675106 

.673515 

.682491 

.660523 

.584534 

.466990 

.361627 

.334309 

.351987 

.342767 

.345355 

.341245 

.339700 

.336210 

.332910 

.329026 

.324744 

.320213 

.315218 

.310130 

.304478 

.298584 

.292410 

.285694 

.278640 

.270775 

.261690 

.251889 

.232615 

.200009 

1.134818 
1.062017 

.946702 

.798651 

.629819 
462967 

.292211 

.128871 
-.009553 
- . 137228 
- .246206 
- .339444 
- .42 1420 
-.493408 
- .555936 
-.61 1519 
-.659711 
- 705029 
-.744717 
-.781033 
- .814100 
- .843767 
-.87 1415 
- .896353 
-.919724 

-.940756 
-.960364 
-.978358 
- .994647 

-1.010041 
- 1.023616 
-1.036597 
-1.047888 
-1.058784 
-1.068578 
-1.077167 
-1.085659 
-1.092236 
-1.099313 
-1.104509 
-1.109989 
-1. 1 14656 
-1.118184 
-1 . 122213 
-1 . 126676 
-1 . 121262 
- 1. 151805 
-1.077056 
- .8 18500 
- .4 18553 

- .060050 
.032900 

-.027248 
.004123 

-.004682 
.009299 
.014557 
.026431 
.037659 
.050877 
.065445 
.080862 
.097859 
. 1 15172 
.134402 
.154457 
.175463 
. 198315 
.222318 
.249076 
.279990 
.313337 
.378918 
.489861 

. 1 14248 

.208323 

.304724 

.401764 

.496065 
583093 

.666438 

.742067 

.805714 
,863242 
.912457 
.955047 
.993138 

1 027132 
1.057416 
1.084670 
1.108991 
1.132098 
1.152756 
1. 171978 
1.189708 
1.20590S 
1.221160 
1.235140 
1.248371 
1.260425 

1.271800 
1.282311 
1.291961 
1.301117 
1.309296 
1.317147 

1.324038 
1.330735 
1.336779 
1.342114 
1.347430 
1.351514 

1.356039 
1.359195 
1.362872 
1.365489 
1.368328 
1.369806 
1.374731 
1.367102 
1.396936 
1.324261 
1 . 127575 

.918274 

. 78 1980 

.750240 

.771458 

.759757 

.762393 

.756541 

.753669 

.748197 

.742830 

.736555 

.729633 

.722319 

.714306 

.706007 

.696858 

.687280 

.677154 

.666134 

.654421 

.640930 

.625326 

.6C5750 

.570720 

.533439 

.001387 

.002122 

.003596 

.004485 

.004853 

.002825 

.000682 
-.000246 
-.001400 
-.001226 
-.000642 

.000040 

.000659 

.001302 

.001625 

.002106 

.002192 

.002462 

.002593 

.002685 

.002817 

.002851 

.002949 

.002979 

.003050 

.003104 

.003136 

.003215 

.003231 
003311 

.003333 

.003399 

.003443 

.003483 

.003541 

.003588 

.003617 

.003714 

.003666 

.003880 

.003641 

.004165 

.003373 

.004930 

.002096 

.007824 
-.006052 

.027690 

.081831 

.080345 

.044009 

.033012 

.039429 

.036638 

.038012 

.037359 

.037727 

.037629 

.037709 

.037758 

.037765 

.037845 

.037829 

.037918 

.037937 

.037966 

.038048 

.038104 

.038229 
038655 

.039061 

.041455 

.042933 

.028998 
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SLIP LINE VALUES - UPPER SIDE 

x/c Z/C i- P/P I INF MACH 1 PI/PIINF 

75 
76 
77 
78 
79 
BO 
8 1 
82 
83 
84 
85 
86 
87 
88 
89 
90 
9 1 
92 
93 
94 
95 

1.007828 
1.015906 
1 024786 
1 035642 
1.050236 
1.070633 
1.099238 
1.139116 
1.194260 
1.269817 
1.372359 
1.510196 
1.693716 
1.935752 
2.251987 
2.661443 
3.187124 
3 856852 
4.703481 
5.742961 
6.944488 

.000084 

.000167 

.000257 

.000364 

.000504 

.000695 

.000957 

.001319 

.001824 

.002542 

.003580 

.005101 

.007340 

.010599 

.015271 

.021883 

.031060 

.043523 

.060053 

.080986 

.105448 

. 2 18662 

.250769 

.255135 

.267188 

.273518 

.283100 

.290816 

.299297 

.307057 

.3 144 16 

.321074 

.326897 

.331761 

.335616 

.338578 

.340769 

.342242 

.343138 

.343627 

.343877 

.343978 

.426395 

.317148 

.302293 

.261282 

.239743 

.207142 

.180887 

.152029 

.125625 

.100587 

.077932 

.058122 

.041571 
028452 

.018374 

.010921 

.005907 

.002861 

.001195 

.000344 
.000001 

.563089 

.604353 

.615286 

.634232 
646086 

.661295 

.674286 
. 6878^0 
.700265 
.711828 
.722107 
.730876 
.737981 
.743487 
.747642 
.750636 
.752615 
.753807 
.754457 
.754729 
.754998 

.031060 

.041078 

.038347 

.039253 

.038155 

.038591 

.038275 

.038488 

.038591 

.038863 

.039251 

.039774 

.040407 

.04 1022 

.041563 

.042037 

.042389 

.042612 

.042735 

.042854 

.042756 
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WALL VALUES - LOWER SIDE 

N X/C Z/C 1-P/P 1 INF CP MACH 1-PI/PI INF 

1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
10 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3B 
39 
40 
4 1 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
7 1 
72 
73 
74 

0.000000 
.000138 
.000529 
.001201 
.002226 
.003674 
.005596 
.008099 
.011281 
.015223 
.020026 
.025753 
.032467 
.040192 
.048942 
.058692 
.0694 1 1 
.081035 
093511 

.106753 

.120700 

.133267 

.150395 

.166011 

.182063 

.198492 

.215256 

.232310 

.249621 

.267155 

.284889 

.302795 

.320860 

.339062 

.357393 

.375835 

.394381 

.413009 

.431708 

.450471 

.469291 

.488165 

.507088 

.526055 

.545063 

.564108 

.583186 

.602295 

.621430 

.640590 

.659771 

.678972 

.698180 

.717356 

.736446 

.755403 

. 774 175 

.792703 

.810912 

.828722 

.846040 

.862771 

.878819 

.894091 

.908506 

.922002 

.934543 

.946126 

.956782 

.966585 

.975646 

.984112 

.992164 
1 .OOOOOO 

0.OOOOOO 
-.001961 
-.003956 
- .006021 
-.008176 
-.010431 
-.012817 
-.015326 
-.017946 
-.020682 
-.023494 
-026373 
-.029276 
-.032181 
-.035036 
-.037826 
-.040495 
-.043050 
-.045423 
-.047649 
-.049662 
- .051507 
-.053132 
-.054579 
-.0558 13 
-.056870 
-.057724 
-.058413 
-.058911 
-.059261 
-.059431 
-.059472 
-.059343 
-.059106 
-.058707 
-.058215 
-.057578 
-.056852 
-.056008 
-.055074 
-.054043 
-.052924 
-.051725 
-.050440 
-.049088 
-.047654 
-.046163 
-.044593 

.042973 
-.041281 
-.039541 
-.037736 
-.035886 
-.033979 
-.032039 
-.030054 
-.028051 
-.026017 
-.023981 
-.021941 
-.019919 
-.017927 
-.015976 
-.014092 
-.012273 
-.010548 
-.008917 
-.007390 
-.005968 
-.004640 
-.003401 
-.002231 
-.001105 

•000001 

.010458 
-.000384 

.005948 

.024664 

.053119 

.087282 

.125643 

.166160 

.203915 

.240221 

.272975 

.302535 

.329235 

.353178 

.374438 

.393547 
410414 

.426039 
439538 

.451925 

.462939 

.472687 
481551 

.489199 

.496131 

.502050 

.507032 

.511145 

.514578 

.517179 

.515500 

.506290 

.492093 

.478972 

.470506 

.465757 

.461055 

.454847 

.448846 

.442765 

.437132 

.431399 

.425999 

.420523 

.415280 

.410052 

.405008 

.399922 

.394931 

.390032 

.385085 

.380239 

.375351 

.370460 

.365536 

.360526 

.355512 

.350342 

.345012 

.339658 

.334050 

.328442 

.322484 

.316562 

.310174 

.303556 

.296776 

.289495 

.281910 

.273471 

.263793 

.253376 

.233019 

.199434 

1 . 134818 
1.171709 
1.150165 
1.086481 

.989663 

.873422 

.742215 

.605034 

.476571 

.353040 

.241594 

. 14101 1 

.050166 
-.031303 
-.103641 
- .168639 
-.226050 
-.279216 
-.325316 
- .367292 
-.404770 
-.437937 
-.468098 
-.494120 
-.517705 
-.537847 
- .554798 
-.5687<- 3 
-.580473 
- .589321 
-.583609 
-.552274 
-.503966 
-.459322 
-.430517 
-.414356 
- .398357 
- .377235 
-.356817 
-.336126 
-.316958 
- .297453 
-.279078 
-.260447 
-.242608 
-.224819 
,-.207658 
'- . 190352 
- . 173367 
-.156700 
-.139867 
-.123380 
-.106747 
-.090105 
-.073350 
-.056305 
-.039242 
-.021653 
-.003518 

.014699 

.033782 

.052862 

.073136 

.093287 

. 115022 

. 137537 

. 160607 

. 185383 

.211190 

.239905 

.272835 

.308279 

.377544 

.491819 

. 1 14248 

.020985 

.074566 
. 169632 
.262074 
.349573 
.432473 
.508534 
.575375 
.635314 
687430 

.733392 

.774413 

.810965 
843620 

.872917 

.899206 

.923503 

.944884 

.964493 

.982105 

.997902 
1.012286 
1.024860 
1.036293 
1.046121 
1.054438 
1.061331 
1.067133 
1.071600 
1.068624 
1.052475 
1.028653 
1.007399 

.993857 

.986213 

.978429 

.968476 

.958790 

.949126 

.940099 
931037 

.922452 

.913836 

.905562 

.897370 

.889453 

.881499 

.873718 

.866068 

.858382 

.850843 

.843254 

.835673 

.828034 

.820286 

.812523 

.804510 

.796295 

.787979 

.779348 

.770621 

.761448 

.752223 

.742313 

.732050 

.721443 

.710060 

.698092 

.684426 

.668785 

.649577 

.614943 

.577056 

.001387 
■.000693 
.002073 
.004877 
.006808 
.006792 
.005944 
.005202 
.003653 
.003011 
.002710 
.002702 
.002859 
.003174 
.003327 
.003667 
.003689 
.003964 
.004045 
.004137 
.004262 
.004272 
.004387 
.004399 
.004 4 57 
.004501 
.004537 
.004573 
.004573 
.004501 
.004657 
.005398 
.005571 
.005160 
.004849 
.004777 
.004987 
.004937 
.005010 
.004958 
.005029 
.004996 
.005049 
.005032 
.005066 
.005057 
.005084 
.005096 
.005096 
.005125 
.005124 
.005144 
.005157 
.005167 
.005190 
.005196 
.005214 
.005247 
.005236 
.005288 
.005265 
.005332 
.005304 
.005370 
.005392 
.005399 
.005471 
.005516 
.005630 
.006015 
.006353 
.008595 
.010066 

-.003231 
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SLIP LINE VALUES - LOWER SILE 

N 

75 
76 
77 
78 
79 
80 
8 1 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 

X/C 

1.007828 
1 .015906 
1.024786 
1.035642 
1.050236 
1.070633 
1.099238 
1 . 139116 
1 . 194260 
1.269817 
1.372359 
1.510190 
1.693716 
1.935752 
2.251987 
2.6--1443 
3.187124 
3.856852 
4.703481 
5.742961 
6.944488 

Z/C 

.000085 

.000168 

.000258 

.000365 

.000505 

.000696 

.000958 

.001320 

.001825 

.002543 

.003581 

.005102 

.007341 

.010600 

.015273 

.021885 

.031062 

.043526 

.060056 

.080990 

.105453 

1-P/PI INF 

. 2 18662 

.250769 

.255135 

.267188 

.273518 

.283100 

.290816 

.299297 

.307057 

.314416 

.321074 

.326897 

.331761 

.335616 

.338578 

.340769 

.342242 
343138 

.343627 

.343877 

.343978 

CP 

.426395 

.317148 

.302293 
. 261282 
.239743 
.207142 
.180887 
.152029 
.125625 
.100587 
.077932 
.058122 
.041571 
.028452 
.018374 
.010921 
.005907 
.002861 
.001195 
.000344 
.000001 

MACH 

.605591 

.645704 

.655798 

.673971 

.685146 

.699706 

.712109 

.725110 

.737097 

.748287 

.758291 

.766890 

.773923 

.779427 
. 7836 17 
.786666 
.788718 
.789992 
.790753 
.791286 
.791412 

1-PI/PI INF 

-.000993 
.008352 
.005736 
.006504 
.005453 
.005848 
.005525 
.005700 
.005752 
.005947 
006230 

.006617 

.007085 

.007528 

.007908 

.008239 

.008462 

.008571 

.008568 

.008426 

.008455 
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AR211 
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NACA 0012: MACH-0.80, ALPHA-!.25 

The solution is calculated at the centar of calls of a C-type 

mash. In most of tha test casas consi dared,uie have used the mesh- 

coda riescribari in /U/.HJe hav/e also done some calculations with 

a mash-coria generating a family of lines normal to the airfoil 

surface /5/. 
The physical boundary conditions are implemented in the 

explicit stage of the method.We note that the scheme is applied 

without modification accross the mesh cut-line starting from 

the trailing edge tn downstream infinity. The scheme being 

symetri cal,conservation is maintained without particular treatmenj 

The modifications introduced into the finite-volume method for 

the calculation of the cells near the airfoil surface and near 

the trailing edge are detailed in /2/.The slip condition appears 

in the calculation of the fluxes accross the airfoil surface. 

In the finite-volume approach we need only to know the value of 

the pressure on the body.This value is obtained from a parabolic 

extrapolation of the pressure values in interior cells near the 

airfoil surface. 
For the numerical treatment of the far-field.we have recently 

adapted the compatibility relations technique developped at 

ONERA in the finite-difference approach /6/.On a subsonic inflow 

boundary the direction of the freestream velocity and the stag¬ 

nation pressure are given;on a subsonic outflow boundary only 

the static pressure is prescribed. 

CONUERGFNOE OF THE NUMERICAL METHOD 

The following features of the implicit method are constant 

in all the test case calculations : 
-the pseudo-unsteady process is started setting in the whole 

computational domain the uniform flow defined by the upstream 

infinity conditions. 
-The local time step used is 5 times greater than the maximal 

value allowed by the stability of the explicit finite-volume 

method /2/. . . i 
-In the expression of the r. idools the density and the eelooit 

enmponents are respectively hnnuimnnsionelired by the free stream 

density and the free stream veloeity.The time is nondimensiana- 

lized by C/V^. 
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‘1 

CORK Kim; ON calculation i-or test CASE 01 

C-Kesh 
The mesh is constructed nlgehricelly from the dstp of points or. 

the airfoil surface t on a cut—Iine and on an arbitrary external 

boundary. One family of mesh-lines is composed of parabolas 

starting from the airfoil surface and from the cut-line. The 

second family of lines is obtained by the application of a 

stretching function between the airfoil surface end the external 

boundary along each parabola. 

The total number of cells is : 188 x 24. 

There are 146 points on the airfoil surfacet 

73 on the lower surface, 

73 on the upper surface. 

In a parallel direction to the x-axis: 

the distance between the leading edge and the external boundary 

is: 4 C (where U is the chord length), 

the distance between the trailing edge and the external boundary 

is b C. 

In a pa ralel direction to the z—axis: 

the distance between the airfoil surface and the external 

boundary is : about b C. 

Convergence 

The numerical results are reported after 3000 time steps of 

the implicit method but no doubt that about 1500 steps would 

be sufficient to reach the converged solution. 

j 
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NACA 0012: MACH 

J.Sides 01-2 

O SO. ALPHA - 1.25 

LOWER SURFACE 

N X/C Z/C 1 -P/PI INF CP MACH 1-PI/PI INF 

1 
7 
3 
4 

5 
6 
7 
R 
9 

10 
11 
12 

11 
14 

15 
16 

17 
It 
19 

30 
21 
22 
23 
34 
25 
26 
27 
28 
29 
30 
3 1 
32 
33 
34 

35 
36 
37 
38 
39 
40 

41 
42 
43 
44 

45 
46 

47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
7 1 
72 
73 

996075 
9881 18 

.979851 

.971086 
961660 
951446 
940353 
928329 

.915361 
901469 
886701 
871129 
854837 
837919 
820468 
802577 
784331 

.765805 

.747065 
728166 
709153 
690062 
670922 
651754 
632575 

.613400 
594238 
575101 
555995 

.536923 
517891 
498901 
479957 
461065 
442229 
423458 
404760 
386145 
367623 
349204 
330901 

.312727 

.294698 
276834 
259155 
241688 
224461 
207508 
190867 

.174584 

158708 
.143294 

128406 
.114109 
.100476 
.087579 
075493 
064285 

.054018 
044737 
036471 

.029225 
022982 

.017696 

.013305 
009726 
006870 
004641 
002949 

.001711 

.000853 

.000318 
000062 

-.000554 
-.001671 
-002821 
-.004027 
- .005309 
-.006682 
-.008154 
-.009728 
-.011400 
-.013163 
-.015006 
-.016915 
-.018876 
-020872 
-.022891 
-.024917 
-.026939 
-.028946 
-.030930 
-032883 
-.034798 
- 03667 1 
-.038497 
- 040271 
-.041992 
- 043656 
-.045259 
-.046798 
-.048270 
-.049672 
- 051000 
- 052250 
-.053419 
- 054502 
-.055494 
-.056389 
-.057183 
-.057870 
-.058443 
-.058896 
- 059222 
-.059414 

.059466 
-.059369 
-.059116 
-.058699 
- .058112 
-.057346 
-.056395 
-.055254 

-.053917 
- 05236.1 
- 050651 
-.048722 
- .046603 
- 044303 
- 041838 
-.039227 
-.036494 
-.033670 
-.030786 
-.027879 
-.024983 
-.022133 
-.019356 
-.016675 
-.014107 
-.011659 
- 009332 
- 007118 
- . 005004 
- 002969 
- 000984 

223659 
243395 

.257713 
268467 
277490 
285546 

.292983 
299988 
306650 

.313032 
319179 
325113 
330859 
336424 
341819 

.347098 

.352231 
357284 
362234 
367147 

.371995 
376826 
381655 
386501 
391363 
396274 
401242 
406282 

.411402 

.416617 
421934 
427363 
432908 
438573 
444348 
450237 
456187 
462143 

.465275 
467456 
481901 
504399 
520364 

.520287 

.518388 
515531 

.511649 
506788 
501151 
494611 

487025 
.478622 
.469022 
.458436 
.446499 
.433319 
.418504 
402075 
383633 
363022 
339919 
313995 
285015 

.252794 

.217436 
179266 
139500 
099934 
063389 

.033028 
011827 
001912 

.004143 

.409396 

.342240 

.293521 

.256931 

.226231 
198817 

.173514 
149681 

. 127010 

.105295 

.084379 

.064192 

.044639 

.025705 

.007348 
-.010615 
-.028079 
-.045273 
-.062114 
-.078831 
-.095329 
-.111764 
- 128196 
- 144684 
- . 161229 
- . 177939 
- . 194842 
-.211992 
-.229413 
-.247157 
-.265248 
-.283721 
- .302586 
-.321863 
-.341512 
- .361549 
-.381793 
- .402061 
-.412717 
-.420137 
- 469286 
- .545838 
-.600158 
-.599897 
-.593435 
- 583716 
-.570507 
- .553 367 
- .534785 
-.512536 

- 486721 
- 45P131 
-.425465 
- .389446 
-.348831 
- 303987 
- .253577 
- .197677 
- . 134926 
-.064796 

.013813 

.102021 
200627 

.310258 

.430567 
560441 
695748 

.830371 
96471S 

1.058022 
1.130161 
1.163896 
1.156307 

.601948 
644816 
663016 
678346 
692238 

.704820 

.716407 
727285 

.737615 

.747500 
757013 

.766188 

.775069 
783667 
792001 

.800153 

.808084 

.815888 
823541 
831134 
838640 
846120 
853609 

.861130 
868689 

.876334 
884082 
891957 

.899974 

.908159 
916525 

.925090 

.933866 
942860 
952063 
961484 

971039 
.980659 
985814 
989268 

1.013302 
1.049412 
1.077307 
1.077064 
1.073921 
1.069110 
1.062608 
1.054489 
1.045126 
1.034337 

1.021904 
1 008232 

.992761 

.975818 

.956931 
936225 
913219 
887886 
859750 
828480 
793651 

.754620 

.710825 

.661550 

.606095 
543521 
473325 

.395415 

.310481 

.220047 

.126087 
030659 

.064716 

.008258 
- .000668 

.003085 
004466 

.004692 

.004696 

.004690 

.004690 
004687 

.004679 

.004668 

.004655 

.004642 

.004628 

.004614 

.004604 

.004590 

.004585 

.004573 

.004571 

.004562 

.004558 

.004553 

.004549 
004545 

.004542 

.004538 

.004535 

.004531 

.004526 

.004521 

.004517 

.004510 

.004503 

.004493 

.004482 

.004471 

.004446 

.004339 
004429 

.005039 

.005267 

.004147 

.004284 

.004176 

.004132 

.004057 
003983 

.003893 

.003783 

.003656 

.003518 
003328 
003145 

.002875 
002614 

.002240 
001861 
001343 

.000794 

.000115 
-.000636 
-.001447 
-.002269 
-.002963 
-.003362 
-.003177 
-.002486 
-.001350 
-.000146 

.000786 

.001255 

.001220 
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NACA 0012: MACH - O SO, ALPHA - 1.25 

UPPER SURFACE 

N 

74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 

89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

IOC 

101 
102 
103 
104 
105 
106 
107 
108 
109 
1 10 
1 1 1 
1 12 

1 13 
1 14 
1 15 
1 16 
1 17 
1 18 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 

X/C 

.000062 
000318 
000853 

.001711 
002949 
004641 
006870 
009726 
013305 
017696 

,022982 
029225 

.036471 
044737 
054018 

.064285 
075493 
087579 

.100476 

.114109 

.128406 

.143294 
158708 

. 174584 
190867 

.207508 

.22446 1 

.241688 

.259155 

.276834 

.294698 

.312727 

.330901 

.349204 

.367623 

.386145 
. 404760 
423458 

.442229 
. 4P 1065 
479957 

. 498901 

.517891 

.536923 
555995 

.575101 

.594238 

.613400 

.632575 

.651754 

.670922 

.690062 

.709153 

.728166 

.747065 

.765805 
784331 
802577 

.820468 

.837919 
. 854837 
.871129 
.886701 
.901469 
.915361 
928329 

.940353 

.951446 

.961660 

.971086 

.979851 

.988118 

.996075 

Z/C 1-P/PI INF CP MACH 1-P I/PI INF 

. 000984 
,002969 
005004 

.007118 
009332 

.011659 

.014107 

.016675 
019356 

,022133 
.024983 
.027879 
.030786 
.033670 
.036494 
.039227 
.041838 
044304 
046603 
048722 

.050651 
052383 

.053917 

.055254 

.056395 

.057346 

.058112 

.058699 
059116 

.059369 
.059466 
.059415 
.059222 
.058896 
.058443 
.057870 
.057184 
.056390 
.055494 
.054502 
.053419 
.052251 
.051000 
.049672 
.0*8270 
.046798 
.045259 
.043656 
.041993 
.040272 
038497 

.036671 

.034799 

.032884 

.030931 

.028947 

.026940 

.024917 

.022891 

.020873 

.018876 

.016916 

.015007 

.013184 

.011401 

.009729 

.008155 

.006683 

.005310 

.004027 

.002821 

.001672 

.000554 

.018315 
044238 
080666 

.125194 

.174529 
225159 

.274094 

.319094 

.359515 
394945 
425845 

.452659 

.475984 
496309 

.514165 

.530040 

.544084 
556816 
568182 
578613 
587979 

.596668 
604493 

.611762 
618393 
624459 

.630092 

.635243 
639960 

.644291 

.648269 

.651909 

.655260 

.658298 
661069 
663588 

.665879 

.667942 

.669821 

.671477 

.673021 

.674288 

.675612 

.676425 

.677764 

.677820 

.680022 

.675277 

.579786 

.422132 

.330595 

.347570 

.342987 

.343226 

.341288 

.339073 

.336353 

.333161 

.329568 

.325598 

.321268 

.316586 

.311582 

.306254 

.300602 

.2 4601 

.288207 

.281347 

.273849 

.265401 

.255278 

.241715 

.223055 

1.108085 
1.019879 

895933 
.744424 
.576561 
.404287 
.237786 
.084669 

-.052863 
- .173416 
-.278554 
-.369792 
-.449155 
-.518312 
-.579068 
-.633083 
-.680868 
-.724191 
-.762864 
-.798354 
-.830225 
-.859788 
-.886412 
-.911147 
-.933708 
-.954347 
-.973515 

. -.991041 
-1.007092 
-1.021827 
-1.035362 
-1.047749 
-1.059149 
-1.069487 
-1.078916 
-1.087487 
-1.095281 
-1.102301 
- 1. 108695 
-1.114330 
-1.119582 
- 1. 123894 
-1.128398 
-1.131163 
-1.135719 
-1.135910 
- 1. 143404 
-1.127259 
-.802345 
- .265920 

.045539 
-.012221 

.003374 

.002560 

.009155 

.016690 

.025946 

.036806 

.049031 

.062541 

.077273 

.093205 

.110230 

.128357 

.147592 

.168009 

.189764 

.213107 

.238617 

.267364 

.301807 

.347955 

.411448 

. 159971 
. 256010 
.352137 
446634 
537282 

.622034 
699245 

.768048 
829064 
882686 

.929955 

.971626 
1.008542 
1.041322 
1.070726 
1.097341 
1.121367 
1 143523 
1.163664 
1.182443 
1.199579 
1.215714 
1.230447 
1 244326 
1.257142 
1.269006 
1.280155 
1.290454 
1.299981 
1.308808 
1.316990 
1.324534 
1.331536 
1.337925 
1.343793 
1.349155 
1.354064 
1.358494 
1.362573 
1.366134 
1.369557 
1.372207 
1.375346 
1.376625 
1.380695 
1.377943 
1.389765 
1.363799 
1.113570 

856142 
.740553 
.763930 
.757535 
.757630 
.754565 
.750999 
.746616 
.741481 
.735696 
.729298 
.722313 
.714753 
.706660 
.698029 
.688854 
.679093 
.668662 
.657416 
645085 

.631417 

.616468 

.599015 

.555622 

.000617 
-.000334 
-.001638 
-.003176 
- 004663 
-005799 
-.006228 
-.006017 
- .005306 
-.004430 
- 003517 
-.002659 
-.001888 
-.001197 
-.000645 
-.000129 

000267 
000635 
000926 

.001192 

.001413 

.001606 

.001780 

.001924 

.002057 

.002176 

.002274 

.002367 

.002448 

.002522 

.002585 

.002647 

.002695 

.002745 

.002786 

.002828 

.002857 

.002902 

.002907 

.002978 

.002918 

.003103 

.002794 

.003513 

.001972 

.005979 
-.003711 

0177J9 
.087504 
.067250 
.036423 
.039857 
.038997 
.039259 
.039225 
.039244 
.039267 
.039284 
.039304 
.039323 
.039344 
.039361 
.039379 
.039394 
.039404 
.039408 
.039406 
.039409 
.039395 
.039131 
.037620 
.033551 
.041795 
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AR2II C.C.Lytton 01-3-1 

NACA 0012: MACH — 0.80, ALPHA - 1.25 

THE METHOD OF C.C.LYTTON FOR EULER EQUATIONS 

Ref.1. C.C.L.Sells: Solution of the Euler equations for transonic 
flow past a lifting aerofoil. RAE TR 80065, 1980. 

2. A.Rlzzl/H.Uluiand (eds): Numerical methods for the computation 
of inuiscid transonic flows with shock waves.. Notes on Numerical 
Fluid Mechanics, Uol.3, Uleweg, 1981. 

The present i sthod builds on that of Sells (Ref.1,2), which is a 
finite-volume method employing Roe's flux-difference-splitting techniques. 
Since the Stockholm 1979 GAMM Uorkshop, 

- the Euler-Bernoulll (constant enthalpy) formulation has been adopted; 
- the MacCornock-Roe 2-step method has been replaced by Roe's one-step 

method; 
- at the computational outer boundary, the correct number of 

characteristics are employed from within the region, and at subsonic 
upstream boundaries the remaining characteristics from outside are used, 
at subsonic downstream boundaries the pressure is prescribed; 

- the far-fleld compressible vortex is Included, both in the velocity 
fields and in the prescribed downstream pressure; 

- a non-time-split (non-fractional-step) operator sequence allows the 
use of local-timesteps only, so that on the author's 160 x 24 grid, the 
steady-state can be reached in 6000 tlmesteps or less (around 24 hours 
cpu time on a DECsystem-10). 
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C.C.Lytton 01-3-2 

MACH 
0.800 

ALPHA 
1.250 NACA0012 « ^ BY FORMULA 0<X<1Î 

VERSION 87* KEEPS WALL CELLS ROUGHLY SAME ASPECT RATIO 

AFTER K=«l» CELL DEPTHS INCREASE IN GEOMETRIC PROGRESSION 

TOTAL CELL DEPTH =16.0#CH0RD 

JL KL 
160 24 

NEND 
0 

NPRNT 
0 

CP* P(CR) CPS P(ST) 
-0.4346 0.8988 1.1704 1.7013 

J X/C Z/C 1-P/H CP M 1-PI/H 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

1.000 -0.0000 
0.999 -0.0001 
0.997 -0.0004 
0.995 -0 ? 0007 
0.992 -0.0011 
0.988 -0.0017 
0.983 -0.0024 
0.978 -0.0031 
0.972 -0.0040 
0.965 -0.0049 
0.957 -0.0060 
0.948 -0.0071 
0.939 -0.0083 
0.930 -0.0096 
0.919 -0.0109 
0.908 -0.0124 
0.896 -0.0138 
0.884 -0.0154 
0.871 -0.0170 
0.857 -0.0186 
0,843 -0.0203 
0.828 -0.0220 
0.813 -0.0238 
0.797 -0.0255 
0.781 -0.0273 
0.764 -0.0291 
0.747 -0.0309 
0.730 -0.0327 
0.712 -0.0345 
0.694 -0.0363 
0.675 -0.0381 
0.656 -0.0399 
0.637 -0.0416 
0.618 -0.0433 
0.599 -0.0449 
0.579 -0.0465 
0.559 -0.0480 
0.540 -0.0495 
0.520 -0.0509 
0.500 -0.0522 
0.480 -0.0534 
0.460 -0.0545 
0.441 -0.0556 
0.421 -0.0565 

0.1754 
0.1937 
0.2107 
0.2242 
0.2355 
0.2453 
0.2540 
0.2619 
0.2693 
0.2762 
0.2828 
0.2890 
0.2949 
0.3005 
0.3059 
0.3112 
0.3163 
0.3213 
0.3262 
0.3310 
0.3357 
0.3403 
0.3448 
0.3494 
0.3539 
0.3584 
0.3629 
0.3674 
0.3720 
0.3766 
0.3813 
0.3860 
0.3908 
0.3957 
0.4007 
0.4059 
0.4112 
0.4165 
0.4220 
0.4277 
0.4335 
0.4394 
0.4455 
0.4516 

0.5737 
0.5114 
0.4534 
0.4076 
0.3691 
0.3359 
0.3063 
0.2794 
0.2542 
0.2305 
0.2081 
0.1871 
0.1671 
0.1480 
0.1296 
0.1117 
0.0942 
0.0772 
0.0606 
0.0443 
0.0283 
0.0126 
-0.0030 
-0.0184 
-0.0338 
-0.0491 
-0.0644 
-0.0798 
-0.0953 
-0.1111 
-0.1269 
-0.1430 
-0.1594 
-0.1761 
-0.1932 
-0.2107 
■ 0.2286 
-0.2468 
-0.2655 
-0.2848 
-0.3045 
-0.3248 
-0.3454 
-0.3664 

0.5315 
0.5635 
0.5925 
0.6143 
0.6328 
0.6484 
0.6621 
0.6744 
0.6860 
0.6968 
0.7070 
0.7166 
0.7257 
0.7344 
0.7427 
0.7509 
0.7588 
0.7666 
0.7742 
0.7816 
0.7889 
0.7960 
0.8031 
0.8102 
0.8172 
0.8241 
0.8311 
0.8381 
0.8453 
0.8525 
0.8597 
0.8671 
0.8746 
0.8822 
0.8901 
0.8981 
0.9064 
0.9148 
0.9234 
0.9323 
0.9415 
0.9510 
0.9606 
0.9704 

0.0004 
-0.0002 
-0.0009 
-0.0008 
-0.0011 
-0.0012 
-0.0011 
-0.0011 
-0.0011 
-0.0011 
-0.0011 
-0.0011 
-0.0011 
-0.0012 
-0.0012 
-0.0012 
-0.0013 
-0.0014 
-0.0015 
-0.0015 
-0.0016 
-0.0017 
-0.0018 
-0.0019 
-0.0019 
-0.0020 
-0.0021 
-0.0021 
-0.0023 
-0.0024 
-0.0025 
-0.0025 
-0.0026 
-0.0027 
-0.0027 
-0.0028 
-0.0029 
-0.0029 
-0.0029 
-0.0030 
-0.0030 
-0.0031 
-0.0031 
-0.0031 
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46 0.401 
47 0.382 
48 0.363 
49 0.344 
50 0.325 
51 0.306 
52 0.288 
53 0.270 
54 0.253 
55 0.236 
56 0.219 
57 0.203 
58 0.187 
59 0.172 
60 0.157 
ó 1 0,143 
62 0.129 
63 0.116 
64 0.104 
65 0.092 
66 0.081 
67 0.070 
68 0.061 
69 0.052 
70 0.043 
71 0.035 
72 0.028 
73 0.022 
74 0.017 
75 0.012 
76 0.008 
77 0.005 
78 0.003 
79 0.001 
80 0.000 

81 0.000 
82 0.001 
83 0.003 
84 0.005 
85 0.008 
86 0.012 
87 0.017 
88 0.022 
89 0.028 
90 0.035 
91 0.043 
92 0.052 
93 0.061 
94 0.070 
95 0.081 
96 0.092 
97 0.104 
98 0.116 
99 0.129 

100 0.143 
101 0.157 
102 0.172 
103 0.187 
104 0.203 
105 0,219 

C.C.Lytton 01-3-1 
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-0.0573 
-0.0580 
-0.0586 
-0.0590 
-0.0593 
-0.0594 
-0.0594 
-0.0593 
-0.0590 
-0.0585 
-0.0579 
-0.0571 
-0.0562 
-0,0551 
-0.0538 
-0.0524 
-0.0508 
0.0491 

-0.0472 
-0.0452 
-0.0430 
-0.0407 
-0.0383 
-0.0358 
-0.0331 
-0.0304 
-0.0275 
-0.0246 
-0.0216 
-0.0184 
-0.0153 
-0.0120 
-0.0086 
-0.0052 
-0.0018 

0.0018 
0.0052 
C, . 0086 
0.0120 
0.0153 
0.0184 
0.0216 
0.0246 
0.0275 
0.0304 
0.0331 
0.0358 
0.0383 
0.0407 
0.0430 
0.0452 
0.0472 
0.0491 
0,0508 
0.0524 
0.0538 
0.0551 
0.0562 
0.0571 
0.0579 

0.4577 
0.4633 
0.4660 
0.4624 
0.5107 
0.5205 
0.5214 
0.5203 
0.5181 
0.5151 
0.5112 
0,5061 
0.5002 
0.4950 
0.4872 
0.4801 
0.4715 
0.4622 
0.4528 
0.4410 
0.4291 
0.4154 
0.4006 
0.3835 
0.3644 
0.3431 
0.3190 
0.2908 
0.2575 
0.2175 
0.1700 
0.1166 
0.0593 
0.0080 

-0.0055 

0.0153 
0.0809 
0.1610 
0.2301 
0,2963 
0.3482 
0.3895 
0.4210 
0.4493 
0.4705 
0.4904 
0.5068 
0.5222 
0.5339 
0*5470 
0.5569 
0.5673 
0.5762 
0.5839 
0,5917 
:).5990 
0.6054 
0.6114 
0.6172 
0.6225 

-0.3870 
-0.4059 
-0.4153 
-0.4028 
—0*56/4 
-0.6006 
-0.6038 
-0.6000 
■0.5926 
-0,5824 
-0.5690 
-0.5517 
-0.5316 
-0.5138 
-0.4872 
-0.4633 
-0.4340 
-0.4023 
-0.370*» 

-0.3300 
-0.2896 
-0.2431 
-0.1926 
-0.1344 

•0.0696 
0.0030 
0.0850 
0.1808 
0.2941 
0.4303 
0.5919 
0.7736 
0.9685 
1.1431 
1.1890 

1,1185 
0.8953 
0.6225 
0.3876 
0.1623 

-0.0143 
-0.1550 
-0.2621 
-0.3582 
-0,4305 
-0.4984 
-0.5540 
-0.6065 
-0.6462 
-0.6907 
-0.7246 

■0.7599 
-0.7902 
-0.8164 
-0.8429 
-0.8677 
-0.8897 
-0.9099 
-0.9295 
-0.9477 

0.9802 
0.9891 
0.9932 
0.9865 
1.0687 
1.0845 
1.0858 
1.0837 
1.0801 
1.0750 
1.0684 
1.0599 
1.0502 
1.0417 
1.0288 
1.0178 
1.0037 
0.9891 
0.9740 
0.9554 
0.9368 
0.9156 
0.8927 
0.8665 
0.8372 
0.8043 
0.7672 
0.7239 
0,6719 
0.6081 
0.5298 
0.4343 
0.3113 
0.1634 
0,0664 

0.1887 
0*3507 
0.5039 
0.6199 
0.7231 
0.8045 
0.8687 
0.9188 
0.9651 
0.9988 
1*0320 
1.0587 
1.0848 
1.1043 
1.1270 
1.1442 
1.1624 
1.1785 
1.1923 
1.2062 
1.2198 
1.2320 
1.2431 
1.2542 
1.2646 

- 0.0032 
-0.0032 
-0.0028 
-0,0019 
-0.0052 
-0.0044 
-0.0040 
-0.0037 

■0.0039 
-0.0039 
-0.0040 
-0.0040 
-0.0041 
-0.0043 
-0.0043 
-0.0048 
-0.0047 
-0.0052 
-0.0051 
-0.0053 
-0.0054 
-0,0057 
-0.0058 
-0.0060 
-0.0060 
-0.0056 
-0.0053 
-0.0052 
-0.0047 
-0.0045 
-0.0048 
-0.0056 
-0.0060 
-0.0106 
-0.0086 

-0.0095 
-0.0008 

0.0022 
0.0023 
0.0032 
0,0019 
0.0016 
0.0005 

-0.0014 
-0,0010 
-0.0016 
-0.0010 
-0.0011 
-0.0005 
-0.0005 
0.0000 
0.0005 
0.0006 
0.0011 
0.0019 
0.0020 
0.0021 
0.0026 
0.0028 
0.0029 
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lOA 0.236 
107 0.253 
108 0.270 
109 0.288 
110 0.306 
111 O - 325 
112 0.344 
113 0.363 
114 0.382 
115 0.401 
116 0.421 
117 0.441 
118 0.460 
119 0.480 
120 0.500 
121 0.520 
122 0.540 
123 0.559 
124 0.579 
125 0.599 
126 0.618 
127 0.637 
128 0.656 
129 0.6/5 
130 0.694 
131 0.712 
132 0.730 
133 0.747 
134 0.764 
135 0.781 
136 0.797 
137 0.813 
138 0.828 
139 0.843 
140 0.857 
141 0.871 
142 0.884 
143 0.896 
144 0.908 
145 0.919 
146 0.930 
147 0.939 
148 0.948 
149 0.957 
150 0.965 
151 0.972 
152 0.978 
153 0.983 
154 0.988 
155 0.992 
156 0.995 
157 0.997 
158 0.999 
159 1.000 

NACh 11012: MACH-O.HO, ALPHA- 1.25 

0.0585 
0.0590 
0.0593 
0.0594 
0.0594 
0.0593 
0.0590 
0.0586 
0.0580 
0.0573 
0.0565 
0.0556 
0.0545 
0.0534 
0.0522 
0.0509 
0.0495 
0.0480 
0.0465 
0.0449 
0.0433 
0.0416 
0.0399 
0.0381 
O.0363 
0.0345 
0.0327 
O.0309 
0.0291 
0.0273 
O.0255 
0.0238 
0.0220 
O.0203 
0.0186 
0.0170 
0.0154 
0.0138 
0.0124 
0.0109 
0.0096 
0.0083 
0.0071 
0.0060 
0.0049 
0.0040 
0.0031 
0.0024 
0.0017 
0.0011 
0.0007 
0.0004 
0.0001 
0.0000 

0.6275 
0.6322 
0.6365 
0.6405 
0.6443 
0.6478 
0.6510 
0.6539 
O.6566 
O.6590 
0.6612 
O.6632 
0.6651 
0.6667 
0.6683 
O.6696 
0.6708 
0.6719 
0.6726 
0.6740 
0.6747 
0.3662 
0.3451 
0.34/5 
0.3480 
0*3472 
0.3459 
O.3441 
0.3418 
0.3393 
0.3364 
0.3332 
O.3298 
0.3262 
0.3224 
0.3183 
0.3141 
0.3097 
0.3050 
0.3002 
0.2951 
0.2898 
0.2843 
0.2786 
0.2725 
0.2660 
O.2590 
0.2514 
0.2429 
O.2335 
0.2226 
0.2096 
0.1925 
0.1754 

-0.9646 
-0.9806 
-0.9955 
-1.0091 
-1.0217 
-1.0336 
•1.0446 
-1.0545 
-1.0636 
-1.0718 
-1.0794 
-1.0863 
•1.0925 
-1.0982 
•1.1034 
-1.1080 
■•••1. i 121 
-1.1158 
-1.1183 
-1.1230 
-1.1254 
-0.0757 
-0.0037 
-0.0121 
-0.0137 
-0.0108 
-0.0065 
-0.0004 
0.0073 
0.0161 
0.0259 
0.0366 
0.0482 
0.0605 
0.0735 
0.0872 
0.1017 
0.1168 
0.1326 
0.1491 
0.1663 
0.1843 
0.2030 
O.2226 
0.2431 
0.2652 
0.2891 
0.3151 
0.3438 
0.3760 
0.4131 
0.4574 
0.5153 
0.5736 

1.2743 
1.2836 
1.2924 
1.3006 
1.3083 
1.3157 
1.3225 
1.3286 
1.3342 
1.3392 
1.3438 
1.3481 
1.3520 
1.3555 
1.3588 
1.3617 
1.3644 
1.3668 
1,3686 
1.3711 
1.3749 
0.7896 
0.7594 
0.7635 
0.7642 
0.7631 
0.7612 
0.7584 
0.7549 
0.7509 
0.7464 
0.7415 
0.7362 
0.7305 
0.7245 
0.7182 
0.7115 
0.7045 
0.6972 
0.6896 
0.6816 
0.6733 
0.6647 
0.6556 
0.6460 
0.6357 
0.6245 
0.6122 
0.5984 
0.5824 
0.5637 
0.5417 
0.5118 
O.4788 

0.0031 
0.0033 
0.0033 
O.0033 
0.0032 
0.0030 
0.0028 
O> 0028 
0.0028 
0.0030 
0.0031 
0.0033 
0.0033 
0.0034 
0.0034 
0.0034 
0.0034 
O.0033 
0.0030 
0.0039 
0.0007 
0.0438 
0.0403 
0.0402 
0.0403 
0.0400 
0.0399 
0.0398 
0.0397 
0.0396 
0.0395 
0.0394 
0.0392 
0*0391 
0.0390 
0*0388 
0.0387 
0.0386 
0.0384 
0.0382 
0.0380 
0.0377 
0.0375 
0.0372 
0.0369 
0.0365 
0.0362 
0.0359 
O.0356 
0.0355 
O.0355 
0.0349 
0.0346 
O.0353 
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K GAMMA 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

15673 
16403 
16420 
16333 
16180 
16116 
16312 
16366 
16574 
16680 
16934 
17047 
17110 
17225 
17295 
17356 
1 7390 
17423 
17477 
17510 
17578 
17622 
17914 

CD (SHOCK INTEGRAL - Mk,2) 0.02133 
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TWO DIMENSIONAL EULER SOLUTIONS FOR AQARD TEST CASES 

Thomas H. Pulliam* and John T. Barton* 

MS 202A-1, NASA Ames Research Center 
Moffett Field, CA 04035 

§1. Introduction. In compliance with the request of the AGARD Fluid 
Dynamics Panel a number of test cases are computed using a two- 
dimensional implicit Euler code. The code is based on one developed by 
Steger (1] and subsequently reported on in a number of specific showcase cal¬ 
culation!, Sieger and Bailey [2] and Steger et. al. [3]. The development of 
the algorithm and the results of numerical testing are given by (1] . The code 
has been improved as far as accuracy and convergence, and is coupled with 
an advanced graphics package. A general grid generation code for airfoils 
employing the analytical approach of Eiseman (4] is used for the geometry. 
Every attempt was made to comply with the requests of the Fluid Dynamics 
Panel, especially in the form of presentation of the final results. 

A short outline of the code and numerics is presented below along with 
comments about the deficiencies and applicability of certain aspects of the 
numerical algorithm and code. Specific details are available in a recent paper 
by Pulliam, Jespersen and Childs (5] . 

§2. Two-Dimensional Implicit Euler Code The two-dimensional Euler equa¬ 
tions are written in generalized curvilinear coordinates and solved using an 
implicit approximate factorization algorithm. Details of the algorithm and 
code development are given by Steger[l] and Beam and Warming (6] . Here, 
we shall just outline some specific details. The equations are written in 

*Research Scientist, CFD Branch. 
fMember Professional StaV, Informatics General Corporation, Palo Aho, California. This 
work was sepported in part by NASA Contract NAS2-0891. 
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generalized curvilinear coordinates 

8tQ "f* OçÉ + dqfr — 0 

pU * 
puU + Ç,p p 

M7 + f,p ’ 

V{e + P) - itV. 

where the general transformations: 

¢ = / —i 

P 
pti 

pv 

■ t 

Ë — J —i 

(2.1a) 

r—1 

pV 

pnV + VxP 

pvV + riyp 

V(e + p) - VtP. 
(2.1b) 

t = t(x,V,t) t/= Çt-f f*« + 

»? = »K*,y>0 V = r¡t + rixU + riyV 
T = t 

(2.2) 

are used. 
The equations are nondimensionalized, where density p is scaled by poo, 

the Cartesian velocities u and v by the free-stream speed of sound Coo, and 
total energy e by p0oaoo2- Pressure p is related to the other flow variables 
by the equation of state p = (7 ~ 1)1* — i/K^2 “H ^)1- With this scaling, 
Poo = «oc = ^bry + iMoo2, &nd temperature scales toT = 7P/p = a • 

The metric terms are related to derivatives of x, i/,and i by 

— /l/f»» ¢, = —/*»»* it =—VrZx —Vriy 

rfK ss= —Jyi, Vy — Vt = —XrVs — VrVy (2-3) 

/ = - *vyç)- 

With the use of these general transformations any two-dimensional geometry 
or grid system (the physical domain) can be mapped to a regular computar 
tional domain. The transformations are such that the spacing in the com¬ 
putational domain is unity and therefore uniform differencing formulas are 
used in the numerical algorithm irrespective of the spacings in the physical 
domain. Physical boundaries are mapped to constant Ç or »? coordinate lines, 
making boundary condition application easier. 

The numerical method is an implicit approximate factorization algorithm 
in delta form, see Beam and Warming[6] : 

(/ + M,A"X/ + = (2 4) 

- Aí^ÂÔ)" + í,(è«)") 
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where A$n = 0"+1 - O",* = At or /» = At/2, and A and É are the 
Jacobians of the flux vectors (i.e., A = 9É/dC¿). The Jacobian matrices are 

A or & = 

K. 

*« + • — (l “ 2)*»“ 

*,•-(7-1)*»* 

*» 
(tytt — (7 — 1)*»V 

*« + * — (nr - 2)*»v 

Jpr-Mß)) 

o 

(7 — 1W 

(7—1)*» 

7* + *t J 
(2.5) 

with « = *,» + «,». Í2 = i(T IX“2 + ^2). “nd « = Í or , for A or 

È, respectively. 
The numerical scheme can be flrst-order or second-order order accurate in 

time, depending upon whether (h = At) or {h = At/2) . Here we shal 
restrict ourselves to flrst-order accuracy and use the scheme to compute 
time-asymptotic steady states. Second-order central differences 

qj,k := ?(jA£,*A»7) 

(2-6) 
àvqj,k = — ?j,*-i)/(2A*7) 

are used throughout the solution domain except for a second-order upwind 
operator which is used in supersonic regions before shocks. Details of the 
upwind operator are given in the next section along with transition operators 
that blend the upwind with the central difference operators resulting in a 
conservative differencing scheme. The computational mesh spacing is chosen 

to be unity, i.e., A£ = A»/ = 1. 
A spatially variable time step that varies from point to point is employed, 

where At and h in Eq. (2.4) are replaced by 

V1+/7/ 
(2.7) 

and d is then chosen to be 0(1). This particular form for the spatially variable 
time step was suggested by Srinivasan, Chyu, and Steger [7] . 

For nonlinear flows, large gradients, such as shocks, introduce high 
frequency oscillations that must be controlled by adding some form of Altering 
or smoothing term. Here, explicit fourth-order smoothing 

(2.8a) 



i, added to the right-hand aide of Eq. (2.4) sod implicit «cond^rder smooth- 

iD‘ <2-8b) 

ls inserted into the respective implicit block operators. The difference 

operators are 

V«gitk = 9j,k - - q’+l'k 9j'k 
Vngj,* = qj,k - A»»9i-k = qj’k+l qi,k 

(2.9) 

-dd r=aPÄ Ä°gr sc a^e^itîT A w hic fa8 ÆrÄ 

Eq. (2.7) irhen the spatially ^explicitly. Sketch 1 shows a 
The boundary conditions used aw apphed e^Jit y ^ ^ 

sketch of the solution domain. supersonic free-stream flow, 
free-stream values are held fixed. In the case oí supe ^ free_ 

all variables are extr*P°la^1 t0butee°ergy are extrapolated, and energy is 
stream is subsonic, all variable .p ¡s used across the wake to 
set to preserve free-stream pressure. P trailing edge is automatically 
ensure continuity. The Kutta co^on ' trX edge velocities 
calculated; i-c^there ^"ort^hÄ^ = 0 and 

^cnrutln.velocities are recoveredh, 

(2.10) 

O-'-iv "o’K"-»’) 
The extrapolation of U require, that the me* liue, he clustered mtd near 

‘“’SiptÄÄ surface is obtained from the norma, momentum 

equation 

p[drrit + «M, + vôrtly) - pU(iUH + W)~_ 

(»?.& + t,vM + ^*2 + = P"V^2 + ,?,2 

(2.11) 

.here n is the loen, ÂTfoíÄ 
enthalp^UMdcon^^ ^nre, a value of denstty 
h = 
is obtained at the body. 

-▼ 
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§3. Upwind Differencing Scheme. 
Central differencing is used throughout the solution domain, except in the 

region of supersonic flow before a shock. The use of upwinding for shocks 
is widespread in transonic potential calculations. Upwind differencing before 
shocks has a stabilizing effect and improves the accuracy of the calculations. 
The particular form of upwinding is taken from Warming and Beam [8] and 
was also employed in the original work of Steger[l] . 

The central difference operator has the form 

E+- E~ 
2A( 

(3.1) 

where £+ and E~ represent shift operators (i.e., E+uj = Uj+i and 
E~Uj = Uj_i). Here, we shall define everything in one dimension with 
Uj = ti(;A£). In the supersonic region before a shock the second-order Padé 
operator 

ct I-E- 
< íaçií + í:-) 

(3.2) 

is used as the upwind operator. 
A “C” mesh topology (see Section 4) is used where the £ coordinate lines 

wrap around the airfoil from the lower surface trailing edge past the nose to 
the upper surface trailing edge. Therefore, on the upper surface an upwind 
difference is a backward difference operator; on the lower surface, forward 
differences have to be used. The forward difference operator has the form 

‘f-plíTIT)- (3-3) 

As is well known from the work of Murman [9] , Warming and Beam 
[8] , and more recently, Hessenius and Pulliam [10] , the discontinuous 
switching from one operator to another can lead to local nonconservation. 
This particular example of switching from central differencing to one sided 
differencing does produce local nonconservation and therefore a transition 
operator is needed to smoothly join the two operators and maintain conser¬ 
vation. Warming and Beam [8] have developed and reported in detail a 
systematic way to form such a transition operator. 

The method uses a combined operator which has a free parameter €j such 
that ej = 0 produces the central operator and tj = 1 gives the one-sided 
operator. 
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The new differencing scheme is 

ï_1 -b\. 
6* i(2/ - tjl + E-ej) € 

(3.4) 

Warming and Beam [8] also show that a scheme obtained in the above manner 

^Xhis new differencing depends on the two parameters (e>—i>fj) aIld there 
are four possible cases : 

’(0,0) purely central differencing 

1) purely upwind differencing ^ 

(€i—1>” (o, 1) transition from central to upwind 

(1,0) transition from upwind to central. 

The parameter ¢, te choeea U. be 0 to eubsomc regions and 11» »«P«- 
sonic regions. The eigenvalues of the Jacobian matrix A are U,U,U ± 

ai/f.2 + i,2. “ = t/Ä- ”6 check6d il<mg each « 600rdtllat6 
line’and f, is set to 1 when all the eigenvalues are positive. “P"'“d 

BSSvsSSïSâ« 
smoothing has been found to be detrimental and not necessary due to 
dije nature of the backward mid forward difference operators. The 
fourth-order f terms of Eq. (2.8a) are modified to 

((V, - eyVeJAeVeA«) ,3'6) 

where e, = 1 turns off the smrothtag and e, = 0 produces tbe origical to^ 
By switching the and e, to the first bracketed tem we obtain the total 
operator with conservative transition 

[(Vi - Vi^OAiViAç] = (3.7) 

l(1 _ fi)- (1 - • lfi+2 - 3É + 3/ - £-1]. 

I . 

/ 

r-’ 

I 
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§4. Geometry and Grid Generation. 
A specialized code which generates “C" grids around airfoil sections was 

developed. Details of the generation scheme are given below The scheme 
is based on the algebraic grid generation work of Eiseman[4] . The airfoil 
coordinates are taken as input and used to define the airfoil surface. On the 
surface, grid points are distributed with clustering at the nose, trailing edge, 
and (optionally) at prescribed locations on the upper and lower surfaces. The 
locations of the upper and lower surface clusterings are chosen so as to resolve 
shocks. Coarse grid solutions can be used to determine these locations. The 
grid lines are clustered in the normal direction at the surface with a typical 
spacing of 0.005 chord normal to the airfoil surface. More details concerning 
the coordinates of the grid points in the wake and on the airfoil are given in 

Section 5. ^ „ 
The important constraints on the grids generated are that the lines come in 

normal to the surface (body) boundary, that minimum spacings are specified 
for clusterings and that the minimum spacing in the normal direction at the 
body is held constant. Other details of the grid generation can be found in 
Ref.[5] . The entire process is quite fast even for large grids. The present 
interactive program will generate a 161 by 33 grid around a NACA 0012 
airfoil in about 7.5 seconds of CPU time on a VAX 11/780. 

§5. Parameter Studies 
In order to check the validity of the computations, the sensitivity of the 

solution to several parameters has been studied. The quantities which were 
felt to be possible significant sources of error were varied, and the effects 
on the solution observed. By far the greatest changes in the solution came 
from the placement of the outer boundaries. The other quantities which 
were perturbed were the grid spacing at the nose in the direction parallel to 
the body, the number of points in the direction perpendicular to the body, 
and the magnitude of the fourth order explicit and second order implicit 
smoothing. The base conditions from which all these calculations varied was 
the AGARD01 case, as described in this report, except the grid size was 249 
by 41, and the outer boundaries were 12 chord lengths upstream of the body, 
and 24 chord lengths in all other directions. 

The first change studied was the degree of clustering of the grid at the 
nose of the body. The spacing there, &xN was doubled to .004 and halved to 
001 No appreciable effect on the coefllcient of lift was seen. The computed 

values were respectively cL = .34980 and cL = .34868, as compared to ^ = 
348549 Í for Aiw = 002 ). The flow expansion arising at the leading edge is 
à potential source of error because of the high gradients in the flow quantities 
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there. One may conclude that errors in the resolution of this region due to 
coarseness of grid "were not consequential. 

The implicit and explicit smoothing term!, were simultaneously halved, 
with a resulting increase in cl to .35104, a relatively small change. The 
smoothing terms are added to stabilize the algorithm, and dissipate oscilla¬ 
tions arising from shocks. The solution is changed by these terms. One would 
expect that less smoothing would result in a shock location further aft, higher 
velocities, lower pressure in a larger supersonic region, and a stronger shock. 
All of these effects would contribute to higher lift. The small change in lift 
resulting from the halving of the smoothing shows that these effects are not 
important in this calculation. 

The number of points in the direction normal to the airfoil was increased 
to 67 from 41, with no change in AyTOi» at the body. There was a rise in lift 
to cl = .34891, a small amount. The effect of this change was to change the 
factor by which the grid was exponentially stretched, and to reduce Aymoa; 
at the outer boundary. Both of these are potential sources of error. The 
small magnitude of the change in lift is taken to indicate that these errors 
were not significant. 

The distance to the outer boundary was halved to 6 chord lengths 
upstream, and 12 to the sides and downstream. The lift dropped to c¿, = 
.3324. Doubling and redoubling the distances to the outer boundaries caused 
rises to cL = .3600 and cL = .3661, respectively. The difference between 
the high and low values of lift amounts to over 10%. This shows that the 
currently implemented far field Dirichlet boundary conditions in our code are 
very sensitive to boundary distance. This sensitivity is due to the assump¬ 
tion that the flow field is sufficiently close to uniform free stream at the far 
field boundary. We have rerun the AGARD01, AGARD02 and AGARD06 
cases with boundaries at 96 chord lengths. Our approach to the difficulty, 
recalculation with the boundaries further removed, is not the best long term 
solution. One would wish for boundary conditions that are not sensitive to 
the distance to the boundary, and work is underway to that end. 

§6. Results and Discussion 

The cases considered here are the three airfoils from AGARD FDP WG 
07, as suggested by Dr. Leonard Roberts who is our contact. Seven cases 
are considered, five for an NACA0012, one for the RAE2822, and one for the 
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NLR7301. They will be referred to as: 
NAME AIRFOIL 

AGARD01 NACA0012 

AGARD02 NACA0012 

AGARD03 NACA0012 

AGARD04 NACA0012 

AGARD05 NACA0012 

AGARD06 RAE 2822 

AGARD07 NLR 7301 

Mqo ®oo 

0.8 1.25 

0.85 1.00 

0.95 0.00 

1.2 0.00 

1.2 7.00 

0.75 3.00 

0.721 -0.194 
Each case was initialized with a uniform free-stream flow at the prescribed 

Mach number and angle of attack. A slow start ramping of the boundary 
conditions over either 36 ( or 100 ) time steps was employed for all the cases 
with peak residuals being reached at approximately 50 ( or 150 ) time steps. 

In the cases presented the grid size is either 249 x 41, 249 x 65, or 249 x 67, 
that is, 249 points in the £ direction and either 41, 65, or 67 in the r¡ direction. 
Specific details for each grid are given with the discussion of the results. 

The residuals and AQ are defined relative to Eq. (2.4) and Eq.(2.8). The 
change in the flow variables, AQ is taken directly from Eq.(2.4), i.e.,AQn = 
Qn+1 — Qn. Note that the metric Jacobian has been taken out. For the 
residual we take the steady-state equations, the right hand side of Eq.(2.4) 
plus the explicit smoothing term, Eq.(2.8a). The time step is divided out 
and therefore the residual measures how well the solution satisfies the finite 
difference equations. Specifically, define 

ß*—(«Agr + «„(ÊQ)”) - f.y-'KVjAf)2 +(V,A,)!l^n . (5.1) 

The L2 norm and max norm are computed for each of the equations and flow 
variables separately in the usual way where 

(5.2a) 

and 
WX = MAXp\R;\ (5.2b) 

with N the total number of points, p. The residuals are calculated before 
scaling by the spatially variable time step. 

In all the graphics shown the scaling of the units relative to centimeters 
is as specified in AGARD FDP WG-CY except where otherwise noted on the 
figure. More information can be provided at the request of the panel. 
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§6« AGARDOl NACA0012 M = 0.80 a = 1.25 
Grid 

The grid for AGARDOl is presented in Figures la - le, with the full extent 
given in Fig. la and closeups in Figs. Ib-le. There are 34 points in the wake 
from the trailing edge to the far field right boundary. A total of 181 points 
are distributed on the body (91 on the upper and 90 on the lower surface) with 
clustering at the leading edge (minimum Ax = 0.002) and clustering at the 
trailing edge (minimum Ax = 0.004). Clustering is also used for resolution 
of the shocks, where on the upper surface for 0.61 < x < 0.65 : Ax = 0.008 
and on the lower surface for 0.34 < x < 0.38 : Ax = 0.008. The minimum 
spacing in the normal direction is Ay = 0.005 and exponential stretching is 
used to the outer boundary. There are 67 grid points in normal direction. 
The physical extent of the domain is —48.0 < x < 96.0 and —96.0 < y < 

96.0. 
Convergence Histories 

A series of solutions were run to obtain the final result which is reported 
on here. Initially, coarse grid calculations were performed to determine the 
shock locations. Grids were then generated with some clustering in the shock 
regions. For cases in which the local shock clustering was extreme (Ax w 
0.001) the residual history was oscillatory with very high frequency and large 
amplitude. The overall trend was convergent, but the convergence was slow. 
If the local clustering was not extreme (Ax = 0.008, for instance) a much 
cleaner convergence history was obtained, as shown in Figs. If - li. These 
plots show the residuals as defined in Eq.(5.2), where each curve corresponds 
to a separate flow variable or equation. The change in line type from solid to 
dashed indicates that a sequence of runs is shown. Calculations on this grid 
exhibited better overall convergence than the more highly clustered ones. 

The source of the persistently large residuals on grids with extreme cluster¬ 
ing was found to be the upwind switches toggling on and off along the shock 
line. Near the body, the grid cells were roughly square and the grid lines 
approximately normal to the body. In the region 10 to 20 grid points away 
from the body, where the shock was still reasonably strong, the aspect ratio of 
the grid was increased. This is because the Y-coordinates increase exponen¬ 
tially away from the body, wherea* the X-coordinates change little. Since we 
employ a shock capturing technique, the shock is not exactly aligned with the 
grid, and the high aspect ratio exacerbates this discrepancy. The supersonic 
upwind scheme described in section 3 works well for moderately clustered 
grids, but can become nearly neutrally stable in the presence of extreme (e.g. 
Ax = .001) clustering at the shocks. Shock location can be determined to 
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within a fraction of the -.id spacing by noting where, for example, the sur¬ 
face Mach number plot cro ses 1.0. It is therefore not necessary to cluster 
grids more finely than we have in order to compute an accurate solution. 1 he 
ability to cluster more finely would give greater flexibility to the user in gn 
selection, however, and would be desirable for that reason. 

The residuals and AQ were decreased by 7 orders of magnitude in 2000 
iterations. The solution was actually converged to plotting accuracy in 
about 400 iterations, as demonstrated by the convergence histories for CL 
(coefficient of lift), CD (coefficient of drag), and Cpm (coefficient of pitching 
moment about the quarter chord), in Figs. Ij - 11. The flow field was con¬ 
verged in about 400 iterations, as demonstrated by comparing contour plots 
at various stages during convergence. 

Maximum residuals and AQ occur either at the top of the shock out in the 
field or at the farfleld downstream boundary. This is consistent throughout 
most the convergence history. The farfleld errors could possibly be reduced 
with a better boundary condition treatment; we are currently investigating 
this. The large residuals at the upper portion of the shocks may be linked to 
the central differencing; again we are currently studying this issue. In general, 
the rest of the flowfleld was fairly quiet and converged rapidly. 

Surface Plots 

Surface values are plotted versus a: and y in Figs. 1m - Iv. These results are 
typical of what is usually obtained with this code for airfoils with shocks on 
the upper and lower surfaces. In this case, a strong shock occurs on the upper 
surfaceand a weak shock on the lower surface. In other calculations,(see for 
instance Ref [5] ), with a wide variety of grids and grid spacings the location 
of the shocks was consistent. The shock location is defined as the point where 

the shock crosses C*. 
The upwind operator eliminates pre-shock oscillations in this calculation. 

Post-shock oscillations are due to the central differencing in the subsonic 
regions The surface plots show the actual distribution of points on the body 
which are then connected by lines. Note a slight error in stagnation pressure 
at the leading edge. This has been traced to the grid where the rapid change 
in curvature causes some error in the grid generator. But, as seen in the 
flowfleld contours, good stagnation quantities are calculated at the nose. For 
all the cases presented here the condition of total stagnation enthalpy fixed 
at the body is equivalent to *ero stagnation temperature at the body, as 

demonstrated in Figs, lu and Iv. 
Tabulated data for the surface values are presented in Table 1 The 
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converged values for lift, drag, and moment are 

CL = 0.3661, CD = 0.02288, Cvrn = - .04303, 

with computed circulation F = 0.17228. 
Flowfield Contours 

Flow field contours for this case are presented in Figs. Iw - lah. Mach 
contours in Fig.lw are smooth and exhibit a sharp captured shock. The 
discontinuity in Mach contours in the wake is due to the change in total 
quantities behind the shock, see Fig. lac. For instance, stagnation pressure 
jumps across the shock on the upper surface with the jump weakening with 
distance from the body. On the lower surface there is a very weak shock. 
This leais to a sharp gradient in total quantities along the wake cut roughly 
aligned with streamlines. 

Figure ly shows the relative thickness of upper surface shock. In Fig. Iz, 
a farfleld view is shown, demonstrating how far away the farfleld boundaries 
are from any large gradients in the solution. 

Stagnation pressure and temperature are shown for the nose region in Figs, 
lae and lah. The stagnation temperature field is essentially constant, with 
variations only in the 3rd decimal place, while for stagnation pressure all the 
variation is near the upper surface shock. 

Please note that the contour values given at the left hand side of the figures 
are for the whole field including the flow domain not shown. 

The scenario for the rest of the cases is very similar to that for AGARD01. 
The order of the figures is consistent and the comments made above can 
be applied in most instances. Wherever pertinent, additional details will be 

given below. 

§6b AGARD02 NACAOOIS M = 0.85 a = 1.0 
Grid 

The grid for AGARD02 is presented in Figures 2a - 2e, with the full extent 
given in Fig. 2a and closeups in Pigs. 2b - 2e. There are 34 points in the wake 
from the trailing edge to the far field right boundary. A total of 181 points 
are distributed on the body (91 on the upper and 90 on the lower surface) 
with clustering at the leading edge (minimum Ax = 0.002) and clustering 
at the trailing edge (minimum Ax = 0.004). The minimum spacing in the 
normal direction is dy = 0.005 and exponential stretching is <i«ed to the 
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outer boundary. The physical extent of the domain is -48.0 < i < 96.0 

and -96.0 <y< 96.0. 
Convergence Histories 

The residual and AQ histories are given in Figs. 2f - 2i. Again note the 
high frequency oscillation for the initial part of convergence and then the 
smooth convergence rates. The high frequency oscillation is due to a rapid 
one or two point motion of the shock system in the initial set up of the flow. 
This usually occurs out in the field about at the top of the shock. Maximum 

residuals occur in that location. u , . 
The residuals and AQ were decreased by over 5 orders of magnitude in 

2000 iterations. The solution was actually converged to plotting accuracy in 
about 600 iterations, as demonstrated by the convergence histories for CL) 

Cd,and Cpm in Figs. 2j -21. 
Surface Plots 

Surface values are plotted versus s and y in Figs. 2m - 2t. Note that all 
the shocks calculated are three point shocks, with very sharp profiles. The 
upwind operator eliminates pre-shock oscillations, except for the one point 
overshoot for the upper surface due to the transition operator This overshoot 
is dependent on the switching point logic defined above and the location of 
a point near Cl, see Fig. 2o. When a grid point falls near Cp the switching 
point logic chooses the next point back as the transition point. Thov^h 
one may try to fix this overshoot problem by various strategies invol g 
the placement of the transition point, the most robust method found was 
to place it at the last supersonic point. These strategies are comPllc* 
by the curvature of the shock in computational space arising from the high 
aspect ratio of cells away from the body, as discussed in the previous section 
on AGAED01. The transition point cannot be forced to always lie in the 
middle of the shock because of possibility of unstable upwind differencing in 
subsonic regions. Post^shock oscillations are due to the central differencing 
in the subsonic regions. These comments apply to all the shocks obtained in 
this study. The surface plots show the actual distribution of points on the 
body which are then connected by lines. . , 

Tabulated data for the surface values are presented in Table 2. I he 
converged values for lift, drag, and moment are 

Cd = 0.38895, Cd = 0.05900, Cpm = —0.13782, 

with computed circulation F — 0.20053. 
Flowfield Contours 

A 
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Flow field contours for this case are presented in Figs. 2u - 2ae. Ma^ 
contours in Fig.2u are smooth and exhibit sharp captured shocks. Figure 
shows the relative thickness of upper surface shock. In Fig. 2x, a farfli1 
view is shown, demonstrating how far away the farfleld boundaries are frc>m 
any large gradients in the solution. 

Stagnation pressure and temperature are shown for the nose region in Fi?s- 
2ab and 2ae. Again, good stagnation values are obtained at the nose. The 
stagnation temperature field is essentially constant, with variations only m 
the yd decimal place, while for stagnation pressure all the variation is n(!ar 
the upper surface shock. 

§6c AGARD03 NACA0012 M = 0.95 a = 0.0 
Grid 

The grid for AGARD03 is presented in Figures 3a - 3f, with the full ext^t 
given in Fig. 3a and closeups in Figs. 3b - 3f. There are 65 points in the wake 
from the trailing edge to the far field right boundary. A total of 119 poi^s 
are distributed on the body (60 on the upper and 59 on the lower surfa^ 
with clustering at the leading edge (minimum Ax = 0.001) and clustering 
at the trailing edge (minimum Ax = 0.005). The minimum spacing in tje 
normal direction is dy = 0.005 and exponential stretching is used to 
outer boundary. The physical extent of the domain is —8.0 < x < Ip* 
and —24.0 < y < 24.0. A slight bit of clustering was added in the wake,«» 
resolve the expected shock system, here for 2.0 < x < 4.0 : Ax = 0.10. 

Convergence Histories 
Convergence histories for this case are shown in Figs. 3g - 3j. Initia»^ 

the solution appears to be converging, but then a state of neutral stabil1 Y 
seems to occur. In fact, most of the field is fully converged, especially a’ 
the body surface, see Figs. 3k - 3m. Again, the maximum residuals ajjd 
AQ occur either at the top of the shock out in the field or at the farfté«1 
downstream boundary. This is consistent throughout most the converge^ 
history. The level of convergence shown in Figs. 3g - 3j is being control^ 
by the maximum values and is not really indicative of the overall converged06 
of the field. . 

It should be noted that this is a difficult case with a complicated flow a»«1 
shock structure. As is seen from the surface plots and flowfleld contour^ a 
“fishtail" shock system occurs and is extended far out into the field. 

Surface Plots 
Surface values sxe plotted versus x and y in Figs. 3n - 3aa. In this case an 

oblique supersonic to supersonic shock occurs at the trailing edge, and is thea 
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terminated by a supersonic to subsonic normal shock downstream at about 
X = 3.0, see Fig. 3o. The upwind differencing is turned off in this case for 
the oblique shock and hence the central differencing causes oscillations in this 
region. See the discussion of AGARD04 for more information on this point. 

Surface plots are given for the airfoil and downstream taken along the 
mean chord line. Wild oscillations occur for stagnation values, again due to 
the central differencing. 

Tabulated data for the surface values are presented in Table 3. The 
converged values for lift, drag, and moment are 

CL = 0.236920 X 10-4, CD = 0.109066, Cpm = - .650216 X 10-5, 

with computed circulation F = 0.0. 
Flowfield Contours 

Flowfleld contours for this case are presented in Figs. 3ab - 3aj. Mach 
contours are shown in Fig. 3ab and exhibit the “fishtail” shock system. The 
view is expanded in Fig. 3ae showing that the outer boundary seems to be far 
enough out so as to not interfere with the shock system. A preliminary study 
of this flow showed a substantial variation in the secondary shock structure 
in response to a variation in outer boundary distance. In Figs. 3ak and 
3al we compare the surface pressure for two outer boundary distances. In 
Fig. 3ak the outer boundary had a ymax = 24., while in Fig. 3a! the 
outer boundary was at yma* = 12.. The secondary shock moves about ¿ 
chord upstream for the closer boundary case. This is consistent with results 
reported by Holst[ll] For the case presented here the outer boundary was 
placed at ymax = 24. 

Stagnation pressure and stagnation temperature variations all occur at the 
trailing edge, Fig. 3ai and 3aj. 

§8d AGARD04 NÀCA0012 M = 1.2 a = 0. 
Grid 

The grid for AGARD04 is presented in Figures 4a - 4e, with the full extent 
given in Fig. 4a and closeups in Figs. 4b - 4e. There are 34 points in the wake 
from the trailing edge to the far field right boundary. A total of 181 points 
are distributed on the body (91 on the upper and 90 on the lower surface) 
with clustering at the leading edge (minimum Ax = 0.001) and clustering 
at the trailing edge (minimum Az = 0.005). The minimum spacing in the 
normal direction is dy = 0.005 and exponential stretching is used to the 
outer boundary. The physical extent of the domain is —2.0 < x < 8.0 and 
-12.0 < y < 12.0. 
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Convergence Histories 

4 I 

The residual and AQ histories are given in Figs. 4f - 4i. In this case, 
we converge about 10 orders of magnitude in 1600 iterations. Supersonic 
free-stream cases usually exhibit very good convergence due to the lack of 
upstream propagation of errors. Convergence histories for Cl, Cd,and Cpm 
are shown in Figs. 4j - 41. 

Surface Plots 
Surface values are plotted versus x and y in Figs. 4m - 4u. In this case 

an oblique shock occurs at the trailing edge and as seen in the contours a 
bow shock forms in front of the airfoil. The oblique supersonic to supersonic 
shock at the trailing edge caused some trouble when the upwind operator was 
employed. In Fig. 4r, we have a solution without upwind differencing, and the 
central differences across the shock produce large oscillations. If the upwind 
operator is turned on, the pre-shock oscillations are eliminated, but since the 
flow past the trailing edge shock is supersonic the upwind differencing stays 
on and propagates oscillations far downstream. To eliminate this, the upwind 
operator was restricted to the region over the body surface only and central 
differences were used downstream of the trailing edge. This produces the 
essentially oscillation-free solution presented here, see for comparison Fig. 
4q. This strategy was also used for ACARDOS. 

Tabulated data for the surface values are presented In Table 4. The 
converged values for lift, drag, and moment are 

CL = 0.00000, CD = 0.09586, Cpm = 0.00000, 

with computed circulation F = 0.0000. 
Flovtfield Contours 

Flowfleld contours for this case are presented in Figs. 4v - 4ab. Mach 
contours in Fig. 4v show the bow shock and trailing edge shock system. 
Figure 4w was added because the contour levels in Fig. 4v obscure the result. 
In Fig. 4y, a farfleld view is shown, demonstrating how far away the farfleld 
boundaries are from any large gradients in the solution. 

Again, good stagnation values are obtained at the nose, see Fig. 4ab. 

§6e ACARDOS NACA0012 M = 1.2 a =7. 
Grid 

The grid for ACARDOS is the same as for AGARD04. 
Convergence Histories 

The residual and AQ histories are given in Figs. 5a - 5d. In this case, 
we converge about 10 orders of magnitude in 1600 iterations. Convergence 

4 I 
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histories for C¿, Cd,and Cpm are shown in Figs. 5e - 5g. The jump in the 
residuals, see Fig. 5a, is due to a change in the boundary condition similar to 
what occurred in AGARD01. For AGARD05 the solution was sensitive to the 
stagnation enthalpy boundary condition at least in the initialization phase. 
The run was therefore started with the old density extrapolation boundary 
condition and then after 200 steps the new enthalpy condition was turned on 
for the remainder of the iterations. Convergence rates were not affected. 

Surface Plots 
Surface values are plotted versus x and y in Figs. 5h - 5q. This case also 

has an oblique shock at the trailing edge and, as seen in the contour plots, a 
bow shock in front of the airfoil. The same strategy for the upwind operators 
that was used for AGARD04 was used for this case. 

Tabulated data for the surface values are presented in Table 5. The 
converged values for lift, drag, and moment are 

CL = 0.51965, Cd = 0.15431, = -0.11020, 

with computed circulation T = 0.2995. 
Flowfield Contours 

Flowfleld contours for this case are presented in Figs. 5r - 5w. Mach con¬ 
tours in Fig. 5r show the bow shock and trailing edge shock system. In Fig. 
5u, a farfleld view is shown, demonstrating how far away the farfield boun¬ 
daries are from any large gradients in the solution. Again, good stagnation 
values are obtained, see Fig. 5w. 

§8f AGARD06 RAE2822 M = 0.75 a = 3.0 
Grid 

The grid for AGARD06 is presented in Figures 6a - 6e, with the full extent 
given in Fig. 6a and closeups in Figs. 6b - 6e. It has 249 points in the 
direction parallel to the body, and 65 points normal to the body. There are 
34 points in the wake from the trailing edge to the far field right boundary. A 
total of 181 points are distributed on the body (91 on the upper and 90 on the 
lower surface) with clustering at the leading edge (minimum Ax = 0.001) and 
clustering at the trailing edge (minimum Ax = 0.01). The minimum spacing 
in the normal direction is dy = 0.005 and exponential stretching is used to 

I the outer boundary. The physical extent of the domain is —98.0 < z < 98.0 
I and -98.0 <y< 98.0. 
; Convergence Histories 

The residual and AQ histories are given in Figs. 6f - 6i. There is a little 
bit of the high frequency oscillation for the initial part of convergence, then 

/{ 
r- 
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the convergence rates becomes smooth. In this case the enthalpy boundary 
condition was used throughout the entire convergence history. Maximum 
residuals occur near the top of the shock. 

The residuals and AQ were decreased by 9 orders of magnitude in 1600 
iterations. The solution was actually converged to plotting accuracy in about 
400 iterations, as demonstrated by the convergence histories for Cl, Cd,and 
Cpm in Figs. 6j - 61. 

Surface Plots 
Surface values are plotted versus x and y in Figs. 6m - 6v. Nothing unusual 

occurs and the results are analogous to those of other calculations. 
Tabulated data for the surface values are presented in Table 6. The 

converged values for lift, drag, and moment are 

CL = 1.04392, Cd = 0.03873, Cpm = - .16700, 

with computed circulation F = 0.48946. 
Flov/field Contours 

Flowfleld contours for this case are presented in Figs. 6w - 6ah. Mach 
contours in Fig. 6w are smooth and exhibit a sharp captured shock. Figure 
6y shows the relative thickness of upper surface shock. In Fig. 6z, a farfleld 
view is shown, demonstrating how far away the farfleld boundaries are from 
any large gradients in the solution. 

Stagnation pressure and temperature are shown for the nose region in Figs. 
6ad and 6ag. Again, good stagnation values are obtained at the nose. The 
stagnation temperature field is essentially constant, with variations only in 
the 3rd decimal place, while for stagnation pressure all the variation is near 
the upper surface shock. In Fig. 6ah, we see one problem with the stagnation 
enthalpy boundary condition in that the stagnation value jumps across the 
shock and is not consistent with the body condition. The error introduced is 
small and does not affect the overall solution. 

§6g AGÁRD07 NLR7301 M = 0.721 a = -0.194 
Grid 

The grid for AGARD07 is presented in Figures 7a - 7e, with the full extent 
given in Fig. 7a and closeups in Figs. 7b - 7e. There are 34 points in the wake 
from the trailing edge to the far field right boundary. A total of 181 points 
are distributed on the body (91 on the upper and 90 on the lower surface) 
with clustering at the leading edge (minimum Ai = 0.001) and clustering 
at the trailing edge (minimum Ax = 0.01). The minimum spacing in the 
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normal direction is dy = 0.005 and exponential stretching is used to the 
outer boundary. The physical extent of the domain is 8.0 < a: < 12.0 and 

-12.0 < y < 12.0. 
Convergence Histories 

The residual and AQ histories are given in Figs. 7f - 7i. The solu¬ 
tion is converging and was terminated at 800 iterations because the desired 
result of shock free flow was not developing. The results are converged and 
demonstrate the same convergence characteristics as in the previous cases. 

The residuals and AQ were decreased by 4 orders of magnitude in 800 
iterations. The solution was actually converged to plotting accuracy in about 
600 iterations, as demonstrated by the convergence histories for C¿,, Cp,and 

Cpm in Figs. 7j - 71. 
Surface Plots 

Surface values are plotted versus x and y in Figs. 7m - 7t. A weak shock 
forms on the upper surface. The NLR7301 airfoil is supposed to be shock-free 
at these design conditions. We did not obtain shock-free flow, as indicated 
by the surface plot. Previous studies of this case where the angle of attack 
was varied to match lift were also not able to produce shock free flow. The 
shock can be moved downstream to match lift but it requires an angle of 
attack of .55 degrees. Here we have restricted ourselves to just reporting on 

the requested conditions. 
Tabulated data for the surface values are presented in Table 7. The 

converged values for lift, drag, and moment are 

CL = 0.44970, CD = 0.00168, Cpm = - .11350 

with computed circulation F = 0.2230. 
Flovifield Contours 

Flowfield contours for this case are presented in Figs. 7u - 7z. Mach 
contours in Fig. 7u exhibit the weak shock. In Fig. 7w, a farfleld view 
is shown, demonstrating how far away the farfleld boundaries are from any 
large gradients in the solution. The stagnation pressure field seems unusually 
jumpy, with the largest variations at the trailing edge. 
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AR2II 
T.H.Pulliam 
J.T.Barton 01-5-22 

NACA 0012: MACH - 0.80. ALPHA - 1.2S 

N A S A. AMES 

NOVERIFY 
INF_ON, Information broadcasts turnad on 

GRID fila ñama: 
Q fila ñama: 

NACA0012 Mach • 0.800 Alpha ■ 1.250 Rasults on tha airfoil surfaca 

X/C 

96.000000 
74.207001 
57.402550 
44.454800 
34.478630 
26.792036 
20.869555 
16.306313 
12.790356 
10.081329 
7.994038 
6.385789 
5.146642 
4.191885 
3.456250 
2.889447 
2.452727 
2.116237 
1.856973 
1.657212 
1.503296 
1.384705 
1.293332 
1.222929 
1.168683 
1.126888 
1.094684 
1.069872 
1.050754 
1.036024 
1.024674 
1.015929 
1.009192 
1.004000 
1.000000 
0.995951 
0.991713 
0.987276 
0.982625 
0.977749 
0.972631 
0.967257 
0.961611 
0.955673 
0.949426 
0.942849 
0.935922 
0.928623 
0.920929 

Y/C 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0,000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

-0.000578 
-0.001180 
-0.001807 
-0.002460 
-0.003141 
-0.003851 
-0.004592 
-0.005366 
-0.006173 
-0.007017 
-0.007898 
-0.008818 
-0.009780 
-0.010785 

1-P/P1 inf 

0.343979 
0.343981 
0.343906 
0.343993 
0.343999 
0.344003 
0.344004 
0.343998 
0.343974 
0.343919 
0.343813 
0.343623 
0.343305 
0.342796 
0.342015 
0.340860 
0.339227 
0.337008 
0.334121 
0.330510 
0.326173 
0.321150 
0.315499 
0.309289 
0.302609 
0.295502 
Y.288009 
* .280161 
0 271897 
0. .^63207 
0.2^3924 
0.243657 
0.233216 
0.219770 
0.172544 
0.201981 
0.231813 
0.241034 
0.2500Ü2 
0.256572 
0.263460 
0.268858 
0.274549 
0.279318 
0.284293 
0.288715 
0.293233 
0.297442 
0.301680 

Cp 

-0.000001 
-0.000007 
-0.000026 
-0.000048 
-0.000069 
-0.000083 
-0.000086 
-0.000067 
0.000014 
0.000202 
0.000563 
0.001209 
0.002290 
0.004022 
0.006682 
0.010610 
0.016168 
0.023715 
0.033542 
0.045826 
0.060584 
0.077673 
0.096903 
0.118032 
0.140761 
0.164943 
0.190439 
0.217143 
0.245260 
0.274829 
0.306414 
0.341349 
0.376874 
0.422623 
0.583312 
0.483151 
0.381648 
0.350273 
0.319555 
0.297405 
0.273967 
0.255601 
0.236238 
0.220009 
0.203082 
0.188035 
0.172663 
0.168341 
0.143923 

Mach 

0.800190 
0.800191 
0.800191 
0.800189 
0.800189 
0.800198 
0.800219 
0.800226 
0.800148 
0.799892 
0.799450 
0.799011 
0.798927 
0.799390 
0.799969 
0.799530 
0.796874 
0.791663 
0.784614 
0.776678 
0.768243 
0.759218 
0.749520 
0.739193 
0.728282 
0.716816 
0.704814 
0.692273 
0.679118 
0.665259 
0.650434 
0.633892 
0.616760 
0.595103 
0.580875 
0.608610 
0.631368 
0.647907 
0.663046 
0.676678 
0.685757 
0.697307 
0.703899 
0.713955 
0.719532 
0.728463 
0.733716 
0.741752 
0.746983 

1-P1/P1 Inf 

-0.000188 
-0.000186 
-0.000178 
-0.000166 
-0.00015o 
-0.000159 
-0.00017 i» 

-0.000195 
-0.000153 
0.000016 
0.00029 
0.000440 
0.000039 

-0.001195 
-0.002962 
-0.004284 
-0.00412? 
-0.002327 
0.000248 
0.J02568 
0.004254 
0.005463 
0.006363 
0.007016 
0.007506 
0.007866 
0.00813' 
0.008341 
0.008469 
0.008565 
0.008610 
0. 5868 
0.008878 
0.008612 

-0.039940 
-0.024809 
-0.004762 
-0.00638* 
-0.00721/ 
-0.010195 
-0.008858 
-0.011738 
-0.009791 
-0.012291 
-0.»10417 
-0.012435 
-0.010903 
-0.012432 
-0.011276 

1-T1/T1 ' 

-0.000068 
-0.000056 
-0.000053 
-0.J00050 
-0.000048 
-0 W0 
-0.000040 
-0.000033 
-0.000023 
-0.000013 
0.0000^-^ 
0. * SUé¡ / 
0.000» 4 4 
0.000080 
0.000121 
0.000153 
0.0001C' 
0. '•po-íB 
Jj . *) V c i 

0.000117 
0.000101 
0.000089 
0.0000 r 
0.000072 
0.0000 j4 
0 000057 
0 ,00í ' 
0.00004b 
0.000039 
0.000036 
0. '30034 
0.000010 
0.0000 j 2 

-0.000041 
0.000000 
0 000000 
0.000000 
0.000000 
0.0000"7 
0 700000 
0.000000 
0.000000 
0.0000*0 
0.000080 
0 00000 
0.000000 
0.000000 
0.0000^7 
0 700000 



N 

S« 
51 
52 
53 
54 
55 
56 
57 
58 
59 
6* 
61 
62 
63 
64 
65 
66 
67 
68 
69 
7B 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
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82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
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95 
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97 
98 
99 

N A S A. AMI S 
AR 211 

T.H.Pulliam 
J.T.Barton 01-5-23 

NACA 0012: MACH - 0.80, ALPHA - 1.25 

NACAft12 

X/C 

Mach - 0.800 Alpha ■ 

1-P/P1Inf Cp 

Rasults on tha airfoil aurfaca 

1-P1/P1inf 1-T1/Tlnf 

0.912817 
0.904262 
0.895239 
0.885725 
0.875696 
0.865130 
0.854005 
0.842306 
0.830019 
0.817135 
0.803654 
0.789583 
0.774937 
0.759743 
0.744039 
0.727876 
0.711315 
0.694428 
0.677300 
0.660020 
0.642684 
0.625388 
0.608229 
0.591297 
0.574676 
0.558441 
0.542656 
0.527371 
0.512627 
0.498452 
0.484864 
0.471870 
0.459471 
0.447660 
0.436424 
0.425747 
0.415610 
0.405991 
0.396865 
0.388209 
0.380000 
0.372001 
0.364001 
0.356002 
0.348001 
0.340000 
0.331348 
0.321210 
0.309276 
0.295205 

-0 011834 
-0.012930 
-0.014074 
-0.015267 
-0.016510 
-0.017804 
-0.019150 
-0.020546 
-0.021992 
-0.023485 
-0.025024 
-0.026603 
-0.028219 
-0.029864 
-0.031532 
-0.033213 
-0.034899 
-0.036578 
-0.038240 
-0.039873 
-0.041467 
-0.043011 
-0.044496 
-0.045914 
-0.047258 
-0.048623 
-0.049707 
-0.050807 
-0.051823 
-0.052756 
-0.053609 
-0.054385 
-0.055088 
-0.055722 
-0.056291 
-0.056801 
-0.057255 
-0.057658 
-0.058015 
-0.058329 
-0.058606 
-0.058853 
-0.059079 
-0.059283 
-0.059463 
-0.059620 
-0.059761 
-0.059889 
-0.059984 
-0.060016 

0.305757 
0.309833 
0.313836 
0.317825 
0.321797 
0.325760 
0.329742 
0.333711 
0.337723 
0.341747 
0.345822 
0.349915 
0.354069 
0.368254 
0.362495 
0.366783 
0.371119 
0.375497 
0.379924 
0.384377 
0.388861 
0.393361 
0.397867 
0.402366 
0.406837 
0.411270 
0.415653 
0.419966 
0.424200 
0.428333 
0.432361 
0.436267 
0.440039 
0.443661 
0.447115 
0.450413 
0.453550 
0.456346 
0.458538 
0.460500 
0.463202 
0.465349 
0.460671 
0.445856 
0.449889 
0.498521 
0.531384 
0.525020 
0.528284 
0.527070 

0.130052 
0.116181 
0.102559 
0.088988 
0.075474 
0.061990 
0.048439 
0.034935 
0.021283 
0.007593 

-0.006273 
-0.020200 
-0.034334 
-0.048573 
-0.063002 
-0.077593 
-0.092347 
-0.107244 
-0.122306 
-0.137458 
-0.162715 
-0.168027 
-0.183359 
-0.198665 
-0.213880 
-0.228963 
-0.243876 
-0.258551 
-0.272958 
-0.287020 
•0.300726 
-0.314015 
-0.326852 
-0.339173 
-0.350928 
-0.362149 
-0.372823 
-0.382337 
-0.389794 
-0.396470 
-0.405665 
-0.412969 
-0.397052 
-0.346644 
-0.360366 
-0.525839 
-0.637656 
-0.616001 
-0.627109 
-0.622979 

0.754346 
0.759681 
0.766543 
0.772043 
0.778593 
0.784250 
0.790606 
0.7J6461 
0.802729 
0.808739 
0.815032 
0.821215 
0.827587 
0.833951 
0.840437 
0.846975 
0.853628 
0.860326 
0.867115 
0.873962 
0.880855 
0.887792 
0.894743 
0.901693 
0.908633 
0.915528 
0.922348 
0.929074 
0.935690 
0.942184 
0.948513 
0.954665 
0.960630 
0.966369 
0.971844 
0.977097 
0.982111 
0.986592 
0.990112 
0.993245 
0.997633 
1.001196 
0.993567 
0.969686 
0.974965 
1.054502 
1.113802 
1.098643 
1.105515 
1.105374 

-0.01238c. 
-0.011562 
-0.012321 
-0.011781 
-0.01229F 
-0.01194b 
-0.012258 
-0.012094 
-0.012278 
-0.012183 
-0.012294 
-0.012264 
-0.012328 
-0.012332 
-0.012370 
-0.012380 
-0.012429 
-0.012450 
-0.012481 
-0.012520 
-0.012548 
-0.01258. 
-0.012612 
-0.012639 
-0.01268o 
-0.*12734 
-0.01276 
-0.012802 
-0.012832 
-0.012886 
-0.012922 
-0.012957 
-0.01300- 
-0.013042 
-0.013067 
-0.013108 
-0.51315? 
-0.013197 
-0.013232 
-0.013^.36 
-0.013320 
-0.013470 
-0.013294 
-0.01287’ 
-0.011595 
-0.012729 
-0.017896 
-0.012444 
-0.014099 
-0.016530 

0.0000 . 
0.300000 
0.000000 
0.000000 
0.000000 
0 
0. >9008*. - 
0.000000 
0.000000 
0.000000 
0.30000Í* 
0 00C00* 
0 ,40BL*j 
0.000000 
0.000000 
0.000000 
0.000000 
0 W. 5 
0.000000 
0.000000 
B.000000 
0 ^000«) 

0.300«/ i0 
0 . /¿08000 
0.000000 
0.0000'»’ 
0.3000*0 
0 O00000 
0.000000 
0.000000 
0.000030 
0.««00 » 
6 300000 
0.000000 
0.000000 
0.000000 
0 30000 
0 0000 0 
0.000000 
0.000000 
0.000000 
0.000000 
0 000000 
0.0000*0 
0.0000•0 
0 '00000 
0.000000 
0.000000 
0.000000 
0 ZB2 
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NACA 0012: MACH - 0.80, ALPHA - 1.25 

1 

NACA**12 

K/C 

Hach ■ BtBBB 

y/c 

Alpha • 1.25* 

1-P/M !nf Cp 

Rasulta on tha airfoil aurfaca 

Mach 1-P 1/P 11nf 

1** 
1*1 
1*2 
1*3 
1*4 
1*5 
1*6 
1*7 
1*8 
1*9 
11* 
111 
112 
113 
114 
115 
116 
117 
118 
119 
12* 
121 
122 
123 
124 
125 
126 
127 
128 
129 
13* 
131 
132 
133 
134 
135 
136 
137 
138 
139 
14* 
141 
142 
143 
144 
145 
146 
147 
148 
149 

*.278664 
*.259415 
*.237466 
*.213236 
*.187655 
*.162*26 
*.137679 
*.115597 
*.*96256 
*.*797** 
*.*657*5 
*.*53942 
*.*44*63 
*.*36756 
*.*28756 
*.*22848 
*.*1786* 
*.*13658 
*.*1*142 
*.**7236 
*.**4883 
*.**3*42 
*.**1681 
*.***747 
*.***185 
*.****** 
*.***178 
*.***692 
*.**1498 
*.**2599 
*.**4**4 
*.**6698 
*.**767* 
*.**9912 
*.*12422 
*.*15199 
*.*18252 
*.*2159* 
*.*25229 
*.*29188 
*.*3349* 
*.*38164 
*.*43241 
*.*48759 
*.*54762 
*.*61298 
*.*68423 
*.*762** 
*.*84699 
*.*93997 

-*.*69936 
-*.*5967* 
-*.059118 
-*.058166 
-*.*56716 
-*.*54731 
-*.*62256 
-*.*494*9 
-*.*46334 
-*.*43158 
-*.*39976 
-*.*36846 
-*.*33797 
-*.*3*841 
-*.*27976 
-*.*26194 
-*.*22483 
-*.*1983* 
-*.*17225 
-*.*14658 
-*.*12126 
-*.**9636 
-*.**72*7 
-*.**4834 
-*.**2422 
*.****** 
*.**2375 
*.**4653 
*.**6811 
0.0*8922 
0.011*14 
*.*13*65 
*.*15*73 
0.017*38 
*.*18962 
*.*2*852 
*.*22711 
*.*24547 
*.*26363 
*.*28165 
*.*29967 
*.«31742 
«.«33522 
«.«353*1 
0.037080 
«.«38858 
«.«4*635 
0.042410 
*.*44177 
«.«45933 

«.522513 
0.521196 
0.516697 
0.51*362 
0.5*1569 
«.49*639 
«.477615 
0.462734 
0.4462*1 
«.428237 
«.4*8949 
*.388368 
0.366410 
0.342845 
*.317561 
«.29**93 
«.26*556 
«.228344 
*.194145 
0.157430 
«.12*155 
«.«83246 
0.051355 
0.027870 
«.«179*6 
0.024847 
0.048844 
«.«85247 
*.127766 
0.170604 
«.213115 
«.251895 
«.287632 
0.318918 
*.347323 
*.3722*6 
0.394740 
«.414673 
«.432748 
«.448993 
0.463823 
*.4774*6 
0.489960 
«.5*1665 
«.512643 
«.523*12 
0.53288* 
0.542320 
«.551391 
«.56*161 

-0.6*7471 
-«.6*2989 
-«.587681 
-0.566128 
-0.536209 
-«.499*2« 
-«.4547*4 
-0.4*4072 
-«.347818 
-0.286692 
-0.221*67 
-«.151*37 
-*.«76324 
0.003856 
«.«89888 
«.183349 
0.283848 
0.393450 
«.5*9815 
«.634738 
«.761571 
0.887152 
0.995665 
1.*75r/4 
1.1*9476 
1.085859 
1.0042*8 
«.88*344 
«.735674 
«.589914 
«.445267 
«.313319 
0.191722 
0.085270 

-«.«11381 
-«.«96*45 
-*.172719 
-0.240541 
-«.3*2*43 
-«.357316 
-0.4*7778 
-«.453993 
-«.4967*9 
-0.536536 
-0.573888 
-«.6*9168 
-0.642745 
-«.674868 
-0.7*6732 
-*.735572 

1.096938 
1.093921 
1.087987 
1.070414 
1.«63*17 
1.«448*7 
1.024481 
1.«0*753 
0.975153 
0.947136 
«.917381 
«.885221 
«.850595 
0.812356 
«.769997 
0.721823 
0.667536 
0.605215 
0.5359*7 
0.457872 
«.37457« 
«.285129 
«.19564« 
0.102527 
«.«13*84 
0.080987 
0.177318 
0.264694 
0.353337 
0.437419 
0.519661 
0.595417 
0.666242 
0.728838 
0.785618 
0.834853 
0.878672 
0.916574 
«.950127 
0.979562 
1.005882 
1.029560 
1.051167 
1.«71128 
1.089764 
1.1*7334 
1.124*94 
1.14*181 
1.155756 
1.17*921 

-«.01564. 
-0.014649 
-0.016712 
-0.015500 
-0.017005 
-0.016706 
-0.017722 
-0.017900 -0.018597 
-0.01870 
-0.01879/ 
-0.018107 
-0.016792 
-0.014167 
-0.01*177 
-0.0*4331 

0.00305h 

0.011705 
«.02*169 
0.027164 
0.03067. 
0.030006 
».025694 
0.02069: 
0.017788 
0.020363 
0.027745 
0.039593 
0.049129 
0.05410- 
«.054053 
0.049198 
0.040623 
0.030219 
B .k) 19107 
0.00875) 

-0.00047 * 
-«.008037 
-0.014072 
-«.018608 
-0.021946 
-».024289 
-«.02588. 
-0.026893 
-«.«27488 
-*.*27758 
-0.027814 
-».02768 
-0.027474 
-«.027161 

1-1 i/Tli.. 

0.000000 
0 *00000 
0.». 00* / 
c n-rdrti 
iu . J000?*J 
0.000000 
0.000000 
0.000000 
0 ’'««tí. 
0 <000000 
0.0000®« 
0.0000 f« 
0.000003 
0 000000 
0. 30000 
0.0000-3« 
0.0000vw 
0 000000 
0 000000 
0.000000 
0.000007 
0.300^0 
0 000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.0000 * 
0 00000 
0.000000 
0.000000 
0.0000 0 
0.70C0 J 
0 *00000 
0.000000 
0.000000 
0.000000 
0.0000-7 
0 '»«r««'*« 
0.000000 
0.0000 rr0 
0.000000 
0.000000 
0 700090 
0.00/0* 0 
0.000000 
«.000000 
0.000000 
0.00000"' 
0 *000»tf 

I 



N A S A. AMES 
AR 211 

T.H.Pulliam 
J.T.Barton 01-5-25 

NACA 00! 2: MACH - 0.S0. ALPHA - 1.25 

NACAff12 Mach - 0.800 Alpha - 1.250 Raaulta on tha airfoil surfaca 

N X/C V/C 1-P/P1Inf Cp Mach 1-P 1/P 11n* 

150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 

0.104180 
0.115340 
0.127575 
0.140983 
0.155663 
0.171702 
0.189166 
0.208092 
0.228465 
0.250210 
0.273173 
0.297120 
0.321738 
0.346657 
0.371480 
0.395818 
0.419329 
0.441737 
0.462851 
0.482555 
0.500810 
0.517628 
0.533063 
0.547195 
0.560118 
0.571931 
0.582733 
0.592620 
0.601682 
0.610000 
0.618002 
0.626003 
0.634003 
0.642002 
0.650000 
0.658352 
0.667531 
0.67761 1 
0.688663 
0.700744 
0.713884 
0.728079 
0.743274 
0.759350 
0.776123 
0.793348 
0.810735 
0.827977 
0.844783 
0.860903 

0.047668 
0.049372 
0.051032 
0.052630 
0.054144 
0.¿¿55549 
0.056816 
0.057913 
0.058809 
0.059472 
0.059880 
0.060017 
0.059883 
0.059491 
0.058869 
0.058054 
0.057092 
0.056026 
0.054900 
0.053750 
0.052604 
0.051483 
0.050402 
0.049371 
0.048395 
0.047475 
0.046612 
0.045805 
0.045050 
0.044345 
0.043656 
0.042957 
0.042248 
0.041529 
0.040800 
0.040028 
0.039168 
0.038210 
0.037142 
0.035954 
0.034640 
0.033192 
0.031612 
0.029906 
0.028089 
0.026183 
0.024219 
0.022230 
0.020252 
0.018318 

0.568664 
0.576935 
0.584992 
0.592855 
0.600510 
0.607959 
0.615155 
0.622097 
0.628698 
0.634929 
0.640729 
0.646011 
0.650847 
0.655181 
0 658990 
0.662268 
0.665040 
0.667355 
0.669278 
0.670870 
0.672198 
0.673311 
0.674251 
0.675048 
0.675730 
0.676315 
0.676828 
0.677270 
0.677660 
0.678020 
0.678340 
0.678647 
0.678718 
0.663226 
0.360941 
0.297882 
0.365710 
0.325740 
0.345501 
0.338635 
0.341038 
0.340145 
0.339242 
0.337789 
0.335755 
0.333191 
0.330137 
0.326625 
0.322753 
0.318537 

-0.7645P 4 
-0.792646 
-0.820060 
-0.846815 
-0.872859 
-0.898207 
-0.922690 
-0.946313 
-0.968772 
-0.989973 
-1.009706 
-1.027681 
-1.044136 
-1.058881 
-1.071840 
-1.082996 
-1.092427 
-1.100304 
-1.106846 
-1.112264 
-1.116780 
-1.120569 
-1.123769 
-1.1264/9 
-1.128799 
-1.130792 
-1.132536 
-1.134039 
-1.135365 
-1.136593 
-1.137681 
-1.138726 
-1.138966 
-1.086254 
-0.023691 
0.156847 

-0.073944 
0.062057 

-0.005182 
0.018182 
0.010004 
0.013045 
0.016117 
0.021058 
0.027980 
0.036705 
0.047095 
0.059046 
0.072221 
0.086566 

1.185781 
1.200398 
1.214820 
1.229044 
1.243093 
1.256948 
1.270505 
1.283783 
1.296562 
1.308786 
1.320301 
1.330489 
1.339867 
1.348800 
1.356717 
1.363584 
1.369419 
1.374322 
1.378394 
1.381800 
1.384630 
1.387002 
1.389021 
1.390736 
1.392196 
1.393487 
1.394594 
1.395517 
1.396342 
1.397161 
1.397862 
1.398539 
1.399199 
1.354122 
0.770438 
0.722860 
0.802009 
0.755458 
0.779471 
0.771430 
0.774397 
0.773155 
0.771701 
0.769351 
0.766131 
0.762017 
0.757224 
0.751566 
0.745550 
0.738640 

-0.026817 
-0.026450 
-0.026089 
-0.02568» 
-0.fH5322 
-0.024962 
-0.02460b 
-0.024297 
-0.023985 
-0.023700 
-0.023429 
-0.022586 
-0.021734 
-0.021591 
-0.021457 
-0.021339 
-0.021223 
-0.021127 
-0.021019 
-0.020957 
-0.02087/ 
-0.020798 
-0.020745 
-0.020704 
-0./2065 
-0.020659 
-0.020629 
-0.020558 
-0.020508 
-0.020541 
-0.02053j 
-0.020531 
-0.021254 
-0.005141 
0.038825 
0.00574' 
0.03’19a 
0.015714 
0.022253 
0.019664 
0.020421 
0.02027' 
0.02030 
0.020376 
0.020405 
0.020491 
0.02049’ 
0. '"62. 

0.020560 
0.020816 

0 00006. 
0 700000 
0 . 00000 
0.000X1 J 
0.0000Í » 
0 30000 
0.000000 
0.0000 0 
0 30000 
0.000000 
0 000000 
0.0000'? 
0.00r000 
0 300000 
0 000000 
0.000000 
0.000000 
0.00000/ 
0.070010 
3. J0000 
0.000000 
0.000000 
0 000000 
0.000000 
0 ,10 k : 10 
0 0000 0 
0.000000 
0.000000 
0.000000 
0.000000 
0 *000*0 
0.0000 0 
0.000000 
0.000000 
0.000000 
0 '00000 
0.000t '7 
0 Vtf»« 
0.000000 
0.000000 
0 700000 
0.000000 
0 ¿01¿ : 
0. *0000 
0.000000 
0.000000 
0.000000 
0.:rjr 
J 0« ’000 
0 00070 
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NACAff12 

K/C 

Mach • f.fff 

V/C 

Alpha ■ 1.25f 

Cp 

Naaulta on tha alrfotl aurfaca 

1-PI/PHnf 1-Tl/Tl ' 

2ff 
2t 1 
2f 2 
¿§2 
2f 4 
ZfS 
2f 6 
2f 7 
218 
2f 9 
2 lf 
211 
212 
213 
214 
215 
216 
217 
218 
219 
22t 
221 
2¿Z 
223 
224 
225 
226 
227 
229 
229 
22t 
231 
232 
233 
234 
235 
236 
237 
239 
239 
24f 
241 
242 
243 
244 
245 
246 
247 
249 
249 

FORTRAN 
Entar 

876149 
99f399 
913593 
915724 
926922 
936942 
94a166 
954537 
962165 
969112 

.975449 

.981239 

.986541 

.9914f5 

.996978 

.ffffff 

.004900 

.••9192 

.fl 5929 

.f24674 

.f36f24 

.•51754 

.f69872 

.f94684 
126888 

. 16S693 

.22292? 

.293332 

.3847f5 

.Sf3296 

.657212 

.856973 

.116237 

.452727 

.889447 

.45625f 
191995 

.146642 

.386789 

.994f38 

.181329 

.79f366 
.3f6313 
.869555 
.792f36 
.47863# 
.4548## 
.482558 
.2f7ff1 
ffffff 

STOF 
CRIO fila ñama 

0 
f. 
f. 
0 
f 
0 
f 
• 
8. 
8. 
f. 
0. 
f. 
0. 
1 . 
1 . 

i ! 
i. 
i. 
i. 
i. 
i. 
i 

i 
i 
i 

i 
1 
2 
2 
2 
3 
4 
5 
6 
7 

If 
12 
16 
2f 
26 
34 
44 
67 
74 
96 

f.f!6464 
f.f>4682 
0.813015 
0.011469 
0.010016 
0.008683 
0.007466 
0.006327 
0.005290 
0.004337 
0.003461 
0.002654 
0.001910 
0.001224 
0.000589 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.314085 
0.309427 
0.304606 
0.299690 
0.294583 
0.299471 
0.284037 
0.279704 
0.272713 
0.266969 
0.260011 
0.253378 
0.244676 
0.236758 
0 209490 
0.179302 
0.219770 
0.233216 
0.243657 
0.253924 
0.263207 
0.271897 
0.260161 
0.298009 
0.295502 
0.302609 
0.309289 
0.315499 
0.321150 
0.326173 
0.330510 
0.3 4 1 21 
0.337008 
0.339227 
0.340860 
0.342015 
0.342796 
0.343305 
0.343623 
0.343813 
0.343919 
0.343974 
0.343998 
0.344004 
0.344003 
0.343999 
0.343993 
0.343996 
0.343981 
0.343979 

0.101714 
0.117662 
0.133966 
0.150S94 
0.168069 
0.185465 
0.203954 
0.222099 
0.242484 
0.262063 
0.285703 
0.308271 
0.337883 
0.368226 
0.457636 
0.560319 
1.422623 
0.376874 
0.341349 
0.306414 
0.274929 
0.245260 
0.217143 
0.190439 
0.164943 
0.140761 
0.118032 
0.096903 
0.077673 
0.060584 
0.045826 
0.033642 
0.023715 
0.016168 
0.010610 
0.006682 
0.004022 
0.002290 
0.001209 
0.000663 
0.000202 
0.000014 

-0.000067 
-0.000086 
-0.000083 
-0.000069 
-0.000049 
-0.000026 
-0.000007 
-0.000001 

0.731890 
0.723998 
0.716995 
0.708185 
0.701216 
0.691392 
0.684487 
0.673360 
0.666045 
0.653337 
0.644129 
0.629297 
0.614804 
0.597087 
0.575890 
0.548773 
0.595103 
0.616760 
0.633892 
0.650434 
0.665269 
0.679118 
0.692273 
0.704814 
0.716916 
0.728282 
0.739193 
0.749520 
0.759218 
0.768243 
0.776678 
0.784614 
0.791663 
0.796874 
0.799630 
0.799969 
0.799390 
0.798927 
0.799011 
0.799460 
0.799892 
0.8^0148 
0.800226 
0.800219 
0.800198 
0.800189 
0.800189 
0.800191 
0.800191 
0.600190 

0.020580 
0.021074 
0.020520 
0.02144^ 
0.020462 
0.021929 
0.020418 
0.022632 
0.02069/ 
0.023549 
0.021868 
0.02509 
0.02521 J 
0.027424 
0.010233 

-0.007127 
0.608612 
0.008878 
0.00868J 
0.008610 
0.008565 
0.0?8469 
0.008341 
0.00813. 
0.007866 
0.007506 
0.007016 
0.006363 
0.00546 
0.004254 
0.002568 
0.<»00248 

-0.002327 
-0.00412^ 
-0.004Z8 
-0.000902 
-0.001195 
0.000039 
0.000440 
0.000293 
0.00061 

-0.600153 
-0.000195 
-0.000179 
-0.000159 
-0.000156 
-0.000166 
-0.000.7 
-0.00018b 
-0.000188 

0 .•.T»*# 
0.0000.J 
0 000000 
0.000000 
0.000000 
0.000000 
0.000J 9 
0 5000.0 
0.000000 
0.000000 
0.000000 
0.000000 
0 J0AJ0 
0 1000.0 
0 T00000 
0.000000 

-0.000041 
0.000052 
0.000016 
0 100 
0.000036 
0 J00039 
0.000045 
0.000051 
0.000057 
0 0000* 4 
0.4010072 
0 000080 
0.000089 
0.000101 
0.000117 
0.000138 
0.0001. 
6 50166 
£ J00153 
0.000121 
0 000080 
0.000044 
0.0000. 
0 »6.Í60 
U 0002 1 3 

-0.000023 
-0.000033 
-t.000040 
-0 000045 
-F ?f»0. 
- .0600; 4 
-0.000053 
-0.000056 
-0.000058 
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NACA 0012: MACH - 0.80, ALPHA - 1.25 

GRID 
flGRRDlX - NflCR0012 grid 
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NACA (Mil 2: MACH - 0.80, ALPHA - 1.25 
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NACA 0012: MACH-0.80, ALPHA - 1.25 

N A S A. AMI S 

GRID 
RGflRDlX - NflCfl0012 grid 
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NACA 0012: MACH - O.KO. ALPHA - 1.25 

N.A.S.A. AMES 

ñRC20 - 249 X 67 gKd, DT-3. 
RjñRDIX gr.d, clustering al shocks - .0.8 
Upwlndlng, spatially variable time step 

Mach nurnaer “ .8, ñlpha = 1.25 
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. 

T.H.Pulliam 
J.T.Barton 

01-5-33 

NACA 1)012: MACH - 0.80, ALPHA - 1.25 

RRC2D - 249 X 67 grid, DT-3. 

RGñRDlX grid, clustering at shocks = .008 

Upwtndlng, soattatty variable time step 

Mach number = .8, Alpha = 1.25 



AR 21 I 
T.H.Pulliam 
I T Murtón 

N.A.S.A. AMES 

NAC A 0012: MACH 0.80, «EPH A — 1.25 

FIRC2D - 249 x 67 grcd, DT-3. 
ñCñRDIX grid, c'iusiercng al shocks ” .008 
Uowlndlng, spatially variable time step 

Mach nunioer * .8, ñlpha = 1.25 
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NACA ()012: MACH - 0.N0. ALPHA - 1.25 

BRC2D - 249 x 67 grid, DT-3. 

RGRRD1X grid, clustering at shocks = .908 

Upwlndlnq, spatially variable time step 

Mach number = .8, Plpha = 1.25 
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NACA «012: MACH - «.SO, ALPHA - 1.25 

RRC2D - 24S X 67 grid, DT-3. 

ñGRRDIX grid, cluster.ng at shocks = .008 

Upwlndlng, spatlallM variable time step 

Mach number - .8, fîlpha “ 1.25 
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NACA 0012: MACH - 0.80. ALPHA - 1.25 

flRC2D - 249 X 67 grcd, DT-3. 

RGñRDIX grid, clustering at shocks = .008 

Upwlndi ng, spatially variable time step 

Mach number “ .8, Hlpha “ 1.25 
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SURFACE PRESSURE 
flGRRDOl NRCR0012 

M - 0.8 ALPHA - 1.25 
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NACA (KM 2: MACH - 0.80. ALPHA - 1.25 

0.800 n. 
1.25* a 

249x67 GRID 

Figure I n 

À 



/ 

N.A. vA. AMES 
AR 211 

T.H.Pulliam 
J.T.Barton 

01-5-41 

NAC A (MM 2: MACH - 0.80, ALPHA - 1.25 

SURFACE PRESSURE COEFFICIENT 
RGflRDOl NfíCñOOIS 

M “ 0.8 ñLPHfí - 1.25 249x67 GRID 
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SURFACE STAGNATION TEMPERATURE 
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Figure 1 u 
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NACA 0012: MACH-0.80. Al .PHA — 1.25 

CONTOUR LEVELS 
0.050000 
0.100000 
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0.200000 
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0.300000 
0.350000 
0.400000 
0.450000 
0.500000 
0.550000 
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0.700000 
0.750000 
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0.850000 
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0.100000 
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0.<00000 
0.<50000 
0.500000 
0.550000 
0.600000 
0.650000 
0.700000 
0.750000 
0.800000 
0.850000 
0.900000 
0.950000 
1.000000 
1.050000 
1.100000 
1.150000 
1.200000 
1.250000 
1.300000 
1.350000 
1.<00000 
1.<50000 
1.5000CO 

MACH NUMBER CONTOURS 
RGFIRD01 NFICfl0012 M - 0.8 ALPHA - 1.25 

Scale 25 Cm. - 1 unit 

o.eoo n. 
1.25" a 

2<9x67 GRID 

Figure lx 

.2 

X 
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N.A.S.A. AMES 
AR 211 

T.H.Pulliam 
J.T.Barton 

01-5-51 

NACA 0012: MACH - 0.80, ALPHA - 1.25 

ñGRRDOl 

R 

MRCH NUMBER CONTOURS 
NRCñ0012 M - 0.8 RLPHR - 1.25 
Scale 50 Cm. “ 1 unit 

CONTOUR LEVELS 
0.050000 
0.100000 
0.150000 
0.200000 
0.250000 
0.300000 
0.350000 
0.400000 
0.450000 
0.500000 
0.550000 
0.600000 
0.650000 
0.700000 
0.750000 
0.800000 
0.850000 
0.900000 
0.950000 
1.000000 
1.050000 
1.100000 
1.150000 
1.200000 
1.250000 
1.300000 
1.350000 
1.400000 
1.450000 
1.500000 

0.800 
1.25e 

249x67 

M. 
a 
GRID 

Figure ly 

0.80 

r 



N.A.S.A. AMES 

AR 211 
T.H.Pulliam 
J.T.Barton 

01-5-52 

NACA 0012: MACH - 0.80. ALPHA - 1.25 \ 

RGñRDOl 

ONTOUR LEVELS 
0.050000 
0.100000 
0.150000 
0.200000 
0.250000 
0.300000 
0.350000 
0.400000 
0.450000 
0.500000 
0.550000 
0.600000 
0.650000 
0.700000 
0.750000 
0.800000 
0.850000 
0.900000 
0.950000 
1.000000 
1.050000 
1.100000 
1.150000 
1.200000 
1.250000 
1.300000 
1.350000 
1.400000 
1.450000 
1.500000 

MACH NUMBER CONTOURS 
NRCñ0012 n - 0.8 RLPHfi - 1.25 

ScoLe 1 Cm. “ 1" uni,t 
0.800 H. 
1.25° « 

249x67 GRIO 

Figure Iz 
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N A S A. AMES 
AR211 

T.H.Pulliam 
J.T.Barlon 

01-5-53 

NACA 0012: MACH - 0.80, ALPHA - 1.25 

PRESSURE CONTOURS 
RGRRDOl NRCR0012 M - 0.8 RLPHR - 1.2b 

Scale 5 Cm. “ 1 unit 

CONTOUR LEVELS 
0.300000 
0.325000 
0.350000 
0.375000 
0.400000 
0.425000 
0.450000 
0.475000 
0.500000 
0.525000 
0.550000 
0.575000 
0.600000 
0.625000 
0.650000 
0.675000 
0.700000 
0.72500': 
0.750000 
0.775000 
0.800000 
0.825000 
0.850000 
0.87=100 
0.90 "00 
0.925000 
0.350000 
0.675000 

0.800 
1.25’ » 

249x67 ERID 

Figure laa 

2.0 
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; 
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N A S A AMf S 

AR 211 
T.H.Pulliam 
J.T.Barton 

(II-S-S4 

NACA (MII2: MACH - «KO. ALPHA - 1.25 

PRESSURE CONTOURS 
RGRRD01 NRCR0012 M - 0.8 RLPHR - 1.25 

Scale 25 Cm. “ 1 unit 

CONTOUR LEVELS 
0.300000 
0.325000 
0.350000 
0.375000 
0.500000 
0.525000 
0.550000 
0.575000 
0.500000 
0.525000 
0.550000 
0.575000 
0.600000 
0.625000 
0.650000 
0.675000 
0.700000 
0.725000 
0.750000 
0.775000 
0.800000 
0.825000 
0.850000 
0.875000 
0.900000 
0.925000 
0.950000 
0.975000 

0.800 
1.25* 

259*67 

M. 

GRID 

Figure lab 



/ 

i ! 

N.A.S.A. AMES 
AR 211 

T.H.Pulliam 
J.T.Barton 

01-5-55 

NACA (MM 2: MACH - O.HO. ALPHA - 1.25 

STAGNATION PRESSURE CONTOURS 
RGRRDOl NRCR0012 M - 0.8 RLPHR - 1.25 

Scale 5 Cm. - 1 unit 

CONTOUR LEVELS 
0 950000 
0.960000 
0.970000 
0.980000 
0.990000 
1.000000 
1.010000 
1.020000 
1.030000 
1.040000 
1.050000 
1.060000 

0.800 M. 
1.25* « 

249x67 GRID 

Figure lac 
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N.A.S.A. AMt'S 
AR 211 

T.H.Pulliam 
J.T.Barton 

NAC A 0012: MACH - 0.80, ALPHA - I 25 

STñGNRTION PRESSURE CONTOURS 
flGRRDOl NRCfl0012 M - 0.8 RLPHR - 1.25 

Scale 25 Cm. _ 1 unit 

CONTOUR LEVELS 
0.950000 
0.360000 
0.970000 
0.980000 
0.990000 
1.000000 
1.010000 
1.020000 
1.030000 
l.OCOOOO 
1.050000 
1.060000 

M. 0.800 
1.25* 

249x67 8RID 

__ Figure lad 

01-5-56 



AR 211 

T.H.Pulliam 
J.T.Barton 

01-5-57 

NAC A 0012: MACH-0.80. ALPHA - 1.25 

CONTOUR LEVELS 
0.950000 
0.960000 
0.970000 
0.980000 
0.990000 
1.000000 
1.010000 
1.020000 
1.030000 
1.050000 
1.050000 
1.060000 

' 

i 
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N.A.S.A. AMI S 

AR 211 
T.H.Pulliam 
J.T.Barton 

01-5-58 

NACA (K) 12: MACH - 0.80. ALPHA - 1.25 

CONTOUR LEVELS 
0.950000 
0.960000 
0.970000 
0.980000 
0.990000 
1.000000 
1.010000 
1.020000 
1.030000 
1.040000 
1.050000 
1.060000 

X 
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N.A.S.A. AMES 
AR2I1 

T.H.Pulliam 
J.T.Barton 

01-5-59 

NACA 0012: MACH - O.HO. ALPHA - 1.25 

4 

CONTOUR LEVELS 
0.994000 
0.995000 
0.996000 
0.997000 
0.998000 
0.999000 
1.000000 
1.001000 
1.002000 
1.003000 
1.004000 

STAGNATION TEMPERATURE CONTOURS 
AGRRD01 NRCñ0012 M - 0.8 ALPHA - 1.25 

Scale 5 Cm. ” 1 unit 

M 
^ «»*• . 

i 

i 



N A S A. AMI S 
AR211 

T.H.Pulliam 
J.T.Barton 

01-5-60 

NACA 0012: MACH - O.KO, ALPHA - 1.25 

STRGNRTION TEMPERRTURE CONTOURS 
RGRRD01 NRCR0012 M - 0.8 RLPHR - 1.25 

ScaLe 25 Cm. - 1 unLt 

CONTOUR LEVELS 
0.994000 
0.995000 
0.996000 
0.907000 
0.998000 
0.999000 
1.000000 
1.001000 
1.002000 
1.003000 
1.004000 

-0.2 -0.1 

0.800 M„ 
1.25* a 

249x67 6R1D 

Figure I ah 

X 



AR 211 
T.H.Pulliam 
J.T.Barton 

01-5-61 

NACA 0012: MACH - 0.80, Al.PHA = 1.25 

N.A.S.A. AMES 

STRGNRTION TEMPERRTURE CONTOURS 
RGñRDOl NñCR0012 M - 0.8 ñLPHfl - 1.25 

CONTOUR LEVELS 
0.994000 
0.995000 
0.996000 
0.997000 
0.998000 
0.999000 
1.000000 
1.001000 
1.002000 
1.003000 
1.004000 

0.800 
1.25" 

249x67 

M. 
GRID 

Figure lai 

/ 



AR-211 

AGARD FDP — WG 07 

TEST CASES FOR STEADY INVISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 01 

NACA 0012: MACH = 0.80, ALPHA = 1.25 

Contributor No 6 

M.D.Salas and J.C.South, Jr 

(N.A.S.A. — Langley, U.S.A.) 



N.A.S.A. LANGLEY 
AR 211 

M.O.Salas 
J.C.South. Jr 

Ol-ft-2 

NAC A 0012: MACH - 0.80, ALPHA - 1.25 

N 
1 
2 
3 
A 
3 
6 
7 
8 
9 

10 
11 
12 
13 
IA 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2A 
25 
26 
27 
28 
29 
30 
31 
32 
33 
3A 
35 
36 
37 
38 
39 
AO 
A1 
A2 
A3 
AA 
A5 
A6 
A7 
A8 
A9 
50 

x/c 
.000115 
.000575 
.001500 
.002890 
•OOA755 
.007100 
.009915 
.013200 
.016960 
.021195 
.025895 
.031055 
.036675 
.0A2750 
.0A9270 
.056235 
.0636A0 
.071A70 
.079725 
.088A00 
.097A80 
.106960 
.116830 
.127085 
.137720 
.1A8720 
.160080 
.171785 
.183825 
.196190 
.208870 
.221860 
•2351A0 
•2A8700 
.262530 
.276620 
.290955 
.305520 
.320305 
.335290 
.350A65 
.365820 
.381335 
.396995 
•A12785 
•A28690 
.AAA695 
•A60780 
.A76930 
.A93130 

y/c 
.001330 
.003980 
.006610 
.009215 
.011790 
.01A330 
.016830 
.019290 
.021710 
•02A085 
.026A05 
.028670 
.030880 
.033030 
.035115 
.037135 
.039085 
.0A0960 
.0A2760 
.0AAA80 
.0A6115 
•0A7665 
.0A9125 
.050A95 
.051775 
.052960 
•05A050 
.0550A0 
.055935 
.056730 
.057A20 
.058010 
.058500 
.058890 
.059180 
.059370 
.059A60 
.059A55 
.059355 
.059160 
.058870 
.058A90 
.058030 
.057A85 
.056855 
.056150 
.055370 
.05A520 
.053600 
.052615 

1-P/Piinf 
.021888 
.059878 
.1108A0 
.168099 
.22A363 
.273378 
•3173A2 
.35A6A2 
.3871A1 
.A1A375 
.A37A01 
.A56189 
.A7A352 
.A89201 
.502920 
.51A65A 
.52653A 
.535A36 
.5A5327 
.55A066 
.562567 
.569601 
.577560 
.583013 
.5900A0 
.595058 
.601A20 
.606215 
.61093A 
.616050 
.620886 
.62A576 
,628898 
.632228 
.636263 
.639329 
•6A3066 
.6A51A1 
.6A88A8 
.65082A 
.65A525 
.655597 
.658080 
.659899 
.662925 
.662A71 
.666670 
.665015 
•6699AA 
.667739 

Cp 

1.095927 
•96666A 
.793265 
•598A37 
.406996 
.2A0222 
.090632 

-.036285 
-. 1A6862 
-.239527 
-.317873 
-.381800 
-.AA3601 
-.A9A126 
- « 5A0807 
-.580732 
-.621152 
-.651AA3 
-.685097 
-.71A831 
-.7A3757 
-.767690 
-.79A771 
-.813326 
-.837237 
-.85A311 
-.875956 
-.892273 
-.908329 
-.925735 
-.9A2189 
-.95A7AA 
-.969A52 
-.980781 
-.99A510 

-1.00A9AA 
-1.017658 
-1.024721 
-1.037333 
-1.044056 
-1.0566A9 
-1.060297 
-1.068744 
-1.074935 
-1.085229 
-1.083686 
-1.097973 
-1.092341 
-1.109114 
-1.101610 

Mach 
.159740 
.285454 
.399851 
.510680 
.606005 
.684884 
.752564 
.813304 
.862785 
.907762 
.942533 
.974795 

1.002446 
1.028857 
1.049780 
1.071677 
1.090080 
1.107393 
1.122899 
1.140408 
1.153668 
1.168569 
1.181180 
1.193266 
1.204554 
1.215914 
1.226278 
1.237419 
1.244453 
1.256978 
1.263869 
1.274144 
1.279685 
1.289828 
1.294382 
1.304683 
1.308114 
1.316968 
1.319902 
1.329172 
1.331639 
1.339501 
1.338738 
1.349319 
1.348669 
1.355063 
1.356656 
1.360604 
1.363796 
1.366412 

1-Pi/Pilnf 
.004305 
.005153 
.007287 
.006069 
.005986 
.005488 
.006184 
.003091 
.003858 
.001133 
.002790 
.000184 
.002140 

-.000333 
.001856 

-.000798 
.001409 

-.001060 
.001073 

-.001603 
.000788 

-.002082 
.000331 

-.002350 
-.000067 
-.002641 
-.000451 
-.003091 
-.000374 
-.003851 
-.000396 
-.004432 
-.000313 
-.005027 
-.000160 
-.005718 

.000033 
-.006253 

.000248 
-.006858 

.000428 
-.007325 

.000988 
-.008336 

.001533 
-.008710 

.001633 
-.008843 

.001581 
-.008758 

i 



N A S A. LANGLEY 

AK 21 I 
M.D.Salas 
J.C.South. Jr 

(ll-ft-3 

NACA 0012: MACH - O SO. ALPHA - 1.25 

N 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 

x/c 

.509365 

.525615 

.541860 

.558085 

.574270 

.590400 

.606460 

.622430 

.638285 

.654015 

.669600 

.685020 

.700265 

.715310 

.730140 

.744740 

.759090 

.773175 

.786975 

.800475 

.813665 

.826525 

.839040 

.851195 

.862975 

.874365 

.885350 

.895915 

.906050 

.915740 

.924970 

.933735 

.942015 

.949795 

.957065 

.963815 

.970035 

.975710 

.980825 

.985370 

.989335 

.992700 

.995450 

.997570 

.999035 

.999800 

.999800 

.999035 

.997570 

.995450 

y/c 

.051575 

.050475 

.049320 

.048115 

.046865 

.045575 

.044245 

.042880 

.041485 

.040065 

.038625 

.037160 

.035680 

.034190 

.032685 

.031175 

.029665 

.028155 

.026650 

.025155 

.023670 

.022200 

.020745 

.019310 

.017905 

.016525 

.015175 

.013865 

.012590 

.011355 

.010165 

.009025 

.007940 

.006905 

.005930 

.005020 

.004175 

.003395 

.002685 

.002055 

.001505 

.001035 

.000645 

.000345 

.000140 

.000030 
-.000030 
-.000140 
-.000345 
-.000645 

1-P/Piinf 

.670995 ■ 

.670924 

.672499 ■ 

.673321 

.673933 

.673520 

.677177 

.634312 

.460412 

.329527 

.343783 

.342968 

.344370 

.343726 

.342814 

.341258 

.339886 

.337924 

.335650 

.333446 

.330860 

.328137 

.325302 

.321611 

.318819 

.315453 

.311296 

.308108 

.304200 

.299832 

.295693 

.290871 

.287091 

.281712 

.276281 

.271409 

.265602 

.259819 

.252043 

.245447 

.237648 

.229290 

.217768 

.203840 

.189539 

.172579 

.155785 

.189139 

.199670 

.217525 

Cp 

■1.112690 
■1.112447 
■1.117808 
-1.120603 
-1.122686 
-1.121279 
-1.133724 
-.987873 
-.396170 

.049170 

.000665 

.003436 
-.001333 

.000858 

.003960 

.009255 

.013925 

.020599 

.028337 

.035838 

.044636 

.053901 

.063547 

.076105 

.085605 

.097058 

.111202 

.122049 

.135349 

.150210 

.164295 

.180701 

.193561 

.211863 

.230342 

.246921 

.266680 

.286355 

.312815 

.335258 

.361794 

.390232 

.429435 

.476826 

.525486 

.583194 

.640338 

.526849 

.491016 

.430263 

Mach 1 

1.366023 
1.373687 
1.368651 
1.379917 
1.370555 
1.381327 
1.376923 
1.282223 

.932571 

.746488 

.764442 

.763804 

.765547 

.764568 

.762929 

.760448 

.758109 

.754936 

.751218 

.747693 

.743418 

.739108 

.734435 

.728578 

.724044 

.718560 

.711918 

.706802 

.700306 

.693445 

.686593 
.678867 
.672635 
.663770 
.655150 
.646871 
.637410 
.627717 
.614781 

f .604042 
.590046 
.576571 
.555056 
.532096 
.501564 
.444107 
.466967 
.546148 
.574282 
.598278 

-Pi/Piinf 

.001669 
-.009276 

.002587 
-.010687 

.004315 
-.012067 

.005417 

.010897 

.054154 

.029503 

.033810 

.033202 

.033651 

.033610 

.033784 

.033790 

.033933 

.033980 

.034069 

.034080 

.034220 

.034189 

.034322 

.034286 

.034347 

.034431 

.034411 

.034409 

.034591 

.034439 

.034584 

.034518 

.034602 

.034695 

.034491 

.034729 

.034650 

.034751 

.034745 

.034503 

.035118 

.034538 

.035675 

.034564 

.037617 

.052600 

.019744 

.006831 
-.000835 

.003295 



íX
#';

 

N.A.S.A. LANGLEY 
AR 21 I 

M.D.Salas 
J.C.South, Jr 

NAC A 0012: MACH - 0.80, ALPHA - 1.25 

N 

1Ü1 

102 
103 
104 
103 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 

x/c y/c 

.992700 -.001035 

.989335 -.001505 

.985370 -.002055 

.980825 -.002685 

.975710 -.003395 

.970035 -.004175 

.963815 -.005020 

.957065 -.005930 

.949795 -.006905 

.942015 -.007940 

.933735 -.009025 

.924970 -.010165 

.915740 -.011355 

.906050 -.012585 

.895915 -.013860 

.885350 -.015175 

.874365 -.016525 

.862975 -.017905 

.851195 -.019310 

.839040 -.020745 

.826525 -.022200 

.813665 -.023670 

.800475 -.025155 

.786975 -.026650 

.773175 -.028155 

.759090 -.029665 

.744740 -.031175 

.730140 -.032685 

.715310 -.034185 

.700265 -.035675 

.685020 -.037155 

.669600 -.038620 

.654015 -.040065 

.638285 -.041485 

.622430 -.042880 

.606460 -.044245 

.590400 -.045575 

.574270 -.046865 

.558085 -.048115 

.541860 -.049315 

.525615 -.050465 

.509365 -.051570 

.493130 -.052615 

.476930 -.053595 

.460780 ‘-.054515 

.444695 -.055370 

.428690 -.056150 

.412785 -.056855 

.396995 -.057485 

.381335 -.058030 

1-P/Piinf 

.228413 

.238458 

.245911 

.253568 

.261541 

.268160 

.274081 

.279584 

.285359 

.291450 

.295500 

.300808 

.306068 

.309819 

.314790 

.319006 

.323696 

.327864 

.331357 

.336136 

.339970 

.343885 

.347777 

.351460 

.355493 

.359418 

.362995 

.367535 

.370776 

.374776 

.378411 

.382852 

.386636 

.390645 

.394795 

.399162 

.403403 

.407517 

.412632 

.416228 

.420382 

.426152 

.430575 

.434684 

.439940 

.445386 

.449625 

.455037 

.460594 

.462436 

Cp 

.393217 

.359038 

.333680 

.307626 

.280496 

.257975 

.237829 

.219103 

.199456 

.178731 

.164949 

.146888 

.128991 

.116230 

.099315 

.084969 

.069013 

.054830 

.042945 

.026684 

.013639 

.000318 
-.012924 
-.025456 
-.039181 
-.052534 
-.064704 
-.080153 
-.091180 
-.104791 
-.117159 
-.132268 
-.145146 
-.158786 
-.172905 
-.187764 
-.202195 
-.216192 
-.233598 
-.245834 
-.259965 
-.279599 
-.294650 
-.308629 
-.326513 
'-.345044 
-.359468 
-.377880 
-.396790 
-.403058 

Mach 1-Pi/Piinf 

.620797 -.000576 

.633511 .002178 

.648241 -.000198 

.658368 .001473 

.672226 .000356 

.681613 .001210 

.691660 .000508 

.699755 .000929 

.709078 .000613 

.718094 .000997 

.724874 .000528 

.732645 .000924 

.741041 .000663 

.746712 .000764 

.754404 .000729 

.760950 .000673 

.768029 .000800 

.774573 .000667 

.779924 .000683 

.787200 .000747 

.793196 .000641 

.799109 .000741 

.805209 .000621 

.810798 .000692 

.817046 .000644 

.823048 .000679 

.828633 .000596 

.835468 .000755 

.840697 .000513 

.846621 .000766 

.852529 .000456 

.859061 .000799 

.865261 .000436 

.871169 .000753 

.877892 .000447 

.884420 .000718 

.891253 .000466 

.897505 .000636 

.905551 .000572 

.911239 .000504 

.917709 .000548 

.926756 .000570 

.933812 .000475 

.940260 .000521 

.948621 .000480 

.957242 .000518 

.964115 .000388 

.972628 .000551 

.981649 .000439 

.984635 .000416 



I 

I 

N 

151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
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x/c 
.365820 
.350465 
.335290 
.320305 
.305520 
.290955 
.276620 
.262530 
.248700 
.235140 
.221860 
.208870 
.196190 
.183825 
.171785 
.160080 
.148720 
.137720 
.127085 
.116830 
.106960 
.097480 
.088400 
.079725 
.071470 
.063640 
.056235 
.049270 
.042750 
.036675 
.031055 
.025895 
.021195 
.016960 
.013200 
.009915 
.007100 
.004755 
.002890 
.001500 
.000575 
.000115 

y/c 
-.058490 
-.058865 
-.059155 
-.059355 
-.059455 
-.059460 
-.059370 
-.059180 
-.058890 
-.058500 
-.058010 
-.057420 
-.056730 
-.055935 
-.055040 
-.054050 
-.052960 
-.051775 
-.050495 
-.049125 
-.047665 
-.046110 
-.044475 
-.042760 
-.040960 
-.039085 
-.037135 
-.035115 
-.033030 
-.030880 
-.028670 
-.026405 
-.024085 
-.021710 
-.019290 
-.016830 
-.014325 
-.011785 
-.009215 
-.006610 
-.003975 
-.001325 

1-P/Piinf 
.461291 
.460638 
.489863 
.522910 
.525976 
.527378 
.526521 
.524232 
.522333 
.519665 
.516616 
.512748 
.508218 
.502090 
.497726 
.493072 
.486550 
.480413 
.472847 
.466794 
.458936 
.448109 
.4A219 
.4ffll4 
.419101 
.408016 
.394695 
.380813 
.365193 
.348292 
.328625 
.307616 
.283282 
.255490 
.223624 
.188910 
.149067 
.108724 
.067166 
.031770 
.008413 
.004616 

Cp 

-.399160 
-.396941 
-.496378 
-.608824 
-.619256 
-.624024 
-.621110 
-.613322 
-.606861 
-.597783 
-.587406 
-.574247 
-.558833 
-.537980 
-.523134 
-.507298 
-.485108 
-.464226 
-.438480 
-.417887 
-.391149 
-.354311 
-.327464 
-.296483 
-.255608 
-.217890 
-.172567 
-.125333 
-.072185 
-.014676 

.052241 

.123723 

.206524 

.301085 

.409511 

.527628 

.663195 

.800464 

.941867 
1.062301 
1.141775 
1.154694 

-r • 

Mach 

.982001 

.981550 
1.028399 
1.085010 
1.090146 
1.092644 
1.091016 
1.087120 
1.083642 
1.079229 
1.073783 
1.067377 
1.059453 
1.049380 
1.041611 
1.034224 
1.023082 
1.013029 
1.000622 

.990477 

.977987 

.960420 

.947534 

.933251 

.914087 

.896490 

.875868 

.853784 

.829916 

.803199 

.773219 

.739825 

.702314 

.657635 

.606526 

.547327 

.478529 

.396917 

.304618 

.196311 

.085301 

.040222 

1-Pi/Piinf 
.000403 
.000635 
.001506 
.000030 
.000153 
.000030 
.000229 
.000209 
.000502 
.000347 
.000681 
.000523 
.000889 
.000669 
.001276 
.000883 
.001343 
.001329 
.001412 
.001796 
.001583 
.001836 
.002200 
.002043 
.002315 
.002573 
.002433 
.003016 
.002740 
.003409 
.003105 
.004025 
.003781 
.004664 
.004629 
.005705 
.004680 
.006501 
.005156 
.005398 
.003354 
.003489 
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All the calculations have been carried out by A. Rizzi using mesh-generating 
tnd flow-solving software developed by Lars-Erik Eriksson and Arthur Rizzi 

at FFA. 

The isoenergetic (T± constant) Euler equations are stepped forward in 

time by an explicit 3-stage Runge-Kutta type time-integration scheme 

using the local time step. All spatial derivatives are approximated by 

a centered finite-volume scheme. On solid walls a normal-momentum-equation 

technique determines the boundary pressure. At the farfield inflow/outflow 

boundary the First Approximation of Engquist's Nonreflecting Boundary 

Theory is implemented. Since this theory is only accurate for waves 

approaching the boundary at normal incidence, I correct the tangential 

velocity component by taking into account the strength of the vortex 

bound in the airfoil (2D airfoil cases only). The a.sc c&se. 

an Eriksson O-type whose outer boundary is at 5 (10) chords from 

the airfoil. In 3D it is an Eriksson 0-0 type with the outer boundary 

at 5 root chords away from the wing. Details of the method are presented 

in Refs. 1,2,3* 

The rationale for our artificial viscosity model is given in Ref. 3 

where we describe a combination of switched second-difference and 

nonswitched fourth-difference dissipation added to the convective 

terms at the same time level. An important property of this model is that 

it is negative definite at each and every cell in the mesh. In other words 

if you consider only the dissipative operator Du in the absence of the 

convective terms, you can establish that the time decay of the "energy" 

L 

I 

. j 
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UT¿U X UTDu <0 
-it 

summed over all cells including those at the boundaries• 

Another important feature of our integration scheme is that if a steady 

state is reached, we can show that the originalsteady total-difference 

a 
operator must be equal to zero independent of the time step. 

In all of my calculations initial conditions are the uniform freestream. 

The solution in the ultimate fine mesh is approached by starting in 

a much coarser mesh and successively refining it to the fine mesh. 

Our method is a cell-centered one, and Mach number and 1-Pl/PIINF 

are extrapolated from the middle of the adjacent cells to the airfoil 

surface . 

REFERENCES: 

1. Riízi, A.W.: Damped Euler-Equation Method to Compute Transonic Flow 
Around Wing-Body Combinations, AIAA J., Vol. 20, No. 10, Oct. 1982. 

2. Rizzi, A., and Eriksson, L.E.: Practical 3D Mesh Generation and Explicit 
Schemes to Solve the Euler Equations, in Advances in Computational 
Transonics, ed. W.G. Habashi, Pineridge Press, Swansea, 1983. 

3. Eriksson, L.E., and Rizzi, A.: Analysis by Computer of the Convergence 
to Steady State of a Discrete Approximation to the Euler Equations, AIAA 
Paper No. 83-I95I, presented at the 6th CFD Conf., Danvers, MA, 1983- 
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SOLUTION WITH LOWER TOTAL PRESSURE LOSS AT L.E. 

X/C 

0.9V3Í1-* 
0.9 94 21 0 
0.0*5354 
C.972671 
0.956563 
0.93750J 
C.915323 
0.891 931 
C.566187 
G.8Î8V31 
0.81C 47 7 
C.7ó1120 
0.751125 
C.7207Î 5 
0.690171 
0.659627 
0.629275 
j.599267 
0.569732 
0.540732 
0.512511 
C.424994 
C.45829-* 
C.432457 
0.4 37518 
0.333502 
0. ? 60 *»2 3 
0.3 i6 284 
Í.317365 
0.29631 6 
0.277463 
0.239307 
0.241 42-* 
0.224690 
0.2 0877 7 
C.1 93656 
C.179295 
0.165666 
C.152737 
0.14047 3 
0.128361 
0.117353 

r/c 

-0.0,)016 3 
-0.00031 6 
-0.0 0205 2 
-0.003302 
-0.005935 
-0.C0852 2 
-0.C113Í5 
-0.C14354 
-0.017512 
-0.C 2075 2 
-0.024023 
-0.027285 
-Ü.C30499 
-G.C33631 
-G.CÏ6654 
-0.039542 
-0.042276 
-0.04433 7 
-0.047211 
-0.049386 
-0.051354 
-0.G531C6 
-0.0 5464 6 
-0.C5596 5 
-Û.C5706 6 
-U.C579Î 2 
-Ü.053629 
-0.059101 
-0.C5937 3 
-0.C59466 
-0.05937-* 
-0.C59114 
-0.058694 
-0.C5S124 
-0.057415 
-0.C56S76 
-0.C55615 
-0.C54542 
-C.C53364 
-Ü.C52069 
-C.C5C722 
-0.049271 

1-F/FIINF 

0.20C531 
0.2 26996 
0.246492 
0.2 64293 
0.279957 
0.293224 
0.205237 
C.216151 
0.32621 0 
0.335549 
0.244359 
0.352330 
0.261029 
C.2S9030 
0.376909 
0.33*713 
0.392525 
0.4 0038 7 
0.4 0826 0 
C.416164 
0.424087 
C.432293 
0.440361 
C.44Í 953 
C.455431 
0.4 6070 7 
0.468223 
(.452252 
0.501283 
0.516654 
0.523297 
0.522962 
0.519270 
0.51*622 
C.50977* 
f .5 0466 9 
0.496161 
0.493189 
0.*36726 
0.479902 
0.472624 
0.464580 

CF 

0.455025 
0.396037 
0.3317C3 
0.271134 
0.21733o 
C.172693 
0.131319 
0.C94385 
0.060459 
0.048660 

-0.C01¿96 
-0.030113 
-0.058016 
-O.CÔS240 
-0.112047 
-0.136601 
-0.165175 
-0.171932 
-0.218789 
-0.2-.5616 
-0.272573 
-0.300511 
-0.329646 
-0.357181 
-C.379222 
-0.397157 
-0.422764 
-0.470485 
-0.535252 
-0.557537 
-0.610139 
-0.e09000 
-0.596437 
-0.550623 
-C.5ö*123 
-C.546757 
-0.528017 
-0.507 69-* 
-0.435712 
-0.464145 
-0.437041 
-0.410351 

FACH 

0.560265 
0.592897 
0.640154 
0.67*296 
C.700057 
0.7209C3 
0.739423 
0.756363 
0.771813 
0.78621 5 
0.7997*7 
0.812771 
0.825381 
0.837695 
0.849833 
0.861889 
0.873965 
0.636155 
0.898427 
C.910731 
0.9231*2 
0.936032 
0.949531 
0.962399 
0.972813 
0.981286 
C.993175 
1.015586 
1.047223 
1.073658 
1.085265 
1.03*552 
1.C780C3 
1.069936 
1.0616*5 
1.052986 
1.043698 
1.033677 
1.022899 
1.011410 
0.9992*6 
0.936387 

1-PI/PI INF 

0.C06524 
0.007297 
0.C01184 
0.COO591 
C.0005*2 
Q.CQC580 
0.CQO731 
0.000671 
C.C0073* 
G.C00715 
0.0007*2 
C.C0075* 
0.COO763 
0.C00779 
0.C00794 
0.000807 
0.000834 
C.000359 
0.000883 
C.000904 
0.000923 
0.000974 
0.0010*9 
0.001072 
0.000979 
0.000863 
0.001034 
0.001525 
0.C01590 
0.C012C3 
0.000880 
0.000922 
0.0 01091 
0.001229 
C.001321 
0.001396 
0.031480 
0.001563 
0.001658 
0.001757 
0.001856 
0.001959 
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43 
44 
45 
46 
47 
*6 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
o0 
61 
62 
63 
64 
65 
06 

67 
68 
69 
'70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
30 
81 
32 
63 
94 
35 
36 
37 
38 

0.107442 
C.09758* 
C.038277 
0.07948 ^ 
C.C71193 
C.C 63383 
C.056055 
0.049182 
0.042762 
0.036733 
0.031256 
0.026164 
O.C21511 
0.017301 
0.013535 
0.010220 
0.007361 
0.004 96 3 
0.003035 
0.001 532 
0.000609 
C.000122 
0.000122 
0.000609 
0.001582 
0.003035 
0.004963 
0.007361 
0.010220 
0.013 535 
0.017301 
0.021511 
0.026164 
Ü.G31256 
0.036783 
0.042762 
0.049182 
0.056055 
0.063383 
0.071193 
0.079484 
0.068277 
0.097589 
0.107442 
0.117358 
C.128361 

-0.C47741 
-0.046134 
-O.C44457 
-Ù.C4271 1 
-0.04C9C 0 
-Ü.C3902 6 
-0.0 3709 0 
-0.035094 
-0.033040 
-0.C30923 
-C.C28760 
-0.026534 
-O.C2425 3 
-0.021916 
-0.019525 
-O.C17083 
-0.01458 9 
-0.012043 
-0.009443 
-0.00679 0 
-O.C0409 2 
-O.C01367 
0.0 31367 
C.00409 2 
0.006790 
O.CÜ9443 
0.012043 
0.01458 9 
0.017083 
Q.C1952 5 
C.021916 
0.024253 
0.026534 
0.026760 
U.OS092 3 
O.C32040 
0.C35094 
0.037090 
0.039026 
O.C4C9CO 
0.C42711 
0.044457 
0.C46134 
0.C47741 
0.049271 
Ü.C5072 2 

0.456236 
t.447352 
0.437375 
0.427727 
0.41631« 
0.405053 
0.392293 
0.376353 
0.363027 
0.346083 
U.327215 
l.305525 
0.2319« 1 
Ü.255J10 
C.224731 
0.190522 
0.1 5269 3 
0.112102 
0.0 7108 4 
0.034366 
C.C1C972 
C.006620 
0.0 2534 5 
0.064963 
0.118235 
0.176263 
0.231566 
0.230742 
C.323107 
0.359245 
0.3 8576 i 
0.415523 
0.43834» 
C.4 5176 2 
0.475684 
0.49055* 
0.503944 
C. 516032 
0.527029 
0.537149 
0.546500 
0.555193 
0.563540 
0.571029 
0.57( 52 0 
C.535263 

-C.IjI >6 3 
-0.55173* 
-0.3194c i 
-C.2ÍU959 
-0.2478*2 
-0.207807 
-C.164392 
-P.116959 
-0.09431 2 
-0.037161 

0.057027 
0.130340 
0.210892 
0.331703 
0.405744 
0.522141 
0.650341 
0.73897j 
C .92853 3 
1 .051 77 3 
1.133071 
1.1*7 9? o 
1 .034165 
0.949362 
0.798104 
0.57065» 
0.93248» 
0.215165 
0.C71015 

-0.051946 
-0.155784 
-0.243435 
-0.32230 3 
-C.3Í0554 
-0.448133 
-0.496726 
-0.544290 
-0.535421 
-0.622333 
-0.657263 
-0.689090 
-0.718667 
-0.746387 
-0.772546 
-0.797359 
-0.620975 

0.97277» 
0.958393 
0.943120 
0.926848 
0.909444 
C.8»C767 
0.87060 2 
0.848473 
0.724657 
0.798167 
0.768670 
0.734669 
0.697580 
0.6540°4 
0.¢03880 
0.544302 
0.4763CO 
0.795323 
0.3008*2 
0.191160 
0.07174 9 
0.C2904 5 
0.14931 7 
0.230521 
0.402375 
0.511257 
0.605920 
0.686467 
C.755091 
C.812925 
0.862163 
C.903341 
0.941365 
0.973999 
1.002019 
1.026913 
1.049641 
1.070376 
1.039420 
1.107133 
1.1237C4 
1.139263 
1.153996 
1.168041 
1.131503 
1.194443 

C.r JcOeO 
0.C02164 
0.702264 
0.002356 
0.002440 
C.002509 
0.002550 
0.002519 
0.002384 
0.00209? 
C.001 593 
0.000655 

-0.0301C1 
-0.000185 
-0.( 01147 
-0.( 01433 
-0.002094 
-0.001943 
-0.001655 
-0.( 0074 2 
0.(00110 
0.000585 
0.0 OC201 

-0.0 00623 
-0.001601 
-0.002051 
-0.102090 
-C.001741 
-0.000543 
0.000482 
0.C0C690 
0.001471 
0.002394 
0.002760 
0.002763 
0.002680 
0.002583 
0.0 02*63 
0.0 02 316 
0.002165 
0.002022 
0.0 01 370 
0.001714 
0.001559 
0.001410 
0.0 01 270 



F.F.A. 

AR211 
A.Rizzi 

-- 

- 

«1-8-5 

NACA (K) 12: MACH - 0.80, ALPHA » 1.25 

89 
90 
91 
92 
93 
94 
95 
96 
97 
96 
99 

100 
1J1 
102 
103 
104 
105 
106 
107 
loe 
109 
110 
111 
112 
113 
114 
115 
116 
117 
na 
119 
120 
121 
122 
123 
124 
125 
126 
127 
12« 

0.140478 
0.152737 
0.165666 
0.179295 
0.1 93656 
0.208777 
0.224690 
0.241424 
0.259007 
0.277463 
C.296316 
0.317085 
0.338284 
0.360423 
0.333502 
0.407513 
0.432457 
0.458294 
0.484994 
0.512511 
0.540782 
0.569732 
0.599267 
0.629275 
C.659627 
0.690171 
0.720735 
C.751125 
0.731120 
0.810477 
0.838931 
C.8»6187 
0.391931 
0.915323 
0.93750 J 
0.956683 
0.972671 
0.985354 
0.994210 
0.998314 

0.052089 
O.C5I364 
0.C54542 
0.055615 
0.056576 
Û.C57415 
0.05812 4 
0.058694 
0.05911 4 
0.059374 
0.059466 
0.059373 
O.C59101 
0.058629 
0.05795 2 
0.057066 
0.055965 
0.054646 
tí.C531C8 
0.051354 
ü.049386 
0.047211 
0.044337 
0.04227o 
0.059542 
0.C36654 
0.033631 
0.03C499 
O.C27285 
0.CZ402 3 
C.C2C752 
0.017512 
0.C14354 
0.011335 
0.006522 
0.005985 
0.001602 
0.002*52 
0.00031 6 
O.CJ0168 

C.591389 
0.5 98263 
C.634341 
0.610187 
0.615501 
0.621189 
0.626335 
0.631257 
0.635949 
C.64C421 
0.644567 
0.648633 
0.652402 
0.655363 
0.655384 
0.662130 
0.664611 
0.667123 
0.669750 
0.665349 
0.674360 
C.6 84333 
0.64C333 
0.495993 
0.370934 
0.340347 
C.346301 
C.346382 
0.340389 
0.334006 
0.327322 
C.319581 
C.31C690 
0.300930 
0.239773 
C.277656 
0.262574 
0.246643 
0.225653 
C.216171 

-0.643523 
-0.865147 
-0.885355 
-C. 905 78o 
-0.924687 
-0.943221 
-0.960732 
-0.977477 
-0.993443 
-1 .03866 3 
-1.023107 
-1 .036769 
-1 .04942 5 
-1.C612C2 
-1 .072161 
-1.032525 
-1 .090966 
-1.099514 
-1.158451 
-1 .1 3708 9 
-1.125339 
-1.159790 
-1 .010359 
-0.517236 
-0.C91717 
0.01065o 

-0.03638 4 
-C.C3o177 

0.012214 
0.033922 
0.05667a 
0.G 3301 4 
0.11326 5 
0.146475 
0.184437 
0.22566-. 
0.276981 
0.331173 
0.432592 
0.424 î7 0 

1.206923 
1.219004 
1.230719 
1.242051 
1.253042 
1.263690 
1 .273955 
1.233821 
1.293374 
1.332523 
1.311298 
1.319692 
1.327451 
1.334783 
1.34156« 
1.248751 
1 .253303 
1.359049 
1 .364731 
1.362695 
1 .377001 
1.405423 
1.287676 
0.935343 
0.799684 
0.761704 
0.757347 
0.76728« 
0.758140 
0.748047 
0.737364 
0.724813 
0.71C742 
0.694654 
0.677081 
0.6*6200 
0.631830 
0.595343 
0.547787 
C.534459 

O.f0113! 
O.f 01005 
O.t 00886 
0.C00785 
0.0 00673 
0.000592 
C.C005C6 
O.COG431 
0.00035? 
0.0 OC 295 
C.000236 
0.000171 
C.0 00163 
0.000066 
C.C0C113 

-0.0 00109 
0.000264 

-0.0 00324 
-G.0 3016 3 
0.00143 3 

-0.002034 
-0.C1CO52 
0.023153 
0.061766 
0.040511 
O.C 31 57 6 
0.033794 
C.0349C4 
0.0 34520 
C.0 34450 
0.034460 
0.C34591 
0.034395 
0.034671 
0.034160 
0.034832 
0.033437 
0.036931 
0.041100 
C.r 3571 3 
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STANDARD NACA 0012 MESH 
0-type 
129X29 points 
128 X 28 cells 
outer boundary 
5 chords 

! 1 
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AR 211 A.Rizzi 01-8-H 

NACA 0012: MACH - O SO, ALPHA - 1.25 







F.F.A. 

AR 211 A.Rizzi Ol-N-I I 

NACA 0012: MACH - 0.K0, ALPHA - 1.25 

! 

UPPER TRAILING EDGE 
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SOLUTION WITH LOWER TOTAL PRESSURE LOSS AT LEADING EDGE STANDARD Ml si I 

•M 

28/6 INVOR UN0R0 MESH .80 1.25 N01 CON SWT .05 .01 
PITCH 
MACH 
RATE 
NSUP 
CYCL 

-0 
0 
0 

,037 
,800 
,992 
428 

1000 

V CCIRC 
ALPHA 

sWt RESAS 
Cu LIFT 

SYSEC 

r**A 

0. 161 
1 .250 

0. Í93E-02 
0.350E + Q0 
0.608E + 04 

, CELLS 
RESAE 

CD DRAG 
RESMX (*&■/ 

128X28 
0.7I0E-06 
0.221E-Oi 
0.775E-05 

SYSEC »10' 



F.F.A. 
AR2I1 A.Rizzi Ol-h-12 

NACA 0012: MACH - 0.81). ALPHA - 1.25 

STANDARD MESH 

01 CON SWT .05 .01 

CELLS 128X28 
RESAE 0.710E-06 

C DRAG 0.221E-0! 
RESMX^0.775E-05 111 1 

r j 

if' 
r> 

o 
i 

K 
»O 

Ó 

O' 
»-O 

Ó 

o 

« 

s: 
o 
T 
CL 

00 160.00 

SYSE’C *10' 



28/6 INVOR UNORO MESH .80 1.25 NQ| oN SWT 

P 1 PRES I- V/VriblF 
.05 





MACH 



F.F.A. 

AR 211 A.Rizzi 01-8-14 

NACA 0012: MACH - 0.80, ALPHA - 1.25 



P 3 COER 

( 





CON SWT .05 .01 VOR UNORO MESH .80 1-25 

IOTP \-9il9rrnF 

I t M= 



NACA 0012: MACH - 0.80, ALPHA = 1.25 

5 NO CON SWT .05 .01 







AR 211 A.Rizzi 

F.F.A. 

oi-8-iy 

NACA 0012: MACH - 0.80, ALPHA - 1.25 



F.F.A. 
AR 211 A.Rizzi 01- 

NACA 0012: MACH - 0.80, ALPHA -1.25 

P 7 MACH INC-.05 min - .05 max — 1.40 



I 

1 
F.F.A. 

AR 211 A.Rizzi 

--- 

01-8-21 

NACA 0012: MACH - ().8(). ALPHA - 1.25 

I 

I 



F.F.A. 

AR 211 
A.Rizzi 

NACA (MH 2: MACH “ 0.80, ALPHA — 1.25 

1-PI/P11NF INC-.005 min-.01 max — .06 



AR-211 

AGARD FDP - WG 07 

TEST CASES FOR STEADY INVISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 01 

NACA 0012: MACH = 0.80, ALPHA =1.25 

Contributor No 9 

W.Schmidt and AJameson 

(Dornier, F.R.G.) and (Princeton Univ., U.S.A.) 





DORNIER/J AMESON 
AR 211 

NACA 0012: MACH - O.HO, ALPHA - 1.25 

W.Schmidt 
AJameson 

01-9-1 

N X/C(X) Z/C(X) 1-P/PI INF CP MACH 1-PI/PIINF 

2 99.992828 
3 99.965897 

99.914658 
5 99.840439 
6 99.744003 
7 99.625946 
8 99.486725 
9 99.326721 

10 99.146286 
11 98.945786 
12 98.725494 
13 98.485703 
14 98.226700 
15 97.948761 
1C 97.652130 
17 97.337082 
18 97.003891 
19 96.652786 
20 96.284027 
21 95.897858 
22 95.494553 
23 95.074341 
24 94.63/466 
25 94.184219 
26 93.714828 
27 93.229553 
28 92.728638 
29 92.212341 
30 91.680923 
31 91.134644 
32 90.573761 
33 89.998535 
34 89.409225 
35 88.806091 
36 88.189407 
37 87.559418 
38 86.916428 
39 86.260666 
40 85.592407 
41 84.911942 
42 84.219528 
43 83.515427 
44 82.799927 
45 82.073288 
46 81.335815 
47 80.587753 
48 79.829376 
49 79.060974 
50 78.282837 
51 77.495209 
52 76.698410 
53 75.892685 
54 75.078339 
55 74.255630 
56 73.424866 
57 72.586319 
58 71.740265 
69 70.887009 
60 70.026794 
61 69.159943 
62 68.286728 
63 67.407440 

'64 66.522354 
65 65.631760 
66 64.735947 
67 63.835220 
68 62.929840 
69 62.020111 
70 61.106308 
71 60.188751 
72 59.267700 
73 58.343460 
74 57.416321 
75 56.486572 
76 55.554504 
77 54.620422 
78 5 ó.6 8 4 6 1 6 
79 52.747375 
80 51.808990 

-0.001020 
-0.004846 
-0.012110 
-0.022620 
-0.036276 
-0.052983 
-0.072632 
-0.095145 
-0.120481 
-0.148593 
-0.179389 
-0.212798 
-0.248813 
-0.287339 
-0.328249 
-0.371551 
-0.417216 
-0.465119 
-0.515193 
-0.567390 
-0.621635 
-0.677854 
-0.735998 
-0.796038 
-0.857903 
-0.921482 
-0.986685 
-1.053459 
-1.121780 
-1.191594 
-1.262822 
-1.335393 
-1.409214 
-1.484191 
-1.560317 
-1.637572 
-1.715837 
-1.795019 
-1.875083 
-1.955977 
-2.037631 
-2.119970 
-2.202941 
-2.286501 
-2.370600 
-2.455165 
-2.540112 
-2.625375 
-2.710910 
-2.796670 
-2.882581 
-2.968552 
-3.054547 
-3.140560 
-3.226509 
-3.312301 
-3.397891 
-3.483205 
-3.568157 
-3.652738 
-3.736912 
-3.820540 
-3.903537 
-3.985905 
-4.067623 
-4.148601 
-4.228698 
-4.307839 
-4.386030 
-4.463216 
-4.539302 
-4.614206 
-4.687847 
-4.760140 
-4.831051 
-4.900533 
-4.968453 
-5.034718 
-5.099324 

0.139562 
0.170725 
0.184682 
0.196671 
0.205956 
0.214201 
0.221169 
0.227405 
0.233107 
0.238500 
0.243378 
0.247929 
0.252471 
0.256673 
0.260505 
0.264340 
0.268090 
0.271631 
0.275056 
0.278398 
0.281625 
0.284713 
0.287720 
0.290743 
0.293734 
0.296625 
0.299384 
0.302068 
0.304747 
0.307399 
0.310028 
0.312650 
0.315172 
0.317565 
0.320005 
0.322493 
0.324898 
0.327241 
0.329576 
0.331907 
0.334211 
0.336469 
0.338705 
0.340946 
0.343208 
0.345466 
0.347684 
0.349875 
0.352074 
0.354306 
0.356515 
0.358652 
0.360812 
0.363042 
0.365264 
0.367484 
0.369738 
0.371953 
0.374129 
0.376411 
0.378755 
0.381011 
0.383223 
0.385506 
0.387906 
0.390338 
0.392676 
0.394998 
0.397404 
0.399866 
0.402356 
0.404866 
0.407359 
0.409845 
0.412427 
0.415072 
0.417641 
0.420201 
0.422880 

0.695531 
0.589496 
0.542009 
0.501216 
0.469621 
0.441568 
0.417858 
0.396641 
0.377240 
0.358888 
0.342293 
0.326808 
0.311351 
0.297055 
0.284018 
0.270967 
0.258210 
0.246159 
0.234508 
0.223136 
0.212154 
0.201647 
0.191416 
0.181132 
0.170955 
0.161116 
0.151730 
' »42596 
0.! 33483 
0.124459 
0.115514 
0.106590 
0.098009 
0.089869 
0.081567 
0.073101 
0.064916 
0.056944 
0.048999 
0.041070 
0.033230 
0.025545 
0.017939 
0.010314 
0.002618 

-0.005065 
-0.012613 
-0.020068 
-0.027551 
-0.035143 
-0.042661 
-0.049931 
-0.057282 
-0.064868 
-0.072430 
-0.079984 
-0.087654 
-0.095189 
-0.102594 
-0.110356 
-0.118333 
-0.126010 
-0.133537 
-0.141303 
-0.149471 
-0.157744 
-0.165701 
-0.173602 
-0.181788 
-0.190165 
-0.198636 
-0.207176 
-0.215659 
-0.224119 
-0.232902 
-0.241905 
-0.250644 
-0.259357 
-0.268472 

0.468564 
0.522552 
0.548702 
0.567548 
0.583620 
0.596761 
0.608279 
0.618255 
0.627432 
0.636000 
0.643829 
0.651014 
0.658128 
0.664834 
0.670849 
0.676801 
0.682709 
0.688243 
0.693565 
0.698767 
0.703786 
0 »08587 
0.713243 
0.717907 
0.722542 
0.727011 
0.731280 
0.735413 
0.739534 
0.743625 
0.747665 
0.751691 
0.755586 
0.759273 
0.762988 
0.766815 
0.770524 
0.774110 
0.777688 
0.781262 
0.784793 
0.788261 
0.791682 
0.795116 
0.798578 
0.802041 
0.805444 
0.808800 
0.812166 
0.815579 
0.818974 
0.822261 
0.825556 
0.828975 
0.832397 
0.835798 
0.839253 
0.842672 
0.846020 
0.849503 
0.853120 
0.856615 
0.860016 
0.863532 
0.867227 
0.870992 
0.874628 
0.878210 
0.881932 
0.885757 
0.889622 
0.893523 
0.897414 
0.901291 
0.905299 
0.909439 
0.913482 
0.917480 
0.921672 

-0.000093 
0.001101 

-0.000470 
0.000480 

-0.000039 
0.000247 
0.000096 
0.000168 
0.000151 
0.000192 
0.000133 
0.000157 
0.000211 
0.000139 
0.00014 4 
0.000194 
0.000158 
0.000155 
0.000168 
0.00016 7 
0.000165 
0.000156 
0.000158 
0.000171 
0.000164 
0.000165 
0.000154 
0.000163 
0.000170 
0.000166 
0.000172 
0.000)82 
0.000168 
0.000161 
0.000195 
0.000191 
0.000178 
0.000193 
0.000199 
0.000205 
0.000211 
0.000210 
0.000220 
0.000229 
0.000240 
0.000243 
0.000247 
0.000257 
0.000270 
0.000287 
0.000286 
0.000283 
0.000312 
0.000325 
0.000320 
0.000338 
0.000357 
0.000350 
0.000357 
0.000395 
0.000395 
0.000385 
0.000402 
0.000417 
0.000439 
0.000438 
0.000425 
0.000445 
0.000459 
0.000460 
0.000467 
0.000474 
0.000470 
0.000474 
0.000498 
0.000497 
0.000474 
0.000492 
0.000506 



DORNIER/J AMESON 
AR 211 

W.Schmidt 
AJameson 

01-9-2 

NACA «012: MACH-0.80, Al .PHA- 1.25 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
9b 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
10/ 
108 
109 
1 10 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 

50.869781 
49.930008 
48.990005 
48 .-050049 
47.110458 
46.171509 
45.233521 
44.296783 
43.361603 
42.428284 
41.497131 
40.568451 
39.642548 
38.719727 
37.800293 
36.884567 
35.972839 
35.065430 
34.162659 
33.264816 
32.372223 
31.485199 
30.604050 
29.729080 
28.860626 
27.998978 
27.144455 
26.297394 
25.458069 
24.626831 
23.803986 
22.989822 
22.184692 
21.388901 
20.602753 
19.826538 
19.060608 
18.305237 
17.560776 
16.827515 
16.105759 
15.395823 
14.697994 
14.012589 
13.339911 
12.680262 
12.033938 
11.401228 
10.782431 

177848 
9.587761 
9.012450 
8.452214 
7.907336 
7.378089 
6.864746 
6.367586 
5.886880 
5.422886 
4.975878 
4.546138 
4 . 133910 
3.739435 
3.363000 
3.004863 
2.665271 
2.344483 
2.042769 
1.760388 
1.497621 
1.254779 
1.032200 
0.830213 
0.649191 
0.489575 
0.351844 
0.236489 
0.143964 
0.074616 
0.028571 

10. 

-5.162216 
-5.223271 
-5.262402 
-5.339531 
-5.394568 
-5.447458 
-5.498161 
-5.546580 
-5.592612 
-5.636191 
-5.677249 
-5.715693 
-5.751444 
-5.784445 
-5.814661 
-5.842010 
-5.866369 
-5.887674 
-5.905882 
-5.920918 
-5.932717 
-5.941235 
-5.946396 
-5.948131 
-5.946407 
-5.941193 
-5.932426 
-5.920048 
-5.904007 
-5.884267 
-5.860794 
-5.833555 
-5.802505 
-5.767619 
-5.728903 
-5.686358 
-5.639968 
-5.589691 
-5.535499 
-5.477386 
-5.415383 
-5.349519 
-5.279799 
-5.206223 
-5.128796 
-5.047531 
-4.962469 
-4.873669 
-4.781145 
-4.684890 
-4.584977 
-4.481469 
-4.374364 

•-4.263697 
-4.149546 
-4.031963 
-3.910989 
-3.786671 
-3.659085 
-3.528265 
-3.394206 
-3.257002 
-3.116738 
-2.973392 
-2.826992 
-2.677608 
-2.525252 
-2.369932 
-2.211676 
-2.050480 
-1.886312 
-1.719143 
-1.548982 
-1.375844 
-1 . 199747 
-1.020777 
-0.839120 
-0.655104 
-0.469198 
-0.281985 

0.425628 
0.428392 
0.431180 
0.433976 
0.436774 
0.439626 
0.442507 
0.445314 
0.448107 
0.451117 
0.454527 
0.458256 
0.461847 
0.464523 
0.465454 
0.464345 
0.462312 
0.462330 
0.468363 
0.482327 
0.500619 
0.515879 
0.523641 
0.525254 
0.524251 
0.522803 
0.521576 
0.520547 
0.519498 
0.518259 
0.516763 
0.515000 
0.512587 
0.510799 
0.508497 
0.506062 
0.503425 
0.500519 
0.497359 
0.494015 
0.490568 
0.487015 
0.483288 
0.479335 
0.475135 
0.470694 
0.466088 
0.461348 
0.456308 
0.450949 
0.445433 
0.439666 
0.433498 
0.426986 
0.420162 
0.412967 
0.405314 
0.397228 
0.388764 
0.379663 
0.369772 
0.359356 
0.348254 
0.336121 
0.323025 
0.308890 
0.293457 
0.276618 
0.258269 
0.238238 
0.216270 
0.192264 
0.166374 
0.138776 
0.109835 
0.080553 
0.052622 
0.028329 
0.010425 
0.001545 

-0.277821 
-0.287224 
-0.296710 
-0.306226 
-0.315745 
-0.325448 
-0.335254 
-0.344804 
-0.354306 
-0.364549 
-0.376149 
-0.388837 
-0.401058 
-0.410164 
-0.413330 
-0.409558 
-0.402639 
-0.402701 
-0.423230 
-0.470741 
-0.532980 
-0.584903 
-0.611312 
-0.616803 
-0.613389 
-0.608461 
-0.604287 
-0.600786 
-0.597218 
-0.593002 
-0.587911 
-0.581912 
-0.575064 
-0.567617 
-0.559785 
-0.551501 
-0.542526 
-0.532639 
-0.521890 
-0.510511 
-0.498781 
-0.486693 
-0.474010 
-0.460561 
-0.446271 
-0.431161 
-0.415488 
-0.399359 
-0.382212 
-0.363978 
-0.345209 
-0.325586 
-0.304599 
-0.282439 
-0.259222 
-0.234742 
-0.208703 
-0.181188 
-0.152389 
-0.121423 
-0.087770 
-0.052329 
-0.014552 
0.026731 
0.071289 
0.119386 
0.171896 
0.229191 
0.291626 
0.359780 
0.434529 
0.516208 
0.604302 
0.698205 
0.796676 
0.896312 
0.991347 
1.074005 
1 . 134924 
1.165139 

0.926000 
0.930350 
0.934741 
0.939162 
0.943590 
0.948094 
0.952672 
0.957156 
0.961609 
0.966404 
0.971833 
0.977776 
0.983529 
0.987860 
0.989443 
0.987811 
0.984664 
0.984613 
0.993986 
1.016296 
1.046573 
1.072679 
1.086249 
1.089040 
1.087199 
1.084632 
1.082506 
1.080756 
1.078983 
1.076888 
1.074353 
1 .07137:/ 

1.067979 
1.064282 
1.060405 
1.056320 
1.051909 
1.047071 
1.041817 
1.036269 
1.030538 
1.024704 
1.018585 
1.012116 
1.005268 
0.998055 
0.990581 
0.982917 
0.974845 
0.966255 
0.957417 
0.948265 
0.938505 
0.928207 
0.917470 
0.906193 
0.894251 
0.881652 
0.868479 
0.854434 
0.839179 
0.823060 
0.806002 
0.787387 
0.767208 
0.745450 
0.721644 
0.695501 
0.666797 
0.635077 
0.599726 
0.560107 
0.515784 
0.466107 
0.410232 
0.347779 
0.278390 
0.202415 
0.121172 
0.042215 

0.000497 
0.000500 
0.000504 
0.000498 
0.000497 
0.000514 
0.000513 
0.000490 
0.000486 
0.000498 
0.000527 
0.000571 
0.000599 
0.000582 
0.000487 
0.000305 
0.000155 
0.000247 
0.000673 
0.001173 
0.001099 
0.000509 
0.000039 

-0.000003 
0.000152 
0.000269 
0.000313 
0.000313 
0.000301 
0.000294 
0.000290 
0.000288 
0.000283 
0.000294 
0.000307 
0.000309 
0.000308 
0.000300 
0.000302 
0.000307 
0.000326 
0.000329 
0.000330 
0.000333 
0.000334 
0.000335 
0.000357 
0.000377 
0.000350 
0.000361 
0.000409 
0.000393 
0.000389 
0.000420 
0.000434 
0.000447 
0.000445 
0.000467 
0.000518 
0.000489 
0.000487 
0.000573 
0.000562 
0.000543 
0.000601 
0.000609 
0.000595 
0.000610 
0.000607 
0.000608 
0.000565 
0.000534 
0.000533 
0.000536 
0.000486 
0.000326 
0.000223 
0.000176 
0.000218 
0.000302 
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0.005688 
0.005686 
0.028571 
0.074616 
0.143964 
0.236489 
0.351844 
0.489575 
0.649191 
0.830213 
1.032200 
1.254779 
1.497621 
I. 760388 
Z.042769 
2.344483 
2.665271 
3.004866 
3.363000 
3.739435 
4.133910 
4.546138 
4.975878 
5.422886 
5.886880 
6.367586 
6.864746 
7.378089 
7.907336 
8.452214 
9.012450 
9.587761 

10.177848 
10.782431 
II. 401228 
12.033938 
12.680262 
13.339911 
14.012589 
14.697994 
15.395823 
16.105759 
16.827515 
17.560776 
10.305237 
19.060608 
19.826538 
20.602753 
21.388901 
22.184692 
22.989822 

ilillllSi 
25.458069 
26.297394 
27.144455 
27.998978 

ii.mu 
30.604050 

33.264816 
34.162659 
35.065430 
35.972839 

38.719727 
39.642548 
40.568451 
41.497131 

ÎBÉÏ183 
44.296783 

47.110458 

-0.094065 
0.094065 
0.281985 
0.469198 
0.655104 
0.839120 
1.020777 
1 .199747 
1.375844 
1.548982 
1.719143 
1.886312 
2.050480 
2.211676 
2.369932 
2.525252 
2.677608 
2.826992 
2.973392 
3.116738 
3.257002 
3.394206 
3.528265 
3.659085 
3.786671 
3.910989 
4.031963 
4.149546 
4.263697 
4.374364 
4.481469 
4.584977 
4.684890 
4.781145 
4.873669 
4.962469 
5.047531 
5.128796 
5.206223 
5.279799 
5.349519 
5.415383 
5.477386 
5.535499 
5.589691 
5.639968 
5.686358 
5.728903 
5.767619 
5.802505 
5.833555 

i.wm 
5.904007 
5.920048 
5.932426 
5.941193 

5.946396 

IMffl 
5.920918 
5.905882 
5.887674 
5.866369 

i.mn 
5.784445 
5.751444 
5.715693 
5.677249 

i-.mm 
5.546580 

5.394568 

i.mm 

0.003446 
0.016607 
0.040515 
0.073246 
0.111808 
0.152893 
0 193649 
0.232099 
0.267510 
0,259502 
0.328097 
0.353571 
J.3161377 
0.395965 
0.413746 
0.429758 
0.444164 
0.457111 
0.468950 
0.479797 
0.489545 
0.498599 
0.507231 
0.515147 
0.522406 
0.529282 
0.535782 
0.541888 
0.547684 
0.553260 
0.558589 
0.563570 
0.568325 
0.572984 
0.577405 
0.581566 
0.585613 
0.589556 
0.593350 
0.596988 
0.600465 
0.603796 
0.607038 
0.610221 
0.613314 
0.316275 
0.619084 
0.121770 
0.624383 
0.626953 
0.629452 

g:lli?4*î 
0.636362 
0.638512 
0.640584 
0.642562 

8:111111 
0.648057 

8:111181 
0.652981 
0.654502 
0.655947 
0.657348 

8:11811? 
0.661162 
0.662307 
0.663438 
0.664523 

8:111188 
0.667434 

8:111118 
0.669882 

imn 

1.158669 
1.113887 
1.032542 
0.921173 
0.789964 
0.650172 
0.511497 
0.380669 
0.260183 
0.151328 
0.054032 

-0.032644 
-0.109223 • 

-0.176890 
-0.237392 
-0.291874 
-0.340890 
-0.384942 
-0.425225 
-0.462134 
-0.495300 
-0.526105 
-0.555477 
-0.582411 
-0.607112 
-0.630507 
-0.652623 
-0.673399 
-0.693122 
-0.712093 
-0.730224 
-0.747175 
-0.763354 
-0.779206 
-0.794249 
-0.808405 
-0.822174 
-0.835591 
-0.848502 
-0.860879 
-0.872711 
-0.884044 
-0.895074 
-0.905907 
-0.916420 
-0.926505 
-0.936061 
-0.945203 
-0.954091 
-0.962835 
-0.971338 

-0.994850 
-1.002168 
-1.009216 
-1.015945 

--imn 
-1.034643 

zimn 
-1.051398 
-1.056574 
-1.061488 
-1.066257 

-1.079234 
-1.083131 
-1.086977 
-1.090669 

--imn 
-1.100574 

:1:181155 
-1.108902 

:l:lili?0 

0.067258 
0.154537 
0.244415 
0.332349 
0.415830 
0.493006 
0.563285 
0.626069 
0.681891 
0.731364 
0.775280 
0.814318 
0.848882 
0.879632 
0.907323 
0.932480 
0.955276 
0.975965 
0.995121 
1.012745 
1.028711 
1.043787 
1.058214 
1.071499 
1.083856 
1.095642 
1.106848 
1 . 1 17460 
1.127612 
1 .137471 
1.146931 
1.155815 
1.164409 
1 .172873 
1.180911 
1.188558 
1.196052 
1.203383 
1.210481 
1.217330 
1.223909 
1.230249 
1.236465 
1.242596 
1.248583 
1.254340 
1.259831 
1 .265113 
1.270279 
1.275386 
1.280364 

1:111^9 
1.294271 
1.298638 
1.302862 
1.306911 

i.miïï 
1.318254 

l:lil!?6 
1.328516 
1.331707 
1.334741 
1.337710 

1.345803 
1.348258 
1.350678 
1.353006 

i.mn 
1.359287 

kitim 
1.364590 

1:?!?SI? 

0.000289 
0.00(0071 

-0.000210 
-0.000409 
-0.000423 
-0.000203 
-0.000102 
-0.000054 
0.000081 
0.000245 
0.000333 
0.000419 
0.000506 
0.000529 
0.000541 
0.000527 
0.000546 
0.000539 
0.000459 
0.000481 
0.000514 
0.000407 
0.000386 
0.000438 
0.000393 
0.000365 
0.000365 
0.000360 
0.000350 
0.000313 
0.000316 
0.000345 
0.000305 
0.000278 
0.000314 
0,000307 
0.000284 
0.000284 
0.000285 
0.000281 
0.000283 
0.000284 
0.000272 
0.000266 
0.000263 
0.000270 
0.000273 
0.000273 
0.000267 
0.000258 
0.000266 \u 
0.000266 
0.000265 
0.000267 
0.000266 

i.min 
0.000257 

mm 
0.000267 
0.000272 
0.000282 
0.000270 

umi 
0.000287 
0.000277 
0.000277 
0.000279 

mm 
0.000277 

WISH? 
0.000289 
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241 

m 
244 
245 
24ê 
247 

250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 

iïl 
277 
278 
279 
280 

m 
283 
284 
285 
286 

Wb 
289 

SI! 
292 

295 

298 
299 
300 
301 

304 
305 
306 
307 

309 
310 

m 
313 
314 
315 316 
317 
318 
319 
320 
321 

49.930008 

52.747375 
53.684616 
54.620422 
55.554504 

iï-Amu 
58.343460 
59.267700 
60.188751 
61.106308 
62.020111 
62.929840 
63.835220 
64.735947 
65.631760 
66.522354 
67.407440 
68.286728 
69.159943 
70.026794 
70.887009 
71.740265 
72.586319 
73.424866 
74.255630 
75.078339 
75.892685 
76.698410 
77.495209 
78.282837 
79.060974 

ii.um 
81.335815 
82.073288 
82.799927 
83.515427 

a-.miî 
85.592407 
86.260666 
86.916428 
87.559418 

gi:àl!â!ï 
89.409225 

mmu 
91 . 134644 

92.728638 

94.184219 
94.637466 
95.074341 
95.494553 

96.652786 
97.003891 
97.337082 
97.652130 
97.948761 
98.226700 
98.485703 

mmt 
99.146286 
99.326721 
99.486725 
99.625946 
99.744003 
99.840439 
99.914658 
99.965897 
99.992828 

5.223271 

imtt 
5.034718 
4.968453 

900533 
.831051 
,760140 
.687847 
.614206 

4.539302 
4.463216 
4.386030 
4.307839 
4.228698 
4.148601 
4.067623 
3.985905 
3.903537 
3.820540 
3.736912 
3.652738 
3.568157 
3.483205 
3.397891 
3.312301 
3.226509 
3.140560 
3.054547 
2.968552 
?.882581 
2.796670 
2.710910 
2.625375 

2.370600 
2.286501 
2.202941 
2.119970 

wim 
1.875083 
1.795019 
1.715837 
1.637572 

\:im\ 
1.409214 

1 ! 191594 

í:0l¿459 
0.9^6685 

lUVsïî 
0.786038 
0.735998 
0.677854 
0.621635 

fillSllf 
0.4651 19 
0.417216 
0.371551 
0.328249 
0.287339 
0.248813 
0.212798 

g:iïli§93 
0.120481 
0.095145 
0.072632 
0.052983 
0.036276 
0.022620 
0.012110 
0.004846 
0.001020 

0.672070 

nmi 
0.673799 
0.674350 
0.674917 
0.675363 

0.676667 
0.676991 
0.677606 
0.677323 
0.675286 
0.650653 
0.552235 
0.421976 
0.337689 
0.337836 
0.339457 
0.340692 
0.340910 
0.340878 
0.340841 
0.340614 
0.340187 
0.339645 
0.338974 
0.338181 
0.337340 
0.336419 
0.335347 
0.334181 
0.332967 

uim 
0.328859 
0.327342 
0.325791 
0.324194 

i-imi 
0.318996 
0.317159 
0.315281 
0.313319 

i:Um 
0.307180 

0.300439 

ï-.mn 
0.293307 

0.285482 
0.282720 
0.279952 
0.277096 

0.267811 
0.264499 
0.260992 
0.257388 

f:22^i47 
0.245514 

i.miî 
0.231437 
0.226008 
0.220069 
0.213425 
0.205659 
0.196846 
0.185730 
0.172812 
0.148697 

-1 

1 . 1 16347 

\-Mim 
1 .122232 
1.124106 
1.126035 
1 . 127554 

\:\mi 
1.131991 

133094 
1.135186 
1.134221 
1.127292 
1.043476 
0.708605 
0.265395 
0.021396 
0.020896 
0.015378 
0.011176 
0.010437 
0.010544 
0.010t,/l 
0.011442 
0.012896 
0.014739 
0.017021 
0.019721 
0.022582 
0.02571? 
0.029364 
0.033332 
0.037462 

uim 
0.051439 
0.056601 
0.061880 
0.067313 

uim 
0.084998 
0.091250 
0.097641 
0.104317 

i.\mi 
0.125204 

0.148139 

lAim 
0.172406 

0:Í89785 
0.199033 
0.208429 
0.217847 
0.227564 
0.237740 
0.248298 
0.259159 
0.270426 
0.282360 
0.294624 
0.306953 
0.320452 
0.335025 

0 !§655¿g 
0.382922 
0.401395 
0.421603 
0.444208 
0.470632 
0.500617 
0.538441 
0.582397 
0.664449 

1.369360 

i.mii 
1 .373121 

1 ! 376635 

\'.lililí 
1 .379128 
1.380708 
1.380813 
1.381716 
1.373565 
1.310627 
1.090365 
0.865887 
0.750665 
0.751790 
0.754115 
0.755851 
0.756222 
0.756249 
0.766137 
0.755823 
0.755157 
0.754309 
0.753233 
0.751975 
0.750651 
0.749172 
0.747457 
0.745602 
0.743662 

wmi 
0.737086 
0.734662 
0.732175 
0.729618 

0.721270 
0.718317 
0.715302 
0.712128 

S:?«!§§* 
'0.702244 

mîiiï 
0.691341 
Í. 687540 

.683678 
0.679770 

0.667000 
0.662499 
0.657970 
0.653275 

0.637978 
0.632482 
0.626617 
0.620670 
0.614605 
0.607863 
0.600706 

%:ÎÜM 
0.576707 
0.567327 
0.557057 
0.545258 
0.531722 
0.515338 
0.495956 
0.469664 
0.422318 

0.000293 
ï? 9 6. 

0.000335 
0.000248 
0.000351 
0.000233 

0.000771 
-0.000434 
0.001223 

-0.000819 
0.004274 
0.017929 
0.055285 
0.057409 
0.037535 
0.036727 
0.036969 
0.037184 
0.037161 
0.037093 
0.037083 
0.037096 
0.037081 
0.037067 
0.037071 
0.037062 
0.037044 
0.037049 
0.037050 
0.037042 
0.037041 

umi 
0.037045 
0.037039 
0.037041 
0.037040 

0.037048 
0.037051 
0.037047 
0.037066 

umi 
0.037060 

itmi 
0 03 707 4 

MïilM 
0.037081 

uim 
0.037106 
0.037098 
0.037096 
0.037105 

0.037104 
0.037113 
0.037145 
0.037100 
0.037104 
0.037166 
0.037118 

i-ma 
0.037130 
0.037142 
0.037100 
0.037198 
0.037024 
0.037363 
0.036698 
0.037890 
0.037591 
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W.Schmidl 
AJameson 

01-9-5 

NACA 0012 M=0.80, ALPHA=1-S5 

FL?líí*;‘R-nEL§/^"D‘RY »«o U 

2 1858 
3 1857. 
4 1856. 
5 1854. 
6 1851. 
7 1848. 
8 1843. 
9 1839. 

10 1833. 
11 1827. 
12 1820. 
13 1812. 
14 1804. 
15 1795. 
16 1785. 
17 1775. 
18 1764. 
19 1753. 
20 1740. 
21 1727. 
22 1714. 
23 1699. 
24 1685. 
25 1669. 
26 1653. 
27 1636. 
28 1619. 
29 1601. 
30 1582. 
31 1563. 
32 1544. 
33 1523. 
34 1502. 
35 1481. 
36 1459. 
37 1436. 
38 1413. 
3r 1390. 
40 1366. 
41 1341. 
42 1316. 
43 1290. 
44 1264. 
45 1238. 
46 1211. 
47 1183. 
48 1156 
49 1127 
50 1098. 
51 1069. 
52 1040. 
53 1010. 

980 
55 949 
56 918 
57 887 
58 855. 
59 823. 

60 791, 
61 758 
62 726 
63 693 
64 659 
65 626 
66 592 
67 558 
68 524 
69 489 
70 455 
71 420 
72 385 
73 350 
74 315 
75 280 
76 245 
77 210 
78 174 
79 139 
80 103 

61133 
91431 
52051 
43018 
64453 
16479 
99170 
12720 
57324 
33203 
40576 
79712 
50928 
54541 
90869 
60303 
63257 
00122 
71387 
77466 
18921 
96240 
09985 
60718 
49072 
75610 
41016 
45972 
91113 
77222 
04980 
75195 
88623 
46045 
48340 
96313 
90845 
32837 - 
23169 - 
62793 - 
52637 - 
93701 - 
86914 • 
33325 ■ 
33960 ■ 
89819 ■ 
01978 • 
71509 ■ 
99512 
87085 
35327 
45386 
184326 
556152- 
581055- 
270996- 
637939- 
694092- 

.451904- 
.923340- 
.121338- 
.058350- 
.747070- 
.200195 
.430908 
.451904 
.276367- 
.917236- 
.387939- 
.701904- 
.872070- 
.911865- 
.834961- 
.654541- 
.384491- 
.038055 
.628922 
.170700 
.677017 

-17.744659 
-53.227142 
-88.689102 

-124.116882 
-159.496811 
-194.815277 
-230.058624 
-265.213135 
-300.265625 
-335.202393 
-370.010010 
-404.674805 
-439.183838 
-473.523682 
-507.680908 
-541.642334 
-575.395264 
-608.926514 
-642.222900 
-675-271973 
-708.061035 
-740.576904 
-772.807617 
-804.740723 
-836.363770 
-867.664551 
-898.630859 
-929.251221 
-959.513672 
-989.406494 

-1018.91797 
-1048.03735 
-1076.75269 

1105.05347 
1132.92871 
1160.36768 

■1 187.35962 
■1213.89429 
■1239.96143 
•1265.55127 
■1290.65356 
-1315.25903 
-1339.35791 
-1362.94116 
-1385.99951 
-1408.52441 
-1430.50684 
-1451.93848 
-1472.81104 
-1493.11670 
-1512.84741 
-1531.99585 

1550.55444 
1568.51587 
1585.87378 
1602.62109 
1618.75122 
1634.25830 

■1649.13647 
•1663.37964 
■1676.98242 
-1689.93945 
-1702.24609 
-1713.89746 
-1724.88916 
-1735.21655 

1744.87622 
1753.86377 
1762.17651 

■1769.81055 
■1776.76318 
■1783.03198 
■1788.61426 
-1793.50757 
-1797.71045 
-1801.22119 
-1804.03833 
-1806.16089 
-1807.58765 

1.001072 
0.999761 
0.999713 
0.999770 
0.999938 
0.999865 
0.999894 
0.999873 
0.999898 
0.999886 
0.999899 
0.999895 
0.999903 
0.999903 
0.999909 
0.999911 
0.999917 
0.999920 
0.999926 
0.999931 
0.999937 
0.999943 
0.999950 
0.999958 
0.999966 
0.999975 
0.999985 
0.999995 
1.000006 
1.000018 
1.000031 
1.000045 
1.000059 
1.000074 
1.000092 
1.000109 
1.000127 
1.000146 
1.000167 
1.000188 
1.000210 
1.000234 
1.000257 
1.000282 
1.000309 
1.000336 
1.000363 
1.000392 
1.000422 
1.000452 
1.000484 
1.000515 
1.000547 
1.000581 
1.000614 
1.000648 
1.000681 
1.000715 
1.000750 
1.000783 
1.000817 
1.000851 
1.000884 
1.000916 
1.000950 
1.000981 
1.001013 
1.001044 
1.001075 
1.001105 
1.001136 
1.001165 
1.001195 
1.001225 
1.001255 
1.001286 
1.001317 
1.001356 
1.001395 

0.950049 
0.946073 
0.945180 
0.945761 
0.946026 
0.945917 
0.945837 
0.945821 
0.945804 
0.945774 
0.945748 
0.945721 
0.945695 
0.945668 
0.945641 
0.945612 
0.945583 
0.945553 
0.945523 
0.945492 
0.945461 
0.945428 
0.945395 
0.945361 
0.945326 
0.945291 
0.945254 
0.945217 
0.945181 
0.945142 
0.945103 
0.945064 
0.945024 
0.944983 
0.944941 
0.944898 
0.944856 
0.944812 
0.944767 
0.944723 
0.944677 
0.944631 
0.944585 
0.944538 
0.944490 
0.944442 
0.944394 
0.944345 
0.944297 
0.944248 
0.944198 
0.944150 
0.944101 
0.944052 
0.944004 
0.943957 
0.943910 
0.943864 
0.943820 
0.943777 
0.943735 
0.943695 
0.943657 
0.943621 
0.943586 
0.943555 
0.943526 
0.943499 
0.943475 
0.943453 
0.943434 
0.943419 
0.943407 
0.943398 
0.943391 
0.943388 
0.943389 
0.943387 
0.943390 

0.019267 
0.019045 
0.019286 
0.019142 
0.019189 
0.019131 
0.019174 
0.019143 
0.019159 
0.019144 
0.019153 
0.019146 
0.019150 
0.019146 
0.019148 
0.019147 
0.019148 
0.019147 
0.019148 
0.019147 
0.019148 
0.019148 
0.019149 
0.019150 
0.019151 
0.019152 
0.019154 
0.019155 
0.019157 
0.019159 
0.019162 
0.019165 
0.019168 
0.019171 
0.01917; 
0.01917y 
0.019184 
0.019189 
0.019195 
0.019201 
0.019208 
0.019216 
0.019224 
0.019233 
0.019243 
0.019254 
0.019266 
0.019278 
0.019292 
0.019307 
0.019324 
0.019341 
0.019360 
0.019380 
0.019402 
0.019425 
0.019450 
0.019477 
0.019505 
0.019535 
0.019567 
0.019600 
0.019636 
0.019672 
0.019711 
0.019751 
0.019793 
0.019836 
0.019880 
0.019926 
0.019973 
0.020021 
0.020070 
0.020120 
0.020170 
0.020221 
0.020273 
0.020325 
0.020378 

1.000074 
0.999842 
1.000034 
0.999936 
1.000031 
0.999988 
1.000037 
1.000022 
1.000051 
1.000048 
1.000067 
1.000071 
1.000086 
1.000093 
1.000107 
1.000116 
1.000130 
1.000141 
1.000154 
1.000168 
1.000183 
1.000198 
1 .000215 
1.000231 
1.000249 
1.000267 
1.000287 
1.000307 
1 .000328 
1.000351 
1.000374 
1.000399 
1 .000423 
1.000450 
1.000478 
1.000506 
1.000537 
1.000567 
1.000600 
1.000633 
1.000668 
1.000704 
1.000740 
1.000778 
1.000817 
1.000856 
1.000897 
1.000939 
1.000982 
1.001026 
1.001070 
1.001115 
1.001161 
1.001206 
1.001252 
1 .001299 
1.001345 
1.001391 
1.001437 
1.001482 
1.001528 
1.001572 
1.001616 
1.001657 
1.001699 
1.001740 
1.001780 
1.001818 
1.001855 
1.001890 
1.001925 
1.001959 
1.001992 
1.002025 
1.002056 
1.002087 
1.002118 
1.002157 
1.002195 



81 
82 
83 
84 
85 

68 
32 
-2 

-38 
-73 

86 -109 
87 -144 
88 -179 
89 -215. 
90 -250. 
91 -285. 
92 -320. 
93 -354. 
94 -389 
95 -423 
96 -457 
97 -491 
98 -525 
99 -559 

100 -592 
101 -625 
102 -658 
103 -691. 
104 -723. 
105 -755. 
106 -787. 
107 -818. 
108 -849 
109 -880 
110 -910 
111 -940 
112 -970 
113 -999 
114- 1028 
115- 1056. 
116- 1084. 

117- 1112. 
118- 1139. 
119- 1165. 
120- 1191. 
121- 1217, 

122- 1242 
123- 1267 
124- 1291 
125- 1315 
126- 1338 
127- 1360 
128- 1383. 
129- 1404. 
130- 1425. 
131- 1445. 
132- 1465. 
133- 1484. 
134- 1503, 
135- 1521 
136- 1538 
137- 1555 
138- 1571 
139- 1587 
140- 1602 
141- 1616. 
142- 1630. 
143- 1643. 
144- 1655. 
145- 1667. 
146- 1678. 
147- 1688. 
148- 1698. 
149- 1707, 
150- 1716 
151- 1723 
152- 1730 
153- 1737 
154- 1742 
155- 1747 
156- 1751 
157- 1755. 
158- 1758. 
159- 1760. 
160- 1761. 

.161499 

.637817 

.880385- 

.379456- 

.845734- 

.265610- 

.625443- 

.911652- 
.110641- 
208893- 
192871- 
049072- 
764160- 

, 324951- 
.717773 
.929687 
.947510 
.757812 
.347900- 
.704834- 
.815430- 
.667480- 
.247803- 
543945- 
543701- 
234375- 
604248- 
640625- 
332031- 

,666504- 
,632080 
.217285 
.410889 
.20142 
.57764 
.52905 
.04443 

11323 
72534 

,86987 
.53711 
.71680 
.39966 - 
.57593 - 
.23608 - 
-37109 - 
97217 - 
03027 - 
53711 - 
48413 - 
86328 - 

,66675 
.88672 
.51587 
.54687 
.97290 
.78711 
.98291 
.55420 
49463 
79858 
46045 

,47510 
,83716 
.54175 
. '472 
.55 43 
.66748 
.69946 
.05347 
.72607 
.71387 
.01343 
.62231 
.53711 
75513 
27344 
09009 
20288 
61133 

1808.31836 
1808.35278 
1807.69067 
1806.33203 
1804.27783 

•1801.52856 
•1798.08545 
•1793.94946 
-1789.12231 
-1783.60596 
-1777.40210 
-1770.51343 
-1762.94238 
-1754.69189 
-1745.76514 
-1736.16553 

1725.89648 
1714.96191 
1703.36621 
1691.11377 
1678.20923 

■1664.65723 
■1650.46313 
■1635.63257 
•1620.17090 
-1604.08423 
-1587.37842 
-1570.06030 
-1552.13599 
-1533.61255 
-1514.49731 
-1494.79712 

1474.52002 
1453.67334 
1432.26514 
1410.30371 
1387.79785 

■1364.75537 
•1341.18579 
■1317.09790 
■1292.50098 
-1267.40430 
-1241.81763 
-1215.75098 
-1189.21387 
-1162.21704 
-1134.77051 
-1106.88501 
-1078.57129 
-1049.84009 
-1020.70239 
-991.169678 
-961.252930 
-930.964111 
-900.314453 
-869.316162 
-837.980713 
-806.320557 
-774.347656 
-742.074463 
-709.513184 
-676.676514 
-643.577393 
-610.228027 
-576.641357 
-542.830811 
-508.808838 
-474.588623 
-440.183838 
-405.606934 
-370.872070 
-335.991943 
-300.980225 
-265.850586 
-230.616425 
-195.291397 
-159.889282 
-124.423950 
-88.909393 
-53.359665 

1.001386 
1.001343 
1.001339 
1.001322 
1.001318 
1.001307 
1.001303 
1.001295 
1.001289 
1.001283 
1.001276 
1.001268 
1.001261 
1.001252 
1.001244 
1.001234 
1.001225 
1.001214 
1.001203 
1.001190 
1.001178 
1.001165 
1.001151 
1.001138 
1.001122 
1.001107 
1.001092 
1.001076 
1.001060 
1.001042 
1.001025 
1.001008 
1.000991 
1.000973 
1.000955 
1.000937 
1.000918 
1.000900 
1.000882 
1.000864 
1.000846 
1.000827 
1.000809 
1.000791 
1.000772 
1.000754 
1.000736 
1.000718 
1.000700 
1.000683 
1.000665 
1.000648 
1.000630 
1.000613 
1.000596 
1.000579 
1.000562 
1.000546 
1.000528 
1.000512 
1.000495 
1.000479 
1.000463 
1.000446 
1.000430 
1.000414 
1.000399 
1.000382 
1.000366 
1.000351 
1.000335 
1.000319 
1.000303 
1.000288 
1.000273 
1.000257 
1.000241 
1.000225 
1.000210 
1.000194 

0.943453 
0.943468 
0.943498 
0.943506 
0.943525 
0.943536 
0.943552 
0.943564 
0.943580 
0.943595 
0.943613 
0.943630 
0.943650 
0.943670 
0.943692 
0.943715 
0.943738 
0.943763 
0.943790 
0.943817 
0.943846 
0.943875 
0.947706 
0.94.,936 
0.943969 
0.944002 
0.944035 
0.944070 
0.944104 
0.944140 
0.944176 
0.944212 
0.944248 
0.944285 
0.944322 
0.944359 
0.944397 
0.944434 
0.944471 
0.944508 
0.944545 
0.944583 
0.944620 
0.944657 
0.944694 
0.944731 
0.944768 
0.944805 
0.944841 
0.944877 
0.944914 
0.944949 
0.944984 
0.945020 
0.945055 
0.945090 
0.945126 
0.945160 
0.945195 
0.945229 
0.945264 
0.945298 
0.945332 
0.945366 
0.945400 
0.945434 
0.945467 
0.945501 
0.945535 
0.945568 
0.945602 
0.945635 
0.945669 
0.945702 
0.9457 5 
0.945769 
0.945803 
0.945837 
0.945870 
0.945903 

0.020432 
0.020470 
0.020517 
0.020558 
0.020602 
0.020645 
0.020688 
0.020731 
0.020773 
0.020816 
0.020858 
0.020901 
0.020942 
0.020984 
0.021025 
0.021066 
0.021106 
0.021145 
0.021184 
0.021223 
0.021260 
0.021297 
0.021333 
0.021368 
0.021403 
0.021436 
0.021469 
0.021501 
0.021532 
0.021562 
0.021592 
0.021620 
0.021647 
0.021674 
0.021700 
0.021725 
0.021750 
0.021773 
0.021796 
0.021818 
0.021839 
0.021860 
0.021880 
0.021899 
0.021918 
0.021936 
0.021954 
0.021971 
0.021988 
0.022004 
0.022020 
0.022035 
0.022050 
0.022064 
0.022078 
0.022092 
0.022105 
0.022118 
0.022131 
0.022144 
0.022156 
0.022167 
0.022179 
0.022190 
0.022201 
0.022212 
0.022223 
0.022233 
0.022243 
0.022253 
0.022263 
0.022273 
0.022282 
0.022291 
0.022301 
0.022309 
0.022318 
0.022327 
0.022335 
0.022344 

1.002169 
1.002123 
1.002110 
1.002090 
1.002081 
1.002068 
1.002059 
1.002048 
1.002037 
1.002026 
1.002014 
1.002002 
1.001988 
1.001975 
1.001960 
1.001945 
1.001927 
1.001910 
1.001891 
1.001872 
1.001852 
1.001831 
1.001809 
1.001786 
1.001762 
1.001739 
1.001714 
1.001688 
1.001662 
1.001636 
1.001609 
1.001581 
1.001554 
1.001526 
1.001498 
1.001470 
1.001441 
1.001412 
1.001384 
1.001355 
1.001327 
1.001298 
1.001270 
1.001242 
1.001213 
1.001185 
1.001157 
1.001129 
1.001101 
1.001074 
1.001046 
1.001019 
1.000992 
1.000965 
1.000937 
1.000912 
1.000885 
1.000858 
1.000833 
1.000807 
1.000781 
1.000755 
1.000730 
1.000704 
1.000679 
1.000653 
1.000628 
1.000603 
1.000578 
1.000553 
1.000528 
1.000504 
1.000479 
1.000454 
1.000429 
1.000404 
1.000380 
1.000355 
1.000330 
1.000305 



DORN IER/J AM ESON 

AR2I1 

NACA 0012: MACH - 0.80, ALPHA = 1.25 

W.Schmidt 
A.Jameson 

01-9-7 

-1762.31494 
-1762.31494 
-1761.61133 
-1760.20288 
-1758.09009 
-1766.27344 
-1751.75513 
-1747.53711 
-1742.62231 

1-1737.01343 
-1730.71387 
’-1723.72607 
1-1716.05347 
1-1707.69946 
)-1698.66748 
i-1688.96143 
7-1678.58472 
3-1667.54175 
7-1655.83716 
[)-1643.47510 
1- 1630.46045 
2- 1616.79858 
3- 1602.494o3 
4- 1587.55420 
5- 1571.98291 
6- 1555.78711 
7- 1538.97290 
8- 1521.54687 
9- 1503.51587 
10- 1484.88672 
11- 1465.66675 
)2-1445.86328 
)3-1425.48413 
)4-1404.53711 
)5-1383.03027 
)6-1360.97217 
)7-1338.37109 
)8-1315.23608 
)9-1291.57593 
00-1267.39966 
01-1242.71680 
02-1217.53711 
03-1191.86987 
04-1165.72534 
05-1139.11328 
06-1112.04443 
07-1084.52905 

■08-1056.57764 
'09-1028.20142 
>10 -999.410889 
>11 -970.217285 
>12 -940.632080 
>13 -910.666504 
>14 -880.332031 
>15 -849.640625 
216 -818.604248 
217 -787.234375 
218 -755.543701 
219 -723.543945 
220 -691.247803 
221 -658.667480 
222 -625.815430 
223 -592.704834 
224 -559.347900 
225 -525.757812 
226 -491.947510 
227 -457.929687 
228 -423.717773 
229 -389.324951 
230 -354.764160 
231 -320.049072 
232 -285.192871 
233 -250.208893 
234 -215.110641 
235 -179.911652 
236 -144.625443 
237 -109.265610 
238 -73.845734 
239 -38.379456 
240 -2.880385 

-17.788895 
17.788895 
53.359665 
88.909393 

124.423950 
159.889282 
195.291397 
230.616425 
265.850586 
300.980225 
335.991943 
370.872070 
405.606934 
440.183838 
474.588623 
508.808838 
5.42.830811 
576.641357 
618.228027 
643.577393 
676.676514 
709.513184 
742.074463 
774.347656 
806.320557 
837.980713 
869.316162 
900.314453 
930.964111 
961.252930 
991.169678 

1020.70239 
1049.84009 
1078.57129 
1106.88501 
1134.77051 
1162.21704 
1189.21387 
1215.75098 
1241.81763 
1267.40430 
1292.50098 
1317.09790 
1341.18579 
1364.75537 
1387.79785 
1410.30371 
1432.26514 
1453.67334 
1474.52002 
1494.79712 
1514.49731 
1533.61255 
1552.13599 
1570.06030 
1587.37842 
1604.08423 
1620.17090 
1635.63257 
1650.46313 
1664.65723 
1678.20923 
1691.11377 
1703.36621 
1714.96191 
1725.89648 
1736.16553 
1745.76514 
1754.69189 
1762.94238 
1770.51343 
1777.40210 
1783.60596 
1789.12231 
1793.94946 
1798.08545 
1801.52856 
1804.27783 
1806.33203 
1807.69067 

1.000177 
1.000161 
1.000144 
1.000128 
1.000111 
1.000093 
1.000075 
1.000058 
1.000040 
1.000022 
1.000004 
0.999985 
0.999966 
0.999946 
0.999926 
0.999906 
0.999885 
0.999863 
0.999841 
0.999819 
0.999796 
0.999772 
0.999747 
0.999722 
0.999696 
0.999670 
0.999642 
0.999614 
0.999585 
0.999554 
0.999523 
0.999491 
0.999457 
0.999423 
0.999387 
0.999350 
0.999312 
0.999273 
0.999232 
0.999189 
0.999145 
0.999100 
0.999053 
0.999005 
0.998955 
0.998903 
0.998850 
0.998795 
0.998738 
0.998680 
0.998621 
0.998560 
0.998497 
0.998433 
0.998368 
0.998302 
0.998235 
0.998168 
0.998100 
0.998032 
0.997964 
0.997896 
0.997830 
0.997764 
0.997701 
0.997639 
0.997580 
0.997524 
0.997472 
0.997422 
0.997378 
0.997336 
0.997301 
0.997265 
0.997239 
0.997204 
0.997185 
0.997134 
0.997106 
0.996980 

0.945936 
0.945967 
0.945999 
0.946030 
0.946063 
0.946095 
0.946128 
0.946161 
0.946195 
0.946229 
0.946264 
0.946298 
0.946334 
0.946371 
0.946408 
0.946447 
0.946485 
0.946524 
0.946565 
0.946606 
0.946648 
0.946691 
0.946736 
0.946781 
0.946827 
0.946874 
0.946923 
0.946974 
0.947025 
0.947078 
0.947132 
0.947189 
0.947246 
0.947305 
0.947366 
0.947429 
0.947494 
0.947562 
0.947631 
0.947701 
0.947775 
0.947851 
0.947929 
0.948009 
0.948092 
0.948177 
0.948265 
0.948355 
0.948448 
0.948543 
0.948641 
0.948740 
0.948843 
0.948947 
0.949052 
0.949161 
0.949270 
0.949380 
0.949492 
0.949604 
0.949716 
0.949827 
0.949937 
0.950046 
0.950153 
0.950257 
0.950358 
0.950454 
0.950547 
0.950632 
0.950715 
0.950788 
0.950859 
0.950919 
0.950981 
0.951029 
0.951092 
0.951136 
0.951232 
0.951315 

0.022352 
0.022360 
0.022369 
0.022377 
0.022386 
0.022395 
0.022404 
0.022413 
0.022422 
0.022431 
0.022441 
0.022450 
0.022460 
0.022470 
0.022479 
0.022489 
0.022499 
0.022509 
0.022519 
0.022529 
0.022539 
0.022550 
0.022560 
0.022570 
0.022580 
0.022590 
0.022600 
0.022610 
0.022620 
0.022ÓÍÚ 
0.022640 
0.022649 
0.022658 
0.022667 
0.022676 
0.022685 
0.022693 
0.022700 
0.022707 
0.022714 
0.022719 
0.022725 
0.022729 
0.022732 
0.022734 
0.022736 
0.022735 
0.022734 
0.022731 
0.022726 
0.022719 
0.022710 
0.022699 
0.022685 
0.022669 
0.022650 
0.022629 
0.022603 
0.022575 
0.022543 
0.022507 
0.022467 
0.022423 
0.022375 
0.022323 
0.022267 
0.022206 
0.022141 
0.022072 
0.021999 
0.021923 
0.021843 
0.021760 
0.021674 
0.021587 
0.021498 
0.021407 
0.021316 
0.021223 
0.021135 

1.000280 
1.000255 
1.000230 
1.000204 
1.000178 
1.000153 
1.000126 
1.000099 
1.000072 
1.000045 
1.000016 
0.999988 
0.999959 
0.999930 
0.999900 
0.999869 
0.999837 
0.999805 
0.999772 
0.999739 
0.999704 
0.999668 
0.999632 
0.999595 
0.999556 
0.999516 
0.999476 
0.999434 
0.999391 
0.999346 
0.999300 
0.999252 
0.999204 
0.999153 
0.999101 
0.999047 
0.998991 
0.998933 
0.998873 
0.998812 
0.998748 
0.998682 
0.998614 
0.998544 
0.998471 
0.998397 
0.998320 
0.998240 
0.998159 
0.998075 
0.997989 
0.997901 
0.997811 
0.997719 
0.997626 
0.997531 
0.997434 
0.997337 
0.997239 
0.997141 
0.997043 
0.996946 
0.996849 
0.996755 
0.996663 
0.996573 
0.996488 
0.996406 
0.996329 
0.996257 
0.996191 
0.996129 
0.996076 
0.996024 
0.995982 
0.995934 
0.995899 
0.995837 
0.995783 
0.995635 



DORNIJ R JAMESON 
AR 211 

NACA (Mil 2: MACH - O.KO, ALPHA 

W.Schmidt 
AJameson 01-9-K 

1.25 

?'«1 32.63^817 1808.35278 0.996899 
242 68.161499 1808.31836 0.997051 
243 103.677017 1807.58765 0.997213 
244 139.170700 1806.16089 0.997347 
245 174.628922 1804.03833 0.997480 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
2 74 
275 
276 
277 
278 
2 79 
280 
281 
282 
283 
284 
285 
286 
28 7 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 

210.038055 
245.384491 
280.654541 
315.834961 
350.911865 
385.872070 
420.701904 
455.387939 
489.917236 
524.276367 
558.451904 
592.430908 
626.200195 
659.74/070 
693.058350 
726.121338 
758.923340 
791.451904 
823.694092 
855.637939 
887.270996 
918.581055 
949.556152 
980.184326 

1010.45386 
1040.35327 
1069.87085 
1098.99512 
1127.71509 
1156.01978 
1183.89819 
1211.33960 
1238.33325 
1264.86914 
1290.93701 
1316.52637 
1341.62793 
1366.23169 
1390.32837 
1413.90845 
1436.96313 
1459.48340 
1481.46045 
1502.88623 
1523.75195 
1544.04980 
1563.77222 
1582.91113 
1601.45972 
1619.41016 
1636.75610 
1653.49072 
1669.60718 
1685.09985 
1699.96240 
1714.18921 
1727.77466 
1740.71387 
1753.00122 
1764.63257 
1775.60303 
1785.90869 
1795.54541 
1804.50928 
1812.79712 
1820.40576 
1827.33203 
1833.57324 
1839.12720 
1843.99170 
1848.16479 
1851.64453 
1854.43018 
1856.52051 
1857.91431 
1858.61133 
1593.30371 

1801.22119 
1797. 71045 
1793.50757 
1788.61426 
1783.03198 
1776.76318 
1 769.81055 
1762.17651 
1753.86377 
1744.87622 
1 735.21655 
1724.88916 
1713.89746 
1702.24609 
1689.93945 
1676.98242 
1663.37964 
1649.13647 
1634.25830 
1618.75122 
1602.62109 
1585.87378 
1568.51587 
1550.55444 
1531.99585 
1512.84741 
1493.11670 
1472.81104 
1451.93848 
1430.50684 
1408.52441 
1385.99951 
1362.94116 
1339.35791 
1315.25903 
1290.65356 
1265.55127 
1239.96143 
1213.89429 
1187.35962 
1160.36768 
1132.92871 
1105.05347 
1076.75269 
1048.03735 
1018.91797 
989.406494 
959.513672 
929.251221 
898.630859 
867.664551 
836.363770 
804.740723 
772.807617 
740.576904 
708.061035 
675.271973 
642.222900 
608.926514 
575.395264 
541.642334 
507.680908 
473.523682 
439.183838 
404.674805 
370.010010 
335.202393 
300.265625 
265.213135 
230.058624 
194.815277 
159.496811 
124.116882 
88.689102 
53.227142 
17.744659 

266.995117 

0.997616 
0.997752 
0.997885 
0.998017 
0.998147 
0.998273 
0.998397 
0.998517 
0.998634 
0.998746 
0.998854 
0.998957 
0.999056 
0.999150 
0.999239 
0.999323 
0.999402 
0.999476 
0.999546 
0.999611 
0.999672 
0.999728 
0.999780 
0.999828 
0.999872 
0.999913 
0.999949 
0.999983 
1.000012 
1.000039 
1.000063 
1.000085 
1.000103 
1.000119 
1.000134 
1.000145 
1.000155 
1.000163 
1.000169 
1.000174 
1.000176 
1.000178 
1.000178 
1.000176 
1.000175 
1.000171 
1.000167 
1.000161 
1.000155 
1.000148 
1.000140 
1.000133 
1.000124 
1.000114 
1.000105 
1.000094 
1.000085 
1.000073 
1.000064 
1.000051 
1.000042 
1.000029 
1.000020 
1.000005 
0.999999 
0.999982 
0.999984 
0.999958 
0.999969 
0.999958 
1.000015 
0.999702 
0.998995 
0.997779 
0.997388 
0.S97387 
1.011072 

0.951524 
0.951456 
0.951364 
0.951293 
0.951212 

0.021035 
0.020934 
0.020838 
0.020744 
0.020654 

0.951120 
0.951021 
0.950917 
0.950808 
0.950696 
0.950581 
0.950465 
0.950347 
0.950230 
0.950114 
0.949999 
0.949884 
0.949772 
0.949663 
0.949555 
0.949451 
0.949349 
0.949250 
0.949154 
0.949059 
0.948969 
0.948881 
0.943795 
0.948712 
0.948632 
0.948553 
0.948477 
0.948403 
0.948331 
0.948261 
0.948193 
0.948125 
0.948060 
0.947996 
0.947933 
0.947871 
0.947810 
0.947751 
0.947692 
0.947634 
0.947577 
0.947520 
0.947465 
0.947410 
0.947356 
0.947302 
0.947249 
0.947197 
0.947144 
0.947094 
0.947043 
0.946992 
0.946943 
0.946894 
0.946846 
0.946799 
0.946752 
0.946706 
0.946661 
0.946618 
0.946575 
0.946534 
0.946495 
0.946457 
0.946423 
0.946397 
0.946383 
0.946362 
0.946353 
0.946461 
0.946561 
0.945700 
0.942841 
0.938888 
0.936707 
0.937568 
0.950049 

0.020567 
0.020484 
0.020405 
0.020330 
0.020259 
0.020191 
0.020128 
0.020068 
0.020011 
0.019958 
0.019908 
0.019861 
0.019816 
0.019774 
0.019733 
0.019695 
0.019659 
0.019624 
0.019590 
0.019558 
0.019527 
0.019497 
0.019468 
0.019440 
0.019412 
0.019385 
0.019359 
0.019333 
0.019308 
0.019284 
0.019260 
0.019236 
0.019213 
0.019191 
0.019169 
0.019147 
0.019126 
0.019106 
0.019086 
0.019067 
0.019048 
0.019030 
0.019013 
0.018996 
0.018980 
0.018965 
0.018950 
0.018936 
0.018923 
0.018911 
0.018899 
0.018888 
0.018877 
0.018868 
0.018859 
0.018851 
0.018843 
0.018837 
0.018830 
0.018826 
0.018819 
0.018817 
0.018810 
0.018810 
0.018801 
0.018805 
0.018792 
0.018800 
0.018772 
0.018810 
0.018759 
0.018722 
0.018463 
0.018582 
0.018654 
0.019286 
0.019267 

0.995498 
0.995669 
0.995856 
0.996010 
0.996165 

0.996489 
0.996651 
0.996813 
0.996973 
0.997131 
0.997287 
0.997439 
0.997587 
0.997731 
0.997871 
0.998005 
0.998134 
0.998258 
0.998376 
0.998489 
0.998596 
0.998697 
0.998793 
0.998884 
0.998969 
0.999049 
0.999125 
0.999195 
0.999261 
0.999323 
0.999380 
0.999434 
0.999483 
0.999530 
0.999572 
0.999612 
0.999649 
0.999682 
0.999713 
0.999742 
0.999768 
0.999793 
0.999815 
0.999835 
0.999853 
0.999870 
0.999885 
0.999899 
0.999911 
0.999922 
0.999932 
0.999941 
0.999949 
0.999956 
0.999962 
0.999968 
0.999973 
0.999976 
0.999980 
0.999983 
0.999985 
0.999987 
0.999988 
0.999988 
0.999990 
0.999988 
0.999990 
0.999985 
0.999988 
0.999977 
0.999984 
0.999963 
0.999976 
0.999936 
0.999968 
0.999887 
0.999952 
0.999793 
0.999984 
0.999749 
1.000074 
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AR 211 
W.Schmidt 
AJamcson 

01-9-10 

NACA (Mil2: MACH - 0.80, ALPHA - 1.25 

DORNII R JAMESON 
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dornier/jameson 
AR 211 

NACA (Mt 12: MACH 

W.Schmidl 
AJamcson 

0.80, ALPHA - 1.25 
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DORNIER/JAMESON 
AR 211 

W.Schmklt 
AJameson 

01-9-12 

NACA «012: MACH - O.KO, ALPHA - 1.25 

o 
o 

FIG. : 1.-P/PI INF VS. Z/C GN NACH 0012 



IXJRNIER/J AMESON 
AR 211 W.Schmidt 

AJameson «1-9-13 

NACA «OI 2: MACH - 0.H«, ALPHA - 1.25 





FIG. : l.-Pl/PIINF VS. X/C GN NACA 0012 







DORNIËR/JAMESON 
AR 211 

W.Schmidt 
A. Jameson 

01-9-18 

NACA 0012: MACH - 0.80, ALPHA -1.25 



DORNIER/JAMESON 
AR211 W.Schmidt 

AJameson 
01-9-19 

NACA 0012: MACH - 0.80, ALPHA - 1.25 

FIG. i ISO-MACH (DELTA = 0.050) 

*»* VRLUES OF CURVE PflRRHETER ■ IOOmHRCH *«* 



DORNIER/J AMESON 

NACA 0012: MACH - 0.80, ALPHA - 1.25 

FIG. t IS0-MACH (DELTA * 0.050) 

MMM VALUES OF CURVE PARAMETER ■ IOOhMACH n** 



AR 211 
DORNIER/JAMESON 

W.Schmidl 
AJameson 

(ll-d-21 

NACA 0012: MAi'H - 0.80, ALPHA - 1.25 

MMN VALUES OF CURVE PARAMETER - 100*P/P1INF mhm 





AR 211 
HORNIER JAMFSON 

W.Schmidl 
AJameson 

NACA 0012: MACH - 0.80, ALPHA - 1.25 

FIG. » I30-PI/PIINF (DELTfi -O.OOOi) 
MHN VALUES BF CURVE PARAMETER -lOOOO-Pl/N INF 





s 
\ DORNIER/JAMESON 

AR211 W.Schmidt 
AJameson 01-9-25 

NACA 0012: MACH - 0.80, ALPHA - 1.25 

MESH 
CL CD Ch 

(* 
n*l 

3/At)local 
n = CYCLE CYCLE 

80 X 16 

160 X 32 

320 X 64 

0.3150 

0.3656 

0.3632 

0.0223 

0.0235 

0.0230 

- 0.0307 

- 0.0400 

- 0.0397 

0.22 

0.19 

0.33 

0.30 • 10"5 

0.33 • 10"4 

0.27 • 10"3 

200 

750 

750 

( 

/ 

V 



AR-21 

AGARD FDP - WG 07 

TEST CASES FOR STEADY INVISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 02 

NACA 0012: MACH = 0.85, ALPHA = 1 

Contributor No 1 

J.P.Veuillot and A.M.Vuillot 

(O.N.E.R.A., France) 



O.N.E.R.A. 

AR 211 
J.P.Veuillot 
A.M.Vuillot 

02-1-1 

NACA 0012: MACH - 0.85, ALPHA - !____ 

COMMENTS ON CALCULATION FOR TESTCASE_02 

* The computational domain is inscribed in the rectangle 

- 9.91 6 x/c ¿ 10.52 t - 13.87 á,z/c4 13.87 

Number of mesh points : 193 x 29 = 5 597 ( 147 mesh points on 

the profile) 

* Artificial viscosity ; 

term : Qu=Q/ij= 0,1 10"* 

3)i term : = 1*6 » = 0*8 



1 
5 
3 
4 
5 
e 
7 
B 
9 

10 
1 1 
12 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 
24 

25 
26 
2 7 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 

.oooooo 

.000125 
.000513 
Tool1S9 
.002235 
.003686 
.005631 
.008159 
.011365 
.015341 
.020177 
.025946 
.032704 
.040482 
.049286 
.059097 
.069878 
.081572 
.094113 
.107430 
.121447 
.136091 
.151293 
.166989 
.183118 
.199629 
.216473 
.233610 
.251004 
.268623 
.286440 
.304432 
.322578 
.340862 
.359268 
.377784 
.396398 
.415100 
433879 

.452725 

.471630 

.490588 

.509595 

.528646 

.547738 

.566866 

.586027 

.605217 

.624424 

.643637 
.662842 
.682022 
.701156 
.720218 
.739174 
.757981 
.776587 
.794931 
.812940 
.830534 
.847626 
.864124 
.879937 
.894980 
.909179 
.922481 
.934854 
.946300 
.956854 
.966589 
.975614 
.984074 
.992138 

1.000000 

I.OOOOOO 
.001971 
.003978 
.006050 
.008213 
.010485 
.012876 
.015389 
.018020 
.020757 
.023581 
.026465 
.029378 
.032285 
.035150 
.037938 
.040617 
.043161 
.045546 
.047757 
.049781 
.051611 
.053242 
.054673 
.055907 
.056947 
.057800 
.058470 
.058964 
.059292 
.059459 
.059474 
.059344 
.059076 
.058678 
.058157 
.057519 
.056770 
.055916 
.054964 
.053918 
.052783 
.051565 
.050268 
.048894 
.047449 
.045935 
.044356 
.042714 
.041014 
.039258 
.037451 
.035596 
.033696 
.031758 
.029787 
.027790 
.025776 
.023754 
.021737 
.019737 
.017768 
.015844 
.013982 
.012192 
.010489 
.008880 
.007371 
.005960 
.004643 
.003407 
.002237 

.001110 
0.000000 

.008750 

.025109 

.055856 

.095464 

. 141974 

.191362 

.240726 

.287203 

.329338 

.367044 

.400258 

.429323 

.454758 

.477106 

. 496869 

.514459 

.530130 

.544248 

.557020 
.568583 
.579148 
.588867 
.597849 
.606083 
.613657 
.620613 
.627060 
.633077 
.638559 
.643627 
.648342 
.652677 
.656707 
.660417 
.663819 
.666970 
.669901 
.672613 
.675086 
.677374 
.679520 
.681468 
.683243 
.684942 
.686499 
.687950 
.689269 
.690591 
.691738 
.692890 
.694048 
.694791 
.696107 
.697542 
.695697 
.705889 
.674194 
.584820 
.453073 
.346700 
.327303 
.337573 
.324894 
.324405 
.317136 
.312847 
.306469 
.300544 
.293536 
.286115 
.277148 
.267404 
.248355 
.216707 

. 166160 

.114284 

.016778 

.891176 

.743684 

.587065 

.430523 

.283138 

.149522 

.029949 
• .075378 
•.167547 
-.248206 
-.319076 
-.381747 
-.437528 
-.487226 
-.531994 
-.572497 
-.609165 
-.642670 
-.673489 
-.701973 
-.728083 
-.752103 
-.774161 
-.794606 
-.813687 
-.831071 
- .847143 
-.862093 
-.87584 1 
-.888622 
-.900387 
-.911173 
-.921166 
-.930461 
-.939063 
-.946905 
-.954160 
-.960966 
-.967144 
-.972770 
-.978160 
-.983098 
-.987697 
-.991882 
-.996074 
-.999712 

-1.003362 
-1.007037 
-1.009391 
-1.013567 
-1.018115 
-1.012266 
-1.044586 
-.944074 
-.660656 
-.242864 

.094465 

.155975 

.123408 

.163614 

.165163 

.188215 

.201816 

.222044 

.240830 

.263054 

.286590 

.315025 

.345925 

.406332 

.506693 

.077313 

. 172851 

.270875 

.367684 

.462386 

.552217 

.635474 

.710251 

.775950 
. 833895 
.884801 
.929767 
.969687 

1.005386 
1.037593 
1.066794 
1.093330 
1.117685 
1.140111 
1.160775 
1.179961 
1.197901 
1.214720 
1.230360 
1.244945 
1.258509 
1.271252 
1.283269 
1.294338 
1.304685 
1.314400 
1.323420 
1.331878 
1.339726 
1.346976 
1.353742 
1.360078 
1.365977 
1.371385 
1.376418 
1.3811G3 
1.385488 
1.389438 
1.393255 
1.396739 
1.400035 
1.402970 
1.406059 
1.408518 
1.411398 
1.413635 
1.416021 
1.417851 
1.423436 
1.414675 
1.450256 
1.338459 
1.102990 

.875765 

.740595 

.717121 

.727251 

.710309 

.707509 

.696570 

.688890 

.678593 

.668470 

.656839 

.643844 

.628466 

.609206 

.573039 

.534523 

004596 
004567 
006468 
006932 

,006550 
.005187 
.003544 
.002136 
.001527 
.001591 
.002133 
.002770 
.003398 
.003949 
.004369 
.004738 
.005012 
.005227 
.005406 
.005539 
.005657 
.005741 
.001829 
.005107 
.0055 76 
.006047 
.006091 
.006154 
.006214 
.006263 
.006319 
.006367 
.006414 
.006464 
.006511 
.006556 
.006598 
.006642 
.006687 
.006725 
.006763 
.006802 
.006847 
.006868 
.006923 
.006923 
.007025 
.006932 
.007175 
.006851 
.007466 
.006527 
.008247 
.005085 
.011363 

- .005111 
.048435 
.110239 
.098741 
.059568 
.052388 
.058160 
.054851 
.056552 
.055688 
.056193 
.055979 
.056212 
.056164 
.056596 
.056774 
.058761 
.060928 
.048536 



’ __ 

O.N.E.R.A. 

AR 211 
J.P.Veuillot 
A.M.Vuillot 

02-1-3 

NACA 0012: MACH - 0.85. ALPHA - 1____ 

SLIP LINE VALUES - UPPER SIDE 

X/C 

1.007858 
1.015929 
1.024629 
1.034941 
1.048516 
1.067378 
1.093842 
1.130801 
1.182032 
1.252417 
1.3482 16 
1.477385 
1.649975 
1.878609 
2.179039 
2.570797 
3.077953 
3,730060 
4.563334 
5.622126 
6.959964 
8.605685 

10.515943 

2/C 

.000092 

.000181 

.000273 

.000378 

.000508 

.000679 

.000904 

.001201 

.001594 

.002122 

.002854 

.003903 

.005439 

.007691 

.010940 

.015555 

.021998 

.030832 

.042746 

.058542 

.079136 

.105070 

.135425 

1-P/P 1 INF 

.235697 

.267337 

.271826 

. 283620 

.290045 

.299668 

.307777 

.316848 

.325536 

.33408 1 

.342193 

.349642 

.356208 

.361682 

.366061 

.369508 

.372064 

.373826 

.374957 

.375634 

.376031 

.376323 

.376488 

CP 

446472 
346137 
331900 
294500 

.274125 

.243609 

.217894 

. 189128 
. 161577 
. 134481 
.108757 
.085132 
.064313 
.046952 
.033068 
.022136 
.014029 
.008443 
.004856 
.002710 
.001448 
.000524 
.000000 

MACH 

.565984 

.608762 

.620122 

.638907 

.650968 

.666535 

.680400 

.695216 

.709460 

.723247 

.7361 17 

.747670 

.757546 

.765591 

.771972 

.776898 

.780496 

.782957 

.784525 

.785467 

.786088 

.786559 

.786966 

1-PI/PI INF 

.050144 

.059006 

.056237 

.057169 

.056185 

.056597 

.056277 

.056426 

.056474 

.056671 

.057025 

.057572 

.058324 

.059128 

.059825 

.060468 

.060999 

.061383 

.061641 

.061793 

.061820 

.061825 

.061700 



O.N.E.R.A. 

i • .• * - 

AR 211 

J.P.Veutllot 
A.M.Vuillot 

02-1-4 

NACA 0012: MACH-0.85, Al .PHA - 1 

WALL VALUES - LOWER SIDE 

X/C 

.000000 

.000125 
.000513 
.001199 
.002235 
.003686 
.005631 
.008159 
.011365 
.015341 
.020177 
.025946 
.032704 
.040482 
.049286 
059097 

.069878 

.081572 

.094113 

.107430 

.121447 

.136091 

.151294 

.166989 

.183118 

.199629 

.216473 

.233611 

.251004 

.268623 

.286440 

.304432 

.322578 

.340862 

.359268 

.377784 

.396398 

.415100 

.433879 

.452725 

.471630 

.490588 

.509595 

.528646 

.547738 

.566866 

.586027 

.605217 

.624424 

.643637 
.662842 
.682022 
.701156 
.720218 
.739174 
.757981 
.776587 
.794931 
.812940 
.830534 
.847626 
.864124 
.879937 
.894980 
.909179 
.922481 
.934854 
.946300 
.956854 
.966589 
.975614 
.984074 
.992138 

1.000000 

Z/C 1-P/PIINF 

). OOOOOO 
■ .001971 
-.003978 
-.006050 
-.008213 
-.010485 
-.012876 
-.015389 
-.018020 
-.020757 
-.023581 
-.026465 
-.029378 
-.032285 
-.035150 
-.037938 
-.040617 
-.043160 
-.045546 
-.047757 
-.049781 
-.051611 
-.053241 
-.054673 
-.055907 
-.056947 
-.057800 
-.058469 
-.058964 
-.059291 
-.059459 
-.059473 
-.059344 
-.059076 
-.058678 
-.058156 
-.057518 
-.056769 
-.055916 
-.054963 
-.053918 
-.052783 
-.051565 
-.050267 
-.048894 
-.047448 
-.045934 
-.044355 
-.042714 
-.041013 
-.039258 
-.037451 
-.035595 
-.033696 
-.031757 
-.029786 
-.027789 
-.025775 
-.023754 
-.021737 
-.019736 
-.017767 
-.015844 
-.013981 
-.012192 
-.010488 
-.008880 
-.007370 
-.0059S9 
-.004642 
-.003407 
-.002236 
-.001109 

.000001 

.008750 

.003482 

.014783 

.037725 

.070128 

.108744 

.150491 

.192409 
.232533 
.269761 
.303767 
.334394 
.361846 
.386422 
.408460 
.428270 
.446061 
.462082 
.476676 
.489988 
.502120 
.513279 
.523448 
.532752 
.541338 
.549149 
.556382 
.563019 
.569046 
.574576 
.579675 
.584305 
.588534 
.592430 
.595937 
.599095 
.601937 
.604490 
.606818 
.608822 
.610565 
.612314 
.613396 
.613897 
.620734 
.603283 
.544981 
.459911 
.387610 
.369840 
.384992 
.380269 
.380791 
.378290 
.375906 
.372684 
.369073 
.365022 
.360620 
.355872 
.350764 
.345391 
.339770 
.333849 
.327628 
.321091 
.314270 
.307038 
.299175 
.290744 
.280879 
.269979 
.249361 
.216233 

CP 

.166160 

. 182865 

.147028 

.074275 

.971520 

.849061 

.7 16675 

.583745 

.456506 

.338449 

.230610 

.133489 

.046431 
-.031501 
- .101387 
-.164210 
- .220626 
-.271434 
-.317714 
-.359927 
- .398398 
-.433787 
-.466035 
-.495540 
-.522766 
-.547538 
-.570475 
-.591522 
-.610634 
-.628171 
-.644339 
-.659022 
-.672432 
-.684788 
-.695909 
-.705925 
-.714937 
-.723034 
-.730414 
-.736769 
-.742297 
- .747843 
-.751274 
-.752864 
- .774546 
-.719204 
-.534318 
-.264547 
-.035268 

.021084 
-.026968 

-.011991 
-.013644 
-.005715 

.001845 

.012065 

.023516 

.036362 

.050322 

.065378 

.081577 

.098616 
. 116439 
. 135217 
.154945 
.175675 
.197306 
.220238 
.245172 
.271909 
.303192 
.337759 
.403143 
.508195 

MACH 1 -PI/PI INF 

.077313 

.017364 

.113936 

.210267 

.304406 

.394140 

.477706 

.553533 

.621258 

.681073 

.734056 

.781122 

.823119 

.860815 

.894874 

.925770 

.953817 

.979394 
1.002986 
1.024747 
1.044842 
1.063534 
1.080756 
1.096713 

111570 
125244 
138024 
149857 
160697 
170729 
180048 
188567 
196412 

1.203671 
1.210260 
1.216197 

221612 
1.226412 
1.230963 

234619 
1.238274 
1.241146 
1.244096 
1.243299 
1.261489 
1.216016 
1.087484 

.943355 

.845740 

.824528 

.844280 

.838074 

.838451 

.834665 

.830845 

.825786 

.820097 

.813731 

.806819 

.799360 

.791346 

.782920 

.774094 

.764795 

.755018 

.744731 

.733991 

.722494 

.710089 

.696323 

.680413 

.660833 

.624672 

.585092 

1 . 
1 . 
1 . 
1 . 
1 . 
1. 
1 , 
1 

1 

1 

1 

.004596 

.003272 

.005801 

.007613 
.008402 
.008004 
.006869 
.005521 
.004398 
.003864 
.003850 
.004059 
.004395 
.004751 
.005060 
.005346 
.005594 
.005781 
.005925 
.006069 
.006167 
.006265 
.006361 
.006416 
.006498 
.006550 
.006603 
.006657 
.006706 
.006748 
.006789 
.006836 
.006863 
.006908 
.006929 
.006986 
.006976 
.007080 
.006970 
.007239 
.006861 
.007546 
.006428 
.008766 
.002393 
.017591 
.043380 
.041807 
.022170 
.015458 
.019474 
.018249 
.018695 
.018557 
.018640 
.018647 
.018679 
.018702 
.018723 
.018753 
.018775 
.018795 
.018824 
.018851 
.018880 
.018912 
.018935 
.019040 
.019040 
.019406 
.019595 
.021379 
.023533 
.011788 



O.N.E.R.A. 

AR 211 

J.P.Veuillot 
A.M.Vuillot 

02-1-5 

NACA0012: MACH-0.85,Al .PHA- 1 

LINE VALUES - LOWER SIDE 

75 
76 
77 
78 
79 
80 
81 
82 
83 

84 
85 
86 
87 
88 

89 
90 
91 
92 
93 
94 
95 
96 
97 

X/C 

1.007858 
1.015929 
1.024629 
1.034941 
1.048516 
1.067378 
1.093842 
1.130801 
1.182032 
1.252417 
1.3482 16 
1.477385 
1.649975 
1.878609 
2.179039 
2.570797 
3.077953 
3.730060 
4.563334 
5.622126 
6.959964 
8.605685 

Z/C 

.000093 

.000182 

.000274 

.000379 

.000509 
.000680 
.000905 
.001202 
.001595 
.002123 
.002855 
.003904 
.005440 
.007692 
.010942 
.015557 
.022000 
.030835 
.042749 
.058546 
.079141 
.105076 
.135432 

1-P/PI INF 

.235697 

.267337 

.271826 

.283620 
.290045 
.299668 
.307777 
.316848 
.325536 
.334081 
.342193 
.349642 
.356208 
.361682 
.366061 
.369508 
.372064 
.373826 
.374957 
.375634 
.376031 
.376323 
.376488 

CP 

.446472 

.346137 

.331900 
. 294500 
.274125 
.243609 
.217894 
. 189128 
. 161577 
.134481 
.108757 
.085132 
.064313 
.046952 
.033068 
.022136 
.014029 
.008443 
.004856 
.002710 
.001448 
.000524 
.000000 

MACH 

.614898 

.656193 

.666542 

.684435 

.695713 

.710513 

.723655 

.737783 

.751399 

.764634 

.777047 

.788253 

.797886 
.805771 
.812046 
.816912 
. 820491 
.822975 
.824605 
.825632 
.826341 
. 826927 
. 827 135 

1-P1/P11NF 

.013559 

.021696 

.019086 

.019893 

.018972 

.019354 

.019043 

.019174 

.019196 

.019345 

.019622 
.020065 
.020697 
.021380 
.021965 
.022507 
.022943 
.023228 
.023377 
.023416 
.023333 
.023206 
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J.P.Veuillot 
A.M.Vuillot 02-1-6 

NACA ()012: MACH - 0.85, AL ,PHA- 1 

Q Q Q UPPER SURFACE 

Q Q 0 LOUER SURFACE 
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AR 211 

ON I R A 

NACA 0012: MACH - 0.85, ALPHA 

UPPER SURFACE 

LOUER SURFACE 
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02-1-8 

NACA 0012: MACH - 0.85, ALPHA = 1 
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J.P.Veuillot 
A.M.Vuillot 

02-1-9 

NACA 0012: MACH = 0.85. Al .PHA = 1 
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J.P.Veuillot 
A.M.Vuill»l 

()2-1-1() 

NAC A 0012: MACH - 0.85, ALPHA - I 
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upper surface 

louer surface 
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NACA 0012: MACH -0.85, ALPHA - I 

UPPER SURF 

lOIaIER SURF ^CE 



O.N.E.R.A. 
AR 211 J.P.Veuillot 

A.M.Vuillol 02-1-12 

NACA 0012: MACH-0.85. ALPHA - 1 
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J.P.Veuillot 
A.M.Vuillol 

02-1-13 

NACA 0012: MACH--0.85, ALPHA - I 

c UPPER SURFACE 

0 0 0 LOUER SURF ACE 
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J.P.Veuillol 
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02-1-14 

NACA 0012: MACH - 0.85, Al.PHA = I 

RLSU]Ü^L ^E^M 
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O.N.E.R.A. 
AR 211 

J.P.Vcuillnt 
A.M.Vuillol 

02-1-15 

NACA 0012: MACH-0.85, AI .PHA - 1 

RESIDUAL nAKinun 

MU M 

Rl=nAX OF (F - F )/DT 

F 

F 

F 

= P 
= pu 
= PV 

1
0

0
0

0
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AR 211 

J.P.Veuillot 
A.M \/uillol 

02-1-17 

NACA 0012: MACH - 0.85, ALPHA - 1 
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J.P.Veuillot 
A.M.Viiillot 

O.N.E.R.A. 

NACA 0012: MACH - 0.85, ALPHA - 1 



AR 211 
J P.Veuillol 
A.M.VuilloI 

O.N.E.R.A. 

NACA DO 12: MACH - 0.85, ALPHA - I 
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ONERA. 
AR 211 

J.P.Veuillot 
A.M.Vuillol 

02-1-24 

NACA 0012: MACH = 0.85. ALPHA - 1 

( 1 CHORD = 100 cn ) 
-. H - 
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TEST CASES FOR STEADY INVISCID 

TRANSONIC OR S» JPERSON1C FLOW 

TEST CASE 02 

NACA 0012: MACH = 0.85, ALPHA = 1 

Contributor No 2 

J.Sides 

(O.N.E.R.A., France) 
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ONERA. 

ar:ii J Sides 02-2-1 

NACA 0012: MACH - 0.85. ALPHA - I 

COl'KEIÎTS 01 CAT CUI/-tio:: for TEST CASE 02 

C-Kesii 
The mesh is constructed algehricelly from the data of points o>* 

the airfoil surface , on a cut-line and on an arbitrary external 

boundary. One family of mesh-lines is composed of parabolas 

starting from the airfoil surface and from the cut-line. The 

second family of lines is obtained by the application of a 

stretching function between the airfoil surface and the external 

boundary along each parabola. 

The total number of cells is : 188 x 24. 

There are 146 points on the airfoil surface: 

73 on the lower surface, 

73 on the upper surface. 

In a parallel direction to the x—axis, 
the distance between the leading edge and the external boundary 

is: 4 C (where U is the chord length), 
the distance between the trailing edge and the external boundary 

is 6 C . 
In a paralel direction to the z—axis, 

the distance between the airfoil surface and the external 

boundary is : about 6 C, 
» 

Convergence 
The numerical results are reported after 3000 time steps of 

the implicit method but no doubt that about 1500 steps would 

be sufficient to reach the converged solution. 
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O VE R A 

J.Sides 02-2-8 

NACA 0012: MACH - 0.85. AL PHA - 1 
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NACA (H) 12: MACH - 0.85, ALPHA - I 
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AR2II 
J.Sides 02-2-10 

NAC A (1012: MACH - 0.85. Al PHA - 1 

ir^.r'ir o O. IDL A Pl- 

O-0—o 

0- o o lOiaIER SURhACE 

as 

LtJ 

()□ 10 - 

0 o 00 

o 

O 

— 



► __m : • MK 

ONERA. 
AR 211 

J.Sides 02-2-11 

NAC A (Hll 2: MACH-0-85. Al PHA — 1 

. moc o Ci IDP A T P 

_ o o o lOiaIER SURF ^CE 



I 

/ ■ 

\ 
O N E R A. 

AR 211 J.Sides 02-2-12 

NACA 0012: MACH - 0.85. ALPHA - 1 

A*- 

RtSjpUAL HEAN 

*+L »I 
RB'-RaHnSo OF (F - F )/DT 
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On - 
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NACA0012: MACH-0.85.Al PHA — I 
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F 
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= ?° 
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O.N.E.R.A. 
AR211 J.Sides 02-2-14 

NACA (Mil 2: MACH - 0.K5. ALPHA - 1 

— 

CD 

CL 
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AR 211 J.Sides 02-2-15 

NACA 0012: MACH - 0.85. ALPHA - 1 

ONERA 

183X25 riESH (PARTIAL VIEW) 



e 

ISO-HACH LINES Dn=0o0D0 CHORD = 5 cn 

— 

.■-»£. Sm 
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UNIRA 
AR 21 I 

NACA 0012: 



J .Sides 

O.N.E.R.A. 

AR 211 

NACA 0012: MACH - 0.85, ALPHA - I 

ISO-P/PI INF DP=0.025 CHORD: 

lV -rr 
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O.N.E.R.A. 
AR 211 J.Sidès 02-2-19 

NACA 0012: MACH - 0.K5. ALPHA - 1 
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O.N.E.R.A. 
AR211 J.Sides 02-2-21 

NACA (H)12: MACH - 0.85. ALPHA - I 

I 
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ISO-PI/PI INF DPI-0¾001 CHORDS lOOCn 
nr,-i-I-I- 
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O.N.E.R.A. 

AR211 J.Sides 02-2-2 

NACA 0012: MACH - 0.85. ALPHA - 1 

LOultR SURFACE 

x/c 

.996075 
9881 18 

.979851 

.97 1086 

.961660 

.951446 

.940353 

.928329 

.915361 

.901469 

886701 
871129 
854837 
837919 

.820468 
802577 

.784331 

.765805 

.747065 

.728166 

.709153 

.690062 

.370922 

.651754 

.632575 

.613400 

.594238 

.575101 

.555995 

.536923 

.517891 

.498901 

.4'3957 

.431065 

.442229 

.423458 

.404760 

.386145 

.367623 

.349204 

.330901 

.312727 

.294698 

.276834 

.259155 

.241688 

.224461 

.207508 

.190867 
J74584 
.158708 
. 143294 
.128406 
.114109 
.100476 
.087579 
.075493 
064285 

.054018 

.044737 

.036471 

.029225 

.022982 

.017696 

.013305 

.009726 

.006870 

.004641 

.002949 

.001711 

.000853 

.000318 

.000062 

Z/C 

.000554 

.00167 1 

.002821 

.004027 

.005309 

.006682 

.008154 
-.009728 
-.011400 
-.013163 
-.015006 
-.016915 
-.018876 
-.020872 
-.022891 
-.024917 
-.026939 
-.028946 
-.030930 
-.032883 
-.034798 
-.036671 
-.038497 
-.040271 
-.041992 
-.043656 
-.045259 
-.046798 
-.048270 
-.049672 
-.05IOOO 
-.052250 
-.053419 
-.054502 
-.055494 
-.056389 
-.057183 
-.057870 
-.058443 
-.058896 
-.059222 
-.059414 
-.059466 
-.059369 
-.059116 
-.058699 
-.058112 
-.057346 
-.056395 
- 055254 

-.053917 
-.052383 
-.050651 
-.048722 
- .046603 
-.044303 
-.041838 
-.039227 
-.036494 

-.033670 
-.030786 
-.027879 
-.024983 
-.022133 
-.019356 
-.016675 
-.014107 
-.011659 
-.009332 
-.007118 
- .005004 
-.002969 
-.000984 

1-P/P1INF 

.238703 
259187 

.273851 

.284810 

.293960 

.302088 

.309539 

.316503 

.323050 
329247 

.335085 

.340623 

.345755 

.350655 

.354914 

.359221 

.362253 

.366181 

.367151 

.371246 

.368829 

.372348 

.368623 

.355165 

.468257 

.601857 
632361 

.620414 

.624813 

.620566 

.620826 

.618332 
. 617035 
.614835 
.612818 
.610319 
.607708 
.604756 
.601558 
.598033 
.594190 
.589960 
.585378 
.580379 
.574948 
.569043 
.562601 
.555562 
.547989 
.539717 

.530645 

.5209.- 

.510106 

.498476 

.485582 

.471573 

.455993 

.438893 

.419821 

.398613 

.374906 

.348310 

.318524 

.285270 

.248532 

.208491 

.166202 

.123289 

.082509 

.047090 

.020229 

.004392 

.000843 

CP 

436941 
.371982 
.325479 
.290728 
.261710 
.235934 
.212306 
.190223 
.169460 
.149809 
.131295 
.113735 
.097461 
.081921 
.068416 
.054757 
.045141 
.032686 
.029608 
.016624 
.024288 
.013130 
.024943 
.067620 
.291015 
.714683 
.811416 

-.773531 
- .787480 
-.774013 
-.774838 
-.766928 
-.762973 
-.755839 
-.749443 
-.741516 
-.733238 
-.723877 
-.713734 
-.702555 
-.690370 
-.676956 
-.662425 
-.646572 
-.629351 
-.610623 
-.590196 
-'. 567873 
-.543858 
-.517626 

-.488859 
-.457995 
-.423724 
-.386843 
-.345957 
- .301530 
-.252122 
- .197897 
-.137414 
-.070163 

.005017 

.089359 

.183813 

.289270 

.405770 

.532748 

.666853 

.802939 

.932258 
1.044576 
1.129757 
1.179978 
1.191233 

MACH 

.613239 
657241 

.676058 
691851 

.706041 

.718807 

.730482 

.741362 

.751582 

.761245 

.770351 

.778978 

.786987 

.794605 

.801280 

.807934 

.812775 

.818719 

.820519 

.826439 
823320 

.828004 

.822942 

.802618 

.958577 
1.207990 
1.292360 
1.258184 
1.271613 
1.260849 
1.262657 
1.257027 
1.254991 
1.250379 
1.246590 
1.241689 
1.236704 
1.231033 
1.224954 
1.218275 
1.211052 
1.203145 
1.194648 
1.185444 
1.175530 
1.164841 
1.153289 
1.140786 
1.127471 
1.113085 

1.097479 
1.080931 
1.062782 
1.043477 
1.022370 

.999703 

.974861 
„947901 
.918255 
.885621 
.849537 
.809322 
.764406 
.714047 
.657560 
.594048 
.523062 
.444436 
.358825 
.267674 
.172870 
.076420 
.020178 

1-P1/»IINF 

.018740 

.00JP3r 

013755 
.015113 
.015337 
.015357 
.015^72 
.015394 
.015410 
.015424 

.015428 

.015437 

.015430 

.015452 

.015418 

.015480 

.015371 

.015554 

.015271 

.015744 

.015088 

.015901 

.015144 

.014490 

.040285 

.024384 
-.008118 

.005958 
-.000384 

.002806 

.001072 

.002051 

.001511 

.001809 

.001635 

.001719 

.001658 

.001671 

.001641 

.001629 

.001600 

.001578 

.001542 

.001506 

.001461 

.001410 

.001349 

.001279 

.001199 

.001099 

.000990 

.000861 

.OOOt 38 

.000532 

.000303 

.000072 
- 000252 
-.000577 
-.001020 
-.001482 
-.002055 
-.002677 
-.003345 
-.004014 
-.004575 
-.004896 
-.004706 
-.004036 
-.002880 
-.001564 
-.000420 

.000316 

.000559 



1 

ON.E.R.A. 
AR 211 .1.Sides 02-2-3 

NACA 0012: MACH - 0.85, Al PHA - 1 

UPPER SURFACE 

N X/C Z/C 1 -P/PI INF CP MACH 1-P1/PJINF 

74 

.75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
IDO 
101 
102 
103 
104 

105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
1*20 
121 
122 
123 
124 
125 
126 
127 
128 
129 

130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 

000062 
000318 
000853 
001711 
002949 
004641 
006870 
009726 
013305 
017696 
022982 
029225 
036471 

.044737 

.054018 

.064285 

.075493 

.087579 

.100476 

.114109 

.128406 

.143294 

.158708 

.174584 

.190867 

.207508 

.224461 

.241688 

.259155 

.276834 

.294698 

.312727 

.330901 

.349204 

.367623 

.386145 

.404760 
423458 

.442229 
. 46106-, 
.479957 
498901 

.517891 

.536923 

.555995 

.575101 

.594238 

.613400 ’ 

.632575 

.651754 

.670972 

.690062 

.709153 

.728166 

.747065 

.765805 

.784331 

.802577 

.820468 
837919 

.854837 

.871129 

.886701 

.901469 

.915361 

.928329 

.940353 

.951446 

.961660 

.971086 

.979851 

.988118 

.996075 

.000984 

.002969 

. 005004 

.007118 

.009332 

.011659 

.014107 

.016675 

.019356 

.022133 

.024983 

.027879 

.030786 

.033670 

.036494 

.039227 

.041838 

.044304 

.046603 

.048722 

.050651 

.052383 

.053917 

.055254 

.056395 

.057346 
058112 
.058699 
.059116 
.059369 
.059466 
.059415 
.059222 
.058896 
.058443 

.057870 

.057184 

.056390 

.055494 

.054502 

.053419 

.052251 

.051000 

.049672 

.048270 

.046798 

.045259 

.043656 

.041993 

.040272 

.038497 

.036671 

.034799 

.032884 

.030931 

.028947 

.026940 

.024917 

.022891 

.020873 
.018871- 

.016916 

.015007 
* .013164 

.011401 

.009729 

.008155 

.006683 

.005310 

.004027 

.002821 

.001672 

.000554 

.009595 

.030566 
062754 

.103967 

.151019 

.200396 

.248987 

.294396 

.335703 

.372330 

.404596 

.432846 

.457614 

.479353 

.498576 

.515746 

.531012 

.544909 

.557356 

.568820 

.579150 

.588762 

.597457 

.605558 

.612983 

.619810 

.626178 
.632038 
.637443 
.642443 
.647076 
.651360 
.655344 
.659010 
.662401 
.665541 
.668445 
.671.134 
.673622 
.675927 
.678062 
.680045 
.681884 
.683600 
.685198 
.686703 
.688101 
689450 

.690681 

.691949 

.693010 

.694316 

.695078 

.696774 

.696712 

.699822 

.697233 

.706344 

.681126 

.500238 

.323666 

.329948 

.329260 

.319855 

.317263 

.309709 

.304216 

.296984 

.289670 

.281100 

.270893 

.257073 

.237803 

1 . 163481 
1 096979 

.994906 
864212 

.715000 

.558418 

.404329 

.260327 

.129338 

.013188 
-.089135 
- .1787 19 
- .257263 
-.326200 
-.367161 
-.441612 
- .490022 
-.534090 
-.573561 
-.609918 
-.642674 
-.673156 
-.700730 
-.726419 
-.749966 
-.771616 
-.791809 
-.810391 
-.827531 
-.843388 
-.858081 
-.871666 
-.884299 
-.895923 
- .9066(J 
-.916634 
-.925844 
-.934371 
-.942261 
-.949572 
-.956341 
-.962629 
-.968463 
-.973905 
-.978972 
-.983742 
-.988175 
-.992455 
-.996357 

-1.000381 
-1.003745 
-1.007885 
-1.010301 
-1.015679 
-1.015483 
-1.025348 
-1.017136 
-1.046028 
-.966059 
-.392431 

.167508 

.147587 

.149767 

.179593 

.187814 

.211769 

.229186 

.252120 

.275316 

.302493 

.334860 

.378685 

.439794 

. 1 16570 

.213484 

.310327 

.405468 

.496793 

.582364 

.660675 

.730924 

.793559 

.848927 
898013 

.941530 

.980296 
1.014913 
1.046130 
1.074508 
1.100241 
1.124075 
1.145814 
1.166176 
1.184823 
1.202455 
1.218637 
1.233939 
1.248154 
1.261392 
1.7 73900 

1.285542 
1.296402 
1.306554 
1.316058 
1.324924 
1.333248 
1.340968 
1.348167 
1.354881 
1.361134 
1.366962 
1.372385 
1.377441 
1.382145 
1.386538 
1.390631 
1.394468 
1.398049 
1.401446 
1.404591 
1.407676 
1.410432 
1.413403 
1.415697 
1.4 18936 
1.420249 
1.424969 
1.423329 
1.433385 
1.420672 
1.459276 
1.357002 

.956294 

.710909 

.721167 

.718087 

.704436 

.698993 

.687212 

.677780 

.665947 

.653672 

.639625 

.624229 

.606091 

.561524 

.00014 2 
-.000716 
-.001964 
-.003460 
-.004927 
-.d06079 
-.006626 
-.006634 
-.006180 
-.005548 
- 004843 
-.004155 
-.003519 
-.^02933 
-.002456 
-.002004 
-.001652 
-.001323 
-.001057 
-.000818 
-.000613 
-.000438 
-.000276 
-.000142 
- . 000020 

.000091 

.000184 

.000271 

.000348 

.0004 18 

.000478 

.000538 

.000586 

.000634 

.000676 
000715 

.000751 

.000783 
O0,'B15 
000843 

.000869 

.000892 
000917 

.000935 

.000962 

.000970 

.001009 

.000994 

.001072 

.000984 

.001190 

.000867 

.001501 

.000387 

.002506 
-.001463 

.007964 
-.016595 

.044473 

.100335 

.052618 

.C 52G23 

.054314 

.052817 

.053824 

.053281 

.053583 

.053458 

.053534 

.053290 

.051884 

.047840 

.055891 
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AGARD FDP - WG 07 

TEST CASES FOR STEADY INVISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 02 

NACA 0012: MACH = 0.85, ALPHA = 1 

Contributor No 3 

C.C.Lytton 

(R.A.E., G.B.) 

AR-211 

/ 
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1 

/ 

R/vE. 
AR 211 C.C.Lytton 

NACA 0012: MACH - 0.85. ALPHA - 1 

ALPHA 
1.000 NACA0012 . a™ HY FORMULA 0<X<1 J 

VERSION 871 KEEPS WALL CELLS ROUGHLY SAME ASPECT RATIO 

AFTER K — 1 » CELL DEPTHS INCREASE IN GEOMETRIC PROGRESSION 

TOTAL CELL DEPTH =16.0*CH0RD 

i 

CP* 
• 0.3020 

JL 
1 AO 

P < CR ) 
0.8376 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

X/C 

1.000 
0.999 
0.997 
0.995 
0.992 
0.988 
0.983 
0.978 
0.972 
0.965 
0.957 
0.948 
0.939 
0.930 
0.919 
0.908 
0.896 
0.884 
0.871 
0.857 
0.843 
0.828 
0.813 
0.797 
0.781 
0.764 
0.747 
0.730 
0.712 
0.694 
0.675 
0.656 
0.637 
0.618 
).599 
). 579 
0.559 
0.540 
0.520 
0.500 
0.480 
0.460 
0.441 
0.421 

CPS 
1.1939 

Z/C 

0, 
0, 

-0.0000 
-0.0001 
-0.0004 
-0.0007 
-0.0011 
-0.0017 
-0.0024 
-0.0031 
-0.0040 
-0.0049 
-0.0060 
-0.0071 
-0.0083 
-0.0096 
-0.0109 
-0.0124 
-0.0138 
-0.0154 
-0.0170 
-0.0186 
-0.0203 
-0.0220 
-0.0238 
-0.0255 
-0.0273 
-0.0291 
-0.0309 
-0.0327 
-0.0345 
-0.0363 
-0.0381 
-0.0399 
0.0416 
-0.0433 
-0.0449 
-0.0465 
-0.0480 
-0.0495 
-0.0509 
-0*0522 
-0.0534 
-0.0545 
-0.0556 
-0.0565 

KL 
24 

P ( ST ) 
1.5856 

1-P/H 

0.1863 
0.2061 
0.2240 
0.2381 
0.2499 
0.2600 
0.2690 
0.2774 
0.2851 
0.2924 
0.2991 
0.3054 
0.3113 
0.3169 
0.3223 
0.3275 
0.3324 
0.3372 
0.3417 
0.3461 
0.3503 
0.3543 
0.3580 
0.3614 
0.3646 
0.3675 
C.3700 
0.3719 
0.3733 
0.3742 
0.3737 
0.3723 
0.3670 
0.5644 
0.6246 
0.6222 
0.6214 
0.6201 
0.6185 
0.6168 
0.6149 
0.6128 
0.6104 
0.6078 

NEND 
0 

CP 

0.6031 
0.5404 
0.4835 
0.4389 
0.4016 
0.3694 
0.3407 
0.3143 
0.2897 
0.2668 
0.2454 
0.2255 
0.2068 
0.1889 
0.1718 
0.1554 
0.1397 
0.1246 
0.1102 
0.0963 
0.0830 
0.0704 
0.0587 
0.0478 
0.0376 
0.0285 
0.0207 
0.0145 
0.0102 
0.0073 
0.0087 
0.0132 
0.0301 

-0.5958 
-0.7867 
-0.7793 
-0.7768 
-0.7724 
-0.7676 
-0.7621 
-0.7561 
-0.7493 
-0.7419 
-0.7336 

M 

0.5331 
0.5677 
0.5988 
0.6218 
0.6413 
0.6576 
0.6719 
0.6850 
0.6971 
0.7084 
0.7190 
0.7288 
0.7380 
0.7467 
0.7551 
0.7632 
0.7709 
0.7783 
0.7855 
0.7923 
0.7989 
0.8051 
0.8109 
0.8163 
0.8213 
0.8259 
0.8298 
0.8329 
0.8350 
0.8363 
0.8358 
0.8333 
0.8249 
1.1551 
1.2721 
1.2675 
1.2659 
1.2632 
1.2602 
1.2569 
1.2532 
1.2491 
1.2446 
1.2397 

NPRNT 
0 

1-PI/H 

0.0126 
0.0120 
0.0112 
0.0112 
0.0108 
0.0107 
0.0108 
0.0108 
0.0109 
0.0110 
0.0110 
0.0110 
0.0110 
0.0110 
0.0110 
0.0110 
0.0110 
0.0109 
0.0109 
0.0108 
0.0107 
0.0107 
0.0106 
0.0106 
0.0105 
0.0104 
0.0104 
0.0103 
0.0103 
0.0104 
0.0103 
0.0105 
0.0106 
0.0031 
-0.0017 
-0.0018 
-0.0017 
-0.0017 
-0.0017 
-0.0018 
-0.0018 
-0.0019 
-0.0019 
-0.0020 

02-3-1 '1 

V 'I 



RAI 

AR 211 
C.C.Lytton 

NACA 0012: MACH - 0.85, ALPHA - I 

46 0.401 "0.0573 
4/ 0.382 -0.0580 
48 0.363 -0.0586 
49 0.344 -0.0590 
50 0.325 -0.0593 
51 0.306 -0.0594 
52 0.288 -0.0594 
53 0.270 -0.0593 
54 0.253 -0.0590 
55 0.236 -0.0585 
56 0.219 -0.0579 
57 0.203 -0.0571 
58 0.187 -0.0562 
59 0.172 -0.0551 
60 0.157 -0.0538 
61 0.143 -0.0524 
62 0.129 -0.0508 
63 0.116 -0.0491 
64 0.104 -0.0472 
65 0.092 -0.0452 
66 0.081 -0.0430 
67 0.070 -0.0407 
68 0.061 -0.0383 
69 0.052 -0.0358 
70 0.043 -0.0331 
71 0.035 -0.0304 
72 0.028 -0.0275 
73 0.022 -0.0246 
74 0.017 -0.0216 
75 0.012 -0.0184 
76 0.008 
77 0.005 
78 0.003 
79 0.001 
80 0.000 

81 0.000 
82 0.001 
83 0.003 
84 0.005 
85 0.008 
86 0.012 
87 0.017 
88 0.022 
89 0.028 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 

0.6050 -0.7247 
0.6019 -0.7147 
0.5984 -0.7038 
0.5947 -0.6920 
0.5906 -0.6790 
0.5861 -0.6648 
0.5816 -0.6505 
0.5766 -0.6347 
0.5710 -0.6170 
0.5651 -0.5982 
0.5590 -0.5787 
0.5518 -0.5561 
0.5453 -0.5353 
0.5374 -0.5103 
0.5284 -0.4818 
0.5203 -0.4560 
0.5098 -0.4227 
0.5002 -0.3922 
0.4889 -0.3564 
0.4771 -0.3191 
0.4637 -0.2765 
0.4501 -0.2334 
0.4340 -0.1825 
0.4162 -0.1259 
0.3966 -0.0639 
0.3741 0.0077 
0.3491 0.0867 
0.3203 0.1782 
0.2854 0.2890 

0.4178 
0.5772 
0.7569 
0.9517 
1.1390 
1.2094 

1.1762 
0.9926 
0.7430 
0.5195 
0.3167 
0.1506 
0.0163 

-0.0909 
-0.1797 
-0.2537 
-0.3174 
-0.3806 
-0. >'238 
-0.4713 
-0.5142 
-0.5488 
-0.5836 
-0.6160 
-0.6422 
-0.6703 
-0.6965 
-0.7194 
-0.7413 
-0.7617 
-0.7804 

1.2344 -0.0022 
1.2285 -0.0023 
1.2221 -0.0024 
1.2151 -0.0025 
1.2075 -0.0026 
1.1993 -0.0026 
1.1912 -0.0030 
1.1820 -0.0029 
1.1719 -0.0030 
1.1614 -0.0033 
1.1503 -0.0031 
1.1380 -0.0035 
1.1267 -0.0038 
1.1130 -0.0038 
1.0977 -0.0041 
1.0842 -0.0045 
1.0665 -0.0045 
1.0506 -0.0047 
1.0324 0.0052 
1.0131 -0.0051 
0.9919 -0.0057 
0.9701 -0.0057 
0.9449 -0.0058 
0.9170 -0.0059 
0.8866 -0.0058 
0.8516 -0.0055 
0.8129 -0.0050 
0.7686 -0.0048 
0.7143 -0.0041 
0.6497 -0.0029 
0.5692 -0.0035 
0.4717 -0.0042 
0.3482 -0.0044 
0.1968 -0.0096 
0.0715 -0.0085 
0.1559 -0.0114 
0.3171 -0.0041 
0.4732 0.0001 
0.5939 0.0005 
0.6950 0.0010 
0.7769 0.0001 
0.8427 -0.0007 
0.8956 -0.0012 
0.9403 -0.0022 
0.9787 -0.0038 
1.0096 -0.0020 
1.0437 -0.0037 
1.0652 -0.0022 
1.0908 -0.0025 
1.1141 -0.0025 
1.1328 -0.0021 
1.1518 -0.0014 
1.1699 -0.0011 
1.1848 -0.0010 
1.2004 0.0001 
1.2158 0.0001 
1.2294 0.0003 
1.2423 0.0008 
1.2546 0.0011 
1.2660 0.0012 

1.035 
).043 
>. 052 
).061 
).070 
).081 
).092 
).104 
).116 
0.129 
0.143 
0.157 
0.172 
0.187 
0.203 
0.219 

-0.0153 
■0.0120 
-0.0086 

•0.0052 
-0.0018 

0.0018 
0.0052 
0.0086 
0.0120 
0.0153 
0.0184 
0.0216 
0.0246 
0.0275 
0.0304 
0.0331 
0.0358 
0.0383 
0.0407 
0.0430 
0.0452 
0.0472 
0.0491 
0.0508 
0.0524 
0.0538 
0.0551 
0.0562 
0.0571 
0.0579 

0.2448 
0.1945 
0.1378 
0.0764 
0.0173 

-0.0049 

0.0056 
0.0635 
0.1422 
0.2127 
0.2766 
0.3290 
0. ¿5713 
0.4052 
0.4332 
0.4565 
0.4766 
0.4965 
0.5101 
0.5251 
0.5386 
0.5495 
0.5605 
0.5708 
0.5790 
0.5879 
0.5961 
0.6033 
0.6103 
0.6167 
0.6226 



lOA 0.236 
107 0.253 
103 0.270 
109 0.288 
HO 0.306 
Ul 0.325 
112 0.344 
113 0.363 
114 0.382 
115 0.401 
116 0.421 
117 0.441 
118 0.460 
119 0.480 
120 0.500 
121 0.520 
122 0.540 
123 0.559 
124 0.579 
125 0.599 
126 0.618 
127 0.637 
128 0.656 
129 0.675 
130 0.694 
131 0.712 
132 0.730 
133 0.747 
134 0.764 
135 0.781 
136 0.797 
137 0.813 
138 0.828 
139 0.843 
140 0.857 
141 0.871 
142 0.884 
143 0.896 
144 0.908 
145 0.919 
146 0.930 

0.0585 
O.0590 
0.0593 
0.0594 
0.0594 
0.0593 
0.0590 
O.0586 
O.0580 
O.0573 
0.0565 
O.0556 
0.0545 
0.0534 
0.0522 
0.0509 
0.0495 
0.0480 
0.0465 
0.0449 
0.0433 
0.0416 
0.0399 
0.0381 
0.0363 
0.0345 
0.0327 
0.0309 
0.0291 
0.0273 
0.0255 
0.0238 
O.0220 
0.0203 
0.0186 
0.0170 
0.0154 
0.0138 
0.0124 
0.0109 
0.0096 

147 0.939 0.0083 
148 0.948 0.0071 
.:49 0.957 0.0060 
150 0.965 0.0049 
151 0.972 0.0040 
152 0.978 0.0031 
153 0.983 0.0024 
154 0.988 0.0017 
155 0.992 0.0011 
156 0.995 0.0007 
157 0.997 0.0004 
158 0.999 0.0001 
159 1.000 0.0000 

O.6282 
O.6336 
0.6385 
0.6432 
0.6475 
0.6517 
O.6555 
O.6590 
0.6622 
O.6652 
0.6680 
0.6707 
0.6731 
0.6754 
0.6776 
0.6795 
0.6814 
0.6831 
0.6847 
0.6861 
0.6876 
0.6889 
0.6902 
0.6914 
0.6926 
0.6937 
0.6949 
0.6959 
0.6970 
0.6980 
0.6989 
0.6998 
0.7021 
0.6894 
0.3619 
0.3372 
O.3353 
0.3315 
0.3270 
0.3219 
0.3166 
0.3109 
0.3050 
0.2988 
0.2923 
0.2853 
0.2776 
O.2693 
0.2601 
0.2499 
0.2380 
0.2237 
0.2053 
0.1862 

-0.7982 
-0.8152 
-0.8310 
-0.8457 
-0.8595 
-0.8726 
-0.8847 
-0.8959 
-0.9061 
-0.9156 
-0.9245 
-0.9329 
-0.9407 
-0.9480 
-0.9548 
-0.9610 
-O.9668 
-0.9722 
-0.9772 
-0.9820 
-0.9865 
-0.9907 
-0.9947 
-0.9986 
-1.0024 
-1.0060 
-1.0096 
-1.0130 
-1.0164 
-1.0195 
-1.0224 
-1.0253 
-1.0326 
-0.9922 

0.0463 
0.1245 
0.1306 
0.1426 
0.1570 
0.1730 
0.1900 
0.2080 
0.2267 
0.2462 
0.2669 
0.2891 
0.3134 
0.3400 
0.3692 
0.4016 
0.4393 
0.4844 
0.5427 
0.6034 

1.2769 
1.2876 
1.2976 
1.3070 
1,3158 
1.3246 
1.3328 
1.3403 
1.3471 
1.3533 
1.3593 
1.3649 
1.3703 
1.3753 
1.3800 
1.3843 
1.3884 
1.3922 
1.3958 
1.3992 
1.4023 
1.4053 
1.4081 
1.4109 
1.4136 
1.4162 
1.4187 
1.4212 
1.4237 
1.4260 
1.4282 
1.4298 
1.4366 
1,4864 
O.8002 
0.7632 
0.7615 
0.7558 
0.7484 
0.7402 
0.7314 
0.7222 
0.7126 
0.7026 
0.6919 
0.6804 
0.6678 
0.6540 
0.6389 
0.6217 
0.6015 
0.5778 
0.5455 
0.5104 

0.0015 
0.0017 
0.0017 
0.0018 
0.0020 
0.0018 
0.0016 
0.0016 
0.0016 
0.0018 
0.0021 
O.0022 
0,0023 
0.0024 
O.0024 
O.0025 
0.0025 
0.0024 
0.0024 
O.0024 
O.0025 
O.0026 
0.0027 
0.0027 
0.0028 
0.0029 
0.0029 
0.0029 
0.0029 
O.0029 
0.0029 
O.0037 
0.0016 

-0.1182 
0.0271 
0.0253 
0.0241 
0.0239 
0.0241 
0.0243 
O.0245 
0.0247 
0.0250 
0.0252 
0.0254 
0.0257 
O.0259 
0.0261 
0.0262 
O.0265 
0.0269 
0.0267 
0.0272 
0.0279 
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k.VE. 
AR2I1 C.C.Lytton 02-3-4 

NAC A 0012: MACH - « 85, ALPHA - 1 
- ^ ^ 

CL= 0.3Ó371 CD= 0.05559 CM= --0.12092 

GAMMA AROUND PROFILE = 0.18696 

K GAMMA 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

0.18737 
0.18919 
0.18518 
0.18629 
0.18360 
0.18179 
0.18084 
0.17853 
0.17571 
0.17226 
0.16930 
0.16974 
0.17378 
0.17664 
0.17863 
0.18002 
0.18044 
0.18081 
0.18169 
0.18284 
0.18357 
0.18421 
0.18687 

CD (SHOCK INTEGRAL - Mk.2) 0.05252 
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NAC* 001a 
MACH NO.« 0.85 

-CP • 2(F-1 ) 
INCIDENCE« 

C.C.LYTTON 
CD- 0.056 

0.07 

1.6 F 1.8 / 

/ 
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AR 211 C.C.Lytton 02-3-7 

NACA 0012: MACH - 0.85. ALPHA - 1 

NACA 0012 1-P/H - F/2 C.C.LVTTON 

MACH NO.» 0.85 INCIDENCE» 1.00 CL» 0.364 
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i 

NACA 0012 1-P'H • F/2 C.C.LYTTON 
MACH NO.- 0.85 INCIDENCE- LOO CD" 0.056 



/ 
\ 

RAF. 
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NACA 0012: MACH - 0.85, ALPHA - 1 

C.C.Lytton 02-3-0 

NACA 0012 H « F 

NACH NO.- 0.85 INCIDENCE- 1.00 CL- 0.364 

C.C.LVTTON 
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C.C.Lytton 02-3-10 

NACA 0012: MACH - 0.85. Al PHA-l 

1 

NACA 0012 
NACH NO.- 

N • F 
incidence 

C.C.LYTTON 

CD- 0.056 

-o. or? 

-0.03 

0.2 0.4 0.6 
1.6 F 1.8 
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NACA 0012: MACH “0.85, Al _PHA - 1 

NACA 0012 

HACH NO.- 

1-PI/H*0♦1CF-1 ) 

0.85 INCIDENCE* 1.00 

C.C.LVTTON 

CL* 0.364 

0.0 -- "1 
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" 

1-1 
0.2 - T 

Ü _ 
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RAE. 

NACA 00IS l-PI/H-0.> 
MACH NO. * 0.85 INCIDENCE- 1.00 

C.C.LVTTON 
CD- 0.056 
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N A S A. AMES 
AR 211 T.H.Pulliam 

J.T.Barton 02-5-1 

NACA 0012: MACH - 0.85. ALPHA - 1 

§6b AGARD02 NACA0012 M = 0.85 a = 1.0 
Grid 

The grid for AGARD02 is presented in Figures 2a - 2e, with the full extent 
given in Fig. 2a and closeups in Figs. 2b - 2e. There are 34 points in the wake 
from the trailing edge to the far field right boundary. A total of 181 points 
are distributed on the body (91 on the upper and 90 on the lower surface) 
with clustering at the leading edge (minimum Az = 0.002) and clustering 
at the trailing edge (minimum Ax = 0.004). The minimum spacing in the 
normal direction is dy = 0.005 and exponential stretching is used to the 
outer boundary. The physical extent of the domain is —48.0 < x < 96.0 
and —96.0 < y < 96.0. 

Convergence Histories 
The residual and AQ histories are given in Figs. 2f - 2i. Again note the 

high frequency oscillation for the initial part of convergence and then the 
smooth convergence rates. The high frequency oscillation is due to a rapid 
one or two point motion of the shock system in the initial set up of the flow. 
This usually occurs out in the field about at the top of the shock. Maximum 
residuals occur in that location. 

The residuals and AQ were decreased by over 5 orders of magnitude in 
2000 iterations. The solution was actually converged to plotting accuracy in 
about 600 iterations, as demonstrated by the convergence histories for 
Co,and Cpnt in Figs. 2j - 21. 

Surface Plots 
Surface values are plotted versus x and y in Figs. 2m - 2t. Note that all 

the shocks calculated are three point shocks, with very sharp profiles. The 
upwind operator eliminates pre-shock oscillations, except for the one point 
overshoot for the upper surface due to the transition operator. This overshoot 
is dependent on the switching point logic defined above and the location of 
a point near C*, see Fig. 2o. When a grid point falls near C* the switching 
point logic chooses the next point back as the transition point. Though 
one may try to fix this overshoot problem by various strategies involving 
the placement of the transition point, the most robust method found was 
to place it at the last supersonic point. These strategies are complicated 
by the curvature of the shock in computational space arising from the high 
aspect ratio of cells away from the body, as discussed in the previous section 
on AGARD01. The transition point cannot be forced to always lie in the 
middle of the shock because of possibility of unstable upwind differencing in 
subsonic regions. Post^shock oscillations are due to the central differencing 
in the subsonic regions. These comments apply to all the shocks obtained in 
this study. The surface plots show the actual distribution of points on the 
body which are then connected by lines. 
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Tabulated data for the surface values are presented in Table 2. The 
converged values for lift, drag, and moment are 

Cl = 0.38895, Co = 0.05900, Cprri = —0.13782, 

with computed circulation F = 0.20053. 

Flowfield Contours 

Flow field contours for this case are presented in Figs. 2u - 2ae. Ma^h 
contours in Fig.2u are smooth and exhibit sharp captured shocks. I1 igure . * 
shows the relative thickness of upper surface shock. In Fig. 2x, a farfl»; 
view is shown, demonstrating how far away the farfield boundaries are fr()m 
any large gradients in the solution. 

Stagnation pressure and temperature are shown for the nose region in Fi.^5, 
2ab and 2ae. Again, good stagnation values are obtained at the nose. T e 
stagnation temperature field is essentially constant, with variations only m 
the 3rd decimal place, while for stagnation pressure all the variation is n(jar 
the upper surface shock. 
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NACA0012: MACH-0.85.A1 PHA- 1 

Ent«r Q f11« na««: 
NACA««12 

N X/C 

1 96.«««««« 
2 74.2«7««1 
3 57.4«25S« 
4 44.4548«« 
5 34.47863« 
6 26.792«36 
7 2«.869555 
8 16.3«6313 
9 12.79«356 

1« 1«.«81329 
U 7.994*38 
12 6.386789 
13 5.146642 
14 4.191885 
15 3.46625« 
16 2.889447 
17 2.452727 
18 2.116237 
19 1.856973 
2« 1.657212 
21 1.5«3296 
22 1.384 785 
23 1.293332 
24 1.222929 
25 1.168683 
26 1.126888 
27 1.«94684 
28 1.«69872 
29 1.858754 
3« 1.«36*24 
31 1.824674 
32 1.815929 
33 1.««9192 
34 l.««4««« 
35 1.*««««« 
36 «.995928 
37 «.991619 
38 «.987*54 
39 «.982211 
4« «.977*68 
41 «.9716«* 
42 8.965779 
43 «.969576 
44 «.952956 
45 «.945886 
46 «.938326 
47 «.93*236 
48 «.921673 
49 «.91229« 

Mach - «.86« Alpha - 1.*** ftaautta on tha airfoil aurfaca 

V/C 

*.«*«««« 
0.000800 
0.000000 
«.•««««« 
«.««««*« 
0.000000 
«.«««««« 
«.«««««« 
«.«**«0« 
«.«««««« 
«.«««««« 
«.«««««« 
«.««*««« 
«.«««««« 
«.«««««« 
«.««**«« 
«.«««««« 
«.«««««« 
«.«««««« 
«.«««««« 
*.«««««« 
«.«««««« 
«.«««««« 
«.«**««« 
«.«««««« 
«.«««««« 
«.«««««« 
«.««««*« 
«.«««««« 
0.8«««*« 
0.000000 
0.000000 
«.«««««« 
«.«««««« 
«.«««««« 

-«.«««581 
-«.««1193 
-«.«81838 
-«.««2518 
-«.««3236 
-«.««3994 
-«.««4795 
-«.««5643 
-«.«06541 
-«.««7492 
-«.««85«« 
-«.««9568 
-«.«1«7«1 
-«.«119*2 

1-P/P1 Inf 

«.376489 
«.37652« 
«.376558 
0.376599 
«.376641 
«.376686 
».376733 
«.37678« 
«.3768*9 
».376797 
8.37671« 
».376497 
«.376*82 
«.375361 
«.374199 
«.372433 
«.369905 
«.366493 
«.362148 
«.3569*6 
«.35*892 
«.344274 
*.3372*6 
«.3298*7 
«.322166 
«.314298 
«.3«62«1 
».297857 
8.289165 
«.28*116 
«.27*482 
8.259957 
«.249221 
0.235541 
«.188256 
«.218193 
«.248151 
«.267622 
8.266913 
«.2737*6 
«.28*876 
«.286573 
«.292545 
«.297667 
«.3*2941 
8.387726 
«.312576 
«.317168 
«.321749 

Cp 

-«.«««««1 
-«.«««1«« 
-«.***221 
-«.«««35« 
-8.088485 
-0.**0626 
-*.«*»777 
-«.«««925 
-*.»01016 
-«.«««979 
-*.000705 
-«.««««27 
«.««1289 
«.««3574 
«.««7261 
«.«12861 
«.«2*877 
«.«31695 
«.«45476 
«.«62*98 
«.«81171 
«.1*2156 
«.124569 
«.149*33 
«. 172265 
«.197215 
«.222893 
«.249351 
*.276917 
«.3*5614 
«.336163 
0.36954« 
«.4*3587 
«.446967 
«.596915 
«.5*198« 
«.4*6978 
«.376945 
«.347483 
«.32594« 
«.3«3Z«5 
«.285135 
«.266199 
».249957 
«.233231 
«.218*57 
«.2*2676 
«.188115 
».173586 

Mach 

«.850135 
«.85*167 
«.850*62 
0.844683 
«.948910 
0.847689 
«.846*25 
«.843975 
«.841684 
«.83941« 
«.83753« 
«.8364*2 
«.836*64 
«.835952 
«.83494« 
«.8319*4 
«.826425 
«.818959 
«.818252 
«.888785 
*.79*357 
*.779259 
*.767587 
«.7555*7 
«.7431*2 
«.73*394 
*.717361 
«.7*3939 
0.689994 
*.675434 
«.659923 
*.642796 
«.625*49 
8.602775 
0.58787« 
«.616213 
«.639848 
«.657*64 
0.672778 
«.686968 
«.696619 
«.7*8752 
*.715897 
«.726525 
«.7327*9 
«.74218« 
«.748168 
«.756697 
«.762711 

1-P1/P1inf 

-0.00*140 
-«.000112 
0.000048 
0.0J0507 
0.001377 
0.002713 
«.«*45*9 
«.««6693 
«.009088 
0.011390 
0.01316^ 
0.01396a 
0.013655 
0.012630 
0.011819 
0.01210? 
0.013658 
«.«15801 
0.017699 
0.019020 
0.019923 
0.02062: 
0.021176 
0.021606 
0.021961 
0.022238 
0.02244 
0.022619 
0.022715 
0.022792 
0.022811 
0.022881 
0.02305 i 
0.022803 

-0.025673 
-0.010096 
0.009718 
0.007993 
0.007164 
0.00411 ? 
0.005501 
0.002605 
0.004534 
0.002088 
0.003912 
*.00198- 
*.00339 
0.002026 
0.003022 

1-Tl/T1*f 

-*.000232 
-0.000189 
-0 £00147 
-0 ¿00114 
-0. Jfl'1 
-0.J000-- 
-0.000066 
-0.000059 
-0 000051 
-*». ’0039 
-0.0000 
0.000088 
0.000047 
0.000089 
0.000121 
0.0001'9 
0.00014- 
f 700085 
0. «100058 
0.000039 
0.000028 
0 0000?I 
0.0000:: 
0 000009 
0.000003 

-0 ¿000IB- 
-0.000010 
-0 ¿*0016 
-0.0000^3 
-0.0000-3 
-0.00003? 
-0.000044 
-0.000014 
-0 0001 ? 
0.000000 
0.000000 
0.000000 
0.000000 
0.00 T0.0 
0 00000 
0.J00000 
0.0000w¿ 
0.000000 
0.000*/ 0 
0.00004. J 

0.000000 
0.000000 
0 ¿00 0 
0.^000.0 
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NACA 0012: MACH-0.85, Al PHA - 1 

N A S A. AMES 

NACA««12 

X/C 

Mach • «.85« 

i/C 

Alpha - 1.««« 

1-P/P1Inf 

Rasults on tha airfoil surfac« 

1-P1/P1 Inf 1-Tl/Tlr.f 

S« 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
8« 
81 
82 
83 
84 
85 
86 
87 
88 
89 
9« 
91 
92 
93 
94 
95 
96 
97 
98 
99 

«.982341 
f.891677 
«.888251 
«.868818 
8.854941 
8.848986 
8.826136 
8.818388 
8.79376« 
8.776297 
8.758872 
8.739188 
8.719777 
0.700080 
0.680011 
0.660016 
0.640017 
0.620011 
0.600000 
0.579591 
0.558263 
0.536110 
0.513259 
0.489864 
0.466105 
0.442183 
0.418302 
0.394669 
0.371476 
0.348893 
0.327065 
0.306103 
0.286092 
0.267080 
0.249094 
0.232136 
0.216190 
0.201225 
0.187204 
0.174078 
0.161800 
0.150317 
0.139578 
0.129532 
0.120132 
0.111330 
0.103084 
0.095354 
0.088101 
0.081291 

-0.013174 
-0.014522 
-0.015947 
-0.017462 
-0.019037 
-0.020702 
-0.022444 
-0.024258 
-0.026137 
-0.028070 
-0.030043 
-0.032040 
-0.034042 
-0.036028 
-0.037979 
-0.039873 
-0.041708 
-0.043481 
-0.045191 
-0.046866 
-0.048537 
-0.050183 
-0.1 >1780 
-0.053300 
-0.054717 
-0.056004 
-0.057137 
-0.058097 
-0.058869 
-0.059444 
-0.059820 
-0.059999 
-0.059989 
-0.059799 
-0.059445 
-0.058941 
-0.058303 
-0.057546 
-0.056686 
-0.055737 
-0.054711 
-0.053619 
-0.052472 
-0.051279 
-0.050047 
-0.048782 
-0.047490 
-0.046175 
-0.044840 
-0.043489 

0.326199 
0.330610 
0.334939 
0.339185 
0.343367 
0.347429 
0.351361 
0.355102 
0.358581 
0.361691 
0.364660 
0.366396 
0.366190 
0.371718 
0.372502 
8.325549 
0 403863 
0.610418 
0.626945 
0.626019 
0.624681 
0.623107 
0.621323 
0.619071 
0.616550 
0.613640 
0.610441 
0.606910 
0.603069 
0.598849 
0.594241 
0.589244 
0.583929 
0.578318 
0.572458 
0.566397 
0.560130 
0.553670 
0.547049 
0.540276 
0.533363 
0.526313 
0.519136 
0.511817 
0.504361 
0.496754 
0.488979 
0.481025 
0.472865 
0.464480 

0.159475 
0.145488 
0.131759 
0.118294 
0.105031 
0.092150 
0.079682 
0.067819 
0.056788 
0.046925 
0.037509 
0.032004 
0.032658 
0.015127 
0.012640 
0.161536 

-0.086809 
-0.741830 
-0.794242 
-0.791306 
-0.787062 
-0.782069 
-0.776413 
-0.769270 
-0.761277 
-0.752048 
-0.741904 
-0.730707 
-0.718526 
-0.705144 
-0.690532 
-0.674685 
-0.657831 
-0.640038 
-0.621452 
-0.602233 
-0.582359 
-0.561874 
-0.540877 
-0.519399 
-0.497477 
-0.475120 
-0.452359 
-0.429151 
-0.405505 
-0.381385 
-0.356726 
-0.331502 
-0.305628 
-0.279036 

0.770564 
0.776663 
0.783948 
0.790125 
0.796906 
0.802960 
0.809230 
0.814926 
0.820393 
0.825189 
0.829769 
0.832576 
0.832660 
0.839773 
0.840625 
0.781338 
0.875504 
1.245816 
1.286831 
1.284922 
1.282377 
1.279254 
1.275747 
1.271486 
1.266540 
1.261041 
1.254874 
1.248244 
1.240967 
1.233105 
1.224518 
1.215549 
1.206216 
1.196265 
1.185764 
1.175017 
1.163990 
1.152750 
1.141314 
1.129722 
1.118010 
1.106187 
1.094223 
1.082133 
1.069903 
1.057525 
1.044987 
1.032211 
1.019163 
1.005833 

0.00206 
0.F02732 
0.002127 
0.002475 
0.002134 
0.002329 
0.002110 
0.002172 
0.002062 
0 002056 
0.002053 
0.001919 
0.00150b 
0.00295s 
0.003330 

-0.009387 
0.017921 

-0.003520 
-0.015334 
-0.015229 
-0.015363 
-0 015332 
-0.015324 
-0.01 55Z 
-0.015469 
-0.0L5C59 
•0.015655 
-0.01583. 
-0.015880 
-0.016031 
-0.016108 
-0.016549 
-0.017182 
-0.017598 
-0.01776: 
-0.017954 
-0.018131 
-0.018341 
-0.018533 
-0.01872 
-0.018940 
-0.019189 
-0.019395 
-0.019612 
-0.019814 
-0. :20017 
-0.02024. 
-0.020411 
-0.0.0533 
-0.020638 

0.000000 
0 800000 
0.0000.0 
0 000000 
0 J0 00 
0 01 /00»' 
0.0000«/* 
0.000000 
0.000000 
0.0000Í:- 
0.00 '00* 
0 '00001 
0.000000 
0.000000 
0.0000 ’ 
0 00 
0 J00000 
0.000000 
0.000000 
0.0000*,.’ 
0.000000 
0 ;*0000 
0.000000 
0.000000 
0.0000P 
0.000000 
0. ’00000 
0.0000*0 
0.000000 
0.000000 
0.0000^0 
0.*000*0 
0.3000«/* 
0.000000 
0 0000 ^ 
0.7000*0 
0.000000 
0.0000'»'» 
0.0000*0 
0.000070 
0 00000 
0.00000. 
0.000000 
0.000000 
0 0/-0000 
0 9*00o0 
0 0000 0 
0.000000 
0.000000 
0.000000 
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NACA 0012: MACH - 0.85. AI PHA - 1 

NACAffi 2 

X/C 

Mach - 0.85» 

V/C 

Alpha - 1.fff 

1-P/P1Inf Cp 

Rasulta on tha airfoil aur.’aca 

1-P1/P1Inf 1-T1/T1nf 

Iff 
Ifl 
1» 2 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 

27 
i 9 
U 
13k 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
US 

0.074893 
0.068877 
0.063216 
0.057886 
0.052864 
0.048132 
0.043670 
0.039463 
0.035496 
0.031756 
0.028231 
0.024914 
0.021795 
0.018869 
0.016132 
0.013583 
0.011221 
0.009050 
0.007078 
0.005315 
0.003777 
0.002480 
0.001447 
0.000675 
0.000176 
0.000000 
0.000175 
0.000665 
0.001415 
0.002406 
0.003637 
0.005083 
0.006722 
0.008538 
0.010517 
0.012647 
0.014923 
0.017339 
0.019892 
0.022582 
0.025409 
0.028374 
0.031480 
0.034730 
0.030129 
0.041682 
0.045395 
0.049274 
0.053327 
0.057562 

-0.042123 
-0.040743 
-0.039352 
-0.037949 
-0.036534 
-0.035107 
-0.033666 
-0.032212 
-0.030741 
-0.029253 
-0.027744 
-0.026212 
-0.024654 
-0.023065 
-0.021441 
-0.019779 
-0.018071 
-0.016315 
-0.014503 
-0.012634 
-0.010705 
-0.008720 
-0.006695 
-0.004598 
-0.002360 
0.000000 
0.002351 
0.004563 
0.006622 
0.008591 
0.010511 
0.012364 
0.014148 
0.015867 
0.017524 
0.019124 
0.020673 
0.022175 
0.023636 
0.025059 
0.026448 
0.027807 
0.029139 
0 030445 
0.031729 
0.032992 
0.034235 
0.035460 
0.036668 
0.037861 

0.455840 
0.446909 
0.437648 
0.428016 
0.417962 
0.407415 
0.396325 
0.384577 
0.372136 
0.358816 
0.344605 
0.329216 
0.312705 
0.294643 
0.275203 
0.253753 
0.230667 
0.205125 
0.177799 
0.147912 
0.1 16951 
0.085370 
0.056497 
0.032701 
0.019198 
0.020806 
0.039023 
0.070057 
0.107400 
0.145650 
0.183800 
0.219037 
0.251614 
0.280405 
0.306657 
0.329805 
0.350929 
0.369699 
0.386885 
0.402308 
0.416489 
0.429391 
0.441316 
0.452314 
0.462559 
0.472123 
0.481107 
0.489583 
0.497614 
0.505246 

-0.251638 
-0.223317 
-0.193949 
-0.163401 
-0.131521 
-0.098075 
-0.062906 
-0.025651 
0.013802 
0.056041 
0.101108 
0.149907 
0.202266 
0.259544 
0.321192 
0.389213 
0.462425 
0.543423 
0.630077 
0.724855 
0.823037 
0.923187 
1.014745 
1.090209 
1.133029 
1.127928 
1.070159 
0.971745 
0.853326 
0.732028 
0.611048 
0.499306 
0.395996 
0.304697 
0.221448 
0.148041 
0.081051 
0.021531 

-0.032969 
-0.081878 
-0.126850 
-0.167763 
-0.205579 
-0.240455 
-0.272945 
-0.303273 
-0.331764 
-0.358641 
-0.384111 
-0.408313 

0.992144 
0.978026 
0.963396 
0.948167 
0.932226 
0.915425 
0.897629 
0.878600 
0.858173 
0.835960 
0.811806 
0.785076 
0.755690 
0.722693 
0.686211 
0.644880 
0.599223 
0.547469 
0.490833 
0.427311 
0.359235 
0.284732 
0.208030 
0.125139 
0.041087 
0.052175 
0.147588 
0.232865 
0.316603 
0.395128 
0.470813 
0.539904 
0.604310 
0.661576 
0.713803 
0.759606 
0.800939 
0.837117 
0.869649 
0.898313 
«.924176 
0.947280 
0.968304 
0.987415 
1.005018 
1.021307 
1.036497 
1.050770 
1.064252 
1.077061 

-0. .12068. 
-0.020bj6 
-0.020529 
-0.02028*. 
-0.019864 
-0.019249 
-0.01837. 
-0.017195 
-0.015605 
-0.013531 
-0.010893 
-0.007571 
-0.00353 
0.001312 
0.006831 
0.012980 
0.019309 
0.02548. 
0.03058o 
0.033938 
0.034574 
0.032403 
0.027605 
0.022055 
0.018038 
0.018939 
0.024291 
0.034277 
0.043184 
0.048577 
0.049979 
0.047729 
0.042192 
0.034745 
0.026244 
0.017780 
0.009673 
0.002485 

-0.003798 
-0.009033 
-0.013361 
-0.016811 
-0.019560 
-0.021684 
-0.023321 
-0.024564 
-0.026477 
-0.026149 
-0.026613 
-0.026919 

0. 00000 
» 00J0*« 
0 0Í 0»' 
0.0000*’ 
0.000000 
0 000. 1 
0 000000 
0 0000 '0 
0.000000 
0.300k' 3 
0.000000 
0.000000 
0 000000 
0 Y0U0* 1 
0 *>00i » 
0.000000 
0 000000 
0.J000U0 
0.00009* 
k> 00000k 

0.0000*« 
0.0000lué 
0.000000 
0.000000 
0.300000 
0.000000 
0 9000*0 
0.0000*0 
0 '000’0 
0.000000 
0.000000 
0.000000 
0.000000 
0.0000*0 
0 300000 
0.0000*0 
0.000000 
0.000000 
0.000000 
0.000030 
0.»000.0 
0.000000 
0.000000 
0.000000 
0 '00030 
0.000000 
0.000000 
0.000000 
0 100000 
0.000000 
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02-5-6 

NACA 0012: MACH - 0.H5. ALPHA - 1 

NACAfflZ Mach - 0.85« Alpha - 1.000 Raaulta on tha airfoil aurfaca 

N X/C v/c 1-P/P1 Inf Cp Mach 1*P1/P 11nf !•*i/TInt 

150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 

0.061988 
0.066613 
0.071450 
0.076508 
0.081801 
0.087342 
0.093144 
0.099223 
0.105595 
0.112278 
0.119291 
0.126653 
0.134387 
0.142514 
0.151060 
0.160049 
0.169508 
0.179467 
0.189955 
0.201003 
0.212641 
0.224904 
0.237822 
0.251428 
0.265753 
0.280827 
0.296674 
0.313317 
0.330773 
0.349049 
0.368147 
0.388057 
0.408755 
0.430205 
0.452356 
0.475141 
0.498477 
0.522266 
0.546400 
0.570757 
0.595210 
0.619628 
0.643881 
0.667845 
0.691405 
0.714455 
0.736907 
0.758685 
0.779731 
0.800000 

0.039037 
9.040199 
0.041345 
0.042477 
0.043593 
0.044694 
0.045779 
0.046846 
0.047895 
0.048924 
0.049931 
0.050914 
0.051871 
0.052799 
0.053694 
0.054553 
0.055371 
0.056144 
0.056867 
0.057534 
0.058138 
0.058672 
0.059129 
0.059501 
0.059779 
0.059954 
0.060017 
0.059959 
0.059770 
0.059441 
0.058965 
0.058335 
0.057545 
0.056592 
0.0554/4 
0.054194 
0.052755 
0.051163 
0.049430 
0.047568 
0.045591 
0.043515 
0.041358 
0.039139 
0.036874 
0.0J4682 
0.032278 
0.029978 
0.027693 
0.025436 

0.512531 
0.519517 
0.526233 
0.532702 
0.538962 
0.545023 
0.550920 
0.556656 
0.562261 
0.567736 
0.573097 
0.578357 
0.583529 
0.588606 
0.593605 
0.598527 
0.603382 
0.608157 
0.612872 
0.617510 
0.622083 
0.626572 
0.630993 
0.635327 
0.639567 
0.643719 
0.647737 
0.651662 
0.655461 
0.659123 
0.662635 
0.665989 
0.669180 
0.672209 
0.675070 
0.677751 
0.680248 
0.682557 
0.684691 
0.686662 
0.688495 
0.690209 
0.691828 
0.693359 
0.694823 
0.696226 
0.697580 
0.698890 
0.700162 
0.701455 

-0.431414 
-0.453569 
-0.474865 
-0.495381 
-0.515233 
-0.534453 
-0.553152 
-0.571341 
-0.689118 
-0.606479 
-0.623479 
-0.640161 
-0.656563 
-0.672662 
-0.688513 
-0.704122 
-0.719519 
-0.734661 
-0.749614 
-0.764321 
-0.778822 
-0.793058 
-0.807078 
-0.820820 
-0.834267 
-C.847435 
-0.860176 
-0.872623 
-0.884671 
-0.896282 
-0.907419 
-0.918056 
-0.928175 
-0.937781 
-0.946854 
-0.955356 
-0.963274 
-0.970597 
-0.977363 
-0.983615 
-0.989426 
-0.994862 
-0.999995 
-1.004850 
-1.009492 
-1.013941 
-1.018237 
-1.022391 
-1.026423 
-1.030524 

1.089261 
1.101001 
1.112310 
1.123253 
1 .133878 
1 . 144230 
1.154350 
1 . 164259 
1 . 173993 
1.183612 
1.193082 
1.202429 
1.211700 
1.220863 
1.:29991 
1.239055 
1.2480'1 
1.256984 
1.265873 
1.274706 
1.283504 
1.292204 
1.300850 
1.309398 
1.317856 
1.326200 
1.333909 
1.341485 
1.349344 
1.356985 
1.364363 
1.371466 
1.378276 
1.384783 
1.390978 
1.396819 
1.402277 
1.407372 
1.412095 
1.416468 
1.420574 
1.424419 
1.428063 
1.431523 
1.434872 
1.438057 
1.441183 
1.444169 
1.447144 
1.450128 

-0.02708 
-0.027171 
-0.027170 
-0.027120 
-0.027009 
-0.026880 
-0.026710 
-0.026527 
-0.026300 
-0.026141 
-0.025941 
-0.025715 
-0.025499 
-0.025269 
-0.025084 
-0.024898 
-0.02467' 
-0. *>24494 
-0.024291 
-0.024111 
-0.023951 
-0.023776 
-0.023606 
-0.023440 
-0.023306 
-0.023157 
-0.022404 
-0.021630 
-0.021629 
-0.021438 
-0.021337 
-0.021242 
-0.1 21151 
-0.021061 
-0.020981 
-0.020903 
-0.02080Ó 
-0.020743 
-0.02066/ 
-0.020577 
-0.020526 
-«.¿20456 
-0.020390 
-0.020323 
-0.020300 
-0.020225 
-0.820209 
-0.020126 
-0.020140 
-0.020080 

0 000000 
0 J00U0 
0.000000 
0 0000,.* 
0.000000 
0.000000 
0.000000 
0 700000 
0.400000 
0.0000 '0 
0.000000 
0.000000 
0.000000 
0 *000*0 
0.0001 0 
0.000000 
0 000000 
0.000000 
0.700* 0 
0.900400 
0.000000 
0.000000 
0.0000 4 
0. **0)0/0 
0 700090 
0.0000*0 
0.000000 
0 000000 
0.*00000 
0 4000/0 
0.000000 
0.000000 
0 000000 
0.*00000 
0.000070 
0.0000*0 
0 /700 D 
0.000020 
0.000000 
0.000000 
0 000000 
0 000* 0 
0 *000,4 
0.000040 
0.000000 
0.900000 
0.000000 
0 *00000 
0 4000 4 
0.000040 
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NACAff12 Mach - 0.850 Alpha ■ 1.000 Raaulta on tha airfoil surfaca 

N X/C i/C 1-P/P1 Inf Cp 

200 
20 \ 
202 
203 
2«4 
20b 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
'21 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 

FORTRAM STOP 
BARTON 

0.820010 
0.840013 
0.860010 
0.880000 
0.898950 
0.915897 
0.930743 
0.943592 
0.954653 
0.964167 
0.972368 
0.979466 
0.985642 
0.991043 
0.995796 
1.000000 
1.004000 
1.009192 
1.015929 
1.024674 
1.036024 
1.050754 
1.069872 
1.094684 
1.126888 
1.168683 
1.222929 
1.293332 
1.384705 
1.503296 
1.657212 
1.856973 
2.116237 
2.452727 
2.8P9447 
3.456250 
4.191885 
5.146642 
6.385789 
7.994038 

10.081329 
12.790356 
16.306313 
20.869555 
26.792036 
34.478630 
44.454800 
57.402550 
74.207001 

job tara 

0.023154 
0.020817 
0.018426 
0.05978 
0.0 3605 
0.011437 
0.009502 
0.007799 
0.006312 
0.005016 
0.003888 
0.002902 
0.002037 
0.001275 
0.000600 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

Inatad at 16-JUN-1983 

0.702741 
0.704116 
0.716375 
0.421035 
0.269694 
0.330010 
0.303713 
0.302028 
0.294209 
0.287262 
0.279477 
0.271587 
0.262161 
0.252283 
0.226015 
0.194562 
0.235541 
0.249221 
0.259957 
0.270482 
0.280116 
0.289165 
0.297857 
0.306201 
0.314298 
0.322166 
0.329807 
0.337206 
0.344274 
0.350892 
0.356906 
0.362148 
0.366493 
0.369905 
0.372433 
0.374199 
0.375361 
0.376082 
0.376497 
0.376710 
0.376797 
0.376809 
0.376780 
0.376733 
0.376686 
0.376641 
0.376599 
0.376558 
0.376520 
0.376489 

10*15:17.90 

-1.034603 
-1.038962 
-1.077838 
-0.141267 
0.338664 
0.147390 
0.230784 
0.236126 
0.260922 
0.282952 
0.307638 
0.332660 
0.362550 
0.393876 
0.477176 
0.576918 
0.446967 
0.403587 
0.369540 
0.336163 
0.305614 
0.276917 
0.249351 
0.222893 
0.197215 
0.172265 
0.148033 
0.124569 
0.102156 
0.081171 
0.062098 
0.045476 
0.031695 
0.020877 
0.012861 
0.007261 
0.003074 
0.001239 

-0.0000.7 
-0.000785 
-0.000979 
-0.001016 
-0.000925 
-0.000777 
-0.000626 
-0.000485 
-0.000350 
-0.000221 
-0.000100 
-0.000001 

Mach 

1.453117 
1.456025 
1.503420 
0.847134 
0.665844 
0.734726 
0.7*1316 
0.695422 
0.684850 
0.670593 
0.659837 
0.642920 
0.627126 
0.607375 
0.584463 
0.556210 
0.602775 
0.625048 
0.642796 
0.659923 
0.675434 
0.689994 
0.703939 
0.717361 
0.730394 
0.743102 
0.755507 
0.767587 
0.779259 
0.790357 
0.800705 
0.810252 
0.818959 
0.826425 
0.831904 
0.834940 
0.835952 
0.836064 
0.836402 
0.837530 
0.839410 
0.841684 
0.843975 
0.846025 
0.847689 
0.848910 
0.849683 
0.850062 
0.850157 
0.850135 

1-PI/PI Inf 

-0.020035 
-0.019550 
-0.046368 
0.074205 
0.016801 
0.040801 
0.033043 
0.035779 
0.034028 
0.036532 
0.03493. 
* 813/ 

033269 
0.040727 
0.024592 
0.006227 
0.02280 
0.023053 
0.022881 
f.022811 
0.022792 
0.022715 
0.022619 
0.022448 
0.022238 
0.021961 
0.021606 
0.021176 
0.02062 "* 
0.019928 
0.019020 
0.017699 
0.015801 
0.013659 
0.012103 
0.011819 
0.012630 
0.013655 
0.013969 
0.013163 
0.011390 
0.009088 
0.006693 
0.004509 
0.002713 
0.001377 
0.000507 
0.000048 

-0.000112 
-0.000140 

1-Tl/Ti if 

0 <*00000 
0.000030 
0.0000. 0 
0 00Í v*0 
0.010000 
0 00000 
0.000000 
0.000000 
0.0000.„ 

0.000000 
0 000000 
0 000000 
0.000000 
0.000000 
0.0000 n 
0.0000.,0 

-0 000102 
-0.000014 
-0.000044 
-0.000030 
-0.000075 
-0 000,.8 
-0 000016 
-0.000010 
-0.000094 
0.000003 
0.000009 
0.000015 
0•000021 
0.00002u 
0 300 g 
0.000058 
0.000085 
0.000114 
0.000129 
0 3001^1 
0.0000 u 5 
0.000047 
0.000008 

-0.000021 
-0.000079 
-0.0000.1 
-0.000059 
-0 000066 
-0.000076 
-0.0000O1 
-0 0001i4 
-0.00014-» 

-0.000189 
-0.000232 
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NAC'A 0012: MACH-0.85, AL .PHA- 1 

N.A.S.A. AMES 

FIRC2D - 249 x 67 grid, DT-3. 

flGñRÜ2P grid, clustering al shocks = .02 

Upwlndlng, spatially variable time step 

Mach number = .85, Alpha = 1.0 
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NACA (KM 2: MACH-OHS. A1 PHA- 1 

RRC2D - 249 x 67 gri.d, DT-3. 

ñGRRD2P grid, cLust^; tng at shocks - .02 

Upwtndlng, spatlall q variable time step 

Mach number “ .65, ñlpha ” 1.0 
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RRC2D - 249 X 67 grid, DT-3.. 

6GRRD2P grid, clustering at shocks - .0¿ 

Upwlndlng, spatially variable turne step 

Mach number = .85, filpha *1.0 
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NAC A (MM2: MACH - O KS. Al PHA- 1 

ARC2D - 249 * 67 gr^d, DT-3. 
FIGñRD2P gri-d, clustering at shocks = .02 
Upwlndlng, spatially variable time step 

Mach number = .db, ñlpha “1.0 
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NACA 0012: MACH-0.85, Al PHA-1 

RRC2D - 249 x 67 grcd, DT-3. 
RGRRD2P grid, cluste-Lng at shocks - .02 

Upwlndlng, spatially variable time step 

Mach number “ -Öh, ñlpha - 1.0 
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NACA 0012: MACH - 0.85. ALPHA - 1 

N A S A. AMES 

FIRC2D ~ 249 x 67 grid, DT-3. 
flGñRD2P grid, clustering at shocks = .02 
Upwlndlng, spatially variable time step 

Mach number = .d5. Alpha - 1.0 

Figure 2k 
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NACA 0012: MACH-0.85. Al PHA- 1 

FIRC2D - 249 x 67 grid, DT-3. 
ñGñRD2P grid, clustering at shocks - .02 
Upwlndlng, spatially variable time step 

Mach number = .05, Alpha = l .0 
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NACA 0()12: MACH - 0.85. ALPHA - 1 

SURFACE PRESSURE 
RGfiRD02 NñCñ0012 

M - 0.85 RLPHfl - 1.0 

'Jï'àS 

y - i 

i'ap 

» 

0.850 M.,, 

1.00° <y 
249x67 GRID 

Figure 2m 
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NACA 0012: MACH-0.85 ALPHA - 1 

SURFACE PRESSURE COEFFICIENT 
ñGflRD02 NñCfi0012 

M = 0.85 RLPHR - 1.0 

0.850 
1.00° 

249x67 
Oc 

GRID 

Figure 2o 
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SURFACE PRESSURE COEFFICIENT 
ñGflRD02 NflCR0012 

M - 0.85 PLPHñ - 1.0 0.850 
i nn0 

grid 

Figure 2p 
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NACA 0012: MACH - 0.85. ALPHA - I 

SURFRCE MRCH NUMBER 
ñGflRD02 NRCR0012 °*oo°* I“ 

M - 0.85 RLPHR = 1 .0 249x67 grid 
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* 
*- 

t 

CONTOUR LEVELS 
0.050000 
0.100000 
0.150000 
0.200000 
0.250000 
0.300000 
0.350000 
0.400000 
0.450000 
0.500000 
0.550000 
0.600000 
0.650000 
0.700000 
0.750000 
0.800000 
0.850000 
0.900000 
0.950000 
l.000000 
1.050000 
1.100000 
1.150000 
1.200000 
1.250000 
1.300000 
1.350000 
1.400000 
1.450000 
1.500000 
1.550000 

MRCH NUMBER CONTOURS 
RGRRD02 NRCR0012 M - 0.85 RLPHR - 1.0 

Scale 5 Cm. ” 1 unit 

X 

/ 

! 
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CONTOUR LEVELS 
0.050000 
0.100000 
0.150000 
0.200000 
0.250000 
0.300000 
0.350000 
0.100000 
0.150000 
0.500000 
0.550000 
0.600000 
0.650000 
0.700000 
0.750000 
0.800000 
0.850000 
0.900000 
0.950000 
1.000000 
1.050000 
1.100000 
1.150000 
1.200000 
1.250000 
1.300000 
1.350000 
1.100000 
1.150000 
1.500000 
1.550000 

MfiCH NUMBER CONTOURS 
flGRRD02 NRCR0012 M - 0.85 RLPHR - 1.0 

Scale 25 Opt. " 1 unit 

0.850 M. 
1.00* a 

219x67 GRID 

Figure 2v 

X 
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CONTOUR LEVELS 
0.050000 
0.100000 
0.150000 
0.200000 
0.250000 
0.300000 
0.350000 
0.400000 
0.450000 
0.500000 
0.550000 
0.600000 
0.650000 
0.700000 
0.750000 
0.800000 
0.850000 
0.900000 
0.950000 
1.000000 
1.050000 
1.100000 
1.150000 
1.200000 
1.250000 
1.300000 
1.350000 
1.400000 
1.450000 
1.500000 
1.550000 

MñCH NUMBER CONTOURS 
ñGRRD02 NflCñ0012 M - 0.85 RuPHfí - 1.0 

o Scale 50 Cm. ” 1 unit 

X 
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CONTOUR LEVELS 
0.050000 
0.100000 
0.150000 
0.200000 
0.250000 
0.300000 
0.350000 
0.400000 
0.450000 
0.500000 
0.550000 
0.600000 
0.650000 
0.700000 
0.750000 
0.800000 
0.850000 
0.900000 
0.95COOO 
1.000000 
1.050000 
1.100000 
1.150000 
1.200000 
1.250000 
1.300000 
1.350000 
1.400000 
1.450000 
1.500000 
1.550000 

MñCH NUMBER CONTOURS 
FIGRRD02 NRCfl0012 M - 0.85 RLPHR - 1.0 

X 



CONTOUR LEVELS 
0.275000 
0.300000 
0.325000 
0.350000 
0.375000 
0.400000 
0.425000 
0.450000 
0.475000 
0.500000 
U.525000 
0.550000 
0.575000 
0.600000 
0.625000 
0.650000 
0.675000 
0.700000 
0.725000 
0.750000 
0.775000 
0.800000 
0.825000 
0.850000 
0.b75000 
0.900000 
0.925000 
0.950000 
0.975000 

PRESSURE CONTOURS 
RGRR002 NRCR0012 M * O-85 ñLPHfl 

Scale 5 Cm. - 1 unit 



CONTOUR LEVELS 
0.275000 
0.300000 
0.325000 
0.350000 
0.375000 
0.400000 
0.425000 
0.450000 
0.475000 
0.500000 
0.525000 
0.550000 
0.575000 
0.600000 
0.625000 
0.650000 
0.675000 
0.700000 
0.725000 
0.750000 
0.775000 
0.800000 
0.825000 
0.850000 
0.875000 
0.900000 
0,925000 
0.950000 
0.975000 



N A S A. AMES 
AR 211 

T.H.l’ulliiim 
J.T.Barton 

02-5-34 

NACA 0012: MACH - 0.85. ALPHA - I 

CONTOUR LEVELS 
0.900000 
0.910000 
0.920000 
0.930000 
0.950000 
0.950000 
0.960000 
0.970000 
0.980000 
0.990000 
1.000000 
1.010000 
1.020000 
1.030000 
1.040000 
1.O5OCO0 
1.060000 
1.070000 
1.080000 

STAGNATION PRESSURE CONTOURS 
flGARD02 NRCflD012 M - 0.85 ALPHA " 1-0 

Scale 5 Cm. ” 1 unit 



N.A.S.A. AMES 

AR 211 
J.T.Barton 

<i ACA (H) 12: MACH - 0.85. ALPHA - 1 

CONTOUR LEVELS 
0.900000 
0.910000 
0.920000 
O.CSCTC 
0.950U00 
0.950000 
0.960000 
0.970000 
0.980000 
0.990000 
1.000000 
1.010000 
1.020000 
1,030000 
1.05ÜÛ00 
1.050000 
1.060000 
1.070000 
1.080000 

.0 

0.850 M. 
1.00' « 

249x67 GRID 

Figure 2ah 
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N.A.S.A. AMES 
AR2I1 

T.H.Pulliam 
J.T.Barton 

02-5-36 

NACA 0012: MACH - 0.85, ALPHA - 1 

STRGNñTION PRESSURE CONTOURS 
RGRRD02 NflCR0012 M - 0.85 RLPHR 

o Scale 50 Cm. “ 1 unit 
- 1.0 

CONTOUR LEVELS 
0.900000 
0.910000 
0.920000 
0.930000 
0.940000 
0.950000 
0.960000 
0.970000 
0.980000 
0.990000 
1.000000 
1.010000 
1.020000 
1.030000 
1.040000 
1.050000 
1.060000 
1.070000 
1.080000 



/ 

n r 

N A S A AMI S 
AR211 

T.H.Pulliam 
J.T.Barton 

02-5-37 

NACA 0012: MACH - 0.85, ALPHA - 1 

CONTOUR LEVELS 
0.991000 
0.992000 
0.993000 
0.994000 
0.995000 
0.996000 
0.997000 
0.998000 
0.999000 
1.000000 
1.001000 
1.002000 
1.003000 
1.004000 
1.005000 

STRGNRTION TEMPERATURE CONTOURS 
RGRRD02 NRCR0Q12 M - 0.85 RLPHR -1.0 

Scale 5 Crp. - 1 unit 

~7~ 
0.850 

1.00’ a 
249*67 GRID 

Figure 2ad 

f- 
1 

i_L. 



STAGNATION TEMPERATURE CONTOURS ; _q 
flßBRD02 NAsCB001225 J O.BS.^ 

CONTOUR LEVELS 
0.991000 
0.992000 
0.993000 
0.994000 
0.995000 
0.996000 
0.997000 
0.998000 
0.999000 
1.000000 
1.001000 
1.002000 
1.003000 
1.004000 
1.005000 

0.850 
1.00' 

249x67 

M- 
Oc 

GRID 

Figure 2ae 
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N A S A. AMES 

AR 211 

T.H Pulliam 
J.T.Barton 

02-5-39 

NACA 0012: MACH - 0.K5. ALPHA - I 

CONTOUR LEVELS 
0.991000 

0.992000 
0.993000 
0.994000 
0.995000 
0.996000 

0.997000 
0.998000 
0.999000 
1.000000 
1.001000 
1.002000 
1.003000 
1.004000 
1.005000 

STRGNñTION TEMPE:RfiTUnR^cCOíí p2flRS i n 
ïGflRD02 NñCR0012 M - 0.85 ñLPHfí 1.0 

Scale 50 Cm. “ 1 unit 
0.850 M. 

1.00° o. 

249x67 GRID 

Figure 2af 

0.95 



AR-211 

AGARD FDP - WG 07 

TEST CASES FOR STEADY IN VISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 02 

NACA 0012: MACH = 0.85, ALPHA = 1 

Contributor No 6 

M.D.Salas and J.C.South. Jr 

(N.A.S.A. — Langley, U.S.A.) 





/ 

11 

N 
1 
2 
3 
A 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

N A S A I AN(il F Y 
AR 211 M.D.Salas 

J.C.South. Jr 

NACA 0012: MACH - O KS. ALPHA - I 

x/c 
.000115 
.000575 
.001500 
.002890 
.004755 
.007100 
.009915 
.013200 
.016960 

.021195 

.025895 

.031055 

.036675 

.042750 

.049270 

.056235 

.063640 

.071470 

.079725 

.088400 

.097480 

.106960 

.116830 

.127085 

.137720 

.148720 

.160080 

.171785 

.183825 

.196190 

.208870 

.221860 

.235140 

.248700 

.262530 

.276620 

.290955 
,305520 
.320305 
.335290 
.350465 
.365820 
.381335 
.396995 
.412785 
.428690 
.444695 
.460780 
.476930 
.493130 

y/c 
.001330 
.003980 
.006610 
.009215 
.011790 
.014330 
.016830 
.019290 
.U21710 
.024085 
.026405 
.028670 
.030880 
.033030 
.035115 
.037135 
.039085 
.040960 
.042760 
.044480 
.046115 
.047665 
.049125 
.050495 
.051775 
.052960 
.054050 
.055040 
.055935 
.056730 
.057420 
.058010 
.058500 
.058890 
.059180 
.059370 
.059460 
.059455 
.059355 
.059160 
.058870 
.058490 
.058030 
.057485 
.056855 
.056150 
.055370 
.054520 
.053600 
.052615 

1-P/Piinf 
.014270 
.047588 
.093762 
.148924 
.203501 
.252512 
.296550 
.334727 
.367866 
.396258 
.420141 
.440246 
.459221 
.475245 
.489766 
.502671 
.515153 
.525113 
.535700 
.545529 
.554548 
.562576 
.570947 
.577341 
.584698 
.590690 
.597384 
.603106 
.607920 
.613975 
.618996 
.623692 
.628070 
.632424 
.636436 
.640582 
.644243 
.647469 
.650961 
.654182 
.657658 
.659963 
.662130 
.665344 
.667557 
.669556 
.671718 
.673495 
.675972 
•6770o4 

Cp 
1.148656 
1.042998 
.896572 
.721645 
.548570 
.393149 
.253496 
.132431 
.0. 341 

-.062694 
-.138430 
-.202188 
-.262359 
-.313176 
-.359224 
-.400148 
-.439728 
-.471314 
-.504886 
-.536056 
-.564658 
-.590117 
-.616662 
-.636938 
-.660269 
-.679269 
-.700497 
-.718644 
-.733910 
-.753111 
-.769035 
-.783925 
-.797809 
-.811617 
-.624339 
-.837486 
-.849097 
-.859325 
-.870401 
-.880614 
-.891637 
-.898948 
-.905819 
-.916010 
-.923030 
-.929366 
-.936225 
-.941859 
-.949714 
-.953177 

Mach 
.124907 
.249357 
.364625 
.475275 
.571500 
.651136 
.720387 
.781617 
.832885 
.878460 
.915285 
.948391 
.978089 

1.005066 
1.028160 
1.050631 
1.071001 
1.088698 
1.106532 
1.124376 
1.139871 
1.154865 
1.169734 
1.181708 
1.195352 
1.206497 
1.219511 
1.230136 
1.239717 
1.251433 
1.261420 
1.270708 
1.279528 
1.288327 
1.296497 
1.305098 
1.312590 
1.319370 
1.326685 
1.333484 
1.341021 
1.345678 
1.350605 
1.357429 
1.362285 
1.366560 
1.371453 
1.375144 
1.381019 
1.382808 

1-Pi/Piint 
.003462 
.005486 
.006581 
.006579 
.006040 
.006148 
.006112 
.004078 
.003920 
.002260 
.002791 
.001287 
.001991 
.000779 
.001601 
.000332 
.001054 
.000117 
.000579 

-.000337 
.000160 

-.000718 
-.000445 
-.000871 
-.001011 
-.001023 
-.001610 
-.001308 
-.001798 
-.001828 
-.002087 
-.002153 
-.002331 
-.002451 
-.00.1557 
-.002792 
-.002778 
-.002948 
-.003028 
-.003110 
-.003402 
-.003079 
-.003508 
-.003416 
-.003529 
-.003450 
-.003705 
-.003431 
-.004032 
-.003158 

02-6-: 

ft 



I 
/ 

N A S A LANGLEY 
AR 211 M.D.Salas 

J.C.South, Jr 02-6-3 

NACA 0012: MACH = 0.85, ALPHA — 1 

N 
51 
52 
53 
54 
55 
56 
57 
53 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 

x/c 
.509365 
.525615 
.541860 
.558085 
.574270 
.590400 
.606460 
.622430 
.638285 
.654015 
.669600 
.685020 
.700265 
.715310 
.730140 
.744740 
.759090 
.773175 
.786975 
.800475 
.813665 
.826525 
.839040 
.851195 
.862975 
.874365 
.885350 
.895915 
.906050 
.915740 
.924970 
.933735 
.942015 
.949795 
.957065 
.963815 
.970035 
.975710 
.980825 
.985370 
.989335 
.992700 
.995450 
.997570 
.999035 
.999800 
.999800 
.999035 
.997570 
.995450 

y/c 
.051575 
.050475 
.049320 
.048115 
.046865 
.045575 
.044245 
.042880 
.041485 
.040065 
.038625 
.037160 
.035680 
.034190 
.032685 
.031175 
.029665 
.028155 
.026650 
.025155 
.023670 
.022200 
.020745 
.019310 
.017905 
.016525 
.015175 
.013865 
.012590 
.011355 
.010165 
.009025 
.007940 
.006905 
.005930 
.005020 
.004175 
.003355 
.002685 
.002055 
.001505 
.001035 
.000645 
.000345 
.000140 
.000030 

-^000030 
-.000140 
-.000345 
-.000645 

1-P/ Fünf 
.678514 
.680567 
.681880 
.683444 
.684307 
.685624 
.686910 
.688177 
.688867 
.689908 
.690181 
.693027 
.691712 
.693952 
.694607 
.695350 
.696354 
.696579 
.698269 
.698160 
.699459 
.700714 
.685761 
.536562 
.342020 
.327657 
.323557 
.322589 
.318215 
.314923 
.310720 
.306394 
.302713 
.297574 
.292240 
.287488 
.281770 
.276034 
.268262 
.261665 
.253857 
.245421 
.233822 
.219683 
.205329 
.187602 
.171810 
.204973 
.215750 
.233642 

Cp 

-.957776 
-.964287 
-.968450 
-,973407 
-.976145 
-.980322 
-.984400 
-.988418 
-.990607 
-.993909 
-.994772 

-1.003797 
-.999630 

-1.006730 
-1.008809 
-1.011164 
-1.014350 
-1.015061 
-1.020421 
-1.020077 
-1.024195 
-1.028176 
-.980757 
-.507622 

.109304 

.154852 

.167854 

.170923 

.184794 

.195233 

.208562 

.222280 

.233953 

.250252 

.267165 

.282236 

.300366 

.318558 

.343205 

.364124 

.388883 

.415636 

.452418 

.497256 

.542774 

.598990 

.649069 

.543903 

.509728 

.452988 

Mach 
1.386776 
1.390649 
1.394287 
1.397047 
1.399753 
1.401935 
1.405754 
1.407600 
1.410226 
1.411454 
1.413321 
1.418710 
1.416483 
1.421131 
1.423019 
1.424341 
1.427030 
1.427207 
1.431651 
1.430570 
1.434775 
1.436358 
1.394196 
1.054950 
.741486 
.722260 
.716432 
.714238 
.707341 
.701860 
.694949 
.687823 
.681690 
.673074 
.664486 
.656312 
.646841 
.637139 
.624033 
.613217 
.599012 
.585357 
.563471 
.540053 
.509272 
.450227 ) 

.472309 

.551973 

.580623 

.605118 

1-Pi/ Fünf 
-.004221 
-.003245 
-.004240 
-.003191 
-.004273 
-.003160 
-.004451 
-.002994 
-.004492 
-.002868 
-.004636 
-.003026 
-.004150 
-.003440 
-.003975 
-.003413 
-.003926 
-.003437 
-.004167 
-.002986 
-.004661 
-.002721 

.008138 

.063588 

.052043 

.048432 

.047708 

.048245 

.048052 

.048148 

.048187 

.048224 

.048303 

.048436 

.048261 

.048507 

.048480 

.048576 

.048613 

.048353 

.149028 

.048396 

.049590 

.048416 

.051457 

.066368 

.035112 

.022105 

.014549 

.018566 



/ 

N.A.S.A. LANGLEY 
AR2I1 

M.D.Salas 
J.C.South, Jr 

02-6-4 

NACA 0012: MACH-0.85. ALPHA - 1 

N 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 

x/c 
.992700 
.989335 
.985370 
.980825 
.975710 
.970035 
.963815 
.957065 
.949795 
.942015 
.933735 
.924970 
.915740 
.906050 
.895915 
.885350 
.874365 
.862975 
.851195 
.839040 
.826525 
.813665 
.800475 
.786975 
.773175 
.759090 
.744740 
.730140 
.715310 
.700265 
.685020 
.669600 
.654015 
.638285 
.622430 
.606460 
.590400 
.574270 
.558085 
.541860 
.525615 
.509365 
.493130 
.476930 
.460780 
.444695 
.428690 
.412785 
.396995 
.381335 

y/c 
-.001035 
-.001505 
-.002055 
-.002685 
-.003395 
-.004175 
-.005020 
-.005930 
-.006905 
-.007940 
-.009025 
-.010165 
-.011355 
-.012585 
-.013860 
-.015175 
-.016525 
-.017905 
-.019310 
-.020745 
-.022200 
-.023670 
-.025155 
-.026650 
-.028155 
-.029665 
-.031175 
-.032685 
-.034185 
-.035675 
-.037155 
-.038620 
-.040065 
-.041485 
-.042880 
-.044245 
-.045575 
-.046865 
-.048115 
-.049315 
-.050465 
-.051570 
-.052615 
-.053595 
-.054515 
-.055370 
-.056150 
-.056855 
-.057485 
-.058030 

1-P/Piinf 
.244691 
.254773 
.262294 
.269972 
.277987 
.284605 
.290531 
.295973 
.301705 
.307710 
.311645 
.316817 
.321882 
.325407 
.330091 
.333974 
.338267 
.341935 
.344838 
.348913 
.351918 
.354841 
.357544 
.359824 
.362186 
.364113 
.365311 
.366944 
.366869 
.366363 
.366043 
.361171 
.368812 
.504729 
.618813 
.628659 
.627423 
.625332 
.626560 
.622626 
.623057 
.622655 
.618588 
.619290 
.616363 
.615297 
.612240 
.610845 
.608114 
.605331 

Cp 

.417950 

.385979 

.362127 

.337781 

.312364 

.291377 

.272585 

.255326 

.237152 

.218108 

.205630 

.189227 

.173166 

.161986 

.147132 

.134818 

.121205 

.109574 

.100368 

.087444 

.077917 

.068648 

.060074 

.052845 

.045354 

.039243 

.035445 

.030266 

.030503 

.032108 

.033122 

.048573 

.024341 
-.406672 
-.768452 
-.799676 
-.795756 
-.789127 
-.793019 
-.780544 
-.781912 
-.780638 
-.767740 
-.769966 
-.760685 
-.757304 
-.747610 
-.743185 
-.734525 
-.725698 

Mach 
.628010 
.641038 
.655982 
.666329 
.680392 
.689934 
.700088 
.708230 
.717602 
.726632 
.733317 
.741001 
.749227 
.754638 
.762010 
.768144 
.774724 
.780606 
.785140 
.791456 
.796271 
.800755 
.805126 
.808647 
.812415 
.815432 
.817432 
.819874 
.820035 
.819120 
.818733 
.811349 
.821182 

1.032187 
1.258047 
1.279814 
1.278349 
1.273277 
1.276374 
1.268270 
1.269018 
1.268420 
1.260435 
1.261372 
1.256315 
1.253359 
1.248319 
1.244550 
1.240323 
1.233910 

1-PI/Piinf 
.014788 
.017472 
.015139 
.016768 
.015670 
.016498 
.015817 
.016209 
.015897 
.016261 
.015796 
.016179 
.015901 
.015995 
.015944 
.015877 
.015990 
.015838 
.015833 
.015873 
.015747 
.015820 
.015669 
.015704 
.015623 
.015614 
.015484 
.015591 
.015314 
.015438 
.015327 
.015111 
.017196 
.026225 
.001948 

-.001131 
-.002480 
-.001239 
-.002131 
-.001704 
-.001566 
-.001827 
-.001838 
-.001249 
-.002142 
-.000966 
-.002160 
-.000733 
-.002109 
-.000681 

t t 

/ • 
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N A S A. L ANGLEY 

AR 211 
M.D.Salas 
J.C.South. Jr 

02-6-5 

NAC A 0012: MACH - 0.85. ALPHA - 1 

N 
131 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 

x/c 
.365820 
.350465 
.335290 
.320305 
.305520 
.290955 
.276620 
.262530 
.248700 
.235140 
.221860 
.208870 
.196190 
.183825 
.171785 
.160080 
.148720 
.137720 
.127085 
.116830 
.106960 
.097480 
.088400 
.079725 
.071470 
.063640 
.056235 
.049270 
.042750 
.036675 
.031055 
.025895 
.021195 
.016960 
.013200 
.009915 
.007100 
.004755 
.002890 
.001500 
.000575 
.000115 

y/c 
-.058490 
-.058865 
-.059155 
-.059355 
-.059455 
-.059460 
-.059370 
-.059180 
-.058890 
-.058500 
-.058010 
-.057420 
-.056730 
-.055935 
-.055040 
-.054050 
-.052960 
-.031775 
-.050495 
-.049125 
-.047665 
-.046110 
-.044475 
-.042760 
-.040960 
-.039085 
-.037135 
-.035115 
-.033030 
-.030880 
-.028670 
-.026405 
-.024085 
-.021710 
-.019290 
-.016830 
-.014325 
-.011785 
-.009215 
-.006610 
-.003975 
-.001325 

1-P/Piinf 
.602457 
.599864 
.597038 
.593539 
.589027 
.586079 
.581708 
.577427 
.572695 
.568156 
.563043 
.558059 
.552315 
.545652 
.539963 
.533818 
.526057 
.519556 
.511466 
.504777 
.495189 
.483518 
.475665 
.466136 
.453273 
.441825 
.427870 
.413604 
.397441 
.380125 
.359809 
.338355 
.313227 
.284629 
.251372 
.215301 
.172906 
.130040 
.084111 
.043913 
.013738 
.003933 

Cp 
-.716585 
-.708363 
-.699401 
-.688305 
-.673997 
-.664647 
-.650787 
-.637212 
-.622204 
-.607810 
-.591598 
-.57579) 
-.557576 
-.536448 
-.518407 
-.498918 
-.474308 
-.453692 
-.428039 
-.406826 
-.376422 
-.339410 
-.314507 
-.284288 
-.243496 
-.207194 
-.162940 
-.117700 
-.066446 
-.011533 

.052892 

.120928 

.200611 

.291301 

.396763 

.511152 

.645592 

.781528 

.927176 
1.054653 
1.150341 
1.181436 

Mach 
1.229256 
1.223481 
1.218821 
1.211541 
1.203613 
1.197380 
1.190010 
1.181277 
1.173269 
1.164290 
1.155637 
1.146036 
1.136292 
1.123985 
1.114246 
1.103274 
1.090088 
1.078440 
1.065213 
1.053172 
1.037876 
1.017812 
1.005134 

.989412 

.968806 

.949888 

.928306 

.904919 

.880337 

.852422 

.821687 

.787273 

.749106 

.703294 

.651268 

.591019 

.520940 

.439168 

.345628 

.235922 

.123859 

.003614 

1-Pi/Piinf 
-.001780 
-.000657 
-.001560 
-.000644 
-.001307 
-.000322 
-.001242 
-.000108 
-.000911 

.000062 
-.000636 

.000253 
-.000311 

.000426 

.000185 

.000585 

.000393 

.001085 

.000528 

.001510 

.000708 

.001634 

.001499 

.001796 

.001688 

.002423 

.001849 

.002911 

.002221 

.003323 

.002667 

.004014 

.003456 

.004780 

.004521 

.006087 

.004837 

.006816 

.005209 

.006141 

.003106 

.003924 
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TEST CASES FOR STEADY IN VISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 02 

NACA 0012: MACH = 0.85, ALPHA = 1 

Contributor No 8 

A.Rizzi 

(F.F.A., Sweden) 



F.F.A. 
NACA OUI 2: MACH-0.85, ALPHA - 1 

30/6 SOLUTION WITH REDUCED ERROR 1 -PI/PUNF AT LEADING EDGE 

1 
2 
I 
4 
5 
6 
7 
i 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
iL 
¿3 
24 
25 
¿6 
27 
2B 
29 
30 
31 
¿2 
33 
34 
35 
it 
il 
la 
39 
4 J 
41 
42 

ReSULT£ ON &IRF0IL SURFACE 

Y/C l-P/PHNE 

0.C0C163 

x/c 

0.995(31 4 
0.094210 
0.9053x4 
C.972571 
C .93658 3 
0.937500 
0.915323 
0.891931 
C.366187 
C.838931 
0.810477 
C.781120 
0.751125 
0.720735 
0.690171 
0.659627 
0.829275 
0.5 99 26 7 
0.569732 
0.5 4075 2 
C.512511 
0.464994 
0.458294 
0.432457 
0.407513 
C.385502 
0.36342 3 
C.333284 
0.317065 
0.296816 
0.277463 
0.259007 
0.241424 
0.224690 
0.2 38 777 
C.193656 
C.179295 
0.165666 
C.1 52737 
0.14047 5 
0.128561 
0.1 17 55 S 

-0.0 30316 
-0.C0205 2 
-0.C038C2 
-0.CJ598 5 
-0.0 3852 2 
-C.011335 
-0.014354 
-Û.C17512 
-0.C2075 2 
-0.C 2402 3 
-Ù.C2728 5 
-0.C3C49 9 
-U.033621 
-0.C 5665 4 
-0.03954 2 
-U.04227 6 
-0' .04433 7 
-0.04721 1 
-0.049526 
-0.051354 
-0.053108 
-0.05464 5 
-0.0 55965 
-O.C57J6Ó 
-0.C5795 2 
-0.05862’ 
-Ü.C591C1 
-0.059378 
-0.059466 
-0.0 5937 4 
-0.059114 
-0.053694 
-0.058124 
-0.C 5741 5 
-C.05657 6 
-C.C55615 
-0.054542 
-0.05336 4 
-0.052089 
-0.050722 
-0.049271 

0*217105 
0.242770 
¢.264079 
0.282990 
0.297987 
0.211225 
0.322992 
0.333505 
0.342853 
0.250940 
0.258334 
C.265367 
0.270515 
0.268262 
0.362321 
C.291570 
0.502113 
0.613597 
0.636191 
0.622193 
0.617417 
0.618132 
C.615339 
0.611264 
0.6 37815 
0.6 3417 2 
C.6ÜC12© 
0.595637 
0.59(903 
C.53531 0 
0.530454 
(.574304 
0.568593 
C.562*01 
0.556235 
0.549460 
(.5 4241 0 
C.535064 
C.527412 
(.515435 
0.511130 
0.5 U244Í 

CP 

C.53543¾ 
C.4211(373 
0.356470 
0.278719 
0.248940 
O. ¿06 96 3 
P. 1oV64 i 
0.136 301 
0.1 36 66 4 
O.cil J1 Ö 
0.033522 
0.C36 21 5 
0.013942 
0.026085 
0.C43340 

-Ü.047194 
-0.396392 
-0-731911 
-0.623560 
-0.779184 
-0.764025 
-0.766294 
-0.757432 
-0.744515 
-0.733578 
-0.722323 
-L.709194 
-0.694957 
-(.679937 
-0.6x3795 
“0.64O 310 
-0.628345 
-0.610165 
-0.590511 
-0.570JC 3 
-C .54o52t 
-0.526165 
-0.50287 ¿ 
-C.4786C4 
-0.4533C9 
-C. 426971 
-0.299441 

MACH 

C.57C149 
0.602654 
0.652307 
y.‘87538 
0.713583 
C.734543 
0.752903 
0.769379 
C.783°29 
0.796601 
0.807681 
0.818431 
0.826763 
0.824410 
0.817294 
0.854373 
1 .023771 
1.247289 
1 .300474 
1.267745 
1.256991 
1.259679 
1.254161 
1 .245966 
1.239297 
1.23242* 
1.224666 
1.216705 
1.207241 
1.197784 
1.137512 
1.177473 
1 .156674 
1.155506 
1.143391 
1.131*72 
1.119473 
1.10662 4 
1 .09336 0 
1.079682 
1 .065544 
1.05090* 

1-PI/PIINC 

0.018893 
0.02015* 
0.014088 
0.013637 
0.013634 
0.013713 
0.013349 
0.013324 
0.C13874 
0.013317 
0.C1378-‘ 
0.014005 
0.014186 
0.01294? 
0.01121 5 
C.018531 
G.031544 
0.0 0466 2 

-0.0 08472 
-0.002685 
-0.C00283 
-0.C01612 
-0.001829 
-0.0 31550 
-0.001482 
-0.001584 
-0.001 5G3 
-0.001551 
-0.0 01453 
-0.0 01 50 5 
-0.001410 
-0.001431 
-C.001 34 5 
-0.001341 
-0.001259 
-0.001241 
-C.001157 
-0.001125 
-0.0 0105 0 
-0.0 01 PC 5 
-C.C00932 
-C.( 00 381 



AR 211 A.Rizzi 02-8-2 

NAC A 0012: MACH - 0.85, ALPHA - 1 

F.F.A. 

*3 
44 
45 
46 
47 

48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

61 
62 

63 
64 
o5 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
30 
81 
82 
83 
34 
85 
36 
87 
88 

0.107442 
C.0^7539 
0.058277 
0.079484 
C.071195 
0.063583 
C.056055 
0.049182 
0.042762 
0.036788 
0.03125o 
0.026164 
0.021511 
C.017301 
C.013535 
0.01022J 
C.0075o 1 
0.004965 
0.003035 
0.001 582 
0.000609 
0.000122 
0.000122 
O.OOC609 
0.001 582 
0.003035 
0.004963 
0.007361 
0.010220 
0.013535 
0.017301 
0.021511 
0.026164 
0.031 256 
0.036783 
0.042762 
C.049182 
C.056055 
C.06338 3 
C.071193 
C.079484 
0.036277 
0.097589 
0.107442 
0.117853 
0.128361 

-Ú.C47741 
“0. C 4613 4 
-0.C4445 7 
-Ù.C4271 1 
-0.0 40^0 0 
-O.C39026 
-0.0 37090 
-0.05509 4 
-U.035040 
-0.030928 
-0.0 28760 
-O.r 2653*♦ 
-Q.C24253 
-0.021916 
-0.C1V52 5 
-0.01708 3 
-0.014589 
-0.C12043 
-C.C0944 3 
-0.006790 
-0.C 0409 2 
-0.001367 
0.001367 
0.G 3409 2 
0.G 0679 O 
U.GÜ9443 
Û.C1204 3 
0.014589 
O.C17083 
0.C19525 
0.C21918 
0.02425 3 
0.026534 
0.028760 
O.C 3092 8 
O.C 3304 0 
0.G 3509 4 
0.037090 
0.039026 
O.C4090 3 
0.042711 
O.C 4445 7 
O.C46134 
0.047741 
0.C49271 
0.CSG722 

i 
0.493343 
C.4 32 ^69 
0.473652 
0.4 6291 J 
C .4 5144 3 
0.4 39141 
C. 4 25 381 
0.41138 3 
0.295 336 
0.378193 
0.359119 
C.337482 
0.312993 
0.235062 
C.2 5330 4 
C.21742 6 
r.177428 
r.133775 
C.C 30483 
C.04713 5 
0.016164 
0.01556 6 
C.0 17574 
C.0 5145 7 
C.10C552 
0.1 56156 
C.21C3C6 
0.259334 
0.302124 
0.3 3912 9 
L.37C973 
C.398290 
0.421723 
0.441947 
0.459493 
0.475391 
0.439939 
0.513102 
0.515148 
0.526031 
C.5 36223 
0.545750 
C.î 54696 
0.563155 
0.571193 
0.5 76 35 9 

-C.3705t 2 
-0.3-.0207 
-0.308125 
-0.274050 
-0.257695 
-0.1964«: 
-b•1>6 43 2 
-0.110472 
-0.C5977J 
-O.CJ5-.C3 

O.C55 J81 
0.123695 
C.201355 
C . ¿<¿9 Vt 4 
0.390036 
0’. 5 J4 4l î 
0.C31253 
0.7i9 H* 
C.912680 
1 .0-.4.3 5 
1.1-.0.2 j 
1.176256 
1 .136177 
1 .03073 J 
0.875040 
0.699027 
n.52699 5 
0.371 501 
0.235814 
C.1 1 3472 
0.U7-.89 

-0.069137 
-0.1-.344/ 
-C.207581 
-0.263237 
-C.313 335 
-0.359772 
-0.401514 
-0.439395 
-0.474225 
-0.506560 
-C.53o/j7 
-C.5o512 4 
-0.591953 
-0.617440 
-0.c4175 3 

1 .035475 
1 .019787 
1.C03129 
C.9355Î5 
0.946995 
C.947193 
0.926OC 4 
C.90296? 
0.877600 
C.E5C559 
0.820381 
0.756276 
0.747379 
C.732771 
0.65114 > 
C . 5 9114 9 
0.52114? 
C.43915 5 
0.343194 
0.272501 
0.113951 
C.016595 
C .110904 
0.243293 
0.36635? 
0.477332 
0.573355 
0.655405 
0.725182 
C.784736 
0.835793 
C.8797C4 

'0.9176C3 
0.950543 
0.979261 
1.015572 
1 .C 29 324 
1 .0 51991 
1.072311 
1.09118 3 
1.103904 
1.125647 
1.141546 
1.156733 
1 .1717? 2 
1 .1 35402 

-C.C 10310 
-0.0 1075 4 
-C.C 00691 
-c.riG44; 
-0.010601 
-0.000581 
-0.0 30 57? 
-C.C10423 
-O.C1C 799 
-C.C109C3 
-0.C1C389 
-O.C01197 
-C.C 11370 
-0.C11329 
-0.C02177 
-0.( 02629 
-0.C02310 
-0.C02699 
-0.COI 991 
-0.r0G889 

O.COC 29 0 
O.C10940 
O.C1C640 

-O.C10364 
-O.C11741 
-0.C12 30 2 
-0.C13311 
-0.C13213 
-0.C02-346 
-O.C 0241 3 
-0.C1206C 
-0.C01 315 
-C.C11693 
-C.C11692 
-O.C117C2 
-O.C 01 67 4 
-C.C01 684 
-0.COI 717 
-0.COI 779 
-C.C01353 
-O.C 11 941 
-O.C 02019 
-0.C021C4 
-0.(12185 
-C.C 02 268 
-0.C12343 



AR 211 A.Rlzzi 
F.F.A. 

OJ-8-3 

NACA 0012: MACH - 0.85, ALPHA - 1 

39 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

1U0 
101 
102 
103 
104 
105 
106 
107 
103 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 

0.1 4047 3 
0.152737 
0.165666 
C.179295 
0.1 93656 
0.208777 
0.22439'J 
0.241424 
0.259007 
0.277463 
0.29681a 
0.317065 
0. 338284 
0.360423 
0.383502 
C.407518 
0.432457 
0.458294 
0.454994 
C.512511 
0.540782 
0.569732 
0.599267 
0.629275 
0.659527 
0.690171 
0.720 735 
0.751125 
0.751120 
0.810477 
C.8Î8931 
C.8Ó6187 
0.891931 
0.915325 
0.937500 
0.958583 
0.972671 
0.935354 
0.994210 
0.996814 

0.0 5208 9 
Ü.C5336 4 
0.054542 
0.C55615 
0.C5657O 
0.057415 
O.C5f124 
0.C56694 
0.059114 
0.059374 
0.059466 
0.05937 3 
0.C591G1 
0.C58629 
0.057952 
C.05706 6 
0.155965 
O.C 5464 6 
0.0 5310 3 
0.0 5135 4 
0.049388 
0.047211 
G.C44337 
O.C 4227 6 
0.C 3954 2 
O.C 3665 4 
C.033631 
0.030499 
O.C 2728 5 
Ü.C2402 3 
0.C2C752 
0.017512 
O.C1435 4 
O.C1133 5 
0.008522 
0.00598 5 
O.C 0330 2 
O.C02052 
0.00031 6 
C.C0016 ä 

0 . * 3619 3 
C. 5 93251 
0.600034 
C.6 06554 
0.612334 
0.618865 
C.624692 
C.6 30273 
C.635628 
0.640764 
0.645834 
C. 15 C 3 7 3 
(.654795 
'0.6 58 97 3 
C.662900 
C.666602 
C.670054 
0.673260 
0.676219 
0.676945 
C.681333 
1.633*14 
C.686143 
C.6 3752a 
C.69C163 
0.6 9193 2 
C.6 3595 5 
C.7024C3 
0.707523 
C.6 22193 
0.454077 
C.35C935 
0.225427 
C.320751 
C.205975 
0.296341 
0.231412 
0.265036 
0.242340 
0.2 3564 0 

-0.665028 
-G.637391 
-C.70890 0 
-0.72557a 
-0.749492 
-0.766561 
-0.767095 
-0.ÉJ4 79 3 
-0.82177o 
-0.838063 
-0 . ó 53 66 a 
-0.268533 
-0.682553 
-0.895305 
-0.9J6 259 
-C.919 95 9 
-0.930947 
-0.941112 
-0.550497 
-0.959143 
-0.58ò372 
-0.974562 
-0.931963 
-0.986354 
-0.994715 
-1.000326 
-0.994055 
-1.133533 
-1 .Ct97s2 
-G.779171 
-0.246048 

0.C&1033 
C.lal92« 
0.176751 
0.210 93'J 
0.252573 
0.3J1503 
0.353423 
0.423320 
C.43£?95 

1.199016 
1.212241 
1.2251C6 
1.237596 
1.249757 
1.261800 
1 .27307 7 
1.284727 
1.295034 
1.235496 
1 .315822 
1.325383 
1.334854 
1.343485 
1.351349 
1.359322 
1.367289 
1.374311 
1.380768 
1.336351 
1.392111 
1.397755 
1.402892 
1.405771 
1.412354 
1.415965 
1 .408970 
1 .445525 
1 .460529 
1.221557 
0.901171 
0.755603 
0.720916 
0.711035 
C.693719 
0.671312 
0.646183 
C.608464 
0.557939 
0.542559 

-O.C 02416 
-0.f 0? 48 2 
-0.C 02 54 3 
-O.C 02 59 3 
-O.C0265 6 
-O.C 0269 5 
-O.C 02738 
-O.C 02 7t ? 
-O.C 0279 i 
-O.C 02315 
-O.C 02 34 6 
-0.CO2854 
-0.00286* 
-O.C 0287 5 
-O.C02 36 3 
-O.C 02 3? 7 
-O.C 0285 2 
-C.C02388 
-C.C 0281 ’ 
-0.C029C1 
-O.C 0269 7 
-O.C02990 
-O.C 02 717 
-O.C02520 
-O.C03443 
-O.C 02499 

0.CO0421 
-0.Cil 503 
-O.C13096 

O.C 60061 
0.C74720 
O.C 5067 3 
O.C 45995 
O.C 48 3C 2 
O.C 47848 
O.C 46244 
O.C 46909 
0.C5C191 
O.C 54277 
O.C 499.5.1 
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30/6 NONISO IN VOR ÜNORO MESH .85 1-00 N04 CON SWT 

PITCH 
HACH 
RATfc- 
N5UP 
CYCl 

-0.087 
0.850 
0.986 

53 
1000 

CCIRC 
ALPHA 
RESAS 
LIFT 
SYSEC 

0. ¡ 38 
I .000 

0.840E-01 
0.265E + 00 
0.484E+03 

CELLS 32X 7 
RESAE 0.997E- 
DRAG 0.621E- 
RESMX 0.238E 

O.OC 

» 

i 
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RESAE 0.997E-07 
DRAG 0.621 b'-0¡ 
RESMX 0.238E-06 |7 | 
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30/6 NON I SO IN VOR ÜNORO 
PITCH -O.¡03 CCIRC 
MACH 0.850 ALPHA 
RATE 0.989 RESAS 
NSÜP 205 LIFT 
CYCL 1000 SY5EC 

MESH .85 1-00 N04 CON SWT 

O. i 63 
I .000 

0.684E-02 
0.323E+00 
0. i 64E♦O4 

CELLS 64X14 
RESAE O. i I8E 
DRAG 0.552E 
RESMX -0.536E 

T- ~r T -1- 
100.00 

—I- 
í 20.00 

—i-1— 

l'O.OO i 60.00 0.00 
1-1- 

20.00 
-1- 
40.00 

T- 
60.00 60.00 

cycl «io1 



F.F.A. 
AR 211 

A.Rizzi 

HHHI 

1| 
NACA 0012: MACH-0.85. ALPHA - 1 

00 N04 CON SWT .05 -40 

CELLS 64X14 

RESAL 0. i I BE-06 
DRAG 0.552E-0Í 
RESMX -0.536E-06 60 ¡ 

< 

/ 



AR2II A.Rizzi 02-8-7 

NACA 0012: MACH-0.85, ALPHA - 1 

CELLS 64 X 14 

NCYC -- 1000 Rfc'SRMS 0.iI8E-06 
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PITCH 
MACH 
RATP 
NSUP 
CYCL 

30/6 NONISO IN VOR UNORO MESH .85 
-0.¡04 r Gl I RC 0.¡66 
0.850 ALPHA 1.000 
0.990 -ík* RESAS 0.212E-02 

798 LIFT 0.330E+00 
1000 SYSEC 0.606E+04 

00 N04 CON SWT 

CELLS 128X28 
€»J RESACO. MOE 

DRAG 
RESMX Ma» 

0.528E 
0.536E 



F.F.A. 
AR 211 A.Rizzi 02-8-8 

NACA (MM2: MACH-0.85, Al PHA- 1 

5 1.00 NQ4 CON SWT -1 .05 .40 

CELLS 128X28 
RESAÊ O.MOE-06 
DRAG 0.528E-01 
RE5MX 0.536E-06 

Mm* 
118 4 

w.gc 
O 

(T 

- O 
I 

rJ . 

T 
a 
r 
L. 

1-r 

SYSEC *10' 
3S3.45 4fe4.<so 50^-75 72S.90 fc4fc.0r3 

I 1 i i i _I_1__1-1-tjO 

so.o 
-i-1 i i i i r 

f.C.OO . 100.00 120.00 
, ! Cy cl *10 

1 

ll 



F.F.A. 

A.Rizzi 02-K-y 

\ \( 
A mil 2 MACH-».85,ALPH/'-l 

( i l IS 128 X 28 

NCYC -- ¡000 RESRMS -- 0.M0E-06 



.10/6 NONISOINVORUNOROMESH .85 1.00 No 4 CON SWT.I .05.40 

P I PRES I-P/PIINF 



AK 211 02-8-1« 

NACA 0012: MACH = 0.85. ALPHA - I 



P 2 MACH 
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■i — 

_L_-— -- ; 
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AR2II 

NACA (HH 2: 

p 3 TOTP 1-Pl/PIINF 



F K A. 
AR 211 A.Rizzi 02-8-12 

NACA tM) 12: MACH - 0.85, ALPHA - 1 



I 
/ 

P 4 COEP Cp 



F.F.A. 
AR 211 A.Rizzi 

NACA (M)l 2: MACH - « KS, ALPHA - 1 

02-8-13 

* r 
_,p.-- 

r' i 



T mm* 

/ !,± 

ft 

p.r.A. 
AK 211 

NACA (Mil 2: N 

P 5 PRKS 1-P/PIINF INC-0.025 min-0.025 max-0.70 

T 





F.F.A 

P 6 PRES 1-P/PI1NF INC-.025 min-.025 max - .70 



AR 211 A.Rizzi 02-8-15 

NACA 0012: MACH-0.85. ALPHA - 1 







P 8 MACH INC-.05 min-.05 max-1.45 



F.F.A. 

AR 211 
A.Rizzi 02-K-17 

NACA 0012: MACH - O KS. ALPHA - 1 







P 10 TOTP 1-PI/PI1NF INC-.005 min 



AR 211 



AGARD FDP - WG 07 

/ 

AR-211 

THST CASHS FOR STEADY INVISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 02 

NACA 0012: MACH “ 0.85, ALPHA = 1 

Contributor No 9 

W.Schmidt and AJameson 

(Dornier, F.R.G.) and (Princeton Univ„ U.S.A.) 



I 
I 

AR211 
W.Schmidl 
AJamcNon 02-9-1 

NACA (XII2: MACH - 0.85. ALPHA - 1 

DORNIER JAMI SON 

N x/ctx) z/cm 1-P/P1INF CP MACH 1-PI/PIINF 

2 99.992828 
3 99.965897 
4 99.914658 
5 99.840439 
6 99.744003 
7 99.625946 
8 99.486725 
9 99.326721 

10 99.146286 
11 98.945786 
12 98.725494 
13 98.485703 

• 14 98.226700 
15 97.948761 
16 97.652130 
17 97.337082 
18 97.003891 
19 96.652786 
20 96.284027 
21 95.897858 
22 95.494553 
23 95.074341 
24 94.637466 
25 94.184219 
26 93.714823 
27 93.2295:3 
28 92.728638 
29 92.212341 
30 91.680923 
31 91.134644 
32 90.573761 
33 89.998535 
34 89.409225 
35 88.806091 
36 88.129407 
37 87.559418 
38 86.916428 
39 86.260666 
40 85.592407 
41 84.911942 
42 84.219528 
43 83.515427 
44 82.799927 
45 82.073288 
46 81.335815 
47 80.587753 
48 79.829376 
49 79.060974 
50 78.282837 
51 77.495209 
52 76.698410 
53 75,892685 
54 75.078339 
55 74.255630 
56 73.424866 
57 72.586319 
58 71.740265 
59 70.887009 
60 70.026794 
61 69.159943 
62 68.286728 
63 67.407440 
64 66.522354 
65 65.631760 
66 64.735947 
67 63.835220 
68 62.929840 
69 62.020111 
70 61.106308 
71 60.188751 
72 59.267700 
73 58.343460 
74 57.416321 
75 56.486572 
76 55.554504 
77 54.620422 
78 53.684616 
79 52.747375 
80 51.808990 

-0.001020 
-0.004846 
-0.012110 
-0.022620 
-0.036276 
-0.052983 
-0.072632 
-0.095145 
-0.120481 
-0.148593 
-0.179389 
-0.212798 
-0.248813 
-0.287339 
-0.328249 
-0.371551 
-0.417216 
-0.465119 
-0.515193 
-0.567390 
-0.621635 
-0.677854 
-0.735998 
-0.796038 
-0.857903 
-0.921482 
-0.986685 
-1.053459 
-1.121780 
-1.191594 
-1.262822 
-1.335393 
-1.409214 
-1.484191 
-1.560317 
-1.637572 
-1.715837 
-1.795019 
-1.875083 
-1.955977 
-2.037631 
-2. 1 19970 
-2.202941 
-2.286501 
-2.370600 
-2.455165 
-2.5401 12 
-2.625375 
-2.710910 
-2.796670 
-2.882581 
-2.968552 
-3.054547 
-3. 140560 
-3.226509 
-3.312301 
-3.397891 
-3.483205 
-3.568157 
-3.652738 
-3.736912 
-3.820540 
-3.903537 
-3.985905 
-4.067623 
-4.148601 
-4.228698 
-4.307539 
-4.336030 
-4.463216 
-4.539302 
-4.614206 
-4.687847 
-4.760140 
-4.831051 
-4.900533 
-4.968453 
-5.034718 
-5.099324 

0.155450 
0.186701 
0.200772 
0.212833 
0.222192 
0.230499 
0.237522 
0.243807 
0.249553 
0.254986 
0.259896 
0.264477 
0.269045 
0.273267 
0.277114 
0.280960 
0.284716 
0.288259 
0.291678 
0.295010 
0.298220 
0.301283 
0.304258 
0.307240 
0.310183 
0.313016 
0.315703 
0.318305 
0.320887 
0.323430 
0.325934 
0.328413 
0.330772 
0.332981 
0.335215 
0.337471 
0.339617 
0.341669 
0.343680 
0.345649 
0.347550 
0.349362 
0.351101 
0.3527'Jl 
0.354441 
0.356021 
0.357489 
0.358849 
0.360125 
0.361333 
0.362410 
0.363294 
0.364067 
0.364755 
0.365263 
0.365566 
0.365694 
0.365600 
0.365229 
0.364445 
0.362994 
0.361386 
0.354434 
0.386167 
0.468643 
0.577575 
0.623442 
0.628422 
0.628953 
0.628131 
0.627749 
0.627075 
0.626591 
0.625928 
0.625367 
0.624712 
0.623969 
0.623198 
0.622488 

0.700948 
0.601847 
0.557223 
0.518978 
0.489298 
0.462955 
0.440683 
0.420754 
0.402531 
0.385303 
0.369732 
0.355206 
0.340719 
0.327330 
0.315132 
0.302934 
0.291024 
0.279789 
0.268945 
0.258381 
0.248200 
0.238487 
0.225053 
0.2 ’ 9 5 9 7 
0.210265 
0.201281 
0.192758 
0.184508 
0.176319 
0.168256 
0.160315 
0.152452 
0.144972 
0.137966 
0.130882 
0. 123728 
0.116922 
0.110415 
0.104040 
0.097796 
0.091766 
o 086020 
0.08050" 
0.075147 
0.063913 
0.064903 
0.060249 
0.055938 
0.051890 
0.048058 
0.044643 
0.041839 
0.039390 
0.037206 
0.035596 
0.034636 
0.034229 
0.034528 
0.035703 
0.038190 
0.042791 
0.047890 
0.069936 

-0.030693 
-0.292240 
-0.637682 
-0.783133 
-0.798925 
-0.800609 
-0.798003 
-0.796793 
-0.794654 
-0.793119 
-0.791017 
-0.789239 
-0.787159 
-0.784804 
-0.782359 
-0.780108 

0.472855 
0.527543 
0.554142 
0.573326 
0.589685 
0.603070 
0.614797 
0.624959 
0.634309 
0.643036 
0.651003 
0.658313 
0.665546 
0.672357 
0.678465 
0.684499 
0.690483 
0.696084 
0.701459 
0.706704 
0.711752 
0.716572 
0.721233 
0.725888 
0.730502 
0.734932 
0.739142 
0.743197 
0.747220 
0.751193 
0.755089 
0.758944 
0.762635 
0.766083 
0.769530 
0.773045 
0.776401 
0.779583 
0.782706 
0.785768 
0.788727 
0.791544 
0.794246 
0.796871 
0.799432 
0.801891 
0.804179 
0.806291 
0.808273 
0.810144 
0.811826 
0.813211 
0.814396 
0.815464 
0.816267 
0.816733 
0.816926 
0.816784 
0.816190 
0.814979 
0.812852 
0.810424 
0.800787 
0.842056 
0.966157 
1.168045 
1.264026 
1.279720 
1.278208 
1.278569 
1.276464 
1.275915 
1.2"4482 
1.273154 
1.272142 
1.270971 
1.269444 
1.267935 
1.266503 

0.015713 
0.016932 
0.015384 
0.016339 
0.015833 
0.016133 
0.015994 
0.016080 
0.016072 
0.016122 
0.016077 
0.016114 
0.016182 
0.016120 
0.016135 
0.016201 
0.016174 
0.016183 
0.016206 
0.016216 
0.016227 
0.016228 
0.016241 
0.016270 
0.016274 
0.016285 
0.016286 
0.016303 
0.016322 
0.016325 
0.016345 
0.016365 
0.016359 
0.016360 
0.016400 
0.016408 
0.016404 
0.016422 
0.016437 
0.016449 
0.016457 
0.016466 
0.016480 
0.016491 
0.016505 
0.016514 
0.016516 
0.016527 
0.016538 
0.016554 
0.016554 
0.016548 
0.016571 
0.016578 
0.016568 
0.016576 
0.016582 
0.016576 
0.016594 
0.016579 
0.016441 
0.016357 
0.015172 
0.023594 
0.032684 
0.017148 
0.006143 

-0.001640 
0.001828 

-0.000870 
0.000943 

-0.000126 
0.000508 
0.000117 
0.000385 
0.000212 
0.000290 
0.000266 
0.000306 
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/ 

81 
82 
83 
84 
85 
86 
87 
88 
89 
9j0 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 

AR 21 I 
W .Schmidt 
AJamcson 02-9-2 

NACA 0012: MACH - 0.85. ALPHA - I 

.0,869781 
49.930008 
48.990005 
48.050049 
47.110458 
46.171509 
45.233521 
44.296783 
43.361603 
42.428284 
41.497131 
40.568451 
39.642548 
38.719727 
37.800293 
36.884567 
35.972839 
35.065430 
34.162659 
33.264816 
32.372223 
31.485199 
30.604050 
29.729080 
28.860626 
27.998978 
27.144455 
26.297394 
25.458069 
24.626831 
23.803986 
22.989822 
22.184692 
21.388901 
20.602753 
19.826538 
19.060608 
18.305237 
17.560776 
16.827515 
16.105759 
15.395823 
14.697994 
14.012589 
13.339911 
12.680262 
12.033938 
11.401228 
10.782431 
10.177848 
9.587761 
9.012450 
8.452214 
7.907336 
7.378089 
6.864746 

.367586 

.886880 

.422886 

.975878 

.546138 

.133910 
. 739435 
.363000 

3.004866 
2.665271 
2.344483 
2.042769 
1.760388 
1.497621 
1.254779 
1.032200 
0.830213 
0.649191 
0.489575 
0.351844 
0.236489 
0.143964 
0.074616 
0.028571 

6 . 

a. 
5 
4. 
4 
4. 
3. 
3 , 

-5.162216 
-5.223271 
-5.282402 
-5.339531 
-5.394568 
-5.447458 
-5.498161 
-5.546580 
-5.592612 
-5.636191 
-5.677249 
-5.715693 
-5.751444 
-5.784445 
-5.814661 
5.842010 

-5.866369 
-5.887674 
-5.905882 
-5.920918 
-5.932717 
-5.941235 
-5.946396 
-5.948131 
-5.946407 
-5.941193 
-5.932426 
-5.920048 
-5.904007 
-5.884267 
-5.860794 
-5.833555 
-5.802505 
-5.767619 
-5.728903 
-5.686358 
-5.639968 
-5.589691 
-5.535499 
-5.477386 
-5.415383 
-5.349519 
-5.279799 
-5.206223 
-5.128796 
-5.047531 
-4.962469 
-4.873669 
-4.781145 
-4.684890 
-4.584977 
-4.481469 
-4.374364 
-4.263697 
-4.149546 
-4.031963 
-3.910989 
-3.786671 
-3.659085 
-3.528265 
-3.394206 
-3.257002 
-3.116738 
-2.973392 
-2.826992 
-2.677608 
-2.525252 
-2.369932 
-2.211676 
-2.050480 
-1 . 886312 
-1.7191-,3 
-1.548982 
-1.375844 
-1 . 199747 
-1.020777 
-0.839120 
-0.655104 
-0.469198 
-0.281985 

0.621709 
0.620840 
0.619916 
0.618941 
0.617915 
0.616884 
0.615825 
0.614670 
0.613443 
0.612181 
0.610856 
0.609449 
0.607982 
0.606493 
0.604976 
0.603342 
0.601584 
0.599783 
0.597931 
0.595988 
0.593978 
0.591900 
0.589710 
0.587434 
0.585115 
0.582720 
0.580213 
0.577589 
0.574863 
0.572048 
0.569139 
0.5661 15 
0.562959 
0.559711 
0.556408 
0.553018 
0.549483 
0.545755 
0.541856 
0.537835 
0.533742 
0.529547 
0.525179 
0.520607 
0.515832 
0.510867 
0.505780 
0.500575 
0.495083 
0.489298 
0.483379 
0.477214 
0.470651 
0.463769 
0.456574 
0.449031 
0.441048 
0.432655 
0.423889 
0.414469 
0.404257 
0.393534 
0.382118 
0.369640 
0.356179 
0.341648 
0.325764 
0.308405 
0.289453 
0.268700 
0.245835 
0.220703 
0.193400 
0.164027 
0.132891 
0.100821 
0.069439 
0.041053 
0.018476 
0.004575 

-0.777639 
-0.774883 
-0.771951 
-0.768860 
-0.765605 
-0.762337 
-0.758978 
-0.755315 
-0.751423 
-0.747422 
-0.743220 
-0.738759 
-0.734108 
-0.729385 
-0.724574 
-0.719392 
-0.713818 
-0.708106 
-0.702232 
-0.696071 
-0.689698 
-0.683108 
-0.676164 
-0.668947 
-0.661591 
-0.653996 
-0.646047 
-0.637725 
-0.629080 
-0.620154 
-0.610929 
-0.601339 
-0.591331 
-0.581032 
-0.570558 
-0.559808 
-0.548595 
-0.536774 
-0.524409 
-0.511659 
-0.498679 
-0.485378 
■0.471525 
-0.457027 
-0.441882 
-0.426140 
-0.410006 
-0.393501 
-0.376086 
-0.357740 
-0.338971 
-0.319419 
-0.298606 
-0.276752 
-0.253968 
-0.230048 
-0.204730 
-0.178115 
-0.150318 
-0.120446 
-0.088060 
-0.054057 
-0.017854 
0.021715 
0.064403 
0.110483 
0.160853 
0.215901 
0.276003 
0.341814 
0.414322 
0.494019 
0.580602 
0.673748 
0.772487 
0.874186 
0.973704 
1.063720 
1.135314 
1 . 179398 

1.265000 
1.263271 
1.261456 
1.259545 
1.257534 
1.255505 
1.253444 
1.251202 
1.248807 
1.246355 
1.243796 
1.241082 
1.238256 
1.235386 
1 .232475 
1.229369 
1.226016 
1.222580 
1.219079 
1.215413 
1.211622 
1.207726 
1.203641 
1.199393 
1.195081 
1.190655 
1.186038 
1.181223 
1.176234 
1.171107 
1.165832 
1.160374 
1.154706 
1.148887 
1.142996 
1.136984 
1.130742 
1.124197 
1.117376 
1.110376 
1.103277 
1.096050 
1.088564 
1.080763 
1.072659 
1.064281 
1.055719 
1.047011 
1.037914 
1.028341 
1.018574 
1.008509 
0.997841 
0.986667 
0.975097 
0.963017 
0.950308 
0.936994 
0.923135 
0.908395 
0.892450 
0.875698 
0.858032 
0.838797 
0.818017 
0.795675 
0.771289 
0.744566 
0.715293 
0.683012 
0.647075 
0.606844 
0.561895 
0.511579 
0.455056 
0.391832 
0.321663 
0.244779 
0.162246 
0.077357 

0.000263 
0.000288 
0.000285 
0.000282 
0.000284 
0.000302 
0.000296 
0.000287 
0.000299 
0.000306 
0,000299 
0.000300 
0.000301 
0.000316 
0.000321 
0.000301 
0.000310 
0.000329 
0.000322 
0.000319 
0.000332 
0.000333 
0.000324 
0.000335 
0.000347 
0.000344 
0.000344 
0.000346 
0.000355 
0.000360 
0.000366 
0.000365 
0.000363 
0.000375 
0.000387 
0.000388 
0.000392 
0.000388 
0.000394 
0.000401 
0.000420 
0.000422 
0.000423 
0.000430 
0.000435 
0.000438 
0.000463 
0.000483 
0.000455 
0.000472 
0.000521 
0.000505 
0.000500 
0.000535 
0.000550 
0.000563 
0.000563 
0.000591 
0.000641 
0.000607 
0.000612 
0.000702 
0.000690 
0.000669 
0.000733 
0.000740 
0.000725 
0.000737 
0.000734 
0.000726 
0.000680 
0.000634 
0.000618 
0.000595 
0.000558 
0.000418 
0.000282 
0.000229 
0.000273 
0.000402 
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W.Schmidt 
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NACA 0012: MACH - O SS. ALPHA - 1 

161 
162 
163 
164 
¿65 
166 
167 
16B 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
1 90 
191 
192 
193 
194 
195 
196 

lié 
199 

202 

in 
205 

in 
208 
209 
210 
211 

i\i 
214 
215 
216 
217 

ill 
220 

223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 

m 

0.005686 
0.005686 
0.028571 
0.074616 
0. 143964 
0.236489 
0.351844 
0.489575 
0.649191 
0.830213 
1.032200 
1.254779 
1.497621 
1 .760388 
2.042769 
2.344483 
2.665271 
3.004866 
3.363000 

.739435 
133910 

.546138 

.975878 

.422886 

.886880 

.367586 
864746 

.378089 

.907336 
8.452214 
9.012450 
9.587761 

10.177848 
10.782431 
11.401228 
12.033938 

mim 
14.012589 

16.105759 

\î:üim 
18.305237 

n.nnn 
20.602753 
21.388901 
22.184692 
22.989822 

iumn 
25.458069 
26.297394 
27.144455 
27.998978 

limn 
30.604050 

33.264816 
34.162659 
35.065430 
35.972839 
36.884567 
37.800293 
38.719727 
39.642548 
40.568451 
41.497131 
42.428284 
43.361603 
44.296783 
45.233521 
46 . 171509 
47.110458 

2. 
2. 
2 . 
2. 
3. 

3 . 
3. 

3. 
3 . 

3 . 

3. 
4 
4 . 
4 . 

4. 

4 . 
4 . 

4 . 

4 . 
4 . 

4 . 

-0.094065 
0.094065 
0.281985 
0.469198 
0.655104 
0.839120 
1.020777 
1.199747 
1.375844 
1.548982 
1.719143 
1.886312 
2.050480 
2.211676 

. 369932 

. 525252 

.677608 
. 826992 
. 973392 
, 1 16738 
.257002 
,394206 
.528265 
.659085 
, 78667 1 
.910989 
.031963 
149546 

.263697 

.374364 

.481469 

.584977 

.684890 

.781145 

.873669 

.962469 

turn 
5.206223 

UllUl 
5.415383 

5.589691 

lililí 
5.728903 
5.767619 
5.802505 
5.833555 

uiïm 
5.904007 
5.920048 
5.932426 
5.941193 

5.946396 

i.mm 
5.920918 

905882 
887674 
866369 
842010 
814661 
784445 
751444 
715693 
677249 
636191 
592612 
546580 
498161 
447458 

5.394568 

uma 

0.001392 
0.009662 
0.029076 
0.057966 
0.093505 
0.132403 
0.171807 
0.209562 
0.244669 
0.276724 
0.305637 

.331594 

.354696 

.375257 

.393748 

.410479 
0.425605 
0.439274 
0.451827 
0.463374 
0.473812 
0.483543 
0.492826 
0.501360 
0.509217 
0.516679 
0.527755 
0.530426 
0.536777 
0.542892 
0.548741 
0.554226 
0.559469 
0.564603 
0.569483 
0.574089 

0.587153 

0.598791 

0.609434 

nniïï 
0.618954 
0.621910 
0.624818 
0.627651 

i-mu 
0.635535 
0.638003 
0.640388 
0.642675 

§:Í4¿§Í3 
0.649084 

0.65^901 
0.656716 
0.658454 
0.660146 
0.661808 
0.663369 
0.664829 
0.666263 
0.667681 
0.669054 
0.670359 

671607 
0.672830 
0.673997 
0.675084 
0.676146 

inan 

0 

1.189491 
1.163265 
1.101703 
1.010086 
0.897386 
0.774033 
0.649078 
0.529349 
0.418020 
0.316367 
0.224679 
0.1 42366 
0.069106 
0.003903 

-0.054734 
-0.107791 
-0.155760 
-0.199104 
-0.238912 
-0.275530 
-0.308630 
-0.339491 
-0.36892b 
-0.395990 
-0.420906 
-0.444570 
-0.467008 
-0.488163 
-0.508303 
-0.527695 
-0.546244 
-0.563636 
-0.580265 
-0.596545 
-0.612020 
-0.626627 

-0.668054 

-0.704960 

-0.738710 

--wm 
-0.768902 
-0.778275 
-0.787498 
-0.796481 

-0.821483 
-0.829308 
-0.836871 
-0.844125 

-0.864449 

-imn 
-0.882896 
-0.888652 
-0.894161 
-0.899529 
-0.904797 
-0.909750 
-0.914380 
-0.918926 
-0.923423 
-0.927777 
-0.931914 
-0.935874 
-0.939749 
-0.943452 
-0.946899 
-0.950266 

=1:11^2 

0.«336420 
0.1 15899 
0.205505 
0.293641 
0.377433 
0.455056 
0.525780 
0.589214 
0.645675 
0.695860 
0.740543 
0.780385 
0.815797 
0.847436 
0.876026 
0.902078 
0.925767 
0.947360 
0.967417 
0.906836 
1.00281? 
1.01876o 
1 .034081 
1.048204 
1.061387 
1.073597 
1.086025 
1.097459 
1.108430 
1.119095 
1 . 1 29342 
1.139000 
1. 148356 
1.157568 
1 . 166337 
1 . 174707 

\:\im 
1 . 198751 

umn 
1 .220573 

i:iiüí3 
1.240914 

{:Í534?8 
1.259411 
1.265224 
1.270978 
1.276600 

\:íim 
1.292422 
1.297426 
1.302282 
1.306964 

\:i\m 
1 .320202 

1.332360 
1.336185 
1.339851 
1.343455 
1 .347003 
1.350327 
1.353461 
1.356556 
1.359621 
1.362593 
1.365420 
1.368143 
1.370825 
1.373376 
1.375756 
1 .37C! 06 
1.380450 
i.382704 

0.000466 
0.000319 
0.000071 

-0.000126 
-0.000154 
-0.000003 
0.000160 
0.000215 
0.000303 
0.000436 
0.000509 
0.000591 
0.000670 
0.000692 
0.000706 
0.000692 
0.000714 
0.000711 
0.000634 
0.000661 
0.000690 
0.000587 
0.000572 
0.000622 
0.000581 
0.000551 
0.000554 
0.000548 
0.000541 
0.000506 
0.000510 
0.000542 
0.000501 
0.000476 
0.000514 
0.000505 

nrnnn 
0.000490 

m 
0.000495 

00-r*no8Í 
0.000482 

umu 
0.000497 
0.000493 
0.000486 
0.000495 

0.000504 
0.000504 
0.000510 
0.000512 
0.000521 
0.000519 
0.000510 
0.000525 
0.000536 
0.000528 
0.000533 
0.000548 
0.000541 
0.000534 
0.000561 
0.000564 
0.000557 
0.000557 
0.000563 
0.000580 
0.000582 
0.000570 
0.000585 
0.000601 
0.000590 
0.000592 
0.000608 
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241 

m 
244 
245 
246 
247 
248 
249 
’•H» 

251 
252 
253 

iU 
756 

258 
259 
260 
261 
762 

m 
265 
266 
267 
268 

Wà 
271 
272 
273 
274 

ü\ Il 
277 
278 
279 
280 

283 
284 
285 
286 

289 

¡§f 
.."12 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 

49.930008 

If 18089^0 
52.747375 
53.684616 
54.620422 
55.554504 
56.486572 
57.416321 
58.343460 
59.267700 
60.188751 
61.106308 

63.835220 

66.522354 
67.407440 
68.286728 
69.159943 

70! 88 7009 
71.740265 
72.586319 
73.424866 
74.255630 
75.078339 
75.892685 
76.698410 
77.495209 
78.282837 
79.060974 

¿3:§¡^§ 
81 .335815 
82.073288 
82.799927 
83.515427 

It.îlïïîî 
85.592407 
86.260666 
86.916428 
87.559418 

09 I 
89.409225 

588 al.¿06091 

91.134644 
91.680923 
92.212341 
92.728638 
93.229553 
93.714828 
94.184219 
94.637466 
95.074341 
95.494553 
95.897858 
96.284027 
96.652786 
97.003891 
97.337082 
97.652130 
97.948761 
98.226700 
98.485703 
98.725494 
98.945786 
99. 146286 
99.326721 
99.486725 
99.625946 
99.744003 
99.840439 
99.914658 

5.223271 

5.034718 
968453 
900533 
831051 
760140 
687847 
614206 
539302 
463216 
386030 

imui 
4.148601 

3 i 985905 
3.903537 
3.820540 
3.736912 
3.652738 

3.39789! 

3.312301 
3.226509 
3.140560 
3.054547 
2.968552 
2.882581 
2.796670 
2.710910 
2.625375 

i:ï*«ÜÉ 
2.370600 
2.286501 
2.202941 
2.119970 

hum 
1.875083 
1.795019 
1.715837 
1.637572 

1.409214 

§l:i?§Si? i.m 
1.191594 
1.121780 
1.053459 
0.986685 
0.921482 
0.857903 
0.796038 
0.735998 
0.677854 
0.621635 
0.567390 
0.515193 
0.465119 
0.417216 
0.371551 
0.328249 
0.287339 
0.248813 
0.212798 
0.179389 
0.148593 
0.120481 
0.095145 
0.072632 
0.052983 
0.036276 
0.022620 
0.012110 

0:001020 

0.679209 

0.681824 
0.682676 
0.683535 
0.684296 
0.685016 
0.685755 
0.686482 
0.687178 
0.687843 
0.688456 

’0 

imn 
0.690326 

0.691915 
0.692482 
0.693082 
0.693590 

mtm 
0.695094 
0.695590 
0.696091 
0.696573 
0.696999 
0.697456 
0.697960 
0.698468 
0.698914 
0.699397 
0.699829 
0.700393 
0.700744 
0.701328 
0.701560 
0.702561 
0.701947 
0.696970 
0.646388 
0.511066 
0.388143 
0.319951 

umi 
0.322610 

í-.min 
0.316612 
0.314359 
0.312069 
0.309739 
0.307311 
0.304741 
0.302063 
0.299333 
0.296591 
0.293755 
0.290778 
0.287683 
0.284495 
0.281183 
0.277671 
0.274059 
0.270423 
0.266440 
0.262135 
0.257791 
0.253119 
0.247964 
0.242490 
0.236499 
0.229793 
0.221952 
0.213050 
0.201831 
0.1887 
0.1643 

-0.959979 1.384881 0.000600 

i-mn -Wim uiigy i-.nm 
0 000636 
0.000607 
0.000624 
0.000658 
0.000646 
0.000640 
0.000653 
0.000662 
0.000658 
0.000675 

-0.968273 
-0.970976 
-0.973696 
-0.976112 
-0.978395 
-0.980739 
-0.983044 
-0.985251 
-0.987359 
-0.989303 

-0.995231 

--wim 
-1.000272 
-1.002069 
-1.003972 
-1.005585 

-1.010353 
-1.011926 
-1.013515 
-1.015043 
-1.016394 
-1.017842 
-1.019443 
-1.021051 
-1.022467 
-1.023998 

-1.028271 
1.030122 
1.030857 
1 .03/ 033 

IW 
0.855898 
0.426768 
0.036961 
0.179289 

=1 

0.170856 

0:182932 
0.189877 
0.197020 
0.204283 
0.211671 
0.219372 
0.227522 
0.236013 
0.244671 
0.253365 
0.262360 
0.271800 
0.281614 
0.291725 
0.302227 
0.313365 
0.324821 
0.336350 
0.348982 
0.362632 
0.376409 
0.391222 
0.407571 
0.424931 
0.443929 
0.465193 
0.490058 
0.518290 
0.553865 

§i nnm 

1.390697 
1.392630 
1.394544 
1 .396234 
1 . 397865 
1 .399538 
1.401174 
1 .402745 
1.404256 
1.405638 

¡Aim 
1.409907 

\A\m 
1.413519 
1.414843 
1.416216 
1.417353 

¡:2i§a§ 
1.420835 
1.421969 
1.423149 
1 .424247 
1.425238 
1.426287 
1.427509 
1.428607 
1.429758 
1.430700 

1.434417 
1.434602 
1.436996 
1.436804 

\:iï»7ÏÎÎ 
1.285489 
0.992154 
0.797973 
0.708655 

wmi 
0.709796 

0:703386 
0.699794 
0.696086 
0.692321 
0.688488 
0.684482 
0.680243 
£.675818 
0.671324 
0.666790 
0.662083 
0.657139 
0.651988 
0.646687 
0.641148 
0.635223 
0.629212 
0.623085 
0.616260 
0.609009 
0.601616 
0.593535 
0.584675 
0.575144 
0.564712 
0.552717 
0.538952 
0.522293 
0.502583 

i-Aim 

0.000668 

S:P 
0.000712 
0.000680 
0.000692 
0.000741 

0.000725 
0.000746 
0.000723 
0.000753 
0.000752 
0.000773 
0.000705 
0.000827 
0.000673 
0.000939 

0.000147 
0.001836 

-0.000794 
0.002838 

0.039329 
0.082896 
0.069197 
0.049351 

uim 
0.052095 

l:imt 
0.052248 
0.052257 
0.052259 
0.052261 
0.052268 
0.052269 
0.052271 
0.052254 
0.052246 
0.052246 
0.052240 
0.052234 
0.052214 
0.052207 
0.052227 
0.052168 
0.052154 
0.052205 
0.052142 
0.052111 
0.052143 
0.052102 
0.052099 
0.052039 
0.052121 
0.051931 
0.052251 
0.051570 

i.nm 



DORMER JAMFSON 

AR 211 

W.Schmidt 
A Janitson 

()2-9-5 

NACA (M)12: MACH “ 0.85, ALPHA “ I 

NAPA 0012 M=0.85, ALPHA=1.00 
RESULTS AT FAR-FI ELD BOUNDARY 

I X/C(X) Z/C(X) RH0 
U 

2 1858 
3 1857 
4 1856 
5 1854 
6 1851 
7 1848 
8 1843 
9 1839 

10 1833 
11 1827 
12 1820 
13 1812 
14 1804 
15 1795 
16 1785 
17 1775 
18 1764 
19 1753 
20 1740 
21 1727. 
22 1714. 
23 1699. 
24 1685. 
25 1669. 
26 1653 
27 1636 
28 1619 
29 1601 
30 1582 
31 1563 
32 1544 
33 1523. 
34 1502. 
35 1481. 
36 1459. 
37 1436. 
38 1413. 
39 1390 
40 1366 
41 1341 
42 1316 
43 1290 
44 1264 
45 1238 
46 1211 
47 1183 
48 1156. 
49 1127. 
50 1098. 
51 1069. 
52 1040. 
53 1010. 

980. 54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

.61133 

.91431 

.52051 

.43018 

.64453 
16479 

.99170 

.12720 

.57324 

.33203 

.40576 

.79712 

.50928 

.54541 

.90869 
60303 
63257 
00122 
71387 

,77466 
.18921 
.96240 
.09985 
.60718 
.49072 
.75610 
.41016 
.45972 
91113 
77222 
04980 
75195 

,88623 
.46045 
.48340 
.96313 
.90845 
.32837 - 
.23169 - 
.62793 - 
.52637 - 
93701 - 
86914 • 
33325 ■ 
33960 ■ 
89819 ■ 
01978 • 
71509 ■ 
99512 
87085 
35327 
45386 
184326- 
556152- 
581055- 
270996- 
637939- 
694092- 
.451904- 
.923340- 
.121338 
.058350 
.747070 
200195- 
430908- 
451904- 
276367- 
917236- 
367939- 
701904- 
872070- 
911865- 
834961- 
654541- 
384491- 
038055 
628922 
170700 
677017 

949 
918. 
887. 
855. 
823. 
791. 
758 
726 
693 
659 
626 
592 
558 
524 
489. 
455 
420. 
385. 
350. 
315. 
280. 
245. 
210. 
174. 
139. 
103. 

744659 
.227142 
.689102 
.116882 
.496811 
.815277 
.058624 
.213135 
.266625 
.202393 
.010010 
.674805 
183838 
523682 

.680908 

.642334 

.393264 

.926514 

.222900 

.271973 

.061035 

.576904 
807617 
740723 
363770 

,664551 
.630859 
.251221 
.513672 
.406494 
.91797 
.03735 
75269 
05347 
92871 
36768 

,35962 
,89429 
.96143 
.55127 
65356 
25903 
35791 
94116 
99951 
52441 
50684 
93848 
81104 
11670 
84741 
99585 
55444 
51587 
87378 
62109 
75122 
25830 
.13647 
.37964 
.98242 
.93945 
.24609 
89746 
88916 
21655 
87622 
86377 
17651 
81055 
76318 
03198 
61426 
50757 
71045 
22119 
03833 
16089 
58765 

-17 
-53 
-88 

-124 
-159 
-194 
-230 
-265 
-300 
-335 
-370 
-404 
-439 
-473. 
-507, 
-541 
-575 
-608 
-642 
-675 
-708 
-740 
-772 
-804 
-836 
-867 
-898 
-929 
-959 
-989. 

-1018. 
-1048. 
-1076. 
-1105, 
-1132 

1160 
1187 

■1213 
•1239 
■1265. 
■1290. 
•1315. 
■1339. 
-1362. 
-1385. 
-1408. 
-1430. 
-1451. 
-1472. 
-1493. 
-1512. 

1531. 
1550. 
1568. 
•1585. 
•1602. 
■ 1618. 
■1634. 
-1649 
-1663 
-1676 
-1689 

1702 
1713. 
1724. 

■1735. 
■1744. 
■1753. 
■1762. 
■1769. 
■1776. 
■1783. 
-1788. 
-1793. 
-1797. 
-1801. 
-1804. 
-1806. 

1807. 

0.999832 
0.999016 
0.999339 
0.999452 
0.999627 
0.999531 
0.999572 
0.999550 
0.999582 
0.999573 
0.999592 
0.999591 
0.999604 
0.999608 
0.999618 
0.999625 
0.999635 
0.999643 
0.999654 
0.999664 
0.999676 
0.999688 
0.999701 
0.999715 
0.999730 
0.999746 
0.999762 
0.999780 
0.999799 
0.999819 
0.999839 
0.999861 
0.999884 
0.999908 
0.999933 
0.999960 
0.999987 
1.000015 
1.000045 
1.000076 
1.000108 
1.000141 
1.000175 
1.000210 
1.000245 
1.000281 
1.000319 
1.000357 
1.000395 
1.000434 
1.000472 
1.000511 
1.000549 
1.000587 
1.000624 
1.000660 
1.000695 
1.000728 
1.000759 
1.000788 
1.000814 
1.000837 
1.000857 
1.000875 
1.000888 
1.000897 
1.000904 
1.000906 
1.000904 
1.000899 
1.000892 
1.000881 
1.000868 
1.000853 
1.000837 
1.000822 
1.000807 
1.000787 
1.000776 

1.006464 
1.004526 
1.004735 
1.005510 
1.005664 
1.005485 
1.005387 
1.005359 
1.005331 
1.005298 
1.005270 
1.005242 
1.005217 
1.005189 
1.005164 
1.005137 
1.005111 
1.005084 
1.005056 
1.005029 
1.004999 
1.004971 
1.004940 
1.004909 
1.004878 
1.004845 
1.004811 
1.004776 
1.004741 
1.004704 
1.004667 
1.004629 
1.004590 
1.004550 
1.004508 
1.004466 
1.004422 
1.004378 
1.004333 
1.004286 
1.004239 
1.004190 
1.004141 
1.004090 
1.004041 
1.003989 
1.003937 
1.003884 
1.003831 
1.003778 
1.003725 
1.003673 
1.003620 
1.003571 
1.003520 
1.003472 
1.003426 
1.003382 
1.003341 
1.003304 
1.003268 
1.003239 
1.003214 
1.003192 
1.003177 
1.003166 
1.003160 
1.003161 
1.003167 
1.003179 
1.003195 
1.003216 
1.003242 
1.003271 
1.003303 
1.003336 
1.003372 
1.003416 
1.003452 

0.016714 
0.016454 
0.016688 
0.016475 
0.016527 
0.016445 
0.016484 
0.016436 
0.016448 
0.016422 
0.016425 
0.016409 
0.016406 
0.016395 
0.016390 
0.016381 
0.016375 
0.016366 
0.016359 
0.0)6350 
0.016342 
0.016333 
0.016325 
0.016316 
0.016306 
0.016297 
0.016287 
0.016277 
0.016268 
0.016257 
0.016247 
0.016237 
0.016227 
0.016217 
0.016207 
0.016197 
0.016187 
0.016177 
0.016168 
0.016159 
0.016150 
0.016142 
0.016135 
0.016128 
0.016123 
0.016118 
0.016114 
0.016111 
0.016110 
0.016111 
0.016112 
0.016116 
0.016122 
0.016129 
0.016139 
0.016151 
0.016165 
0.016182 
0.016202 
0.016224 
0.016248 
0.016275 
0.016305 
0.016337 
0.016371 
0.016408 
0.016446 
0.016486 
0.016527 
0.016568 
0.016611 
0.016654 
0.016697 
0.016739 
0.016781 
0.016822 
0.016862 
0.016901 
0.016939 

0.999579 
0.999322 
0.999584 
0.999475 
0.999606 
0.999561 
0.999630 
0.999617 
0.999657 
0.999658 
0.999684 
0.99p691 
0.997712 
0.999723 
0.99'.'741 
0.999756 
0.999773 
0.999790 
0.999808 
0.999827 
0.999847 
0.999867 
0.999889 
0.999912 
0.999936 
0.999961 
0.999988 
1.000015 
1.000044 
1.000074 
1.000106 
1.000139 
1.000174 
1.000209 
1.000246 
1.000285 
1.000325 
1.000366 
1.000409 
1.000454 
1.000499 
1,00054u 
1.000594 
1.000644 
1.000694 
1.000746 
1.000798 
1.000851 
1.000904 
1.000958 
1.001012 
1.001066 
1.001120 
1.001172 
1.001224 
1.001273 
1.001321 
1.001367 
1.001410 
1.001450 
1.001486 
1.001517 
1.001545 
1.001568 
1.001586 
1.001598 
1.001606 
1.001608 
1.001605 
1.001596 
1.001584 
1.001567 
1.001546 
1.001523 
1.001498 
1.001473 
1.001448 
1.001414 
1.001393 

_ 
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IX)RNIER/J AMESON 
AR 211 

W.Schmid! 
AJameson 

02-9-6 

NACA (Mil 2: MACH - 0.85, Al .PHA - 1 

108 
109 

81 68. 
82 32. 
83 -2. 
S'. -38. 
85 -73. 
86 -109. 
87 -194. 
88 -179. 
89 -215. 
90 -250. 
91 -285. 
92 -320. 
93 -354. 
94 -389. 
95 -423. 
96 -457. 
97 -491. 
98 -525. 
99 -559. 

100 -592. 
101 -625. 
102 -658. 
103 -691. 
104 -723. 
105 -755. 
106 -787. 
107 -818. 

-849. 
-880. 

110 -910. 
111 -940. 
112 -970. 
113 -999. 
114- 1028. 
115- 1056. 
116- 1084. 
117- 1112, 
118- 1139 
119- 1165 
120- 1191 
121- 1217 
122- 1242 
123- 1267 
124- 1291 
125- 1315 
126- 1338 
127- 1360 
128- 1383 
129- 1404 
130- 1425 
131- 1445 
132- 1465 
133- 1484, 
134- 1503 
135- 1521 
136- 1538 
137- 1555 
138- 1571 
139- 1587 
140- 1602 
141- 1616 
142- 1630 
143- 1643 
144- 1655 
145- 1667 
146- 1678 
147- 1688 
148- 1698 
149- 1707 
150- 1716 
151- 1723 
152- 1730 
153- 1737 
154- 1742 
155- 1747 
156- 1751 
157- 1755 
158- 1758 
159- 1760 
160- 1761 

161499- 
637817- 

880385- 

379456- 

845734- 

265610- 

625443- 

911652- 
110641- 

208893 
192871 
049072 
764160 
324951 
717773 
929687 
947510- 

757812- 

347900- 

704834- 

815430- 

667480- 

247803- 

543945- 

543701- 

234375- 

604248- 

640625- 

332031- 

666504- 

,632080- 

.217285- 

.410889- 

.20142 ■ 

.57764 ■ 

.52905 ■ 

.04443 • 

.11328 • 

.72534 • 

.86987 

.53711 
.71680 
.39966 
.57593 
.23608 
.37109 
.97217 
03027 

.53711 

.48413 

.86328 

.66675 

.88672 

.51587 

.54687 

.97290 

.78711 

.98291 

.55420 

.49463 
.79858 
.46045 
.47510 
.83716 
.54175 
.58472 
.96143 
.66748 
.69946 
.05347 
.72607 
.71387 
.01343 
.62231 
.53711 
.75513 
.27344 
.09009 
20288 
61133 

1808. 

1808. 

1807. 
1806. 

1804. 

1801. 

1798. 

1793. 

1789. 

■1783. 

■1 777. 

■1770. 

■1762. 

■1754. 

■1745. 

■1736. 

■1725. 

-1714. 

-1703. 

-1691. 
-1678. 

-1664. 

-1650. 

-1635. 
-1620. 

-1604. 

-1587. 

-1570. 

-1552. 
-1533. 

-1514. 

1494. 

1474. 

1453. 

1432. 
1410. 

1387. 

■1364. 

■1341. 

•1317. 

•1292 
-1267 
-1241 
-1215 
-1189 
-1162 
-1134 
-1106 
-1078, 

-1049, 

-1020 
-991 
-961 
-93C 
-900 
-869 
-837 
-806 
-774 
-742 
-709 
-676 
-643 
-610 
-576 
-542 
-508 
-474, 

-440 
-405 
-370 
-335 
-300 
-265 
-230 
-195 
-159 
-124 
-88 
-53 

31836 
35278 
69067 
33203 
27783 
52856 
08545 
94946 
12231 
60596 
40210 
51343 
94238 
69189 
76514 
16553 
89648 
96191 
36621 
11377 
20923 
65723 
46313 
63257 
17090 
08423 
37842 
06030 
13599 
61255 
49731 
79712 
52002 
67334 
26514 
30371 
79785 

.75537 

.18579 

.09790 

.50098 
.40430 
.81763 
.75098 
.21387 
.21704 
.77051 
.88501 
.57129 
.84009 
.70239 
.169678 
.252930 
.964111 
.314453 
.316162 
.980713 
.320557 
.347656 
.074463 
.513184 
.676514 
.577393 
.228027 
.641357 
.830811 
808838 
588623 
183838 
606934 
872070 
991943 
980225 

,850586 
,616425 
,291397 
,889282 
.423950 
.909393 
.359665 

1.000817 
1.000829 
1.000847 
1.000853 
1.000864 
1.000873 
1.000885 
1.000896 
1.000912 
1.000926 
1.000942 
1 000959 
1.000977 
1.000994 
1.001011 
1.001028 
1.001044 
1.001059 
1.001073 
1.001085 
1.001097 
1.001106 
1.001115 
1.001122 
1.001126 
1.001129 
1.001132 
1.001132 
1.001131 
1.001120 
1.00' .5 
1.001122 
1.001116 
1.001109 
1 .001101 
1.001093 
1.001084 
1.001075 
1.001064 
1.001053 
1.001041 
1.001030 
1.001018 
1.001005 
1.000993 
1.000979 
1.000966 
1.000953 
1.000939 
1.000926 
1.000912 
1.000898 
1.000884 
1.000871 
1.000856 
1.000843 
1.000829 
1.000814 
1.000801 
1.000787 
1.000773 
1.000759 
1.000746 
1.000731 
1.000718 
1.000704 
1.000690 
1.000677 
1.000663 
1.000649 
1.000636 
1.000623 
1.000608 
1.000595 
1.000582 
1.000568 
1.000555 
1.000541 
1.000527 
1.000514 

1.003430 
1.003401 
1.003393 
1.003383 
1.003377 
1.003368 
1.003360 
1.003350 
1.003339 
1.003327 
1.003315 
1.003302 
1.003289 
1.003277 
1.003265 
1.003254 
1.003243 
1.003237 
1.003229 
1.003225 
1.003222 
1.003222 
1.003222 
1.003226 
1.003232 
1.003240 
1.003249 
1.003261 
1.003274 
1.003288 
1.003304 
1.003322 
1.003341 
1.003361 
1.003383 
1.003405 
1.003428 
1.003451 
1.003475 
1.003501 
1.003527 
1.003552 
1.003579 
1.003606 
1.003633 
1.003660 
1.003688 
1.003716 
1.003743 
1.003772 
1.003800 
1.003828 
1.003857 
1.003884 
1.003913 
1.003941 
1.003969 
1.003998 
1.004025 
1.004054 
1.004082 
1.004111 
1.004139 
1.004168 
1.004196 
1.004225 
1.004253 
1.004281 
1.004311 
1.004339 
1.004368 
1.004396 
1.004426 
1.004456 
1.004484 
1.004514 
1.004542 
1.004573 
1.004602 
1.004631 

0.016973 
0.016990 
0.017019 
0.017042 
0.017068 
0.017094 
0.017121 
0.017148 
0.017177 
0.017206 
0.017237 
0.017269 
0.017301 
0.017335 
0.017370 
0.017406 
0.017443 
0.017480 
0.017518 
0.017556 
0.017594 
0 017633 
j.017671 
0.017710 
0.017748 
0.017785 
0.017823 
0.017859 
0.017896 
0.017931 
0.017966 
0.018000 
0.018033 
0.018066 
0.018098 
0.018129 
0.018159 
0.018189 
0.018218 
0.018246 
0.018273 
0.018300 
0.018326 
0.018351 
0.018376 
0.018400 
0.018424 
0.018447 
0.018469 
0.018491 
0.018513 
0.018534 
0.018554 
0.018575 
0.018595 
0.018614 
0.018633 
0.018652 
0.018671 
0.018689 
0.018707 
0.018724 
0.018742 
0.018759 
0.018776 
0.018792 
0.018809 
0.018825 
0.018841 
0.018857 
0.018872 
0.018887 
0.018902 
0.018917 
0.018932 
0.018947 
0.018961 
0.018975 
0.018989 
0.019003 

1.001441 
1.001461 
1.001481 
1.001491 
1.001503 
1.001514 
1.001529 
1.001543 
1.001560 
1.001578 
1.001598 
1.001618 
1.001639 
1.001660 
1.001680 
1.001700 
1.001719 
1.001737 
1.001752 
1.001765 
1.001777 
1.001787 
1.001794 
1.001800 
1.001802 
1.001804 
1.001802 
1.001800 
1.001795 
1.001788 
1.001781 
1.001770 
1.001760 
1.001746 
1.001733 
1.001718 
1.001702 
1.001685 
1.001668 
1.001650 
1.001631 
1.001611 
1.001592 
1.001571 
1.001551 
1.001529 
1.001508 
1.001487 
1.001465 
1.001443 
1.001421 
1.001399 
1.001377 
1.001355 
1.001332 
1.001310 
1.001288 
1.001266 
1.001244 
1.001222 
1.001200 
1.001178 
1.001156 
1.001134 
1.001111 
1.001089 
1.001067 
1.001045 
1.001023 
1.001001 
1.000979 
1.000957 
1.000936 
1.000914 
1.000892 
1.000870 
1.000847 
1.000825 
1.000803 
1.000781 

/ 



dornier/jameson 
AR 211 W.Schmidt 

AJameson 02-4-7 

NACA 0012: MACH — 0.85, ALPHA - 1 

161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
1 71»' 

175- 

176- 

177- 

178- 

179- 

180- 

181- 

182- 

183- 

184- 

185- 

186- 

187- 

188- 

189- 

190- 

191- 

192 
193 
194 
195 
196- 

197- 

198- 

199- 

200- 

201- 

202- 

203 
204- 

205- 

206- 

207- 

208- 

209- 

210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 

-1762.31494 
-1762.31494 

1761.61133 
1760.20288 

-1758.09009 
1755.27344 
1751.75513 
1747.53711 
1742.62231 
1737.01343 

-1730.71387 
-1723.72607 
-1716.05347 
-1707.69946 
-1698.66748 
-1688.96143 
-1678.58472 
-1667.54175 
-1655.83716 
-1643.47510 
-1630.46045 
-1616.79858 
-1602.49463 
■1587.55420 
■1571.98291 
■1555.78711 
■1538.97290 
■1521.54687 
•1503.51587 
1484.88672 
1465.66675 
1445.86328 
1425.48413 
1404.53711 
1383.03027 
1360.97217 
1338.37109 
1315.23608 
1291.57593 
1267.39966 
1242.71680 
1217.53711 
1191.86987 
1165.72534 
1139.11328 
1112.04443 
1084.52905 
1056.57764 
1028.20142 
-999.410889 
-970.217285 
-940.632080 
-910.666504 
-880.332031 
-849.640625 
-818.604248 
-787.234375 
-755.543701 
-723.543945 
-691.247803 
-658.667480 
-625.815430 
-592.704834 
-559.347900 
-525.757812 
-491.947510 
-457.929687 
-42 .717773 
-389.324951 
-354.764160 
-320.049072 
-285.192871 
-250.208893 
-215.110641 
-179.911652 
-144.625443 
-109.265610 
-73.845734 
-38.379456 

-2.880385 

-17.788895 
17.788895 
53.359665 
88.909393 

124.423950 
159.889282 
195.291397 
230.616425 
265.850586 
300.980225 
335.991943 
370.872070 
405.606934 
440.183838 
474.588623 
508.808838 
542.830811 
576.641357 
610.228027 
643.577393 
676.676514 
709.513184 
742.074463 
774.347656 
806.320557 
837.980713 
869.316162 
900.314453 
930.964111 
961.252930 
991.169678 

1020.70239 
1049.84009 
1078.57129 
1106.88501 
1134.77051 
1162.21704 
1189.21387 
1215.75098 
1241.81763 
1267.40430 
1292.50098 
1317.09790 
1341.18579 
1364.75537 
1387.79785 
1410.30371 
1432.26514 
1453.67334 
1474.52002 
1494.79712 
1514.49731 
1533.61255 
1552.13599 
1570.06030 
1587.37842 
1604.08423 
1620.17090 
1635.63257 
1650.46313 
1664.65723 
1678.20923 
1691.11377 
1703.36621 
1714.96191 
1725.89648 
1736.16553 
1745.76514 
1754.69189 
1762.94238 
1770.51343 
1777.40210 
1783.60596 
1789.12231 
1793.94946 
1798.08545 
1801.52856 
1804.27783 
1806.33203 
1807.69067 

1.000500 
1.000485 
1.000470 
1.000455 
1.000440 
1.000423 
1.000408 
1.000392 
1.000376 
1.000360 
1.000342 
1.000325 
1.000307 
1.000289 
1.000270 
1.000251 
1.000232 
1.000211 
1.000190 
1.000168 
1.000146 
1.000122 
1.000098 
1.000072 
1.000047 
1.000019 
0.999991 
0.999962 
0.999931 
0.999899 
0.999865 
0.999829 
0.999792 
0.999753 
0.999712 
0.999669 
0.999624 
0.999577 
0.999526 
0.999474 
0.999418 
0.999359 
0.999297 
0.999232 
0.999163 
0.999090 
0.999013 
0.998931 
0.998846 
0.998755 
0.998659 
0.998558 
0.998452 
0.998340 
0.998223 
0.998099 
0.997970 
0.997835 
0.997694 
0.997548 
0.997396 
0.997240 
0.997079 
0.996915 
0.996749 
0.996580 
0.996412 
0.996242 
0.996077 
0.995913 
0.995758 
0.995607 
0.995471 
0.995337 
0.995227 
0.995109 
0.995023 
0.994889 
0.994784 
0.994497 

1.004659 
1.004684 
1.004711 
1.004737 
1.004764 
1.004790 
1.004817 
1.004846 
1.004873 
1.004902 
1.004931 
1.004961 
1.004992 
1.005024 
1.005056 
1.005090 
1.005123 
1.005158 
1.005195 
1.005232 
1.005270 
1.005310 
1.005350 
1.005393 
1.005436 
1.005482 
1.005527 
1.005576 
1.005626 
1.005678 
1.005733 
1.005789 
1.005848 
1.005909 
1.005974 
1.006041 
1.006111 
1.006185 
1.006261 
1.006341 
1.006425 
1.006514 
1.006606 
1.006704 
1.006805 
1.006913 
1.007027 
1.007145 
1.007269 
1.007401 
1.007538 
1.007683 
1.007835 
1.007996 
1.008162 
1.008337 
1.008520 
1.008711 
1.008910 
1.009115 
1.009329 
1.009549 
1.009774 
1.010004 
1.010239 
1.010474 
1.010714 
1.010949 
1.011186 
1.011414 
1.011638 
1.011848 
1.012052 
1.012233 
1.012411 
1.012560 
1.012722 
1.012854 
1.013076 
1.013309 

0.019016 
0.019030 
0.019044 
0.019058 
0.019073 
0.019088 
0.019103 
0.019119 
0.019135 
0.019151 
0.019167 
0.019184 
0.019201 
0.019219 
0.019236 
0.019254 
0.019272 
0.019291 
0.019310 
0.019329 
0.019348 
0.019368 
0.019388 
0.019409 
0.019430 
0.019451 
0.019472 
0.019494 
0.019516 
0.019538 
0.019561 
0.019584 
0.019607 
0.019631 
0.019655 
0.019679 
0.019703 
0.019728 
0.019753 
0.019778 
0.019803 
0.019828 
0.019854 
0.019879 
0.019904 
0.019929 
0.019953 
0.019977 
0.020000 
0.020023 
0.020044 
0.020064 
0.020082 
0.020099 
0.020113 
0.020125 
0.020134 
0.020139 
0.020140 
0.020137 
0.020128 
0.020114 
0.020094 
0.020067 
0.020032 
0.019989 
0.019938 
0.019878 
0.019808 
0.019729 
0.019640 
0.019541 
0.019432 
0.019315 
0.019189 
0.019056 
0.018918 
0.018776 
0.018630 
0.018483 

1.000759 
1.000736 
1.000714 
1.000691 
1.000669 
1.000645 
1.000621 
1.000597 
1.000572 
1.000547 
1.000523 
1.000496 
1.000469 
1.000443 
1.000414 
1.000385 
1.000356 
1.000325 
1.000294 
1.000261 
1.000227 
1.000193 
1.000156 
1.000119 
1.000080 
1.000040 
0.999999 
0.999955 
0.999909 
0.999862 
0.999812 
0.999761 
0.999706 
0.999650 
0.999590 
0.999528 
0.999462 
0.999394 
0.999321 
0.999245 
0.999165 
0.999081 
0.998993 
0.998899 
0.998801 
0.998697 
0.998587 
0.998472 
0.998350 
0.998221 
0.998086 
0.997943 
0.997793 
0.997636 
0.997470 
0.997297 
0.997115 
0.996925 
0.996727 
0.996522 
0.996309 
0.996090 
0.995864 
0.995635 
0.995401 
0.995165 
0.994929 
0.994692 
0.994459 
0.994230 
0.994012 
0.993801 
0.993607 
0.993422 
0.993261 
0.993101 
0.992969 
0.992799 
0.992631 
0.992277 
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241 32.637817 1808.35278 
242 68.161499 1808.31836 
243 103.677017 1807.58765 
244 139.170700 1806.16089 
245 174.628922 1804.03833 

0.994245 
0.994489 
0.994807 
0.995065 
0.995300 

1.013785 
1.013674 
1.013453 
1.013285 
1.013130 

246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 

210.038055 
245.384491 
280.654541 
315.834961 
350.911865 
385.872070 
420.701904 
455.387939 
489.917236 
524.276367 
558.451904 
592.430908 
626.200195 
659.747070 
693.058350 
726.121338 
758.923340 
791.451904 
823.694092 
855.637939 
887.270996 
918.581055 
949.556152 
980.184326 

1010.45386 
1040.35327 
1069.87085 
1098.99512 
1127.71509 
1156.01978 
1183.89819 
1211.33960 
1238.33325 
1264.86914 
1290.93701 
1316.52637 
1341.62793 
1366.23169 
1390.32837 
1413.90845 
1436.96313 
1459.48340 
1481.46045 
1502.88623 
1523.75195 
1544.04980 
1563.77222 
1582.91113 
1601.45972 
1619.41016 
1636.75610 
1653.49072 
1669.60718 
1685.09985 
1699.96240 
1714.18921 
1727.77466 
1740.71387 
1753.00122 
1764.63257 
1775.60303 
1785.90869 
1795.54541 
1804.50928 
1812.79712 
1820.40576 
1827.33203 
1833.57324 
1839.12720 
1843.99170 
1848.16479 
1851.64453 
1854.43018 
1856.52051 
1857.91431 
1858.61133 
1593.30811 

1801.22119 
1797.71045 
1793.50757 
1788.61426 
1783.03198 
1776.76318 
1769.81055 
1762.17651 
1753.86177 
1744.87622 
1735.21655 
1724.88916 
1713.89746 
1702.24609 
1689.93945 
1676.98242 
1663.37964 
1649.13647 
1634.25830 
1618.75122 
1602.62109 
1585.87378 
1568.51587 
1550.55444 
1531.99585 
1512.84741 
1493.11670 
1472.81104 
1451.93848 
1430.50684 
1408.52441 
1385.99951 
1362.94116 
1339.35791 
1315.25903 
1290.65356 
1265.55127 
1239.96143 
1213.89429 
1187.35962 
1160.36768 
1132.92871 
1105.05347 
1076.75269 
1048.03735 
1018.91797 
989.406494 
959.513672 
929.251221 
898.630859 
867.664551 
836.363770 
804.740723 
772.807617 
740.576904 
708.061035 
675.271973 
642.222900 
608.926514 
575.395264 
541.642334 
507.680908 
473.523682 
439.183838 
404.674805 
370.010010 
335.202393 
300.265625 
265.213135 
230.058624 
194.815277 
159.496811 
124.116882 
88.689102 
53.227142 
17.744659 

262.947021 

0.995536 
0.995779 
0.996030 
0.996292 
0.996561 
0.996830 
0.997092 
0.997340 
0.997571 
0.997787 
0.997989 
0.998178 
0.998358 
0.998526 
0.998683 
0.998829 
0.998964 
0.999088 
0.999202 
0.999306 
0.999400 
0.999486 
0.999564 
0.999634 
0.999696 
0.999752 
0.999801 
0.999844 
0.999882 
0.999914 
0.999942 
0.999966 
0.999985 
1.000000 
1.000012 
1.000021 
1.000028 
1.000031 
1.000031 
1.000031 
1.000027 
1.000022 
1.000014 
1.000006 
0.999996 
0.999985 
0.999973 
0.999959 
0.999945 
0.999930 
0.999915 
0.999899 
0.999882 
0.999866 
0.999850 
0.999833 
0.999818 
0.999801 
0.999787 
0.999771 
0.999758 
0.999740 
0.999726 
0.999700 
0.999677 
0.999625 
0.999572 
0.999450 
0.999307 
0.999023 
0.998700 
0.997931 
0.996845 
0.995264 
0.994637 
0.994403 
0.999832 

1.012959 
1.012767 
1.012556 
1.012322 
1.012071 
1.011810 
1.011551 
1.011299 
1.011060 
1.010834 
1.010617 
1.010409 
1.010209 
1.010016 
1.009831 
1.009656 
1.009489 
1.009331 
1.009181 
1.009038 
1.008904 
1.008775 
1.008653 
1.008537 
1.008427 
1.008321 
1.008220 
1.008123 
1.008030 
1.007941 
1.007854 
1.007771 
1.007690 
1.007613 
1.007536 
1.007463 
1.007389 
1.007318 
1.007248 
1.007178 
1.007112 
1.007045 
1.006980 
1.006916 
1.006851 
1.006788 
1.006727 
1.006666 
1.006607 
1.006549 
1.006492 
1.006435 
1.006382 
1.006329 
1.006279 
1.006230 
1.006186 
1.006145 
1.006107 
1.006074 
1.006042 
1.006015 
1.005985 
1.005948 
1.005894 
1.005802 
1.005650 
1.005372 
1.004897 
1.004160 
1.002988 
1.000706 
0.996637 
0.991694 
0.988609 
0.988770 
1.006464 

0.018326 
0.018166 
0.018017 
0.017875 
0.017740 
0.017612 
0.017492 
0.017383 
0.017284 
0.017197 
0.017120 
0.017051 
0.016989 
0.016933 
0.016880 
0.016833 
0.016789 
0.016749 
0.016712 
0.016678 
0.016646 
0.016615 
0.016585 
0.016556 
0.016528 
0.016500 
0.016472 
0.016444 
0.016416 
0.016387 
0.016359 
0.016330 
0.016301 
0.016272 
0.016243 
0.016214 
0.016185 
0.016156 
0.016127 
0.016098 
0.016070 
0.016042 
0.016015 
0.015988 
0.015961 
0.015936 
0.015911 
0.015887 
0.015863 
0.015841 
0.015819 
0.015798 
0.015779 
0.015760 
0.015742 
0.015726 
0.015710 
0.015696 
0.015683 
0.015671 
0.015660 
0.015650 
0.015642 
0.015634 
0.015627 
0.015619 
0.015612 
0.015600 
0.015591 
0.015567 
0.015550 
0.015504 
0.015475 
0.015389 
0.015361 
0.015242 
0.015226 
0.015045 
0.015351 
0.015580 
0.016514 
0.016714 

0.991890 
0.992165 
0.992547 
0.992854 
0.993133 
0.993419 
0.993717 
0.994029 
0.994357 
0.994698 
0.995043 
0.995379 
0.995699 
0.995999 
0.996280 
0.996544 
0.996794 
0.997030 
0.997254 
0.997464 
0.997661 
0.997844 
0.998013 
0.998170 
0.998315 
0.998449 
0.998572 
0.998684 
0.998788 
0.998882 
0.998968 
0.999046 
0.999117 
0.999182 
0.999240 
C.999293 
0.999341 
0.999383 
0.999422 
0.999456 
0.999487 
0.999514 
0.999538 
0.999559 
0.999577 
0.999593 
0.999607 
0.999619 
0.999629 
0.999637 
0.999644 
0.999649 
0.999654 
0.999657 
0.999658 
0.999659 
0.999660 
0.999659 
0.999658 
0.999656 
0.999653 
0.999650 
0.999646 
0.999643 
0.999637 
0.999632 
0.999623 
0.999617 
0.999602 
0.999594 
0.999569 
0.999560 
0.999517 
0.999511 
0.999439 
0.999451 
0.999334 
0.999405 
0.999215 
0.999453 
0.999168 
0.999579 
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MMM VALUES OF CURVE PARAMETER - IOOhHRCH xhm 
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fig : ISO-PI/PIINF (DELTA = 0.005) 
VRLUES OF CURVE PRRRMETER - 1000-PI/PHNF — 
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(A^/AtJicjcai 
MESH 

80 X 

160 X 

320 X 

16 

32 

64 

0.2364 

0.3503 

0.3584 

CM 
rui 

0.0485 

0.0574 

0.0580 

0.0699 

0.1192 

0.1228 

0.24 

0.19 

0.33 

n * CYCLE 

0.20 • 10‘4 

0.33 • 10-8 

0.40 • 10"3 

CYCLE 

200 

750 

750 
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AGARD FDP - WG 07 

TEST CASES FOR STEADY INVISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 03 

NACA 0012: MACH = 0.95, ALPHA = 0 

Contributor No 1 

J.P.Veuillot and A.M.Vuillot 

(O.N.E.R.A., France) 
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NACA 0012: MACH-0.95, AL PHA-0 

COMMdWTS on calculation FOR TEST CASE 03 

* The computational domain is inscribed in the rectangle 

- 7.43 ^ x/c< 11.86 , - 14.86 ^ z/c < 14.86 

* Number of mesh points : 439 x 37 = 16 243 ( 201 mesh points on 

the profile) 

* Artificial viscosity } 

term : = = 0.5 10 
-2 

term <*U = °-2 ' °-2 
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J.P.Vcüillot 
A.M.Vuilli't 

03-1 

N 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
IG 
17 
18 
19 
20 
21 

22 
23 
24 
25 
26 
27 
28 

■ 29 
30 
3 1 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1 
42 
43 
44 
45 
46 

47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 

75 

X/C 

0.000000 
0.000044 
0.000179 
0.000406 
0.000729 
0001152 
0.001679 
0.002314 
0.003064 
0.003935 
0.004933 
0.006066 
0.007343 
0 008772 
0 010365 
0.012131 
0.014081 
0.016229 
0.018586 
0.021164 
0.023978 
0.027040 
0.030363 
0.033961 
0.037847 
0042032 
0 046530 
0.051350 
0.056505 
0.062004 
0.067856 
0.074068 
0.080647 
0.087599 
0 094928 
0.102637 
0 110727 

0.119199 
0.128052 
0.137284 
0.146892 
0.156872 
0.167219 
0.177926 
0.188987 
0.200394 
0.212139 
0.224213 
0.236606 
0.249310 
0.262314 
0.275608 
0.289182 
0.303026 
0.317129 
0.331481 
0.346072 
0.360890 
0.375924 

0.391164 
0.406597 

0.422211 
0.437993 
0.453927 
0.469998 
0.486187 
0.502475 
0.518840 
0.535259 
0551705 
0.568151 
0.584570 
0.600933 
0.617211 
0.633376 

0. 

0. 
0. 

0. 

0. 

2/C 

0 000000 
0001178 
0 002358 
0.003542 
0.004733 
0005931 
0.007138 
0.008355 
C.009583 
0.010824 
0012078 
0.013346 
0.014630 
0.015931 
0.017249 
0 018585 
0.019939 
0.021311 
0.022700 
0.024107 
0.025530 
0.026967 
0.028416 
0.029877 
0.031345 

.032819 

.034294 

.035768 

.037237 

.038696 
0.040141 
0 041568 
0.042972 
0.044348 
0.045691 
0.046996 
0.048260 
0.049476 
0050640 
0 051748 
0 052795 
0.053778 
0.054692 
0.055534 
0.056301 
0.056990 
0.057599 
0.058125 
0.058567 
0.058924 
0059194 
0.059376 
0.059471 
0.059478 
0.059397 
0059230 
0.058976 
0.058637 
0 058215 
0057709 
0057123 
0.056458 
0.055716 
0.054900 
0.054011 
0.053054 

0.052031 
0050945 
0.049800 
0.048600 
0.047349 
0.046052 
0.044713 
0.043338 
0.041929 

1-P/P1INF 

-0003217 
-0000034 

0.008019 
0.020353 
0.036456 
0.055779 
0.077602 
0.101302 
0.126120 
0.151308 
0.176574 
0.201310 
0 225196 
0.248371 
0.270314 
0.291018 
0 310868 
0 329389 
0 346589 
0 3631 10 
0.378803 
0.393319 
0.406915 
0.419992 
0.432320 
0.443987 
0.455032 
0.465507 
0 475745 
0 485432 
0.494518 
0503274 

0.511828 
0.520106 
0.528006 
0.535439 
0.542675 
0.549756 

0.556511 
0.563044 
0.569337 
0.575438 
0.581356 
0.587032 
0.592502 
0.597764 
0.602855 
0 607746 
0.612403 
0.616913 
0621283 
0.625427 
0.629392 
0.633220 
0.636837 

0.640309 
0.643635 
0.646760 
0.649793 
0.652676 
0.655381 
0.657975 
0.660429 
0.662785 
0.664998 
0.667074 
0.669084 

0.670991 
0.672795 
0.674515 
0.676142 
0.677685 
0.679140 
0680573 
0.681951 

CP 

1.255541 
1 .246534 
1.223750 
1 . 188855 
1.143294 
1.088621 
1.026878 

959821 
889601 
818337 

746850 
676864 
609281 

.543713 

.481627 

.423050 

.366887 

.314483 

.265820 
.219077 
.174676 
.133603 

0.095138 
0.058137 
0.023258 

-0.009752 
-0.041004 
-0.070641 
-0.099606 
-0.127014 
-0.152723 
-0.177496 
-0.201698 
-0.225121 
-0.247472 
-0.268501 
-0.288974 
-0.309008 
-0.328121 
-0.346605 
-0.364412 
-0381673 
-0.398415 
-0.4 14476 
-0.429952 
-0.444840 
-0.459244 
-0.473083 
-0.486260 
-0 499020 
-0511385 
-0.523110 
-0.534328 
-0.545158 
-0555392 
-0.565214 
-0 574626 
-0.583467 
-0.592048 
-0.600205 
-0.607858 
-0 615198 
-0.622142 
-0.628808 
-0.635070 
-0640942 
-0646630 
-0.652026 
-0657130 
-0.661997 
-0 666599 
-0.670964 
-0.675082 
-0679136 
-0.683034 

MACH 

0 oooooo 
0 057067 

0. 114 111 
0.170708 
0.226567 

0.281455 
0.334997 
0.386945 
0 436966 
0 484752 
0.530303 
0.573272 
0 613658 

.651744 
687169 

.720175 
751306 

.780126 
806869 

0.832382 
0.856542 
0.878994 
0.900137 
0.920521 
0.939872 
0.958321 
0.975889 
0 992727 
1.009276 
1.025077 
1.040024 
1.054554 
1.068873 
1 082859 

0. 

0. 

0. 

0 
0 
0. 

096303 
109076 
121629 
134007 
147935 
157562 
168869 
179932 
190747 
201220 
211391 
221267 

1.230903 
1.240231 
1 . 249187 
1.257937 
1.266480 
1.274638 
1.282510 
1.290157 
1.297440 
1.304482 
1.311264 
1.317686 
1.323957 

329951 
335611 
341061 
346256 
3512Ô5 

1.355988 
1.360440 
1.364774 
1.368907 
1.372828 
1.376581 
1.380146 
1 .383532 
1.386741 
1.389916 
1.392981 

: -PI/PIINF 

-0 003217 
-0 002315 
-0 001052 
0.000223 
0.001386 
0.002375 
0 003086 
0.003532 
0.003638 

0.003313 
0.002760 
0 001976 
0 000996 
0000130 

-0.000709 
-0 001511 
-0.002047 
-0002455 
-0 002860 
-0003059 
-0.003107 
-0.003167 
-0 003236 
-0.003224 

-0003223 
-0 003229 
-0.003201 
-0.003229 
-0.003209 
-0.003202 
-0 003195 
-0003194 
-0 003190 
-0003193 
-0 003166 
-0.003155 
-0003153 
-0.003129 
-0003122 
-0.003097 
-0003081 
-0.003070 
-0003046 
-0 003028 
-0.003000 
-0.002980 
-0.002960 
-0 002928 
-0 002899 
-0 002879 
-0002854 
-0002821 
-0.002798 
-0 002764 
-0002735 
-0002713 
-0.002674 
-0002649 
-0.002623 
-0002591 
-0.002566 
-0.002528 
-0.002505 
-0.002479 
-0.002445 
-0.002414 
-0.002386 
-0002362 
-0002335 
-0.002304 
-0.002280 
-0.002246 
-0002216 
-0.002195 
-0002177 
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J.P.Veuillot 
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03-1-3 

NACA 0012: MACH - 0.95. Al PHA-O 

WALL VALUES - UPPER SIDE (Cont.) 

X/C 

76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 

0.649402 
0.665267 
0.680949 
0.696433 
0.711707 
0.726765 
0.741603 
0.756226 
0.770639 
0.784854 
0.798887 

.812754 

. 626474 

.840070 

.853562 

.86697 1 
880317 

.993620 
0.906896 
0.920161 
0.933427 

0.946702 
0.959994 
0.973307 
0.986643 
1.OOOOOO 

0. 
0 
0. 
o. 
0. 
0 
0 

SLIP LI.'lE VALUES 

X/C 

Z/C 

0 040493 
0 039033 
0.037554 
0.036058 
0.034550 
0.033032 
0.031506 
0.029973 
0.028433 
0 026888 
0 025335 
0.023775 
0 022206 
0.020626 
0.019033 
0 017424 
0.015798 
0.014151 
0.012482 
0.010788 
0.009067 
0.007317 
0.005537 
0.003725 
0.001879 
0.OOOOOO 

Z/C 

1-P/PI INF 

0.OOOOOO 
0.000000 
0.OOOOOO 
0.000000 
0.OOOOOO 
0.OOOOOO 
0.OOOOOO 
0.OOOOOO 
0.OOOOOO 
0.OOOOOO 
0.OOOOOO 
0000000 
0.OOOOOO 
0.OOOOOO 
0.OOOOOO 
0.000000 
0.OOOOOO 
0.000000 
0.000000 
0.OOOOOO 
0.OOOOOO 
0.OOOOOO 
0.000000 
0.000000 
0.OOOOOO 
0.000000 
0.OOOOOO 
0.000000 
0 OOOOOO 
0.000000 
0.000000 
0.000000 
0.000000 
0.OOOOOO 

0.683241 
0.684499 
0.685741 
0.686934 
0.688058 
0689173 

0.690281 
0.691400 
0 692473 
0 693554 
0.694648 
0.695704 
0.696783 
0.697876 
0.699010 
0.700141 
0.701301 
0.702495 

.703698 

.704938 

.706239 

.707725 

.708529 
0.712351 
0.718972 
0.643477 

0. 
0. 
0 
0 
0. 

1 -P/PI INF 

0. 
0. 

0. 
0. 
0. 

0. 
0. 

0. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

553866 
568894 
571951 
566633 
564803 
564922 
564659 
563906 
563118 
562444 
561812 
561156 

.560476 

.559792 

.559110 

.558425 

.557733 

.557034 

.556332 

.555629 

.554924 

.554220 

.553521 

.552827 

.552139 
551457 
550781 
550110 
549448 
548800 
548164 
547530 
546890 

0.546255 

CP 

-0.686685 
-0.690245 
-0.693758 
-0.697134 
-0.700312 
-0.703469 
-0.706602 
-0.709770 
-0.712805 
-0.715863 
-0.718959 
-0.721947 
-0.725000 
-0.728092 
-0.731301 
-0.734501 
-0.737781 
-0.741159 
-0.744565 
-0.748072 
-0.751754 
-0.755957 
-0.758232 
-0.769046 
-0.787781 
-0.574177 

CP 

-0.320638 
-0.363156 
-0.371807 
-0.356760 
-0.351583 
-0.351919 
-0.351175 
-0.349046 
-0.346816 
-0.344909 
-0.343120 
-0.341264 
-0.339341 
-0.337405 
-0.335474 
-0 333537 
-0.331579 
-0.329601 
-0.327616 
-0.325627 
-0.323631 
-0.321638 
-0.319661 
-0.317699 
-0.315751 
-0.313821 
-0.311910 
-0.310012 
-0.308137 
-0.306304 
-0.304506 
-0.302711 
-0.300901 
-0.299105 

MACH 

1.395851 
1 .398657 
1 401448 
1 404135 
1 406661 
1.409172 
1411688 
1 . 4 14244 
1.416692 
1.419157 
1 421671 
1.424101 
1 426579 
1.429107 
1 . 431749 
1.434390 
1.437094 
1.439892 
1 . 442724 
1.445634 
1.448754 
1.451925 
1.453791 
1.466565 
1.519023 
1.314017 

MACH 

1-PI/PI INF 

-0.002146 
-0.002113 
-0.002099 
-0 002082 
-0 002050 
-0.002011 
-0.001996 
-0.001988 
-0 001969 
-0.001938 
-0.001924 

-0.001904 
-0.001868 
-0.001847 

-0 001840 
-0.001831 
-0 001806 
-0 001786 
-0 001769 
-0.001728 
-0.001763 
-0.001225 

-0.001139 
-0.006265 
-0.060549 
-0.006901 

1-PI/PIINF 

1.105400 
1.151647 
1.185708 
1 . 163715 
1.150634 
1.151643 
1.153586 
1.152485 
1.150411 
1.148928 
1.147891 
1.146797 
1.145539 
1.144246 
1.142996 
1.141769 
1.140525 
1.139258 
1.137987 
1.136720 
1.135454 
1.134192 
1.132939 
1.131697 
1.130465 
1.129247 
1.128041 
1. 126846 
1 .125666 
1.124514 
1.123384 
1.122257 
1.121121 
1 . 11S.995 

0 041034 
0 017773 

-0 018895 
-0 002725 
0.009733 
0.008729 
0.005670 
0005349 
0.00618 1 
0.006526 
0.006402 
0.006297 
0.006347 
0006434 
0.006472 
0.006476 
0■006^86 
0.006511 
0.006538 
0.006558 
0.006572 
0.006585 
0.006599 
0.006615 
0.006629 
0.006643 
0.006655 
0 006668 
0.006679 
0.006691 
0.006703 
0006715 
0 006727 
0.006739 

I 
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AR2II 
J.P.Veuillot 
A.M.Vuillot 

03-1-4 

NACA 0012: MACH - 0.95, ALPHA - 0 

ON.F.R. A. 

LIP LINE VALUES(Cont.) 

N X/C Z/C 1-P/PI INF • CP MACH 1-PI/PIINf 

136 
137 
138 
139 
140 
141 
142 

143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 

158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 

178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 

1.577346 
1.596957 
1 .616597 
1.636262 
1.655947 
1.675652 
1.695373 
1.715109 
1.734860 
1.754624 
1.774401 
1.794190 
1.813990 
1.833802 
1.853625 
1.873459 
1.893302 
1.913156 
1.933019 
1.952891 
1.972772 
1.9926bÎ 

2.012559 
2.032465 
2.052379 
2.072300 
2.092228 
2.112163 
2.132105 
2.152054 
2.172008 
2.191969 
2.211936 
2.231908 
2.251885 
2.271868 
2.291856 
2.311849 
2.331846 
2.351848 
2.371855 
2.391865 
2.411880 
2.431898 
2.451921 
2.471946 
2.491976 
2.512008 
2.532044 
2.552083 
2.572125 
2.592170 
2.612218 
2.632268 
2.652321 
2.672376 
2.692434 
2.712494 
2.732556 
2.752620 
2.772687 
2.792755 
2.812825 
2.832897 
2.852971 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0 000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.oooooo 
0.oooooo 
0.oooooo 
0.oooooo 
0.oooooo 
0.oooooo 
0.000000 
0.000000 
0.000000 
0.000000 
0.oooooo 
0.oooooo 
0.oooooo 
0.oooooo 
0.000000 
0.oooooo 
0.oooooo 
0.000000 
0.000000 
0.oooooo 
0.000000 
0.oooooo 
0.000000 
0.oooooo 
0.000000 
0.000000 

0.545641 
0.545051 
0 544474 
0.543889 
0.543288 
0.542683 
0.542096 
0.541540 
0.541013 
0.540495 
0.539964 
0 539412 
0.538842 
0.538273 
0.537726 
0.537211 
0.536721 
0.536230 
0 535743 
0.535328 
0.534977 
0.534306 
0 532886 
0.531984 
0.535148 
0.540859 
0.530367 

0.490736 
0 450455 
0.437744 

0.440738 
0.442437 
0.441026 
0439413 
0.438476 
0.437770 
0.437034 
0.436304 
0.435625 
0.434994 
0.434398 
0.433832 
0.433299 
0.432796 
0.432322 
0.431877 
0.431459 
0.431068 
0.430703 
0.430363 
0.430047 
0.429755 
0.429485 
0.429238 
0.429013 
0.428809 
0.428626 
0.428463 
0.428321 
0.428198 
0.428096 
0.428013 
0.427951 
0.427909 
0.427888 

-0.297366 
-0.295698 
-0.294066 
-0.292411 
-0.290711 
-0.288998 
-0.287336 
-0.285764 
-0.284272 
-0.282806 
-0.281306 
-0.279741 
-0.278129 
-0.276520 
-0.274971 
-0.273516 
-0.272129 
-0.270740 
-0.269362 
-0.268188 
-0.267194 
-0.265296 
-0.261280 
-0.258727 
-0.267678 
-0.283837 
-0.254152 
-0.142021 
-0.028052 
0.007912 

-0.000560 
-0.005366 
-0.001376 
0.003189 
0.005841 
0.007838 
0.009919 
0.011986 
0.013905 
0.015691 
0.017379 
0.018978 
0.020488 
0.021911 
0.023251 
0.024511 
0.025693 
0.026799 
0.027833 
0.028795 
0.029689 
0.030515 
0.031277 
0.031976 
0.032613 
0.033190 
0.033709 
0.034169 
0.034573 
0.034920 
0.035210 
0.035443 
0.035619 
0.035737 
0.035796 

1.118906 
1.117863 
1.116842 
1.115807 
1.114744 
1.113675 
1.112638 
1.111659 
1.110729 
1.109816 
1.108882 
1 . 107909 
1.106906 
1.105906 
1.104945 
1.104043 
1.103183 
1.102319 
1.101461 
1.100743 
1.100151 
1.098959 
1.096347 
1.094708 
1.100726 
1.111785 
1.091944 
1.021433 
0.956179 
0.936564 

0.940891 
0.943312 
0.941030 
0.938460 
0.936925 
0.935747 

0.934532 
0.933329 
0 932210 
0.931167 
0.930180 
0.929243 
0.928358 
0.927523 
0.926735 
0.925993 
0.925295 
0 924641 
0.924029 
0.923457 
0.922924 
0.922429 
0.921971 
0.921550 
0.921163 
0.920810 
0.920490 
0.920202 
0.919947 
0.919723 
0.919531 
0.919370 
0.919241 
0.919143 
0.919078 

0.006749 

0 006760 
0006770 
0.006781 
0.006793 
0.006805 
0.006816 
0.006826 
0.006836 
0 006846 
0.006857 
0.006859 
0.006880 
0.006891 
0.006902 
0.006911 
0 006921 
0.006935 
0.006950 
0.006947 
0.006925 
0.00696? 

0.007151 
0.007248 
0.006584 
0.005193 
0.007214 

0.011415 
0.010845 
0.010026 
0.010526 
0.010853 
0.010882 
0.010874 
0.010917 
0.010974 

0.011020 
0.011062 
0.011103 
0.011'45 
0.011185 
0.011225 
0.011264 
0.011302 
0.011340 
0.011377 
0 011413 
0.011448 
0.011483 
0.011517 
0.01155 I 

0.011584 
0.011617 
0.011649 
0.011681 
0.011712 
0.011744 

0.011775 
0.011806 
0.011838 
0.011870 
0.011902 
0.011936 
0.011970 
0.012005 



ONERA. 
AR 211 

J.P.Veuillot 
AMVuillnl 

03-1-5 

NACA 0012: MACH - 0.05. ALPHA - 0 

SLIP LINE VALUES(Cont.) 

N X/C Z/C 1-P/PIINF CP MACH 1-PI/PI INF 

201 2.873046 0.000000 
202 2.893123 0.000000 
203 2.913202 0.000000 
204 2.933282 0.000000 
205 2.953383 0.000000 
208 2.973443 0.000000 
207 2.993778 0.000000 
208 3.016065 0.000000 
209 3.044974 0.000000 
210 3.088270 0.000000 
211 3.156351 0.000000 
212 3.263675 0.000000 
213 3.432005 0.000000 
214 3.694519 0.000000 
215 4,101328 0.000000 
216 4.727351 0.000000 
217 5.683498 0.000000 
218 7.132381 0.000000 
219 9.211811 0.000000 
220 11.861689 0.000000 

0.427889 
0.427912 
0.427957 
0.428025 
0.4281 16 
0.428231 
0.428369 
0.428530 
0.428724 
0.428978 
0.429352 
0.429938 
0.430853 
0.432215 
0.434051 
0.436206 
0.438349 
0.439990 
0.440719 
0.440540 

0.035794 
0.035730 
0.035602 
0.035409 
0.035151 
0.034827 
0.034437 
0.033980 
0.033432 
0.032713 
0.031654 
0.029998 
0.027407 
0.023554 
0.018358 
0.012262 
0.006199 
0.001557 

-0.000505 
0.000000 

0.919045 
0.919045 
0.919080 
0.919149 
0 919252 
0.919390 
0.919562 
0.919766 
0.920005 
0.920308 
0.920746 
0.921428 
0.922526 
0924281 
0.926859 
0.930078 
0.933328 
0.935861 
0.937214 
0.937253 

0.012042 
0.012081 
0.012121 
0.012164 
0.012210 
0.012257 
0.012308 
0.012366 
0.012440 
0012550 
0.012721 
0.012991 
0.013383 
0.013834 
0.014217 
0.014459 
0.014651 
0.014754 
0.014550 
0.014192 
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NACA 0012: MACH - 0.95. ALPHA - 0 

Q 0 Q UPPER SURFACE 
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NACA 0012: MACH - 0.95, ALPHA - 0 
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NACA 0012: MACH - 0.95. ALPHA - 0 

O.N.E.R.A. 

UPPER SURF MLE 

LOUER SURFACE 
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NACA ()() 12: MACH - 0.95, ALPHA - 0 
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NACA ()() 12: MACH - 0.95. ALPH \ - 0 
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NACA 0012: MACH - 0.95. ALPHA - 0 
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ISO-HACH LIMES (011=,,05 ICH CHORD) 
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RAE. 

AR 211 
C.C.Lytton 03-3-1 

NACA 0012: MACH - 0.95, ALPHA - 0 

ALPHA 
0.000 

MACH ALPHA gy pqrmULA 0<X<U 
NACA0012 0.950 0.000 

VERSION 875 KEEPS WALL CELLS ROUGHLY SAME ASPECT RATIO 

AFTER K«l> CELL DEPTHS INCREASE IN GEOMETRIC PROGRESSION 

TOTAL CELL DEPTH =«24.0*CH0RD 

full mesh: TWO TRIANGULAR CELLS AT T.E. 

ANGLE RATIO CHANGED SMOOTHLY FROM L.E. TO T.E. 

«ESH KINKS SUEPT OUT «NO FIDDLED TOGETHER PS NEEDED 

SMALL MESH ASPECT RATIO FR= 0.5306 

160 

CP* P< CR) 
-0.0882 0.7473 

CPS 
1.2464 

J 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 

X/C 

0.000 
0.001 
0.003 
0.005 
0.008 
0.012 
0.017 
0.022 
0.028 
0.035 
0.043 
0.052 
0.061 
0.070 
0.081 
0.092 
0.104 
0.116 
0.129 
0.143 
0.157 
0.172 
0.187 
0,203 
0.219 
0.236 
0.253 
0.270 
0.288 
0.306 

Z/C 

0.0018 
0.0052 
0.0086 
0.0120 
0.0153 
0.0184 
0.0216 
0.0246 
0.0275 
0.0304 
0.0331 
0.0358 
0.0383 
0.0407 
0.0430 
0.0452 
0.0472 
0.0491 
0.0508 
0.0524 
0.0538 
0.0551 
0.0562 
0.0571 
0.0579 
0.0585 
0.0590 
0.0593 
0.0594 
0.0594 

KL 
24 

P ( ST ) 
1.4147 

1-P/H 

-0.0062 
0.0370 
0.1091 
0.1768 
0.2372 
0.2891 
0.3316 
0.3673 
0.3959 
0.4212 
0.4434 
0.4629 
0.4798 
0.4956 
0.5090 
0.5216 
0.5349 
0.5442 
0.5554 
0.5648 
0.5729 
0.5817 
0.5897 
0.5967 
0.6036 
0.6099 
0.6157 
0.6215 
0.6269 
0.6318 

NEND 
0 

CP 

1.2639 
1.1418 
0.9378 
0.7463 
0.5754 
0.4285 
0.3081 
0.2072 
0.1263 
0.0547 
-0.0081 
-0.0632 
-0.1111 
-0.1557 
-0.1937 
-0.2292 
-0.2670 
-0.2934 
-0.3249 
-0.3515 
-0.3744 
-0.3995 
-0.4221 
-0.4420 
—0,4613 
-0.4792 
-0.4956 
-0.5119 
-0.5272 
-0.5412 

M 

0.1124 
0.2640 
0.4189 
0.5407 
0.6388 
0.7205 
0.7868 
0.8411 
0.8856 
0.9251 
0.9607 
0.9916 
1.0185 
1.0 >45 
1.0665 
1.0875 
1.1103 
1.1263 
1.1453 
1.1621 
1.1760 
1.1918 
1.2066 
1.2196 
1.2322 
1.2442 
1.2552 
1.2663 
1.2770 
1.2868 

NPRNT 
0 

1-PI/H 

-0.0151 
-0.0108 
-0.0053 
-0.0044 
-0.0039 
-0.0046 
-0.0056 
-0.0055 
-0.0060 
-0.0062 
-0.0070 
-0.0068 
-0.0063 
-0.0065 
-0.0061 
-0.0058 
-0.0058 
-0.0055 
-0.0048 
-0.0049 
-0.0041 
-0.0036 
-0:0035 
-0.0033 
-0.0029 
-0.0026 
-0.0024 
-0.0022 
-0.0021 
-0.0020 
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NAC A »012: MACH - 0.95, ALPHA - 0 

111 
112 
113 
114 
115 
116 
117 
118 
119 

120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 

0.325 
0.344 
0.363 
0.382 
0.401 
0.421 
0.441 
0.460 
0.480 

0.500 
0.520 
0.540 
0.559 
0.579 
0.599 
0.618 
0.637 
0.656 
0.675 
0.694 
0.712 
0.730 
0.747 
0.764 
0.781 
0.797 
0.813 
0.828 
0.843 
0.857 
0.871 
0.884 
0.896 
0.908 
0.919 
0.930 
0.939 
0.948 
0.957 
0.965 
0.972 
0.978 
0.983 
0.988 
0.992 
0.995 
0.997 
0.999 
1.000 

0.0593 
0.0590 
0.0586 
0.0580 
0.0573 
0.0565 
0,0556 
0.0545 
0.0534 

0.0522 
0.0509 
0.0495 
0.0480 
0.0465 
0.0449 
0.0433 
0.0416 
0.0399 
0.0381 
0.0363 
0.0345 
0.0327 
0.0309 
0.0291 
0.0273 
0.0255 
0 >0238 
0.0220 
0.0203 
0.0186 
0.0170 
0.0154 
0.0138 
0.0124 
0.0109 
0.0096 
0.0083 
0.0071 
0.0060 
0.0049 
0.0040 
0.0031 
0.0024 
0.0017 
0.0011 
0.0007 
0.0004 
0.0001 
0.0000 

0.6365 
0.6408 
0.6448 
0.6486 
0.6522 
0.6555 
0 » 6586 
0,6615 
0.6642 

0.6667 
0.6690 
0.6712 
0.6732 
0.6751 
0.6769 
0.6787 
0.6804 
0.6820 
0.6835 
0,6850 
0.6864 
0.6878 
0.6892 
0.6905 
0.6918 
0.6931 
0.6943 
0.6956 
0.6968 
0.6980 
0.6991 
0.7002 
0.7013 
0.7024 
0.7034 
0.7044 
0.7054 
0.7063 
0.7072 
0.7080 
0.7088 
0.7095 
0.7100 
0.7106 
0.7110 
0.7114 
0.7117 
0.7122 
0.6863 

-0.5543 
-0.5666 
-0.5780 
-0.5887 
-0.5988 
-0.6081 
-0.6169 
-0.6251 
-0.6327 

-0.6398 
—0 » 6464 
-0.6525 
-0.6582 
-0.6637 
-0.6689 
-0.6738 
-0.6786 
-0.6831 
-0.6875 
-0.6916 
-0.6957 
-0.6996 
-0.7035 
-0.7072 
-0.7109 
-0.7145 
-0.7181 
-0.7216 
-0.7250 
-0.7284 
-0.7316 
-0.7348 
-0.7379 
-0.7409 
-0.7438 
-0.7466 
-0.7494 
-O .7520 
-0.7545 
-0.7569 
-0.7590 
-0.7608 
-0.7625 
-0.7640 
-0.7653 
-0.7664 
-0.7673 
-0.7687 
-0.6953 

1.2960 - 

1.3047 - 

1.3129 - 

1.3207 - 

1.3279 - 

1.3347 - 

1.3412 - 

1.3472 - 

1.3528 - 

1.3582 - 

1.3631 - 

1.3678 - 

1.3723 - 

1.3765 - 

1.3805 ■ 

1.3844 - 

1.3881 • 

1.3916 
1.3950 
1.3983 
1.4014 
1.4045 
1.4075 
1.4105 
1.4135 
1.4164 
1.4192 
1,4220 
1.4248 
1.4275 
1.4300 
1.4326 
1.4350 
1.4375 
1.4398 
1.4422 
1,4444 
1.4466 
1.4487 
1.4507 
1.4525 
1.4542 
1.4556 
1.4569 
1.4581 
1.4591 
1.4599 
1.4627 
1.4037 

0.0019 
0.0017 
0.0016 
0.0014 
0.0013 
0.0011 
0.0009 
0.0008 
0.0006 

•0.0005 
-0.0004 
-0.0003 
-0.0003 
-0.0003 
-0.0003 
-0.0003 
-0.0002 
-0.0002 
0.0001 
0.0000 
0.0001 
0.0002 
0.0003 
0.0004 
0.0005 
0.0005 
0.0006 
0.0006 
0.0007 
0.0008 
O.0009 
0.0011 
0.0012 
0.0013 
0.0014 
0.0015 
0.0016 
0.0016 
0.0017 
0.0016 
0.0015 
0.0015 
0.0015 
0.0014 
0.001 
0.001 
0.0011 

-0.0012 
-0.0034 

r-
j 

r-J
 



CL- 0.00000 CD- 0.10848 CM- 0.00000 

GAMMA AROUND PROFILE = 0.00000 

K 

1 
9 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

X/C 

1.000 
1.001 
1.002 
1.006 
1.015 
1.033 
1.065 

,118 
.203 

1.330 
1.502 
1.725 
2.013 
>.385 
Î.865 
3.483 
4.278 
5.302 
6.620 
8.316 

10.499 
13.313 
16.963 
9?,105 

1, 
1 

2, 

9 . 

z/c 

-0.0002 
-0.0004 
-0.0005 
-0.0007 
-0.0011 
-0.0015 
-0.0022 
-0.0033 
-0.0050 
-0.0075 
-0.0108 
-0.0152 
-0.0208 
-0.0281 
-0.0376 
-0.0497 
-0.0653 
-0.0854 
-0.1113 
-0.1446 
-0.1875 
-0.2428 
-0.3145 
-0.4152 

1-P/H 

0,5618 
0.5841 
0.5815 
0.5673 
0.5691 
0.5634 
0.5638 
0.5617 
0.5569 
0.5529 
0.5453 
0.5397* 
0.5363 
0.5327 
0.5071 
0.4300 
0.4274 
0.4277 
r.4265 
0.4316 
0.4350 
0.4380 
0.4391 
0.4401 

CP 

-0.3431 
-0.4062 
-0.3987 
-0.3588 
-0.3637 
-0.3475 
-0.3487 
-0.3428 
-0.3292 
-0.3178 
-0.2965 
-0.2806 
-0.2710 
-0.2609 
-0.1884 

0.0297 
0.0371 
0.0363 
0.0398 
0.0253 

. 0.0156 
0.0073 
0.0040 
n. 0013 

M 1-PI/H 

1.1542 -0.0017 
1.2043 -0.0142 
1.2027 -0.0186 
1.1700 -0.0092 
1.1675 -0.0019 
1.1538 0.0024 
1.1524 0.0052 
1.1468 0.0075 
1.1363 0.0100 
1.1300 0.0088 
1.1180 0.0072 
1.1068* 0.0089 
1.0994 0.0107 
1.0930 0.0109 
1,0478 0.0126 
0.9237 0.0107 
0.9199 0.0103 
0.9204 0.0102 
0.9191 0.0096 
0.9277 0.0091 
0.9336 • 0.0085 
0.9387 0.0081 
0.9408 0.0077 
0.9428 0.0073 
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AR 211 
C.C.Lytton 03-3-12 

NACA 0012: MACH - 0.95, ALPHA - 0 
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AR 211 C.C.Lytton 03-3-13 

NACA 0012: MACH - 0.03. ALPHA - 0 
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AR-2II 

AGARD FDP — WO 07 

TEST CASES FOR STEADY IN VISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 03 

NACA 0012: MACH = 0.95, ALPHA - 0 

Contributor No 6 

M.D.Salas and J.C.South, Jr 

(N.A.S.A. — Langley. U.S.A.) 
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N A S.A I ANGL F Y 
AR 211 

M.D.Salas 
J.C.Suuth.ir 

(13-6-1 

NACA (KM 2: MACH - (1.95. ALPHA - 0 

NASA Langley Research Center - AGARD case 03 
NACA 0012 Majh-0.950 alpha-0.000 (deg) 
Cl-0.0000 Cd-0.1086 Cm-0.0000 
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N.A.S.A. LANGLEY 
AR 211 

M.D.Salas 
J.Í'.South. Jr 

03-6- 

NACA 0012: MACH - 0.95. ALPHA - 0 

N 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

x/c 

.000115 

.000575 

.001500 

.002890 

.004755 

.007100 

.009915 

.013200 

.016960 

.021195 

.025895 

.031055 

.036675 

.042750 

.049270 

.056235 

.063640 

.071470 

.079725 

.088400 

.097480 

.106960 

.116830 

.127085 

.137720 

.148720 

.160080 

.171785 

.183825 

.196190 

.208870 

.221860 

.235140 

.248700 

.262530 

.276620 

.290955 

.305520 

.320305 

.335290 
.350465 
.365820 
.381335 
.396995 
.412785 
.428690 
.444695 
.460780 
.476930 
.493130 

y/c 

.001330 

.003980 

.006610 

.009215 

.011790 

.014330 

.016830 

.019290 

.021710 

.024085 

.026405 

.028670 

.030880 

.033030 

.035115 

.037135 

.039085 

.040960 

.042760 

.044480 

.046115 

.047665 

.049125 

.050495 

.051775 

.052960 

.054050 

.055040 

.055935 

.056730 

.057420 

.058010 

.058500 

.058890 

.059180 

.059370 

.059460 

.059455 

.059355 

.059160 

.058870 

.058490 

.058030 

.057485 

.056855 

.056150 

.055370 

.054520 

.053600 

.052615 

1-P/Piinf 

.006118 

.029031 

.066729 

.115920 

.166688 

.214021 

.257319 

.295547 

.329215 

.358379 

.383357 

.404658 

.424755 

.441861 

.457588 

.471575 

.485080 

.496160 

.508018 

.518762 

.528588 

.537419 

.546564 

.553622 

.561717 

.568299 

.575728 

.581997 

.587462 

.594120 

.599779 

.605014 

.610025 

.614870 

.619473 

.624082 

.628281 

.631908 

.635936 

.639511 

.643486 

.646118 

.648803 

.652320 

.654976 

.657268 

.659916 

.661919 

.664848 

.666116 

Cp 

1.229130 
1.164302 
1.057640 

.918461 

.774821 

.640901 

.518395 

.410236 

.314978 

.232461 

.161790 

.101522 

.044662 
-.003736 
-.048235 
-.087810 
-.126018 
-.157368 
-.190918 
-.221316 
-.249117 
-.274104 
-.299979 
-.319948 
-.342853 
-.361475 
-.382494 
-.400230 
-.415693 
-.434530 
-.450541 
-.465354 
-.479530 
-.493239 
-.506262 
-.519304 
-.531185 
-.541446 
-.552843 
-.562956 
-.574204 
-.581652 
-.589248 
-.599198 
-.606714 
-.613198 
-.620690 
-.626356 
-.634645 
-.638233 

Mach 1 

.061786 

.185837 

.300871 

.411310 

.507433 

.588917 

.658535 

.720491 

.772557 

.819089 

.857132 

.891696 

.922512 

.950720 

.975079 

.998828 
1.020180 
1.039373 
1.058685 
1.077647 
1.093898 
1.109969 
1.125550 
1.138483 
1.152826 
1.164841 
1.178598 
1.190030 
1.200350 
1.212985 
1.223656 
1.233893 
1.243415 
1.253143 
1.261959 
1.271489 
1.279532 
1.287225 
1.295082 
1.302744 
1.310727 
1.316331 
1.321774 
1.329483 
1.334679 
1.339985 
1.345216 
1.349911 
1.355976 
1.358794 

-Pi/Piinf 

.003459 

.005354 

.006240 

.006721 

.006571 

.006079 

.006351 

.004598 

.004618 

.003064 

.003633 

.002093 

.002826 

.001550 

.002433 

.001096 

.001916 

.000841 

.001412 

.000405 

.001044 

.000008 

.000468 
-.000159 
-.000078 
-.000312 
-.000660 
-.000578 
-.000847 
-.001108 
-.001102 
-.001461 
-.001329 
-.001790 
-.001557 
-.002164 
-.001767 
-.002362 
-.002008 
-.002561 
-.002359 
-.002609 
-.002449 
-.002974 
-.002455 
-.003108 
-.002578 
-.003172 
-.002876 
-.002999 



/ 

N 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 

N A S A. LANGLEY 
AK 211 

MD.Salas 
J.C South. Jr 03-6-3 

NAC A (K) 12: MACH - 0.^5. ALPHA - () 

x/c 

.509365 

.525615 

.541860 

.558085 

.574270 

.590400 

.606460 

.622430 

.638285 

.654015 

.669600 

.685020 

.700265 

.715310 

.730140 

.744740 

.759090 

.773175 

.786975 

.800475 

.813665 

.826525 

.839040 

.851195 

.862975 

.874365 

.885350 

.895915 

.906050 

.915740 

.924970 

.933735 

.942015 

.949795 

.957065 

.963815 

.970035 

.975710 

.980825 

.985370 

.989335 

.992700 

.995450 

.997570 

.999035 

.999800 

.999800 

.999035 

.997570 

.995450 

y/c 

.051575 

.050475 

.049320 

.048115 

.046865 

.045575 

.044245 

.042880 

.0-+1485 

.040065 

.038625 

.037160 

.035680 

.034190 

.032685 

.031175 

.029665 

.028155 

.026650 

.025155 

.023670 

.022200 

.020745 

.019310 

.017905 

.016525 

.015175 

.013865 

.012590 

.011355 

.010165 

.009025 

.007940 

.006905 

.005930 

.005020 

.004175 

.003395 

.002685 

.002055 

.001505 

.001035 

.000645 

.000345 

.000140 

.000030 
-.000030 
-.000140 
-.000345 
-.000645 

1-P/Piinf 

.668119 

.670317 

.672093 

.673815 

.675161 

.676668 

.678380 

.679644 

.681079 

.681740 

.683294 

.685078 

.685355 

.686905 

.688379 

.689152 

.690175 

.691354 

.692337 

.693292 

.694388 

.695176 

.697094 

.697383 

.698024 

.699812 

.700488 

.700950 

.702601 

.703152 

.704878 

.704254 

.705648 

.706961 

.708145 

.706882 

.709341 

.708979 

.712471 

.707299 

.712654 

.709293 

.717491 

.700219 

.730867 

.714904 

.714711 

.730773 

.700253 

.717484 

Cp 

-.643900 
-.650117 
-.655142 
-.660015 
-.663824 
-.668088 
-.672931 
-.676509 
-.680566 
-.682439 
-.686834 
-.691882 
-.692665 
-.697051 
-.701222 
-.703408 
-.706303 
-.709639 
-.712421 
-.715122 
-.718222 
-.720452 
-.725879 
-.726697 
-.728511 
-.733571 
-.735483 
-.736790 
-.741460 
-.743021 
-.747902 
-.746138 
-.750081 
-.753795 
-.757147 
-.753573 
-.760530 
-.759505 
-.769385 
-.754754 
-.769904 
-.760396 
-.783589 
-.734722 
-.821435 
-.776270 
-.775724 
-.821184 
-.734817 
-.783570 

Mach 

1.363141 
1.368003 
1.371750 
1.375710 
1.378452 
1.382073 
1.385606 
1.388651 
1.391622 
1.393276 
1.396697 
1.400851 
1.401064 
1.405207 
1.407878 
1.410280 
1.411906 
1.415500 
1.416704 
1.420111 
1.421270 
1.424655 
1.427506 
1.429759 
1.429508 
1.435994 
1.434696 
1.439091 
1.439402 
1.444773 
1.444241 
1.447842 
1.445547 
1.455537 
1.450000 
1.456527 
1.451738 
1.463545 
1.456888 
1.461832 
1.454847 
1.469853 
1.460459 
1.455060 
1.505048 
1.460654 
1.459495 
1.504648 
1.454899 
1.460493 

1-Pi/Piinf 

-.003026 
-.003155 
-.002977 
-.003240 
-.002936 
-.003355 
-.002994 
-.003325 
-.003008 
-.003256 
-.003172 
-.003370 
-.002788 
-.00369Í 
-.002737 
-.003649 
-.002647 
-.003920 
-.002428 
-.004149 
-.002207 
-.004433 
-.002159 
-.004411 
-.001925 
-.005221 
-.001108 
-.005838 
-.000729 
-.006553 

.000058 
-.007219 

.000807 
-.009043 

.002963 
-.010744 

.004578 
-.013658 

.008014 
-.017006 

.011538 
-.021774 

.020335 
-.031550 

.004751 

.011088 

.012062 

.005000 
-.031198 

.020263 

IV* " -r • -*■ 
y ' \ 

r*-** 



AR2II 
M.D.Salas 
J.C .South, Jr 

03-6-4 

NACA 1)012: MACH - 0.05, AL PHA-0 

N A S A. l.ANCiLEY 

N 
101 
102 
103 
104 
103 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 

x/c 
992700 
989335 
985370 
,980825 
,975710 
,970035 
.963815 
.957065 
.949795 
.942015 
.933735 
.924970 
.915740 
.906050 
.895915 
.885350 
.874365 
.862975 
.851195 
.839040 
.826525 
.813665 
.800475 
.786975 
.773175 
.759090 
.744740 
.730140 
.715310 
.700265 
.685020 
.669600 
.654015 
.638285 
.622430 
.606460 
.590400 
.574270 
.558085 
.541860 
.525615 
.509365 
.493130 
.476930 
.460780 
.444695 
.428690 
.412785 
.396995 
.381335 

y/c 
-.001035 
-.001505 
-.002055 
-.002685 
-.003395 
-.004175 
-.005020 
-.005930 
-.006905 
-.007940 
-.009025 
-.010165 
-.011355 
-.012585 
-.013860 
-.015175 
-.016525 
-.017905 
-.019310 
-.020745 
-.022200 
-.023670 
-.025155 
-.026650 
-.028155 
-.029665 
-.031175 
-.032685 
-.034185 
-.035675 
-.037155 
-.038620 
-.040065 
--.041485 
-.042880 
-.044245 
-.045575 
-.046865 
-.048115 
-.049315 
-.050465 
-.051570 
-.052615 
-.053595 
-.054515 
-.055370 
-.056150 
-.056855 
-.057485 
-.058030 

1-P/Pilnf 
.709312 
.712617 
.707315 
.712514 
.709039 
.709360 
.706842 
.708061 
.706935 
.705757 
.704445 
.704870 
.702859 
.701803 
.701928 
.700624 
.699561 
.698147 
.697369 
.697094 
.695181 
.694451 
.693295 
.692305 
.691331 
.690232 
.689222 
.688343 
.686385 
.685858 
.684580 
.683724 
.682002 
.680985 
.679684 
.678277 
.676746 
.675299 
.673808 
.671375 
.670330 
.668922 
.666117 
.664188 
.662495 
.660101 
.657168 
.655022 
.652342 
.648902 

Cp 
-.760448 
-.769800 
-.754797 
-.769508 
-.759676 
-.760585 
-.753459 
-.756909 
-.753723 
-.750391 
-.746678 
-.747881 
-.742189 
-.739203 
-.739555 
-.735868 
-.732860 
-.728860 
-.726658 
-.725879 
-.720467 
-.718402 
-.715130 
-.712330 
-.709574 
-.706464 
-.703607 
-.701119 
-.695581 
-.694088 
-.690473 
-.688051 
-.683179 
-.680303 
-.676620 
-.672640 
-.668309 
-.664214 
-.659995 
-.653110 
-.650156 
-.646172 
-.638236 
-.632778 
-.627987 
-.621213 
-.612914 
-.606842 
-.599260 
-.589529 

Mach 1-Pi/Piinf 

1.469751 
1.454789 
1.461761 
1.456981 
1.463637 
1.451814 
1.456431 
1.449828 
1.455455 
1.445805 
1.448241 
1.444273 
1.444155 
1.437506 
1.441112 
1.435370 
1.435142 
1.429951 
1.429572 
1.427624 
1.424540 
1.421498 
1.420039 
1.416685 
1.415380 
1.412064 
1.410404 
1.407848 
1.404018 
1.402097 
1.399926 
1.397324 
1.394172 
1.391157 
1.388947 
1.385199 
1.382335 
1.378636 
1.375810 
1.370163 
1.367948 
1.364873 
1.358923 
1.354468 
1.351050 
1.345792 
1.339631 
1.334847 
1.329445 
1.322027 

-.021559 
.011494 

-.016850 
.008031 

-.013581 
.004536 

-.010745 
.002921 

-.009012 
.000810 

-.007144 
-.000015 
-.006661 
-.000706 
-.005442 
-.001612 
-.004843 
-.002148 
-.004189 
-.002327 
-.004252 
-.002322 
-.004039 
-.002506 
-.003824 
-.002687 
-.003598 
-.002812 
-.003672 
-.002643 
-.003648 
-.002694 
-.003693 
-.002646 
-.003619 
-.002743 
-.003480 
-.002769 
-.003402 
-.002950 
-.003035 
-.003014 
-.003175 
-.002751 
-.003042 
-.002832 
-.002912 
-.002554 
-.002858 
-.002514 



/ 

' 

N 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 

N A S A. LANGLEY 

x/c 
.365820 
.350465 
.335290 
.320305 
.305520 
.290955 
.276620 
.262530 
.248700 
.235140 
.221860 
.208870 
.196190 
.183825 
.171785 
.160080 
.148720 
.137720 
.127085 
.116830 
.106960 
.097480 
.088400 
.079725 
.071470 
.063640 
.056235 
.049270 
.042750 
.036675 
.031055 
.025895 
.021195 
.016960 
.013200 
.009915 
.007100 
.004755 
.002890 
.001500 
.000575 
.000115 

AR2I1 
M.n.Salas 
J.C.South. Jr 

03-6-5 

NACA 0012: MACH - 0.95, ALPHA - 0 

y/c 
-.058490 
-.058865 
-.059155 
-.059355 
-.059455 
-.059460 
-.059370 
-.059180 
-.058890 
-.058500 
-.058010 
-.057420 
-.056730 
-.055935 
-.055040 
-.054050 
-.052960 
-.051775 
-.050495 
-.049125 
-.047665 
-.046110 
-.044475 
-.042760 
-.040960 
-.039085 
-.037135 
-.035115 
-.033030 
-.030880 
-.028670 
-.026405 
-.024015 
-.021710 
-.019290 
-.016830 
-.014325 
-.011785 
-.009215 
-.006610 
-.003975 
-.001325 

1-P/Plinf 
.646069 
.642864 
.640120 
.636175 
.631816 
.628362 
.624086 
.619525 
.614889 
.610049 
.605026 
.599772 
.594098 
.587396 
.581892 
.575544 
.568021 
.5^1262 
.532935 
.545596 
.536141 
.526144 
.519862 
.509804 
.496603 
.485345 
.471689 
.457665 
.441943 
.424801 
.404723 
.383435 
.358392 
.329363 
.295381 
.257988 
.213042 
.166898 
.115521 
.067547 
.027688 
.007005 

Cp 
-.581511 
-.572444 
-.564680 
-.553517 
-.541185 
-.531413 
-.519314 
-.506409 
-.493294 
-.479599 
-.465387 
-.450521 
-.434467 
-.415507 
-.399933 
-.381972 
-.360687 
-.341564 
-.318005 
-.297240 
-.270489 
-.242204 
-.224430 
-.195972 
-.158620 
-.126770 
-.088131 
-.048454 
-.003969 

.044532 

.101339 

.161569 

.232425 

.314559 

.410704 

.516502 

.643670 

.774227 

.919592 
1.055326 
1.168101 
1.226620 

Mach 
1.316167 
1.309513 
1.303809 
1.295859 
1.286805 
1.279864 
1.271356 
1.262180 
1.253085 
1.243551 
1.233844 
1.223712 
1.212893 
1.200283 
1.189796 
1.178306 
1.164305 
1.152046 
1.137241 
1.123915 
1.107674 
1.089938 
1.079184 
1.062269 
1.039846 
1.020939 

.99884 '♦ 

.975481 

.950743 

.922833 

.891750 

.857528 

.819151 

.773123 

.720439 

.659977 

.588441 

.507192 

.412198 

.301045 

.186654 

.058269 

1-Pi/Piinf 
-.002525 
-.002444 
-.002320 
-.002409 
-.002042 
-.002000 
-.001976 
-.001716 
-.001662 
-.001448 
-.001366 
-.001194 
-.001041 
-.000919 
-.000523 
-.000717 
-.000270 
-.000122 
-.000125 

.000391 

.000110 

.000764 

.000812 

.000706 

.001154 

.001534 

.001292 

.002114 

.001672 

.002553 

.002143 

.003346 

.003021 

.004293 

.004413 

.006029 

.005207 

.006983 

.005780 

.007040 
-.003768 
.004643 
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TEST CASES FOR STEADY INVISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 03 

NACA 0012: MACH = 0.95, ALPHA = 0 

Contributor No 8 

A.Rizzi 

(F.F.A., Sweden) 



F.F.A. 

AR21I 
A.RÍ7.7.Í 03-8-1 

NACA (MM2: MACH - 0.45, AI PHA-0 

i 

I 

1 
2 
3 
4 
5 
6 
7 
i 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

MESH: I2KX 
(28 + 4) basic mesh, same as for Test Case 01 outer boundary at 10 chords. 

CF 
x/c 

-C.C01496 
-C.004S22 
-C.008861 
-C.013733 
-0.019634 
-C.0 26 84 2 
-0.035739 
-C.046819 
-0.060713 
-0.078227 
-C.100325 
-C. 1 28 21 2 
-0.163338 

_ -0.207457 
1 -C.262 >66 
UJ -0.331 475 
P -0.416367 
£ -C.522333 
2 -0.652217 

-0.811323 
-1.005547 
-1.241774 
-1.528109 
-1.374077 
-2.290369 
-2.791620 
-3.39174j 
-4.109293 
-4.965463 
-5.935052 
-7.197122 
-fi.635695 

Y/C 

o.oococo 
O.COOJCO 
0.cococo 
0.0 0000 0 
O.COCQCO 
0. COCOCO 
0.cococo 
o.coooco 
0.C0G0C 0 
o.coooco 
o.coooco 
0. cococo 
o.coooco 
o.coooco 
o.coooco 
O.COCJCO 
o.cococo 
o.coooco 
0.G0C3C 0 
0.COCOCO 
o.cococo 
o.coooco 
o.cococo 
o.cocooo 
o.cococo 
o.coooco 
o.cococo 
o.cococo 
o.cococo 
o.coooco 
o.coooco 
o.coooco 

1-P/PI1NF 

O.C07912 
C.C’993 3 
C.042373 
C.Co5104 
C.C 9C78 9 
C.116570 
0.139399 
C.164371 
C.137339 
:.210237 
C.2 31799 
C.2-,2520 
0.271376 
C.289997 
0.206715 
0.322084 
C.3 36098 
0.34832’ 
C.36C323 
L.37C589 
0.3 5001 1 
C.338383 
0.395393 
C.402636 
0.4 0872 9 
C.414304 
C.419469 
C.424241 
C.428524 
C.432132 
0.435193 
0.437306 

1 .224053 
1.161 594 
1.125124 
1.C50921 
C.90956 5 
0.916j¿3 
C.23Û617 
C.731 37 i 
0.716 394 
0.6516C7 
0.5906C0 
C.531 974 
0.477203 
0.425933 
0.378636 
0.335153 
Û.2955C5 
0.2595C0 
0.226961 
0.197 63 3 
C.171258 
0.147571 
C.126323 
0.107244 
C.C900C5 
0.C74230 
0.C5961 7 
0.C46117 
0.C33993 
0.C23Ó47 
O.C15123 
0.C 07 73 7 

FiACH 

O.C9C710 
C .146477 
C.249991 
C.312014 
C. 371 341 
C.42138 3 
0.469030 
0.5117C1 
0.552443 
0.559937 
0.625286 
0.658070 
0.698579 
C.7167C4 
C.742583 
C.766240 
C.7373C0 
C.807360 
0.625056 
0.641027 
0.85541 3 
0.868370 
0.f 30019 
0.8905C7 
C.9000C6 
0.908715 
0.916796 
0.924277 
C.931016 
C.9369C0 
0.941584 
C.945732 

1-PI/PIINF 

0.002166 
O.C 1C577 
0.C3C343 
0.C041C7 

-C.C0C041 
G.C 01877 
0.C0C004 
0.000921 
O.C 0006 8 
0.C0G5G9 
O.COC190 
0.CÛ0324 
O.C00193 
O.COC216 
O.C OC 153 
O.C 00138 
C.CDC1C1 
C.C0C073 
O.C00153 
O.C 0G035 
O.C00019 
O.COC3C7 

-0.C0C0C5 
-0.C1G016 
-O.C00025 
-O.C 00027 
-C.C0CO21 
-O.C00012 
-Ü.C 00012 
-O.C 00029 
-C.COC060 
-O.C 00075 

r 



/ 
■. 
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1 
2 
5 
4 
5 
6 
7 
6 
S 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
¿9 
30 
31 
J2 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
<*7 
48 
49 
50 
51 
52 
53 
54 
55 
56 

O E 
a£ 

RFA. 
AR 211 A.Rizzi 03-8-2 

NACA 0012: MACH - 0.95, ALPHA - 0 

0.998814 
0.994210 
G.9^5 354 
C.972S71 
0.956583 
0.9 37 500 
L.915323 
C.891931 
0.866187 
0. 838931 
0.810477 
0.781120 
0.751125 
0.720735 
0.690171 
0.659627 
0.629275 
0.599267 
0.569732 
C.54G782 
0.512511 
0.4 84 99-* 
€.458294 
0.432457 
0.407515 
0.333502 
0.380423 
0.338284 
0.317085 
0.29681o 
0.277463 
0.2 5900 7 
0.241424 
0.224390 
0.208777 
0.193656 
C.179295 
0.165666 
C. 1 5 2 73 7 
0.140473 
0.128561 
C.1 1785 5 
C.1 07 442 
0.C97569 
0.0 38277 
0.079484 
0.071193 
0.C63388 
0.056055 
0.049182 
0.042762 
0.036783 
0.031 25a 
0.026164 
C.G21511 
0.017301 

-0.CCG168 
-0.000316 
-Ü.C0205 2 
-U.C033C 2 
-0.005 98 5 
-Ü.00052 2 
-0.011335 
-0.CÎ4354 
-ü.017512 
-0.C2C752 
-0.C 2402 3 
-0.027265 
-0.C30499 
-0.C 3363 1 
-0.0 3665 4 
-0.039542 
-0.042276 
-0.04433 7 
-O.C47211 
-0.C 4936 6 
-0.C51354 
-0.C53103 
-0.054646 
-Û.05596 5 
-U.057066 
-0.057952 
-0.05862 9 
-ü.059101 
-0.C5937 à 
-0.059466 
-0.C >937 4 
-0.C59114 
-0.C58694 
-0.05812 4 
-0.C57415 
-0.C56576 
-U.0 5561 5 
-C.C5454 2 
-0.C5336 4 
-0.C52Û3V 
-0.05072 2 
-0.049271 
“0.0 4774 1 
-G.C46134 
-Ü.C4445 7 
-Ü.C4271 1 
-0.C4C9C 3 
-O.t 3902 o 
-0.037090 
-0.0 3509¼ 
-0.033040 
-0.030923 
-0.0 2876 0 
-0.C26534 
-0.C2425 3 
-G.C2191 8 

0.3 31671 
C.67C206 
C.7 2353 3 
0.719634 
0.706435 
0.703567 
0.704577 
0.701303 
0.698373 
0.696630 
0.694399 
0.6 9208 0 
0.689881 
0.637567 
C.635273 
C.632375 
C.63C41 7 
0.677321 
C.675073 
0.672137 
C.66901 9 
C.6 65685 
0.662125 
0.658303 
0.65421 3 
0.649389 
0.645322 
C.64C500 
0.63541 7 
C.6 30060 
0.624453 
0.618833 
0.612573 
0.606277 
C.599739 
0.5 92942 
C.5Î5397 
0.5 76595 
C.571012 
C.553133 
0.554953 
C.546431 
0.5 37506 
0.526132 
0.518241 
0.507747 
C.496551 
C.484541 
0.47157 3 
0.457455 
0.441990 
0.424954 
0.405392 
C.3 34283 
0.255569 
0.231174 

-0.299309 
-0.649305 
-C.80Ü699 
-0.739653 
-0.7523C9 
-0.7*419 3 
-0.747052 
-0.737301 
-0.730923 
-0.724563 
-0.713254 
-0.711692 
-0.705471 
-0.698923 
-C.692433 
-0.635543 
-0.678694 
-0.671349 
-0.633574 
-0.655269 
-0.646445 
-0.637012 
-0.626940 
-0.616126 
-0.604569 
-0.592320 
-0.579393 
-0.535754 
-C.551375 
-0.536213 
-0.520363 
-0.503886 
-0.436740 
-0.466926 
-C .450423 
-0.431198 
-0.411265 
-0.39C6CS 
-0.339150 
-0.3*6373 
-0.323723 
-0.299600 
-0.274351 
-0.247829 
-0.219143 
-C.190152 
-0.158473 
-0.124493 
-0.087 302 
-0.047357 
-0.CJ41C« 
0.044097 
G.C93032 
0.139171 
0.229095 
0.309434 

1.166605 
1.272356 
1.475592 
1.485559 
1.447209 
1 .438761 
1.442309 
1 .435113 
1.428349 
1.423373 
1.418216 
1.413234 
1 .407929 
1.402876 
1 .397515 
1.392246 
1.336646 
1.38C946 
1.374304 
1.368384 
1.361532 
1.354319 
1.346626 
1.338453 
1.329761 
1 .320649 
1.311110 
1.301144 
1 .290718 
1.279337 
1.268564 
1.256976 
1.245037 
1.232765 
1.220147 
1.207165 
1 .1 93850 
1.180197 
1.166161 
1.151743 
1.136920 
1.121624 
1.105779 
1.089304 
1.072093 
1 .0 54013 
1.034914 
1.014627 
0.992923 
0.9695C4 
0.944083 
0.916307 
0.835440 
0.85GS9? 
0.811180 
0.7659C6 

O.f 08568 
O.t 4943 2 

•O.t 03279 
-0.t04785 
O.t 0130 6 
0.003291 
0.C01998 
0.001014 
C.C025C3 
O.t 0141 5 
0.002113 
O.t 01604 
0.tOI 991 
O.t 0168 6 
O.t 01933 
C.t01754 
0.00191 i 
0.r01823 
0.001926 
0.COI 895 
O.tOI 977 
0.001984 
0.002061 
O.t 02090 
0.002170 
0.002 ¿3 2 
O.t02322 
G.C02402 
0.t025C5 
O.t02599 
C.C02725 
0.C02345 
0.002981 
0.003127 
O.t 0328 2 
0.003445 
0.0 0362 5 
O.t 03 807 
C.r040C3 
0.C04210 
O.t 04426 
0.0 04650 
0.004384 
0.t05128 
0.0 05362 
0.C05644 
0.C05 912 
0.006184 
O.f06447 
0.006694 
0.006920 
0.C0709 3 
0.C07156 
0.006987 
0.006549 
0.005765 

i ' 
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NAC A 0012: MACH - 0.05. ALPHA - 0 

i 

57 
56 
59 
60 
61 
62 
63 
64 
65 
66 
67 
66 
69 
7C 
71 
72 
73 
74 
75 
70 
77 
7« 
79 
80 
61 
32 
83 
6« 
aã 
36 
87 
36 
69 
90 
91 
92 
93 
94 
95 
96 
97 
96 
99 

1J0 
101 
102 

C.013535 
0.01022 3 
0.007361 
C. 0 04 96 3 
C.C03035 
0.031 562 
C.030609 
0.0 00122 
0.000122 
0.000609 
0.001 562 
0.003035 
0.004963 
0.007361 
0.010220 
0.013535 
0.017301 
0.021511 
0.026164 
0.031 256 
G.036736 
0.042762 
0.049182 
0.056 JS 5 
0.063 386 
0.071193 
0.079484 
C.088277 
C.C97589 
0.107442 
0.117853 
0.128361 
0.140 47 3 
0.1 52737 
0.165666 
0.179295 
0.1 93656 
0.208777 
0.224693 
0.241424 
0.259007 
0.277463 
0.296316 
0.317085 
0.338284 
0.360423 

-Ü.C 1952 5 
-0.017383 
-0.014569 
-0.012043 
-O.C0944 3 
-C.006790 
-0.r04092 
-Ü.C3136 7 
0.00136 7 
0.034392 
G.C 0679 Ü 
0.00944 3 
G.Cl 204 3 
0.014589 
0.C170E 3 
3.019525 
0.G21916 
C.0 2425 3 
0.C2653 4 
0.028760 
0.030923 
0.C 33040 
J.C35Ü9<* 
0.037090 
0.03902 6 
0.C 4090 3 
0.04271 1 
0.C44457 
0.046134 
0.C47741 
0.049271 
Û.050722 
0.05208 9 
0.053364 
0.C 54542 
0.055615 
C.0 5657 6 
0.057415 
0.05812* 
0.CS669 * 
Ü.059114 
0.059374 
0.059466 
0.0 5937 3 
0.C 59101 
0.058629 

0.296553 
0.2 61317 
0.219320 
0.172626 
0.1¿2374 
0.072636 
C.O 31o91 
0.008391 
C .0 08406 
0.031734 
0.07266 3 
0.122383 
0.172642 
0.219352 
0.261360 
C.298586 
0.331193 
0.359576 
C.334280 
C.4ÛÎ383 
0.424946 
0.4 41983 
0.457447 
0.471566 
G.4S4534 
0.496545 
C.507745 
0.518240 
0.526131 
0.537505 
0.546430 
0.554958 
0.563138 
0.571311 
0.578595 
0.585397 
0.592942 
0.599738 
0.606276 
0.612572 
C.618633 
0.624453 
C.630360 
C.6 3541 6 
0.640499 
0.645321 

0.431730 
0.537385 
0.625907 
0.75SC22 
Û.9Û02C1 
1 .0*092 1 
1.156775 
1.222691 
I.222656 
1.156652 
1.0*0852 
0.930175 
C.757975 
0.625818 
0.536965 
€.431633 
0.309381 
0.229076 
0.159179 
C.098356 
0.044122 

-0.034023 
-0.0*7836 
-C.037783 
-0.124475 
-0.158453 
-0.19Ü145 
-0.219343 
-0.247325 
-0.274348 
-0.299599 
-0.323727 
-0.346872 
-0.369143 
-0.3906C6 
-0.41126* 
-0.*31196 
-0.450427 
-0.4a6925 
-0.486733 
-0.533385 
-0.520366 
-0.536216 
-0.551372 
-0.565753 
-0.579395 

C. 713749 
0.653443 
0.533597 
0.502109 
0.407173 
C.297786 
0.175304 
C.C 51890 
0.051763 
0.175790 
C.2 97940 
0.407445 
0-302493 
0.584024 
C.653970 
0.714216 
C.766354 
0.811601 
0.851094 
0.8353C9 
0.916657 
0.944416 
0.969318 
0.993219 
1.C149C9 
1.C35183 
1.054274 
1 .072345 
1.039544 
1.106010 
1.121347 
1.137135 
1.151950 
1.166360 
1.130393 
1.194043 
1.207347 
1.22C325 
1.232933 
1.245206 
1.257141 
1.268776 
1.279994 
1.290873 
1 .301295 
1.311259 

0.004642 
0.0 03255 
O.t 0134 9 
0.000381 
0.000151 

-0.CQ0363 
-0.001779 
-0.002043 
-0.001 976 
-0.001655 
-0.000317 

C.000383 
0.000 715 
0.001613 
0.002956 
0.004287 
0.005370 
0.^06131 
Û.006562 
0.C06736 
0.006691 
0.006 529 
0.006320 
0.006089 
0.005840 
0.005582 
0.005328 
0.C35075 
0.C04831 
0.004597 
0.034371 
0.C0415 5 
0.003947 
0.C0374 3 
0.003558 
0.0 03 381 
0.C332C7 
O.C 33048 
0.0 32 398 
0.032757 
0.032625 
0.0025C8 
0.002383 
0.002294 
0.002195 
0.032117 

i 
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NACA 0012: MACH - <195. ALPHA - 0 

10J 
1 J4 
105 
106 
107 
106 
109 
110 
111 
112 
113 
11* 
115 
116 
117 
118 
119 
120 
121 
1 ¿2 
123 
12* 
125 
126 
127 
128 

C.333502 
C. * 07 51 i 
0.*32*57 
0.*5829<. 
0.*3*994 
0.512511 
0.5*0782 
0.569732 
0.599267 
0.629275 
0.659627 
0.690171 
0.720735 
0.751125 
0.7b1120 
0.810*77 
0.838931 
0.866137 
0.891931 
C.915823 
0.937500 
0.956583 
0.972671 
0.99535* 
0.99*210 
0.99831* 

0.C5795 2 
0.C 57066 
0.C5596 5 
0.05*6*6 
0.C531C3 
0.051 35* 
0.0*939 6 
0.0*7211 
0.0**33 7 
0.0í2¿76 
0.0395*2 
Ü.C3665* 
0.€3363 1 
0.03049«» 
0.0 2728 5 
0.02*023 
0.C2C752 
0.017512 
0.01*35* 
0.011335 
0.00852 2 
0.005985 
0.003602 
Ü.00205 2 
0.C3C816 
0.00016 î 

0.6*9183 
0.65*217 
0.658303 
C.60212* 
C.66568* 
0.669013 
0.677137 
C.673072 
C.677321 
C.68041 5 
0.632875 
0.635271 
0.687569 
0.6 39877 
C.692083 
0.69*398 
0.696620 
0.698366 
0.701*21 
C.7 3*378 
0.733462 
C.707192 
C.719553 
C.720813 
0.6667*6 
0.5 9Î *0 * 

-0.592317 
-0.63*566 
-0.616125 
-0.626939 
-0.637013 
-0.6*64*2 
-Ü.6J5269 
-0.663571 
-0.6713*9 
-0.678693 
-0.6856*9 
-0.692*27 
-0.696929 
-0.705461 
-C.711703 
-0.718252 
-0.72*539 
-0.730592 
-0.733123 
-0.740*8 3 
-0.7*389® 
-0.75**51 
-0.78970® 
-0.7929t 3 
-0.6*5673 
-0.411266 

1 .320793 
1.3 2990 6 
1.338599 
1.3*6769 
1.35**57 
1.361670 
1 .388519 
1.37*9*1 
1.331076 
1.336783 
1.392373 
1.3076*3 
1.*03001 
1.*06066 
1.413353 
1.418369 
1.423950 
1.428*71 
1.435575 
1.4*1769 
1.438781 
1.4*9333 
1.4355*9 
1.466655 
1.2712*1 
1.167359 

0.C 02032 
0.C01969 
0.(013’5 
0.C0136* 
0.( .)1793 
0.(01762 
0.(01 703 
0.(01731 
0.(016*1 
0.(01720 
0.(01577 
C.COI 73* 
0.(01516 
0.(01786 
0.COI **3 
O.C01 39* 
0.COI 27* 
O.C02286 
0.C0C755 
0.C02071 
0.(02398 
0.C0C979 

-0.(05*33 
-0.C3C633 
0.(49716 
0.C128C3 



AR 211 A.Riz/i 03-8-6 

F.F.A. 

NACA (MM2: MACH - 0.05. ALPHA - 0 

NCYC - 1000 RESRMS *- 0.Í31E-06 

C£U5 * % 



LO
G

R
E

S
 

ï 

15 JUN AFVTOQO 

PITCH 0.000 
MACH 0.950 
RATE 0.987 
NSUP 118 
CYCL 1000 

NOVOR OUTTOQO MSHX 
GCIRC 0.002 
ALPHA 0.000 
RESAS 0.858E-01 
LIFT -0.311E-03 
SYSEC 0•1738+04 

N06 BAS BA54 .05 

CELLS 32X 8 
RESAE 0.Í31E- 
DRAG '0.105E+ 
RESMX 0.596E- 



/ 

1SHX N06 BAS BAS4 .05 0. -01 

02 
oo 
oi 
03 
04 

>42.57 | 277.¿3 

F.F.A. 

AR 211 A.Rizzi 

NAC'A 0012: MAC H - O.yS. AL PHA - 0 

CELLS 32X 8 
RESAE 0.131E-06 
DRAG 0.105E+00 
RESMX 0•596E-06 

0.00 J4.65 
‘ _1_L 

18 2 

r 
o 
r 
a 

—i-1— 
|40.00 160.00 

,1 SYSEC *10 
69.31 103.96 136.61 K3.27 
J-1- 

242.57 277. ¿3 

-i-1-1-r-1-r 
w0.00 20.00 40.00 60.00 

T-1-r-1-T 
60.00 100.00 120.00 

CYCL »10' 

r--1-r v 
¡40.00 ,60.00 

03-8-7 

1 
Y 



F.F.A. 

AR211 A.Rizzi 

it 

03-8-8 

NACA 0012: MACH - 0.95, AL PH A - 0 

NCYC -- 1000 RESRMS -- 0.992F-07 

OZLLS 64 y 



i 5 JUN AFVTOQO NOVOR OUTTOQO MSHX N06 BAS BASA .05 

pitch 
M^CH 
RATE 
NSUP 
CYCL. 

0.000 
0.950 
0.989 

462 
I 000 

GCIRC 0.000 
ALPHA 0.000 
RESAS 0.771E-02 
LIFT -0.275E-03 
SYSEC 0.418E+04 

CELLS 64X16 
RESAE O .992E-0I 
DRAG O-iOBEtO] 
RESMX 0.358E-0| 

o.oo fi3. 

0.00 



D
R

A
G
 

»
1
0

 





/ 
I 

i 5 JUN AFVTOQO NOVOR OUTTOQO MSHX N06 BAS BAS4 ,05 

CfA 

\lv* 

PITCH 
MACH 
RATF 
NSUP 
CYCL 

0.000 
0.950 
0.990 

1805 
1 000 

"P GCIRC 
ALPHA 
RESAS 
LIFT 
SVSEC 

0.000 
0.000 

0.266E-02 
-0.580E-04 
0. i238 + 05 

CELLS 128X32 
t^RESAE 0.I34E 

¿V DRAG 0.108E 
RESMX 0.656E 

SYSEC «102 



/ 
******* H'1 1 "■ ' 

f.f.a. 

AR211 A.Rizzi 03-8-11 

NACA (MU 2: MACH - 0.95. ALPHA - 0 

HX N06 BAS BASA .05 0- -01 

CELLS 128X32 
t^RESAE 0. i 34E-06 

Cv DRAG 0•¡08E+00 
? RESiiX 0• 656E-06 

y** V 

4 25 

18 , 196.¿7 
• m 

ro 

O 

r 
o 
r: 
0- 

- o 
ó 

o 

—!-1 
40.00 ¡60.00 

SYSEC *icr 
V7 va Qfc 70 159,QR 147.58 179.16 

60.00 

CYCL * 1 0 

PSM 



i 
4 I 

F.F.A. 

P I PRES l-P/PIINF 







F.F.A. 

AR 21 I A.Rizzi 03-8-13 

NACA 0012: MACH - 0.95, ALPHA - 0 



P .1 TOTP I PI PIINF 



F.F.A. 

AR 211 A.Rizzi 03-8-14 

NACA (H) 12: MACH - 0.95. ALPHA - 0 





AR 211 A.Rizzi 03-8-15 

NACA (M) 12: MACH - 0.45, ALPHA - 0 





A.Rizzi 



1-P/PIINF INC-.025 



r 
- »■ 

F.F.A. 
AR211 A.Rizzi 03-8-17 

NACA (MM2: MACH - O.y.S, ALPHA - 0 





T 
f < 

F.F.A. 

AR 211 A.Rizzi 03-8-18 

NACA 0012: MACH - 0.95. AL PHA - 0 

INC - .05 min -. I max - 1.45 







N1 

1-Pl/PlINF INC-.005 min--.005 max-.055 

P 9 TOTP 



AR 211 A.Rizzi 03-8-20 

NAC A 0012: MACH - 0.95, ALPHA - 0 



l-PI/PIINF INC-.005 min--005 max 

1 0 

.055 

TOT P 



^m^m^mmmfWÊÊÊÊÊÊtrn-h 

F.F.A. 

AR 211 A.Rizzi «3-8-21 

N Aí A (HH 2: MACH - O.yS. ALPHA - 0 



AR-211 

AGARD FDP - WG 07 

TEST CASES FOR STEADY INVISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 03 

NACA 0012: MACH = 0.95, ALPHA = 0 

Contributor No 9 

W.Schmidt and A.Jameson 

(Dornier, F.R.G.) and (Princeton Univ., U.S.A.) 

_
 



DORN1ER/JAMESON 
AR211 

W.Schmidt 
A Jameson 

03-9-1 

NACA 0012: MACH-0.95. Al .PHA-0 

* 1 

X/C(X> 

99.992828 
99.965897 
99.914658 
99.840439 
99.744003 
99.625946 
99.486725 
99.326721 
99.146286 
98.945786 
98.725494 
98.485703 
98.226700 
97.948761 
97.652130 
97.337082 
97 .003891 
96.652786 
96.284027 
95.897858 
95.494553 
95.074341 
94.637466 
94.184219 
93.714828 
93.229553 
92.728638 
92.212341 
91.680923 
91.134644 
90.573761 
89.998535 
89.409225 
88.806091 
88.189407 
87.559418 
86.916428 
86.260666 
85.592407 
84.911942 
84.219528 
83.515427 
82.799927 
82.073288 
81 .335815 
80.587753 
79.829376 
79.060974 
78.282837 
77.495209 
76.698410 
75.892685 
75.078339 
74.255630 
73.424866 
72.586319 
71.740265 

. 70.887009 
70.026794 
69.159943 
68.286728 
67.407440 
66.522354 
65.631760 
64.735947 
63.835220 
62.929840 
62.020111 
61.106308 
60.188751 
59.267700 
58.343460 
57.416321 
56.486572 
55.554504 
54.620422 
53.684616 
52.747375 
51.808990 

Z/C<X> 

-0.001020 
-0.004846 
-0.012110 
-0.022620 
-0.036276 
-0.052983 
-0.072632 
-0.095145 
-0.120481 
-0.148593 
-0.179389 
-0.212798 
-0.248813 
-0.287339 
-0.328249 
-0.371551 
-0.417216 
-0.465119 
-0.515193 
-0.567390 
-0.621635 
-0.677854 
-0.735998 
-0.796038 
-0.857903 
-0.921482 
-0.986685 
-1.053459 
-1.121780 
-1.191594 
-1.262822 
-1.335393 
-1.409214 
-1.484191 
-1.560317 
-1.637572 
-1 .715837 
-1.795019 
-1.875083 
-1.955977 
-2.037631 
-2.119970 
-2.202941 
-2.286501 
-2.370600 
-2.455165 
-2.540112 
-2.625375 
-2.710910 
-2.796670 
-2.882581 
-2.968552 
-3.054547 
-3.140560 
-3.226509 
-3.312301 
-3.397891 
-3.483205 
-3.568157 
-3.652738 
-3.736912 
-3.820540 
-3.903537 
-3.985905 
-4.067623 
-4.148601 
-4.228698 
-4.307839 
-4.386030 
-4.463216 
-4.539302 
-4.614206 
-4.687847 
-4.760140 
-4.831051 
-4.900533 
-4.968453 
-5.034718 
-5.099324 

1-P/PIINF 

0.518416 
0.679709 
0.703158 
0.710266 
0.711594 
0.711951 
0.710755 
0.710875 
0.710626 
0.710538 
0.710178 
0.709956 
0.709772 
0.709365 
0.708922 
0.708713 
0.708420 
0.707977 
0.707564 
0.707148 
0.706683 
0.706223 
0.705821 
0.705449 
0.704988 
0.704437 
0.703873 
0.703368 
0.702915 
0.702443 
0.701932 
0.701386 
0.700791 
0.700209 
0.699728 
0.699228 
0.698629 
0.698039 
0.697489 
0.696930 
0.696346 
0.695754 
0.695186 
0.694638 
0.694083 
0.693495 
0.692884 
0.692285 
0.691704 
0.691116 
0.690491 
0.689849 
0.689265 
0.688705 
0.688091 
0.687453 
0.686821 
0.686158 
0.685499 
0.684895 
0.684245 
0.683499 
0.682783 
0.682136 
0.681484 
0.680748 
0.679930 
0.679145 
0.678410 
0.677640 
0.676815 
0.675957 
0.675065 
0.674158 
0.673271 
0.672341 
0.671309 
0.670279 
0.669294 

CP 

-0.220340 
-0.676694 
-0.743039 
-0.763150 
-0.766906 
-0.767917 
-0.764533 
-0.764872 
-0.764169 
-0.763919 
-0.762900 
-0.762273 
-0.761752 
-0.760600 
-0.759346 
-0.758771 
-0.757927 
-0.756674 
-0.755505 
-0.754328 
-0.753012 
-0.751710 
-0.750574 
-0.749521 
-0.748217 
-0.746658 
-0.745061 
-0.743632 
-0.742351 
-0.741015 
-0.739569 
-0.738025 
-0.736341 
-0.734695 
-0.733335 
-0.731920 
-0.730225 
-0.728555 
-0.727000 
-0.725419 
-0.723764 
-0.722091 
-0.720485 
-0.718933 
-0.717361 
-0.715700 
-0.713969 
-0.712276 
-0.710631 
-0.708967 
-0.707199 
-0.705383 
-0.703730 
-0.702147 
-0.700409 
-0.698605 
-0.696816 
-0.694941 
-0.693075 
-0.691366 
-0.689529 
-0.687417 
-0.685391 

'-0.683561 
-0.681715 
-0.679633 
-0.677318 
-0.675097 
-0.673019 
-0.670839 
-0.668507 
-0.666079 
-0.663555 
-0.660988 
-0.658478 
-0.655846 
-0.652926 
-0.650014 
-0.647227 

MACH 

1.049450 
1.340085 
1.435113 
1.452341 
1.461506 
1.459213 
1.458127 
1.457056 
1.457363 
1.456636 
1.456101 
1.455300 
1.455005 
1.454042 
1.452907 
1.452384 
1.451761 
1.450650 
1.449648 
1.448672 
1 . 447562 
1.446454 
1.445478 
1.444591 
1.443518 
1.442204 
1.440862 
1.439651 
1.438581 
1.437471 
1.436256 
1.434978 
1.433592 
1.432203 
1.431055 
1.429918 
1.428517 
1.427115 
1.425839 
1.424543 
1.423185 
1.421811 
1.420489 
1.419219 
1.417937 
1.416588 
1.415176 
1.413793 
1.412457 
1.411111 
1.409692 
1.408219 
1.406868 
1.405605 
1.404215 
1.402753 
1.401323 
1.399837 
1.398327 
1 .396951 
1.395518 
1.393844 
1.392210 
1.390759 
1.389301 
1 .387674 
1.385851 
1.384081 
1.382454 
1.380755 
1.378925 
1.377030 
1.375069 
1.373066 
1.371106 
1.369088 
1.366843 
1.364571 
1.362430 

l-PI/PIIfiF-" 

0.033357 
0.062446 
0.007230 
0.006893 

-0.001616 
0.002908 
0.000323 
0.002270 
0.000966 
0.001707 
0.001231 
0.001612 
0.001402 
0.001377 
0.001477 
0.001527 
0.001394 
0.001464 
0.001483 
0.001455 
0.001453 
0.001469 
0.001494 
0.001499 
0.001465 
0.001471 
0.001478 
0.001499 
0.001498 
0.001491 
0.001506 
0.001494 
0.001475 
0.001508 
0.001537 
0.001489 
0.001490 
0.001524 
0.001516 
0.001510 
0.001508 
0.001512 
0.001520 
0.001521 
0.001520 
0.001512 
0.001514 
0.001524 
0.001527 
0.001523 
0.001505 
0.001515 
0.001538 
0.001521 
0.001509 
0.001529 
0.001524 
0.001502 
0.001528 
0.001546 
0.00151 3 
0.0014Í5 
0.001530 
0.001529 
0.001525 
0.001501 
0.001499 
0.001530 
0.001522 
0.031507 
0.001513 
0.001510 
0.001503 
0.001512 
0.001528 
0.001497 
0.001482 
0.001521 
0.001518 

m 



DORNIER/JAMESON 
AR211 

W.Schmidt 
AJameson 

03-9-2 

NACA 0012: MACH - 0.V5. ALPHA - 0 

81 50.869781 
82 49.930008 
83 48.990005 
84 48.050049 
85 47.110458 
86 46.171509 
87 45.233521 
88 44.296783 
89 43.361603 
90 42.428284 
91 41.497131 
92 40.568451 
93 39.642548 
94 38.719727 
95 37.800293 
96 36.884567 
97 35.972839 
98 35.065430 
99 34.162659 

100 33.264816 
101 32.372223 
102 31.485199 
103 30.604050 
104 29.729080 
105 28.860626 
106 27.998978 
107 27.144455 
108 26.297394 
109 25.458069 
110 24.626831 
111 23.803986 
112 22.989822 
113 22.184692 
114 21.388901 
115 20.602753 
116 19.826538 
117 19.060608 
118 18.305237 
119 17.560776 
120 16.827515 
121 16.105759 
122 15.395823 
123 14.697994 
124 14.012589 
125 13.339911 
126 12.680262 
127 12.033938 
128 11.401228 
129 10.782431 
130 10.177848 
131 9.587761 
132 9.012450 
133 8.452214 
134 7.907336 
135 7.378089 
136 6.864746 
137 6.367586 
138 5.886880 
139 5.422886 
140 4.975878 
141 4.546138 
142 4.133910 
143 3.739435 
144 3.363000 
145 3.004866 
146 2.665271 
147 2.344483 
148 2.042769 
149 1.760388 
150 1.497621 
151 1.254779 
152 1.032200 
153 0.830213 
154 0.649191 
155 0.489575 
156 0.351844 
157 0.236489 
158 0.143964 
159 0.074616 
160 0.028571 

-5.162216 
-5.223271 
-5.282402 
-5.339531 
-5.394568 
-5.447458' 

-5.498161' 

-5.546580 
-5.592612 
-5.636191 
-5.677249 
-5.715693 
-5.751444 
-5.784445 
-5.814661 
-5.842010 
-5.866369 
-5.887674 
-5.905882 
-5.920918 
-5.932717 
-5.941235 
-5.946396 
-5.948131 
-5.946407 
-5.941193 
-5.932426 
-5.920048 
-5.904007 
-5.884267 
-5.860794 
-5.833555 
-5.802505 
-5.767619 
-5.728903 
-5.686358 
-5.639968 
-5.589691 
-5.535499 
-5.477386 
-5.415383 
-5.349519 
-5.279799 
-5.206223 
-5.128796 
-5.047531 
-4.962469 
-4.873669 
-4.781145 
-4.684890 
-4.584977 
-4.481469 
-4.374364 
-4.263697 
-4.149546 
-4.031963 
-3.910989 
-3.786671 
-3.659085 
-3.528265 
-3.394206 
-3.257002 
-3.116738 
-2.973392 
-2.82699'. 

-2.677608 
-2.525252 
-2.369932 
-2.211676 
-2.050480 
-1.886312 
-1.719143 
-1.548982 
-1.375844 
-1.1S9747 
-1.020777 
-0.839120 
-0.655104 
-0.469198 
-0.281985 

0.668252 
0.667128 
0.665962 
0.664752 
0.663499 
0.662244 
0.660962 
0.659595 
0.658169 
0.656714 
0.655200 
0.653613 
0.651977 
0.650322 
0.648639 
0.646849 
0.644952 
0.643019 
0.641039 
0.638975 
0.636853 
0.634669 
0.632382 
0.630020 
0.627619 
0.625146 
0.622571 
0.619891 
0.617120 
0.614268 
0.611328 
0.608282 
0.605114 
0.601863 
0.598558 
0.595167 
0.591639 
0.587939 
0.584087 
0.580127 
0.576096 
0.571964 
0.567666 
0.563185 
0.558523 
0.553688 
0.548732 
0.543648 
0.538276 
0.532627 
0.526850 
0.520819 
0.514395 
0.507669 
0.500677 
0.493349 
0.485602 
0.477466 
0.468942 
0.459738 
0.449750 
0.439275 
0.428093 
0.415812 
0.402526 
0.388135 
0.372322 
0.354949 
0.335876 
0.314844 
0.291456 
0.265473 
0.236889 
0.205662 
0.172051 
0.136546 
0.100553 
0.066386 
0.036864 
0.015141 

-0.644277 
-0.641096 
-0.637798 
-0.634374 
-0.630830 
-0.627279 
-0.623653 
-0.619785 
-0.615750 
-0.611633 
-0.607349 
-0.602860 
-0.598230 
-0.593547 
-0.588785 
-0.583721 
-0.578354 
-0.572886 
-0.567283 
-0.561444 
-0.555440 
-0.549260 
-0.542790 
-0.536107 
-0.529313 
-0.522317 
-0.515032 
-0.507448 
-0.499607 
-0.491539 
-0.483221 
-0.474601 
-0.465640 
-0.456441 
-0.447090 
-0.437496 
-0.427515 
-0.417045 
-0.406147 
-0.394943 
-0.383538 
-0.371846 
-0.359687 
-0.347008 
-0.333817 
-0.320139 
-0.306117 
-0.291732 
-0.276532 
-0.260548 
-0.244204 
-0.227139 
-0.208964 
-0.189934 
-0.170152 
-0.149417 
-0.127501 
-0.104478 
-0.080363 
-0.054322 
-0.026062 
0.003575 
0.035214 
0.069960 
0.107551 
0.143268 
0.193008 
0.242163 
0.296126 
0.355633 
0.421806 
0.495319 
0.576195 
0.664546 
0.759641 
0.860099 
0.961934 
1.058605 
1.142133 
1.203592 

1.360181 
1.357740 
1.355221 
1 .352621 
1.349929 
1.347228 
1.344498 
1.341595 
1.338557 
1.335474 
1.332287 
1.328953 
1 .325521 
1.322056 
l.318550 
1.314855 
1.310930 
1.306942 
1.302892 
1.298681 
1 . 294358 
1.289940 
1.285338 
1.280592 
1.275790 
1.270879 
1.265783 
1.260506 
1.255073 
1 . 249510 
1.243806 
1.237928 
1.231855 
1.225641 
1.219362 
1.212960 
1.206339 
1.199436 
1.192286 
1.184978 
1 . 177578 
1.170048 
1.162266 
1.154197 
1.145858 
1 . 137266 
1.128498 
1 . 1 19569 
1.110234 
1.100436 
1.090467 
1.080190 
1.069297 
1.057940 
1.046238 
1.034060 
1.021285 
1.007937 
0.994037 
0.979216 
0.963193 
0.946422 
0.928754 
0.909476 
0.838657 
0.866296 
0.844862 
0.815079 
0.785754 
0.753403 
0.717345 
0.676927 
0.631736 
0.581121 
0.524314 
0.460546 
0.389828 
0.312215 
0.228665 
0.141204 

0.001493 
0.001504 
0.001505 
0.001493 
0.001495 
0.001512 
0.001501 
0.001488 
0.001501 
0.001504 
0.001493 
0.001490 
0.001490 
0.001501 
0.001504 
0.001481 
0.001488 
0.001504 
0.001492 
0.001488 
0.001500 
0.001493 
0.00148F 
0.001494 
0.001500 
0.001493 
0.001494 
0.001492 
0.001495 
0.001499 
0.001500 
0.001499 
0.001492 
0.001501 
0.001509 
0.001511 
0.001508 
0.0015'3 
0.001507 
0.001514 
0.001526 
0.001525 
0.001525 
0.001530 
0.001530 
0.001532 
0.001554 
0.001568 
0.001533 
0.001556 
0.001600 
0.001573 
0.001570 
0.001607 
0.001618 
0.001627 
0.001627 
0.001654 
0.001702 
0.001655 
0.001664 
0.001769 
0.001746 
0.001721 
0.001788 
0.001792 
0.001772 
0.001785 
0.001774 
0.001757 
0.001691 
0.001627 
0.001577 
0.001498 
0.001476 
0.001405 
0.001185 
0.001115 
0.001150 
0.001329 



DORMER/JAMESON 
AR 211 

W.Schmidt 
A Jameson 

03-9-3 

NACA 0012: MACH — 0.95, Al .PHA-0 

Mj . J;Ij0b686 
0.005686 
0.028571 
0.074616 
0.143964 
0.236489 
0.351844 
0.489575 
0.649191 
0.830213 
1.032200 
1.254779 
1.497621 
1.760388 
2.042769 
2.344483 
2.665271 
3.004866 
3.363000 
3.739435 
4.133910 
4.546138 
4.975878 
5.422886 
5.886880 
6.367586 
6.864746 
7.378089 
7.907336 
8.452214 
9.012450 
9.587761 

10.177848 

\wmi 
12.033938 

mim 
14.012589 

Isiiisiis 
16.105759 

18.305237 
19.060608 
19.826538 
20.602753 

mim 
22.989822 
23.803986 
24.626831 
25.458069 

H-.nutt 
27.998978 
28.860626 
29.729080 
30.604050 

tt-Amn 
33.264816 
34. 162659 
35.065430 
35.972839 

38.719727 
39.642548 
40.568451 
41.497131 
42.428284 
43.361603 
44.296783 
45.233521 
46.171509 
47.110458 
48.050049 
48.990005 

-0.094065 
0.094065 
0.281985 
0.469198 
0.655104 
0.839120 
1.020777 
1.199747 
1.375844 
1.548982 
1.719143 
1.886312 
2.050480 
2.211676 
2.369932 
2.525252 
2.677608 
2.826992 
2.973392 
3.116738 
3.257002 
3.394206 
3.528265 
3.659085 
3.786671 
3.910989 
4.031963 
4.149546 
4.263697 
4.374364 
4.481469 
4.584977 
4.684890 

4.962469 

imü 
5.206223 

lAiun 
5.415383 

5:535499 
5.589691 
5.639968 
5.686358 
5.728903 

umi 
5.833555 
5.860794 
5.884267 
5.904007 

i.imi 
5.941193 
5.946407 
5.948131 
5.946396 

1:932717 
5.920918 
5.905882 
5.887674 
5.866369 

unm 
5.784445 
5.751444 
5.715693 
5.677249 
5.636191 
5.592612 
5.546580 
5.498161 
5.447458 
5.394568 
5.339531 
5.282402 

0. 

0.003680 
0.003680 
0.015141 
0.036864 
0.066386 
0.100553 
0.136546 
0.172051 
0.205662 
0.236889 
0.265473 
0.291456 
0.314844 
0.335876 
0.354949 
0.372322 
0.388135 
0.402526 
0.415812 

.428093 

.439275 
0.449750 
0.459738 
0.468942 
0.477466 
0.485602 
0.493349 
0.500677 
0.507669 
0.514395 
0.520819 
0.526850 
0.532627 

0.548732 

§:11^§ 
0.563185 

0.576096 

0.587939 
0.591639 
0.595167 
0.598558 

nnm 
0.608282 
0.611328 
0.614268 
0.617120 

8:IJli?l 
0.625146 
0.627619 
0.630020 
0.632382 
0.634669 
0.636853 
0.638975 
0.641039 
0.643019 
0.644952 

§:ti§i£§ 
0.650322 
0.651977 
0.653613 
0.655200 
0.656714 
0.658169 
0.659595 
0.660962 
0.662244 
0.663499 
0.664752 
0.665962 

1.236021 
1.236021 
1.203592 
1.142133 
1.058605 
0.961934 
0.860099 
0.759641 
0.664546 
0.576195 
0.495319 
0.421806 
0.355633 
0.296126 
0.242163 
0.193008 
0.148268 
0.107551 
0.069960 
0.035214 
0.003575 

-0.026062 
-0.054322 
-0.080363 
-0.104478 
-0.127501 
-0.149417 
-0.170152 
-0.189934 
-0.208964 
-0.227139 
-0.244204 
-0.260548 

-0.306117 

-0.347008 
-0.359687 
-0.371846 
-0.383538 

-0.417045 
-0.427515 
-0.437496 
-0.447090 

-0.474601 
-0.483221 
-0.491539 
-0 499607 
-0.507448 
-0.515032 
-0.522317 
-0.529313 
-0.536107 
-0.542790 
-0.549260 
-0.555440 
-0.561444 
-0.567283 
-0.572886 
-0.578354 

--i.initt 
-0.593547 
-0.598230 
-0.602860 
-0.607349 
-0.611633 
-0.615750 
-0.619785 
-0.623653 
-SI.627273 
-0.630830 
-0.634374 
-0.637798 

0.055880 
0.055880 
0.141204 
0.228665 
0.312215 
0.389828 
0.460546 
0.524314 
0.581121 
0.631736 
0.676927 
0.717345 
0.753403 
0.785754 
0.815079 
0.841862 
0.866296 
0.888657 
0.909476 
0.928754 
0.946422 
0.963193 
0.979216 
0.994037 
1.007937 
1.021285 
1.034060 
1.046238 
1.057940 
1.069297 
1.080190 
1.090467 
1.100436 

\:\\m 
1.128498 

l.Uüiï 
1.154197 

i :1^48 
1 . 177578 

1.199436 
1.206339 
1.212960 
1.219362 

i.mu 
1 .237928 
1.243806 
1.249510 
1.255073 

\:lim 
1.270879 
1.275790 
1.280592 
1.285338 
1.289940 
1.294358 
1.298681 
1.302892 
1.306942 
1.310930 

1.322056 
1.325521 
1 .328953 
1.332287 
1.335474 
1.338557 
1.341595 
1 . 344498 
1.347228 
1.349929 
1.352621 
1.355221 

0.001504 
0.001504 
0.001329 
0.001150 
0.001115 
0.001185 
0.001405 
0.001476 
0.001498 
0.001577 
0.001627 
0.001691 
0.001757 
0.001774 
0.001785 
0.001772 
0.001792 
0.001788 
0.001721 
0.001746 
0.001769 
0.001664 
0.001655 
0.001702 
0.001654 
0.001627 
0.001627 
0.001618 
0.001607 
0.001570 
0.001573 
0.001600 
0.001556 

MÜIÜ 
0.001554 

0.001530 

»liii 
0.001526 

0.001503 
0.001508 
0.001511 
0.001509 

i.nm 
0.001499 
0.001500 
0.001499 
0.001495 

0.001493 
0.001500 
0.001494 
0.001485 

0:001500 
0.001488 
0.001492 
0.001504 
0.001488 

Mim 
0.001501 
0.001490 
0.001490 
0.001493 
0.001504 
0.001501 
0.001488 
0.001501 
0.001512 
0.001495 
0.001493 
0.001505 



DORNIER/JAMESON 
AR211 

W.Schmidl 
AJameson 

«3-9-4 

NACA «012: MACH - 0.95. Al PHA - « 

49.930008 
50.869781 
51.808990 
52.747375 
53.684616 
54.620422 
55.554504 
56.486572 
57.416321 
58.343460 

IIMW 
61.106308 
62.020111 
62.929840 
63.835220 

65.631760 
66.522354 
67.407440 
68.286728 
S9 . 159943 

7§:£i^009 
71.740265 
72.586319 
73.424866 
74.255630 

tt-mm 
76.698410 

Il:Î11S?? 
79.060974 

81 -3358^ 

83.515427 
84.219528 
84.911942 
85.592407 

87.559418 
88.189407 
88.806091 
8°.409225 

91.134644 
■ 91.680923 

92.212341 
92.728638 

.229553 
1.714828 
1.184219 
1.637466 
5.074341 
5.494553 
>.897858 
5.284027 
¡.652786 

'r.mn 

93 
93 
94 
94 
95 
95 
95 
96. 
96 

i; 
97.652130 

98.485703 
98.725494 
98.945786 
99.146286 

mmk 
99.625946 
99.744003 
99.840439 
99.914658 

n.imi 

5.223271 
5.162216 
5.099324 
5.034718 
4.968453 
4.900533 
4.831051 
4.760140 
4.687847 
4.614206 

imn 
4.386030 
4.307839 
4.228698 
4.148601 

3.903537 
3.820540 
3.736912 
3.652738 

umi 
3.397891 
3.312301 
3.226509 
3.140560 

i-ma 
2.882581 

2.625375 

2.370600 
2.286|01 

2 '. 1 19970 
2.037631 
1.955977 
1.875083 

l:??i!S? 
1.637572 
1.560317 
1.484191 
1.409214 

1 ’.191594 
1.121780 
1.053459 
0.986685 
0.921482 
0.857903 
0.796038 
0.735998 
0.677854 
0.621635 
0.567390 
0.515193 
0.465119 

i-.mm 
0.328249 

§:i84^93 
0.212798 
0.179389 
0.148593 
0.120481 

unm 
0.052983 
0.036276 
0.022620 
0.012110 

gifiæs 

0.667128 
0.668252 
0.669294 
0.670279 
0.671309 
0.672341 
0.673271 
0.674158 
0.675065 
0.675957 

nmi 
0.678410 
0.679145 
0.679930 
0.680748 

mm 
0.682783 
0.683499 
0.684245 
0.684895 

mm 
0.686821 
0.687453 
0.688091 
0.688705 

mm 
0.690491 

mm 
0.692285 

mmi 
0.694083 

MHSSS 
0.695754 
0.696346 
0.696930 
0.697489 

0:698629 
0.699228 
0.699728 
0.700209 
0.700791 

S.5SI1?! 
0.702443 
0.702915 
0.703368 
0.703873 
0.704437 
0.704988 
0.705449 
0.705821 
0.706223 
0.706683 
0.707148 
0.707564 
0.707977 

mm 
0.708922 

mm 
0.709956 
0.710178 
0.710538 
0.710626 

mm 
0.711951 
0.711594 
0.710266 
0.703158 

giiïlî?? 

-0.641096 
-0.644277 
-0.647227 
-0.650014 
-0.652926 
-0.655846 
-0.658478 
-0.660988 
-0.663555 
-0.666079 

:8:I?S?SS 
-0.673019 
-0.676097 
-0.677318 
-0.679633 

:g:tm 
-0.685391 
-0.687417 
-0.689529 
-0.691366 

-.mm 
-0.696816 
-0.698605 
-0.700409 
-0.702147 

-.mm 
-0.707199 

-.mm 
-0.712276 

-.mm 
-0.717361 
-0.718933 
-0.720485 
-0.722091 
-0.723764 
-0.725419 
-0.727000 

.mm 
-0.731920 
-0.733335 
-0.734695 
-0.736341 

-.mm 
-0.741015 
-0.742351 
-0.743632 
-0.745061 
-0.746658 
-0.748217 
-0.749521 
-0.750574 
-0.751710 
-0.753012 
-0.754328 
-0.755505 
-0.756674 

-.mm 
-0.759346 

.mm 
-0.762273 
-0.762900 
-0.763919 
-0.764169 

-.mm 
-0.767917 
-0.766906 
-0.763150 
-0.743039 

-mm 

1.357740 
1.360181 
1.362430 
1.364571 
1.366843 
1.369088 
1.371106 
1.373066 
1.375069 
1.377030 

mm 
1 382454 
1.384081 
1.385851 
1.387674 

mm 
1.392210 
1.393844 
1.395518 
1.396951 

1:S?SSS? 
1.401323 
1.402753 
1.404215 
1.405605 

l:18SSt? 
1.409692 

1:4Î2457 
1.413793 

1.417937 

\:\mi 
1.421811 
1.423185 
1.424543 
1.425839 

1.428^17 
1.429918 
1.431055 
1.432203 
1.433592 

mm 
1.437471 
1.438581 
1.439651 
1.440862 
1.442204 
1.443518 
1.444591 
1.445478 
1.446454 
1.447562 
1.448672 
1.449648 
1.450650 

l'.im 
1.452907 

mm 
1.455300 
1.456101 
1.456636 
1.457368 

lAllW 
1.459213 
1.461506 
1.452341 
1.435113 

0.001504 
0.001493 
0.001518 
0.001521 
0.001482 
0.001497 
0.001528 
0.001512 
0.001503 
0.001510 

8:881 Si? 
0.001522 
0.001530 
0.001499 
0.001501 

8:88!SSS 
0.001530 
0.001495 
0.001503 
0.001546 

8:88118? 
0.001524 
0.001529 
0.001509 
0.001521 

8:881111 
0.001505 

8:8811?? 
0.001524 

8:881111 
0.001520 

8:8811?i 
0.001512 
0.001508 
0.001510 
0.001516 
0.001524 
0.001490 
0.001489 
0.001537 
0.001508 
0.001475 

8:881S3S 
0.001491 
0.001498 
0.001499 
0.001478 
0.001471 
0.001465 
0.001499 
0.001494 
0.001469 
0.001453 
0.001455 
0.001483 
0,001464 

m\m 
0.001477 

mua 
0.001612 
0.001231 
0.001707 
0.000966 

mm 
0.002908 

-0.001616 
0.006893 
0.007230 

357 



DORNIER/J AMESON 
AR 211 

NACA 0012: MACH - 0.05. ALPHA - 0 

W.Schmidt 
AJameson 

03-9-5 

NACA 0012 M=0 
VALUES ON X-AXI 
J X/C(%) 
2 -0.0661^' 
3 -0.204744 
4 -0.356041 
5 -0.520694 
6 -0.699376 
7 -0.892805 
8 -1.101754 
9 -1.327055 

10 -1.569596 
11 -1.830337 
12 -2.110308 
13 -2.410620 
14 -2.732471 
15 -3.077155 
16 -3.446071 
17 -3.840734 
18 -4.262787 
19 -4.714013 
20 -5.196353 
21 -5.711921 
22 -6.263024 
23 -6.852186 
24 -7.482173 
25 -8.156018 
26 -8.877065 
27 -9.648993 
28 -10.475878 
29 -11.362229 
30 -12.313064 
31 -13.333968 
32 -14.431187 
33 -15.611721 
34 -16.883438 
35 -18.255249 
36 -19.737213 
37 -21.340790 
38 -23.079071 
39 -24.967102 
40 -27.022202 
41 -29.264465 
42 -31.717346 
43 -34.408340 
44 -37.369934 
45 -40.640778 
46 -44.267197 
47 -48.305267 
48 -52.823441 
49 -57.906250 
50 -63.659195 , 
51 -70.215820 
52 -77.747650 
53 -86.478714 
54 -96.707367 
55 -108.839966 
56 -123.444702 
57 -141.341370 
58 -163.758469 
59 -192.625519 
60 -231.159912 
61 -285.167480 
62 -366.344727 
63 -502.499512 
64 -781.729248 
65-1762.49097 

.95, ALPHA=0. 
S UPSTREAM OF 

1/0(%) 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
o.ocoooo 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
O.OOOOOQ 
0.0000 10 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.OOOOOO 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

LEADING EDGE 
1-P/PIINF 
0.003553 
0.008017 
0.014220 
0.023235 
0.032751 
0.043256 
0.0539C8 
0.064942 
0.075888 
0.086754 
0.097460 
0.107965 
0.118239 
0.128265 
0.138033 
0.147539 
0.156785 
0.165773 
0.174510 
0.183002 
0.191257 
0.199283 
0.207090 
0.214686 
0.222080 
0.229281 
0.236298 
0.243139 
0.249812 
0.256326 
0.262688 
0.268907 
0.274938 
0.280940 
0.286770 
0.292483 
0.298088 
0.303590 
0.308997 
0.314313 
0.319546 
0.324703 
0.329789 
0.334812 
0.339778 
0.344696 
0.349572 
0.354414 
0.359231 
0.364038 
0.368852 
0.373686 
0.378539 
0.383398 
0.388298 
0.393376 
0.398867 
0.404960 
0.411610 
0.418401 
0.424690 
0.429778 
0.433089 
0.434306 

CP 
1.236379 
1.223749 
1.206201 
1.180692 
1.153769 
1.124048 
1.093683 
1.062690 
1.031721 
1.000977 
0.970686 
0.940963 
0.911894 
0.883528 
0.855892 
0.828994 
0.802835 
0.777404 
0.752685 
0.728659 
0.705303 
0.682594 
0.660506 
0.639014 
0.618094 
0.597720 
0.577867 
0.5585’1 
0.539630 
0.521199 
0.503199 
0.485605 
0.468399 
0.451558 
0.435064 
0.418898 
0.403040 
0.387473 
0.372177 
0.357135 
0.342328 
0.327739 
0.313349 
0.299138 
0.285085 
0.271171 
0.257375 
0.243676 
0.230046 
0.216446 
0.202827 
0.189148 
0.175419 
0.161671 
0.147807 
0.133439 
0.117902 
0.100665 
0.081849 
0.062634 
0.044842 
0.030445 
0.021078 
0.017633 

MACH 1 
0.053793 
0.093216 
0.136833 
0.176804 
0.213887 
0.247717 
0.278927 
0.307736 
0.334492 
0.359421 
0.382749 
0.404650 
0.425280 
0.444768 
0.463230 
0.480762 
0.497451 
0.513373 
0.528592 
0.543168 
0.557152 
0.570592 
0.583528 
0.595999 
0.608038 
0.619677 
0.630942 
0.641861 
0.652457 
0.662750 
0.672763 
0.682512 
0.692015 
0.701290 
0.710350 
0.719211 
0.727887 
0.736390 
0.744733 
0.752928 
0.760988 
0.768924 
0.776748 
0.784472 
0.792108 
0.799669 
0.807167 
0.814615 
0.822028 
0.829429 
0.836845 
0.844296 
0.851784 
0.859299 
0.866894 
0.874770 
0.883266 
0.892661 
0.902898 
0.913368 
0.923105 
0.931056 
0.936419 
0.939007 

-PI/PIINF 
0.001536 
0.001971 
0.001242 
0.001697 
0.001425 
0.001528 
0.001461 
0.001476 
0.001468 
0.001472 
0.001469 
0.001468 
0.001468 
0.001467 
0.001464 
0.001466 
0.001464 
0.001463 
0.001461 
0.001461 
0.001460 
0.001460 
0.001459 
0.001459 
0.001457 
0.001454 
0.001452 
0.001453 
0.001451 
0.001451 
0.001450 
0.001448 
0.001444 
0.001443 
0.001442 
0.001439 
0.001437 
0.001435 
0.001435 
0.001433 
0.001432 
0.001430 
0.001429 
0.001427 
0.001425 
0.001425 
0.001422 
0.001422 
0.001424 
0.001422 
0.001426 
0.001433 
0.001440 
0.001436 
0.001429 
0.001427 
0.001465 
0.001561 
0.001721 
0.001904 
0.002061 
0.002141 
0.001996 
0.001257 

. 



DORNIER/J AMESON 
AR2II 

W.Schmidl 
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03-9-6 

NACA 0012: MAC H - 0.95. ALPHA - 0 

NACA 0012 M-0 
VALUES ON X-AXI 
J X/C(%) 
2 100.004654 
3 100.022430 
4 100.056946 
5 100.108124 
6 100.176270 . 
7 100.261856 
8 100.365479 
9 100.487854 

10 100.629761 
11 100.792053 
12 100.975723 
13 101.181778 
14 101.411392 
15 101.665817 
16 101.946396 
17 102.254608 
18 102.592087 
19 102.960571 
20 103.361984 
21 103.798431 
22 104.272171 
23 104.785736 
24 1U5.341873 
25 105.943604 
26 106.594238 
27 107.297485 
28 108.057373 
29 108.878433 
30 109.765671 
31 110.724655 
32 111.761627 
33 112.883591 
34 114.098419 
35 115.414993 
36 116.843399 
37 118.395096 
38 120.083160 
39 121.922623 
40 123.930847 
41 126.127914 
42 128.537262 
43 131.186401 
44 134.107819 
45 137.340179 
46 140.929810 
47 144.932770 
48 149.417572 
49 154.468674 
50 160.191650 
51 166.720047 
52 174.225357 
53 182.931641 
54 193.137253 
55 205.248581 
56 219.833817 
57 237.712753 
58 260.113770 
59 288.966797 
60 327.488770 

61 381.486084 
62 462.654297 
63 598.802246 
64 878.027344 
65 1858.78564 

95, ALPHA=0. 
S DOWNSTREAM 

Z/C(%) 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
o.c 
o.c 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0 
OF TRAILING 
1-P/PIINE 
0.516718 
0.487560 
0.507105 
0.536397 
0.558910 
0.576206 
0.582305 
0.578346 
0.571569 
0.566781 
0.564521 
0.564593 
0.565016 
0.565268 
0.565352 
0.565274 
0.565087 
0.564774 
0.564417 
0.564094 
0.563832 
0.563597 
0.563348 
0.563060 
0.562735 
0.562379 
0.561992 
0.561565 
0.561091 
0.560576 

560035 
559484 
558930 
558364 
557725 

0.556890 
0.555774 
0.554547 
0.553767 
0.554088 
0.555326 
0.555153 
0.547420 
0.527040 
0.498582 
0.473845 
0.460657 
0.456866 
0.456918 
0.457168 
0.456345 
0.454590 
0.452554 
0.450772 
0.449457 
0.448560 
0.447962 
0.447586 
0.447297 

0.446992 
0.446866 
0.446314 
0.444335 
0.443988 

-0. 
-0. 
-0. 
-0. 
-0. 
•0. 

EDGE 
CP 

-0.215536 
-0.133039 

188340 
271215 
334914 
383848 
401106 
389902 

■0.370728 
■0.357181 
■0.350789 
■O.350990 
■0.352189 
■0.352901 
-0.353138 
■0.352918 
-0.352388 
-0.351503 
-0.350495 
-0.349581 

348837 
348174 

,347468 
346653 
345733 
344727 

,343631 
342424 
341083 

■0.339625 
■0.338095 
■0.336536 
-0.334970 
-0.333368 
-0.331558 
-0.329198 
-0.326040 
-0.322568 
-0.320360 
-0.321270 
-0.324772 
-0.324282 
-0.302403 
-0.244742 
-0.164225 
-0.094234 
-0.056920 
-0.046195 
-0.046341 
-0.047050 
-0.044721 
-0.039756 
-0.033996 
-0.028954 
-0.025232 
-0.022695 
-0.021002 
-0.019938 
-0.019121 

-0. 
-0. 
-O. 
-0. 
-0. 
-o. 
-0. 
-0. 
-0. 

-0.018257 
-0.017901 
-0.016340 
-0.010742 
-0.009759 

MACH 1 
1.046500 
0.985561 
1.010255 
1.062775 
1.104512 
1.137323 
1.149746 
1.144696 
1.134172 
1.129421 
1.127951 
1.130010 
1.132453 
1.134295 
1.135499 
1.136252 
1.136704 
1.136932 
1.137068 
1.137198 
1.137363 
1.137508 
1.137574 
1.137532 
1.137406 
1.137213 
1.136944 
1.136582 
1.136116 
1.135557 
1.134939 
1.134290 
1.133627 
1.132935 
1.132099 
1.130880 
1.129111 
1.127124 
1.126011 
1.127030 
1.129869 
1.129910 
1.115477 
1.078063 
1.028223 
0.987276 
0.966396 
0.960616 
0.960788 
0.961199 
0.959895 
0.957139 
0.953985 
0.951263 
0.949281 
0.948030 
0.947303 
0.946603 
0.946176 

0.946933 
0.946804 
0.943319 
0.941058 
0.943781 

-PI/PIINF 
0.033387 
0.046115 
0.055719 
0.054337 
0.052924 
0.051836 
0.050634 
0.047769 
0.045271 
0.040371 
0.037152 
0.034808 
0.032770 
0.031081 
0.029794 
0.028695 
0.027722 
0.026742 
0.025777 
0.024894 
0.024102 
0.023399 
0.022760 
0.022167 
0.021596 
0.021039 
0.020505 
0.019998 
0.019519 
0.019060 
0.018619 
0.018198 
0.017786 
0.017384 
0.016998 
0.016655 
0.016373 
0.016122 
0.015777 
0.015224 
0.014443 
0.014006 
0.014879 
0.017103 
0.018781 
0.018640 
0.017877 
0.017457 
0.017359 
0.017353 
0.017320 
0.017221 
0.017068 
0.016892 
0.016736 
0.016521 
0.016259 
0.016363 
0.016320 

0.014940 
0.014858 
0.017727 
0.016709 
0.013089 
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AGARD FDP-WG «7 

TEST CASES FOR STEADY INVISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 03 

NACA 0012: MACH = 0.95, ALPHA = 0 

I 
Contributor No 10 

R-H.Ni 

(Pratt & Whitney, U.S.A.) 

i 
I 



! 

Summary : 

Numerical resulte ef seven pl.ner ‘»“Ó?)"“™ 81™" 

irîsnsrt.*““. Ä-i this »U - a»- rre"' 
irr-rn,« :â rr-n n» simuietions ^1-, - 
design applications. 

General Descriptions: 

Results: 

(a> 
Number 11, Nov. 1982, pages 1565-1571. 

„ ï?q X 25 nodes. The outer boundary 
(b) Computational Mesh: C Type with 129 

is about 9 chord away, see Fig. !• 

Ce) initial Coition. Uniform flo. «“ 
and zero airfoil surface normal velocity. 

(d) Far Field Boundary Conditions: . 

(., convergence Unit.: »one. 350 itérerions -1th 3 leveis of multigrid. 

Numerical solution of e.ch of the test esses is presented In f-llo-lng order: 

(a) Airfoil surface aerodynamics 

(b) Surface plocs 

tc) Convergence plots 

(d) Flow field contour plots 

(e) Close-up view of computational mesh 
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PRATT& WHITNEY 

AR 211 
R-H.Ni 03-10-3 

NACA (Mi 12: MACH-0 95. Al .PHA - 0 

H 

25 
26 
27 
2« 

29 
30 
31 
32 
33 
34 
35 
36 
37 
3S 
39 
40 
41 
42 
43 
44 
45 
46 
47 
40 
49 
50 
51 
52 
53 
54 
Si 
56 
57 
50 
59 
60 
61 
62 
63 
64 
65 
66 
67 
60 
69 
70 
71 
72 
73 
74 
75 
76 
77 
70 
79 
00 
01 

x/c Y/C 1-P/PIINF 

1.000000 
0.966960 
0.933930 
0.900910 
0.067930 
0.035000 
0.002140 
0.769370 
0.736710 
0.704100 
0.671010 
0.639630 
0.607650 
0.575910 
0.544440 
0.513270 
0.402440 
0.451990 
0.421950 
0.392370 
0.363300 
0.334000 
0.306900 
0.279670 
0.253100 
0.227400 
0.202660 
0.170700 
0.155930 
0.134190 
0.113660 
0.094430 
0.076620 
0.060730 
0.045670 
0.032700 
0.021770 
0.012790 
0.005970 
0.001540 
0.0 
0.001540 
0.005970 
0.012796 
0.021770 
0.032700 
0.045670 

060330 
076620 
094430 
113660 
134190 
155930 
170700 

0.202660 
0.227400 
0.253100 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

0.0 
-0.004590 
•0.009010 
•0.013240 
•0.017310 
-0.021220 
-0.024970 
-0.020570 
-0.032010 
-0.035300 
-0.030420 
-0.041370 
-0.044150 
-0.046740 
-0.049130 
¿0.051320 
-0.053200 
-0.055000 
-0.056470 
-0.-57670 
-0.050500 
-0.059100 
-0.059470 
-0.059420 
-0.059010 
-0.050250 
-0.057110 
-0.055590 
-0.053690 
-0.051390 
-0.040690 
-0.045610 
-0.042130 
-).030260 
-0.034020 
-0.029410 
-0.024420 
-0.019050 
-0.013240 
-0.006090 
0.0 
0.006090 
0.013240 
0.019050 
9.024420 
0.029410 
0.034020 
0.030260 
0.042130 
0.045610 
0.040690 
0.051390 
0.053690 
0.055590 
0.057110 
0.050250 
0.059010 

0.663570 
0.696000 
0.699150 
0.702340 
0.696750 
0.695420 
0.692240 
0.690150 
0.607560 
0.605240 
0.602740 
0.600240 
0.677610 
0.674030 
0.671770 
0.660410 
0.664710 
0.660620 
0.656100 
0.651120 
0.645500 
0.639400 
0.632500 
0.624060 
0.616470 
0.607240 
0.597070 
0.505070 
0.573320 
0.559230 
0.543470 
0.525120 
0.504390 
0.400070 
0.449770 
0.414020 
0.361920 
0.294710 
0.109650 
0.064650 
0.0020°) 
0.064650 
0.109650 
0.294710 
0.361920 
0.414020 
0.449770 
0.400060 
0.504400 
0.525130 
0.543470 
0.559240 
0.573320 
0.505070 
0.597070 
0.607250 
0.616470 

CP 

■0.631025 
-0.723007 
-0.^31693 
-0.740719 
-0.724903 
-0.721140 
-0.712142 
-0.706229 
-0.690901 
-0.692337 
-0.605264 
-0.670190 
-0.670749 
-0.662004 
-0.654226 
-0.644719 
-0.634251 
-0.622679 
-0.609090 
-0.595000 
-0.500125 
-0.562640 
-0.543110 
-0.521501 
-0.497763 
-0.471649 
-0.442074 
-0.411106 
-0.375677 
-0.335012 
-0.291222 
-0.239303 
-0.100651 
-0.114105 
-0.026112 

0.075037 
0.222445 
0.412605 
0.709055 
1.063521 
1.230263 
1.063521 
0.709055 
0.412605 
0.222445 
0.075037 

-0.026112 
-0.114076 
-0.100679 
-0.239331 
-0.291222 
-0.335040 
-0.375677 
-0.411106 
-0.442074 
-0.471677 
-0.497763 

MACH 1-PI/PIIHF 

1.351620 
1.430460 
1.423900 
1.434920 
1.420000 
1.417760 
1.410000 
1.405410 
1.399400 
1.394210 
1.360530 
1.302960 
1.377110 
1.370970 
1.364250 
1.356940 
1.340940 
1.340100 
1.330600 
1.320150 
1.300660 
1.295900 
1.202010 
1.266740 
1.250240 
1.232300 
1.213010 
1.192050 
1.169000 
1.143630 
1.115000 
1.004130 
1.049000 
1.010220 
0.960100 
0.903620 
0.023560 
0.719990 
0.554140 
0.306200 
0.0 
0.306200 
0.554140 
0.720000 
0.023570 
0.903630 
0.960100 
1.010210 
1.049090 
1.004140 
1.115000 
1.143630 
1.169010 
1.192050 
1.213010 
1.232300 
1.250240 

O.00C650 
0.009730 
0.009750 
0.004700 
0.007320 
0.006140 
0.006710 
0.006430 
0.006500 
0.006500 
0.006520 
0.006500 
0.006510 
0.006490 
0.006400 
0.006460 
0.006450 
0.006430 
0.006410 
0.006390 
0.006360 
0.006330 
0.006300 
0.006260 
0.006220 
0.006190 
0.006140 
0.006090 
0.006020 
0.005950 
0.005070 
0.005740 
0.005650 
0.005500 
0.005120 
0.005030 
0.004060 
0.003070 
0.001690 
0.001010 
0.002090 
0.001010 
0.001690 
0.003070 
Q.004060 
0.005030 
0.005120 
0.005500 
0.005650 
0.005750 

005070 
005960 
006030 
006090 
006140 
006190 
006230 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

NACA0012 

MACH 0.95 

ALPHA 0.00 
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PRATT & WHITNEY 
AR2I1 R-H.Ni 03-10-4 

NACA 0012: MACH - 0.95. ALPHA - 0 

‘1 

I . 

82 0.279670 0.059420 
83 0.306900 0.059470 
84 0.334800 0.059180 
85 0.363300 0.058580 
86 0.392370 0.057670 
87 0.421950 0.056470 
88 0.451990 0.055000 
89 0.482440 0.053280 
90 0.513270 0.051320 
91 0.544440 0.049130 
92 0.573910 0.046740 
93 0.607650 0.044150 
94 0.639630 0.041370 
95 0.671810 0.038420 
96 0.704180 0.035300 
97 0.736710 0.032010 
98 0.769370 0.028570 
99 0.802140 0.024970 

100 0.835000 0.021220 
101 0.867930 0.017310 
102 0.900910 0.013240 
103 0.933930 0.009010 
104 0.966960 0.004590 
105 1.000000 0.0 

0.624860 
0.632500 
0.639410 
0.645580 
0.651120 
0.656100 
0.660620 
0.664710 
0.668410 
0.671770 
0.674830 
0.677620 
0.680240 
0.682740 
0.685250 
0.687560 
0.690150 
0.692230 
0.695420 
0.696750 
0.70734? 
0.699150 
0.696080 
0.663570 

-0.521501 
-0.543118 
-0.562668 
-0.580125 
-0.595800 
-0.609890 
-0.622679 
-0.634251 
-0.64471» 

-0.654226 
-0.662884 
-0.670777 
-0.678190 
-0.685204 
-0.692365 
-0.698401 
-0.706229 
-0.712116 
-0.721140 
-0.724903 
-0 740719 
-0.731693 
-0.723007 
-0.63102$ 

1.266740 
1.262010 
1.295980 
1.308650 
1.320150 
1.330600 
1.340170 
1.348940 
1.356940 
1.364250 
1.370970 
1.377120 
1.382960 
1.388540 
1.394210 
1.399410 
1.405410 
1.609990 
1.417760 
1.420000 
1.434920 
1.423890 
1.430450 
1.351670 

0.006270 
0.006300 
0.006340 
0.006360 
0.006390 
0.006420 
0.006430 
0.006450 
0.006470 
0.006480 
0.006490 
0.006510 
0.006500 
0.006530 
0.006490 
0.006580 
0.006430 
0.006710 
0.006140 
0.007320 
0.004780 
0.009750 

-0.009730 
-0.000650 

NACA0012 

MACH 0.95 
A LPHA 0.00 

CL 0.00000 
CD 0.10780 
CM 0.00000 

» 

yl 
'I 
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PRATT & WHITNEY 

AR2II R-H.Ni 03-10-5 

NACA 0012: MACH - 0.05. ALPHA - 0 

1-P V X 
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PRATT & WHITNEY 
AR 211 

R-H.Ni 03-10-6 

NACA (Ml 12: MACH-0.95, A1 .PHA - 0_ 
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X 

Ss 

MRCH V X 

NACA0012 

MACH 0.95 
ALPHA 0.00 

0D 0 0 0 0 Q 

0 0 0 

o' 

Lq .20 -0.00 0.20 
0.60 0.80 

( X / C )/2.54 

l'.20 1-40 

04/06/8321:58:28 
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Y “ y ^ 

PRATT & WHITNEY 

CONVERGE 

og (_> ■_ 
o 

NACA0012 

MACH 0.95 

ALPHA 0.00 

CD 

CL 

0.00 60.00 120.00 180.00 240.00 
STEP 

300.00 360.00 420.00 480.00 

04/06/8321:54:50 

AR 211 R-H.Ni 03-10-9 

NACA 0012: MACH - 0.95. ALPHA - 0 

r— 



PS CONTOURS 

AR 211 R-H.Ni 03-10-10 

NACA 0012: MACH-f Jj, ALPHA - 0 

PRA IT & WHITNEY 
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AR 211 R-H.Ni 03-10-11 
PRATT& WHITNEY 

NAC A 0012: MACH - 0.05. ALPHA - 0 

CONTOURS 

i 

-0.90 1.20 l.SO 

04/06/8322:03:59 
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NACA DO 12: MACH - 0.95, Al .PH A “ 0 

mrch contours 
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PRATT & WHITNEY 

AR2II R-H.Ni 03-10-13 

NATA (Mil 2: MACH - 0.95. ALPHA - 0 

MfiCH CONTOURS 

r.oo i-so 
04/06/8322:01:30 
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COMPUTIONAL MESH FOR NACA0012 
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AR-211 

AG ARD FDP-WG 07 

TEST CASES FOR STEADY INVISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 04 

NACA 0012: MACH-1.2, ALPHA * 0 

Contributor No 1 

J.P.Veuillot and A.M.Vuillot 

(O.N.E.R.A.. France) 



O.N.E.R.A. 
AR 211 J.P.Veuilloi 

A.M.Vuillot 04-1-1 

NAC A 0()12: MACH - 1.2. ALPHA - 0 

COMMENTS ON CALCULATION FOR TEST CASE 04 

* The computational domain is inscribed in the rectangle 

- 2.97 ^ x/c 4* 1.98 , - 14.87 « z/c ^ 14.87 

« Number of mesh points s 201 x 55 = 11 055 ( 169 mesh points on 

the profile) 

* Artificial viscosity ; 

terrn s = 0-5 1CT* 

D¿ term s qu = 0.2 , (¾. = 0.2 



O.N.F..R.A 
AR2II 

J.P.Veuillot 
A.M.Vuillot 

04-1-2 

NACA 0012: N'ACH - 1.2, ALPHA-0 

WALL VALUES - UPPER SIDE 

N 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 

X/C 

0.000000 
0.000060 
0.000260 
0.000610 
0.001140 
0.001880 
0.002890 
0.004220 
0.005920 
0.008070 
0.010730 
0.013970 
0.017860 
0.022450 
0.027780 
0.033880 
0.040770 
0.048450 
0.056900 
0.066090 
0.075990 
0.086540 
0.097700 
0.109420 
0.121640 
0.134330 
0.147420 
0.160880 
0.174670 
0.188760 
0.203100 
0.217680 
0.232470 
0.247440 
0.262570 
0.277860 
0.293280 
0.308810 
0.324460 
0.340200 
0.356030 
0.371930 
0.387900 
0.403930 
0.420010 
0.436140 
0.452310 
0.468530 
0.484790 
0.501090 
0.517420 
0.533780 
0.550170 
0.566590 
0.583030 
0.599490 
0.615960 
0.632450 
0.648950 
0.665440 
0.681930 
0.698400 
0.714840 
0.731240 
0.747560 
0.763790 
0.779900 
0.795830 
0.811560 
0.827020 
0.842170 
0.856930 
0.871260 
0.885090 
0.898370 

Z/C 

0.000000 
0.001410 
0.002850 
0.004340 
O.C05900 
0.007550 
0.009310 
0.011190 
0.013190 
0.015310 
0.017540 
0.019870 
0.022280 
0.024770 

.027300 

.029850 

.032390 

.034890 

.037340 
0.039720 
0.041990 
0 044140 
0.046170 
0.048060 
0.049810 
0.051400 
0.052850 
0.054140 
0.055290 
0.056290 
0.057140 
0.057850 
0.050430 
0.058880 
0.059200 
0.059400 
0.059480 
0.059460 
0.059320 
0.059090 
0.058760 
0.058330 
0.057820 
0.057230 
0.056560 
0.055810 
0.054990 
0.054100 
0.053140 
0.052120 
0.051040 
0.049910 
0.048710 
0.047470 
0.046180 
0.044830 
0.043440 
0.042010 
0.040530 
0.039020 
0.037460 
0.035870 
0.034240 
0.032580 
0.030890 
0.029170 
0.027430 
0.025680 
0.023910 
0.022140 
0.020380 
0.018630 
0.016900 
0.015210 
0.013560 

0. 

0, 
0. 
0. 
0. 
0. 
0. 

1-P/PIINF 

0.007335 
0.012426 
0.024721 
0.042156 
0.066553 
0.093205 
0.131107 
0. 168190 
0.207709 
0.246826 
0.284032 
0.318828 
0.349715 
0.378274 

.405110 
,429067 
.450468 
.468794 
.485331 
.501877 
.517144 

0.530074 
0.541927 
0.553130 
0.563839 
0.573525 
0.582413 
0.590723 
0.598448 
0.606109 
0.613120 
0.619338 
0.625175 
0.630928 
0.636344 
0.641356 
0.645867 
0.650338 
0.654468 
0.658220 
0.662168 
0.665554 
0.668486 
0.671480 
0.674481 
0.677238 
0.679800 
0.682355 
0.684673 
0.686738 
0.688682 
0.690844 
0.692689 
0.694225 
0.696227 
0.697958 
0.699304 
0.700851 
0.702266 
0.703727 
0.705203 
0.706554 
0.707941 
0.709279 
0.710748 
0.712070 
0.713237 
0.714673 
0.716097 
0.717193 
0.718500 
0.719948 
0.721043 
0.722196 
0.723749 

CP 

1.396011 
1.383762 
1.354184 
1.312240 
1.253549 
1.182214 
1.098249 
1.009039 
0 913967 
0.819861 
0.730355 
0.646646 
0.572340 
0.503635 

.439076 

.381442 

.329957 

.285869 

.246086 

.206281 
169553 
138447 

0.109932 
0.082981 
0.057218 
0.033915 
0.012535 

-0.007458 
-0.026043 
-0.044472 
-0.061338 
-0.076298 
-0.090340 
-0.104179 
-0.117209 
-0.129267 
-0.140119 
-0.150876 
-0.160811 
-0.169836 
-0.179334 
-0.187481 
-0.194533 
-0.201736 
-0.208956 
-0.215590 
-0.221751 
-0.227900 
-0.233476 
-0.238444 
-0.243120 
-0.248320 
-0.252759 
0.256455 

-0.261272 
-0.265435 
-0.268673 
-0.272394 
-0.275799 
-0.279315 
-0.282865 
-0.286114 
-0.289451 
-0.292670 
-0.296205 
-0.299384 
-0.302191 
-0.305646 
-0.309072 
-0.311708 
-0.314853 
-0.318336 
-0.320971 
-0.323745 
-0.327481 

0. 

0. 
0. 
O. 
0. 
0. 
0. 
0. 
0. 

MACH 

O.000005 
O 072036 
0. 143091 
0.213591 

286127 
359371 
433208 
504929 
575411 
641112 
701762 
756629 
804864 

0.849610 
0.891285 
0.929013 
0.962721 
0.992014 
1.019274 
1.046738 
1.071976 
1.094097 
1 . 1 14567 
1 . 134354 
1 . 153323 
1 . 170769 
1 . 187064 
1 . 202345 
1.216997 
1.231500 
1.244943 
1.257051 
1.268576 
1.280028 
1.290941 
1.301019 
1.310360 
1.319627 
1.328124 
1.336190 
1.344533 
1.351707 
1.358038 
1.364584 
1.371148 
1.377175 
1.382889 
1.388580 
1.393787 
1.398355 
1.402855 
1.407802 
1.411860 
1.415538 
1.420165 
1.424089 
1.427306 
1.430835 
1.434194 
1.437670 
1.441120 
1.444363 
1.447613 
1.450866 
1.454416 
1.457540 
1.460382 
1.463927 
1.467352 
1.470029 
1.473278 
1.476851 
1.479494 
1.482434 
1.486279 

1-PI/PI IMF 

0.007335 
0.008834 
0.010671 
0.011217 
0.011955 
0.011826 
0.011506 
0.010034 
0.008374 
0.006934 
0.005315 
0.004517 
0.003934 
0.003268 
0.003290 
0.003156 
0.003499 
0.003766 
0.003470 
0.003415 
0.003973 
0.003949 
0.004053 
0.003952 
0.004132 
0.004243 
0.004258 
0.004475 
0.004336 
0.004474 
0.004597 
0.004650 
0.004653 
0 004698 
0.004721 
0.004911 
0.004836 
0.004865 
0.005085 
0.004900 
0.005001 
0.005145 
0.005163 
0.005135 
0.005164 
0.005255 
0.005227 
0.005264 
0.005277 
0.005422 
0.005310 
0.005300 
0.005553 
0.005366 
0.005384 
0.005535 
0.005435 
0.005579 
0.005546 
0.005519 
0.005597 
0.005564 
0.005662 
0.005606 
0.005597 
0.005703 

.005692 

.005630 

.005717 

.005739 

.005700 

.005716 
0.005828 
0.005733 
0.005794 

0. 
0. 
0. 
0. 
0. 
0. 
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O.N.E.R.A. 

AR 211 
J.P.Veuillot 
A.M.Vuillot 

04-1-3 

NACA0012: MACH- 1.2.ALPHA-0 

WALL VALUES - UPPER SIDE (Cont.) 

76 
77 
78 
79 
80 
8 1 
82 
83 
84 
85 

X/C 

0.9'1050 
0.923110 
0.934530 
0.945320 
0.955500 
0.965140 
0.974300 
0.983080 
0.991810 
1.000000 

SLIP LINE VALUES 

X/C 

86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 

1.008410 
1.017140 
1.026940 
1.038920 
1.054360 
1.074560 
1.101040 
1.135670 
1.180590 
1.238220 
1.311150 
1.402160 
1.514230 
1.650140 
1.809280 
1.984130 

Z/C 

0.011950 
0.010410 
0.008920 
0.007500 
0.006140 
0.004840 
0.003590 
0.002380 
0.001 180 
0.000000 

Z/C 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.OOOOOC 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
O.OQQQQQ 
0.000000 

1-P/PIINF 

0.724848 
0.725978 
0.727260 
0.728254 
0.729391 
0.730162 
0.730424 
0.736514 
0.738686 
0.668509 

1-P/PIINF 

0.593297 
0.602619 
0.605849 
0.602375 
0.601298 
0.601021 
0.600520 
0.599908 
0.599172 
0.598227 
0.597065 
0.595788 
0.594563 
0.593519 
0.592672 
0.591885 

CP 

-0.330125 
-0.332842 
-0.335928 
-0.338319 
-0.341054 

-0.342909 
-0.343539 
-0.358191 
-0.363416 
-0.194590 

CP 

-0.013649 
-0.036076 
-0.043846 
-0.035490 
-0.032897 
-0.032232 
-0.031027 
-0.029554 
-0.027783 
-0.025511 
-0.022715 
-0.019644 
-0.016695 
-0.014185 
-0.012147 
-0.010254 

MACH 

489081 
491897 
495094 
497723 

.500711 

.501692 

.500616 

.526361 

.568142 

.379432 

1-PI/PIINF 

0.005735 
0.005779 
0.005848 
0.005695 
0.005562 
0.006985 
0.009495 

-0.005031 
-0.059652 
-0.024877 

MACH 

1.174554 
1.195326 
1.241132 
1.228948 
1.217722 
1.216553 
1.216108 
1.214862 
1.213310 
1.21138' 
1.209053 
1.206553 
1.204190 
1.202184 
1.200452 
1.198756 

1-PI/PIINF 

0.045767 
0.042215 

-0.008985 
-0.001578 
0.010459 
0.011293 
0.010631 
0.010735 
0.010930 
0.011099 
0.011266 
0.011375 
0.011435 
0.011485 
0.011661 
0.011940 



AR 211 

NACA 0012: MACH 

J.P.Veuillot 
A.M.Vuillot 

1.2, ALPHA-0 

UPSTREAM X-AXIS VALUES 

N 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

X/C 

0.000000 
-.003210 
-.006300 
-.009500 
-.012820 
-.016240 
-.019780 
-.023430 
-.027200 
-.031090 
-.035110 
-.039270 
-.043590 
-.048090 
-.052780 
-.057710 
-.062910 
-.068430 
-.074330 
-.080680 
-.087550 
-.095050 
-.103280 
-.112380 
-.122480 
-.133770 
-. 146410 
-.160640 
-.176680 
-.194820 
-.215330 
-.238560 
-.264870 
-.294660 
-.328370 
-.366480 
-.409530 
-.458100 
-.512790 
-.574300 
-.643360 
-.720760 
-.807350 
-.904060 

-1.011870 
-1.131840 
-1.265110 
-1.412890 
-1.576470 
-1.757230 
-1.956640 
-2.176260 
-2.417740 
-2.682850 
-2.973450 

Z/C 

0 000000 
0 000000 
0 OOOOOO 
0. OOOOOO 
0. OOOOOO 
0.OOOOOO 
0.000000 
0.OOOOOO 
0 OOOOOO 
0 OOOOOO 
0.OOOOOO 
0.000000 
0.OOOOOO 
0.OOOOOO 
0. OOOOOO 
0.OOOOOO 
0 OOOOOO 
0.OOOOOO 
0 OOOOOO 
0 OOOOOO 
0 OOOOOO 
0.1. uOOOO 
0. OOOOOO 
0 OOOOOO 
0.OOOOOO 
0 OOOOOO 
0.OOOOOO 
0 OOOOOO 
0 OOOOOO 
0.OOOOOO 
0 OOOOOO 
0.OOOOOO 
0 OOOOOO 
0 OOOOOO 
0 OOOOOO 
0 OOOOOO 
0 OOOOOO 
0.000000 
0 OOOOOO 
0.OOOOOO 
0 OOOOOO 
0 OOOOOO 
0.000000 
0.000000 
0.OOOOOO 
0.000000 
0.OOOOOO 
0.OOOOOO 
0 OOOOOO 
0 OOOOOO 
0 OOOOOO 
0.OOOOOO 
0 OOOOOO 
0.000000 
O OOOOOO 

1-P/P1INF 

.007335 

.022016 

.035676 

.054419 

.070717 

.086272 
.100628 
.113956 
.126304 
.137777 
.148490 
.158531 
.168012 
.177002 
. 185570 
.193809 
.201774 
.209525 
.217129 
.224638 
.232080 
.239523 
.246987 
.254519 
.262128 
.269845 
.277676 
.285622 
.293710 
.301938 
.310227 
.318506 
.327265 
.337145 
.346325 
.350107 
.351592 
.374234 
.441302 
.531221 
.592411 
.605511 
.594958 
.586496 
.585193 
.586798 
.587934 

.588011 

.587709 

.587539 

.587544 

.587601 

.587634 

.587627 

.587627 

CP 

1 396010 
1 360692 
1.327830 
1 282739 
1.243531 
1 206110 
1 . 171573 
1.139510 
1.109804 
1.082203 
1 056431 
1.032275 
1 009466 

987839 
967227 
947406 
928244 

.909598 

.891305 

.873240 
855337 

.837431 

.819475 
801355 

.783050 

.764485 
.745645 
.726530 
.707072 
687278 
667337 

.647420 
626348 
602580 
580495 
571397 

.567824 
513354 

.352007 

.135687 
-.011519 
-.043034 
-.017646 

002711 
.005846 
.001985 

-.000748 
-.000934 
-.000207 

.000202 

.000190 
000053 

-.000027 
-.000010 
-.000010 

MACH 

000006 
. 1 19525 
.200545 
.256134 
.302124 
.340224 
.372843 
.401169 
426233 

.448646 

.468932 
.487465 
.504579 
.520524 
535475 

.549650 

.563184 

.576216 
588873 

.601262 

.613454 

.625544 

.637595 
649672 

.661810 

.674061 
686432 

.698940 

.711619 

.724466 

.737409 

.750356 

.763898 

.778848 

.793035 
.800640 
.805309 
.836286 
.930543 

1.082361 
1.212135 
1.243083 
1.216958 
1.197043 
1.194027 
1.197980 
1.200761 
1.200975 
1.200226 
1.199790 
1.199793 
1 199938 
1.200028 
1.200009 
1.200009 

1-PI/P1INF 

.007335 

.012201 

.008254 

.010278 

.009973 

.010068 

.010028 

.010057 

.010056 

.010054 

.010054 

.010051 

.010055 

.010049 

.010047 

.010046 

.010047 

.010044 

.010044 

.010043 

.010034 

.010035 

.010030 

.010033 

.010032 

.010028 

.010028 

.010022 

.010022 

.010032 

.010012 

.009948 

.010006 

.010369 

.010421 

.008712 

.006368 

.010508 
022862 

.020641 
-.004202 
-.012472 
-.004267 

.001125 

.001903 

.000635 
-.000238 
- .000331 
- .000086 

.000070 

.000079 

.000028 
- .000010 
-.000002 
-.000002 
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C.C.Lytton 04-3-1 

NACA «012: MACH-1.2, AL ?HA - « 

MACH 
1.200 

ALPHA 
0.000 NACAOOl2 ----- I - — BY FORMULA 0<X<i: 

VERSION 87J KEEPS WALL CELLS ROUGHLY SAME ASPECT RATIO 

AFTER K=1 » CELL DEPTHS INCREASE IN GEOMETRIC PROGRESSION 

TOTAL CELL DEPTH =16.0*CH0RD 

FULL MESHJ TWO TRIANGULAR CELLS AT f.E. 

ANGLE RATIO CHANGED SMOOTHLY FROM L.E. TO T.E. 

MESH KINKS SWEPT OUT AND FIDDLED TOGETHER AS NEEDED 

SMALL MESH ASPECT RATIO FR= 0.530Ä 

JL 
160 

CP* P(CR) 
0.2697 0.6309 

J X/C 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 

0.000 
0.001 
0.003 
0.005 
0.008 
0.012 
0.017 
0.022 
0.028 
0.035 
0.043 
0.052 
0.061 
0.070 
0.081 
0.092 
0.104 
0.116 
0.129 
0.143 
0.157 
0.172 
0.187 
0.203 
0.219 

CPS 
1.3963 

Z/C 

0.0018 
0.0052 
0.0086 
0.0120 
0.0153 
0.0184 
0.0216 
0.0246 
0.0275 
0.0304 
0.0331 
0.0358 
0.0383 
0.0407 
0.0430 
0.0452 
0.0472 
0.0491 
0.0508 
0.0524 
0.0538 
0.0551 
0.0562 
0.0571 
0.0579 

KL 
24 

P(ST) 
1.1942 

1-P/H 

-0.0002 
0.0434 
0.1162 
0.1850 
0.2462 
0.2990 
0.3425 
0.3786 
0.4078 
0.4342 
0.4561 
0.4751 
0.4952 
0.5086 
0.5237 
0.5381 
0.5486 
0.5610 
0.5715 
0.5802 
0.5895 
0.5978 
0.6057 
0.6135 
0.6204 

NEND 
0 

CP 

1.4142 
1.3092 
1.1340 
0.9687 
0.8214 
0.6944 
0.5898 
0.5030 
0.4326 
0.3692 
0.3164 
0.2706 
0.2223 
0.1901 
0.1539 
0.1192 
0.0938 
0.0641 
0.0388 
0.0180 

-0.0046 
-0.0244 
-0.0436 
-0.0621 
-0.0789 

0.1131 
0.2659 - 
0.4223 
0.5459 
0.6457 
0.7291 
0.7970 
0.8524 
0.8983 
0.9401 
0.9763 
1.0052 
1.0395 
1.0604 
1.0859 
1.1110 
1.1288 
1.1503 
1.1692 
1.1846 
1.2014 
1.2169 
1.2314 
1.2462 
1.2596 

NPRNT 
0 

1-PI/H 

-0.0092 
0.0048 
0.0009 
0.0019 
0.0023 
0.0016 
0.0007 
0.0008 
0.0002 

-0.0002 
-0.0016 
0.0003 

-0.0011 
0.0005 
0.0005 
0.0001 
0.0008 
0.0014 
0.0015 
0.0020 
0.0028 
0.0028 
0.0036 
0.0038 
0.0040 

V 
i— 
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C.C.Lytton 04-3-2 

106 
107 
108 
109 
110 
111 
112 
113 . 

114 
115 
116 
117 
US 
119 

120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 

0.236 
0.253 
0.270 
0.288 
0.306 
0.325 
0.344 
0.363 
0.382 
0.401 
0.421 
0.441 
0.460 
0.480 

0.500 
0.520 
0.540 
0.559 
0.579 
0.599 
0.618 
0.637 
0.656 
0.675 
0.694 
0.712 
0.730 
0.747 
0.764 
0.781 
0.797 
0.813 
0.828 
0.843 
0.857 
0.871 
0.884 
0.896 
0.908 
0.919 
0.930 
0.939 
0.948 
0.957 
0.965 
0.972 
0.978 
0.983 
0.988 
0.992 
0.995 
0.997 
0.999 
1.000 

0.0585 
0.0590 
0.0593 
0.0594 
0.0594 
0.0593 
0.0590 
0.0586 
0.0580 
0.0573 
0.0565 
0.0556 
0.0545 
0.0534 

0.0522 
0.0509 
0.0495 
0.0480 
0.0465 
0.0449 
0.0433 
0.0416 
0.0399 
0.0381 
0.0363 
0.0345 
0.0327 
0.0309 
0.0291 
0.0273 
0.0255 
0.0238 
0.0220 
0.0203 
0.0186 
0.0170 
0.0154 
0.0138 
0.0124 
0.0109 
0.0096 
0.0083 
0.0071 
0.0060 
0.0049 
0.0040 
0.0031 
0.0024 
0.0017 
0.0011 
0.0007 
0.0004 
0.0001 
0.0000 

0.6271 
0.6334 
0.6392 
0.6447 
0.6499 
0.6548 
0.6594 
0.6636 
0.6676 
0.6714 
0.6749 
0.6783 
0.6815 
0.6845 

0.6872 
0.6898 
0.6922 
0.6944 
0.6965 
0.6986 
0.7005 
0.7024 
0.7041 
0.7057 
0.7072 
0.7086 
0.7100 
0.7113 
0.7126 
0.7139 
0.7152 
0.7165 
0.7178 
0.7191 
0.7203 
0.7215 
0.7227 
0.7239 
0.7250 
0.7262 
0.7272 
0.7283 
0.7293 
0.7302 
0.7310 
0.7318 
0.7325 
0.7331 
0.7337 
0.7342 
0.7346 
0.7349 
0.7353 
0.7215 

-0.0950 
-0.1101 
-0.1241 
-0.1373 
-0.1498 
-0.1615 
-0.1726 
-0.1829 
-0.1925 
-0.2015 
-0.2100 
-0.2181 
-0.2258 
-0.2330 

-0.2397 
-0.2458 
-0.2515 
-0.2569 
-0.2620 
-0.2669 
-0.2716 
-0.2761 
-0.2802 
-0.2840 
-0.2876 
-0.2911 
-0.2944 
-0.2976 
-0.3007 
-0.3039 
-0.3070 
-0.3101 
-0.3132 
-0.3162 
-0.3192 
-0.3221 
-0.3250 
-0.3279 
-0.3306 
-0.3333 
-0.3359 

0.3384 
-0.3407 
-0.3430 
-0.3450 
-0.3469 
-0.3486 
-0.3501 
-0.3514 
-0.3525 
-0.3536 
-0.3544 
-0.3553 
-0.3221 

1.2726 
1.2851 
1.2968 
1.3079 
1.3184 
1.3286 
1.3382 
1.3472 
1.3557 
1.3637 
1.3713 
1.3786 
1.3856 
1.3923 

1.3985 
1.4043 
1.4097 
1.4148 
1.4198 
1.4245 
1.4291 
1.4334 
1.4374 
1.4411 
1.4446 
1.4480 
1.4512 
1.4543 
1,4575 
1.4605 
1.4636 
1.4667 
1.4698 
1.4728 
1.4758 
1.4788 
1.4817 
1.4846 
1.4874 
1,4902 
1.4929 
1.4955 
1.4980 
1.5004 
1.5027 
1.5047 
1.5066 
1.5082 
1.5097 
1.5111 
1.5123 
1.5132 
1.5149 
1.4939 

0.0044 
0.0046 
0.0047 
0.0049 
0.0052 
0.0053 
0.0055 
0.0056 
0.0058 
0.0060 
0.0063 
0.0065 
0.0066 
0.0067 

0.0068 
0.0068 
0.0069 
0.0069 
0.0070 
0.0070 
0.0070 
0.0071 
0.0071 
0.0072 
0.0073 
0.0075 
0.0076 
0.0077 
0.0078 
0.0079 
0.0080 
0.0081 
0.0082 
0.0083 
0.0084 
0.0085 
0.0086 
0.0087 
0.0088 
0.0089 
0.0089 
0.0090 
0.0090 
0.0089 
0.0089 
0.0088 
0.0087 
0.0087 
0.0086 
0.0083 
0.0082 
0.0080 
0.0072 

-0.0134 

»-•PP*****“ 
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N ACA ()012: MACH - 1.2, AL ’HA - 0 

CL= 0.00000 CD= 0.09511 CM= -0.00000 

K 

GAMMA AROUND PROFILE 

1-P/H 

0.00000 

1 
2 
1 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

X/C Z/C 

1.000 
1.001 
1.002 
1.006 
1.014 
1.030 
1.058 
1.103 
1.171 
1.274 
1.415 
I. 595 
1.823 
2.111 
2.474 
2.932 
3.508 
4.234 
5.148 
6.299 
7.749 
9.578 

II. 907 
15.163 

-0.0002 
-0.0004 
-0.0005 
-0.0007 
-0.0010 
-0.0014 
-0.0020 
-0.0029 
-0.0043 
-0.0063 
-0,0091 
-0.0126 
-0.0171 
-0.0227 
-0.0298 
-0.0388 
-0.0501 
-0.0644 
-0.0824 
-0.1050 
-0.1334 
-0.1694 
-0.2151 
-0.2789 

X/C Z/C 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

-0.002 
-0.005 
-0.011 
-0.020 
-0.034 
-0.056 
-0.088 
-0.135 
-0.201 
-0.291 
-0.411 
-0.569 
-0.775 
-1.039 
-1.377 
-1.807 
-2.353 
-3.045 
-3.920 
-5.028 
-6.431 
-8.214 
-10.530 
■13.982 

0,0020 
0.0024 
0.0029 
0.0037 
0.0048 
0.0064 
0.0085 
0.0113 
0.0150 
0.0196 
0.0253 
0.0324 
0.0410 
0.0515 
0.0643 
0.0798 
0.0988 
0.1219 
0.1501 
0.1848 
0.2276 

0.3476 
0.4440 

CP 

0.5996 
0.6172 
0.6161 
0.6072 
0.6060 
0.6035 
0.6032 
0.6023 
0.6013 
0.5989 
0.5975 
0.5954 
0.5931 
0.5918 
0.5910 
0.5906 
0.5898 
0.5892 
0.5884 
0.5876 
0.5868 
0,5880 
0.5920 
0.5962 

-0.0288 
-0.0713 
-0.0684 
-0.0472 
-0.0443 
-0.0381 
-0.0375 
-0.0354 
-0.0330 
-0.0271 
-0.0239 
-0.0186 
-0.0132 
-0.0101 
-0.0082 
-0.0071 
-0.0053 
-0.0039 
-0.0019 
-0.0000 

0.0021 
-0.0008 
-0.0106 
-0.0206 

1-P/H CP 

-0.0015 
0.0049 
0.0451 
0.0891 
0.1373 
0.1850 
0.2294 
0.2685 
0.3050 
0.3330 
0.4509 
0.5866 
0.5876 
0.5876 
0.5876 
0.5876 
0.5876 
0.5876 
0.5876 
0.5876 
0.5876 
0.5876 
0.5876 
0,5876 

M 1-PÍ/H 

1.2147 
1.2612 
1.2627 
1.2396 
1.2323 
1.2235 
1.2210 
1.2159 
1.2134 
1.2098 
1.2066 
1.2015 
1.1968 
1*1949 
1.1939 
1.1932 
1.1920 
1.1913 
1.1904 
1.1897 
1.1895 
1.1922 
1.2001 
1.2084 

0.0102 
•0.0064 
-0.0115 
-0.0034 
0.0033 
0.0083 
0.0110 
0.0153 
0.0162 
0.0148 
0.0155 
0.0168 
0.0174 
0.0168 
0.0161 
0.0159 
0.0156 
0.0152 
0.0143 
0.0133 
0.0115 
0.0110 
0.0105 
0.0100 

M 

1,4174 
1.4019 
1.3053 
1.1993 
1.0834 
0.9685 
0.8619 
0.7676 
0.6800 
0.6126 
0.3288 
0.0024 
0.0000 

-0.0000 
-0.0000 
-0,0000 
-0.0000 
0.0000 
0.0000 
0,0000 
0.0000 

-0.0000 
0.0000 
0.0000 

0.1084 
0.1887 
0.2767 
0.3725 
0.4635 
0.5456 
0.6174 
0.6790 
0.7346 
0.7790 
0.9501 
1.1984 
1.2000 
1.2000 
1.2000 
1.2000 
1.2000 
1.2000 
1.2000 
1.2000 
1.2000 
1.2000 
1.2000 

1-PI/H 

-0.0098 
-0.0202 
-0.0071 
-0.0025 

0.0004 

1.2Ü0Ö 

0.0034 
0.0040 
0.0051 
0.0040 
0.0184 

-0.0003 
0.0000 

-0.0000 
0.0000 
0.0000 
0.0000 

-0.0000 
-0,0000 

0.0000 
-0.0000 
0.0000 
O.0000 

-0.0000 

t. 

- 
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NACA »012: MACH - 1.2, ALPHA - » 

NACA 0012 M • F C.C.LVTTOH 

MACH NO.« 1.20 INCIDENCE» 0.00 CL- 0.000 

! ^ 

f ■ I 
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NACA 0012: MACH - 1.2, ALPHA-0 

NACA *01£ 
MACH NO.- 1.20 

1-P/H • F/Z 
INCIDENCE- 0.00 CD- 0.095 

C.C.LVTTON 

-0.07 

-0.05 

0.0 0.2 0.4 0.6 1.2 1.4 1.6 F 1.0 

■»g 
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NACA ()() 12: MACH - 1.2, ALPHA - 0 

I 

. 

NACA 0012 

MACH NO.- 

1-PI/H-0.KF-1 ) 

1.20 INCIDENCE1 

C.C.LŸTTON 

0.00 CL* 0.000 

0.0 

0.2 

0.4 

0.0 

T 

M U 0.4 US 1.4 US F US 

-i « 
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NACA0012: MACH - 1.2. ALPHA - 0 

8:1: 8:1: 0 
1:¾ : ï:i: 

1. 
0. 
!.. 
1.45 

ï:î8 : 
1.50 ; 

0.75 • 
1.15 , 
1.55 . 

?:! 
1.60 

0.85 
1.25 
1.65 

X 

« 
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NACA (H) 12: MACH - 1.2. ALPHA-0 

ecu 

NAC A 0012: 1.2, a — 0 (Case 40). Upstream plots 
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N A S A. LANGLEY 
AR2II 

M.n.Salas 
J.C.Soulh, Jr 

(14-6-2 

NACA00I2: MACH-1.2,ALPHA-0 

N 
1 
2 
3 
A 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1A 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2A 
25 
26 
27 
28 
29 
30 
31 
32 
33 
3A 
35 
36 
37 
38 
39 
AO 
A1 
A2 
A3 
AA 
A5 
A6 
A7 
A8 
A9 
50 

x/c 
.000115 
.000575 
.001500 
.002890 
.Ü0A755 
.007100 
.009915 
.013200 
.016960 
.021195 
.025895 
.031055 
.036675 
.0A2750 
.0A9270 
.056235 
.0636A0 
.07 1A70 
.079725 
•088A00 
.097A80 
.106960 
.116830 
.127085 
.137720 
.1A8720 
.160080 
.171785 
.183825 
.196190 
.208870 
.221860 
.2351A0 
.2A8700 
.262530 
.276620 
.290955 
.305520 
.320305 
.335290 
.350A65 
.365820 
.381335 
.396995 
.A12785 
. A28690 
.AAA695 
.A60780 
•A76930 
.A93130 

y/c 
.001330 
.003980 
.006610 
.009215 
.011790 
•01A330 
.016830 
.019290 
.021710 
.02A085 
.026A05 
.028670 
.030880 
.v/33030 
.035115 
.037135 
.039085 
.0A0960 
.0A2760 
.0AAA80 
.0A6115 
•0A7665 
.0A9125 
.050A95 
.051775 
.052960 
.05A050 
.0550A0 
.055935 
.056730 
.057A20 
.058010 
.058500 
.058890 
.059180 
.059370 
.059A60 
.059A55 
.059355 
.059160 
.058870 
.058A90 
.058030 
.057A85 
.056855 
.056150 
.055370 
.05A520 
.053600 
.052615 

1-P/Piinf 
.011850 
.035011 
.0731A6 
.122932 
.17A362 
.222335 
.266288 
.3051A0 
•339A1A 
•36917A 
.39A689 
. A16520 
.A37135 
.A5A737 
.A7092A 
.A85357 
.A99298 
.510731 
.522911 
.53A083 
.5AA35A 
.5535AA 
.563083 
.570527 
.578986 
•5859A5 
.593689 
.600323 
.606110 
.61301A 
.618938 
.62AA19 
.629668 
.63A750 
.63958A 
.6AAA03 
.6A8828 
.65266A 
.656890 
.660677 
.66A837 
.667662 
.670518 
.67A223 
.677112 
.679532 
.682303 
.68AA91 
.687608 
.689023 

Cp 

1.3851A9 
1.329A29 
1.237688 
1.117917 

.99A191 

.878780 

.7730A2 

.679576 

.597121 

.525526 

.A6A1A5 

.A11625 

.362032 

.319686 
•2807A5 
.2A602A 
•212A85 
. 18A981 
.155678 
.128803 
. 10A092 
•08198A 
.059036 
.0A1129 
.020777 
•00A036 

-.01A593 
-.030553 
-.0AAA7A 
-.06108A 
-.075335 
-.088521 
-.1011A9 
-. 11337A 
-.125005 
-.136597 
-. 1A72A1 
-. 156A70 
-.166637 
-.1757A8 
-.185756 
-.192552 
-.199A22 
-.208335 
-.215285 
-.221108 
-.227773 
-.233038 
-.2A0535 
-.2A39A0 

Mach 
.062302 
. 187A66 
.30361A 
•A15295 
.5126A1 
.595257 
.666075 
.729281 
•7825A5 
.830322 
•869A81 
.905199 
.937152 
•966A97 
.991915 

1.016735 
1.039153 
1.059257 
1.079A78 
1.09955A 
1.116932 
1.133989 
1.150662 
1.16A612 
1.180018 
1.193067 
1.207830 
1.22033A 
1.231577 
1.2A51AA 
1.256711 
1.267812 
1.278161 
1.288758 
1.298399 
1.308766 
1.317618 
1.326100 
1.33A729 
1.3A322A 
1.351967 
1.358256 
1.36A353 
1.372895 
1.37885A 
1.38A729 
1.390526 
1.395908 
1.A02722 
1.A060A6 

1-Pi/Piinf 
.009162 
.011063 
.0119A7 
.012399 
.01223A 
.011753 
.012020 
.010196 
.010199 
.008583 
.009155 
.007568 
.008305 
.006982 
•00787A 
.006502 
.007326 
.006230 
.006799 
.005753 
.006397 
.00533A ' 
.00578A 
.0051A1 
.005202 
.00A956 
.00A576 
•00A625 
•OOA37A 
.00A059 
.00A056 
.003669 
.003815 
.003310 
.003553 
.00289A 
.003312 
.002667 
.003038 
.002A17 
.002652 
.002390 
.0025A2 
.0019A5 
.002526 
.001827 
.002378 
.001729 
.00206A 
.001918 

HT 

r 

51, . 



N.A.S.A. LANGLEY 
AR 211 M.D.Salas 

J.C.South. Jr 04-6-3 

NACA 0012: MACH - 1.2. ALPHA - (1 

N 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 

x/c 
.509365 
.525615 
.541860 
.558085 
.574270 
.590400 
.606460 
.622430 
.638285 
.654015 
.669600 
.685020 
.700265 
.715310 
.730140 
.744740 
.759090 
.773175 
.786975 
.800475 
.813665 
.826525 
.839040 
.851195 
.862975 
.874365 
.885350 
.895915 
.906050 
.915740 
.924970 
.933735 
.942015 
.949795 
.957065 
.963815 
.970035 
.975710 
.980825 
.985370 
.989335 
.992700 
.995450 
.997570 
.999035 
.999800 
.999800 
.999035 
.997570 
.995450 

y/c 
.051575 
.050475 
.049320 
.048115 
.046865 
.045575 
.044245 
.042880 
.041485 
.040065 
.038625 
.037160 
.035680 
.034190 
.032685 
.031175 
.029665 
.028155 
.026650 
.025155 
.023670 
.022200 
.020745 
.019310 
.017905 
.016525 
.015175 
.015865 
.012590 
.011355 
.010165 
.009025 
.007940 
.006905 
.005930 
.005020 
.004175 
.003395 
.002685 
.002055 
.001505 
.001035 
.000645 
.000345 
.000140 
.000030 

-.000030 
-.000140 
-.000345 
-.000645 

1-P/ Fünf 
.691069 
.693391 
.695371 
.697193 
.698598 
.700130 
.701955 
.703417 
.704970 
.705568 
.707112 
.709109 
.709565 
.710995 
.712474 
.713360 
.714437 
.715586 
.716583 
.717601 
.718705 
.719370 
.721344 
.721753 
.722323 
.723944 
.724739 
.725303 
.726827 
.727197 
.729348 
.728169 
.730344 
.730294 
.732981 
.730711 
.733918 
.732653 
.736038 
.732713 
.736766 
.730954 
.741377 
.727203 
.754515 
.749461 
.749321 
.754414 
.727163 
.741344 

Cp 

-.248863 
-.254449 
-.259211 
-.263596 
-.266975 
-.270660 
-.275051 
-.278569 
-.282304 
-.283743 
-.287457 
-.292260 
-.293359 
-.296797 
-.300356 
-.302488 
-.305079 
-.307844 
-.310241 
-.312692 
-.315346 
-.316947 
-.321695 
-.322679 
-.324052 
-.327950 
-.329863 
-.331221 
-.334886 
-.335777 
-.340950 
-.338114 
-.343348 
-.343226 
-.349691 
-.344230 
-.351946 
-.348902 
-.357046 
-.349045 
-.358795 
-.344814 
-.369890 
-.335791 
-.401496 
-.389338 
-.389000 
-.401251 
-.335695 
-.369809 

Mach 
1.410736 
1.416202 
1.420624 
1.425055 
1.428079 
1.432022 
1.436012 
1.439772 
1.443126 
1.444795 
1.448395 
1.453372 
1.453961 
1.458156 
1.460961 
1.463853 
1.465680 
1.469479 
1.470767 
1.474619 
1.475811 
1.479197 
1.482330 
1.485056 
1.484615 
1.491..36 
1.490081 
1.494993 
1.495089 
1.500237 
1.501056 
1.502927 
1.503504 
1.509011 
1.509420 
1.510583 
1.511560 
1.516522 
1.515946 
1.517713 
1.515867 
1.516540 
1.525910 
1.510355 
1.570523 
1.545958 
1.544485 
1.570249 
1.510066 
1.525821 

1-Pi/Fünf 
.001900 
.001715 
.001931 
.001650 
.002005 
.001499 
.001927 
.001492 
.001959 
.001608 
.001726 
.001452 
.002179 
.001109 
.002219 
.001160 
.002302 
.000881 
.002538 
.000602 
.002798 
.000295 
.002833 
.000375 
.003059 

-.000498 
.003903 

-.001137 
.004276 

-.001811 
.004907 

-.002140 
.005047 

-.003121 
.006285 

-.003856 
.006690 

-.005256 
.008304 

-.006775 
.011150 

-.011672 
.014165 

-.016598 
.001041 
.016595 
.018165 
.001029 

-.016320 
.014165 

i 



/ 

N 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
¿49 
150 

N A S A. LANGLEY 
AR 21 I 

NACA 0012: MACH - 1.2. ALPHA - 0 

Ml).Salas 
J.C.South, Jr 

x/c 
.992700 
.989335 
.985370 
.980825 
.975710 
.970035 
.963815 
.957065 
.949795 
.942015 
.933735 
.924970 
.915740 
.906050 
.895915 
.885350 
.874365 
.862975 
.851195 
.839040 
.826525 
.813665 
.800475 
.786975 
.773175 
.759090 
.744740 
.730140 
.715310 
.700265 
.685020 
.669600 
.654015 
.638285 
.622430 
.606460 
.590400 
.574270 
.558085 
.541860 
.525615 
.509365 
.493130 
.476930 
.460780 
.444695 
.428690 
.412785 
.396995 
.381335 

y/c 
-.001035 
-.001505 
-.002055 
-.002685 
-.003395 
-.004175 
-.005020 
-.005930 
-.006905 
-.007940 
-.009025 
-.010165 
-.011355 
-.012585 
-.013860 
-.015175 
-.016525 
-.017905 
-.019310 
-.020745 
-.022200 
-.023670 
-.025155 
-.026650 
-.028155 
-.029665 
-.031175 
-.032685 
-.034185 
-.035675 
-.037155 
-.038620 
-.040065 
-.041485 
-.042880 
-.044245 
-.045575 
-.046865 
-.048115 
-.049315 
-.050465 
-.051570 
-.052615 
-.053595 
-.054515 
-.055370 
-.056150 
-.056855 
-.057485 
-.058030 

1-P/Piinf 
.730999 
.736716 
.732761 
.736095 
.732678 
.733892 
.730621 
.732907 
.730347 
.730495 
.728316 
.729207 
.726893 
.726205 
.726261 
.724741 
.723700 
.722475 
.721700 
.721342 
.719432 
.718757 
.717537 
.716503 
.715570 
.714539 
.713446 
.712410 
.710453 
.709965 
.708624 
.707636 
.705846 
.704767 
.703335 
.701878 
.700325 
.698756 
•697025 
.694577 
.693533 
.691901 
.688887 
.686901 
.685095 
.682468 
.679363 
.677102 
.674248 
.670602 

Cp 

-.344922 
-.358676 
-.349162 
-.357183 
-.348961 
-.351883 
-.344013 
-.349514 
-.343355 
-.343710 
-.338467 
-.340612 
-.335043 
-.333389 
-.333523 
-.329867 
-.327362 
-.324417 
-.322551 
-.321691 
-.317095 
-.315472 
-.312536 
-.310048 
-.307804 
-.305324 
-.302695 
-.300202 
-.295495 
-.294321 
-.291095 
-.288718 
-.284411 
-.281817 
-.278371 
-.274866 
-.271130 
-.267354 
-.263192 
-.257301 
-.254789 
-.250863 
-.243612 
-.238835 
-.234490 
-.228172 
-.220702 
-.215262 
-.208396 
-.199625 

Mach 
1.516508 
1.515782 
1.517724 
1.516092 
1.516507 
1.511537 
1.510355 
1.509273 
1.509115 
1.503882 
1.503258 
1.500755 
1.499563 
1.493476 
1.497105 
1.490451 
1.490258 
1.485146 
1.484780 
1.482431 
1.479220 
1.476021 
1.474388 
1.470620 
1.469364 
1.465944 
1.464000 
1.460890 
1.456833 
1.454811 
1.452403 
1.449282 
1.445802 
1.442398 
1.439774 
1.435642 
1.432570 
1.428326 
1.424817 
1.418741 
1.416419 
1.412633 
1.405900 
1.401009 
1.397159 
1.391089 
1.384218 
1.378896 
1.372866 
1.364580 

» 

l-Pi/Piinf 
-.011456 

.011085 
-.006606 

.008308 
-.005141 

.006627 
-.003860 

.006223 
-.003073 

.005059 
-.002080 

.004823 
-.001952 

.004333 
-.000703 

.003377 
-.000115 

.002841 

.000582 

.002682 

.000481 

.002682 

.000705 

.002466 

.000988 

.002280 

.001250 

.002099 

.001133 

.002340 

.001175 

.002248 

.001115 

.002310 

.001212 

.002197 

.001372 

.002179 

.001434 

.001995 

.001870 

.001913 

.001687 

.002217 

.001884 

.002110 

.002016 

.002438 

.002064 

.002483 

HHÜ 

(14-6-4 

( ■ •• 



/ 

i 

I 

N 

151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 

N A S A. LANGLEY 

AR211 
M.D.Salas 
J.C.South. Jr 

04-6-5 

NACA 0012: MACH - 1.2, ALPHA - 0 

x/c 

.365820 

.350465 

.335290 

.320305 

.305520 

.290955 

.276620 

.262530 

.248700 

.235140 

.221860 

.208870 

.196190 

.183825 

.171785 

.160080 
.148720 
.137720 
.127085 
.116830 
.106960 
.097480 
.088400 
.079725 
.071470 
.063640 
.056235 
.049270 
.042750 
.036675 
.031055 
.025895 
.021195 
.016960 
.013200 
.009915 
.007100 
.004755 
.002890 
.001500 
.000575 
.000115 

y/c 

-.058490 
-.058865 
-.059155 
-.059355 
-.059455 
-.059460 
-.059370 
-.059180 
-.058890 
-.058500 
-.058010 
-.057420 
-.056730 
-.055935 
-.055040 
-.054050 
-.052960 
-.051775 
-.050495 
-.049125 
-.047665 
-.046110 
-.044475 
-.042760 
-.040960 
-.039085 
-.037135 
-.035115 
-.033030 
-.030880 
-.028670 
-.026405 
-.024085 
-.021710 
-.019290 
-.016830 
-.014325 
-.011785 
-.009215 
-.006610 
-.003975 
-.001325 

1-P/Piinf 

.667554 

.664184 

.661231 

.657064 

.652516 

.648841 

.644344 

.639568 

.634686 

.629607 

.624332 

.618831 

.612887 

.605942 

.600121 

.593428 

.585622 

.578560 

.570006 

.562512 

.552941 

.542784 

.535807 

.524786 

.511021 

.499464 

.485452 

.471003 

.454838 

.437194 

.416607 

.394797 

.369221 

.339593 

.305009 

.266979 

.221389 

.174599 

.122558 

.073993 

.033669 

.012741 

Cp 
-.192291 
-.184185 
-.177081 
-.167056 
-.156116 
-.147274 
-.136455 
-.124964 
-.113221 
-.101001 
-.088312 
-.075077 
-.060778 
-.044071 
-.030066 
-.013964 

.004814 

.021802 

.042381 

.060411 

.083434 

.107870 

.124655 

.151168 

.184283 

.212085 

.245794 

.280554 

.319443 

.361890 

.411417 

.463886 

.525413 

.596690 

.679891 

.771379 

.881057 

.993620 
1.118815 
1.235649 
1.332657 
1.383005 

Mach 

1.357980 
1.350614 
1.344199 
1.335389 
1.325537 
1.317832 
1.308495 
1.298489 
1.288521 
1.278133 
1.267557 
1.256564 
1.244838 
1.231317 
1.219899 
1.207385 
1.192433 
1.179279 
1.163653 
1.149712 
1.132842 
1.114404 
1.102264 
1.083285 
1.059455 
1.039750 
1.016725 

.992308 

.966545 

.937503 

.905292 

.869931 

.830432 

.783171 

.729271 

.667587 

.594827 

.512455 

.416252 

.303847 

.188360 

.058742 

1-Pi/Piinf 

.002447 

.002582 

.002702 

.002637 

.003014 

.003059 

.003097 

.003384 

.003457 

.003686 

.003781 

.003971 

.004137 

.004293 

.004691 

.004516 

.005000 

.005146 

.005160 

.005687 

.005432 

.006119 

.006097 

.006071 

.006581 

.006947 

.006698 

.007570 

.007111 

.008020 

.007615 

.008860 

.008546 

.009862 

.010019 

.011671 

.010881 

.012643 

.011447 

.012755 

.009456 

.010354 

-rfc-• 

-*S(srT-. y- 
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N A S A. LANGLEY 
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TEST CASES FOR STEADY INVISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 04 

NACA 0012: MACH = 1.2, ALPHA = 0 

Contributor No 9 

W.Schmidt and AJameson 

(Domier, F.R.G.) and (Princeton Univ., U.S.A.) 
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MNHwiBÉtillÉliÉM 

dornier/jameson 
AR21I W.Schmidt 

AJameson 04-9-1 

NACA 0012: MACH — 1.2. ALPHA — 0 

N 

2 
3 
4 
5 
8 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
18 
17 
18 
19 
20 
21 
22 
23 
24 
25 
28 
27 
28 
29 
30 
31 
32 
33 
34 
35 
38 
37 
38 
39 
40 
41 
42 
43 
44 
45 
48 
47 
48 
49 
50 
51 
52 
53 
54 
55 
58 
57 
58 
59 
60 
61 
62 
63 
64 
85 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

X/C(X> 

99.992028 
99.965897 
99.914658 
99.840439 
99.744003 
99.625946 
99.486725 
99.326721 
99. 146286 
98.945786 
98.725494 
98.485703 
98.226700 
97.948761 
97.652130 
97.337082 
97.003891 
96.652786 
96.284027 
95.897858 
95.494553 
95.074341 
94.637466 
94.184219 
93.714828 
93.229553 
92.728638 
92.212341 
91.680923 
91.134644 
90.573761 
89.998535 
89.409225 
88.806091 
88.189407 
87.559418 
86.916428 
86.260666 
85.592407 
84.911942 
84.219528 
83.515427 
82.799927 
82.073288 
81.335815 
80.587753 
79.829376 
79.060974 
78.282837 
77.495209 
76.698410 
75.892685 
75.078339 
74.255630 
73.424866 
72.586319 
71.740265 
/0.887009 
70.026794 
69. 159943 
68.286728 
67.407440 
66.522354 
65.631760 
64.735947 
63.835220 
62.929840 
62.020111 
61.106308 
60.188751 
59.267700 
58.343460 
57.416321 
56.486572 
55.554504 
54.620422 
53.684616 
52.747375 
51.808990 

-1 

Z/C(X) 

-0.001020 
-0.004846 
-0.012110 
-0.022620 
-0.036276 
-0.052983 
-0.072632 
-0.095145 
-0.120481 
-0.148593 
-0.179389 
-0.212798 
-0.248813 
-0.287339 
-0.328249 
-0.371551 
-0.417216 
-0.465119 
-0.515193 
-0.567390 
-0.621635 
-0.677854 
-0.735998 
-0.796038 
-0.857903 
-0.921482 
-0.986685 
-1.053459 
-1.121780 
-1.191594 

1.262822 
1.335393 

409214 
1.484191 
1.560317 
1.637572 
1.715837 
1.795019 
1.875083 
1.955977 
2.037631 

119970 
202941 
286501 
370600 
455165 

2.540112 
2.625375 
2.710910 
2.796670 
2.882581 
2.968552 
3.054547 
3.140560 

226509 
312301 
397891 
483205 
568157 
652738 
736912 
820540 
903537 
985905 
067623 
148601 

4.228698 
4.307839 
4.386030 
4.463216 
4.539302 
4.614206 

687847 
760140 
831051 
900533 
968453 
034718 

-5.099324 

1-P/PIINF 

0.574604 
0.717141 
0.732111 
0.736860 
0.737537 
0.737382 
0.736502 
0.736629 
0.736341 
0.736229 
0.735880 
0.735646 
0.735435 
0.735031 
0.734599 
0.734380 
0.734065 
0.733620 
0.733199 
0.732770 
0.732298 
0.731836 
0.731425 
0.731031 
0.730549 
0.729985 
0.729413 
0.728895 
0.728421 
0.727925 
0.727387 
0.726815 
0.726201 
0.725601 
0.725086 

.724547 

.723918 

. 723299 

.722713 

.722112 

.721487 
0.720855 
0.720244 
0.719647 
0.719039 
0.718399 
0.717737 
0.717087 
0.716447 
0.715795 
0.715109 
0.714408 
0.713758 
0.713126 
0.712439 
0.711728 
0.711020 
0.710284 
0.709550 
0.708860 
0.708122 
0.707295 
0.706499 
0.705762 
0.705012 
0.704181 
0.703274 
0.701398 
0.701564 
0.700692 
0.699765 
0.698805 
0.697812 
0.696803 
0.695807 
0.694765 
0.693627 
0.692491 
0.691391 

CP 

0.031319 
-0.311585 
-0.347599 
-0.359023 
-0.360652 
-0.360279 
-0.358163 
-0.358468 
-0.357776 
-0.357507 
-0.356666 
-0.356104 
-0.355595 
-0.354623 
-0.353585 
-0.353058 
-0.352301 
-0.351230 
-0.350218 
-0.349185 
-0.348049 
-0.346938 
-0.345948 
-0.345000 
-0.343841 
-0.342485 
-0.341108 
-0.339862 
-0.338723 
-0.337528 
-0.336234 
-0.334859 
-0.333382 
-0.331937 
-0.330698 
-0.329402 
-0.327889 
-0.326399 
-0.324989 
-0.323545 
-0.322040 
-0.320521 
-0.319051 
-0.317615 
-0.316151 
-0.314613 
-0.313021 
-0.311455 
-0.309916 
-0.308349 
-0.306697 
-0.305011 
-0.303446 
-0.301925 
-0.300274 
-0.298564 
-0.296861 
-0.295090 
-0.293323 
-0.291664 
-0.289888 
-0.287898 
-0.285983 
-0.284211 
-0.282407 
-0.280407 
-0.278225 
-0.276117 
-0.274112 
-0.272013 
-0.269784 
-0.267475 
-0.265086 
-0.262658 
-0.260262 
-0.257756 
-0.255017 
-0.252284 
-0.249639 

MACH 

1 . 151928 
1.433684 
1 . 505971 
1.516755 
1 .523432 
1.520443 
1.519408 
1.518799 
1.5.8752 
1.518021 
1.517410 
1.516552 
1.516151 
1.515112 
1.513923 
1.513327 
1.512605 
1.511400 
1.510305 
1.509219 
1.508004 
1.506805 
1.505732 
1.504722 
1.503510 
1.502064 
1.500599 
1.499263 
1.498058 
1.496801 
1.495429 
1.493990 
1.492449 
1.490909 
1.489593 
1.488273 
1.486690 
1 .4851 14 
1.483654 
1.482159 
1.480599 
1.479026 
1.477501 
1.476019 
1.474513 
1 . 472938 
1.471303 
1 .469692 
1.468120 
1.466524 
1.464854 
1.463135 
1.461530 
1.460004 
1 .458344 
1.456605 
1.454897 
1.453129 
1.451341 
1.449671 
1.447928 
1.445949 
1.444018 
1.442262 
1.440479 
1.438520 
1 .436371 
1.434275 
1.432314 
1.430269 
1.428089 
1.425840 
1.423524 
1.421165 
1.418C39 
1 . 4 16444 
1.413819 
1.411174 
1.408648 

1-PI/PIINF 

0.030439 
0.055915 
0.008026 
0.010228 
0.003135 
0.006878 
0.005050 
0.006408 
0.005392 
0.006029 
0.005596 
0.005958 
0.005740 
0.005725 
0.005828 
0.005868 
0.005733 
0.005810 
0.005822 
0.005792 
0.005790 
0.005804 
0.005830 
0.005827 
0.005796 
0.006803 
0.005808 
0.005828 
0.005828 
0.005819 
0.005830 
0.005817 
0.005802 
0.005834 
0.005862 
0.005809 
0.005815 
0.005848 
0.005838 
0.005831 
0 005830 
0.005831 
0.005842 
0.005844 
0.005843 
0.005834 
0.005839 
0.005850 
0.005850 
0.005846 
0.005832 
0.005838 
0.005867 
0.005849 
0.005837 
0.005858 
0.005851 
0.005836 
0.005860 
0.005876 
0.005833 
0.005829 
0.005867 
0.005867 
0.005863 
0.005841 
0.005839 
0.005875 
0.005865 
0.005853 
0.005860 
0.005859 
0.005853 
0.005864 
0.005881 
0.005852 
0.005840 
0.005879 
0.005877 
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DORNIER/JAMESON 
AR 211 

W.Schmidt 
A Jameson 

04-9-2 

NACA 0012: MACH - 1.2. ALI >HA - 0 

81 
82 
83 
84 
85 
86 
87 

, 88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
1 10 
111 
U 2 
113 
114 
115 
116 
117 
118 
1 19 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 

12? 
142 

\n 
145 
146 
147 
148 

US 
151 
152 
153 
154 

\n 
157 
158 
159 
160 

50.869781 
49.930008 
48.990005 
48.050049 
47.110458 
46.171509 
45.233521 
44.296783 
43.361603 
42.428284 
41.497131 
40.568451 
39.642548 
38.719727 
37.800293 
36.884567 
35.972839 
35.065430 
34.162659 
33.264816 
32.372223 
31.485199 
30.604050 
29.729080 
28.860626 
27.998978 
27.144455 
26.297394 
25.458069 
24.626831 
23.803986 
22.989822 
22.184692 
21.388901 
20.602753 
19.826538 
19.060608 
18.305237 
17.560776 
16.827515 
16.105759 
15.395823 
14.697994 
14.012589 
13.339911 
12.680262 
12.033938 
11.401228 
10.782431 
10.177848 
9.587761 
9.012450 
8.452214 

.907336 

.378089 
,864746 
.367586 
.886880 
.422886 

mm 
, 133910 

3.004866 
2.665271 
2.344483 
2.042769 

urnss? 
1.254779 
1.032200 
0.830213 
0.649191 

SU§f¡n 
0.236489 
0.143964 
0.074616 
0.028571 

, 162216 
.223271 
.282402 
.339531 
,394568 
.447458 
.498161 
.546580 
.592612 
. 636191 
.677249 

-5.715693 
-5.751444 

.784445 

.814661 

.842010 

.866369 

.887674 

.905882 

.920918 

.932717 

.941235 
. 946396 

-5.948131 
-5.946407 
-5.941193 
-5.932426 
-5.920048 
-5.904007 
-5.884267 
-5.860794 
-5.833555 
-5.802505 
-5.767619 
-5.728903 
-5.686358 
-5.639968 
-5.589691 
-5.535499 
-5.477386 
-5.415383 
-5.349519 
-5.279799 
-5.206223 
-5.128796 
-5.047531 
-4.962469 
-4.873669 
-4.781145 
-4.684890 
-4.584977 
-4.481469 
-4.374364 
-4.263697 
-4.149546 
-4.031963 
-3.910989 
-3.786671 
-3.659085 

-umi 
-3.257002 

-iMm 
-2.826992 
-2.677608 
-2.525252 
-2.369932 

-hüm 
-1.886312 
-1.719143 
-1.548982 
-1.375844 

-0.839120 
-0.655104 
-0.469198 
-0.281985 

0.690232 
0.G88994 
0.687713 
0.686388 
0.685019 
0.683645 
0.682240 
0.680751 
0.679204 
0.677626 
0.675986 
0.674274 
0.672512 
0.670728 
0.668912 
0.666990 
0 664963 
0.662899 
0.660783 
0.658584 
0.656325 
0.654001 
0.651575 
0.649072 
0.646528 
0.643909 
0.641186 
0.638359 
0.635439 
0.632437 
0.629345 
0.626145 
0.622822 
0.619413 
0.615947 
0.612390 
0.608694 
0.604826 
0.600806 
0.596675 
0.592466 
0.588148 
0.583662 
0.578990 
0.574134 
0.569102 
0.563941 
0.558642 
0.553051 
0.547181 
0.541179 
0.534914 
0.528256 
0.521298 
0.514073 
0.506505 
0.498513 
0.490120 
0.481325 

í-M\ni 
0.450794 

i-Aum 
0.413101 
0.398376 
0.382214 
0.364481 

i:mm 
0.299825 
0.273421 
0.244399 
0.212723 

i:\im 
. .106229 
0.071645 
0.041770 
0.019794 

-0.246851 
-0.243872 
-0.240791 
-0.237602 
-0.234310 
-0.231003 
-0.227623 
-0.224042 
-0.220320 
-0.216523 
-0.212578 
-0.208459 
-0.204220 
-0.199929 
-0.195561 
-0.190936 
-0.186060 
-0.181094 
-0.176005 
-0.170715 
-0.165280 
-0.159689 
-0.153852 
-0.147832 
-0.141710 
-0.135410 
-0.128860 
-0.122057 
-0.115034 
-0.107813 
-0.100374 
-0.092674 
-0.084681 
-0.076481 
-0.068141 
-0.059584 
-0.050693 
-0.041387 
-0.031717 
-0.021778 
-0.011653 
-0.001266 
0.009527 
0.020767 
0.032450 
0.044555 
0.056970 
0.069718 
0.083169 
0.097290 
0.111730 
0.126800 
0.142818 

0:Í7¡940 
0.195146 
0.214373 
0.234563 
0.255721 

Mim 
0.329171 

i-.mm 
0.419848 
0.455274 
0.494153 
0.536815 

0.692359 
0.755881 
0.825698 
0.901903 

i-.mu 
1.158096 
1.241297 
1.313166 
1.366035 

1.406006 
1.403168 
1.400249 
1.397246 
1.394147 
1 391035 
1.387884 
1.384557 
1.381093 
1.377582 
1.373956 
1.370180 
1.366306 
1.362394 
1.358435 
1.354280 
1.349895 
1.345444 
1.340924 
1.336240 
1.331 440 
1.326542 
1.321457 
1.316222 
1.310930 
1.305524 
1.299928 
1.294149 
1.288214 
1.282146 
1 .275934 
1.269546 
1.262957 
1.256226 
1.249426 
1.242497 
1.235346 
1.227912 
1.220232 
1.212390 
1.204450 
1 .196369 
1.188031 
1.179403 
1.170505 
1 .161348 
1 .15201 1 
1.142501 
1.132573 
1.122186 
1 . 111625 
1.100745 
1.089249 
1.077296 
1.065003 
1.052231 
1 .038854 
1.024895 
1.010363 

0.960791 

0.901000 
0.877946 
0.852807 
0.825310 

unm 
0.725381 
0.684207 
0.638251 
0.586866 

umt 
0.393221 
0.314823 
0.230484 
0.142216 

0.005858 
0.005869 
0.005873 
0.005862 
0.005868 
0.005885 
0.005876 
0.005865 
0.005881 
0.005886 
0.005877 
0.005876 
0.005880 
0.005894 
0.0058^3 
0.005877 
0.005888 
0.005906 
0.005895 
0.005896 
0.005911 
0.005906 
0.005896 
0.005911 
0.005920 
0.005916 
0.005920 
0.0059Í0 
0.005918 
0.005931 
0.005937 
0.005935 
0.005933 
0.005947 
0.005957 
0.005960 
0.0059 ' 

0.005958 
0.005964 
0.005973 
0.005987 
0.005992 
0.005993 
0.006003 
0.006004 
0.006009 
0.006032 
0.006045 
0.006014 
0.006039 
0.006089 
0.006062 
0.006065 
0.006101 
0.006114 
0.006124 
0.006128 
0.006155 
0.006205 

Mtm 
0.006276 

umv 
0.006302 
0.006307 
0.006287 
0.006299 

i.mm 
0.006202 
0.006140 
0.006092 
0.006010 

UilfS 
0.005696 
0.005626 
0.005664 
0.005848 



IXmNIER JAMESON 
AR 211 

W.Schmidt 
AJameson 

04-9-3 

NACA 0012: MACH - 1.2. ALI JHA-0 

\ü 
163 

m 
166 
167 
168 
169 

172 
173 
174 
175 

178 

III 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 

ffi 
205 
206 
207 
208 

m 
211 

iiii 
214 

ill 
217 

ill 
220 
221 
222 
223 

226 
227 
228 
229 

232 
233 
234 
235 

238 

ni 

0:005686 
0.028571 

0.236489 
0.351844 
0.489575 
0.649191 

wmii 
1.254779 
1.497621 
1.760388 
2.042769 

utm 
3.004866 

.133910 

.546138 

.975878 

.422886 

.886880 

.367586 

.864746 

.378089 

.907336 
8.452214 
9.012450 
9.587761 

10.177848 
10.782431 
11.401228 
12.033938 
12.680262 
13.339911 
14.012589 
14.697994 
15.395823 
16.105759 

\h.imi 
18.305237 
19.060608 
19.826538 
20.602753 

iEiltift 
22.989822 

iUUffl 
25.458069 

ih. UUU 
27.998978 

mim 
30.604050 
31.485199 
32.372223 
33.264816 

u-Mm 
35.972839 
36.884567 
37.800293 
38.719727 

mtm 
41.497131 
42.428284 
43.361603 
44.296783 

ii. miü 
47.110458 

tumi 

0.094065 
0, 281985 

imiï 
0.339120 
1 H2SI777 
1.199747 
1.375844 

1 .886312 
2.050480 
2.211676 
2.369932 

¡■mu 
2.826992 

3.257002 
3.394206 
3.528265 
3.659085 
3.786671 
3.910989 
4.031963 
4.149546 
4.263697 
4.374364 
4.481469 
4.584977 
4.684890 
4.781145 

.8/3669 

.962469 

.047531 
.128796 
.206223 
.279799 
.349519 
.415383 

mim 1.589691 
5.639968 
5.686358 
5.726903 

5.823555 

5.904007 

IWzVzl 
5.941193 

uim 
5.946396 
5.941235 
5.932717 
5.920918 

i-Mm 
5.866369 
5.842010 
5.814661 
5.784445 

i.mtu 
5.677249 
5.636191 
5.592612 
5.546580 

i.nm 
5.394568 

mm 

0 

@■4 
0.1 
0.019794 

Miïilï 
0.106229 
0.142677 
0.178650 
0.212723 

h.mii 
0.299825 
0.223618 
0.345037 
0.364481 

0.413101 

l:\mi 
0.450754 
0.461559 
0.471837 
0.481325 
0.490120 

498513 
0.506505 
0.5140/3 
0.521298 
0.528256 
0.534914 
0.541179 
0.547181 
0.553051 
0.558642 
0.563941 
0.569102 
0.574134 
0.578990 
0.583662 
0.588148 
0.592466 

i-.mu 
0.604826 
0.608694 
0.612390 
0.615947 

h.l'Æi 
0.626145 

0.635439 

0.643909 

mm 
0.651575 
0.654001 
0.656325 
0.658584 

hum 
0.664963 
0.666990 
0.668912 
0.670728 

himi 
0.675386 
0.677626 
0.679204 
0.680751 

hÆUÏ 
0.685019 

htmi 

1.366035 

\mm 
1.158096 
1.070414 
0.983872 
0.901903 

hMim 
0.692359 
0.635120 
0.583592 
0.536815 

0.419848 

h.mu 
0.329171 
0.303272 
0.278548 
0.255721 
0.234563 
0.214373 
0.195146 
0.176940 
0.159558 
0.142818 
0.126800 
0.111730 
0.097290 
0.083169 
0.069718 
0.055970 
0.044555 
0.032450 
0.020767 
0.009527 

-0.001266 
-0.011653 

-hmw 
-0.041387 
-0.050693 
-0.059584 
-0.068141 

-0.092674 

-0.115014 

-h\mi 
-0.135410 

-0.153852 
-0.159689 
-0.165280 
-0.170715 

-0.186660 
-0.190936 
-0.195661 
-0.199929 

--h\u\u 
-0.212578 
-0.216523 
-0.220320 
-0.224042 

-0.234310 

mum 

h.mn 
0.142216 

hum 
0.393221 
0.464726 
0.529284 
0.586866 

mm 
0.725381 
0.762185 
0.795266 
0.825310 

h. lWd 
0.901000 

hmm 
0.960791 
0.978208 
0.994889 
1.010363 
1.024895 
1.038854 
1.052231 
1.065003 
1.077296 
1.089249 
1.100745 
1.111625 
1.122186 
1 . 132573 
1.142501 
1.152011 
1.161348 
1.170505 
1.179403 
1.188031 
1.196369 
1.204450 

¡mm 
1.227912 
1.235346 
1.242497 
1.249426 

¡mm 
1.269546 

1.288214 

¡mm 
1.305524 

1.321457 
1.326542 
1.331440 
1.336240 

imu 
1.349895 
1.354280 
1.358435 
1.362394 

l:m?«S 
1.373956 
1.377582 
1.381093 
1.384557 

¡-.mu 
1.394147 

i. nm 

hMü 
0.005848 

h.imi 
0.005696 
0.005918 
0.005989 
0.006010 

h.mu 
0.006202 
0.006272 
0.006288 
0.006299 

mm 
0.006302 
0.006227 
0.006254 
0.006276 
0.006172 
0.006160 
0.006205 
0.006155 
0.006128 
0.006124 
0.006114 
U.00610! 
0.006065 
0.006062 
0.006089 
0.00S039 
0.006014 
0.00604b 
0.006032 
0.006009 
0 006004 
0.006003 
0.005993 
0.005992 
0.005987 

h.mu 
0.005958 
0.005961 
0.005960 
0.005957 

himi 
0.005935 

him\ 
0.005928 

umi 
0.005916 

hum 
0.005896 
0.005906 
0.005911 
0.005896 

0.005888 
0.005877 
0.005898 
0.005894 

0.005877 
0.005886 
0.005881 
0.005865 

0.005868 
35E 



dornier/jameson 
AR 211 W.Schmid! 

AJamcson 04-y-4 

NACA (Mil 2: MACH - 1.2. ALPHA - 0 

241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 

271 

m 
27 4 

277 

280 

m 
283 

¡U 
286 

ÎU 
289 
290 
291 
292 

301 

304 

307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 

49.930008 
50.869781 
51.808990 
52.747375 
53.684616 
54.620422 
55.554504 
56.486572 
57.416321 
58.343460 
59.267700 
60.188751 
61.106308 
62.020111 
62.929840 
63.835220 
64.735947 
65.631760 
66.522354 
67.407440 
68.286728 
69.159943 
70.026794 
70.887009 
71.740265 
72.586319 
73.424866 
74.255630 

limn 
76.698410 

u-.mm 
79.060974 

01 .335815 

li.ftiiH 
83.515127 

85.592407 

mum 
89.409225 
89.998535 
90.573761 
91 . 134644 

ill 
295 
296 
297 
298 

92.728638 
93.229553 
93.714828 
94.184219 

ÎIWAÏÏ 
95.494553 

96.652786 

181 I!:881881 
97.652130 
97.948761 
98.226700 
98.485703 
98.725494 
98.945786 
99.146286 
99.326721 
99.486725 
99.625946 
99.744003 
99.840439 
99.914658 
99.965897 
99.992828 

5.223271 
5.162216 
5.099324 
5.034718 
4.968453 
4.900533 
4.831051 
4.760140 
4.687847 

.614206 

.539302 

.463216 

.386030 

.307839 
4.228698 
4.148601 
4.067623 
3.98590b 
3.903537 
3.820540 
3.736912 
3.652738 
3.568157 
3.483205 
3.397891 
3.312301 
3.226509 
3.140560 

i:«lSlÉl Elll 
2.082581 

uma 
2.625375 

SJéfUÊ 
2.370600 

um\ 
2.119970 

wum 
1.875083 

1.637572 

1.409214 
1.335393 
1.262822 
1.191594 

0.986685 
0.921482 
0.857903 
0.796038 

limn 
0.621635 

I. 4651 19 

0.328249 
0 287339 
0.248813 
0.212798 
0.179389 
0.148593 
0.120481 
0.095145 
0.072632 
0.052983 
0.036276 
0.022620 
0.012110 
0.004846 
0.001020 

0.688994 
0.690232 
0.691391 
0.692491 
0.693627 
0.694765 
0.693807 
0.696803 
0.697812 
0.698805 
0.699765 
0.700692 
0.701564 
0.702398 
0.703274 
0.704181 
0.705012 
0.705762 
0 706495 
0.707295 
0.708122 
0.708060 
0.709550 
0.710284 
0.711020 
0.711728 
0.712439 
0.713126 

'M 
0.715109 

0.717087 

0.719039 

imti 
0.720855 

mm 
0.722713 

-0.243872 
-0.246851 
-0.249639 
-0.252284 
-0.255017 
-0.257756 
-0.260262 
-0.262658 
-0.265086 
-0.267475 
-0.269784 
-0.272013 
-0.274112 
-0.276117 
-0.278225 
-0.280407 
-0.282407 
-0.284211 
-0.286983 
-0.287898 
-0.289888 
-0.291664 
-0.293323 
-0.295090 
-0.296861 
-0.298564 
-0.300274 
-0.301925 

-0.306697 

--umi 
-0.311455 

-0.316151 

1.403168 
1.406006 
1.408648 
1.411174 
1.413819 
1.416444 
1.418839 
1.421165 
1.423524 
1.425840 
1.428089 
1.430269 
1 .432314 
1 . 434275 
1.436371 
1.438520 
1.440479 
1.442262 
1.4440)8 
1.445949 
1.447928 
1.449671 
1.451341 
1 .453129 
1 .454897 
1.456605 
1 .458344 
1.460004 

\:mm 
1.464854 

\Aim 
1.469692 

\:lim 
1 . 474513 

•0.320521 1.479026 

llMi 
87.559418 ' - 

-0.324989 

-mm 
, , - -0.329402 

ilifïiï mim -mm 
0.724547 

1.483654 

1.408273 

0.726201 
0.726815 
0.727387 
0.727925 

mm 
0.729413 
0.729985 
0.730549 
0.731031 

0.732298 

-0.333382 
-0.334859 
-0.336234 
-0.337528 

1 .492449 
1.493990 
1.495429 
1.496801 

-0.341108 
-0.342 485 
-0.343841 
-0.345000 

-0.348049 

1.500599 
1.502064 
1.503510 
1.504722 

i-mu 
1.508004 

0.733620 

i.iim 
0.734599 
0.735031 
0.735435 
0.735646 
0.735880 
0.736229 
0.736341 
0.736629 
0.736502 
0.737382 
0.737537 
0.736860 
0.732111 
0.717141 
0.574604 

-0.351230 

-mm 
-0.353585 
-0.354623 
-0.355595 
-0.356104 
-0.356666 
-0.357507 
-0.357776 
-0.358468 
-0.358163 
-0.360273 
-0.360652 
-0.359023 
-0.347599 
-0.311585 
0.031319 

1.511400 

i: ¡m?5 
1.513923 
1.515112 
1.516151 
1.516552 
1 .5i7410 
1.518021 
1.518752 
1.518799 
1.519408 
1.520443 
1 .523432 
1.516755 
1.505971 
1.433684 
1.151928 

0.005869 
0.005858 
0.005877 
0.005879 
0.005840 
0.005852 
0.005881 
0.005864 
0.005853 
0.005859 
0.005860 
0.005853 
0.005865 
0.005875 
0.005839 
0.005841 
0.005863 
0.005867 
0.005867 
0.005829 
0.005833 
0.005876 
0.005860 
0.005836 
0.005851 
0.005858 
0.005837 
0.005849 

mim 
0.005832 

mm 
0.005850 

0.005843 

-mm mm mim 
0.005831 

mm 
0.005838 

m 
0.005809 

Liülü MíiSSS 
0.005802 
0.005817 
0.005830 
0.005819 

\:mii mm 
0.005808 
0.005803 
0.005796 
0.005827 

0.005790 

li!!!?! síssiâ 
0.005810 

mnn 
0.005828 
0.005725 
0.005740 
0.005958 
0.005596 
0.006029 
0.005392 
0.006 408 
0.005050 
0.006878 
0.003135 
0.010228 
0.008026 
0.055915 
0.030439 



DORNIER/JAMESON 
AR211 

W.Schmidt 
AJameson 

04-9-5 

NACA 0012: MACH - 1.2. ALPHA-0 

NACA 0012 M=1 
VALUES ON X-AXI 
J X/C(%) 
2 -0.066177 
3 -0.204744 
4 -0.356041 
5 -0.520694 
6 -0.699376 
7 -0.892805 
8 -1.101754 
9 -1.327055 

10 -1.569596 
11 -1.830337 
12 -2.110308 
13 -2.410620 
14 -2.732471 
15 -3.077155 
16 -3.446071 
17 -3.840734 
18 -4.262787 
19 -4.714013 
20 -5.196353 
21 -5.711921 
22 -6.263024 
23 -6.852186 
24 -7.482173 
25 -8.156018 
26 -8.877065 
27 -9.648993 
28 -10.475878 
29 -11.362229 
30 -12.313064 
31 -13.333968 
32 -14.431187 
33 -15.611721 
34 -16.883438 
35 -18.255249 
36 -19.737213 
37 -21.340790 
38 -23.079071 
39 -24.967102 
40 -27.022202 
41 -29.264465 
42 -31.717346 
43 -34.408340 
44 -37.369934 
45 -40.640778 
46 -44.267197 
47 -48.305267 
48 -52.823441 
49 -57.906250 
50 -63.659195 
51 -70.215820 
52 -77.747650 
53 ' -86.478714 
54 -96.707367 
55 -108.839966 
56 -123.444702 
57 -141.341370 
58 -163.758469 
59 -192.625519 
60 -231.159912 
61 -285.167480 
62 -366.344727 
63 -502.499512 
64 -781.729248 
65-1762.49097 

.20, ALPHA 0.0 
S UPSTREAM OE 

Z/C(%) 1 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.OOOOOO 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.OOOOOO 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.OOOOOO 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

LEADING EDGE 
-P/PI INF 
0.008071 
0.012585 
0.018869 
0.027994 
0.037634 
0.048279 
0.059164 
0.070282 
0.081400 
0.092449 
0.103348 
0.114055 
0.124542 
0.134792 
0.144795 
0.154550 
0.164057 
0.173323 
0.182353 
0.191155 
0.199740 
0.208117 
0.216298 
0.224294 
0.232116 
0.239775 
0.247285 
0.254657 
0.261904 
0.269039 
0.276077 
0.283033 
0.289918 
0.296742 
0.303545 
0.310398 
0.317292 
0.323936 
0.330478 
0.338408 
0.348613 
0.356552 
0.369462 
0.427220 
0.509149 
0.566941 
0.583245 
0.586377 
0.587569 
0.587418 
0.587007 
0.586822 
0.586868 
0.586982 
0.587065 
0.587102 
0.587113 
0.587117 
0.587124 
0.587138 
0.587157 
0.587185 
0.587222 
0.587271 

CP 
394238 
383377 
368261 

1.346309 
323117 

1.297507 
1.271322 
1.244576 
1.217828 
1.191248 
1.165028 
1.139268 
1.114040 
1.089382 
1.065317 
1.041850 
1.018977 
0.996689 
0.974965 
0.953789 
0.933137 
0.912983 
0.893302 
0.874067 
0.855249 
0.836822 
0.818756 
0.801020 
0.783586 
0.766421 
0.749491 
0.732757 
0.716192 
0.699776 
0.683410 
0.666924 
0.650339 
0.634355 
0.618617 
0.599540 
0.574989 
0.555890 
0.524833 
0.385884 
0.188785 
0.049753 
0.010530 
0.002996 
0.000128 
0.000491 
0.001480 
0.001924 
0.001814 
0.001541 
0.001341 
0.001251 
0.001224 

001215 
001198 
001166 
001118 
001053 

,.000963 
0.000845 

0. 
0. 
0. 
0. 
0. 
0. 

MACH 
0.054231 
0.093981 
0.137970 
0.178299 
0.215733 
0.249905 
0.281451 
0.310597 
0.337689 
0.362960 
0.386635 
0.408891 
0.429886 
0.449752 
0.468605 
0.486546 
0.503662 
0.520030 
0.535720 
0.550791 
0.565299 
0.579293 
0.592819 
0.605917 
0.618626 
0.630981 
0.643016 
0.654761 
0.666249 
0.677507 
0.688567 
0.699459 
0.710209 
0.720840 
0.731409 
0.742015 
0.752660 
0.762995 
0.773228 
0.785240 
0.800186 
0.812144 
0.831197 
0.914977 
1.048935 

.156981 

.190951 

.197394 

.200059 

.199773 

.198887 

.198504 

.198582 

.198809 

.198975 
1.199046 

.199065 

.199071 

.199083 

.199107 
199144 

.199196 

.199265 

.199351 

-PI/PI INF 
0.006030 
0.006468 
0.005733 
0.006194 
0.005916 
0.006020 
0.005954 
0.005971 
0.005962 
0.005967 
0.005965 
0.005966 
0.005964 
0.005964 
0.005965 
0.005963 
0.005965 
0.005964 
0.005964 
0.005965 
0.005965 
0.005966 
0.005966 
0.005969 
0.005969 
0.005969 
0.005970 
0.005970 
0.005973 
0.005973 
0.005972 
0.005976 
0.005977 
0.005975 
0.005976 
0.005994 
0.006025 
0.005969 
0.005851 
0.006078 
0.006882 
0.007200 
0.008151 
0.015301 
0.015368 
0.006589 
0.001219 
0.000381 

-0.000206 
-0.000199 
-0.000038 
0.000012 
0.000022 
0.OOOOOO 

-0.000012 
-0.000015 
-0.000014 
-0.000012 
-0.000010 
-G 000010 
-0.000011 
-0.000013 
-0.00C010 
-0.000006 



/ 

DORN 1 ER/J AMESON 
AR2I1 

W.Schmidt 
A Jameson 

04-9-6 

NACA 0012: MACH - 1.2. ALPHA - 0 

NACA 0012 M=1 
VALUES ON X-AXI 
J X/C(%) 
2 100.004654 
3 100.022430 
4 100.056946 
5 100.108124 
6 100.176270 
7 100.261856 
8 100.365479 
9 100.487854 

10 100.629761 
11 100.792053 
12 100.975723 
13 101.181778 
14 101.411392 
15 101.665817 
16 101.946396 
17 102.254608 
18 102.592087 
19 102.960571 
20 103.361984 
21 103.798431 
22 104.272171 
23 104.785736 
24 105.341873 
25 105.943604 
26 106.594238 
27 107.297485 
28 108.057373 
29 108.878433 
30 109.765671 
31 110.724655 
32 111.761627 
33 112.883591 
34 114.098419 
35 115.414993 
36 116.843399 
37 118.395096 
38 120.083160 
39 121.922623 
40 123.930847 
41 126.127914 
42 128.537262 
43 131.186401 
44 134.107819 
45 137.340179 
46 140.929810 
47 144.932770 
48 149.417572 
49 154.468674 
50 160.191650 
51 166.720047 
52 174.225357 
53 182.931641 
54 193.137253 
55 205.248581 
56 219.833817 
57 237.712753 
58 260.113770 
59 288.966797 
60 327.488770 
61 381.486084 
62 462.654297 
63 598.802246 
64 878.027344 
65 1858.78564 

.20, ALPHA=0. 

S DOWNSIREAM 
Z/C(t) 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
n.o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

o 
or IRAILING 
1-P/PI INI 
0.577604 
0.525920 
0.535147 
0.571943 
0.586743 
0.606181 
0.620036 
0.623458 
0.618633 
0.611861 
0.607373 
0.605574 
0.606378 
0.607281 
0.607705 

607834 
607758 
607608 
607384 
607138 
606957 

0.606850 
0.606776 
0.606686 
0.606559 
0.606397 
0.606215 
0.606025 
0.605835 
0.605643 
0.605433 
0.605199 
0.604946 
0.604689 
0.604440 
0.604191 
0.603915 
0.603600 
0.603253 
0.602898 
0.602540 
0.602172 
0.601780 
0.601353 
0.600889 
0.600404 
0.599928 
0.599472 
0.598990 
0.598400 
0.597649 
0.596784 
0.595945 
0.595292 
0.594911 
0.594708 
0.594325 
0.593248 
0.591175 
0.588401 
0.585878 
0.584380 
0.583614 
0.583287 

EDGE 
CP 

0.024102 
0.148438 
O.126241 
0.037720 
0.002115 

-0.044647 
-0.077978 
-0.086211 
-0.074602 
-0.058311 
-0.047514 
-0.043188 
-0.045122 
-0.047294 
-0.048314 
-0.048624 
-0.048441 
-0.048081 
-0.047541 
-0.046949 
-0.046515 
-0.046258 
-0.046080 
-0.045863 
-0.045556 
-0.045166 
-0.044728 
-0.044272 
-0.043816 
-0.043352 
-0.042848 
-0.042285 
-0.041675 
-0.041057 
-0.040459 
-0.039859 
-0.039196 
-0.038437 
-0.037604 
-0.036748 
-0.035889 
-0.035003 
-0.034058 
-0.033032 
-0.031915 
-0.030748 
-0.029604 
-0.028506 
-0.027348 
-0.025928 
-0.024122 
-0.022042 
-0.020023 
-0.018450 
-0.017533 
-0.017047 
-0.016126 
-0.013534 
-0.008547 
-0.001872 
0.004197 
0.007801 
0.009642 
0.010430 

MACH 
1 . 157489 
1.051915 
1.057587 
1.123578 
1.151154 
1.188363 
1.216063 
1.224380 
1.216308 
1.205653 
1.200749 
1.199582 
1.202895 
1.206164 
1.208289 
1.209571 
1.210326 
1.210860 
1.211231 
1.211588 
1.212008 
1.212499 
1.212981 
1.213378 
1.213657 
1.213844 
1.213981 
1.214091 
1.214186 
1.214252 
1.214264 
1.214211 
1.214108 
1.213986 
1.213871 
1.213739 
1.213545 
1.213262 
1.212914 
1.212543 
1.212159 
1.211747 
1.211284 
1.210748 
1.210134 
1.209479 
1.208844 
1.208246 
1.207592 
1.206716 
1.205526 
1.204126 
1.202787 
1.201819 
1.201400 
1.201343 
1.200914 
1.199023 
1.195127 
1.190110 
1.185483 
1.182818 
1.183614 
1.185865 

1-PI/PIINF 
0.030418 
0.045588 
0.057733 
0.058748 
0.059036 
0.059352 
0.059020 
0.057233 
0.055242 
0.051802 
0.046964 
0.044054 
0.041870 
0.039973 
0.038339 
0.037040 
0.035899 
0.034857 
0.033836 
0.032779 
0.031800 
0.030911 
0.030117 
0.029389 
0.028718 
0.028081 
0.027456 
0.026847 
0.026258 
0.025696 
0.025164 
0.024653 
0.024160 
0.023679 
0.023214 
0.022766 
0.022336 
0.021921 
0.021513 
0.021113 
0.020725 
0.020346 
0.019976 
0.019614 
0.019263 
0.018913 
0.018561 
0.018210 
0.017873 
0.017553 
0.017247 
0.016935 
0.016612 
0.016267 
0.015878 
0.015461 
0.015080 
0.014897 
0.014891 
0.014651 
0.014545 
0.014385 
0.011552 
0.007886 

■ Éft X. m 
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MESH CL CD Cm 

(A< 

n-1 
^At^local 

n = CYCLE CYCLE 

80 X 16 

160 X 32 

320 X 64 

0.0 

0.0 

0.0 

0.0995 

0.0967 

0.0960 

0.0 

0.0 

0.0 

0.45 

0.62 

1.14 

0.48 • 10-4 

0.11 • 10"3 

0.19 • 10'3 

500 

750 

1000 

! 
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TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 05 

NACA 0012: MACH = 1.2, ALPHA = 7 

Contributor No 1 

J.P.Veuillot and A.M.Vuillot 
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AR 21 I 
J.P.Veuillot 
A.M.Vuillol 

05-1-1 

O.N.E.R.A. 

NACA 0012: MACH - 1.2. AL PHA - 7 

COMMENTS ON CALCULATION FOR TEST CASE 05 

* The computational domain is inscribed in the rectangle 

- 2.97 ^ x/c si 1.98 , - 14.87 $ z/c 14.87 

* Number of mesh points : 201 x 55 = 11 055 ( 169 mesh points on 

the profile) 

* Artificial viscosity ; 

term 0.5 10'* 

JDj term 0.2 



/ 

O.N.ER.A 
AR 211 

mtÊiÊÈÊÊÊÊÊHtÊÊ 

J.P.Veuillol 
A.M.Vuillol 05-1-2 

NACA 0012: MACH - 1.2. ALPHA - 7 

WALL VALUES - UPPER SIDE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

40 
4 1 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 

X/C 

0.000000 
0.000064 
0.000262 
0.000611 
0.001139 
0.001883 
0.002891 
0.004216 
0.005920 
0.008069 
0.010731 
0.013974 
0.017862 
0.022449 
0.027779 
0.033883 
0.040774 
0.048452 
0.056901 
0.066091 
0.075985 
0.086538 
0.097699 
0.109418 
0.121644 
0.134328 
0.147422 
0.160884 
0.174674 
0.188757 
0.203102 
0.217679 
0.232465 
0.247436 
0.262573 
0.277859 
0.293278 
0.308815 
0.324459 

0.340199 
0.356025 
0.37 1928 
0.387898 
0.403926 
0.420007 
0.436138 
0.452314 
0.4G8534 
0.484793 
0.501089 
0.517419 
0.533780 
0.550171 
0.566588 
0.583028 
0.599488 
0.615964 
0.632451 
0.648945 

0.665440 
0.681928 
0.698400 
0.714841 
0.731235 
0.747561 
0.763792 
0.779896 
0.795833 
0.811558 
0.827022 
0.842166 
0.856932 
0.871260 
0.88509C 
0.898369 

Z/C 

0.000000 
0.001410 
0.002846 
0.004335 
0.005897 
0.007552 
0 009314 
0.011192 
0.013190 
0.015307 
0.017536 
0.019868 
0 022285 
0.024770 
0.027298 
0.029846 
0.032387 
0.034895 
0.037345 
0.039716 
0.041988 
0.044144 
0.046172 
0.048063 
0.049808 
0.051404 
0.052850 
0.054144 
0.055289 
0.056286 
0.057139 
0.057853 
0.058430 
0.058877 
0.059198 
0.059398 
0.059482 
0.059456 
0.059322 
0.059088 
0.058757 
0.058334 
0.057824 
0.057230 
0.056556 
0.055807 
0.054985 
0.054095 
0.053139 
0.052120 
0.051041 
0.049905 
0.048714 
0.047470 
0.046176 
0.044833 
0.043444 

0.042011 
0.040534 
0.039017 
0.037460 
0.035866 
0.034237 
0.032576 
0.030885 
0.029168 
0.027430 
0.025676 
0.023911 
0.022143 
0.020380 
0.018631 
0.016904 
0.015210 
0.013557 

1-P/PI INF 

.056751 
089809 
124982 
165519 
210217 

.257893 
0.306632 
0.354549 
0.400061 
0.441671 
0.478748 
0.511361 
0.539523 
0.563779 
0.584825 
0.602995 
0.618948 
0 633015 
0.645399 
0.656453 
0.666493 
0.675580 
0.683837 
0.691494 
0.698588 
0.705099 
0.711180 
0.716857 
0.722161 
0.727143 
0.731774 
0.736156 
0.740270 
0.744107 
0.747736 
0.751145 
0.754334 
0.757377 
0.760231 
0.762889 
0.765414 
0.767770 
0.770008 
0.772140 
0.774127 
0.776008 
0.777781 
0.779449 
0.781051 

.7 VAim.imi 
0.785344 
0.786649 
0.787887 
0.789078 
0.790219 
0.791299 
0.792374 
0.793405 
0.794404 
0.795393 
0.796350 
0.797290 
0.798229 
0.799171 
0.800087 
0.800995 
0.801928 
0.802858 
0.803768 
0.804675 
0.805593 
0.806499 
0.807391 
0.808273 

CP 

1.277130 
1 .197602 
1.112984 
1.015464 
0.907933 
0.793238 
0.675987 
0.56071 1 
0.451222 
0.351 120 
0.261923 
0.183464 
0.1157 15 
0.057362 
0.006730 
0.036981 
0.075360 
0.109200 
0. 138993 
0. 165587 
0.189738 
0.211601 
0.231465 
0.249885 
0.266951 
0.282613 
0.297243 
0.310901 
0.323662 
0.335647 
0.346787 
0.357329 
0.367227 
0.376457 
0.385188 
0.393389 
0.401060 
0.408381 
0.415246 
0.421641 
0.427715 
0.433384 
0.438766 
0.443896 
0.448676 
0.453203 
0.457468 
0.461481 
0.465334 

72 
99 

0.475661 
0.478800 
0.481780 
0.484644 
0.487389 
0.489988 
0.492573 
0.495055 
0.497457 
0.499837 
0.502139 
0.504399 
0.506658 
0.508925 
0.511130 
0.513312 
0.515557 
0.517795 
0.519985 
0.522166 
0.524374 
0.526555 
0.528699 
0.530822 

MACH 

0.276630 
0 350099 
0.423628 
0.499623 
0.577374 
0.656398 
0.735085 
0.811736 
0.884520 
0.951607 

.012141 

.066232 

.113977 

.156235 

.194067 

.227812 

.258395 

.286149 

.311255 

.334242 

.355612 

.375359 

.393700 

.411047 

.427404 

.442700 

.457222 

.471012 

.484 1 1 1 

.496580 

.508353 

.519650 

.530391 

.540542 

.550264 

.559497 

.568236 

.576670 

.584652 

.592170 

.599366 

.606149 

.612649 

.618892 

.624754 

.630345 

.635648 

.640676 

.645536 

.650155 

.654523 

.658709 

.662759 

.666626 

.670363 

.673952 

.677373 

.680791 

.684091 

.687295 

.690484 

.693581 

.696630 

.699698 

.702797 

.705810 

.708801 

.711905 

.715019 

.718065 

.721105 

.724209 

.727292 

.730332 

.733347 

0. 
0. 
0. 
0. 
0. 
0. 

1-PI/PI INF 

0 005250 
0 009293 
0.010040 
0.010377 
0.010044 
0.008915 
0.007000 
0.004516 
0.002107 
0.000212 

-0.000826 
-0.000926 
-0.000435 
0.000286 
0.000967 
0.001483 
0.001837 
0.002105 
0.002302 
0.002439 
0.002548 
0.002678 
0.002761 
0.002833 
0.002930 
0.003000 

.003083 

.003152 

.003203 

.003282 

.003337 

.003391 
0.003455 
0.003507 
0.003558 
0.003615 
0.003663 
0.003704 
0.003757 
0.003794 
0.003847 
0.003888 
0.003922 
0.003959 
O 003994 
0.004032 
0.004072 
0.004102 
0.004131 
0.004157 
0.004194 
0.004223 
0.004251 
0.004275 
0.004297 
0.004331 
0.004356 
0.004379 
0.004398 
0.004422 
0.004444 
0.004465 
0.004494 
0.004511 
0.004519 
0.004544 
0.004576 
0.004588 
0.004588 
0.004611 
0.004642 
0.004655 
0.004660 
0.004671 
0.004694 

I 



ONERA 

AR 2H 

N ACA (Mil 2: MACH - 1.2. ALPHA-7 

J.P.Veuillot 
A.M.Vuillot 

05-1-3 

WALL VALUES_rJJPPEB_SIDEi££I^) 

7G 
77 
78 
79 
80 
81 
82 
83 
84 
85 

X/C 

0.911054 
0.923112 
0.934532 
0.945319 
0.955503 
0.965138 
0.974299 
0.983085 
0.991610 
1.000000 

Z/C 

0.011954 
0.010408 
0.008922 
0.00-501 
0 006142 
0.004840 
0.003588 
0.002375 
0.001184 
0.000000 

1-P/PI INF 

0. 

0 
0 
0 
0 
0. 
0 
0 
0 
0 

809123 
809999 
810820 
811574 
812256 
813208 

.813831 
815382 
825723 
746828 

CP 

-0.532868 
-0.534974 
-0.536950 
-0.538763 
-0 540404 
-0.542694 
-0.544194 
-0547925 
-0.572802 
-0.383003 

MACH 1-PI/PIINF 

1.736257 
1.739301 
1.742164 
1 .744832 
1.747012 
1.750889 
1.747615 
1.762926 
1.884708 
1.731069 

0.004727 
0.004709 
0.004695 
0.004637 
0.004952 
0.004150 
0.012397 

-0002443 
-0.140522 
-0309753 

SLIP LINE VALUES 

1.008407 
1.017144 
1.026938 

.038925 

.054362 
1.074558 
1.101042 
1.135669 

,180595 
1.238223 
1.311152 
1.402163 
1.514235 
1.650141 
1.809283 
1.984134 

0.000876 
0.001886 
0.003112 
0.004561 
0.006406 
0.008826 
0.012003 
0.016157 
0.021548 
0.028471 
0.037245 
0.048213 
0.061740 
0.078177 
0.097515 
0.118729 

1-P/PI INF 

. 584586 
0.603196 
0.613952 

607187 
0.605041 
0.605083 
. 604462 
0.603545 
0.602473 
0.601166 

599554 
0.597757 
0.596084 
0.594842 
0.5Í398B 
0.592/07 

0.007305 
-0.037465 
-0.063340 
-0.047066 
-0.041902 
-0.042003 
-0.040511 
-0.038304 
-0.035725 
-0.032580 
-0.028703 
•0.024381 
-0.020355 
-0.017367 
-0.015312 
-Ö.012230 

MACH 

1 . 162548 
1.156062 
1.301382 
1.275178 
1.238485 
1.237922 
1.237775 
1.234925 
1.231575 
1.227698 
1.223076 
1.217971 
1.212948 
1.208368 
1.203874 
1.198331 

1-PI/PIINF 

0.040253 
0.090822 

-0.071654 
-0.052418 
-0.007507 
-0.006648 
-0.008033 
-0.006561 
-0.004816 
-0.002968 
-0.07 0898 
0.001345 
0.003785 
0.006703 
0.010442 
0.014475 



ONERA 

AK 21 I 

J.P.Vcuillo! 
A.M.Vuillol 

«VI-4 

NACA ««12: MACH - 1.2. ALPHA - 7 

WALL VALUES - LOWER SIDE 

X/C 

.000000 

.000064 

.000262 

.000611 

.001139 
1.001883 
1.002891 
).0042 16 
).005920 
).008069 
).010731 
).013974 
).017862 
).022449 
3.027779 
3.033883 
3.040774 
0.048452 
0.056901 
0.066091 
0.075985 
0.086538 
0.097699 
0.109418 
0.121644 
0.134328 
0.147422 
0.160884 
0.174674 
0.188757 
0.203102 
0.217679 
0.232465 
0.247436 
0.262573 
0.277859 
0.293278 
0.308815 
0.324459 
0.340199 
0.356025 
0.371928 
0.387898 
0.403926 
0.420007 
0.436138 
0.452314 
0.468534 
0.484793 
0.501089 
0.517419 
0.533780 
0550171 
0.566588 
0.583028 
0.599488 
0.615964 
0.632451 
0.648945 
0.665440 
0.681928 
0.698400 
0.714841 
0.731235 
0.747561 
0.763792 
0.779896 
0.795833 
0.811558 
0.827022 
0.842166 
0.856932 
0 871260 
0.885090 
0.898369 

Z/C 

0.000000 
-0.001410 
-0.002846 
-0.004335 
-0005897 
-0.007552 
-0.009314 
-0.011192 
-0.013190 
-0.015307 
-0.017536 
-0.019868 
-0.022285 
-0.024770 
-0.027298 
-0.029846 
-0.032387 
-0.034894 
-0.037345 
-0.039716 
-0.041988 
-0.044144 
-0.046172 
-0.048063 
-0.049808 
-0.051404 
-0.052850 
-0.054144 
-0.055289 
-0.056286 
-0.057139 
-0.057853 
-0 058430 
-0.058877 
-0.059198 
-0059398 
-0.059482 
-0.059455 
-0059322 
-0.059080 
-0.058757 
-0.058334 
-0.057823 
-0.057229 
-0056556 
-0.055807 
-0.054985 
-0.054095 
-0.053139 

-0049905 
-0.048714 
-0.047470 
-0.046176 
-0.044833 
-0.043444 
-0.042010 
-0.040534 
-0.039016 
-0.037460 
-0035866 
-0.034237 
-0.032575 
-0.030884 
-0029168 
-0.027429 
-0.025675 
-0.023910 
-0.022143 
-0.020380 
-0.018630 
-0.0)6904 
-0.015209 
-0.013556 

1 -P/PI INF 

0 056751 
0.035350 
0.016932 
0.008862 
0.006825 
0.013626 
0027417 
0.047176 
0.071524 
0.098904 
0.127858 
0. 157239 
0.186089 
0.213839 
0.240201 
0.264892 
0.287996 
0.309353 
0329173 
0.347610 
0.364663 
0.380432 
0.395066 
0.408748 
0.421442 
0.433183 
0.444193 
0.454483 
0.4b4o87 
0.473068 
0.481427 
0.489310 
0.496677 
0.503539 
0.510012 
0.516085 
0.521781 
0.527117 
0.532122 
0.536843 
0.541288 
0.545460 
0.549360 
0.553010 
0.556490 
0.559804 
0.562886 
0.565791 
0.568576 
0.571203 
0 573676 
0.576033 
0.578299 
0.580454 
0.582527 
0.584520 
0.586436 
0.588287 
0.590100 
0.591853 
0.593573 
0.595310 
0.597022 
0.5986B9 
0.600322 
0.602014 
0.603692 
0.605352 
0.607010 
0.608694 
0.610425 
0.612079 
0.613763 
0 615449 
0.617046 

CP 

.277130 

.328615 

.372922 

.392336 

.397238 

.380876 

.347699 

.300164 

.241589 
. 175721 
.106066 

I.035382 
).965977 
).899218 
).835799 
).776400 
3.720819 
5.669438 
0 621758 
0.577404 
0.536378 
0.498443 
0.463237 
0.430322 
0.399784 
0.371540 
0.345053 
0.320297 
0.297192 
0.275588 
0.255478 
0.236513 
0.218792 
0.202282 
0. 186710 
0.172099 
0. 158397 
0. 145360 
0. 133520 
0. 122162 
0.111468 
0.101473 
0.092051 
0.083268 
0.074897 
0.066925 
0.069511 
0.052521 
0.045817 
0.039501 
0.033553 
0.027883 
0.022430 
0.017246 
0.012260 
0.007^65 
0.002854 

-0.001599 
-0.005958 
-0.010176 
-0.014315 
-0.018493 
-0.022612 
-0.026623 
-0.030551 
-0.034621 
-0.038658 
-0.042651 
-0.046640 
-0.050692 
-0.054855 
-0.058834 
-0.062885 
-0.066942 
-0.070785 

MACH 

0.276630 
0.210883 
0.140205 
0.066403 

006278 
090105 
154199 
227235 
297807 

0.364696 
0.427062 
0.484579 
0.537157 
0.585102 
0.628853 
0.668760 
0.705352 
0.738799 
0.769636 
0.798204 
0.824624 
0.849083 
0.871882 
0.893274 
0.913203 
0 931778 
0.949288 
0.965761 
0.981250 
0.995817 
1.009490 
1.022464 
1.034660 
1.046115 
1.056983 
1.067245 
1.076930 
1.086054 
1.094670 
1.102841 
1.110577 
1.117874 
1.124725 
1.131176 
1.13736C 
1.143263 
1.148779 
1.154007 
1,159037 
1.163794 
1.168288 
1.172594 
1.176742 
1.180702 
1.184522 
1.188208 
1.191760 
1.195205 
1.198584 
1.201860 
1.205091 
1.208359 
1.211592 
1 .214736 
1.217839 
1.221057 
1.224260 
1.227435 
1 230610 
1.233861 
1.237196 
1.240398 
1.243670 
1.246954 
1.250073 

1 -PI/PI INF 

0.005250 
0.004984 
0.003338 
0.005800 
0.006797 
0.009188 
0011133 
0.012289 
0.012593 
0.012183 
0.011344 
0.010389 
0 009496 
0.008762 
0.008250 
0.007858 
0.007634 
0.007473 
0.007357 
0.007306 
0.007274 
0.007272 
0.007253 
0.007261 
0.007299 
0.007300 
0.007325 
0.007352 
0.007363 
0.007404 
0.007414 
0.007437 
0.007471 
0.007485 
0.007505 
0.007528 
0.007549 
0.007573 
0.007588 
0.007605 
0.00762 1 
0007638 
0.007660 
0.007674 
0.007678 
0.007699 
0.007716 
0.007724 
0.007736 
0.007750 
0007764 
0.007770 
0.007784 
0.007793 
0.007804 
0.007811 
0.007824 
0.007829 
0.007839 
0.007852 
0.007855 
0.007862 
0.007866 
0.007886 
0.007884 
0.007892 
0.007897 
0.007905 
0.007920 
0.007911 
0.007926 
0.007930 
0.007933 
0.007938 
0.007945 



AR21I 
J.P.Veuillot 
A.M.Vuillot 

05-1-5 

NACA 0012: MACH - 1.2. ALI JHA-7 

ONERA. 

WALL VALUES - LOWER SIDE(Cont. ) 

x/C Z/C 1-P/PI INF CP MACH 1-PI/PI INF 

76 
77 
78 
79 
80 
81 
82 
83 
84 
85 

0.911054 
0.923112 
0.934532 
0.945319 
0.955503 
0.965138 
0.974299 
0.983085 
0.991610 
1 OOOOOO 

-0.011953 
-0.010407 
-0.008922 
-0.007500 
-0.0061*. 1 
-0.004839 
-0.003588 
-0.002374 
-0.001183 
0.000000 

0.618626 
0.620204 
0 621763 
0.623241 
0.624719 
0.626039 
0.627022 
0.630157 
0 632477 
0.607543 

-0.074585 
-0.078380 
-0.082132 
-0.085686 
-0.089242 
-0.092417 
-0.094782 
-0.102325 
-0.107907 
-0.047921 

1.253160 
1.256264 
1.259341 
1.262259 
1.265197 
1.267747 
1.269664 
1.277608 
1.285635 
1.231221 

0.007959 
0.007957 
0.007956 
0.007962 
0.007953 
0.008053 
0008109 
0.005871 
0.001340 
0.008463 

SLIP I-THE VALUES - LOWER SIDE 

N 

86 
87 
88 
89 
90 
91 
92 
93 
94 
9o 
96 
97 
98 
99 

100 
101 

X/C 

1.008407 
1.017144 
1.026938 
1.038925 
1.054362 
1.074558 
1.101042 
1.135669 
1.180595 
1.238223 
1.311152 
1.402163 
1.514235 
1.650141 
1.809283 
1.984134 

Z/C 

0.000876 
0.001886 
0.003112 
0.004561 
0.006406 
0.008826 
0.01;003 
0.016157 
0.021548 
0.02847 1 
0.037245 
0.048213 
0.061740 
0.078177 
0.097515 
Ò.1187i§ 

1-P/PI INF 

0.584586 
0.603196 
0 613952 
0.607187 
0.60504 1 
0.605083 
0.604462 
0.603545 
0.602473 
0 601166 
0.599554 
0.597757 
0.596084 
0.594842 
0 593988 
0.592707 

CP 

0.007305 
-0.037465 
-0.063340 
-0.04706S 
-0.041902 
-0.042003 
-0.040511 
-0.038304 
-0.035725 
-0.032580 
-0.028703 
-0.024381 
-0.020355 
-0.017367 
-0.015312 
-0.012230 

MACH 

1.180564 
1.219426 
1.247330 
1.232144 
1.225161 
1.225600 
1.224721 
1.222942 
1.220887 
1.218372 
1.215250 
1.211790 
1.208698 
1.206572 
1.204960 
1.202520 

1 -PI/PI INF 

0.017741 
0.012961 
0.003577 
0.006352 
0.010098 
0.009629 
0.009223 
0.009252 
0.009258 
0.009285 
0.009355 
0 009418 
C 09319 
0 '036 
0.^ 9037 
0.009075 



O.N.E.R.A. 

AR^Il 
J.P.Veuillot 
A.M.Vuillol 

05-1-6 

NACA 0012: MACH - 1.2, ALPHA - 7 

UPSTREAM X-AXIS VALUES 

N X/C Z/C 1-P/PI INF CP MACH 1-PI/PI INF 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

.000000 

.003210 

.006300 

.009500 

.012820 

.016240 

.019780 

.023430 

.027200 

.031090 

.035110 

.039270 
■ .043590 
.048090 

•052780 
■.0577 10 
-.062910 
-.068430 
-.074330 
-.080680 
-.087550 
-.096050 
- .103280 
- .112380 
- .122480 
- .133770 
- .146410 
- .160640 
- .176680 
- . 194820 
-215330 
- .238560 
-.264870 
-.294660 
- .328370 
- . 366480 
-.409530 
- 458100 
- 512790 
-.574300 
-.643360 
-.720760 
- 807350 
- .904060 

-1.011870 
-1.131840 
-1.265110 
-1.412890 
-1.576470 
-1.757230 
-1.956640 
-2.176260 
-2 417740 
-2.682850 
-2.973450 

0 000000 
0 000000 
0 000000 
0 000000 
0 000000 
0 000000 
0 000000 
0 000000 
0 000000 
0 000000 
0 000000 
0 000000 
0.000000 
0 000000 
0 000000 
0.000000 
0 000000 
0 000000 
0 000000 
0.000000 
0.000000 
0.000000 
0.000000 
0 000000 
0 000000 
0.000000 
0.000000 
0.000000 
0.000000 
0 000000 
0 000000 
0.000000 
0.000000 
0 000000 
0.000000 
0 000000 
0.000000 
0.000000 
0 000000 
0 000000 
0 000000 
0.000000 
0.000000 
0 000000 
0.000000 
0.000000 
0 000000 
0.000000 
0 000000 
0 000000 
0.000000 
0.000000 
0.000000 
0 000000 
0000000 

.056752 
057842 

.062607 

.073909 

.085187 

.096786 
108041 

.118834 

.129075 

.138786 

.147992 

.156736 

.165078 

.173059 

.180740 

.188173 

.195417 

.202503 

.209495 

.216433 
223348 

.230294 

.237295 

.244377 

.251563 
258874 

.266312 

.273891 

.281607 

.289453 

.297419 
305511 

.313726 

.321951 
330225 

.339354 

.349198 

.355227 

.355913 

.373619 

.439784 
532871 

.593258 

.601845 
590747 

.585668 

.586489 

.587760 

.587904 

.587639 
587551 

.587592 

.587633 

.587628 
587628 

1.277127 
1.274504 
1.263041 
1.235852 
1 208720 
1 . 180816 
1 153740 
1 127775 
1.103138 
1 079776 
1 057629 
1.036593 
1.016525 

.997325 
978846 

.960965 
943538 
926491 

.909670 

.897979 

.876343 
859633 
842791 
825753 

.808466 

.790878 

.772984 

.754751 

.736189 

.717313 

.698149 

.678682 

.658919 
639132 

.619227 

.597265 

.573584 
559079 

.557429 

.514833 
355659 

. 131718 
-.013556 
-.034214 
- 007516 

.004703 

.002728 
- .000330 
- 000676 
-.000039 

.000173 

.000074 
-.000024 
-.000012 
-.000012 

.276627 
262173 
281096 
308111 

.336742 

.363752 

.388569 
411186 

.431826 

.450760 

.468219 

.484425 

.499573 

.513826 

.527337 

.540238 

.552653 
564678 

.576422 

.587964 
599383 

. .610762 
.622148 
.633591 
.645135 
.656805 
.668625 
680607 

.692752 

.705054 

.717501 

.730108 

.742869 

.755650 

.768509 

.782436 

.797296 

.807559 

.811215 

.836056 

.928079 
1.083998 
1.213545 
1.234439 
1.207216 
1 194964 
1.197162 
1.200366 
1.200726 
1.200057 
1.199806 
1.199910 
1.200018 
1.200015 
1.200015 

.005252 

.011726 
009727 

.010893 

.010490 

.010326 

.010157 

.010064 

.009993 

.009947 

.009919 

.009897 

.009887 

.009875 

.009866 

.009859 

.009860 

.009854 
009853 

.009858 

. 009856 

.009858 

.009863 

.009868 

.009872 

.009884 

.009889 

.009900 

.009914 

.009930 

.009949 

.009970 

.009999 

.010003 

.009989 

.010214 

.010613 

.009715 

.007139 

.009770 

.022881 

.022124 
-.003971 
-.010226 
-.001825 

.001830 

.000953 
-.000145 
-.000265 
-.000035 

000079 
.000042 
.000001 

-.000007 
-.000007 

> 
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MBilUKg 

AR2I1 
J.P.Veuillol 
A.M.Vuillot 

NACA «012: MACH - 1.2. ALPHA-7 

UPPLR SURF ACE 

lOIaIER SURFACE 

CL= 0o5280 

CD- 0c1536 

cn= -O0I121 

r = 0a3046 

CL 

-1.0- ° 

-0.9- 

-C.9- 

-0.4- 

-o.a- 

-0.0- 

0.2 - 

0.4 - 

0.6 - 

0.8 - 

x/c 

CP* 
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05-1-8 

NACA 0012: MACH - 1.2. ALPHA-7 

0—e--G 

GOO 

UPPER SURFACE 

lOiaIER surface 

'1 

-laO- 

-0a8- 

-Oo0- 

Oq^- 

-Ooà- 

-OdO* 

0o2 - 

0 0 4 - 

OnS - 

0 = 8 - 

1.0 - 

1 = 2 — 

1.4 - 

Sf- 

z/c 



/ 

O.N.E.R.A. 
AR 211 

J.P.Veuillot 
A.M.Vuillot 

05-1-9 

NACA »012: MACH - 1.2, ALPHA - 7 

G-0-tí 

O O G LOITER SURFACE 

lo0 -i 

0d9 - 

0o8 

OoG - 

0d5 - 

0.4 

0.3 - 
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AR 21 I 

NACA 0012: MACH - 1.2, ALPHA - 7 

O.N.E.R.A. 

J.P.Veuillot 
A.M.Vuillot 

UPPER SURFACE 

LOUER SURFACE 

0 = 9 - 

0 = 8 - 

o»e - 

0 = 5 - 

0 = 4 - 

0 = 3 

0.2 - 

0.1 
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05-1- 

NACA 0012: MACH - 1.2. AL PHA = 7 

0„6 - 

0.4 - 

OOP UPPER SURFACE 

G o o surface 

2o0 

1 o ^ 

0c8 - 

0.2 - 

X/C 
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♦ 

i 

O.N.E.R.A. 

2d0 

0p8 - 

0 o s - 

0n4 “ 

AR 211 
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NACA 0012: MACH - 1.2. ALI >HA-7 

Q Q Q UPPER SURF 

GO O LOUER SURFACE 
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NACA 0012: MACH ■“ 1.2. ALPHA — 7 

Ü-0-Ö 

a o o 

0 D iO 



~0 ^ c UPPER SURFACE 

Q 0 0 LOUER SURFACE 

y ^ 

—- 
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NACA 0012- MACH“ 1.2. ALPHA-7 

RE9+DÜAL Ht^M 

M 

RB-RaHoSn OF (F - F )/DT 

05-1-15 

ITERATIONS 

__ _ 

-2.0 - 

-3.0 

-c.O - 
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NACA (K)l 2: MACH - 1.2. ALPHA - 7 
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NACA0012: MACH-1.2.ALI »HA - 7 

201X55 HESH PARTIAL VIEW (lOOCH CHORD) 
-— 

1 7 
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ISO-HACH LINES (Dn=o05 5CH CHORD) 
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ISO-HACH LIKINS (01^=002 ISCn CHORD) 



O.N.E.R.A. 



O N E R A. 
AR 211 

J .P. Veu ¡Hot 
A.M.Vuillol 

OS-1-25 

NACA 0012: MACH - 1.2. ALPHA - 7 
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NACA »012: MACH - 1.2. ALPHA - 7 
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AGARD FDP - WG 07 

TEST CASES FOR STEADY INVISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 05 

NACA 0012: MACH = 1.2, ALPHA = 7 

Contributor No 3 

C.C.Lytton 

(R.A.E., G.B.) 
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AR211 
C.C.Lytton 05-3-1 

NACA0012: MACH - I.2.AL PHA-7 

ALPHA 
7.000 

BY FORMULA o<x<i: 
NACA0012 1^200 

VERSION R7J KEEPS WALL. CELLS ROUGHLY SAME ASPECT RATIO 

AFTER K“!> CELL DEPTHS INCREASE IN GEOMETRIC PROGRESSION 

TOTAL CELL DEPTH --16.0»CHORD 

JL 
160 

KL 
24 

NEND 
0 

NPRNT 
0 

CP* 
0.2697 

P ( CR ) 
0.6309 

CPS 
1.3963 

P ( ST ) 
1.1942 

J X/C 7-/C 1-P/H CP M 1-PI/H 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
1.6 
17 
18 
19 
20 
21 
'•> o 

23 
24 
<;>c; D 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

1.000 
0.999 • 
0.997 • 
0.995 
0.992 
0.988 
0.983 
0.978 
0.972 
0.965 
0.957 
0.948 
0.939 
0.930 
0.919 
0.908 
0.896 
0.884 
0.871 
0.857 
0.843 
0.828 
0.813 
0.797 
0.781 
0.764 
0.747 
0.730 
0.712 
0.694 
0.675 
0.656 
0.637 
0.618 
0.599 
0.579 
0.559 
0.540 
0.520 
0.500 
0.480 
0.460 
0.441 
0.421 

-0.0000 
-0.0001 
-0.0004 
-0.0007 
-0.0011 
-0.0017 
-0.0024 
-0.0031 
-0.0040 
-0.0049 
-0.0060 
-0.0071 
-0.0083 
-0.0096 
-0.0109 
-0.0124 
-0.0138 
-0.0154 
-0.0170 
-0.0186 
-0.0203 
-0.0220 
-0.0238 
-0.0255 
-0.0273 
-0.0291 
-0.0309 
-0.0327 
-0.0345 
-0.0363 
-0.0381 
-0.0399 
-0.0416 
-0.0433 
-0.0449 
-0.0465 
-0.0480 
-0.0495 
-0.0509 
-0.0522 
-0.0534 
-0.0545 
-0.0556 
-0.0565 

0.6306 ■ 
0.6344 - 
0.6340 - 
0.633¾ ■ 
0.6330 • 
0.6324 
0.6316 
0.6308 
0.6300 
0.6290 
0.6279 
0.6267 
0.6255 
0.6242 
0.6228 
0.6214 
0.6199 
0.6184 
0.6169 
0.6153 
0.6136 
0.6120 
0.6103 
0.6086 
0.6068 
0.6050 
0.6032 
0.6014 
0.5995 
0.5976 
0.5957 
0.5936 
0.5915 
0.5893 
0.5870 
0.5845 
0.5818 
0.5792 
0.5764 
0.5735 
0.5702 
0.5667 
0.5629 
0.5590 

-0.1034 
■0.1125 
-0.1115 
-0.1105 
-0.1092 
-0.1077 
-0.1059 
-0.1040 
-0.1019 
-0.0995 
-0.0970 
-0.0941 
-0.0911 
-0.0880 
-0.0847 
-0.0813 
-0.0777 
-0.0741 
-0.0704 
-0.0665 
-0.0626 
-0.0586 
-0.0545 
-0.0504 
-0,0462 
-0.0419 
-0.0375 
-0.0332 
-0.0287 
-0.0241 
-0.0194 
-0.0145 
-0.0094 
-0.0041 
0.0016 
0.0076 
0.0139 
0.0204 
0.0270 
0.0341 
0.0419 
0.0504 
0.0594 
0.0688 

1.2815 
1.2881 
1.2870 
1.2860 
i» 2849 
1.2836 
1.2822 
1.2806 
1.2789 
1.2769 
1.2748 
1.2725 
1.2701 
1.2676 
1.2650 
1.2623 
1.2596 
1.2568 
1.2539 
1.2509 
1.2479 
1.2448 
1.2417 
1.2385 
1.2353 
1.2320 
1.2287 
1.2254 
1.2219 
1.2184 
1.2148 
1.2111 
1.2073 
1.2033 
1.1989 
1.1944 
1.1896 
1.1847 
1.1798 
1.1745 
1.1686 
1.1622 
1.1556 
1.1488 

0.0018 

0.0031 
0.0036 
0.0037 
0.0038 
0.0038 
0.0038 
0.0037 
0.0037 
0.0036 
0.0036 
0.0036 
0.0035 
0.0033 
0.0032 
0.0030 
0.0028 
0.0026 
0.0024 
0.0022 
0.0020 
0.0018 
0.0016 
0.0014 
0.0012 
0.0010 
0.0009 
0.0007 
0.0006 
0.0004 
0.0003 
0.0001 

-0.0000 
-0.0001 
-0.0002 
-0.0003 
-0.0004 
-0.0005 
-0.0006 
-0.0007 
-0.0007 
-0.0008 
-0.0009 
-0.0010 

f A 
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k At:. 
AR 211 C.C.Lytum 

NACA (HU 2: MAC H - 1.2. ALPHA - 7 

46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 

0.401 
0.382 
0.363 
0.344 
0.325 
0.306 
0.288 
0.270 
0 .253 
0.236 
0.219 
0.203 
0.187 
0.172 
0.157 
0.143 
0.129 
0.116 
0.104 
0.092 
0.081 
0.070 
0.061 
0.052 
0.043 
0.035 
0.028 
0.022 
0.017 
0.012 
0.008 
0.005 
0.003 
0.001 
0.000 

0.000 
0.001 
0.003 
0.005 
0.008 
0.012 
0.017 
0.022 
0.028 
0.035 
0.043 
0.052 
0.061 
0.070 
0.081 
0.092 
0.104 
0.116 
0.129 
0.143 
0.157 
0.172 
0.187 
0.203 
0.219 

-0.0573 
-0.0580 
-0.0586 
-0.0590 
-0.0593 
-0.0594 
-0.0594 
-0.0593 
-0.0590 
-0.0585 
-0.0579 
-0.0571 
-0.0562 
-0.0551 
-0.0538 
-0.0524 
-0.0508 
-0.0491 
-0.0472 
-0.0452 
-0.0430 
-0.0407 
-0.C383 
-0.0358 
-0.0331 
-0.0304 
-0.0275 
-0.0246 
-0.0216 
-0.0184 
-0.0153 
-0.0120 
-0.0086 
-0.0052 
-0.0018 

0.0018 
0.0052 
0.0086 
0.0120 
0.0153 
0.0184 
0.0216 
0.0246 
0.0275 
0.0304 
0.0331 
0.0358 
0.0383 
0.0407 
0.0430 
0.0452 
0.0472 
0.0491 
0.0508 
0.0524 
0.0538 
0.0551 
0.0562 
0.0571 
0.0579 

0.5549 
0.5503 
0.5454 
0.5403 
0.5344 
0.5288 
0.5224 
0.5154 
0.5090 
0.5003 
0.4924 
0.4839 
0.4748 
0.4647 
0.4546 
0.4432 
0.4311 
0.4185 
0.4045 
0.3901 
0.3743 
0.3572 
0.3387 
0.3185 
0.2963 
0.2718 
0.2447 
0.2136 
0.1793 
0.1398 
0.0973 
0.0508 
0.0087 

-0.0061 
0.0146 

0.0836 
0.1854 
0.2780 
0.3617 
0.4309 
0.4809 
0.5256 
0 * 5526 
0.5789 
0.6029 
0.6192 
0.6348 
0.6473 
0.6589 
0.6695 
0.6788 
0.6872 
0.6952 
0.7027 
0.7095 
0.7157 
0.7215 
0.7267 
0.7317 
0.7365 

0.0788 
0.0898 
0.1016 
0.1139 
0.1281 
0.1415 
0.1568 
0.1736 
0.1891 
0.2100 
0.2290 
0.2494 
0.2713 
0.2958 
0.3201 
0.3476 
0.3767 
0.4068 
0.4404 
0.4752 
0.5133 
0.5544 
0.5988 
0.6474 
0.7008 
0.7598 
0.8251 
0.8997 
0.9824 
1.0775 
1.1795 
1.2915 
1.3927 
1.4284 
1.3786 

1.2126 
0.9677 
0.7448 
0.5436 
0.3771 
0.2567 
0.1491 
0.0843 
0.0210 

-0.0368 
-0.0759 
-0.1135 
-0.1435 
-0.171'* 

-0.1970 
-0.2194 
-0.2o96 
-0.2588 
-0.2767 
-0,2931 
-0.3082 
-0.3220 
-0.3346 
-0.3466 
-0.3582 

1 . 1415 
1.1335 
1.1250 
1.1161 
1.1060 
1.0965 
1.0857 
1.0739 
1.0632 
1.0487 
1.0358 
1.0221 
1.0073 
0.9913 
0.9751 
0.9571 
0.9382 
0.9189 
0.8974 
0.8753 
0.8513 
0.8255 
0.7975 
0.7669 
0.7332 
0.6955 
0.6532 
0.6047 
0.5484 
0.4810 
0.4014 
0.2980 
0.1693 
0.0675 
0.1873 

0.3559 
0.5329 
0.6814 
0.8105 
0.9200 
0.9981 
1.0765 
1.1206 
1.1693 
1.2130 
1.2444 
1.2732 
1.2988 
1.3218 
1.3443 
1.3647 
1.3826 
1.4010 
1.4194 
1.4356 
1.4500 
1.4636 
1.4764 
1.4886 
1.5008 

-0.0011 
-0.0012 
-0.0014 
-0.0014 
-0.0016 
-0.0016 
-0.0018 
-0.0019 
-0.0021 
-0.0021 
-0.0023 
-0.0026 
-0.0026 
-0.0031 
-0.0032 
-0.0034 
-0.0036 
-0.0039 
-0.0043 
-0.0046 
-0.0050 
-0.0053 
-0.0055 
-0.0058 
-0.0060 
-0.006^ 

-0.0061 
-0.0067 
-0.0069 
-0.0078 
-0.0086 
-0.0095 
-0.0113 
-0.0094 
-0.0098 

-0.0003 
0.0116 
0.0149 
0.0167 
0.0162 
0.0195 
0.0160 
0.0199 
0.0186 
0.0206 
0 0209 
0.0241 
0.0243 
0.0263 
0.0271 
0.0273 
0.0286 
0.0287 
0.0275 
0.0276 
0.0288 
0.0297 
0.0304 
0.0312 
0.0316 

05-3-2 f 
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C.C.Lytton 05-3-3 

NACA 0012: MACH - 1.2, ALPHA - 7 

106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 

0.236 0.0585 
0.253 0.0590 
0.270 0.0593 
0.288 0.0594 
0.306 0.0594 
0.325 0.0593 
0.344 0.0590 
0.363 0.0586 
0.382 0.0580 
0.401 0.0573 
0.421 0.0565 
0.441 0.0556 
0.460 0.0545 
0.480 0.0534 
0.500 0.0522 
0.520 0,0509 
0.540 0.0495 
0.559 0.0480 
0.579 0.0465 
0.599 0.0449 
0.618 0.0433 
0.637 0.0416 
0.656 0.0399 
0.675 0.0381 
0.694 0.0363 
0.712 0.0345 
0.730 0.0327 
0.747 0.0309 
0.764 0.0291 
0.781 0.0273 
0.797 0.0255 
0.813 0.0238 
0.828 0.0220 
0.843 0.0203 
0.857 0.0186 
0.871 0.0170 
0.884 0.0154 
0.896 0.0138 
0.908 0.0124 
0.919 0.0109 
0.930 0.0096 
0.939 0.0083 
0.948 0.0071 
0.957 0.0060 
0.965 0.0049 
0.972 0.0040 
0.978 0.0031 
0.983 0.0024 
0.988 0.0017 
0.992 0.0011 
0.995 0.0007 
0,997 0.0004 
0.999 0.0001 
1.000 0,0000 

0.7411 
0.7455 
0.7494 
0.7532 
0.7567 
O.7600 
0.7633 
0.7664 
0.7694 
0.7722 
0.7747 
0.7770 
0.7791 
0.7810 
0.7828 
0.7845 
0.7861 
0.7876 
0.7890 
0.7904 
0.7916 
0.7929 
0.7941 
0.7952 
0.7963 
0.7974 
0.7984 
0.7994 
0.8004 
0.8014 
0.8023 
0.8032 
0.8041 
0.8050 
0.8059 
0.8067 
0.8075 
0.8083 
O8091 
0.8098 
0.8105 
0.8112 
0.8119 
0.8125 
0.8131 
0.8136 
0.8141 
0.8145 
0.8149 
0.8153 
0.8156 
0.8158 
0.8161 
0.7952 

-0.3693 
-0.3797 
-0.3893 
-0.3982 
-0.4066 
-0.4148 
-0.4226 
-0.4302 
-0.4373 
-0.4440 
-0.4502 
-0.4556 
-0.4606 
-0.4651 
-0.4695 
-0.4736 
-0.4774 
-0.4811 
-0.4845 
-0.4877 
-0.4908 
-0.4938 
-0.4966 
-0.4994 
-0.5021 
-0.5046 
-0.5071 
-0.5095 
-0.5119 
-0.5142 
-0.5165 
-0.5187 
-0.5209 
-0.5230 
-0.5250 
-0.5270 
-0.5290 
-0.5309 
-0.5327 
-0.5345 
-0.5362 
-0.5379 
-0.5395 
-0.5410 
-0.5424 
-0.5437 
-0.5448 
-0.5459 
-0.5468 
-0.5477 
-0.5484 
-0.5489 
-0.5496 

0.4993 

1.5128 
1.5243 
1.5352 
1.5458 
1.5558 
I. .565/ 

1.5751 
1.5844 
1.5932 
1.6015 
1.6090 
1.6157 
1.6217 
1.6273 
1.6329 
1.6382 
1.6434 
1.6484 
1.6532 
1.6577 
1.6619 
1.6660 
1.6699 
1.6736 
1.6772 
1.680/ 

1.6841 
1.6874 
1.6908 
1.6941 
1.6975 
1.7008 
1.7040 
1.7071 
1.7102 
1.7133 
1.7162 
1.7192 
1.7221 
1.7249 
1.7277 
1.7304 
1.7331 
1.7356 
1.7381 
1.7403 
1.7424 
1.7443 
1.7461 
1.7477 
1.7490 
1.7502 
1.7514 
1.7110 

0.0319 
0.0319 
0.0318 
0.0313 
0.0309 
0.0304 
O.0302 
0.0299 
0.0298 
0.0297 
0.0297 
0.0299 
0.0302 
0.0304 
0.0305 
0.0304 
0.0301 
0,0297 
0.0293 
0.0290 
0.0288 
0.0286 
0.0285 
0.0285 
0.0285 
0.0285 
0.0285 
0.0285 
0.0284 
0.0282 
0.0280 
0.0277 
0.0274 
0.0271 
0.0268 
0.0265 
0.0262 
0,0259 
0.0256 
0.0252 
0.0248 
0.0243 
0.0238 
0.0233 
0.0227 
0.0221 
0.0216 
0.0211 
0.0205 
0.0200 
0.0196 
0.0190 
0.0187 

-0.0280 



NAC A0012: MACH- I.2.AI.HHA-7 

K X/C Z/C 1-P/H CP M 

1 1.000 -0.0002 
2 1.001 -0.0004 
3 1.002 -0.0005 
4 1.006 -0.0007 
5 1.014 -0.0010 
6 1.030 -0.0014 
7 1.058 -0.0020 
8 1.103 -0.0029 
9 1.171 -0.0043 

10 1.274 -0.0063 
11 1.415 -0.0091 
12 1.595 -0.0126 
13 1.823 -0.0171 
14 2.111 -0.0227 
15 2.474 -0.0298 
16 2.932 -0.0388 
17 3.508 -0.0501 
18 4.234 -0.0644 
19 5.148 -0.0824 
20 6.299 -0.1050 
21 7.749 -0.1334 
22 9.578 -0.1694 
23 11.907 -0.2151 
24 15.163 -0.2789 

0.6082 -0.0495 
0.6165 -0.0694 
0.6202 -0.0785 
0.6078 -0.0485 
0.6124 -0.0595 
0.6109 -0.0560 
0.6086 -0.0506 
0.6070 -0.0466 
0.6034 -0.0380 
0.6003 -0.0304 
0.5987 -0.0266 
0.5978 -0.0244 
0.5956 -0.0191 
0.5938 -0.0149 
0.5923 ~0.0J.13 
0.5911 -0.0083 
0.5904 -0.0066 
0.5895 -0.0046 
0.5885 -0.0022 
0.5879 -0.0006 
0.5872 0.0010 
0.5886 -0.0023 
0.5952 -0.0182 
0.6020 -0.0345 

1.2371 
1.2558 - 
1.2643 - 
1.2380 
1.2460 
1.2430 
1.2382 
1.2338 
1.2261 
1.2198 
1.2158 
1.2123 
1,2072 
1.2038 
1.2027 
1.2027 
1.2027 
1.2011 
1.1989 
1.1969 
1.1949 
1.1971 
1.2082 
1.2226 

K X/C Z/C 1-P/H CP M 

1 -0.002 0.0020 
2 -0.005 0.0024 
3 -0.011 0.0029 
4 -0.020 0.0037 
5 -0.034 0.0048 
6 -0.056 0.0064 
7 -0.088 0.0085 
8 -0.135 0.0113 
9 -0.201 0.0150 

10 -0.291 0.0196 
11 -0.411 0.0253 
12 -0.569 0.0324 
13 -0.775 0.0410 
14 -1.039 0.0515 
15 -1.377 0.0643 
16 -1.807 0.0798 
17 -2.353 0.09R8 
18 -3.045 0.1219 
19 -3.920 0.1501 
20 -5.028 0.1848 
21 -6.431 0.2276 
22 -8.214 0.2805 
23 -10.530 0.3476 
24 -13.982 0.4440 

0.0646 
0.0535 
0.0764 
0.1052 
0.1424 
0.1826 
0.2214 
0.2578 
0.2917 
0.3229 
0.3542 
0.5248 
0.5876 
0.5876 
0.5876 
0.5876 
0.5876 
0.5876 
0.5876 
0.5876 
0.5876 
0.5876 
0.5876 
0.5876 

1.2583 
1.2851 
1.2299 
1.1606 
1.0710 
0.9743 
0.8810 
0.7934 
0.7120 
0.6369 
0.5615 
0.1510 
0.0001 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.3288 
0.3210 
0.3500 
0.4061 
0.4737 
0.5423 
0.6056 
0.6630 
0.7153 
0.7636 
0.8121 
1.0792 
1.1999 
1.2000 
1.2000 
1.2000 
1.2000 
1.2000 
1.2000 
1.2000 
1.2000 
1.2000 
1.2000 
1.2000 

1-PI/H 

0.0023 
0.0012 
0.0026 
0.0001 
0.0012 
0.0015 
0.0021 
0.0036 
0.0048 
0.0052 
0.0065 
0.0088 
0.0100 
0.0101 
0.0079 
0.0048 
0.0032 
0.0031 
0.0037 
0.0046 
0.0056 
0.0061 
0.0077 
0.0058 

1-PI/H 

-0.0081 
-0.0166 
-0.0053 
-0.0024 
-0.0000 
0.0017 
0.0025 
0.0033 
0.0038 
0.0038 
0.0036 
0.0111 

-0.0000 
0.0000 
0.0000 
0.0000 
-0.0000 
-0.0000 
-0.0000 
0.0000 
0.0000 
0.0000 

-0.0000 
0.0000 



NACA 0012: MACH - 1.2, ALPHA - 7 

CL® 0*52138 CD® 0.15422 CM® -0*11086 

GAMMA AROUND PROFILE ® 0.28627 

K GAMMA 

1 0.29126 
2 0.30175 
3 0.29830 
4 0.29836 
5 0.29800 
6 0.29757 
7 0.29715 
8 0.29566 
9 0.29324 

10 0.28962 
11 0.28775 
12 0.28468 
13 0.28477 
14 0.28022 
15 0.27655 
16 0.27621 
17 0.27327 
18 0.26940 
19 0.26679 
20 0.26521 
21 0.26085 
22 0.26133 
23 0.26119 
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NACA 0012 M • F C.C.LYTTON 

MACH NO. • 1.20 INCIDENCE* 7.00 CL* 0.521 
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NACA tMII 2: MACH- 1.2, ALI 3HA — 7 

§6e ACARDOS NACA0012 M = 1.2 a =7. 
Grid 

The grid for ACARDOS is the same as for AGARD04. 

The grid for AGARD04 is presented in Figures 4a - 4e, with the full extent 
given in Fig. 4a and closeups in Figs. 4b - 4e. There are 34 points in the wake 
from the trailing edge to the far field right boundary. A total of 181 points 
are distributed on the body (91 on the upper and 90 on the lower surface) 
with clustering at the leading edge (minimum Ax = 0.001) and clustering 
at the trailing edge (minimum Ax = 0.005). The minimum spacing in the 
normal direction is dy — 0.005 and exponential stretching is used to the 
outer boundary. The physical extent of the domain is 2.0 < x < 8.0 and 
-12.0 < y < 12.0. 

Convergence Histories 
The residual and AQ histories are given in Figs. 5a - 5d. In this case, 

we converge about 10 orders of magnitude in 1600 iterations. Convergence 
histories for CL, Cd,and Cpm are shown in Figs. 5e - 5g. The jump in the 
residuals, see Fig. 5a, is due to a change in the boundary condition similar to 
what occurred in AG ARDO 1. For AGARD05 the solution was sensitive to the 
stagnation enthalpy boundary condition at least in the initialization phase. 
The run was therefore started with the old density extrapolation boundary 
condition and then after 200 steps the new enthalpy condition was turned on 
for the remainder of the iterations. Convergence rates were not affected. 

Surface Plots 
Surface values are plotted versus x and y in Figs. 5h - 5q. This case also 

has an oblique shock at the trailing edge and, as seen in the contour plots, a 
bow shock in front of the airfoil. The same strategy for the upwind operators 
that was used for AGARD04 was used for this case. 

Tabulated data for the surface values are presented in Table 5. The 
converged values for lift, drag, and moment are 

CL = 0.51965, CD = 0.15431, Cpm = -0.11020, 

with computed circulation T = 0.2995. 
Flowfield Contours 

Flowfleld contours for this case are presented in Figs, or - 5w. Mach con¬ 
tours in Fig. 5r show the bow shock and trailing edge shock system. In Fig. 
5u, a farfield view is shown, demonstrating how far away the farfield boun¬ 
daries are from any large gradients in the solution. Again, good stagnation 
values are obtained, see Fig. 5w. 

/! 
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NACA (Ml 12: MACH - 1.2. ALPHA - 7 

NACAff12 

K/C 

8.ffffff 
6.948697 
6.f54345 
5.293813 
4.647080 
4.f97118 
3.629445 
3.23175f 
2.893563 
2 605978 
2.361425 
2.153463 
1.976619 
1.826236 
1.698365 
1.S896f9 
1.497134 
1.418496 
1.351625 
1 29476f 
1.24t>4*? 

1.2*5282 
1.170314 
1.140578 
1.115292 
1.093789 
1.075503 
1.059954 
1.046731 
1.035487 
1.025925 
1.017794 
1.010890 
1.005000 
1.000000 
0.995001 
0.990001 
0.985001 
0.980000 
0.974873 
0.969372 
0.963457 
0.957094 
0.950200 
0.942748 
0.93/659 
0.925859 
0.916258 
0.905757 

Mach - 1.200 

V/C 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

-0.000713 
-0.001422 
-0.002127 
-0.002927 
-0.003541 
-0.004302 
-0.005114 
-0.005982 
-0.006913 
-0.007911 
-0.008985 
-0.010142 
-0.011390 
-0.012739 

Alpha - 7.000 

1-P/PI Inf 

0.587959 
0.587858 
0.587840 
0.588080 
0.588666 
0.589455 
0.590226 
0.590860 
0.691409 
0.592027 
0.592854 
0.693924 
0.595166 
0.596459 
0.697716 
0.598907 
0.600045 
0.601139 
0.602180 
0.603176 
0.604075 
0.604881 
0.605585 
0.606042 
0.606748 
0.607079 
0.608179 
0.609083 
0.608824 
0.614504 
0.610451 
0.630939 
0.598554 
0.668831 
0.587091 
0.603290 
0.633284 
0.633493 
0.632900 
0.632225 
0.631416 
0.630453 
0.629384 
0.628305 
0.627281 
0.626275 
0.625149 
0.623823 
0.622383 

Raaulta on tha airfoil aurfaco 

.000565 

.000565 

.000523 

.001099 

.002509 

.004408 

.006263 

.007789 

.009108 

.010596 

.012583 

.015159 

.018146 

.021257 

.024281 

.027146 

.029884 

.032515 

.035020 

.037417 

.039578 

.041517 

.043211 

.044312 

.046010 

.046805 

.049453 

.051626 

.051003 

.064669 

.054918 

.104207 

.026297 

.195363 

.001279 

.037691 

.109847 

.110350 

.108924 

.107301 

.105364 

.103036 

.100466 

.097869 

.095406 

.092985 

.090276 

.087088 

.083622 

Mach 

1.195829 
1.195829 
1.195618 
1.195736 
1.196505 
1.197824 
1.199288 
1.200548 
1.201588 
1.202684 
1.204143 
1.206081 
1.208368 
1.210768 
1.213225 
1.215770 
1.217879 
1.219014 
1.220491 
1.224019 
1.228073 
1.230403 
1.231372 
1.231317 
1.231210 
1.230747 
1.231352 
1.232332 
1.230872 
1.240729 
1.234407 
1.269377 
1.216659 
1.322060 
1.245629 
1.326887 
1.290333 
1.288727 
1.287540 
1.286452 
1.285077 
1.283289 
1.281171 
1.278879 
1.276630 
1.274489 
1.272320 
1.269996 
1.267263 

l-P1/P 11nf 

0.005886 
0.005987 
0.006218 
0.006642 
0.007062 
0.007263 
0.007234 
0.007142 
0.007126 
0.007208 
0.007329 
0.007428 
0.007497 
0.007550 
0.007449 
0.007075 
0.007145 
0.008380 
0.009044 
0.006922 
0.003854 
0.002817 
0.003317 
0.004545 
0.006469 
0.007912 
0.009899 
0.010900 
0.012155 
0.013699 
0.011651 
0.018905 
0.005041 
0.054345 

-0.063342 
-0.140336 
-0.002827 
-0.000078 
-0.000087 
-0.000450 
-0.000789 
-0.000983 
-0.001007 
-0.000822 
-0.000540 
-0.000351 
-0.000441 
-0.000844 
-0.000995 

1-T1/T1nf 

-0.000070 
-0.000070 
-0.000083 
-0.000049 
0.000012 
0.000038 
0.000009 

-0.000034 
-0.000052 
-0.000037 
-0.000010 
0.000016 
0.000032 
0.000029 

-0.000005 
-0.000021 
0.000037 
0.000027 

-0.000205 
-0.000382 
-0.000180 
0.000235 
0.000589 
0.000844 
T.001046 
0.001026 
0.001124 
0.000953 
0.000802 
0.000956 

-0.000087 
0.001343 

-0.002217 
-0.001890 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

« 
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N.A.S.A. AMES 

N4CA«H2 Mach ■ i.201 Alpha ■ 7.fff Rasulta on tha airfoil aurfaca 

N X/C V/C l-P/F11nf Cp 
Mach i-M/M Inf 1-T1/T1nf 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
6f 
61 
62 
63 
64 
65 
66 
67 
68 
69 
7f 
71 
72 
73 
74 
75 
76 
77 
78 
79 
8f 
81 
82 
83 
84 
85 
86 
87 
88 
89 
9f 
91 
92 
93 
94 
95 
96 
97 
98 
99 

f.894243 
0.881584 
0.867636 
0.852234 
0.835199 
0.816336 
0.795446 
0.772331 
0.746817 
0.718778 
0.688173 
0.655081 
0.619747 
0.582597 
0.544240 
0.505413 
0.466913 
0.429494 
0.393791 
0.360264 
0.329188 
0.300671 
0.274693 
0.251142 
0.229853 
0.210632 
0.193281 
0.177604 
0.163420 
f.150563 
0.138884 
0.128249 
0.118543 
0.109663 
0.101520 
0.094034 
0.087137 
0.080768 
0.074875 
0.069412 
0.064337 
0.059615 
0.055214 
0.051107 
0.047267 
0.043673 
0.040306 
0.037147 
0.034182 
0.031397 

-0.014199 
-0.015782 
-0.017499 
-0.019362 
-0.021385 
-0.023677 
-0.025948 
-0.028503 
-0.031239 
-0.034144 
-0.037190 
-0.040332 
-0.043504 
-0.046623 
-0.049590 
-0.052303 
-0.064671 
-0.056625 
-0.058129 
-0.059177 
-0.059792 
-0.060014 
-0.059897 
-0.059495 
-0.058860 
-0.058041 
-0.057078 
-0.056006 
-0.054854 
-0.053644 
-0.052394 
-0.051118 
-0.049827 
-0.048530 
-0.047232 
-0.045939 
-0.044655 
-0.043381 
-0.042119 
-0.040870 
-0.039636 
•0.038415 
-0.037208 
-9.036015 
-0.034835 
-0.033667 
-0.032511 
-0.031366 
-0.030231 
-0.029104 

0.620946 
0.619447 
0.617731 
0.615780 
0.613768 
0.611856 
0.609623 
0.606805 
0.604189 
0.601528 
0.598009 
0 ..504362 
0.590667 
0.586171 
0.580925 
0.575593 
0.569414 
0.562255 
0.554674 
0.544238 
0.535840 
0.528543 
0.517513 
0.507679 
0.498063 
0.488152 
0.478220 
0.468301 
0.458427 
0.448629 
0.438912 
0.429265 
0.419689 
0.410154 
0.400681 
0.391220 
0.381790 
0.372340 
0.362892 
0.353389 
0.343856 
0.334224 
0.324535 
0.314705 
0.304791 
0.294685 
0.284476 
0.274026 
0.263448 
0.252581 

-0.080166 
-0.076559 
-0.072433 
-0.067739 
-0.062898 
-0.058297 
-0.052925 
-0.046147 
-0.039854 
-0.033450 
-0.024985 
-0.016213 
-0.007324 
0.003493 
0.016115 
0.028942 
0.043805 
0.061027 
0.079267 
0.104373 
0.124575 
0.142129 
0.168664 
0.192323 
0.215456 
0.239298 
0.263193 
0.287056 
0.310808 
0.334380 
0.357758 
0.380965 
0.404001 
0.426941 
0.449729 
0.472489 
0.495177 
0.517911 
0.540640 
0.563500 
0.586434 
0.609608 
0.632916 
0.656563 
0.680415 
0.704726 
0.729286 
0.754427 
0.779874 
0.806016 

1.263937 
1.260736 
1.258202 
1.254767 
1.249610 
1.245910 
1.242954 
1.236715 
1.231205 
1 ..22-74-49 
1.220015 
1.213123 
1.206412 
1.197970 
1.188487 
1.178597 
1.167677 
1.154421 
1.141705 
1.123049 
1.107737 
1.096823 
1.078356 
1.061556 
1.045976 
1.029602 
1.013320 
0.997906 
0.981783 
0.966592 
0.951079 
0.936211 
0.921137 
0.906552 
0.891783 
0.877345 
0.862746 
0.848330 
0.833704 
0.819144 
0.804323 
0.789434 
0.774215 
0.758796 
0.742955 
0.726768 
0.710068 
0.692843 
0.674997 
0.656439 

-0.000327 
0.000014 

-0.001091 
-0.001577 
0.000069 
0.000058 

-0.001748 
-0.000655 
f .0000M 

-0.001332 
-0.000719 
-0.000691 
-0.000967 
-0.000868 
-0.001137 
-0.000978 
-0.001367 
-0.000885 
-0.001883 
-0.001509 
-0.000619 
-0.002670 
-0.003058 
-0.002758 
-0.003296 
-0.003275 
-0.003230 
-0.004015 
-0.003731 
-0.004250 
-0.004132 
-0.004507 
-0.004429 
-0.004740 
-0.004667 
-0.004871 
-0.004800 
-0.004909 
-0.004761 
-0.004745 
-0.004498 
-0.004332 
-0.003934 
-0.003574 
-0.002972 
-0.002372 
-0.001516 
-0.000615 
0.000546 
0.001786 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
to .000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
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NACA 0012: MAC H - 1.2, ALPHA - 7 

NACA0«12 Mach - i.210 Alpha - 7.#«* Raaulta on tha airfoil aurfaco 

X/C V/C 1-f/f11nf Cp Mach \-f\tf\Inf l-T1/T1nf 

•.»2077« 
0.126315 
0.023398 
0.021819 
0.019769 
0.017841 
0.016030 
0.014330 
0.012738 
0.011248 
0.009857 
0.008564 
0.007366 
0.006262 
0.005250 
0.004331 
0.003503 
0.002766 
0.002121 
0.001568 
0.001102 
0.000713 
0.000405 
0.000101 
0.000045 
0.000000 
0.000045 
0.000181 
0.000405 
0.000713 
0.001102 
0.001568 
0.002121 
0.002766 
0.003503 
0.004331 
0.005250 
0.006262 
0.007366 
0.008564 
0.009857 
0.011247 
0.012738 
0.014330 
0.016030 
0.0178.1 
0.019769 
0.021819 
0.023998 
0.026315 

-0.027986 
-0.026874 
-0.025768 
-0.024666 
-0.023568 
-0.022472 
-0.021378 
-0.020283 
-0.019189 
-0.018092 
-0.016993 
-0.015890 
-0.014784 
-0.013673 
-0.012559 
-0.011441 
-0.010320 
-0.009198 
-0.008077 
-0.006965 
-0.005854 
-0.004724 
-0.003569 
-0.002393 
-0.001202 
0.000000 
0.001202 
0.002393 
0.003569 
0.004724 
0.005854 
0.006965 
0.008077 
0.009198 
0.010320 
0.011441 
0.012559 
0.013673 
0.014784 
0.015890 
0.016993 
0.018092 
0.019189 
0.020283 
0.021378 
0.022472 
0.023568 
0.024666 
0.025767 
0.026874 

0.241584 
0.230241 
0.218766 
0.206919 
0.194960 
0.182596 
0.170148 
0.157311 
0.144460 
0.131262 
0.118165 
0.104847 
0.091841 
0.078863 
0.066589 
0.054828 
0.044398 
0.035300 
0.028391 
0.023849 
0.022551 
0.024452 
0.030665 
0.041037 
0.055903 
0.074781 
0.097861 
0.124347 
0.152609 
0.181432 
0.210428 
0.239487 
0.268013 
0.295432 
0.321802 
0.346902 
0.370599 
0.392807 
0.413663 
0.433106 
0.451331 
0.468313 
0.494179 
0.498979 
0.512080 
0.523895 
0.538194 
0.549918 
0.560526 
0.670530 

0.032471 
0.859761 
0.887366 
0.915866 
0.944636 
0.974382 
1.004328 
1.035210 
1.066125 
1.097878 
1.129385 
1.161423 
1.192713 
1.223934 
1.253461 
1.281755 
1.306847 
1.328735 
1.345355 
1.356292 
1.359405 
t.354832 
1.339886 
1.314933 
1.279169 
1.233755 
1.178231 
1.114513 
1.046522 
0.977101 
0.907425 
0.837617 
0.768891 
0.702931 
0.639492 
0.579100 
0.522099 
0.460672 
0.418498 
0.371726 
0.327881 
0.¿87026 
0.248857 
0.213254 
0.181735 
0.153312 
0.118913 
0.090707 
0.065187 
0 041120 

0.637149 
0.616942 
0.595978 
0.573691 
0.55*541 
0.526048 
0.500509 
0.473427 
0.445253 
0.415349 
0.384373 
0.351518 
0.317713 
0.281938 
0.245469 
0.207062 
0.168274 
0.127779 
0.087945 
0.046066 
0.004622 
0.039493 
0.093187 
0.120890 
0.173828 
0.221038 
0.269905 
0.319356 
0.367499 
0.412646 
0.457841 
0.607261 
0.560264 
0.606583 
0.654626 
0.701670 
0.748995 
0.792728 
0.837140 
0.077210 
0.917733 
0.953626 
0.989702 
1.021369 
1.051066 
1.075528 
1.107437 
1.133138 
1.156117 
1.176547 

0.003293 
0.004867 
0.006737 
0.008673 
0.010820 
0.012998 
0.015284 
0.017524 
0.019731 
0.021749 
0.023547 
0.024999 
0.026036 
0.026582 
0.026623 
0.026156 
0.025322 
0.024229 
0.023121 
0.022399 
0.022536 
0.023386 
0.025961 
0.029839 
0.035783 
0.042749 
0.061013 
0.060222 
0.069756 
0.079640 
0.088373 
0.093464 
0.094155 
0.096650 
0.095619 
0.092734 
0.086801 
0.081068 
0.072042 
0.064400 
0.053889 
0.045748 
0.035208 
0.027489 
0.018730 
0.013628 
0.004827 

-0.001668 
-0.005731 
-0.010241 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
fl. 000000 
0.000000 
0.000000 
0.000000 
i.Uããit 
0.000000 
0.98BBBB 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

I 



! 

N A S A. AMES 
AR 211 

T.H.Pulliam 
J.T.Barlon 

05-S-5 \ 

NACA (KM 2: MACH - 1.2. ALPHA - 7 

NACAff12 Mach ■ l.Zff Alpha ■ 7.«* Rasulta on tha airfoil surfaca 

N X/C V/C 1-F/f11nf Cp Mach l-F1/f11nf 1-T1/T1nf 

15« 
151 
152 
153 
154 
155 
156 
15 
158 
159 
16« 
161 
162 
163 
164 
165 
166 
167 
168 
169 
17« 
171 
172 
173 
174 
175 
176 
177 
178 
179 
18« 
181 
182 
183 
184 
185 
186 
187 
188 
189 
19« 
191 
192 
193 
194 
195 
196 
197 
198 
199 

«.«28778 
«.«31397 
«.«34182 
«.«37147 
«.«4«3«6 
«.«43673 
«.«47267 
«.«511«6 
«.«55214 
«.«59615 
».«64337 
«.«69412 
«.074875 
0.080768 
0.087137 
0.094034 
0.101520 
0.109663 
0.118543 
0.128249 
0.138884 
0.150563 
0.163420 
0.177604 
0.193281 
0.210632 
0.229853 
0.251143 
0.274693 
0.300671 
0.329188 
0.360264 
0.393791 
0.429494 
0.466913 
0.506413 
0.544240 
0.582598 
0.619747 
0.655082 
0.688173 
0.718779 
0.746818 
0.772332 
0.795447 
0.816337 
0.835199 
0.852235 
0.867637 
0.881585 

0.027986 
0.029104 
0.030231 
0.031366 
0.032611 
0.033667 
0.034835 
0.036016 
0.037208 
0.038415 
0.039635 
0.040870 
0.042119 
0.043381 
0.044655 
0.045939 
0.047232 
0.048630 
0.049827 
0.051118 
0.062394 
0.053644 
0.054854 
0.056006 
0.057078 
0.058041 
0.058860 
0.059495 
0.069897 
0.060014 
0.059792 
0.059177 
0.058129 
0.056625 
0.054671 
0.052303 
0.049590 
0.046623 
0.043504 
0.040332 
0.037189 
0.034144 
0.031239 
0.028603 
0.025948 
0.023577 
0.021385 
0.019362 
0.017499 
0.015782 

0.579754 
0.588340 
0.596405 
0.604054 
0.611374 
0.618420 
0.625237 
0.631793 
0.638116 
0.644222 
0.650147 
0.655938 
0.661625 
0.667221 
0.672732 
0.678186 
0.683635 
0.689129 
0.694682 
0.700233 
0.705710 
0.711133 
0.716616 
0.722229 
0.727898 
0.733509 
0.739099 
0.744750 
0.750384 
0.756055 
0.761237 
0.766937 
0 770687 
0.775266 
0.779564 
/7.783293 

.786404 
0.789339 
0.792022 
0.794198 
0.796169 
0.798087 
0.799742 
0.801161 
0.802526 
0.803831 
0.804996 
0.806029 
0.806998 
0.807937 

0.018931 
-0.001724 
-0.021127 
-0.039527 
-0.057140 
-0.074089 
-0.090488 
-0.106261 
-0.121473 
-0.136162 
-0.150416 
-0.164346 
-0.178029 
-0.191490 
-0.204748 
-0.217870 
-0.230978 
-0.244194 
-0.257554 
-0.270908 
-0.284084 
-0.297131 
-0.310322 
-0.323824 
-0.337463 
-0.360962 
-0.364409 
-0.378003 
-0.391557 
-0.405201 
-0.417666 
-0.428974 
-0.440401 
-0.461417 
-0.461757 
-0.470728 
-0.478212 
-0.485272 
-0.491728 
-0.496961 
-0.501703 
-0.506317 
-0.610299 
-0.513712 
-0.516996 
•0.520136 
-0.522938 
-0.625423 
-0.627756 
-0.530013 

1.195602 
1.212759 
1.228889 
1.244423 
1.259483 
1.274031 
1.287977 
1.301232 
1.313844 
1.326046 
1.338124 
1.350247 
1.362373 
1.374300 
1.385872 
1.397200 
1.408769 
1.420983 
1.433788 
1.446713 
1.459222 
1.471486 
1.484432 
1.498417 
1.512591 
1.526344 
1.540486 
1.555580 
1.570556 
1.585191 
1.598764 
1.612023 
1.625956 
1.639273 
1.652252 
1.663502 
1.672827 
1.682344 
1.690725 
1.697208 
1.704036 
1.710540 
1.715316 
1.719859 
1.724970 
1.729479 
1.732942 
1.736204 
1.739798 
1.743397 

-0.013259 
-0.015064 
-0.016537 
-0.018026 
-0.019485 
-0.020747 
-0.021568 
-0.021919 
-0.021799 
-0.021497 
-0.021324 
-0.021394 
-0.021560 
-0.021508 
0.020988 

-0.020072 
-0.019284 
-0.019039 
-0.019197 
-0.019270 
-0.018710 
-0.017693 
-0.017163 
-0.017372 
-0.017305 
-0.016469 
-0.015910 
-0.016133 
-0.015821 
-0.014400 
-0.012986 
-0.012765 
-0.012985 
-0.012665 
-0.012751 
-0.012536 
-0.012061 
-0.012534 
-0.012326 
-0.011570 
-0.012253 
-0.012625 
-0.011598 
-0.011358 
-0.012214 
-0.012413 
-0.011697 
-0.011326 
-0.011772 
-0.012368 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
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NACA »012: MACH ~ 1.2, ALPHA - 7 

NACA**12 Mach - 1.2** Alpha • 7 *** Raault» on tha airfoil aurfaca 

N X/C Y/C 1-P/P11nf Cp Mach 1-P1/P11nf 1-T1/T1nf 

2f* 
2*1 
2*2 
2*3 
2*4 
2*5 
206 
2*7 
208 
2*9 
21* 
211 
212 
213 
214 
215 
216 
217 
218 
219 
22* 
221 
222 
223 
224 
225 
226 
227 
228 
229 
23* 
231 
232 
233 
234 
235 
236 
237 
238 
239 
24* 
241 
242 
243 
244 
245 
246 
247 
248 
249 

0.894243 
0.9*5758 
0.916259 
0.925859 
0.93466* 
0.942748 
0.95*201 
0.957*84 
0.963458 
0.969372 
0.974873 
0.980000 
0.985**1 
0.990**2 
0.995**1 
1.*00**0 
1.0*500* 
1.010880 
1.017794 
1.025925 
1.035487 
1.046731 
1.059954 
1.075503 
1.093789 
1.115292 
1.140578 
1.170314 
1.205282 
1.246403 
1.294760 
1.351625 
1.418496 
1.497134 
1.589609 
1.698355 
1.826236 
1.976619 
2.153463 
2.361425 
2.605978 
2.893563 
3.231760 
3.629445 
4.097118 
4.647080 
6.293813 
6.054345 
6.948697 
8.000000 

0.014199 
0.012739 
0.011390 
0.010142 
0.008985 
0.007911 
0.006913 
0.005982 
0.005113 
0.004301 
0.003541 
0.002827 
0.002127 
0.001422 
0.000713 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
8.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.808829 
0.809653 
0.810394 
0.811061 
0.C11671 
0.812244 
0.812793 
0.813322 
0.813833 
0.814327 
0.814802 
0.815250 
0.815647 
0.814995 
0.777749 
0.666434 
0.668831 
0.598554 
0.630939 
0.610451 
0.614504 
0.608824 
0.609083 
0.608179 
0.607079 
0.606748 
0.606042 
0.605585 
0.604881 
0.604075 
0.603176 
0.602180 
0.601139 
0.600045 
0.598907 
0.597716 
0.596459 
0.595166 
0.593924 
0.592854 
0.592027 
0.591409 
0.590860 
0.590226 
0.589455 
0.588666 
0.588080 
0.587840 
0.587858 
0.587858 

-0.532160 
-0.534143 
-0.535923 
-0.537529 
-0.538997 
-0.540374 
-0.541696 
-f.542969 
-0.544199 
-0.545387 
-0.546530 
-0.547606 
-0.548563 
-0.546993 
-0.457389 
-0.189598 
-0.195363 
-0.026297 
-0.104207 
-0.054918 
-0.064669 
-0.151003 
-0.051626 
-0.049453 
-0.046805 
-0.046010 
-0.044312 
-0.043211 
-0.041517 
-0.039578 
-0.037417 
-0.035020 
-0.032515 
-0.029884 
-0.027146 
-0.024281 
0.021257 

-J.018146 
-0.015159 
-0.012583 
-0.010596 
-0.009108 
-0.007789 
-0.006263 
-0.004408 
-0.002509 
-0.001099 
-0.000523 
-0.000565 
-0.000565 

1.746508 
1.749020 
1.751221 
1.753302 
1.755483 
1.757760 
1.759946 
1.762108 
1.764114 
1.765814 
1.767378 
1.768862 
1.770204 
1.771803 
1.814385 
1.793620 
1.322060 
1.216659 
1.269377 
1.234407 
1.240729 
1.230872 
1.232332 
1.231352 
1.230747 
1.231210 
1.231317 
1.231372 
1.230403 
1.228073 
1.224019 
1.220491 
1.219014 
1.217879 
1.215770 
1.213225 
1.210768 
1.208368 
1.206081 
1.204143 
1.202684 
1.201588 
1.200548 
1.199288 
1.197824 
1.196505 
1.195736 
1.195618 
1.195829 
1.195829 

-0.012436 
-0.011922 
-0.011365 
-0.010997 
-0.011081 
-0.011502 
-0.011903 
-0.012367 
-0.012682 
-0.012612 
-0.012429 
-0.012269 
-0.012157 
-0.018218 
-0.305437 
-0.897999 
0.054345 
0.005041 
0.018905 
0.011651 
0.013699 
0.012155 
0.010900 
0.009899 
0.007912 
0.006469 
0.004545 
0.00J317 
0.002817 
0.003854 
0.006922 
0.009044 
0.008380 
0.007145 
0.007075 
0.007449 
0.007550 
0.007497 
0.007428 
0.007329 
0.007208 
0.007126 
0.007142 
0.007234 
0.007263 
0.007062 
0.006642 
0.006218 
0.005987 
0.005986 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

-0.001890 
-0.002217 
0.001343 

-0.000087 
0.000956 
0.000802 
0.000953 
0.001124 
0.001026 
0.001046 
0.000844 
0.000589 
0.000235 

-0.000180 
-0.000382 
-0.000205 
0.000027 
0.000037 

-0.000021 
-0.000005 
0.000029 
0.000032 
0.000016 

-0.000010 
-0.000037 
-0.000052 
-0.000034 
0.000009 
0.000038 
0.000012 

-0.000049 
-0.000083 
-0.000070 
-0.000070 
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NACA 0(112: MACH - 1.2. ALPHA-7 

GRID 
RGflRDGFH - NflCR0012 grLd 

249x41 BRIO 

Figure 4b 
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NACA 0012: MACH - 1.2, ALPHA - 7 

N.A.S.A. AMES 

GRID 
flGflRDGR4 - NRCF!0012 grid 

>i 

249x41 

Figure 4c 

GRID 



GRID 
ñGflRDGR4 - NflCfl0012 grLd 
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NACA 0012: MACH - 1.2, ALPHA - 7 

ñGRRDOS case NRCR0012 

M “ 1.2 Rlpha = 7.0 

grid : agardga4 case : agardeS 
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NASA AMI S 

NACA (KM 2: MACH - 1.2. ALPHA-7 

RGflRDOS case NflCfí0012 

M - 1.2 Alpha “ 7.0 

grid : (]gardga4 — case : agardeS 



N A S A. AMI S 

AK2II 
T.H.Pulliam 
J.T.Barton 

NACA (MM 2: MACH - 1.2. ALPHA- 7 

RGRRD05 case NRCR0012 

M “ 1.2 RLpha * 7.0 

grid : agardga4 " case : agardeR 
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1 
NACA0012: MACH- I.2.ALPHA-7 

fiGflRDOS case NfíCñ0012 

M - 1.2 fíLpha » 7.0 

grid : agardga4 — case : agardeS 

i -i 

o 

o. 

o_ 

r - 
o 

-p ^-i = 

c 
(D<p " 
Ê O, 
O r-l = 

y 
-C d 
UT 

•*•> o_ 
_) '—I = 

Q_ : 
OI 

V2- 
■^2 - 
C 1 œ on 

. -> ^ 
o„ : 
--^71 
C*- O 
<4- 
© : 
03 - 
°'o: 

o. 

I 

o 

I - 

o 

(0 

I 

o 

Figure 5g 

0.0 -100.0 800.0 

ITERATION 
1200.0 1600.0 

.. 



Pt
OO

 
p
.O
 

0
.1
 

0
.2
 

0
.3
 

0
.4
 

0
.5
 

0
.6
 

0
.7
 

0
.8
 

0
.9

 

N A S A. AMES 

T.H.Pulliam 
J.T.Barton 

Í 

AR 21 I 05-5-19 1 
NACA 0012: MACH - 1.2. ALPHA - 7 

g 

surface: pressure 
RGñRDOS NflCR0012 

M - 1.2 RLPHñ = 7.0 
1.200 M.. 
7.00' o. 

249x41 GRID I 
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NACA (MM 2: MACH - 1.2. ALPHA - 7 

SURFRCE PRESSURE COEFFICIENT ,.20o m. 
RGRRD05 NRCR0012 7.oo* « 
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05-5-2.4 

SURFACE MACH NUMBER 
RGflRDOB NflCRQ012 M-1.2 FILPHR - 7.0 

SCRLE CHANGED FOR M 5CM - 1 UNIT 
1.200 11. 
7.00* o 

259x41 GRID 

Figure 51 
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NACA 0012: MACH - 1.2, ALPHA - 7 

H 

SURFñCE MfíCH NUMBER 
RGñRDOB NflCñ0012 

M “ 1.2 flLPhñ “ 7.0 

1.200 M» 
7.00° o. 

249x41 GRID 

_ Figure 5n 
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NACA 0012: MACH - 1.2, ALPHA-7 

SURFACE STAGNATION TEMPERATURE 
RGflRDGS NRCR0012 

M - 1.2 RLPHR - 7.0 

1.200 n. 
7.00' a 

249x41 GRID 

Figure 5q 
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MfiCH NUMBER CONTOURS 
RGRRD05 NRCR0012 M - 1.2 RLPHR 

SCALE CHRNGED 2cm - 1 UNIT 
- 7. 

CONTOUR LEVELS 
0.050000 
0.100000 
0.150000 
0.200000 
0.250000 
0.300000 
0.350000 
0.400000 
0.450000 
0.500UOO 
0.550000 
0.600000 
0.650000 
0.700000 
0.750000 
0.800000 
0.850000 
0.900000 
0.950000 
1.000000 
1.050000 
1.100000 
1.150000 
1.200000 
1.250000 
1.300000 
1.350000 
1.400000 
1.450000 
1.500000 
1.550000 
1.600000 
1.650000 
1.700000 
1.750000 
1.800000 
1.850000 
1.900000 
1.950000 
2.000000 
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NACA (MH 2: MACH - 1 2. ALPHA - 7 

MRCH NUMBER CONTOURS 
RGRRDOS NRCR0012 M - 1.2 RLPHR - 7. 

SCRLE CHANGED 2cm - 1 UNIT 

CONTOUR LEVELS 
0.050000 
0.100000 
0.150000 
0.200000 
0.250000 
0.300000 
0.350000 
0.400000 
0.450000 
0.500000 
0.550000 
0.600000 
0.650000 
0.700000 
0.750000 
0.800000 
0.850000 
0.900000 
0.950000 
1.000000 
1.050000 
1.100000 
1.150000 
1.200000 
1.250000 
1.300000 
1.350000 
1.400000 
1.450000 
1.500000 
1.550000 
1.600000 
1.650000 
1.700000 
1.750000 
1.800000 
1.850000 
1.900000 
1.950000 
2.000000 

Figure 5s 
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N.A.S.A. AMES 

AR 211 
T.H.Pulliam 
J.T.Barton 

05-5-31 

NAC A 0012: MAC H - 1.2. ALPHA - 7 

CONTOUR LEVELS 
0.05C000 
0.100000 
0.150000 
0.200000 
0.250000 
0.300000 
0.350000 
0.400000 
0.450000 
0.500000 
0.5500UÛ 
0.600000 
0.650000 
0.700000 
0.750000 
0.800000 
0.850000 
0.900000 
0.950000 
1.000000 
1.050000 
1.100000 
1.150000 
1.200000 
1.250000 
1.300000 
1.350000 
1.400000 
1.450000 
1.500000 
1.550000 
1.600000 
1.650000 
1.700000 
1.750000 
1.800000 
1.950000 
1.900000 
1.950000 
2.000000 

rí 
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N.A.S.A. AMES 
AR 211 

T.H.Pulliam 
J.T.Barton 

05-5-32 

NACA (1012: MACH-1.2, ALI JHA - 7 

H 
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N A S A. AMES 

AR 211 
T.H.Pulliam 
J.T.Barlon 

05-5-33 i 

NACA0012: MACH- 1.2,ALPHA-7 

PRESSURE CONTOURS 
ñGñRDOS NñCñ0012 M - 1.2 RLPHfl - 7. 

SCALE CHANGED 2cm - 1 UNIT 

CONTOUR LEVELS 
0.150000 
0.175000 
0.200000 
0.225000 
0.250000 
0.275000 
0.300000 
0.325000 
0.350000 
0.375000 
0.400000 
0.425000 
0.450000 
0.475000 
0.500000 
0.525000 
0.550000 
0.575000 
0.600000 
0.625000 
0.650000 
0.675000 
0.700000 
0.725000 
0.750000 
0.775000 
0.800000 
0.825000 
0.850000 
0.875000 
0.900000 
0.925000 
0.950000 
0.975000 

1.200 
7.00* 

249x41 

M. 
& 

GRID 

Figure 5v 



N A S A. AMES 
AR 211 T.H.Pulliam 

J.T.Barton 
OÎ-5-34 

NACA 0012: MACH - 1.2, ALPHA - 7 

STAGNATION PRESSURE CONTOURS 
RGRRD05 NRCA0012 M - 1.2 RLPHR - 7. 

SCRLE CHANGED 2cm - 1 UNIT 
CONTOUR LEVELS 

1.000000 
1.100000 
1.200000 
1.300000 
1.400000 
1.500000 
1.600000 
1.700000 
1.600000 

1.200 n. 
7.00' » 

243x41 GRID 

Figure 5w 
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TEST CASES FOR STEADY INVISCTD 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 05 

NACA 0012: MACH = 1.2, ALPHA = 7 

Contributor No 6 

M.D.Salas and J.C.South, Jr 

(N.A.S.A. — Langley, U.S.A.) 
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N A S A. LANGLEY 
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AR 211 
M.D.Salas 
J.C.South. Jr 05-6-1 

NACA 0012: MACH - 1.2, ALPHA - 7 

NASA Langley Research Center - AGARD case 05 
NACA 0012 Mach-1.2 alpha-7.000 (deg) 
Cl-0.5177 Cd-0.1538 Cm—0.1103 



N A S A. LANGLEY 
AR2II 

M.P.Salas 
J.C.South, Jr 

05-6-2 

NACA 0012: MACH - 1.2, ALPHA - 7 

N x/c 
1 .000115 
2 .000575 
3 .001500 
4 .002890 
5 .004755 
6 .007100 
7 .009915 
8 .013200 
9 .016960 

10 .021195 
11 .025895 
12 .031055 
13 .036675 
14 .042750 
15 .049270 
16 .056235 
17 .063640 
18 .071470 
19 .079725 
20 .088400 
21 .097480 
22 .106960 
23 .116830 
24 .127085 
25 .137720 
26 .148720 
27 .160080 
28 .171785 
29 .183825 
30 .196190 
31 .208870 
32 .221860 
33 .235140 
34 .248700 
35 .262530 
36 .276620 
37 .290955 
38 .305520 
39 .320305 
40 .335290 
41 .350465 
42 .365820 
43 .381335 
44 .396995 
45 .412785 
46 .428690 
47 .444695 
48 .460780 
49 .476930 
50 .493130 

y/c 
.001330 
.003980 
.006610 
.009215 
.011790 
.014330 
.016830 
.019290 
.021710 
.024085 
.026405 
.028670 
.030880 
.033030 
.035115 
.037135 
.039085 
.040960 
.042760 
.044480 
.046115 
.047665 
.049125 
.050495 
.051775 
.052960 
.054050 
.055040 
.055935 
.056730 
.057420 
.058010 
.058500 
.058890 
.059180 
.059370 
.059460 
.059455 
.059355 
.059160 
.058870 
.058490 
.058030 
.057485 
.056855 
.056150 
.055370 
.054520 
.053600 
.052615 

1-P/Piinf 
.084274 
.148004 
.219641 
.290818 
.355763 
.409187 
.454500 
.492046 
.523865 
.550715 
.572486 
.589186 
.604956 
.618452 
.630594 
.640759 
.651013 
.659210 
.667567 
.675159 
.682402 
.688584 
.695396 
.700477 
.706314 
.711087 
.716569 
.721341 
.725032 
.729750 
.734128 
.738107 
.741621 
.744986 
.748305 
.751776 
.755047 
.757801 
.760604 
.762859 
.765944 
.768370 
.770252 
.772542 
.774510 
.776386 
.778491 
.779739 
.781906 
.783120 

Cp 

1.210917 
1.057600 

.885261 

.714028 

.557791 

.429267 

.320257 

.229931 

.153384 

.088790 

.036416 
-.003761 
-.041698 
-.074165 
-.103376 
-.127831 
-.152499 
-.172219 
-.192323 
-.210587 
-.228011 
-.242883 
-.259271 
-.271495 
-.285538 
-.297020 
-.310207 
-.321687 
-.330568 
-.341918 
-.352449 
-.362021 
-.370477 
-.378572 
-.386556 
-.394907 
-.402774 
-.409400 
-.416144 
-.421568 
-.428991 
-.434826 
-.439354 
-.444864 
-.449599 
-.454112 
-.459175 
-.462178 
-.467391 
-.470312 

Mach 
.331852 
.465400 
.588642 
.707352 
.810407 
.892510 
.965925 

1.030656 
1.084545 
1.133532 
1.171385 
1.203449 
1.232158 
1.259587 
1.282484 
1.304222 
1.324582 
1.342767 
1.360035 
1.377610 
1.393124 
1.407940 
1.423283 
1.435592 
1.449409 
1.460950 
1.474644 
1.486471 
1.495876 
1.508048 
1.519204 
1.529927 
1.539095 
1.548447 
1.557155 
1.567053 
1.575719 
1.583874 
1.591521 
1.598355 
1.606932 
1.614038 
1.619501 
1.626635 
1.631997 
1.638051 
1.643960 
1.648144 
1.654528 
1.658156 

1-Pi/Piinf 
.011718 
.011679 
.013396 
.009790 
.007712 
.008814 
.007198 
.003108 
.002600 

-.000391 
.001024 

-.000705 
.000689 

-.001060 
.000489 

-.001101 
.000014 

-.001263 
-.000364 
-.001763 
-.000957 
-.002167 
-.001756 
-.002422 
-.002445 
-.002577 
-.003089 
-.003152 
-.003407 
-.003739 
-.003619 
-.004167 
-.004044 
-.004626 
-.004296 
-.004959 
-.004457 
-.005185 
-.004841 
-.005495 
-.005111 
-.005244 
-.005205 
-.005805 
-.005101 
-.005780 
-.005143 
-.005748 
-.005411 
-.005259 
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fe'. 

f 
I 

N A S A. LANGLEY 
AR211 

M.D.Salas 
J.C.South. Jr 

05-6-3 

NACA 0012: MACH - 1.2, ALPHA-7 

N 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 

x/c 
.509365 
.525615 
.541860 
.558085 
.574270 
.590400 
.606460 
.622430 
.638285 
.654015 
.669600 
.685020 
.700265 
.715310 
.730140 
.744740 
.759090 
.773175 
.786975 
.800475 
.813665 
.826525 
.839040 
.851195 
.862975 
.874365 
.885350 
.895915 
.906050 
.915740 
.924970 
.933735 
.942015 
.949795 
.957065 
.963815 
.970035 
.975710 
.980825 
.985370 
.989335 
.992700 
.995450 
.997570 
.999035 
.999800 
.999800 
.999035 
.997570 
.995450 

y/c 
.051575 
.050475 
.049320 
.048115 
.046865 
.045575 
.044245 
.042880 
.041485 
.040065 
.038625 
.037160 
.035680 
.034190 
.032685 
.031175 
.029665 
.028155 
.026650 
.025155 
.023670 
.022200 
.020745 
.019310 
.017905 
.016525 
.015175 
.013865 
.012590 
.011355 
.010165 
.009025 
.007940 
.006905 
.005930 
.005020 
.004175 
.003395 
.002685 
.002055 
.001505 
.001035 
.000645 
.000345 
.000140 
.000030 

-.000030 
-.000140 
-.000345 
-.000645 

1-P/Piinf 
.784533 
.785954 
.787250 
.788748 
.789820 
.790910 
.792069 
.792815 
.794140 
.794913 
.795590 
.797008 
.797514 
.798480 
.799465 
.800214 
.800900 
.801806 
.802412 
.803115 
.804136 
.804463 
.805739 
.806296 
.806787 
.807675 
.808222 
.808785 
.809753 
.810060 
.811614 
.810984 
.812533 
.812554 
.812698 
.814884 
.812681 
.815679 
.815418 
.814712 
.815537 
.815558 
.820440 
.808576 
.829443 
.815992 
.670127 
.652990 
.622102 
.643029 

Cp 
-.473711 
-.477128 
-.480247 
-.483852 
-.486429 
-.489051 
-.491840 
-.493635 
-.496821 
-.498681 
-.500311 
-.503721 
-.504940 
-.507263 
-.509632 
-.511434 
-.513084 
-.515264 
-.516722 
-.518414 
-.520869 
-.521657 
-.524727 
-.526065 
-.527248 
-.529384 
-.530700 
-.532054 
-.534383 
-.535120 
-.538860 
-.537345 
-.541070 
-.541121 
-.541466 
-.546727 
-.541427 
-.548638 
-.548012 
-.546312 
-.548296 
-.548347 
-.560092 
-.531551 
-.581752 
-.549392 
-.198482 
-.157254 
-.082946 
-.133291 

I 

Mach 
1.662706 
1.667077 
1.671047 
1.675702 
1.678928 
1.682590 
1.686078 
1.688593 
1.692670 
1.695061 
1.697499 
1.701914 
1.703263 
1.706995 
1.709610 
1.712410 
1.714350 
1.717870 
1.719159 
1.722412 
1.724816 
1.727026 
1.730324 
1.732834 
1.733885 
1.738125 
1.738341 
1.742210 
1.743691 
1.746831 
1.749554 
1.750166 
1.753160 
1.755966 
1.753407 
1.763951 
1.753791 
1.768518 
1.759779 
1.767751 
1.759490 
1.771969 
1.772355 
1.752911 
1.835949 
1.722900 
1.368350 
1.315246 
1.273799 
1.294915 

^ - 

1-Pi./ Pilnf 
-.005541 
-.005482 
-.005363 
-.005286 
-.005047 
-.005356 
-.005043 
-.005234 
-.004959 
-.004799 
-.005167 
-.004865 
-.004401 
-.005256 
-.004302 
-.004792 
-.004284 
-.005049 
-.003930 
-.005293 
-.003726 
-.005409 
-.003849 
-.004790 
-.003836 
-.005668 
-.003137 
-.006082 
-.003241 
-.006412 
-.002313 
-.006599 
-.002904 
-.007079 
-.002399 
-.006715 
-.003074 
-.009390 

.002542 
-.013501 

.003619 
-.015377 

.010917 
-.023686 
-.035481 

.059762 
-.004216 

.018317 
-.010582 

.017735 

‘1 
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N A S A. LANGLEY 
AR 211 

M.D.Salas 
J.C.South.Jr 

05-()-4 

NACA 0012: MACH - 1.2. ALI JHA-7 

N 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 

x/c 
.992700 
.989335 
.985370 
.980825 
.975710 
.970035 
.963815 
.957065 
.949795 
.942015 
.933735 
.924970 
.915740 
.906050 
.895915 
.885350 
.874365 
.862975 
.851195 
.839040 
.826525 
.813665 
.800475 
.786975 
.773175 
.759090 
.744740 
.730140 
.715310 
.700265 
.685020 
.669600 
.654015 
.638285 
.622430 
.606460 
.590400 
.574270 
.558085 
.541860 
.525615 
.509365 
.493130 
.476930 
.460780 
.444695 
.428690 
.412785 
.396995 
.381335 

y/c 
-.001035 
-.001505 
-.002055 
-.002685 
-.003395 
-.004175 
-.005020 
-.005930 
-.006905 
-.007940 
-.009025 
-.010165 
-.011355 
-.012585 
-.013860 
-.015175 
-.016525 
-.017905 
-.019310 
-.020745 
-.022200 
-.023670 
-.025155 
-.026650 
-.028155 
-.029665 
-.031175 
-.032685 
-.034185 
-.035675 
-.037155 
-.038620 
-.040065 
-.041485 
-.042880 
-.044245 
-.045575 
-.046865 
-.048115 
-.049315 
-.050465 
-.051570 
-.052615 
-.053595 
-.054515 
-.055370 
-.056150 
-.056855 
-.057485 
-.058030 

1-P/Piinf 
.629062 
.636929 
.627835 
.635925 
.630614 
.631292 
.629223 
.628107 
.629574 
.625660 
.625930 
.624549 
.623561 
.621501 
.621284 
.619810 
.618608 
.616886 
.615398 
.615137 
.612782 
.611753 
.610176 
.608913 
.607708 
.606203 
.604724 
.603668 
.601319 
.600448 
.598765 
.597632 
.595548 
.594102 
.592447 
.590685 
.588668 
.586693 
.584909 
.581927 
.580294 
.578558 
.575138 
.572559 
.570320 
.567311 
.563578 
.560696 
.557289 
.552869 

Cp 
-.099692 
-.118617 
-.096739 
-.116201 
-.103425 
-.105055 
-.100078 
-.097393 
-.100924 
-.091507 
-.092156 
-.088834 
-.086456 
-.081500 
-.080980 
-.077432 
-.074540 
-.070399 
-.066820 
-.066191 
-.060526 
-.058050 
-.054257 
-.051217 
-.048318 
-.044699 
-.041141 
-.038600 
-.032949 
-.030853 
-.026804 
-.024078 
-.019066 
-.015586 
-.011605 
-.007367 
-.002514 

.002238 

.006529 

.013704 

.017632 

.021809 

.030035 

.036239 

.041627 

.048865 

.057846 

.064779 

.072974 

.083607 

Mach 
1.284715 
1.285634 
1.279829 
1.285151 
1.284357 
1.277059 
1.280194 
1.271880 
1.279878 
1.268004 
1.271647 
1.266385 
1.266489 
1.260723 
1.261553 
1.257686 
1.256074 
1.252075 
1.249635 
1.248624 
1.244661 
1.241930 
1.239567 
1.236466 
1.234698 
1.231329 
1.228866 
1.226465 
1.222401 
1.220196 
1.217568 
1.214831 
1.211472 
1.208117 
1.205554 
1.201735 
1.198381 
1.194290 
1.191289 
1.185523 
1.182533 
1.179325 
1.173116 
1.168157 
1.164255 
1.158636 
1.151976 
1.146563 
1.140661 
1.132586 

1-Pi/Piinf 
-.006686 

.013438 
-.003372 

.011356 
-.001990 

.009654 
-.000124 

.008043 

.001251 

.006705 

.002548 

.005922 

.003165 

.005429 

.003753 

.005038 

.004041 

.004875 

.004257 

.004922 

.004102 

.005075 

.004164 

.005038 

.004307 

.004937 

.004447 

.004947 

.004400 

.005116 

.004374 

.005147 

.004393 

.005215 

.004504 

.005175 

.004637 

.005171 

.004769 

.005088 

.005061 

.005080 

.005008 

.005334 

.005117 

.005333 

.005245 

.005552 

.005319 

.005594 

t 
-f* 

«pmMir i 

# . 
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N 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 

1 

N.A.S.A. LANGLEY 

x/c 
.365820 
.350465 
.335290 
.320305 
.305520 
.290955 
.276620 
.262530 
.248700 
.235140 
.221860 
.208870 
.196190 
.183825 
.171785 
.160080 
.148720 
.137720 
.127085 
.116830 
.106960 
-097480 
.088400 
.079725 
.071470 
.063640 
.056235 
.049270 
.042750 
.036675 
.031055 
.025895 
.021195 
.016960 
.013200 
.009915 
.007100 
.004755 
.002890 
.001500 
.000575 
.000115 

y/c 
-.058490 
-.058865 

.059155 
-.059355 
-.059455 
-.059460 
-.059370 
-.059180 
-.058890 
-.058500 
-.058010 
-.057420 
-.056730 
-.055935 
-.055040 
-.054050 
-.052960 
-.051775 
-.050495 
-.049125 
-.047665 
-.046110 
-.044475 
-.042760 
-.040960 
-.039085 
-.037135 
-.035115 
-.033030 
-.030880 
-.028670 
-.026405 
-.024085 
-.021710 
-.019290 
-.016830 
-.014325 
-.011785 
-.009215 
-.006610 
-.003975 
-.001325 

^ u 
AR 211 M.D.Salas 

J.C.South, Jr 05-6-5 

NACA 0012: MACH - 1.2, ALPHA-7 

1-P/Piinf 
.549223 
.545189 
.541622 
.536714 
.530971 
.526484 
.521094 
.515024 
.508958 
.502868 
.496683 
.490346 
.483451 
.474520 
.466623 
.458913 
.449642 
.440905 
.430546 
.421233 
.410886 
.397882 
.386678 
.374677 
.360119 
.346153 
.330174 
.313604 
.295358 
.275978 
.254204 
.231233 
.205638 
.177598 
.146977 
.115230 
.081652 
.050564 
.024478 
.009920 
.012900 
.037822 

Cp 

.092380 

.102085 

.110666 

.122473 

.136288 

.147083 

.160051 

.174652 

.189246 

.203897 

.218775 

.234021 

.250608 

.272093 

.291091 

.309640 

.331944 

.352962 

.377884 

.400288 

.425179 

.456465 

.483418 

.512288 

.547312 

.580909 

.619351 

.659212 

.703107 

.749730 

.802112 

.857373 

.918948 

.986405 
1.060072 
1.136446 
1.217224 
1.292013 
1.354769 
1.389791 
1.382623 
1.322666 

Mach 
1.126113 
1.119C04 
1.112623 
1.104153 
1.093998 
1.086210 
1.077001 
1.066514 
1.056218 
1.045874 
1.035498 
1.024885 
1.013429 

.998807 

.985623 

.973265 

.958164 

.944048 

.927685 

.912491 

.896477 

.875869 

.858182 

.839532 

.816871 

.794940 

.770403 

.744142 

.716046 

.685009 

.650857 

.612919 

.570986 

.522078 

.467092 

.403858 

.331841 

.243200 

.147671 

.037092 

.077355 

.206196 

1-Pi/Piinf 
.005625 
.005639 
.005807 
.005708 
.005973 
.006053 
.006034 
.006236 
.006291 
.006429 
.006492 
.006605 
.006701 
.006688 
.007070 
.006935 
.007152 
.007317 
.007202 
.007713 
.007424 
.007683 
.007908 
.007902 
.007992 
.008297 
.008105 
.008641 
.008358 
.008939 
.008630 
.009365 
.009090 
.009702 
.009439 
.010028 
.008893 
.010671 
.009506 
.008966 
.008759 
.008881 

! 

V 

^-- 

: t » 

# . 





A
IR

F
O

IL
 

C
P

 
N.A.S.A. LANGLEY 

AR211 
M.D.Salas 
JC.South.Jr 

05-6-7 

NACAOOl2: MACH-1.2,ALPHA-7___ 



/ 
i'urrrmr nimiir-i.y. t M ^ ■"'< '■ «tä j. ■■«1 ' 

N A S A. LANGLEY 

AR 211 

1 
M.ILSalas 
J.C'.South, Jr 

05-6-8 

NACA 0012: MACH - 1.2. ALPHA - 7 

'1 



/ 

‘1 
N A S A. l.AN(¡L.EY 

AR 211 
M.D.Salas 
J.C.South. Jr 

05-6-9 

NACA 0012: MACH - 1.2. ALPHA - 7 
r ' 



AR 211 

/ 

N A S A. LANGLEY 

M.l).Salas 
J.C.South. Jr 

(15-6-I(I 

NACA 0012: MACH- 1.2, ALPHA-7 

‘1 

1.0 



-P
/P

S
T

fiG
 

1.0 

.9 

.8 

.7 

.6 

.5 

.1 

.3 

.2 

.1 

OL 
1_ 

-.075 

w&nkmmmm 

-- 

-1 

N AS A. LANGLEY 

-.060 

AR 21 I Ml).Salas 
J.C.Soulh. Jr 

05-6-1 I 

NACA 0012: MACH « 1.2. ALPHA - 7 

± 
-.026 

-L 
0 

Y/C 
.025 .060 .075 

- 

,» * 

t . 

■.,.... / . . 



AR 211 M.D.Salas 
J.C.South. Jr 

05-6-12 

NACA 1)012: MACH - 1.2. ALPHA - 7 

N.A.S.A. LANGLEY 

X IO* 

. . 
r- ' 

.. ■jfmjtÊ' T. 

zi jai i 





AR 211 

/ 

N A S A. LANGLEY 

M.D.Salas 
J.C.South, Jr 

05-6-14 

NACA 0012: MACH - 1.2. ALPHA - 7 



CP
 

BE
H

IN
D

 



I 

I 

i.sor- 

1.25 

1.00 

.75 

oc 
Œ 
> 

I 
<J> 

.50 

O CL 

□ CD 

O CM 

__ ^Q-o-o-o-o-o-o-o-o o o 

.25 

-.25 

-.50 

A, 

Ll J—X—¿ 
500 iOOO 1S00 2000 

ITERATIONS 
2600 3000 



N.A.S.A. LANGLEY 
AR 21 1 M.D.Salas 

J.C.South.Jr 
05-6-17 

NACA 0012: MACH - 1.2, ALPHA - 7 







05-6-20 

/ 

N A S A. I ANtiLEY 

AR 211 

M.D.Salits 
J.C.Soulh. Jr 

NACA 0012: MACH - 1.2. ALPHA-7 

I 



I 
/ 

N.A.S.A. LANGLEY 

BWBMBWMWMaMMWW—iH#i m ■ — 

AR 211 
- M.D.Salas 

J.C South. Jr 
()5-ft-21 

NACA (Mil 2: MACH - 1.2. ALPHA - 7 

I 







AGARD FDP — WO 07 

TEST CASES FOR STEADY IN VISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 05 

NACA 0012: MACH *= 1.2, ALPHA = 7 

Contributor No 8 

A.Rizzi 

(F.F.A., Sweden) 



/ 

I 

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
¿0 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

< 
m 
cc 

i 

F.F.A. 

X/C 

-0.001496 
-0.004322 
-0.008361 
-C.C13733 
-0.019634 
-0.026342 
-C.0Î5 739 
-C.046319 
-0.060716 
-0.078227 
-0.100325 
-0.128212 
-C.16333a 
-0.207457 
-0.26266o 
-C.331475 
-0.416367 
-0.522383 
-C.65221 7 
-0.811323 
-1.C05547 
-1.241 774 
-1.528109 
-1.874077 
*2.290369 
:2.791620 
-3.391 740 
-4.109295 
-4.965463 
-5.935052 
-7.177122 
-8.635695 

AR2I1 A.Rizzi 05-8-1 

NACA (Mil 2: MACH - 1.2. ALPHA « 7 

y/c 

o. cococo 
Ú.C0G0C J 
0. cococo 
c. cococo 
0. cococo 
o.coooco 
J.CJC0C0 
O.COCJOO 
o.coooo0 
0. cococo 
0. cococo 
Q.COCOO 0 
c.cococo 
C.COCOCJ 
0.COCOCO 
0. cococo 
o.cocooo 
O.COOOO0 
O.COOOCO 
0.cococo 
O.C0COCÛ 
C.COOOCÛ 
o.coooco 
G.00C0C 0 
o.coooco 
o.cocooo 
o.coooco 
o.cocooo 
C.COCOC 0 
o.coooco 
c.cococo 
o.coooco 

1 -F7FIINF 

C.C5Í296 
C.C65386 
C.C7108 7 
O.C 3990 4 
t.106754 
C.1 28037 
C.148256 
C.17C041 
C.191211 
C.212727 
0.233636 
C.254157 
C.272970 
C.292413 
C.211329 
C.328495 
G.346324 
C.279931 
0.446754 
C.Î 25369 
C.579579 
C.594190 
C.591412 
C.587194 
C.5 8648» 
t.537453 
C.537765 
C.537697 
C.537605 
0.537593 
C.537613 
0.587625 

CP 

1.273412 
1.256355 
1.242642 
1.197373 
1.136636 
1.105635 
1 ,C5o 99 4 
1.104536 
0.95365a 
0.901894 
0.851593 
0.602225 
0.754561 
0.707787 
0.663464 
0.623390 
0.579295 
0.499649 
0.33839J 
C.138940 
0.C19352 

*0.Cl 5 799 
-0.CÜ9115 
0.CJ1033 
0.CO224a 
0.C0G9C9 

-O.C0C390 
■0.C00179 
O.C00044 
O. C00Ü6Q 
P. C00011 

-0.CJ03C5 

SOME MESH OS FOR 
TEST COSE 01 

f* ACM 1-PI7PIINF 

0.263307 
0.272844 
0.307874 
0.346375 
0.390229 
C.430852 
0.4719CS 
0.510339 
0.548115 
C.583016 
0.618569 
C.651483 
0.633029 
C.713394 
C.742132 
0.748386 
0.7965C0 
0.844126 
0.943364 
1.CS4495 
1.132921 
1.214149 
1.208067 
1.199186 
1.197976 
1.199654 
1.200334 
1.200166 
1.199959 
1.199950 
1.199990 
1.200005 

C.C09562 
O.C14555 
O.C 07463 
O.C1C 929 
O.C 07760 
O.C 09331 
C.C079C1 
0.C086C9 
0.C07956 
C.C 08 259 
O.C 07980 
O.C 08045 
O.C07911 
O.C 08012 
O.C 07946 
O.C07549 
O.C 37786 
0.C11562 
O.C18455 
O.C15 23 8 
O.C 02 366 

-0.C02464 
-0.C01312 

O.C00021 
0.C00377 
O.C00039 

-0.C0CO43 
-0.C0G036 

O.COCOC9 
0.cocoes 
O.COOOC2 

-0.C0C0C2 
/ 

, 



i 
/ 

i I 

1 
2 
3 
4 
5 
6 
7 
6 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
¿0 
21 
22 
23 
24 
25 
26 
27 
28 
29 
50 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
«2 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 

F.F.A. 
AR 21 I A.RÍ7/Í (15-8-2 

NACA0012: MACH- 1.2.AI PHA-7 

0.99881 <* 
0.994210 
0.985354 
0.972671 
0.956583 
0.937500 
0.915323 
0.891931 
0.866187 
0.833931 
0.81047 7 
0.731120 
0.751125 
0.720735 
C.690171 
0.659627 
0.629275 
0.599267 
0.569732 
0.540762 
0.512511 
0.484994 
0.458294 
0.432457 
0.407513 
0.383502 
0.360423 
C. 338 28 4 
0.317085 
0.296816 
0.277463 
0.259007 
0.24142% 
0.224690 
0.208777 
0.193656 
0.179295 
0.165666 
0.152737 
0.140478 
0.126361 
0.117353 
0.107442 
0.097589 
0.088277 
0.079484 
0.071193 
0.063383 
0.056055 
C.049162 
0.0427o 2 
0.03o783 
0.031256 
0.026164 
0.021511 
0.017301 
C.013535 
0.01C22U 
0.007361 
0.004963 
0.003035 
0.001532 
G.O0C609 
0.000122 
O.OOC122 
G.00C609 
0.001582 

-0.C00163 
-Û.CJ0316 
-0.00205 2 
-0.C033C 2 
-0.00598 5 
-Ü.C0852 2 
-0.C11335 
-0.C 1435 4 
-Ü.C17512 
-ü.020752 
-0.024023 
-0.027285 
-0.03049? 
-0.C33631 
-0.C36Ó54 
-0.039542 
-0.C 4227 6 
-0.044837 
-0.C47211 
-0.049386 
-0.051354 
-Ü.C531C3 
-0.054646 
-0.055965 
-0.057066 
-0.057952 
-0.056629 
-0.C591C1 
-0.059378 
-0.05946 6 
-Ú.05937 4 
-G.C59114 
-G.C5Ö694 
-0.05812 4 
-0.057415 
-0.0 5657 6 
-0.C55615 
-0.054542 
-0.C5336 4 
-0.052069 
-0.0 5072 2 
-0.049271 
-0.047741 
-0.04613 <* 
-0.044457 
-0.042711 
-0.C409C0 
-0.039026 
-0.037390 
-0.035094 
-0.0 3304 0 
-0.C3092 3 
-0.0 2876 0 
-0.026534 
-0.024253 
-0.021916 
-Û.C1952 5 
-0.01708 3 
-0.C14569 
-C.C12043 
-0.009443 
-G.C06790 
-0.C3409 2 
-C.001367 

0.00156 7 
0.00409 2 
0.C06790 

0.552293 
C.t 0517 7 
0.6 31985 
0.628273 
C.627291 
0.620635 
0.619583 
0.616010 
C.613215 
0.609657 
C.606 593 
0.603503 
0.600493 
C.5 9731 4 
0.594210 
C.59C960 
0.537677 
0.584217 
0.5 50597 
0.576739 
0.572576 
0.5 68 349 
0.553753 
C.556842 
0.553505 
G.548063 
0.542223 
0.536360 
0.529507 
0.522783 
C.515635 
0.506215 
C.50C519 
0.492543 
0.434275 
0.475534 
0.466779 
0.457357 
0.447994 
0.438374 
0.427786 
0.417395 
0.405957 
0.394323 
C.382132 
C.369303 
0.355761 
0.341391 
0.326381 
0.309683 
0.292337 
C.272973 
0.252273 
0.229565 
C.204927 
t.177931 
0.146785 
0.117391 
0.0 36 361 
C. 0 55 27 6 
C.0 2923 3 
0.014135 
C.C16772 
0.0 42470 
0.0 91432 
0.156352 
0.231970 

O.C¡»499 3 
-0.051854 
-0.136722 
-0.0 9779 2 
-0.095429 
-0.079419 
-0.G77126 
-0.063290 
-0.061 563 
-0.053007 
-0.045877 
-0.C382C2 
-0.030961 
-0.023313 
-0.015346 
-0.0Jo0¿5 
-0.CJ0131 

0.038194 
0.01o 904 
0.026183 
0.035959 
0.04636 3 
0.057413 
0.059233 
0.031 83 9 
0.095173 
0.1092C3 
0.123997 
0.139569 
0.1559V3 
0.173161 
C.191033 
C.239547 
0.228736 
0.248627 
0.269293 
0.29G717 
0.312903 
0.335909 
0.359773 
0.384523 
0.410243 
0.437333 
0.465025 
0.494553 
0.525205 
0.557794 
0.592 365 
C.629190 
0.668645 
0.711097 
0.756946 
0.806753 
0.861147 
0.920659 
0.935605 
1.C55722 
1.190044 
1.206617 
1.260679 
1.343209 
1 .379952 
1.373308 
1.311485 
1 .1 93576 
1.033427 
0.655602 

1.200461 
1.201161 
1.275173 
1.272172 
1.289754 
1.257646 
1.253448 
1.248573 
1.241254 
1.235754 
1.228973 
1.223647 
1.217335 
1.211715 
1.205547 
1.199671 
1.193360 
1 .1 87053 
1.13C251 
1 .1 73220 
1 .1 6571 3 
1.157381 
1 .149533 
1.140711 
1.131313 
1.121480 
1.111178 
1.100419 
1.039148 
1.077362 
1.065104 
1 .0 5248 2 
1 .0 3947? 
1 .0 261C6 
1.012335 
0.998131 
0.933501 
0.968454 
0.952942 
0.936950 
0.920452 
0.903392 
0.835697 
0.867286 
0.848050 
0.827363 
0.806565 
0.783982 
0.759383 
0.733989 
0.705960 
0.675391 
C. 6 4171 6 
0.604219 
0.562055 
0.514195 
0.459510 
0.396489 
0.323365 
C.2380Î7 
0.138787 
C.035753 
0.059303 
0.139640 
0.327438 
0.461229 
0.537191 

-O.t29076 
0.C31216 
0.C03052 
0.009023 
0.C08973 
O.t 07 343 
O.t1C 370 
O.t07226 
O.t 09729 
O.t 07521 
O.t 09243 
o.roem 
O.t08945 
O.t 0339 3 
o.roe 602 
O.t08498 
0.008733 
O.t 08568 
0.toe704 
O.t 0862 O 
O.t 08710 
O.t 08674 
C.t08741 
C.t 08731 
O.t 08788 
0.toe 306 
C.t08861 
0.t06391 
C.t 08949 
C.t 08 966 
O.t 0905 3 
O.t 091C6 
O.t 09172 
O.t 09235 
0.C093C5 
O.t 09 371 
C.t09450 
C.C09524 
O.t09603 
O.t 39681 
O.C09762 
O.t 09841 
C.t 09 917 
O.t09990 
0.t10056 
o.tioica 
C.010142 
0.t10147 
O.t1011s 
0.010040 
0.009903 
C.C09693 
0.009383 
O.t08993 
O.t08512 
O.t 07 982 
O.t 0749 8 
C.t07192 
O.t 06922 
O.t 06324 
O.t 06941 
O.t 07179 
O.t 07164 
O.t 07130 
O.t 07002 
O.t 07349 
O.t08601 

* 



F.F.A. 
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A.Rizzi 05-8-3 1 

NACA 0012: MACH - 1.2. ALPHA - 7 

43 
o9 
70 
71 
72 
7 3 

74 
75 
76 
77 
7B 
79 
dü 
31 
32 
33 
34 
35 
36 
37 
33 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
1G7 
1 08 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 

0.003033 
C.004963 
C.007361 
C.C1C220 
C.013535 
C.017301 
C.G21511 
0.026164 
0.C 31256 
0.036788 
0.0*2 762 
0.049182 
C.056 055 
0.063388 
C.071 193 
C.C79434 
0.038277 
0.097589 
C.107442 
0.117353 
0.128 361 
0.140473 
0.152737 
0.165666 
0.179295 
0.193656 
0.208777 
C. 224690 
0.241424 
C. 2 5900 7 
C. 277<*6 3 
0.296816 
0.317035 
0.338234 
0.360425 
0.383502 
0.407513 
0.432457 
0.45829* 
0.48*994 
0.512511 
C.540782 
0.569732 
0.599267 
C.629275 
0.659627 
C.690171 
0.720735 
0.751125 
0.731120 
0.810477 
0.838 931 
0.866187 
0.891931 
0.915823 
C.937500 
0.956583 
0.972671 
C.985354 
0.994210 
0.998314 

C.C 0944 3 
0.012043 
G.C14589 
0.017083 
0.019525 
0.021916 
Ü.02425 3 
0.C26534 
ü.0 28760 
0.00092 i 
Ù.C3304 0 
0.C35094 
G.C 3709 0 
Ü.C'5902 6 
C.C4G9C0 
C.C4271 1 
0.044457 
0.04613 4 
0.C47741 
0.C49271 
C.C50722 
0.0 3208 9 
0.053364 
Ü.C54542 
0.055615 
0.056576 
G.C57415 
0.052124 
0.C5869* 
0.C59114 
0.0 5937 4 
C.0 59466 
0.C59373 
0.0 5910 1 
0.058620 
C.0 57052 
0.057066 
0.055065 
Ü.0 5454 6 
O.C531C 3 
0.05135 4 
0.04938 6 
0.04721 1 
0.044837 
0.C4227 6 
C.C39542 
0.036654 
O.C33631 
0.030499 
O.C 2726 5 
C.0 24023 
O.C 2075 2 
0.017512 
0.01435* 
0.011335 
0.003522 
O.C 0598 5 
O.C0330 2 
0.00205 2 
O.C00316 
0.COCU 8 

C.302943 
C.2 65 72 5 
0.416932 
C.462320 
0.499054 
C.525071 

'0.553376 
C.574465 
C.5 >1963 
1.6 0702 3 
0.620111 
0.6 3168 5 
0.642 J77 
0.651514 
C.650169 
C.666173 
0.675647 
C.68265 7 
0.689273 
0.692963 
0.701574 
0.707330 
C.712Í70 
C.718216 
0.723372 
0.721354 
0.733170 
C.737817 
C.742304 
0.746636 
C.750809 
0.754333 
0.756697 
C.762373 
C.7 65 479 
C.769203 
ü.772365 
0.7 7536* 
0.7 7818 J 
C.730318 
0.732294 
C.73562 * 
C.787323 
C.785392 
C.791349 
C.793712 
C.79551 4 
0.797275 
C.798973 
C.8 0071 3 
0.802345 
0.804005 
C.E0612 9 
0.60668 3 
C.6 10331 
0.810991 
0.805333 
0.624384 
C.8 4291 5 
0.776416 
0.672729 

0.634360 
0.533323 
C.405323 
0.3 J 0 2 41 
C.213073 
0.1*0359 
C.Cdl186 
0.031054 

-0.010442 
-C .C-.667Û 
-C.078157 
-0.10600 
-0.1J1ÛC2 
-0.153704 
-0.174525 
-0.193792 
-0.211760 
-0.22t625 
-0.2*4554 
-0.239656 
-0.274134 
-0.20798t 
-0.301313 
-0.314169 
-0.22o574 
-0.338553 
-0.250146 
-0.361326 
-C.372120 
-C.3j2 54 J 
-0.392560 
-0.402260 
-0.411555 
-0.42G411 
-û.428333 
-0.436631 
-0.444*38 
-0.451653 
-0.458433 
-0.464773 
-0.470730 
-0.476332 
-0.431666 
-0.4 366C2 
-0.491311 
-0.495792 
-0.500128 
-0.5J4364 
-0.505450 
-0.512634 
-0.516560 
-0.520555 
-0.525665 
-C.526997 
-0.535773 
-0.537362 
-0.524965 
-C.5707S4 
-0.614161 
-0.464183 
-0.207147 

0.7CCSC3 
0.800384 
0.886809 
0.960444 
1.023315 
1.076995 
1.122782 
1.161762 
1 .1 953C5 
1.225776 
1.252286 
1.276115 
1.297919 
1.318075 
1.336360 
1.354514 
1 .371233 
1.337154 
1.402411 
1.417116 
1.431361 
1.445210 
1.458736 
1.471989 
1 .484952 
1.497646 
1.510104 
1.522292 
1.534214 
1.545387 
1.557281 
1.568433 
1.5793C0 
1.569769 
1.599325 
1.609479 
1.618792 
1.627739 
1.636232 
1.644213 
1.651800 
1.658984 
1.665384 
1.672352 
1.678611 
1.634463 
1.690394 
1.695941 
1.701724 
1.707184 
1.712995 
1.717333 
1.726800 
1.724541 
1.745718 
1.734766 
1.728645 
1.801413 
1.873218 
1.443475 
1.213940 

0.008773 
0.C10290 
0.012377 
0.014113 
0.C14390 
0.014981 
0.014349 
0.013516 
0.012650 
0.011845 
0.011097 
0.0104C6 
0.009785 
0.009232 
0.008743 
0.006313 
0.007941 
0.C07614 
0.007323 
0.007066 
0.006337 
0.006636 
0.006453 
C.006289 
0.006146 
0.006012 
0.005391 
0.005785 
0.005683 
C.005592 
0.005516 
0.005439 
0.005383 
0.0 05333 
0.005286 
C.005251 
0.005212 
0.005196 
0.005182 
0.005189 
0.005166 
0.005195 
0.005161 
0.005235 
0.005160 
0.C05 3C5 
0.005130 
0.C054G8 
0.005075 
0.005 530 
0.C04933 
0.005 995 
0.003538 
0.0 0945 4 

-0.003126 
0.017320 

-0.003171 
0.004151 

-0.053786 
C.105744 
0.075065 

**" ' 



F.F.A. 

AR 211 
A.Ri/zi 05-8-4 

NAC A 0012: MACH - 1.2. ALPHA - 7 

1.00372J 
1.01150u 
1.02000a 
1.02935h 
1.039740 
1.C51447 
1.064 iS 1 
1.0ÏC446 
1.098357 
1,120360 
1.147440 
1.1 79757 
1.219246 
1.267629 
1.326963 
1.399727 
1.438333 
1.59776h 
1.730633 
1.8 >2299 
i.03e<*95 
2.325974 
2.612 67 9 
¿.9579-51 
3.372759 
3.869970 
4.464706 
5.174656 
6.020379 
7.026787 
6.221754 
9.638821 

O.COCiOCO 
0.C0C0CÜ 
o.cococo 
o.cococ . 
O.cJCOC 0 
o.cococo 
o.cococo 
o.cococo 
o.cococo 
o.cococo 
o.cococo 
o.cococo 
o.cococo 
o.cococo 
o.cococo 
o.cococo 
o.cococo 
o.cococo 
o.cococo 
o.cococo 
o.cococo 
o.cococo 
o.cococo 
o.cococo 
o.cococo 
o.cococo 
o.cococo 
o.cococo 
o.cococo 

-O.C000C1 
-0.C0CÛG1 
-C.COCOC1 

0.601454 
0.602444 
C.5 9954 9 
C.60C440 
C.6 02363 
C.603745 
C.¢04393 
C.604199 
C.602986 
C.60C9J5 
C.599229 
C.596370 
0.59P235 
C.598044 
C.59c990 
C.595440 
C.594059 
C.5 92992 
C.592069 
C.59122 3 
0.5 9C 54 4 
C.539476 
C.538938 
C.588732 
C.536634 
0.588,597 
0.588330 
0.537202 
0.534454 
0.57331 7 
C.574347 
C.572453 

-C.333274 
-0.035655 
-0.028931 
-0.C30335 
-0.C3545V 
-0.033785 
-C.Ch0357 
-Ü.C39i7 j 
-0.036953 
-0.032026 
-0.027923 
-0.C25&54 
-0.C25529 
-0.C25373 
-0.C225J5 
-0.C183C5 
-O.d 5463 
-0.CI 2915 
-0.CI 069 6 
-C .C08 572 
-0.CJ6547 
-C.C04458 
-0.CJ3163 
-0.C02669 
-0.CJ2552 
-0.C02342 
-O.Cul701 

C.LÛ101 3 
0.C07624 
0.CI 8779 
0.C3O734 
0 .C 56 49 5 

1.209169 
1.2131C7 
1.207762 
1.206344 
1.208673 
1.210380 
1.211651 
1.211941 
1.211224 
1.239074 
1.207802 
1.207716 
1.208494 
1.208576 
1.207298 
1.205770 
1.204320 
1.203168 
1.202173 
1 .231263 
1.200001 
1.198626 
1.197656 
1.197703 
1.196323 
1.196513 
1.195709 
1.193441 
1.137977 
1 .179067 
1 .169756 
1 .1 65384 

0.02176-1 
C.01931« 
0.019627 
0.0 22526 
0.024706 
0.025367 
0.0 25330 
0.024940 
0.022833 
0.C205C9 
0.017984 
0.016068 
0.014785 
0.014226 
0.013297 
0.C11475 
0.010005 
0.008909 
0.007963 
0.007093 
C.C06595 
0.006276 
0.006230 
0.0 06319 
0.036892 
0.006881 
0.007278 
0.007490 
0.007947 
0.008354 
0.008619 
0.007983 



F.F.A. 
AR 211 A.RÍ7/I 05-8-5 

m 

NACA 0012: MACH - 1.2. ALPHA - 7 

NCYC - 1000 RESRMS 0.219E-03 

-1 . 

CELLS 32 X 8 



LO
G

R
E

S
 

-
6
.0

0
 

-
5
.0

0
 

-
4

.0
0
 

-
3

-0
0

 
i 5 JÜN AFVTOQO 

PITCH -0.120 
MACH 1-200 
RATE 0.994 
NSUP 164 
CYCL 1000 

INVOR QUITOQO MSHX 
GCIRC 0.322 
ALPHA 7.000 
RESAS C.105E+00 
LIFT 0.543E+00 
SYSEC 0.I02E+04 

N05 BAS BAS4 .05 0. 

CELLS 32X 8 
RESAE 0.219E-03 
DRAG 0.151E+00 
RESMX -0.291E-02' 



-IL
 U

 U
 L

il'
IU
 

W
 J

 

NACAÜ012: MACH- I.2.ALPHA-7 

HX N05 BAS BAS4 .05 0. .01 

CELLS 32X 8 
RESAE 0.219E-03 
DRAG 0.151E+00 
RESMX -0.29IE-02 8 7 



CKLLS64X 16 



/ 

i 5 JUN AFVTOQO INVOR OUTTOQO MSHX N05 BAS BAS4 ,05 

PITCH 
MACH 
R AT F 
NSUP 
CYCL 

-0.i I 5 
! .200 
0.989 

699 
1 000 

GCIRC 
ALPHA 
RESAS 
LIFT 
SYSEC 

0.306 
7.000 

0.950E-02 
0.531E+00 
0.650E + 04 

, I SYSEC *10' 
300.iO 520.05 650.3! 7gO I7 

>n 
010.-14 1040^50 

0.00 
i-1-r 

20.00 40.00 60.00 60.00 

CYCL •io’ 

i-r 
120.00 

o-r 
i40.00 160.00 

CELLS 64X16 
RESAF 0. i22E 
DRAG 0.i5 4 F + 
RESMX -0.477E 

o.oo i 3 

»—4 , 
_1 O 

rj- 

O 

0.00 



NAC A (MM 2: MAC H - 1.2. AL PHA - 7 

ISHX N05 BAS BAS4 .05 0. 01 
* 

06 
00 CELLS 64X16 
02 RcSAF 0.Í22F-06 
00 DRAG 0.Í54F+00 
04 RESMX -0.477E-0C 35 10 

io.^4 ia40C50 
_i— 

<M 

_ O 

r 
o 
r 

S 

T-1- 
¡40-00 ¡60.00 

SYSFC «101 

1 

D
R

A
G

 





' 

I 5 JUN AFVTOQO 

C,A PITCH -0.-112 
MACH 1.200 
RATE 0.991 

¿w NSUP 2841 
Á CYCL 1000 

1NV0R OUTTOQO MSHX 

T GCIRC 
nLPHA 

Sk'ft RESAS 
cu lift 

SYSEC 

0.303 
7.000 

0.374E-02 
0.528E+00 
0.150E+05 

NOS BAS BAS4 .05 

CELLS 128X32 
RESAE 0.51 8E-( 
DRAG 0. 1 54E + I 
RESMX -0.322E- 



I 
bmí 

F.F.A. 
AR211 A.Riz/1 05-8-10 

NACA (KM 2: MACH - 1.2. AU fHA - 7 

X N05 BAS BAS4 -05 0- -01 

CELLS 128X32 
ÉfJ^RESAE 0.518E-06 

dr, DRAG 0. 1 54E + 00 
rESMX -O .322E-05 73 20 

/V* K 1 X 

I 



P 2 MACH 

MA 



J 
) 



1 PRES 1 -P/PIINF 





F.F.A. 

T 0 T P i-pi/piiNF 

fT 

I-- 



AR 211 A.Rizzi 05-8-13 

NACA 0012: MACH - 1.2. ALI >HA-7 



COER 





PRES 





I-P/PIINF INC-.025 min-.025 max 



■NMMm 







8 MACH 



- 

F.F.A. 

- 

AR 211 A.Rizzi 05-8-18 

NACA 0(112: MACH - 1.2. ALPFIA - 7 

i 





'I/PIINF INC-.005 min- — .05 max- 15 





! F.F.A. 
AR 211 A.Rizzi 05-8-20 

NAC A 0012: MAC H - 1.2. ALI’FIA - 7 

I-PI/PIINF INC - .005 min = —.05 max — .15 



AGARD FDP - WG 07 

TEST CASES FOR STEADY INVISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 05 

NACA 0012: MACH = 1.2, ALPHA = 7 

Contributor No 9 

W.Schmidt and AJameson 

(Dornier, F.R.G.) and (Princeton Univ., U.S.A.) 



--- 

DORN I ER/J A M ESON 
AR 211 

W.Schmidt 
AJameson 

05-9-1 

NACA0012: MACH“ 1.2,AL ’HA - 7 

x/cm 
99.992828 
99.965897 
99.914653 
99.84,8439 
99.744j0fj03 
99.625946 
99.486725 
99.326721 
99.146286 
98.945786 
98.725494 
98.485703 
98.226700 
97.948761 
97.652130 
97.337082 
97.003891 
96.652786 
96.284027 
95.897858 
95.494553 
95.074341 
94.637466 
94.184219 
93.714828 
93.229553 
92.728638 
92.212341 
91.680923 
91.134644 
90.573761 
89.998535 
89.409225 
88.806091 
88.189407 
87.559418 
86.916428 
86.260666 
85.592407 
84.911942 
84.219528 
83.515427 
82.799927 
82.073288 
81 .335815 
80.587753 
79.829376 
79.060974 
78.282837 
77.495209 
76.698410 
75.892685 
75.078339 
74.255630 
73.424866 
72.586319 
71.740265 

. 70.887009 
' 70.026794 

69.159943 
68.286728 
67.407440 
66.522354 
65.631760 
64.735947 
63.835220 
62.929840 
62.0201 1 1 
61.106308 
60.188751 
59.267700 
58.343460 
57.416321 
56.486572 
55.554504 
54.620422 
53.684616 
52.747375 
51.808990 

z/cm 
-0.001020 
-0.004846 
-0.012110 
-0.022620 
-0.036276 
-0.052983 
-0.072632 
-0.095145 
-0.120481 
-0.148593 
-0.179389 
-0.212798 
-0.248813 
-0.287339 
-0.328249 
-0.371551 
-0.417216 
-0.465119 
-0.515193 
-0.567360 
-0.621635 
-0.677854 
-0.735998 
-0.796038 
-0.857903 
-0.921482 
-0.986685 
-1.053459 
-1.121780 
-1.191594 
-1.262822 
-1.335393 
-1.409214 
-1.484191 
-1.560317 
-1.637572 
-1.715837 
-1.795019 
-1.875083 
-1.955977 
-2.037631 
-2. 1 19970 
-2.202941 
-2.286501 
-2.370600 
-2.455165 
-2.540112 
-2.625375 
-2.710910 
-2.796670 
-2.882581 
-2.968552 
-3.054547 
-3.140560 
-3.226509 
-3.312301 
-3.397891 
-3.483205 
-3.568157 
-3.652738 
-3.736912 
-3.820540 
-3.903537 
-3.985905 
-4.067623 
-4.148601 
-4.228698 
-4.307839 
-4.386030 
-4.463216 
-4.539302 
-4.614206 
-4.687347 
-4.760140 
-4.831051 
-4.900533 
-4.968453 
-5.034718 
-5.099324 

1-P/PIINF 

0.350145 
0.584395 
0.617343 
0.635068 
0.637913 
0.642525 
0.637922 
0.639199 
0.638081 
0.638379 
0.637607 
0.637395 
0.637050 
0.636540 
0.635876 
0.635554 
0.635127 
0.634519 
0.633924 
0.633347 
0.632709 
0.632055 
0.631464 
0.630926 
0.630293 
0.629541 
0.628755 
0.628035 
0.627383 
0.626712 
0.626000 
0.625246 
0.624416 
0.623588 
0.622892 
0.622191 
0.621362 
0.620523 
0.619735 
0.618948 
0.618129 
0.617292 
0.616479 
0.615693 
0.614904 
0.614077 
0.613211 
0.612353 
0.611520 
0.610688 
0.609810 
0.608900 
0.608057 
0.607253 
0.606385 
0.605485 
0.604591 
0.603655 
0.602713 
0.601847 
0.600944 
0.599915 
0.598898 
0.597967 
0.597054 
0.596044 
0.594916 
0.593814 
0.592782 
0.591719 
0.590590 
0.589413 
0.588189 
0.586940 
0.585722 
0.5 8 4 4 f 1 
0.5830/6 
0.581673 
0.580329 

CP 

0.571303 
0.007764 

-0.071499 
-0.114140 
-0.120985 
-0.132081 
-0.121007 
-0.124080 
-0.121390 
-0.122105 
-0.120249 
-0.119739 
-0.118910 
-0.117683 
-0.116085 
-0.115311 
-0.114283 
-0.112820 
-0.111388 
-0.110000 
-0.108465 
-0.106892 
-0.105471 
-0.1« 176 
-0.102255 
-0.100844 
-0.098953 
-0.097222 
-0.095654 
-0.094040 
-0.092325 
-0.090511 
-0.088516 
-0.086524 
-0.084849 
-0.083163 
-0.081169 
-0.079150 
-0.077255 
-0.075361 
-0.073390 
-0.071378 
-0.069422 
-0.067530 
-0.065633 
-0.063643 
-0.061559 
-0.059495 
-0.057491 
-0.055490 
-0.053378 
-0.051188 
-0.049159 
-0.047225 
-0.045138 
-0.042972 
-0.040823 
-0.038571 
-0.036303 
-0.034220 
-0.032049 
-0.029573 
-0.027125 
-0.024888 
-0.022689 
-0.020261 
-0.017547 
-0.014895 
-0.012412 
-0.009856 
-0.007139 
-0.004309 
-0.001362 
0.001641 
0.004573 
0.007598 
0.010938 
0.014312 
0.017546 

MACH 

0.780297 
1.148386 
1.248738 
1.281499 
1.298296 
1.300531 
1.297182 
1.294510 
1.296046 
1.294154 
1.294155 
1 .292698 
1.292548 
1.291290 
1.290017 
1.289216 
1.288485 
1.287183 
1.285965 
1.284798 
1.283514 
1.282181 
1.280967 
i.279869 
1.278616 
1.277098 
1.275514 
1.274053 
1.272742 
1.271405 
1.269970 
1.268467 
1.266830 
1.265163 
1.263750 
1.262390 
1.260754 
1.259070 
1.257514 
1.255963 
1.254353 
1.252707 
1.251101 
1.249557 
1.248013 
1.246401 
1.244711 
1.243030 
1.241405 
1.239789 
1.238098 
1.236333 
1.234680 
1.233136 
1.231475 
1.229/27 
1.228009 
1.226229 
1.224409 
1.222733 
1.221035 
1.219083 
1.217124 
1.215350 
1.213616 
1.211720 
1.209595 
1.207489 
1.205544 
1.203557 
1.201433 
1 . 199228 
1.196943 
1.194608 
1.192321 
1.190000 
1 . 187440 
1.184818 
1. 182327 

1-PI/P1INF 

0.028413 
0.057016 
0.010476 
0.013907 

-0.000926 
0.008814 
0.000614 
0.007745 
0.002593 
0.005970 
0.003846 
0.005233 
0.004490 
0.004789 
0.004691 
0.004892 
0.004709 
0.004805 
0.004829 
0.004832 
0.004827 
0.004852 
0.004885 
0.004909 
0.004887 
0.004901 
0.004916 
0.004948 
0.004960 
0.004960 
0.004982 
0.004988 
0.004975 
0.005012 
0.005058 
0.005026 
0.005027 
0.005065 
0.005075 
0.005079 
0.005084 
0.005093 
0.005113 
0.005124 
0.005133 
0.005133 
0.005141 
0.005160 
0.00Ö171 
0.005179 
0.005171 
0.005182 
0.005219 
0.005214 
0.005205 
0.005234 
0.005240 
0.0,15226 
0.005250 
0.005285 
0.005256 
0.005250 
0.005287 
0.005302 
0.005307 
0.005291 
0.005288 
0.005329 
0.005335 
0.005327 
0.005338 
0.005344 
0.005343 
0,005358 
0.005386 
0.005369 
0.005357 
0.005395 
0.005409 



AR 21 ! 

DORNIER/J AMESON 

NACA 0012: MACH - 1.2. ALPHA-7 

W.Schmidl 
AJameson 

05-0-2 

50.869781 
49.930008 
48.990005 
48.050049 
47.110458 
46.171509 
45.233521 
44.296783 
43.361603 
42.428284 
41.497131 
40.568451 
39.642548 
38.719727 
37.800293 
36.884567 
35.972839 
35.065430 
34.162659 
33.264816 
32.372223 
31.485199 
30.604050 
29.729080 
28.860626 
27.998978 
27.144455 
26.297394 
25.458069 
24.626831 
23.803986 
22.989822 
22.184692 
21.388901 
20.602753 
19.826538 
19.060608 
18.305237 
17.560776 
16.827515 
16.105759 
15.395823 
14.697994 
14.012589 
13.339911 
12.680262 
12.033938 
11.401228 
10.782431 
10.177848 
9.587761 
9.012450 
8.452214 
7.907336 
7.378089 
6.864746 
6.367586 
5.886880 
5.422886 
4.975878 
4.546138 
4.133910 
3.739435 
3.363000 
3.004866 
2.665271 
2.344483 

I 2.042769 
I 1.760388 
r 1.497621 

1.254779 
> 1.032200 
ï 0.830213 
1 0.649191 
5 0.489575 
5 0.351844 
7 0.236489 
B 0.143964 
9 0.074616 
0 0.028571 

-5.162216 
-5.223271 
-5.282402 
-5.339531 
-0.394568 
-5.447458 
-5.498161 
-5.546580 
-5.592612 
-5.636191 
-5.677249 
-5.715693 
-5.751444 
-5.784445 
-5.814661 
-5.842010 
-5.866369 
-5.887674 
-5.905882 
-5920918 
-5.932717 
-5.941235 
-5.946396 
-5.948131 
-5.946407 
-5.941193 
-5.932426 
-5.920048 
-5.904007 
-5.884267 
-5.860794 
-5.833555 
-5.802505 
-5.767619 
-5.728903 
-5.686358 
-5.639968 
-5.589691 
-5.535499 
-5.477386 
-5.415383 
-5.349519 
-5.279799 
-5.206223 
-5.128796 
-5.047531 
-4.962469 
-4.873669 
-4.781145 
-4.684890 
-4.584977 
-4.481469 
-4.374364 
-4.263697 
-4.149546 
-4.031963 
-3.910989 
-3.786671 
-3.659085 
-3.528265 
-3.394206 
-3.257002 
-3.116738 
-2.973392 
-2.826992 
-2.677608 
-2.525252 
-2.369932 
-2.211676 
-2.050480 
-1.886312 
-1.719143 
-1.548982 
-1.375844 
-1 .199747 
-1.020777 
-0.839120 
-0.655104 
-0.469198 
-0.281985 

0.578929 
0.577425 
0.575861 
0.574240 
0.572564 
0.570885 
0.569182 
0.567377 
0.565486 
0.563555 
0.561557 
0.559472 
0.557317 
0.555137 
0.552932 
0.550602 
0.548'27 
0.545' 94 
0.543005 
0.540321 
0.537561 
0.534724 
0.531761 
0.528696 
0.525579 
0.522381 
0.519058 
0.915593 
0.511996 
0.508286 
0.504464 
0.500506 
0.496393 
0.492172 
0.487901 
0.483569 
0.479105 
0.474423 
0.469506 
0.464395 
0.459167 
0.453834 
0.448347 
0.442662 
0.436746 
0.430585 
0.424245 
0.417770 
0.411006 
0.403913 
0.396646 
0.389128 
0.381221 
0.372966 
0.364392 
0.355451 
0.346056 
0.336211 
0.325990 
0.315182 
0.303634 
0.291569 
0.278871 
0.265263 
0.250814 
0.235476 
0.219081 
0.201590 
0.182974 
0.163204 
0.142246 
0.120254 
0.097546 
0.07465 
0.052531 
0.032598 
0.016851 
0.007694 
0.007580 
0.018325 

0.020915 
0.024531 
0.028294 
0.032195 
0.036226 
0.040264 
0.044361 
0.048706 
0.053254 
0.057900 
0.062705 
0.067721 
0.072906 
0.078150 
0.083454 
0.089060 
0.095015 
0.101109 
0.107336 
0.113794 
0.120434 
0.127259 
0.134386 
0.141760 
0.149260 
0.156952 
0.164945 
0.173283 
0.181935 
0.190860 
0.200056 
0.209577 
0.219471 
0.229627 
0.239901 
0.250323 
0.261063 
0.272326 
0.284156 
0.296449 
0.309028 
0.321857 
0.335057 
0.348733 
0.362965 
0.377788 
0.393040 
0.408616 
0.424890 
0.441952 
0.459436 
0.477522 
0.496543 
0.516403 
0.537029 
0.558538 
0.581141 
0.604825 
0.629415 
0.655416 
0.683197 
0.712220 
0.742770 
0.775507 
0.810267 
0.847164 
0.886607 
0.928685 
0.973470 
1.021029 
1.071449 
1.124357 
1.173985 
1,2240t4 
1.26/278 
1,335233 
1 .3731 16 
1.395144 
1.395419 
1.369569 

1.179763 
1.176996 
1.174120 
1.171159 
1.168099 
..165029 
1.161938 
1.158675 
1.165250 
1.151764 
1.148177 
1.144443 
1.140599 
1.136696 
1.132771 
1 . 128660 
1.124288 
1.119814 
1.115276 
1.110586 
1.105765 
1.100838 
1.095718 
1.090425 
1.085058 
1.079584 
1.073914 
1.068024 
1 .061928 
1.055666 
1.049239 
1.042615 
1.035760 
1.028742 
1.021667 
1.014523 
1.007189 
0.999538 
0.991527 
0.983235 
0.974768 
0.966175 
0.957374 
0.948281 
0.938860 
0.929087 
0.919043 
0.908817 
0.898213 
0.887097 
0.875706 
0.864001 
0.851718 
0.838889 
0.825601 
0.811764 
0.797249 
0.782025 
0.766184 
0.749481 
0.731589 
0.712744 
0.692900 
0.671524 
0.648551 
0.623938 
0.597267 
0.568238 
0.536594 
0.501909 
0.463601 
0.421077 
0.373788 
0.321208 
0.262591 
0.19/519 
0.126137 
0.051980 
0.051107 
0.135790 

0.005396 
0.005403 
0.005416 
0.005415 
0.005420 
0.005442 
0.005443 
0.005435 
0.005454 
0.005463 
0.005464 
0.005467 
0.005472 
0.005490 
0.005502 
0.005487 
0.005494 
0.005516 
0.005518 
0.005519 
0.005535 
0.005542 
0.005536 
0.005549 
0.005564 
0.005568 
0.005574 
0.005577 
0.005588 
0.005597 
0.005606 
0.005609 
0.005611 
0.005623 
0.005641 
0.005649 
0.005661 
0.005657 
0.005662 
0.005668 
0.005691 
0.005705 
0.005708 
0.005721 
0.005725 
0.005728 
0.005754 
0.005783 
0.005760 
0.005773 
0.005820 
0.005819 
0.005816 
0.005848 
0.005865 
0.005883 
0.005885 
0.005907 
0.005955 
0.005941 
0.005934 
0.006010 
0.006014 
0.005998 
0.006047 
0.006066 
0.006062 
0.006090 
0.006106 
0.006119 
0.006116 
0.006141 
0.006161 
0.006080 
0.006008 
0.005922 
0.005859 
0.005819 
0.005766 
0.005599 



9
8
0
7
6
7

 

AR 211 W.Schmidl 
AJameson 05-9-3 

NACA 0012: MACH - 1.2, ALPHA-7 

DORNICR JAMESON 

c 

161 0.005686 
162 0.005686 
163 0.028571 
164 0.074616 
165 0.143964 
166 0.236489 
167 0.351844 
168 0.489575 
169 0.649191 
170 0.830213 
171 1.032200 
172 1.254779 
173 1.49/621 
174 1.760388 
175 2.042769 
176 2.344483 
17/ 2.665271 
178 3.004866 
179 3.363000 
180 3.739435 
181 4.133910 
182 4.546138 
183 4.975878 
184 5.422886 
185 5.886880 
186 6.367586 
187 6.864746 
188 7.378089 
189 7.907336 
190 8.452214 
191 9.012450 
192 9.587761 
193 10.177848 
194 10.782431 
195 11.401228 
196 12.033938 
197 12.680262 
198 13.339911 
199 14.012589 
200 14.697994 
201 15.395823 
202 16.105759 
203 16.827515 
204 17.560776 
205 18.305237 
206 19.060609 
207 IS.826538 
208 20.602753 
209 21.388901 
210 22.184692 
211 22.989822 
212 23.903986 
213 24.626831 
214 25.458069 
215 26.297394 
216 27.144455 
217 27.998978 
218 28.860626 
219 29.729080 
220 30.604050 
221 31.485199 

32.372223 
33.264816 

224 34.162659 
225 35.065430 
226 35.972839 
227 36.884567 
228 37.800293 
229 38.719727 
230 39.642548 
231 40.568451 
232 41.497131 
233 42.428284 
234 43.361603 
235 44.296783 
236 45.233521 
237 46.171509 
238 47.110458 
^39 48.050049 
240 48.990005 

222 
223 

-0.094065 
0.094065 
0.281985 
0.469198 
0.655104 
0.839120 
1.020777 
1.199747 
1.375844 
1.548982 
1.719143 
1.886312 
2.050480 
2.211676 
2.369932 
2.525252 
2.677608 
2.826992 
2.973392 
3.116738 
3.257002 
3.394206 
3.528265 
3.659085 
3.786671 
3.910989 
4.031963 
4.149546 
4.263697 
4.374364 
4.481469 
4.584977 
4.684890 
4.781145 
4.873669 
4.962469 
5.047531 
S.128796 
5.206223 
5.279799 
5.349519 
5.415383 
5.477386 
5.535439 
5.589691 
5.639968 
5.686358 
5.728903 
5.767619 
5.802505 
5.833555 
5.060794 
5.884267 
5.904007 
5.920048 
5.932426 
5.941193 
5.946407 
5.948131 
5.946396 
5.941235 
5.932717 
5.920918 
5.905882 
5.887674 
5.866369 
5.842010 
5.814661 
5.784445 
5.751444 
5.715693 
5.677249 
5.636191 
5.592612 
5.546580 
5.498161 
5.447458 
5.394568 
5.339531 
5.282402 

0.040674 
0.073970 
0.1 16848 
0.166260 
0.218518 
0.269808 
0.317658 
0.361068 
0.399551 
0.433173 
0.462432 
0.487949 
0.510061 
0.529189 
0.545970 
0.560899 
0.574210 
0.586044 
0.596783 
0.606604 
0.615362 
0.623380 
0.630983 
0.637974 
0.644374 
0.650413 
0.656119 
0.661479 
0.666543 
0.671398 
0,676056 
0.680424 
0.684578 
0.688647 
0.692536 
0.696210 
0.699774 
0.703249 
0.706607 
0.709841 
0.712947 
0.715932' 
0.718838 
0.721693 
0.724476 
0.727160 
0.729724 
0.732188 
0.734586 
0.736948 
0.739259 
0.74)487 
0.743637 
0.745721 
0.747749 
0.749719 
0.751619 
0.753446 
0.755216 
0.756958 
0.758655 
0.760281 
0.761858 
0.763394 
0.764871 
0.766312 
0.767730 
0.769081 
0.770355 
0.771598 
0.772824 
0.774024 
0.775180 
0.7/6288 
0.777368 
0.778411 
0.779396 
0.780358 
0.781313 
0.782242 

1.315803 
1.23è703 
1.132551 
1.013680 
0.887962 
0.764573 
0.649459 
0.545025 
0.452447 
0.371563 
0.301172 
0.239786 
0.186591 
0.140574 
0.100203 
0.064289 
0.032267 
0.003797 

-0.022038 
-0.045665 
-0.066735 
-0.086023 
-0.104312 
-0.121131 
-0.136530 
-0.151056 
-0.164785 
-0.177679 
-0.189860 
-0.201540 
-0.212746 
-0.223254 
-0.233249 
-0.243038 
-0.252393 
-0.261231 
-0.269806 
-0.278165 
-0.286244 
-0.294024 
-0.301497 
-0.308678 
-0.315668 
-0.322536 
-0.329230 
-0.335088 
-0.34:857 
-0.347784 
-0.353553 
-0.359236 
-0.364795 
-0.370156 
-0.375328 
-0.380341 
-0.385220 
-0.389959 
-0.394531 
-0.398926 
-0.403184 
-0.407375 
-0.411456 
-0.415367 
-0.419163 
-0.422857 
-0.426412 
-0.429877 
-0.433289 
-0.436538 
-0.439603 
-0.442594 
-0.445544 
-0.448431 
-0.451211 
-0.453876 
-0.456475 
-0.458983 
-0.461355 
-0.463668 
-0.465966 
-0.468200 

0.227839 
0.322203 
0.417128 
0.510004 
0.598305 
0.680273 
0.754556 
0.821218 
0.880581 
0.933146 
0.979831 
1.021383 
1.058152 
1.090716 
1.119900 
1.146419 
1.170485 
1 .192288 
1.212505 
1.231227 
1.248139 
1 .263984 
1.279175 
1.293269 
1.306407 
1.318961 
1.330951 
1.342343 
1.353230 
1.36381 3 
1.374059 
1.383731 
1.393082 
1.402334 
1.411214 
1.419708 
1.428041 
1.436230 
1.444210 
1.451971 
1.459487 
1.466771 
1 .473932 
1.481020 
1.487988 
1.494754 
1.501274 
1.507588 
1.513786 
1.519941 
1.525992 
1.531871 
1.537586 
1.543168 
1.548639 
1 .553985 
1.559176 
1 .564193 
1.569092 
1.573952 
1 .578695 
1.583267 
1 . 587743 
1.592120 
1 .596342 
1.600498 
1.604612 
1.608528 
1.612250 
1.615911 
1.619535 
1.623096 
1.626530 
1.629841 
1.633098 
1.636239 
1.639215 
1 .642148 
1.645070 
1.647909 

0.00536 t. 
0.0049! 
0.00452! 
0.004331 
0.004539 
0.004623 
0.004769 
0.005103 
0.005458 
0.005774 
0.005931 
0.006066 
0.006202 
0.006233 
0.006235 
0.006194 
0.006207 
0.006202 
0.006088 
0.006084 
0.006149 
0.006034 
0.005992 
0.006050 
0.006019 
0.005986 
0.005984 
0.005987 
0.005990 
0.005954 
0.005949 
0.005997 
0.005965 
0.005929 
0.005969 
0.005972 
0.005955 
0.005956 
0.005963 
0.005962 
0.005966 
0.005973 
0.005964 
0.005961 
0.005961 
0.005974 
0.005978 
0.005981 
0.005974 
0.005963 
0.005972 
0.005981 
0.005984 
0.005984 
0.005980 
0.005982 
0.005983 
0.005994 
0.005992 
0 005979 
0.005987 
0.006001 
0.005993 
0.005990 
0.006007 
0.005999 
0.005985 
0.006011 
0.006018 
0.006005 
0.006001 
0.006001 
0.006016 
0.006024 
0.006010 
0.006017 
0.006036 
0.006025 
0.006018 
0.006031 



/ 

IX)RN1ER/J AMESON 
AR211 

W.Schmidt 
AJamcson 

‘»5-9-4 

NACA (MI 12: MACH - It2. Al PHA - 7 

241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 

262 

üi 
265 
266 
267 
268 
269 
270 
271 

??§ 
274 
275 
276 
277 
278 
279 
280 

283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 

m 
313 
314 
315 
316 
317 
318 
319 
320 
321 

49.930008 
50.869781 
51.808990 
52.747375 
53.684616 
54.620422 
55.554504 
56.486572 
57.416321 
58 343460 
59.267700 
60.188751 
61.106308 
62.020111 
62.929840 
63.835220 
64.735947 
65.631760 
66.522354 
67.407440 ” 
68.286728 
69.159943 
70.026794 
70.887009 
71.740265 
72.586319 
73.4248bb 
74.265630 
75.078339 
75.892685 
76.698410 

num 
79.060974 
79.829376 
80.587753 
81.335815 
82.073288 
82.799927 
83.515427 

85.592407 
86.260666 
86.916428 
87.559418 
88.189407 
88.806091 
89.409225 
89.998535 
90.573761 
91.134644 
91.680923 
92.212341 
92.728638 
93.229553 
93.714828 
94.184219 
94.637466 
95.074341 
95.494553 
95.897858 
96.284027 
96.652786 
97.003891 
97.337082 
97.652130 
97.948761 
98.226700 
96.485703 

99. 1 46286 
99.326721 
99.486725 
99.625946 
99.744003 
99.840439 
99.914658 
99.965897 
99.992828 

5.223271 
5.162216 
5.099324 
5.034718 
4.968453 

.900533 

.831051 

.760140 

.687847 

.614206 

.539302 

.463216 

.386030 

.307839 

.228698 
148601 

.067623 
.985905 

3.903537 

3.652738 
.568157 
. 48320b 
.397891 
.312301 
.226509 
140560 

.054547 
.968552 
.882581 

2.625375 
.540112 
.455165 
.370600 
.286501 
.202941 
. 1 19970 

1.875083 
1.795019 
1.716837 
1.637572 
1.560317 
1.484191 
1.409214 
1.335393 
1.262822 
1.191594 
1.121780 
1.053459 
0.986685 
0.921482 
0.857903 
0.796038 
0.735998 
0.677854 
0.621635 
0.567390 
0.515193 
0.465119 
0.417216 
0.371551 
0.328249 
0.287339 
0.248813 
0.212798 

0.120481 
0.095145 
0.072632 
0.052383 
0.036276 
0.022620 
0 012110 
e.004846 
0.001020 

0 

0.783142 
0.784014 
0.784830 
0.785597 
0.786381 
0.787175 
0.787916 
0.788623 

789325 
0.790013 
0.790683 
0.791337 
0.791956 
0.792540 
0.793143 
0.793770 
0.794361 
0.794904 
0.795421 

0.797059 
0.797558 
0.798073 
0.798580 
0.799074 

799576 
0.800065 
0.800516 
0.800971 
0.801455 

0 

0 

0.802865 
0.803323 
0.803785 
0.804236 
0.804672 
0.805099 

805529 

SJSHÍl 
0.806850 
0.807272 
0.807706 
0.808149 
0.808542 
0.808917 
0.809336 
0.809761 
0.810172 
0.810569 
0.810935 
0.811274 
0.811632 
0.812024 
0.812423 
0.812787 
0.813092 
0.813388 
0.813697 
0.814016 
0.814329 
".814637 
0.814961 
0.815201 
0.815371 
0.815652 
0.815919 
0.816071 

n\m 
0.816611 
0.816736 
0.816914 
0.817074 
0.817052 
0.817691 
0.817220 
0.814129 
0.874160 

-0.470365 
-0.472462 
-0.474427 
-0.476271 
-0.478158 
-0.480069 
-0.481850 
-0.483550 
-0.485241 
-0.486894 
-0.488507 
-0.490080 
-0.4J1569 
-0.492974 
-0.494424 
-0.495933 
-0.497356 
-0.4°ö662 
-0.499905 

-i-.mn 
-0.503847 
-0.505048 
-0.506286 
-0.507506 
-0.508693 
-0.509900 
-0.511076 
-0.512162 
-0.513257 
-0.514421 

:í:§l!W 
-0.517815 
-0.518916 
-0.520027 
-0.521112 
-0.522161 
-0.523188 
-0.524223 

-0.527400 
-0.528415 
-0.529460 
-0.530526 
-0.531470 
-0.532373 
-0.533381 
-0.534403 
-0.535391 
-0.536348 
-0.537227 
-0.538043 
-0.538905 
-0.539848 
-0.540808 
-0.541683 
-0.542418 
-0.543129 
-0.543872 
-0.544643 
-0.546392 
-0.546135 
-0.546914 
-0.54Ï491 
-0.547899 
-0.548575 
-0.549217 
-0.549584 

:S:!!*§?? 
-0.550882 
-0.551184 
-0.551611 
-0.551997 
-0.551944 
-0.553480 
-0.552348 
-0.544912 
-0.689328 

1.650675 
1 .653374 
1.655890 
1.658263 
1.660735 
1.663218 
1.665519 
1 .667747 
1 .669971 
1.672143 
1.674269 
1 .676335 
1 .676324 
1.680180 
1.682134 
1.684155 
1.686049 
1.687797 
1.689462 

1.694798 
1.696431 
1.698133 
1.699793 
1.701410 
1.703077 
1.704691 
1.706169 
1.707692 
1.70931 1 

1.714008 
1.715550 
1.717105 
1.718621 
1.720092 
1.721535 
1.723000 

l:?SÜfí 
1.727492 
1.728921 
1.730427 
1.731957 
1.733273 
1.734573 
1.7360'.2 
1.737505 
1.738920 
1.740305 
1.741570 
1.742744 
1.744008 
1.745381 
1.746790 
1.748044 
1.749106 
1.750158 
1.751253 
1 . 752396 
1 . 7534 74 
1.754564 
1 .755764 
1.756548 
1.757127 
1.758228 
1.759140 
1.759609 

liílfisi 
1.761749 
1.761651 
1.763481 
1.761640 
1.766059 
1.760504 
1.771003 
1.740100 

.078408 

0.006034 
0.006025 
0.006047 
ï.006063 
0.006025 
0.006027 
0.006062 
0.006058 
0.006052 
0.006057 
0.006065 
0.006058 
0.006072 
0.006091 
0.006065 
0.006059 
0.006082 
0.006095 
0.006112 

m 

0.006112 
0.006114 
0.00 50 93 
0.006108 
0.006120 
0.006106 
0.006113 
0.006139 
0.006125 
0.006114 

»}§? 
0.006147 
0.006142 
0.006142 
0.006149 
0.006152 
0.006159 
0.006153 

l.ïïüil 
0.006165 
0.006186 
0.0061f 1 
0.006149 
0.006204 
0.006194 
0.006163 
0.006174 
0.006189 
0.006187 
0.006197 
0.006209 
0.006192 
0.006189 
0.006177 
0.006212 
0.006230 
0.006217 
0.006207 
0.006196 
0.006231 
0.006237 
0.006163 
0.006266 
0.006305 
0.006153 
0.006215 
0.006330 

umu 
0.006010 
0.006843 
0.005035 
0.008691 
0.001879 
0.013736 

-0.004742 
0.025166 

-0.112612 

l 



DORNIER JAMESON 
AR2II W.Schmidl 

AJamcton 05-9-5 

NACA (Ml 12: MACH - 1.2. ALPHA-7 

NACA OU 1 ? 
VALUES ON X-AX 
J X/C<%) 
2 -0.066177 
3 -0.2047UÍ4 
4 -0.356041 
5 -0.520694 
6 -0.699376 
7 -0.892805 
8 -1.101754 
9 -1.327055 

10 -1.569596 
11 -1.830337 
12 -2.110308 
13 -2.410620 
14 -2.7324/1 
15 -3.077155 
16 -3.446071 
17 -3.840734 
18 -4.262787 
19 -4.714013 
20 -5.196353 
21 -5.711921 
22 -6.263024 
23 -6.852186 
24 -7.482173 
25 -8.156018 
26 -8.877065 
27 -9.648993 
28 -10.475878 
29 -11.362229 
30 -12.313064 
31 -13.333968 
32 -14.431187 
33 -15.611721 
34 -16.883438 
35 -18.255249 
36 -19.737213 
37 -21.340790 
38 -23.079071 
39 -24.967102 
40 -27.022202 
41 -29.264465 
42 -31.717346 
43 -34.408340 
44 -37.369934 
45 -40.640778 
46 -44.267197 
47 -48.305267 
48 -52.823441 
49 -57.906250 
50 -63.659195 
51 -70.215820 
52 -77.747650 
53 -86.478714 
54 -96.707367 
55 -108.839966 
56 -123.444702 
57 -141.341370 
58 -163.758469 
59 -192.625519 
60 -231.159912 
61 -285.167480 
62 -366.344727 
63 -502.499512 
64 -781.729248 
65-1762.49097 

1.20, ALPHA 
IS UPSTREAM 

Z/C<%) 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.ooooou 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
O.oooooo 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
o.oooooo 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

7.0 
OF LEADING 

1-P/PIINF 
0.053353 
0.051056 
0.051536 
0.055489 
0.060716 
0.067448 
0.074948 
0.083064 
0.091541 
0.100244 
0.109059 
0. 117908 
0.126731 
0.135487 
0.144147 
0.152690 
0.161103 
0.169377 
0.177508 
0.185494 
0.193338 
0.201040 
0.208606 
0.216040 
0.223349 
0.230540 
0.237621 
0.244598 
0.251483 
0.258282 
0.265008 
0.271669 
0.278279 
0.284852 
0.291399 
0.297924 
0.304472 
0.311120 
0.317832 
0.324297 
0.330768 
0.338796 
0.349071 
0.357279 
0.372639 
0.431820 
0.512637 
0.567132 
0.582807 
0.586141 
0.587404 
0.587308 
0.586833 
0.586569 
0.586560 
0.586668 
0.586780 
0.586859 
0.586909 
0.586949 
0.586990 
0.587039 
0.587103 
0.587183 

EDGE 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0, 

0. 

0, 

0, 

0, 

0. 

0 
0, 

0, 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0, 

0, 

0. 

0. 

CP 
.285302 
.290828 
.289673 
.280163 
.267589 
.251391 
.233349 
.213824 
.193431 
.172495 
.151288 
.130001 
. 108 7 75 
.087 709 
.0668 76 
.046324 
.026085 
.006180 
,986619 
967407 
948538 
930009 
911808 
893923 
876339 
859039 
842006 
825219 
808657 
792299 
776120 
760094 

.744193 

.728379 

.712629 

.696934 

.681181 

.665187 

.649039 

.633486 

.617920 

.598606 

.573888 

.554140 

.517189 

.374816 

.180392 

.049295 

.011585 
,003564 
,000526 
,000755 
001899 
002535 
002555 
002296 
002027 
001837 
001715 
001621 
001522 
001403 
001250 
001058 

MACH 
0.267786 
0.259788 
0.262316 
0.272161 
0.286981 
0.304332 
0.323100 
0.342365 
0.361657 
0.380671 
0.399241 
0.417276 
0.434736 
0.451612 
0.46 791 1 
0.483651 
0.498857 
0.513559 
0.527784 
0.541563 
0.554926 
0.567901 
0.580516 
0.592797 
0.604772 
0.616463 
0.627896 
0.639095 
0.650081 
0.660879 
0.671510 
0.681998 
0.692368 
0.702646 
0.712855 
0.723010 
0.733175 
0.743453 
0.753812 
0.763884 
0.774002 
0.786107 
0.801093 
0.813405 
0.835690 
0.921703 
1.054651 
1.157099 
1.190096 
1.196800 
1.199802 
1.199557 
1.198586 
1.198025 
1. 197996 
1.198209 
1.198431 
1.198584 
1.198680 
1.198752 
1.198828 
1.198920 
1.199037 
1.199179 

1-PI/PI INF 
0.004978 
0.005465 
0.005061 
0.005605 
0.005444 
0.005577 
0.005570 
0.005601 
0.005613 
0.005623 
0.005629 
0.005635 
0.005639 
0.005641 
0.005644 
0.005646 
0.005649 
0.005651 
0.005651 
0.005652 
0.005653 
0.005655 
0.005656 
0.005657 
0.005658 
0.005658 
0.005661 
0.005660 
0.005662 
0.005663 
0.005666 
0.005664 
0.005669 
0.005671 
0.005672 
0.005669 
0.005672 
0.005696 
0.005728 
0.005654 
0.005537 
0.005818 
0.006687 
0.007064 
0.008595 
0.015955 
0.015604 
0.006876 
0.001277 
0.000584 

-0.000273 
-0.000182 
-0.000069 
0.000023 
0.000041 
0.000024 
0.000005 

-0.000004 
-0.000006 
-0.000004 
-0.000003 
-0.000005 
-0.000004 
0.000005 



AR2M 
W.Schmldi 
A Jameson 

05-9-6 

NACA (Mil 2: MACH - 1.2, ALPHA-7 

DORMER JAMESON 

NACA 0012 M=1 
VALUES ON X-AX I 
J X/C(%) 
2 100.004654 
3 100.022430 
4 100.056946 
5 100.108124 
6 100.1/6270 
7 100.261856 
8 100.3654/9 
9 100.487854 

10 100.629761 
11 100 792053 
1t 100.975723 
13 101.101778 
14 101.411392 
15 101.665817 
16 101.946396 
17 102.254608 
18 102.592087 
19 102.9605/1 
20 103.361984 
21 103.798431 
22 104.272171 
23 104.785736 
24 105.341873 
25 105.943604 
26 106.594238 
27 107.297485 
28 108.057373 
29 108.8/8433 
30 109.765671 
31 110.724655 
32 111.761627 
33 112.883591 
34 114.098419 
35 115.414993 
36 116.843399 
37 118.395096 
38 120.083160 
39 121.922623 
40 123.930847 
41 126.127914 
42 128.537262 
43 131.186401 
44 134.107819 
45 137.3401/9 
46 140.929810 
47 144.932770 
48 149.417572 
49 154.468674 
50 160.191650 
51 166.720047 
52 174.225357 
53 182.931641 
54 193.137253 
55 205.248581 
56 219.833817 
57 237.712753 
58 260.113770 
59 288.966797 
60 327.488770 
61 381.486084 
62 462.654297 
63 598.802246 
64 878.027344 
65 1858.78564 

.20, ALPHA= 7 
S DOWNSTREAM 

Z/C(%) 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
o.n 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
O.n 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

.0 
OF TRAILING 
1-P/PI INI 
0.406944 
0.440355 

5280/9 
581841 
61734/ 
64086/ 
644063 
628613 

0.611467 
0.606488 
0.609404 
0.61364/ 
0.616161 
0.616044 
0.614651 
0.613393 
0.612813 
0.612770 
0.612950 
0.613077 
0.613014 
0.612/82 
0.612483 
0.612208 
0.611991 
0.611810 
0.611634 
0.611446 
0.611248 
0.611033 
0.610775 
0.610449 
0.610069 
0.609690 
0.609374 
0.609119 
0.608856 
0.608507 
0.608067 
0.607592 
0.607122 
0.606643 
0.606120 
0.605545 
0.604936 
0.604318 
0.603708 
0.603093 
0.602420 
0.601634 
0.600717 
0.599717 
0.598740 
0.597930 
0.597383 
0.596961 
0.596178 
0.594421 
0.591451 
0.587764 
0.584565 
0.582817 
0.582080 
0.581890 

EDGE 
CP 

0.434662 
0.354285 
0.143244 
0.013908 

-0.071509 
-0.128092 
-0.135780 
-0.098612 
-0.057364 
-0.045386 
-0.052401 
-0.062608 
-0.068656 
-0.068374 
-0.065024 
-0.061996 
-0.060602 
-0.060498 
-0.060931 
-0.061236 
-0.061085 
-0.060528 
-0.059808 
-0.059146 
-0.058624 
-0.058189 
-0.057765 
-0.057312 
-0.056836 
-0.056320 
-0.055698 
-0.054915 
-0.053999 
-0.053089 
-0.052329 
-0.051716 
-0.051082 
-0.050242 
-0.049183 
-0.048041 
-0.046912 
-0.045758 
-0.044500 
-0.043118 
-0.041653 
-0.040166 
-0.038698 
-0.037218 
-0.035600 
-0.033707 
-0.031503 
-0.029097 
-0.026745 
-0.024798 
-0.023481 
-0.022465 
-0.020582 
-0.016355 
-0.009211 
-0.000341 
0.007354 
0.011560 
0.013333 
0.013790 

MACH 
0.8/0432 
0.955014 
1.087781 
1.173473 
1.241040 
1.288515 
1.297826 
1.26/863 
1.23988/ 
1.235262 
1.244033 
1.254494 
1.260715 
1.261426 
1.259577 
1.25/907 
1.257380 
1.257714 
1.258301 
1.258620 
1.258435 
1.257812 
1.256955 
1.256042 
1.255120 
1.254150 
1.253071 
1.251868 
1.250561 
1.249147 
1.24/583 
1.245833 
1.24393/ 
1.242026 
1.240230 
1.238560 
1.236895 
1.235114 
1.233236 
1.231393 
1.2296/2 
1.228056 
1.226501 
1.225013 
1.223639 
1.222444 
1.221460 
1.220648 
1.219881 
1.219023 
1.218016 
1.216910 
1.215855 
1.215052 
1.214603 
1.21419/ 
1.212954 
1.209793 
1.204153 

,196987 
,190890 

1.188458 
1.190285 
1.193385 

1-PI/PI INF 
0.028238 

-0.006005 
0.00/487 
0.020258 
0.020571 
0.020328 
0.016704 
0.014727 
0.007041 
0.000466 

-0.003744 
-0.006/82 
-0.008589 
-0.009858 
-0.011013 
-0.012053 
-0.012856 
-0.013421 
-0.013743 
-0.013845 
-0.013762 
-0.013521 
-0.013144 
-0.012624 
-0.011945 
-0.011106 
-0.010106 
-0.008975 
-0.007730 
-0.006388 
-0.004959 
-0.003460 
-0.001909 
-0.000338 
0.001237 
0.002799 
0.004329 
0.005790 
0.007144 
0.008363 
0.009434 
0.010341 
0.011059 
0.011559 
0.011823 
0.011834 
0.011593 
0.011117 
0.010441 
0.009603 
0.008637 
0.007598 
0.006552 
0.005599 
0.004830 
0.004318 
0.004011 
0.003815 
0.003899 
0.004261 
0.004460 
0.003423 

-0.000707 
-0.005203 



DORMI R JAMESON 
AR2II 

W.Schmidl 
A Jameson 05-9-7 

NACA (Ml 12: MACH - 1.2. ALPHA - 7 

FIG. : CP (X/C) ON NfiCfi 0012 



DORNIER/JAMESON 
AK2I1 

W.Schmidt 
A Jameson 

OS-V-K 

NACA 0012: MACH - 1.2. ALPHA - 7 

FIG. : CP (Z/C) ON NfiCfi 0012 



DORNIER JAMESON 
AR 211 

W.Schmidi 
A Jameson »5-9-9 

NACA 0012: MACH - 1.2. ALPHA - 7 



AR 211 W.Schmidl 
A Jameson DORNII R JAMESON 

05-9-10 

NACA 0012: MAÍ'H - 1.2, ALPHA - 7 



DORN I ER/J A MESON 
AR 211 

W,Schmidt 
AJamcson 05-9-11 

NACA 0012: MACH - 1.2. ALPHA - 7 

o 

FIG. : MACH (X/C) ON NACA 0012 
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AR2II 

NACA 0012: MACH - 

W.Schmidt 
AJameson 

1.2. ALPHA-7 

05-0-12 
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PRATT & WHITNEY 
AR2II R-H.Ni 0.4-10-1 

NACA 0012: MACH — 1.2, ALPHA — 7 

H X/C Y/C 1-P/PIINF CP MACH 1-PI/PIINF 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 

1.000000 
0.966960 
0.933930 
0.900910 
0.867930 
0.835000 
0.802140 
0.769370 
0.736710 
0.704180 
0.671810 
0.639630 
0.607650 
0.575910 
0.544440 
0.513270 
0.482440 
0.451990 
0.421950 
0.392370 
0.363300 
0.334800 
0.306900 
0.279670 
0.253180 
0.227480 
0.202660 
4.178760 
0.155930 
0.134190 
0.113660 
0.094430 
0.076620 
0.060330 
0.045670 
0.032780 
0.021770 
0.012790 
0.005970 
0.001540 
0.0 
0.001540 
0.005970 
0.012790 
0.021770 
0.032780 
0.045670 
0.060330 
0.076620 
0.094430 
0.113660 
0.134190 
0.155930 
0.176760 
0.202660 
0.227480 
0.253160 

0.0 
-0.004590 
-0.009010 
-0.013240 
-0.017310 
-0.021220 
-0.024970 
-0.028570 
-0.032010 
-0.035300 
-0.038420 
-0.041370 
-0.044150 
-0.046740 
-0.049130 
-0.051320 
-0.053280 
-0.055000 
-0.056470 
-0.057670 
-0.056580 
-0.059180 
-0.059470 
-0.059420 
-0.059010 
-0.056250 
-0.057110 
-0.055590 
-0.053690 
-0.051390 
-0.048690 
-0.045610 
-0.042130 
-0.038260 
-0.034020 
-0.029410 
-0.024420 
-0.019050 
-0.013240 
-0.006690 
0.0 
0.006890 
0.013240 
0.019050 
0.024420 
0.029410 
0.034020 
0.038260 
0.042130 
0.045610 
0.048690 
0.051390 
0.053690 
0.055590 
0.057110 
0.058250 
0.059010 

0.713540 
0.597810 
0.621350 
0.619210 
0.614360 
0.611420 
0.607740 
0.604690 
0.601400 
0.598190 
0.594900 
0.591530 
0.568020 
0.564330 
0.560270 
0.575810 
0.570930 
0.565550 
0.559620 
0.553110 
0.545900 
0.537660 
0.526890 
0.516920 
0.507990 
0.496040 
0.482900 
0.468470 
0.452500 
0.434690 
0.414730 
0.392140 
0.366480 
0.336970 
0.302010 
0.259600 
0.207130 
0.140760 
0.060790 
0.006310 
0.057390 
0.219810 
0.393770 
0.494110 
0.561970 
0.600420 
0.627920 
0.649540 
0.666650 
0.680910 
0.693360 
0.704340 
0.714130 
0.722930 
0.730900 
0.738170 
0.744810 

-0.302922 
-0.024510 
-0.081141 
-0.075992 
-0.064325 
-0.057252 
-0.048399 
-0.041062 
-0.033147 
-0.025425 
-0.017510 
-0.009403 
-0.000959 
0.007919 
0.017666 
0.028415 
0.040155 
0.053096 
0.067363 
0.063025 
0.100370 
0.119712 
0.141291 
0.165276 
0.191570 
0.220318 
0.251929 
0.286643 
0.325062 
0.367908 
0.415926 
0.470270 
0.532001 
0.602993 
0.687096 
0.789122 
0.915349 
1.074967 
1.267399 
1.398461 
1.275578 
0.684845 
0.466349 
0.224961 
0.061710 

-0.030789 
•0.096946 
-0.146957 
-0.190119 
-0.224424 
-0.254375 
-0.280790 
-0.304342 
-0.325512 
-0.344685 
-0.362175 
-0.376149 

1.444790 
1.215920 
1.256980 
1.253070 
1.243150 
1.237640 
1.230420 
1.224590 
1.218290 
1.212200 
1.205970 
1.199630 
1.193070 
1.186210 
1.178710 
1.170530 
1.161620 
1.151690 
1.141240 
1.129660 
1.116930 
1.102900 
1.087380 
1.070330 
1.051640 
1.031850 
1.010140 
0.986590 
0.960820 
0.932400 
0.930920 
0.065630 
0.825840 
0.730310 
0.726320 
0.660C90 
0.575420 
0.459730 
0.286470 
0.033390 
0.280730 
0.602630 
0.671790 
1.031280 
1.146790 
1.217160 
1.270500 
1.314390 
1.350570 
1.361850 
1.410050 
1.435690 
1.459200 
1.460920 
1.501080 
1.519900 
1.537470 

0.028670 
0.004180 
0.010020 
0.009600 
0.010150 
0.009880 
0.010020 
0.009960 
0.009990 
0.009970 
0.009970 
0.009960 
0.009950 
0.009930 
0.009920 
0.009900 
0.009860 
0.009850 
0.009820 
0.009790 
0.009760 
0.009720 
0.009680 
0.009630 
0.009580 
0.009540 
0.009430 
0.009420 
0.009340 
0.009260 
0.009150 
0.009030 
0.008390 
0.003700 
0.008450 
0.008090 
0.007650 
0.006810 
0.005730 
0.005540 
0.004360 
0.002660 
0.005230 
0.006410 
0.008160 
0.006900 
0.009390 
0.009730 

,0.009980 
0.010130 

.0.010260 
0.010370 
0.010450 
0.010530 
0.010600 
0.010660 
0.010710 

NACA0012 

MACH 1.200 

ALPHA 7.000 
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82 
33 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 

0.279670 
0.306900 
0.334800 
0.363300 
0.392370 
0.421950 
0.451990 
0.482440 
0.513270 
0.544440 
0.575910 
0.607650 
0.639630 
0.671810 
0.704180 
0.736710 
0.769370 
0.802140 
0.835000 
0.867930 
0.900910 
0.933930 
0.966960 
1.000000 

0.059420 
0.059470 
0.059180 
0.058580 
0.057670 
0.056470 
0.055000 
0.053280 
0.051320 
0.049130 
0.046740 
0.044150 
0.041370 
0.038420 
0.035300 
0.032010 
0.028570 
0.024970 
0.021220 
¢.017310 
0.013240 
0.009010 
0.004590 
0.0 

0.750910 
¢.756500 
0.761590 
0.766190 
0.770340 
0.774090 
0.777530 
0.780670 
0.783530 
0.786150 
0.788550 
¢.790760 
0.792850 
0.794080 
0.796850 
0.798770 
0.800710 
0.802590 
¢.004700 
0.806510 
¢.809480 
0.808760 
¢.802940 
0.713540 

-0.392823 
-0.406271 
-0.418516 
-0.429SÔ3 
-0.439566 
-0.448588 
-0.456863 
-0.464417 
-0.471297 
-0.477600 
-0.483374 
-0.488691 
-0.493719 
-0.498602 
-0.503341 
-0.507960 
•-0.512627 
-0.517150 
-0.522226 
•0.526580 
-0.533725 
-0.531993 
-0.517992 
-0.302922 

1.553940 0.010760 
1.569370 0.010810 
1.583680 0.010850 
1.596820 0.010890 
1.608860 0.010930 
1.619940 0.010960 
1.630210 0.010930 
1.639730 0.011010 
1.648510 0.011030 
1.656640 0.011060 
1.664150 0.011080 
1.671140 0.011090 
1.677020 0.011100 
1.664350 0.011110 
1.690760 0.011120 
1.697060 0.011140 
1.703510 0.011110 
1.709720 0.011200 
1.716960 0.010980 
1.722760 0.011500 
1.733970 0.010020 
1.729780 0.012560 
1.718630 -0.000420 
1.444790 0.028630 

NACA0012 

MACH 1.2000 

ALPHA 7.0000 

* 

CL 0.51891 

CD 0.15308 

CM 0.10705 
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TEST CASES FOR STEADY INVISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 05 

NACA 0012: MACH = 1.2, ALPHA = 7 

Contributor No 10 

R-H.Ni 

(Pratt & Whitney, U.S. A.) 
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PRATT & WHITNEY 
AR 211 R-H.Ni «5-1(1-7 

NACA (MM2: MACH - 1.2, ALPHA - 7 
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PRATT & WHITNEY 
AR 211 R-H.Ni 05-10-8 

NAC A (1(112: MACH - 1.2. ALPHA-7 

PS CONTOURS 
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NACA 0012: MACH - 1.2. ALPHA - 7 
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TEST CASES FOR STEADY INVISCID 

IRANSONIC OR SUPERSONIC FLOW 

TEST CASE 06 

RAE 2822: MACH = 0.75, ALPHA = 3 

Contributor No 1 

J.P.Veuillot and A.M.Vuillot 

(O.N.E.R.A., France) 
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O.N.E.R.A. 
AR 211 J.P.Veuillol 

A.M.Vuillol 06-1-1 

RAE 2N22: MACH - 0.75. ALPHA - 5 

COMMENTS ON CALCULATION FOR TEST CASE 06 

.* The computational domain is inscribed in the rectangle 

- 4.00¾ x/c -¾ 6.97 , - 6.00 ^ z/c si; 6.00 

* Number of mesh points s 251 x 35 = 8 785 ( 195 mesh points on 

the profile) 

* Artificial viscosity ; 

3)a term : = = 0.25 10'1 

X>¿ term s = 0.4 , = 0.2 

m .. .i i 



O.N.Ë.R.A 
AR 211 

RAE 2S22: MACH - 0.75, ALPHA - 3 

J.P.Veuillot 
A.M.Vuillot Oft-1-2 

WALL VALUES - UPPER SIDE 

X/C 

0.000000 
.000023 
.000101 
.000238 
.000442 
.000719 
.001082 
.001548 
.002129 
.002858 
.003751 
.004837 
.006152 
.007729 
.009596 
.011796 
.014361 
.017335 
.020748 
.024635 
.029026 
.033947 
.039422 
.045467 
.052095 
.059315 
.067130 
.075539 
.084537 
.094119 
.104271 
. 114983 
. 126242 
. 138032 
.150337 
. 163142 
.176433 
.190192 
.204402 
.219048 
.234116 
.249587 
.265445 
.281679 
.298268 
.315196 
.332449 
.350010 
.367859 
.385977 
.404337 
.422909 
.441648 
.460495 
.479373 
.498183 
.516810 
.535117 
.552965 
.570222 
.586778 
.602548 
.617495 
.631622 
.644976 
.657642 
.669722 
.681335 
.692594 
.703603 
.714440 
.725159 
.735780 
.746303 
.756720 

Z/C 

0.000000 
.000659 
.001327 
.002010 
.002718 
.003456 
.004234 
.005057 
.005932 
.006862 
.007853 
.008910 
.010031 
.011215 
.012471 
.013789 
.015175 
.016617 
.018116 
.019671 
.021278 
.022934 
.024631 
•C26367 
.028138 
.029936 
.031753 
.033580 
.035412 
.037232 
.039040 
.040830 
.042579 
.044295 
.045972 
.047597 
.049155 
.050656 
.052097 
.053465 
.054754 
.055969 
.057105 
.058134 
.059080 
.059936 
.060694 
.061334 
.061860 
.062275 
.062581 
.062753 
.062785 
.062688 
.062457 
.062070 
.061505 
.060802 
.059978 
.059027 
.057956 
.056834 
.055659 
.054458 
.053275 
.052052 
.050857 
.049636 
.048430 
.047190 
.045951 
.044662 
.043370 
.042026 
.040683 

1“P/PI INF 

.137813 

.171305 

.209674 

.246996 
.284588 
.321868 
.359443 
.396109 
.432386 
.464210 
.491267 
.520640 
.546996 
.563624 
.578147 
.591340 
.603187 
.613514 
.620321 
.624937 
.627768 
.629530 
.630204 
.629756 
.628928 
.628079 
.627238 
.626422 
.626098 
.625830 
.625448 
.625946 
.626521 
.626692 
.627439 
.628944 
.630255 
.631150 
.632473 
.634199 
.635710 
.637247 
.639622 
.641850 
.643513 
.645557 
.648297 
.651302 
.653909 
.656468 
.659554 
.663272 
.666779 
.670190 
.674460 
.679916 
.685182 
.689689 
.694730 
.700462 
.705191 
.709238 
.713161 
.715747 
.718946 
.721772 
.723953 
.725933 
.727833 
.729784 
.730612 
.733715 
.738162 
.746514 
.564186 

CP 

.640347 

.516818 

.375298 

.237643 

.098992 
-.038510 
-. 177098 
-.312335 
-.446137 
-.563515 
-.663308 
-.771645 
-.868856 
-.930185 
-.983752 

-1.032411 
-1.076105 
-1. 114197 
-1.139303 
-1. 156326 
-1. 166770 
-1.173266 
-1.175755 
-1.174101 
-1. 171047 
-1.167914 
-1.164815 
-1.161805 
-1.160608 
-1. 159623 
-1.158212 
-1.160050 
-1.162169 
-1 . 162799 
-1.165554 
-1.171108 
-1. 175940 
-1. 179243 
-1.184124 
-1 . 190488 
-1. 196061 
-1.201729 
-1.210492 
-1.218708 
-1.224842 
-1.232382 
-1.242486 
-1.253569 
-1.263407 
-1.272626 

1 .284006 
-1.297721 
-1.310654 
-1.323236 
-1.338983 
-1.359109 
-1.378531 
-1.395156 
-1.413747 
-1.434887 
-1.452330 
-1.467257 
-1.481727 
-1.491263 
-1.503064 
-1.513487 
-1.521531 
-1.528833 
-1.535842 
-1.543038 
-1.546093 
-1.557537 
-1.573938 
-1.604744 
-.932257 

MACH 

.472170 

.531797 

. 594086 

.653739 

.713179 

.771830 

.830338 

.888137 

.945740 

.996813 
1.041381 
1.090403 
1. 135343 
1. 164157 
1. 189544 
1.213291 
1.235378 
1.254885 
1.267923 
1.276838 
1.282411 
1.285913 
1.287198 
1.286289 
1.284641 
1.282982 
1.281258 
1.279664 
1.279061 
1.278367 
1.277674 
1.278675 
1.279655 
1.279925 
1.281450 
1.284397 
1.286834 
1.288572 
1.291218 
1.294611 
1.297449 
1.300615 
1.305402 
1.309743 
1.313074 
1.317252 
1.322889 
1.329039 
1.334476 
1.339657 
1.346233 
1.354069 
1.361469 
1.368756 
1.378196 
1.390263 
1.401847 
1.411960 
1.423691 
1.436966 
1.447904 
1.457750 
1.466973 
1.473284 
1.481223 
1.488056 
1.493765 
1.498044 
1.504158 
1.506469 
1.513652 
1.511365 
1.543199 
1.559533 
1.045815 

1-PI/PI INF 

-.004409 
-.004678 
-.003423 
-.003383 
-.004182 
-.005578 
-.006727 
-.008370 
-.009724 
-.010451 
-.011290 
-.011424 
-.010981 
-.010259 
-.009154 
-.008368 
-.008076 
-.007657 
-.007352 
-.007116 
-.007058 
-.007049 
-.006965 
-.006946 
-.006951 
-.006994 
-.006922 
-.006957 
-.007012 
-.006789 
-.006877 
-.006896 
-.006679 
-.006586 
-.006642 
-.006574 
-.006332 
-.006259 
-.006250 
-.006147 
-.005860 
-.005937 
-.005886 
-.005606 
-.005500 
-.005465 
-.005432 
-.005296 
-.005099 
-.004993 
-.005058 
-.004929 
-.004738 
-.004592 
-.004742 
-.004745 
-.004447 
-.004295 
-.004527 
-.004436 
-.004119 
-.004378 
-.004017 
-.004032 
-.004142 
- 003893 
-.004274 
-.003263 
-.005171 
-.001315 
-.008712 

.006213 
-.023615 
-.014980 

.129042 



O.N.E.R.A. 

AR21I 
J.P Veuillot 
A.M.Vuillot 

06-1-3 

RAK 2X22: MACH - 0.75. ALPHA - 3 

MALL VALUES - UPPER SIDE(Cont.) 

N X/C Z/C 1 -P/PI INF CP MACH 1-PI/PIINF 

76 
77 
7 a 
7 9 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
9 1 
92 
93 
94 
95 
96 
97 
98 

.767040 

.777294 

.787533 

.797824 

.808241 

.818855 

.829727 

.840890 

.852348 

.864065 

.875967 

.887952 

.899894 

.911663 

.923138 

.934219 

.944843 

.954982 

.964651 

.973897 

.982800 

.991462 
1.000000 

.039302 

.037916 

.036481 

.035024 

.033501 

.031930 

.030276 

.028549 

.026741 

.024858 

.022309 

.020905 

.018872 

.016824 

.014793 

.012793 

.010841 

.008944 

.007099 

.005304 

.003535 

.001781 
0.000000 

.332853 

.31 1496 

.347623 

.329015 

.333866 

.330339 

.328676 

.325968 

.323157 

.320039 

.316560 

.312676 

.308459 

.303822 

.298869 

.293660 

.288036 

.281986 

.275246 

.267475 

.258063 

.242262 

.218982 

- . 0790?'’ 
-.000255 
-.133503 
-.064871 
-.082761 
-.069752 
-.063621 
-.053631 
-.043265 
-.031765 
-.018932 
-.004605 

.010949 

.028050 

.046317 

.065531 
086275 

.108587 

. 133449 

.162111 

.196825 

.255105 

.340969 

.700532 

.680610 

.722686 

.700048 

.705183 

.700165 

.697111 

.692629 

.687887 

.682624 

.676725 

.670160 

.662980 

.655083 

.646638 

.637679 

.627977 

.617501 

.605593 

.591961 

.574791 

.542523 

.508519 

.074160 

.061175 
076331 

.069236 

.071707 

.070975 
.071200 
.071153 
.071175 
.071193 
.071225 
.071231 
.071265 
.071286 
.071291 
.071326 
.071351 
.071365 
.071496 
.071494 
.071831 
.074315 
.068229 

SLIP LINE VALUES - UPPER SIDE 

N X/C Z/C 1 -P/PI INF CP MACH 1-PI/PIINF 

99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
1 10 
1 11 
112 
113 
114 
1 15 
1 16 
117 
11b 
1 i9 
120 
121 
122 
123 
124 
125 
126 

1 .008537 
1 .017191 
1 .026110 
1.035659 
1.046637 
1.060186 
1.077475 
1.099652 
1.128024 
1.164165 
1.209954 
1.267595 
1.339639 
1.429016 
1.539121 
1.673831 
1.837463 
2.034749 
2.270820 
2.551135 
2.881376 
3.267305 
3.714591 
4.228574 
4.813942 
5.473913 
6.199194 
6.968506 

-.000671 
-.001248 
-.001777 
-.002283 
-.002805 
-.003375 
-.004010 
-.004704 
-.005435 
-.006167 
-.006846 
-.007388 
-.007680 
-.007570 
-.006863 
-.005317 
-.002649 

.001457 

.007390 

.015565 

.026413 

.040368 

.057843 

.079202 

.104710 

.134460 

.167840 

.203514 

.227588 

.251905 

.255591 

.259822 

.263922 

.268249 

.272637 

.277072 

.281476 

.285770 

.289865 

.293677 

.297132 

.300178 

.302766 

.304946 

.306774 

.308221 

.309314 

.310120 

.310694 

.311079 

.311312 

.311430 

.311468 

.311428 

309226 

.219537 

.205942 

. 190335 

. 175216 

.159255 

.143069 

.126714 

.110468 

.094631 

.079527 

.065470 

.052727 

.041489 

.031945 

.023905 

.017164 

.011824 

.007792 

.004821 

.002704 

.001284 

.000424 
-.000010 
-.000149 
-.000003 

.523190 

.546812 

.554464 

.563804 

.570735 

.578158 

.585453 

.593016 

.600645 

.608282 

.615755 

.623035 

.629847 

.636091 

.641627 

.646248 

.649804 

.652431 

.654354 

.655733 

.656732 

.657433 

.658051 

.658459 

.658724 

.658851 

.658822 

.658746 

.069179 

.072807 

.071411 

.071793 

.071576 

.071670 

.071659 

.071717 

.071777 

.071863 

.071977 

.072128 

.072323 

.072563 

.072865 

.073326 

.074001 

.074856 

.075792 

.076647 

.077327 

.077817 

.078140 

.078336 

.078441 

.078499 

.078572 

.078579 



ONERA 

AK 211 

RAE2K22: MA( H - 0.75, ALPHA 

J.P.Veuillot 
A.M.Vuillot 

06-1-4 

WALL VALUES - LOWER SIDE 

N 

1 
2 
3 
4 
5 
G 
7 
a 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 

X/C 

0 000000 
.000023 
.000101 
.000238 
.000442 
.000719 
.001082 
.001546 
.002129 
.002855 
.003746 
.004829 
.006137 
.007703 
.009559 
.011747 
.014299 
.017257 
.020654 
.024527 
.028906 
.033817 
.039284 
.045327 
.051958 
.059183 
.067008 
.075429 
.084440 
.094034 
.104200 
.114925 
.126196 
.137999 
.150318 
.163135 
.176436 
.190206 
.204427 
.219084 
. 234 163 
.249646 
.265516 
.281762 
.298368 
.315318 
.332596 
.350193 
.368087 
.386255 
.404672 
.423307 
.442112 
.461025 
.479964 
.498830 
.517503 
.535845 
.553718 
.570990 
.587549 
.603317 
.618253 
.632367 
.645704 
.658349 
.670408 
.681997 
.693232 
.7042'4 
.715025 
.725716 
.736310 
.746803 
.757191 

Z/C 

0.000000 
-.000659 
-.001327 
-.002010 
-.002718 
-.003456 
- 004234 
-.005057 
-.005932 
-.006864 
-.007858 
-.008919 
-.010049 
-.011251 
-.012527 
-.013873 
-.015293 
-.016779 
-.018331 
-.019939 
-.021602 
-.023314 
-.025067 
-.026843 
-.028641 
-.030454 
-.032263 
-.034072 
-.035873 
-.037655 
-.039418 
-.041153 
-.042849 
-.044496 
-.046096 
-.047643 
-.049130 
-.050549 
-.051895 
-.053169 
-.054347 
-.055441 
-.056448 
-.057323 
-.058059 
-.058645 
-.059061 
-.059212 
-.059105 
-.058742 
-.058111 
-.057158 
-.055902 
-.054390 
-.052644 
-.050684 
-.048546 
-.046311 
-.044022 
-.041720 
-.039441 
-.037226 
-.035096 
-.033068 
-.031128 
-.029293 
-.027528 
-.025853 
-.024222 
-.022661 
-.021117 
-.019630 
-.018148 
-.016743 
-.015341 

1-P/PIINF 

.137813 

.107553 

.080015 

.055474 

.035120 

.019624 

.008623 

.002500 

.001141 

.003983 

.010374 

.0197 19 

.031290 

.044547 

.059116 

.074254 

.089775 

.105309 

.120537 

.135256 

.149317 

.163043 

.176233 

.188398 

.199771 

.210781 

.220762 

.230110 

.239250 

.247777 

.256012 

.264125 

.271804 

.278912 

.285782 

.292655 

.299375 

.305873 

.312243 

.318808 

.325126 

.331577 

.339178 

.346718 

.353752 

.361385 

.369689 

.375695 

.378389 

.380026 

.380644 

.377994 

.371711 

.364323 

.356689 

.348047 

.338308 

.328922 

.320581 

.312656 

.305029 

.298001 

.291717 

.286092 

.280663 

.275674 

.270862 

.266464 

.262308 

.258533 

.254803 

.251175 

.247398 

.244272 

.241057 

1 . 

CP 

640347 
751956 
853522 
944039 
019110 
076264 
116841 
139425 
144435 

.133956 
110383 
075916 
033236 
984342 
930607 
874771 
817524 
760233 
704064 
649778 

.597915 

.547290 

.498641 

.453771 

.411824 

.371216 

.334401 

.299923 

.266212 

.234762 

.204391 
. 174467 
. 146143 
.119928 
.094588 
.069236 
.044453 
.020485 
.003008 
.027223 
.050526 
.074321 
.102353 
.130165 

■.156108 
'. 184262 
'. 214889 
-.237043 
-.246978 
-.253016 
- .255294 
-.245521 
-.222347 
- .195099 
-.166940 
-.135067 
-.099145 
-.064527 
-.033764 
-.004533 

.023597 

.049518 

.072696 

.093444 

.113468 

.131869 

.149617 

.165837 

.181166 

.195068 

.208846 

.222231 

.236159 

.247691 

.259549 

MACH 

.472170 

.414310 

.356120 

.297206 

.237804 

.178584 

.119958 

.061860 

.004897 

.050209 

.103357 

.154072 

.201965 

.247050 

.289238 
328363 

.364719 

.398412 

.429481 

.457982 

.484231 

.508994 

.532027 

.552799 

.572070 

.590199 

.606476 

.621716 

.636302 

.649873 

.662946 

.675707 

.687680 
698757 

.709479 

.720129 

.730525 

.740499 

.750403 

.760488 

.770059 

.780193 

.791872 

.803311 

.814085 

.826134 

.838878 

.847771 

.851986 

.854743 

.855691 

.851243 

.841549 

.830298 
818538 

.805052 

.790072 

.775799 

.762969 

.750732 

.738997 

.728161 

.718510 

.709721 

.701346 

.693536 

.686077 

.679169 

.672707 

.666737 

.660906 

.655071 

.649241 

.644187 

.639126 

1-PI/PIINF 

-.004409 
-.004362 
-.004279 
-.004229 
-.003618 
-.002437 
-.001399 
-.000175 

.001125 

.002224 

.002954 

.003333 

.003348 

.003100 

.002855 

.002479 

.002165 

.001890 

.001649 

.001493 

.001312 

.001172 

.001135 

.001116 

.000957 

.000995 

.000999 

.000885 

.000925 

.000912 

.000858 

.000849 

.000885 

.000886 

.000843 

.000843 

.000837 

.000888 

.000804 

.000823 

.000962 

.000750 

.000747 

.000892 

.000930 

.000618 

.000661 

.001045 

.000986 

.000748 

.000755 

.001124 

.001121 

.000984 

.000994 

.001192 

.001203 

.001054 

.011059 

.001095 

.001075 

.001061 

.000996 

.001059 

.001006 

.001045 

.001001 

.001027 

.000979 

.001020 
.OOOC74 
,001063 
.000938 
.001016 
.' 00971 



um,,. VALUES ^LOWEg SIDE(ÇontJ 

76 
77 
78 
79 
80 
81 
82 
83 
8-) 

85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 

X/C 

.767481 

.777706 

.787915 

.798177 
.808564 
,819149 
.829991 
841125 

.852553 

.864241 

.876116 

.888075 

.899994 

.911741 

.923197 

.934263 

.944874 

.955003 
.984663 
.973904 
.982803 
.991462 

1.000000 

Z/C 

.014021 

.012699 

.011457 

.010202 

.009019 
•.007823 
-.006669 
-.005528 
-.004408 
-.003377 
-.002395 
-.001487 
-.000705 
-.000055 

.000461 

.000842 

.001091 

.001204 

.001180 

.001038 

.000792 

.000450 

.000001 

,-p/P INF 

.238065 

.235040 

.232238 
.229401 
.226812 
. 224519 
.221606 
.219231 
.215692 
.213720 
.211686 
.208554 
.206396 
205000 

.203781 

.202807 

.202021 
.201796 
.202741 
.204623 
.207121 
.209736 
.213679 

CP 

.270584 

.281742 
.292076 
.302540 
.312089 
,320546 
.331290 
.340050 
.353104 
.360376 
.367876 
.379430 
.387390 
.392539 
.397034 
.400625 
.403526 
.404354 
.400869 
.393927 
.384715 
.375071 
.360526 

MACH 

.634307 

.629521 

.624999 

.620435 

.616397 

.612436 

.608056 

.603765 

.598393 

.595181 
.591513 
.58660' 
.583124 
.580745 
.578740 
.577106 
.575794 
.575534 
.577122 
.580189 
.584317 
,5881'B 
.596087 

1-PI/PIINF 

.001010 

.000968 
.000994 
.000998 
.000892 
.001098 
.000832 
.001175 
.000869 
.000863 
.001127 
.000949 
,000891 
.000948 
.000942 
.000959 
.000966 
.000881 
.000864 
.000898 
.000893 
.001276 
.000106 

SLIP 
LINE VALLES_2ji2W^-^51. 

X/C 

1.008537 
1.017191 
1.026110 
1.035659 
1.046637 
1.060186 
1.077475 
1.099652 
1.128024 
1.164165 
1.209954 
1.267595 
1.339639 
1.429016 
1.539121 
1.673831 
1.837463 
2.034249 
2.270820 
2.551135 
2.881376 
3.267305 
3.714591 
4.228574 
4.813942 
5.473913 
6.199194 
6.968506 

Z/C 

.000670 
■ .001248 
-.001776 
-.002282 
-.002804 
-.003375 
-.004010 
-.004703 
-.005434 
-.006166 
-.008845 
-.007387 
-.007679 
-.007569 
-.006862 
-.005315 
-.002648 

.001459 

.007392 

.015567 

.026415 
.040370 
.057846 
.079205 
.104713 
. 134463 
.167844 
.203518 

,-P/PIINF 

.227588 

.243367 
.246431 
251905 

.255591 

.259822 
.263922 
.268249 
.272637 
.277072 
.281476 
.285770 
.289865 
.293677 
.297132 
.300178 
.302766 
.304946 
.306774 
.308221 
.309314 
.310120 
.310694 
.311079 
.311312 
.311430 
.311468 
.311428 

CP 

.309226 

.251027 
.239729 
.219537 
.205942 
.130335 
. 175216 
. 159255 
.143069 
. 126714 
.110468 
.094631 
.079527 
.065470 
.052727 
.041489 
.0319*5 
.023905 
.017164 
.011824 
.007792 
.004821 
.002704 
.001284 
.000424 

-.000010 
-.000149 
-.000003 

MACH 

.619257 

.641307 
.647775 
.656085 
.662161 
.668757 
.675251 
.682023 
.688893 
.695811 
.702665 
.709329 
.715663 
.721543 
.726857 
.731502 
.735448 
.738780 
.741536 
.743706 
.745346 
.746553 
. 1147411 
.747984 
.748321 
.748505 
.748636 
.748492 

1-PI/PIINF 

- .'. 00402 
.C02211 
.01X588 1 
.001182 
.000963 
.001018 
.000968 
.000973 
.000963 
.000958 
.000958 
.000962 
.000976 
.000996 
.001023 
.001081 
.001127 
.001157 
.001216 
.001275 
.001318 
.001351 
.001375 
.001394 
.001415 
.001413 
.0013*4 
.001422 
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OM R A 
AR211 

J.P.Veuillot 
A.M.Vuillol 

Oft-1-6 

RAE 2K22: MACH - 0.75. ALPHA - 3 

OOP UPPER SURFTE 

G. .0 0 LOUER SURFACE 
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OM RA 
AR 211 

J.P.Veuillot 
A.M.Vuillot 

Oft-1-7 

RAF. 2K22: MACH - 0.75, ALPHA - 3 
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O N.F .R A. 
AR 211 J.P.Veuillot 

A.M.Vuilldi 06-1-8 

RAt: 2822: MACH - 0.75, AL PHA - 3 

o—e—0 UPPER SURFACE 
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ON.IRA 
AR2I1 

J.P.Veuillot 
A.M.Viiillnt 

06-1-9 

RAK 2K22: MACH - ().75, ALPHA - 3 

G-0-0 

G O O 

UPPER SURFACE 

LOUER SURFACE 
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a 
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0o8 H 
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-0.05 
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0.05 



AR 211 
J.P.Vcuillot 
A.M.Vuillol 
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» 

OM KA 

06-1-10 

RAE 2H22: MACH » 0.75, ALPHA - 5 

□ 0 o UPPER SURF MUE 

Q. Q Q LÜIaIER SURF ^CE 
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ON I KA 

AR 211 
J.P.Veuillot 
A.M.Vuilloi 

1)()-1-11 

RAE 2S22: MACH = 0.75. ALPHA - 3 

G-6-© 

G O Ö 

UPPER SURFACE 

LOUER SURFACE 

i2 d 0 i 
O i 

lo8 - 

c: 



UPPER SURFACE 

LOUER SURFACE 

0 a OO 



AR 21 I J.P.Veuillot 
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O.N.E.R.A. 

AR2I1 J.Sides Ofi-2-1 

RAE 2822: MAC H - 0.75. ALPHA - 3 

COK] .ENTS OK CAI GUTATIOII FOR TEST CAí E 06 

0-?v'esh 

The mesh is generated elgebrically from the dp ta of points 

on the airfoil surface , on a cut-line and on an arbitrary 

external boundary. The global domain is divided into several 

subdomains and in each subdomain the mesh is constructed by 

means of an isoparametric method. The orthogonality to the 

airfoil surface is enforced for one family of mesh lines. 

Some local refinements are introduced in the vicinity of the 

leading edge , of the trailing edge and near the shock wave on 

the upper surface. 

The total number of cells is : ¿98 x 34. 

There are ¿30 points on the airfoil surface: 

y3 on the lower surface , 

±37 on the upper surface. 

In a parallel direction to the x-axis: 
the distance between the leading edge and the external boundary 

is : 5 C (where C is the chord length), 

the distance between the trailing edge and the external boundary 

is : 6 C. 
In a parallel direction to the z-axis: 

the distance between the airfoil surface and the external 

boundary is : about 6c. 

CONVERGENCE 
The numerical results are reported after 4000 time steps of 

the implicit method but no doubt that 2500 steps would be 

sufficient to reach the converged solution. 

A 



1 997465 
2 992327 
3 .987052 
4 981637 
5 .976079 
6 .970374 
7 .964519 
8 .958509 
g .952342 

10 .946013 
11 .939519 
12 932856 
13 .926020 
14 .919005 
15 .911809 
16 .904427 
17 .896854 
18 889085 
19 881116 
20 872941 
21 .864555 
22 855953 
23 847129 
24 838078 
25 .828794 
26 819271 
27 809502 
28 799481 
29 789202 
30 .778658 
31 .767843 
32 .756748 
33 .745366 
34 .733691 
35 .721714 
36 .709426 
37 .696818 
38 .683882 
39 .670609 
40 .656989 
41 .643011 
42 .628665 
43 .613940 
44 598825 
45 .583309 
46 .567379 
47 .551022 
48 .534226 
49 .516976 
50 .499258 

51 .481057 
52 46235t? 

53 .443148 
54 423412 
55 .403141 
56 .382322 
57 .360949 
58 .339012 
59 .316504 
60 .293416 
61 .269736 
62 .245452 
63 .220553 
64 .195359 
65 .171604 
66 .150539 
67 .131862 
68 .115309 
69 .100641 
70 .087648 
71 .076144 
72 .065962 
73 .056959 
74 .049004 
75 .041981 
76 .035"88 
77 .030337 
78 .025542 
79 .021336 
80 .017657 

.000141 

.000406 
000636 
000831 
000989 

.001110 

.001186 

.001215 

.001195 
001120 

.000992 

.000813 

.000584 

.000301 
-.000039 
- .000440 
-.000898 
-.001414 
-.001993 
-.002634 
-.003334 
- .004095 
-.004924 

-.005821 
- 006781 
- .007807 
- .008896 
-.010053 
-.011283 
-.012584 
-.013958 
-.015404 

-.016920 
-.018511 
-.020176 
-.021909 
-.023706 
-.025569 
-.027496 
-.029482 
-.031518 
-.033595 
- .035709 
-.037855 
-.040025 
-.042202 
-.044369 
-.046512 
-.048607 
-.050622 

-.052526 
-.054277 
-.055828 
-.057132 
-.058147 
-.058836 
-.059166 
-.059110 
-.058660 
-.057835 

056656 
-.055130 
-.053248 
-.051011 
-.048567 
- .046091 
- 043625 
-.041184 
-.038789 
-.036457 
-.034196 
-.032008 
-.029890 
-.027838 
-.025858 
-.023946 
-.0220&7 
- .020320 
-.018608 
- 016954 
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.206727 

.205651 
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.202624 
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.200590 
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.201447 
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.204031 
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.207745 
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.211248 

.212882 

.214473 

.216706 
218936 

.221310 

.223670 

.225983 

.228317 

.231171 

.234011 

.237234 

.240434 

.243815 

.247410 

.251713 

.255861 

.260022 

.264809 

.269659 

.275242 

.260731 

.286352 

.292370 

.298567 

.305800 

.313028 

.320392 

.328835 

.337363 

.346069 

.355003 

.363501 

.370770 

.376111 

.379039 

.379373 
376601 

.369883 

.360225 
349680 

.338706 

.327950 

.316957 

.304767 

.294039 

.283332 

.272878 

.261942 

.250920 
239831 

.228665 

.217444 

.205452 

.192596 

.179852 

.166030 

.150885 

.136840 

.120709 

.105097 

.373537 
379981 
386168 
390138 

.396255 
401301 

.404117 

.407089 
408805 

.407103 

.405644 
403395 

.401649 

.399940 

.396113 

.391519 

.386946 

.382415 
376083 

.369493 

.363468 
357598 
349364 
341139 

.332381 

.323677 

.315147 

.306539 
296010 

.285535 

.273650 

.261845 

.249374 

.236116 

.220244 

.204946 

.189601 

.171941 

.154054 

.133462 

.113217 

.092487 

.070289 

.047433 

.020755 
- .005905 
-.033065 
-.064207 
-.095659 
-.127772 

- .160723 
- .192065 
-.218877 
-.238574 
- .249375 
- .250609 
-.240384 
-.215604 
-.179981 
- . 141088 
- .100612 
- .060940 
-.020397 

.024564 

.064134 

.103623 

.142183 

.182519 
223171 
264069 

.305255 

.346642 

.390871 

.438289 

.485292 

.536272 

.592133 

.643933 

.703432 

.761014 

.583643 

.584058 

.581282 

.578826 

.575943 

.573357 

.571861 

.570546 

.569673 

.570218 

.570960 

.571863 

.572672 

.573428 

.575007 

.577067 

.579119 

.581149 

.583858 

.586817 
589523 

.592140 

.595657 

.599368 

.603188 

.607029 

.610784 

.614574 

.619094 

.623736 

.628831 

.634001 

.639370 

.645103 

.651836 

.658483 

.665040 

.672495 

.680175 
688799 

.697440 

.706165 

.715484 

.725119 

.736185 

.747417 

.758749 

.771643 

.784832 

.798197 

.811948 

.825112 

.836429 

.844779 

.849355 

.849845 

.845555 

.835392 

.820715 

.804515 

.787693 

.771040 

.754144 

.735742 

.719452 

.702531 

.686168 

.669042 
651438 
633742 
615711 
597428 

.577857 

.556395 

.534483 

.510870 

. 483996 

.457361 

.427796 

.395593 

005225 
002708 
002712 
003222 
003321 
003555 
003722 

.003701 

.003773 

.003941 

.003880 
003965 

.003950 

.003963 

.004074 

.004082 

.004087 

.004092 

.004191 

.004185 

.004174 

.004174 

.004288 

.004242 

.004288 

.004291 

.004295 

.004291 

.004369 

.004322 

.004395 

.004367 

.004401 

.004404 

.004500 

.004444 

.004465 

.004549 

.004505 

.004622 

.004575 

.004616 

.004661 

.004655 

.004792 

.004751 

.004798 
004934 

.004904 

.004969 

.005004 

.004964 

.004886 

.004799 

.004758 

.004788 

.004783 

.004542 

.004295 

.004227 

.004133 

.004200 

.004 <36 

.003722 

.003414 

.003658 

.003683 

.003634 

.003777 

.003788 

.003833 

.003852 

.003706 

.003666 

.003797 

.003469 

.003304 

.003703 

. 002817 

.003168 



O.N.E.R.A. 
AR 211 

RAE 2X22: MAC H 

J.Sides 

0.75. ALPHA-3 

LOI/JER SURFACE 

N x/c Z/C 1-P/7* I INF CP MACH 1-PI/PI INF 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 

.014450 -.015355 

.011668 -.013811 
009268 -.012317 

.007213 -.010873 

.005476 -.009474 

.004025 -.008122 

.002840 -.006822 

.001903 -.005570 

.001176 -.004380 

.000659 -.003265 

.000322 -.002224 

.000117 -.001263 

.000022 -.000403 

.087810 

.071303 
053750 
037770 
022429 

.009931 

.001901 

.001758 

.005131 

.022811 

.048344 

.077954 

.122817 

.824775 

.885658 

.950396 
1.009337 
1.065921 
1.112015 
1.141634 
1.142162 
1.129721 
1 064509 

970336 
861127 

.695655 

. 359891 

.321010 

.277420 

.229494 

.175380 

.115137 

.047219 

.022094 

.098814 

.186491 

.267491 

.349828 

.436654 

.002393 

.002569 

.001784 

.001826 

.001218 

.000713 

.000342 

.001417 
-.001686 
-.001186 
-.000179 
-.003480 

.000643 
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AR 211 J.Sidès 06-2-4 

KAR 2822: MACH - 0.75, ALPHA - 3 

X/C Z/C 1-P/PIINF CP WACH 1-PI/PIINF 

94 000022 .000404 
95 000113 001241 
96 .000296 002129 
97 000574 .003048 
98 000968 003987 
99 001497 .004948 

100 .002143 .005927 
101 002903 .006912 
102 .003798 .007897 
103 004824 .008885 
104 .005969 .009879 
105 007249 .010868 
106 .008670 .011856 
107 .010222 .012854 
108 .011917 .013856 
109 .013767 .014859 
110 .015770 .015872 
111 .017940 .016890 
112 .020286 .017913 
113 .022813 .018953 
114 .025534 .020005 
115 .028460 .021072 
116 .031603 .022156 
117 034979 .023256 
118 .038599 .02415(7 
119 .042481 .02S319 
120 .046642 .026682 
121 .051099 .027872 
122 .055872 029087 
123 .060981 .030327 
124 .066451 .031593 
125 .072304 .032885 
126 078566 .034203 
127 .085265 .035547 
128 .092430 .036913 
129 .100093 .038303 
130 .108287 .039719 
131 .117049 .041151 
132 .126416 .042598 
133 .136430 .044062 
134 .147133 .045540 
135 .158573 .047021 
136 .17080G .048500 
137 .183867 .049973 
138 .197830 .051435 
139 .212750 .052879 
140 .228691 .054293 
141 .245723 .055667 
142 .263323 .056944 
143 .280706 .058068 
144 .297653 .059043 
145 .314171 .059883 
146 .330272 .060596 
147 .345965 .061193 
148 .361259 .061680 
149 .376164 .062067 
150 .390689 .062366 
151 .404844 .062583 
152 .418638 .062723 
15C .432079 .062789 
154 .445176 .062785 
155 .457937 .062719 
156 .470372 .062592 
157 .482487 .062406 
158 .494291 .062163 
159 .505792 .061864 
160 .516996 .061512 
161 .527912 .061114 
162 .538546 .060671 
163 .548906 .060189 
164 .558998 .059670 
165 .568829 .059116 
166 .578405 .058528 
167 .587734 .057910 
168 .596821 .057268 
169 .605673 .056605 
170 .614296 .055926 
171 .622695 .055236 
172 .630878 .054538 
173 .638848 .053832 
174 .646613 .053120 

! 

159629 
192465 

.240232 
291550 

.346217 

.387017 

.414207 

.461836 

.501756 
507573 

.526097 

.566921 

.581216 

.578226 

.594745 

.602947 

.605663 

.618455 

.621563 

.622247 

.629428 

.629318 

.631615 

.6347 : 
632609 

.634959 
633905 

. C33368 
633687 

.632443 

.633240 

.631770 

.632285 

.631645 

.632365 

.631512 

.631650 

.632457 

.632976 

.632901 
633618 

.634733 

.636037 

.637013 

.638205 

.639533 

.641256 

.642754 

.644829 

.647245 

.648655 

.651073 

.653332 

.655456 

.658116 

.660363 

.662400 

.664592 

.666876 

.669478 

.672010 

.674262 

.676977 

.679902 
682919 

.686122 

.689182 

.692183 

.695115 

.698075 

. 700906 

.703871 

.707000 

.709820 

.712135 

.714557 
716644 

.718257 
719948 

.721686 

.723415 

559882 
.438771 
.262593 
.073313 

-.128317 
-.278800 
-.379087 
-.554756 
-.701994 
-.723450 
-.791772 
-.942344 
-.995071 
-.984042 
1 044971 
1.075220 
1.085237 
1.132418 
1.143882 
1 . 146407 
1.172890 
1.172485 
1.180956 
1.192453 
1.184623 
1.193293 
1 . 189404 
1.187423 
1.188599 
1. 184012 
1.186951 
1.181528 
1.183430 
1.181068 
1.183726 
1.180579 
1.181085 
1.184062 
1.185977 
1.185703 
1.188347 
1.192460 
1.197270 
1.200869 
1.205265 
1.210163 
1.216517 
1.222041 
1.229696 
1.238755 
1.243806 
1.252726 
1.261056 
1.268891 
1.278704 
1.286989 
1.294503 
1.302589 
1.311013 
1.320608 
1.329948 
1.338254 
1.348269 
1.359055 
1.370185 
1.381999 
1.393285 
1.404351 
1.415167 
1.426082 
1.436526 
1 447462 
1.459001 
1.469403 
1.477942 
1.486876 
1.494573 
1.500523 
1.506764 
1.513170 
1.519546 

.501392 

.561040 

.636123 
717807 

.800924 

.859142 

.902357 

.980522 

.044505 

.051974 

.085900 

.158856 
183704 

. 178007 

.210450 

.225288 
230351 

.256420 

.261943 

.263100 

.278338 

.277452 
282226 

.289044 
.284058 
.289414 
.287029 
.285882 
.286783 
.283907 

.295900 

.282557 
283859 

.282315 

.283962 
.282080 
.282363 
.283963 
.285031 
.284795 
.286248 
.288455 
.291106 
.293027 
.295471 
.298090 
.301696 
.304477 
.308596 
.313794 
.316466 
.321561 
.326272 
. 330659 
.336342 
.341095 
.345412 

.350111 

.354994 

.360657 

.366192 

.371044 

.377048 

.383520 

.390235 
397476 
404400 

.411266 

.418012 

.424894 

.431466 

.438458 

.445955 

.45*722 

.458254 

.464264 

.469386 
473284 

.477503 

.481832 

.486148 

002215 
000090 
002361 
001400 
002497 
007459 
006709 
004033 
005843 
008581 
005620 
004156 
005742 
005990 
003752 
004683 
004859 
003180 
003965 
004224 
002928 
003824 
003598 
002875 
003823 
002996 
003340 
003426 
003079 
003578 
003055 
003571 
003214 
003560 
003293 

.003517 
003508 
003539 

.003507 

.003624 

.003614 

.003674 

.003660 

.003739 

.003710 

.003829 

.003716 

.004111 

.004320 

.004159 

.004393 

.004320 

.004349 

.004465 

.004389 

.004425 

.004474 

.004487 

.004549 

.004524 

.004514 

.004639 

.004627 

.004665 

.004722 

.004698 

.004742 

.004751 
004781 
004782 
004871 
004885 
004816 
004818 
004911 
004746 
004730 
004835 
004783 
004774 
004777 
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UPPtR SURF ACt 
Z/C 1-P/PIINF CP MACH 1-PI/PIINF 

175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 

654176 
661544 
668722 
675713 
682525 
689160 
695624 
7C1921 

.708055 

.714031 
719852 
725524 
731048 

.736430 

.741673 
746781 
751822 
756919 
762132 

.767463 
772914 

.778490 
784191 
790022 

.795984 
802081 

052402 
051681 

.050960 
050240 
049521 
048806 
048096 
047392 
046693 
045999 
045311 
044630 

.043955 
043288 
042627 
041975 
041323 
040656 
039967 
039254 

.038516 

.037751 
036958 
036137 

.035287 

.034407 

725105 
726551 
727763 
729070 
730296 
731320 
732246 
733231 
734289 
735371 
736393 
737342 
738235 

.739102 
739950 
740682 
740721 
746331 
733576 
488862 
320262 
331394 

.330864 
331161 

.33074" 

330263 

525780 
531112 
535584 
540404 
544926 

.548704 

.552119 
555752 
559653 
563645 
567414 
570913 

.574206 
577404 
580533 
583233 
583375 
604067 
557023 
654440 

-.032585 
-.073643 
-.071688 
-.072785 
-.071251 
-069474 

1.490416 
1.494046 
1.497089 
1.500483 
1.503629 
1.506220 
1.508571 
1.511108 
1.513836 
1 516630 
1 519274 
1 521784 
1.524249 
1.526764 
1 529235 
1 530948 
1 528340 
1 541650 
1 477984 

895378 
.662586 
679868 
679877 
680277 
679590 

.678754 

004746 
004772 
004813 

.004712 

.004690 
004737 

.004777 

.004779 
004790 
004809 
004831 

.004783 
004599 

.004252 

.003906 
004227 

.008155 

.010565 

.052557 

.139825 

.087424 
088896 
088167 
088254 
088233 

.088241 

-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 

808316 
814693 
821213 
827881 
834699 

.841671 
848800 
856091 
863547 

.871171 
878878 
886496 
893942 

.901219 

.908330 
915280 
922072 
928710 

.935197 
941537 

.947733 
953788 

.959705 
965488 

.971139 
976660 

.982056 

.987328 
992481 

.997514 

.033496 

.032553 
031576 
030564 

.029516 

.028429 

.027304 
026143 

.024945 
023704 

.022428 

.021151 
019890 

.018644 

.017410 

.016190 
014985 
013795 

.012617 

.011453 

.010306 

.009171 

.008047 
006939 
005845 
004758 

.003684 

.002621 

.001571 

.000524 

329618 
.328804 
327835 
326692 
325373 
323847 
321956 

. 320096 
318539 

.316791 

.314307 

.311595 

.309219 

.306851 

.304156 

.301308 

.298523 

.295736 

.292551 

.289148 

.285964 

.282640 

.278531 

.274382 

.270452 

.265237 

.259209 

.252332 
243063 

.230251 

-.067095 
-.064093 
-.060519 
-.056302 
-.051438 
-.045809 
-.038835 
-.031973 
-.026232 
-.019782 
-.010624 

-.000620 
.008145 
.016878 
.026819 
.037324 
.047595 
.057873 
.069622 
.082172 
.093917 
.106176 
. 121333 
.136633 
. 151129 
.170363 
.192596 
.217963 
.252150 
.299402 

.677639 .088247 

.676237 088250 

.674565 088256 

.672595 088259 

.670338 088250 

.667653 .088294 

.664366 .088314 

.661208 .088273 

.658534 .088259 

.655390 .088349 

.651028 .088393 

.646381 .088342 
642258 .088332 

.638070 .088375 

.633318 088404 

.628329 .088401 
623465 088378 

.618487 .088126 

.612792 088472 

.606835 .088413 

.601248 .088352 

.595195 .088431 

.587937 088346 

.580914 .088022 

.573969 .087896 

.565116 .087446 

.555387 .086541 

.544472 .085337 

.529369 .083884 

.500558 .086575 
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TEST CASES FOR STEADY IN VISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 06 

RAE 2822: MACH = 0.75, ALPHA = 3 

Contributor No 3 

•C.C.Lytton 

(R.A.E., G.B.) 
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R A t. 
AR 211 C.C.Lytton 06-3*1 

KAK 2S22: MAC H - 0.75, ALP HA-3 

HON-STANDARD RUNS FOR CASE í: RAE 2822, M-0.75, A-3.0 

Standard datas Grid 87 (160 x 24), Fdpth - 16.0 (chorda) 

CL CM CD CD GAMMA GAMMA 
(contour) (shock) (surface) (first row) 

Standard 1.0971 -0.1894 0.0461 0.0452 

Fdpth ■ 8.0 1.0903 *** 0.0453 0.0430 

Fdpth -32.0 1.1031 -0.1909 0.0465 0.0458 

(158 x 24 1.107B -0.1932 0.0473 0.0457 

156 x 24 1.0983 -0.1901 0.0464 0.0446 

Grid 41 1.0894 -0.1876 0.0458 0.0443 

320 x 48 1.0923 -0.1869 0.0449 0.0425 

0.5149 

*ts 

0.5215 

0.5301 

0.5115 

0.4954 

0.5069 

0.5225 

sss 

0.5288 

0.5373 ) 

0.5233 

0.5051 

0.5130 

Zsro-uort■ b^c 1.0951 -0.1885 0.0455 0.0453 

Pioneer progran 1.0948 -0.1932 0.0479 0.0385 

0.5186 

0.5159 

0.5181 

0.5205 

t** Not available, dump destroyed 



MACH 
0.750 

AR2II C.C.Lytton (16-3-2 

RAF 2822: MACH - 0.75, ALPHA - 3 

RAF 

RAF MACH ALF HA y. , 
Rflfc. 0,750 3.000 0<X<1’ 

OERSION 87J KEEPS WALL CELLS ROUGHLY SAME ASPECT RATIO 

AFTER K-l» CELL DEPTHS INCREASE IN GEOMETRIC PROGRESSION 

TOTAL CELL DEPTH =16.0*CH0RD 

JL 
160 

CP* P <CR) CPS 
-0.5912 0.9742 1.1486 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

X/C 

1.000 
0.999 
0.997 
0.995 
0.992 
0.988 
0.983 
0.978 
0.972 
0.965 
0.957 
0.948 
0.939 
0.930 
0.919 
0.908 
0.896 
0.884 
0.871 
0.857 
0.843 
0.828 
0.813 
0.797 
0.781 
0.764 
0.747 
0.730 
0.712 
0.694 
0.675 
0.656 
0.637 
0.618 
0.599 
0.5-79 
0.559 
0.540 
0.520 
0.500 
0.480 
0.460 
0.441 
0.421 

I/C 

0,0000 
0.0001 
0.0001 
0*0003 
0.0004 
0.0006 
0.0008 
0.0009 
0.0011 
0.0012 
0.0012 
0.0011 
0.0010 
0.0007 
0.0003 

-0.0003 
-0.0010 
-0.0018 
-0.0028 
-0.0040 
-0,0054 
-0.0069 
-0.0085 
-0.0104 
-0.0123 
-0.0144 
-0.0167 
-0.0191 
-0.0216 
-0.0242 
-0.0268 
-0.0296 
-0.0323 
-0.0351 
-0.0379 
-0.0406 
-0.0433 
-0.0458 
-0.0483 
-0.0505 
-0.0526 
--0.0545 
-0.0560 
-0.0573 

KL 
24 

P ( ST ) 
1.8442 

1-P/H 

0.1991 
0.2045 
0,2074 
0.2085 
0.2080 
0.2070 
0.2056 
0.2041 
0.2029 
0.2019 
0.2011 
0.2012 
0.2017 
0.2026 
0.2039 
0.2055 
0.2074 
0.2096 
0.2122 
0.2150 
0.2181 
0.2216 
0.2253 
0.2293 
0.2336 
0.2382 
0.2432 
0.2488 
0.2547 
0.2610 
0.2677 
0.2747 
0.2822 
0.2899 
0.2980 
0.3064 
0.3153 
0.3246 
0.3342 
0.3439 
0.3532 
0.3616 
0.3687 
0.3736 

NEND 
0 

CP 

0.4142 
0.3943 
0.3836 
0.3796 
0.3816 
0.3853 
0.3902 
0.3958 
0.4004 
0.4041 
0.4070 
0.4067 
0.4048 
0.4015 
0.3964 
0.3907 
0.3838 
0.3755 
0.3660 
0.3555 
0.3441 
0.3315 
0.3176 
0.3028 
0.2869 
0.2702 
0.2515 
0.2311 
0.2093 
0,1862 
0.1615 
0.1355 
0.1079 
0.0794 
0.0497 
0.0185 

-0.0143 
-0.0486 
-0.0842 
-0.1198 
-0.1540 
-0.1852 
-0.2112 
-0.2293 

M 

0.5642 
0.5759 
0.5811 
0.5831 
0.5827 
0.5816 
0.5796 
0.5775 
0.5756 
0.5741 
0.5729 
0.5729 
0.5734 
0.5748 
0.5770 
0.5794 
0.5822 
0.5856 
0.5894 
0.5937 
0.5984 
0.6037 
0.6096 
0.6158 
0.6225 
0.6296 
0.6374 
0.6460 
0.6551 
0.6648 
0.6752 
0.6861 
0.6976 
0.7096 
0.7222 
0.7353 
0.7492 
0.7636 
0.7784 
0.7935 
0.8081 
0.8214 
0.8326 
0.8405 

NPRNT 
0 

1-PI/H 

0.0060 
0.0040 
0.0037 
0.0036 
0.0032 
0.0028 
0.0026 
0.0023 
0.0021 
0.0021 
0.0020 
0.0021 
0.0024 
0.0024 
0.0025 
0.0026 
0.0028 
0.0031 
0.0034 
0.0037 
0.0039 
0.0042 
0.0044 
0.0046 
0.0048 
0.0050 
0.0052 
0.0055 
0.0057 
0.0059 
0.0061 
0.0063 
0.0064 
0.0065 
0.0064 
0.0064 
0.0064 
0.0064 
0.0064 
0.0063 
0.0060 
0.0058 
0.0055 
0.0051 



46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

0.401 
0.382 
0.363 
0.344 
0.325 
0.306 
0.288 
0.270 
0.253 
0.236 
0.219 
0.203 
0.187 
0.172 
0.157 
0.143 
0.129 
0.116 
0.104 
0.092 
0.081 
0.070 
0.061 
0.052 
0.043 
0.035 
0.028 
0.022 
0.017 
0.012 
0.008 
0.005 
0.003 
0.001 
0.000 

-0.0582 
-0.0589 
-0.0592 
-0.0592 
-0.0589 
-0.0584 
-0.0576 
-0.0567 
-0.0557 
-0.0545 
-0.0532 
-0.0518 
-0.0502 
-0.0486 
-0.0469 
-0.0452 
-0.0433 
-0.0414 
-0.0394 
-0.0373 
-0.0352 
-0.0330 
-0.0308 
-0.0285 
-0.0262 
-0.0238 
-0.0214 
-0.0190 
-0.0165 
-0.0140 
-0.0115 
-0.0090 
-0.0064 
-0.0039 
-0.0013 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 

0.000 
0.001 
0.003 
0.005 
0.008 
0.012 
0.017 
0.022 
0.028 
0.035 
0.043 
0.052 
0.061 
0.070 
0.081 
0.092 
0.104 
0.116 
0.129 
0.143 
0.157 
0.172 
0.187 
0.203 
0.219 

0.3773 
0.3765 
0.3740 
0.3689 
0.3618 
0.3536 
0.3453 
0.3371 
0.3295 
0.3221 
0.3151 
0.3081 
0.3010 
0.2938 
0.2863 
0.2786 
0.2706 
0.2621 
0.2531 
0.2436 
0.2336 
0.2226 
0.2107 
0.1975 
0.1830 
0.1668 
0.1489 
0.1285 
0.1064 
0.0803 
0.0529 
0.0213 

-0.0006 
•0.0054 
0.0594 

-0.2428 
-0.2400 
-0.2307 
-0.2121 
-0.1857 
-0.1557 
-0.1249 
-0.0948 
-0♦0665 
-0.0395 
-0.0134 
0.0122 
0.0384 
0.0651 
0.0926 
0.1209 
0.1505 
0.1818 
0.2150 
0.2500 
0.2872 
0.3276 
0.3715 
0.4201 
0.4738 
0.5335 
0.5996 
0.6749 
0.7562 
0.8523 
0.9536 
1.0700 
1.1508 
1.1684 
0.9295 

0.8461 
0.8454 
0.8415 
0.8340 
0.8234 
0.8112 
0.7987 
0.7863 
0.7745 
0.7633 
0.7524 
0.7417 
0.7308 
0.7197 
0.7083 
0.6965 
0.6841 
0.6710 
0.6570 
0.6423 
0.6264 
0.6092 
0.5903 
0.5692 
0.5456 
0.5189 
0.4886 
0.4530 
0.4124 
0.3606 
0.2972 
0.2100 
0.1068 
0.1054 
0.3036 

0.0052 
0.0048 
0.0048 
0.0045 
0.0040 
0.0036 
0.0033 
0.0031 
0.003.1 
0.0030 
0.0030 
0.0030 
0.0029 
0.0028 
0.0027 
0.0025 
0.0024 
0.0022 
0.0020 
0.0018 
0.0015 
0.0012 
0.0009 
0.0003 

-0.0003 
-0.0011 
-0.0020 
-0.0033 
-0.0046 

•0.0061 
-0.0070 
-0.0092 
-0.0086 
-0.0132 
-0.0027 

0.0013 
0.0039 
0.0064 
0.0089 
0.0114 
0.0139 
0.0163 
0.0187 
0.0210 
0.0234 
0.0257 
0.0280 
0.0302 
0.0325 
0.0347 
0.0368 
0.0390 
0.0410 
0.0430 
0.0450 
0.0468 
0.0486 
0.0503 
0.0520 
0.0535 

0.1858 
0.3232 
0.4203 
0.4945 
0.5518 
0.5825 
0.6053 
0.6190 
0.6260 
0.6294 
0.6309 
0.6313 
0.6314 
0.6315 
0.6314 
0.6310 
0.6309 
0.6311 
0.6313 
0.6318 
0.6326 
0.6340 
0.6354 
0.6369 
0.6384 

0.4633 
-0.0435 
-0.4015 
-0.6752 
-0.8864 
-0.9998 
-1.0840 
-1.1343 
-1.1602 
-1.1728 
-1.1781 
-1.1797 
-1.1800 
-1.1806 
-1.1800 
-1.1788 
-1.1783 
-1.1790 
-1.1797 
-1.1815 
-1.1846 
-1.1897 
-1.1951 
-1.2006 
-1.2060 

0.5192 
0.7326 
0.8896 
1,0027 
1.1074 
1.1609 
1.2091 
1.2345 
1.2490 
1,2558 
1.2589 
1.2603 
1.2615 
1.2640 
1.2650 
1.2651 
1.2649 
1.2655 
1.2656 
1.2667 
1.2683 
1.2717 
1.2750 
1.2784 
1.2819 

0,0215 
0.0330 
0.0305 
0.0401 
0.0341 
0.0374 
0.0315 
0.0331 
0.0325 
0.0325 
0.0324 
0.0317 
0.0303 
0.0275 
0.0258 
0.0248 
0.0247 
0.0244 
0.0247 
0.0246 
0.0247 
0.0240 
0.0235 
0.0230 
0.0224 

I 
J 



R.A.F.. 
AR 211 C.C.Lytton 06-3-4 

RAK 2R22: MACH - ().7S, ALPHA - 1 

106 0.236 0.0549 
107 0.253 0.0562 
108 0.270 0.0574 
109 0.288 0.0585 
110 0.306 0.0595 
111 0.325 0.0604 
112 0.344 0.0611 
113 0.363 0.0617 
114 0.382 0.0622 
115 0.401 0.0625 
116 0.421 0.0627 
117 0.441 0.0628 
118 0.460 0.0627 
119 0.480 0.0624 
120 0.500 0.0620 
121 0.520 0.0614 
122 0.540 0.0606 
i 23 0.559 0.0596 
124 0.579 0.0585 
125 0.599 0.0571 
126 0.618 0.0556 
127 0.637 0.0540 
128 0.656 0.0522 
129 0.675 0.0503 
130 0.694 0.0483 
131 0.712 0.0463 
132 0.730 0.0441 
133 0.747 0.0419 
134 0.764 0.0397 
135 0.781 0.0374 
136 0.797 0.0351 
137 0.813 0.0328 
138 0.828 0.0305 
139 0.843 0.0283 
140 0.857 0.0260 
141 0.871 0.0238 
142 0.884 0.0216 
143 0.896 0.0195 
144 0.908 0.0175 
145 0.919 0.0155 
146 0.930 0.0136 
147 0.939 0.0119 
148 0.948 0.0102 
149 0.957 0.0086 
150 0.965 0.0071 
151 0.972 0.0058 
152 0.978 0.0045 
153 0.983 0.0034 
154 0.988 0.0025 
155 0.992 0.0017 
156 0.995 0.0011 
157 0.997 0.0006 
158 0.999 0.0002 
159 1.000 0.0000 

0.6400 
0.6418 
0.6438 
0.6461 
0.6483 
0.6505 
0.6531 
0.6558 
0.6587 
0.6617 
0.6651 
0.6686 
0.6730 
0.6772 
0.6825 
0.6877 
0.6934 
0.6993 
0.7049 
0.7100 
0.7146 
0.7189 
0.7228 
0.7263 
0.7295 
0.7323 
0.7388 
0.5061 
0.3418 
0.3398 
0.3374 
0.3346 
0.3313 
0.3277 
0.3238 
0.3198 
0.3156 
0.3112 
0.3066 
0.3019 
0.2970 
0.2920 
0.2868 
0.2815 
0.2761 
0,2704 
0.2645 
0.2582 
0.2515 
0.2444 
0.2366 
0.2275 
0.2162 
0.2054 

-1.2119 
-1,2184 
-1.2260 
-1.2343 
-1.2425 
-1.2505 
-1.2401 
-1.2701 
-1.2808 
-1.2917 

■1.3046 
-1.3175 
-1.3334 
-1.3491 
-1.3685 
-1.3877 
-1.4090 
-1.4306 
-1.4511 
-1.4699 
-1.4871 
-1.5028 
-1.5171 

• 1.5303 
-1.5419 
-1.5523 
-1.5764 
-0.7182 
-0.1119 
-0.1048 
-0.0957 
-0.0854 
-0.0734 
-0.0599 
-0.0458 
-0.0309 
-0.0153 
0.0009 
0.0177 
0.0352 
0.0531 
0.0718 
0.0909 
0.1105 
0.1303 
0.1513 
0.1731 
0.1963 
0.2210 
0.2473 
0.2761 
0.3097 
0.3511 
0.3910 

1.2856 
1.2893 
1.2938 
1,2987 
1.3034 
1.3077 
1,3131 
1.3188 
1.3250 
1.3312 
1,3386 
1.3459 
1.3552 
1.3644 
1,3760 
1.3880 
1.4010 
1.4149 
1.4281 
1.4406 
.1.4522 
1.4627 
1.4725 
1.4815 
1.4897 
1.4954 
1.5173 
0.9582 
0.6968 
0.6939 
0.6901 
0.6858 
0.6807 
0.6749 
0.6688 
0.6624 
0.6557 
0.6487 
0.6415 
0.6339 
0.6260 
0.6178 
0.6094 
0.6007 
0.5917 
0.5823 
0.5723 
0.5615 
0.5497 
0.5369 
0.5230 
0.5075 
0.4879 
0.4663 

0,0218 
0.0217 
0.0J21'4 
0,0210 
0,0209 
0.0213 
0.0215 
0.0214 
0,0214 
0.0217 
0.0217 
0.0222 
0.0224 
0.0227 
0.0229 
0.0228 
0.0231 
0.0228 
0.0227 
0.0223 
0.0221 
0.0220 
0.0219 
0.0219 
0.0215 
0.0238 
0.0168 
0.1091 
0.0896 
0.0893 
0.0889 
0.0885 
0.0882 
0,0878 
0.0874 
0.0869 
0.0865 
0.0860 
0.0855 
0.0850 
0.0845 
0.0840 
0.0835 
0.0830 
0.0826 
0.0821 
0.0816 
0.0812 
0.0809 
0.0806 
0.0801 
0.0790 
0.0777 
0.0777 



I 

I 

CL= 1,09710 CD» 0.04615 CM= -0.18938 

GAMMA AROUND PROFILE = 0.51486 

K GAMMA 

1 0.52246 
2 0.53962 
3 0.53990 
4 0.53568 
5 0.53699 
6 0.53967 
7 0.53931 
8 0.53910 
9 0.53931 

10 0.54425 
11 0.54689 
12 0.54892 
13 0.55018 
14 0.54894 
15 0.55032 
16 0.55142 
17 0.55257 
18 0.55319 
19 0.55435 
20 0.55522 
21 0.55731 
22 0.55936 
23 0.57060 

NO SHOCK ON -1 SURFACE 

CD (SHOCK INTEGRAL - Mk.2) = 0.04525 



AR 21 I 

/ 

RAE. 

C.C.Lytton ()6-3-6 

RAE 2H22: MACH - 0.75, ALPHA - 3 

H 

RAE ZSZS 

MACH N0.« 

C.C.LYTTON 

3.00 CL- 1.097 C/.75 

n • F 

INCIDENCE- 





KAI 

AR 211 C.C'.Lylv.in 06-3-8 

KAf 2822: MACH - 0.75, ALPHA - 3 

RAE 5852 

MACH NO.« 

X-P/H • F/2 

0.75 INCIDENCE« 3.00 

C.C.LVTTOH 

CL- 1.097 



I 

RAK 2K22: MAC H - U.Í5. ALPHA - 3 

Rc« 2822 1-P/H ■ r^2 C.O.LVTTOM 
MPCH NO.- 0.75 INCIDENCE- 3.00 CD- 0.046 

I 

I I 



/ 

RAF 
AR2II C.C.Lytton 06-3-10 

RAE 2H22: MAC H - 0.75. ALPHA - 3 

RAE 2822 l-PI/H-0. KF-l ) C.C.LVTTOfl 

MACH NO.- 0.75 INCIDENCE* 3.00 CL- 1.097 



/ 

AR 211 C.C.Lytton 06-3-11 

RAH 2822: MACH - 0.75, ALPHA - 3 

KAK. 

RAE 2822 l-PI^H-0.1(F-l ) C.C.LVTTON 
MACH NO.■ 0.75 INCIDENCE* 3.00 CD- 0.046 

ii' .H '»-* 

. '' ’'"t ’ ' ■ 'r '• 



R.A.E. 
AR 211 

.«-- ■- 

C.C.Lytlon 06-3-12 

RAE 2822: MAC H - (1.75. ALPHA - .1 

RAE 3822 

MACH NO.« 

-CP « 2(F-1 ) 

0.75 INCIDENCE- 3.00 

C.C.LVTTON 

CL« 1.097 



i 
/ 

RAF. 
AR 211 C.C.Lytton 06-3-13 

RAF 2822: MA( H - 0.75. ALPHA - 3 

‘1 

RAC 5822 
MACH NO.' 

-CP • 2(F-D 
0.75 INCIDENCE' 

C.C.LVTTON 

3.00 CD- 0.046 

-0.07 

-0.05 

0.07 
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 F 1.6 

■À 



V 

R.A.E. 
AR 211 C.C.Lytton 06-3-14 

RAK 2H22: MACH - 0.75. AL PHA - 3 

I 

RAE 2822 160 X 2A GRID 



R.A.E. 
AR 211 C.C.Lytton 06-3-15 

RAE 2H22: MACH - 0.75. ALPHA - 3 

* 

¡ 



AGARD FDP — WO 07 

TEST CASES FOR STEADY IN VISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 06 

RAE 2822: MACH “ 0.75, ALPHA = 3 

Contributor No 6 

M.D.Salas and J.C.South. Jr 

(N.A.S.A. - Langley, U.S.A.) 



N.A S A. LANGLEY 
AR 211 

RAE2K22: MACH-().75, ALPHA 

Ml).Salas 
J.C.Soulh. Jr 06-6-1 

NASA Langley Research Center - AGARD case 06 
RAE 2822 Mach-0.750 alpha-3.000 (deg) 
Cl-1.1008 Cd-0.0450 Cm—0.1902 

--- r-ÿ- 
X • -111, 

; » * » 



/ 
i 

AR 21 I 
N.A.S.A. LANGLEY 

RAE 2X22: MACH 

M.D.Salas 
J.C'.South. Jr OÍ.-Í.- 2 

0.75. ALPHA - 3 

\ 

N x/c 
1 .000200 
2 .000845 
3 .001986 
4 .003646 
5 .005832 
6 .008533 
7 .011749 
8 .015475 
9 .019707 

10 .024449 
11 .029695 
12 .035427 
13 .041650 
14 .048352 
15 .055514 
16 .063132 
17 .071195 
18 .079688 
19 .088606 
20 .097939 
21 .107673 
22 .117796 
23 .128295 
24 .139164 
25 .150393 
26 .161962 
27 .173866 
28 .186095 
29 .198630 
30 .211459 
31 .224569 
32 .237943 
33 .251568 
34 .265428 
35 .279513 
36 .293813 
37 .308308 
38 .322973 
39 .337798 
40 .352773 
41 .367884 
42 .383114 
43 .398444 
44 .413855 
45 .429330 
46 .444861 
47 .460426 
48 .476007 
49 .491587 
50 .507158 

y/c 
.001636 
.003716 
.005767 
.007793 
.009803 
.011799 
.013780 
.015741 
.017681 
.019602 
.021508 
.023403 
.025284 
.027145 
.028990 
.030821 
.032631 
.034417 
.036173 
.037898 
.039594 
.041249 
.042855 
.044421 
.045941 
.047407 
.048817 
.050173 
.051473 
.052713 
.053894 
.055009 
.056060 
.057040 
.057940 
.058771 
.059536 
.060221 
.060826 
.061351 
.061792 
.062147 
.062417 
.062607 
.062707 
.062712 
.062622 
.062437 
.062147 
.061747 

1-P/Piinf 
.220571 
.326732 
.421233 
.491215 
.537813 
.571142 
.594874 
.609947 
.620491 
.629520 
.632263 
.633079 
.635278 
.635058 
.633394 
.632712 
.631843 
.631746 
.631698 
.631072 
.630424 
.632049 
.632612 
.631936 
.633339 
.634207 
.635485 
.635886 
.637020 
.638108 
.639130 
.640713 
.641462 
.643945 
.646082 
.646670 
.648074 
.650848 
.652199 
.654847 
.656743 
.659642 
.661170 
.663570 
.666486 
.669755 
.672433 
.675596 
.679830 
.683888 

Cp 
.335106 

-.056450 
-.405001 
-.663116 
-.834987 
-.957915 

-1.045444 
-1.101040 
-1.139928 
-1.173229 
-1.183349 
-1.186359 
-1.194470 
-1.193658 
-1.187521 
-1.185004 
-1.181800 
-1.181442 
-1.181265 
-1.178956 
-1.176565 
-1.182559 
-1.184636 
-1.182140 
-1.187318 
-1.190520 
-1.195231 
-1.196712 
-1.200892 
-1.204905 
-1.208677 
-1.214514 
-1.217278 
-1.226435 
-1.234317 
-1.236486 
-1.241665 
-1.251896 
-1.256877 
-1.266645 
-1.273639 
-1.284331 
-1.289965 
-1.298819 
-1.309573 
-1.321630 
-1.331509 
-1.343173 
-1.358789 
-1.373758 

Mach 
.595345 
.766781 
.923257 

1.040071 
1.120494 
1.182193 
1.227223 
1.252743 
1.272242 
1.288773 
1.292010 
1.292255 
1.296109 
1.294969 
1.291167 
1.289194 
1.287201 
1.286882 
1.286722 
1.285230 
1.283662 
1.287232 
1.288124 
1.286757 
1.289540 
1.291216 
1.294071 
1.294458 
1.297237 
1.298886 
1.301587 
1.304245 
1.306250 
1.311014 
1.315983 
1.316519 
1.320146 
1.325338 
1.328735 
1.333903 
1.338317 
1.344311 
1.347690 
1.352817 
1.359262 
1.366393 
1.372287 
1.379380 
1.388973 
1.398055 

1-Pi/Piinf 
.009443 
.006478 

-.004104 
-.009808 
-.012374 
-.016186 
-.018152 
-.014052 
-.012766 
-.010983 
-.007907 
-.006004 
-.005220 
-.004271 
-.003659 
-.002843 
-.002506 
-.002337 
-.002251 
-,001930 
-.001565 
-.001987 
-.001663 
-.001652 
-.001598 
-.001499 
-.001875 
-.001298 
-.001955 
-.001193 
-.002039 
-.001262 
-.001908 
-.001460 
-.002234 
-.001303 
-.002290 
-.001499 
-.002291 
-.001759 
-.002334 
-.002130 
-.002306 
-.002298 
-.002341 
-.002613 
-.002586 
-.002896 
-.003199 
-.003204 



N A S A. LANGLEY 
AR211 

M.D.Salas 
J.C.South, Jr 

06-6-3 

RAE 2822: MACH - 0.75, ALPHA - 3 

N x/c 
51 .522713 
52 .538243 
53 .553734 
54 .569169 
55 .584545 
56 .599860 
57 .615105 
58 .630266 
59 .645326 
60 .660276 
61 .675101 
62 .689781 
63 .704302 
64 .718647 
65 .732801 
66 .746751 
67 .760486 
68 .773986 
69 .787236 
70 .800225 

„71-¿812935 
72 .825349 
73 .837458 
74 .849252 
75 .860711 
76 .871810 
77 .882539 
7* .892893 
/9 .902851 
80 .912399 
81 .921528 
82 .930221 
83 .938468 
84 .946256 
85 .953569 
86 .960401 
87 .966738 
88 .972565 
89 .977872 
90 .982654 
91 .986895 
92 .990577 
93 .993693 
94 .996229 
95 .998169 
96 .999495 
97 1.000175 
98 1.000170 
99 .999455 

100 .998044 

y/c 
.061236 
.060611 
.059876 
.059026 
.058055 
.056975 
.055795 
.054529 
.053184 
.051753 
.050233 
.048692 
.047076 
.045411 
.043700 
.041945 
.040154 
.038343 
.036513 
.034662 
.032801 
.030941 
.029085 
.027240 
.025414 
.023613 
.021838 
.020092 
.018386 
.016726 
.015115 
.013560 
.012059 
.010624 
.009258 
.007968 
.006757 
.005627 
.004582 
.003626 
.002771 
.002026 
.001390 
.000865 
.000460 
.000185 
.000040 
.000010 
.000055 
.000135 

1-P/Piinf Cp 
.687797 -1.388177 
.693012 -1.407408 
.695500 -1.416586 
.701745 -1.439619 
.705764 -1.454444 
.710161 -1.470661 
.714108 -1.485218 
.715301 -1.489620 
.719733 -1.505965 
.722689 -1.516870 
.725974 -1.528984 
.727468 -1.534494 
.729513 -1.542038 
.732618 -1.553492 
.724059 -1.521922 
.577776 -.982382 
.353718 -.155984 
.331449 -.073848 
.333907 -.082915 
.332270 -.076874 
.330770 -.071344 
.328840 -.064224 
.326342 -.055010 
.323675 -.045173 
.320695 -.034182 
.318052 -.024436 
.3145*3 -.011492 
.311054 .001376 
.307284 .015282 
.303779 .028211 
.299745 .043086 
.296290 .055829 
.291871 .072128 
.287710 .087478 
.283495 .103022 
.278914 .119918 
.275010 .134320 
.270016 .152737 
.265071 .170976 
.259211 .192591 
.253425 .213931 
.247529 .235677 
.242082 .255766 
.234177 .284925 
.225306 .317644 
.217298 .347178 
.213458 .361343 
.182730 .474677 
.195142 .428897 
.197731 .419348 

[■lach 
1.407200 
1.419357 
1.424885 
1.440581 
1.448990 
1.461169 
1.469277 
1.473805 
1.483837 
1.492362 
1.499308 
1.504643 
1.508448 
1.518480 
1.486827 
1.114756 

.730626 

.702010 

.705981 

.703128 

.700653 

.697046 

.692919 

.688092 

.683175 

.678339 

.672514 

.666358 

.660047 

.653849 

.647001 

.640945 

.633268 

.626174 

.618662 

.610804 

.603761 

.594914 

.586261 

.575569 

.565694 

.554166 

.545191 

.528677 

.514909 

.495312 

.472791 

.520669 

.562167 

.571837 

1-Pi/Plinf 
-.003649 
-.003996 
-.003693 
-.005298 
-.003721 
-.006107 
-.004022 
-.006360 
-.005113 
-.006829 
-.004951 
-.007229 
-.005203 
-.008254 

.006123 

.081780 

.078251 

.070986 

.071099 

.071196 

.071169 

.071480 

.071430 

.071717 

.071640 

.071952 

.071873 

.072075 

.072009 

.072195 

.072170 

.072281 

.072349 

.072288 

.072451 

.072372 

.072536 

.072593 

.072534 

.072723 

.072376 

.072967 

.072319 

.073579 

.071744 
' .074434 

.083354 

.016841 

.002574 
-.001414 



N AS A LANGLEY 
AR 211 M. I).Salas 

J.C.South. Jr 06-6-4 

RAE 2822: MAC H - 0.75, ALPHA - 3 

N 

101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 

x/c 

.995959 

.993203 

.989766 

.985655 

.980878 

.975431 

.969314 

.962537 

.955119 

.947071 

.938413 

.929175 

.919367 

.909013 

.898144 

.886780 

.874956 

.862692 

.850008 

.836943 

.823523 

.809763 

.795688 

.781328 

.766713 

.751863 

.736803 

.721568 

.706182 

.690667 

.675036 

.659321 

.643545 

.627720 

.611859 

.595989 

.580128 

.564293 

.548502 

.532766 

.517101 

.501526 

.486040 

.470655 

.455379 

.440214 

.425154 

.410199 

.395353 

.380608 

y/c 

.000245 

.000385 

.000540 

.000700 

.000860 

.001005 

.001120 

.001190 

.001190 

.001105 

.000930 

.000655 

.000270 
-.000240 
-.000880 
-.001646 
-.002546 
-.003576 
-.004737 
-.006027 
-.007438 
-.008968 
-.010609 
-.012359 
-.014220 
-.016171 
-.018206 
-.020322 
-.022498 
-.024724 
-.026989 
-.029280 
-.031581 
-.033872 
-.036148 
-.038398 
-.040r.09 
-.04..765 
-.044846 
-.04684i 

-.048742 
-.050528 
-.052178 
-.053684 
-.055029 
-.056200 
-.057190 
-.057995 
-.058611 
-.059036 

1-P/Piinf 

.204556 

.202488 

.203746 

.203173 

.202379 

.201054 

.200351 

.198805 

.198,22 

.199198 

.199663 

.200556 

.201244 

.202815 

.205098 

.206617 

.209563 

.211879 

.214824 

.218116 

.221238 

.225043 

.228380 

.232090 

.236830 

.240999 

.245589 

.250952 

.256077 

.261664 

.267439 

.273488 

.280160 

.285998 

.292626 

.299272 

.306528 

.313930 

.321239 

.328501 

.336528 

.344514 

.351726 

.359052 

.365688 

.370899 

.375149 

.378008 

.379317 

.378234 

Cp 

.394175 

.401805 

.397164 

.399275 

.402206 

.407091 

.409686 

.415389 

.415692 

.413938 

.412223 

.408927 

.406390 

.400597 

.392176 

.386573 

.375708 

.367166 

.356303 

.344162 

.332645 

.318614 

.306305 

.292623 

.275139 

.259760 

.242831 

.223050 

.204148 

.183543 

.162244 

.139930 

.115322 

.093791 

.069343 

.044331 

.018071 
-.009230 
-.036189 
-.062975 
-.092581 
-.122036 
-.148636 
-.175658 
-.200132 
-.219351 
-.235027 
-.245571 
-.250401 
-.246405 

Mach 1-Pl/Piinf 

.580296 .000733 

.580601 -.002098 

.579901 .000015 

.580976 -.001523 

.578128 -.000354 

.577064 -.001207 

.574880 -.000434 

.573135 -.001051 

.572140 -.000405 

.573232 -.000632 

.573487 -.000244 

.575085 -.000332 

.576024 -.000181 

.578515 -.000100 

.581986 .000126 

.584598 .000043 

.589003 .000377 

.593001 .000219 

.597399 .000540 

.602864 .000459 

.607668 .000667 

.613753 .000723 

.619077 .000768 

.624963 .000830 

.632333 .001011 

.639011 .000990 

.646152 .001122 

.654578 .001183 

.662570 .001267 

.671273 .001343 

.680292 .001376 

.689641 .001473 

.699909 .001590 

.709055 .001527 

.719168 .001679 

.729570 .001572 

.740542 .001790 

.752069 .001685 

.763163 .001840 

.774481 .001703 

.786638 .001887 

.799012 .001796 

.810040 .001862 

.821353 .001826 

.831542 .001860 

.839655 .001781 

.846195 .001803 

.850695 .001716 

.852675 .001762 

.851212 .001541 



N.A.S.A. ' ANOLEY 
AR 211 

M.D.Salas 
J.C.Soulh. Jr 

îïo-6-5 

RAE 2822: MAC II - ().75. AI.I’HA - 3 

N 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 

x/c 
.365973 
.351448 
.337028 
.322713 
.308513 
.294443 
.280508 
.266733 
.253139 
.239739 
.226559 
.213615 
.200920 
.188496 
.176357 
.164518 
.152994 
.141800 
.130951 
.120457 
.110334 
.100590 
.091232 
.082279 
.073746 
.065643 
.057975 
.050753 
.043985 
.037678 
.031841 
.026474 
.021588 
.017191 
.013285 
.009373 
.006962 
.004557 
.002656 
.001270 
.000405 
.000050 

y/c 
-.059281 
-.059351 
-.059241 
-.058971 
-.058560 
-.058025 
-.057380 
-.056630 
-.055785 
-.054864 
-.053874 
-.052808 
-.051673 
-.050473 
-.049212 
-.047892 
-.046511 
-.045081 
-.043605 
-.042075 
-.040494 
-.038874 
-.037208 
-.035507 
-.033777' 
-.032011 
-.030211 
-.028375 
-.026504 
-.024604 
-.022678 
-.020727 
-.018762 
-.016776 
-.014770 
-.012749 
-.010714 
-.008673 
-.006627 
-.004577 
-.002516 
-.000445 

1-P/Pilnf 
.376614 
.374173 
.368499 
.362722 
.356107 
.349770 
.343676 
.337432 
.330278 
.324869 
.319474 
.313900 
.308083 
.302360 
.296651 
.290955 
.284294 
.278037 
.272197 
.265225 
.257512 
.250600 
.241898 
.233863 
.225111 
.215923 
.205607 
.194730 
.182059 
.168685 
.153903 
.137355 
.120161 
.100457 
.079351 
.056926 
.034353 
.014868 
.003822 
.011424 
.049794 
.123209 

Cp 
-.240432 
-.231450 
-.210500 
-.189194 
-.164794 
-.141422 
-.118945 
-.095915 
-.069528 
-.049579 
-.029681 
-.009119 

.012335 

.033444 

.054498 

.075509 

.100076 

.123155 

.144694 

.170410 

.198858 

.224351 

.256447 

.286081 

.318364 

.352252 

.390301 

.430418 

.477152 

.526481 

.581001 

.642034 

.705453 

.778129 

.855974 

.938682 
1.021939 
1.093806 
1.134549 
1.106511 

.964990 

.694209 

Mach 1-Pi/Piinf 
.848560 .001698 
.844913 .001579 
.836253 .001474 
.827275 .001552 
.817332 .001308 
.807367 .001526 
.798177 .001347 
.788390 .001532 
.777719 .001213 
.768996 .001604 
.760957 .001353 
.752041 .001667 
.743347 .001411 
.734224 .001680 
.725563 .001530 
.716468 .001779 
.706403 .001532 
.696349 .001814 
.687289 .001767 
.676246 .001876 
.664234 .001776 
.652987 .002052 
.639509 .001762 
.626093 .002223 
.612347 .001931 
.596809 .002398 
.580224 .002107 
.561477 .002572 
.540486 .002225 
.516650 .002710 
.490758 .002462 
.4597/7 .002814 
.426481 .002953 
.386023 .003078 
.338551 .003345 
.282056 .003355 
.213282 .003254 
.131067 .002971 
.014847 .003668 
.111234 .002835 
.259866 .004113 
.422037 .008935 





LO
C

fiL
 

M
flC

H
 



I 
/ 

N A S A I AN(.I I Y 
AR 211 

M.D.Salas 
J.C.South, Jr 

06-6-8 

KAK 2822: MACH - 0.75, ALPHA - 3 



N A S A I ANGU Y 
AR 211 

M.Ü.Salas 
J.C.South. Jr 

06-fi-y 

RAE 2822: MAC H - 0.75, AGP HA-3 



A
IR

F
O

IL
 

C
P

 

/ 
* 

F 
- 

N A S A. LANGLEY 
AR 211 

M.D.Salas 
J.C.South. Jr 

06-6-10 

RAE 2822: MACH - 0.75, ALPHA - 3 



AR 211 
N A S A I AN( il I V 

M.D.Sulas 
J.C South. Jr 

()6-f>-l 

RAK 2K22: MACH - (1.75. ALPHA - 3 



NASA. LANGLEY 
AR 211 

M.D.Salas 
J.C .South. Jr 

Oh-6-12 

RAF. 2K22: MAC H - 0.75, ALPHA - 3 

X 10-* 



N A S A LANGLEY 
AR 21 I M.D.Salas 

J.CSouth. Ji 

RAE 2822: MACH - «.75, ALPHA - 3 

«6-6-13 

X 10-* 



AR 21 I 
M.D.Salas 
J.('.South. Jr 

/ * 

'I 

N A S A. LANGLEY 

Oft-h-l 4 

RAE 2822: MACH - 0.75, ALPHA - 3 



/ 

N.A.S.A. LANGLEY 

AR 211 
M.D.Salas 
J.C.South. Jr 

MMIMMMÉBMI w~ 

06-6-15 

RAE 2822: MACH - 0.75, ALP HA - 3 



N.A.S.A. LANGLEY 
AK 211 

M.D.Salas 
J.C.South, Jr 

06-6-16 

RAE 2H22: MACH - 0.75, ALPHA - 3 



b
L

U
Ö

H
L
 

V
H

K
 

1.50 

1.25 

1.00 

.75 

.50 

.25 

o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o 

o CD 

o CM 

^□-□-o-o-d-d-d-o-o-o-o-ö-d-d-d 

o — 

-.25 

-.501_ 1000 1200 

iterations 

j 

I 

A 
r~- 



/ 

N A S A. LANGLEY 

AR 211 

M.D.Salas 
J.C'.Scnlh.Jr 

(1()-6-IS 

RAE 2S22: MACH “ 0.75. ALPHA - ^ 

‘1 









/ 
i 

N.A.S.A. LANGLEY 
AR 211 

M.D.Salas 
J.C'.South, Jr 

Oft-fi-22 

RAE 2822: MACH - U.75. ALPHA - 3 



N A S A. LANGLEY 
AR 211 M.D.Salas 

J.C'.South. Jr 06-6-23 

RAE 2K22: MAC H - 0.75. ALPHA - 

ENTROPY 



AR-21 I 

AGARD FDP — WG 07 

TEST CASES FOR STEADY IN VISC ID 
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RAE 2822: MACH = 0.75, ALPHA = 3 
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DORMI R JAMESON 
AR2II W.Schmidt 

AJameson 06-9-1 

RAE 2822: MACH - 0.75, ALPHA - 3 

DORNIER/JAMESON AGARD FDP-WG07 EUFOIL TEST CASE: 
RAE 2822 M=0.750 ALPHA=3.0 GRID (322*66) FILE G9.J008.RAE01 

N X/C<%) Z/C(%) 1-P/PIINF CP MACH 1-PI/PI INF 

? 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
73 
79 
80 

0.999868 
0.999356 
0.998357 
0.996881 
0.994937 
0.992531 
0.989667 
0.986350 
0.982585 
0.978379 
0.973736 
0.968662 
0.963166 
0.957253 
0.950931 
0.944210 
0.937097 
0.929603 
0.921737 
0.913511 
0.904934 
0.896018 
0.886776 
0.877219 
0.867359 
0.857211 
0.846786 
0.836097 
0.825160 
0.813986 
0.802590 
0.790986 
0.779188 
0.767209 
0.755063 
0.742765 
0.730328 
0.717767 
0.705094 
0.692323 
0.679468 
0.666542 
0.653557 
0.640527 
0.627464 
0.614381 
0.601289 
0.588200 
0.575127 
0.562079 
0.549068 
0.536105 
0.523200 
0.510364 
0.497605 
0.484934 
0.472359 
0.459890 
0.447535 
0.435303 
0.423201 
0.411237 
0.399419 
0.387753 
0.376245 
0.364901 
0.353727 
0.342728 
0.331909 
0.321273 
0.310824 
0.300566 
0.290501 
0.280631 
0.270958 
0.261485 
0.252213 
0.243142 
0.234273 

0.000009 
0.000042 
0.000099 
0.000178 
0.000281 
0.000400 
0.000530 
0.000667 
0.000802 
0.000930 
0.001046 
0.001139 
0.001197 
0.001216 
0.001183 
0.001089 
0.000931 
0.000708 
0.000415 
0.000044 

-0.000413 
-0.000953 
-0.001580 
-0.002295 
-0.003097 
-0.003983 
-0.004959 
-0.006024 
-0.007170 
-0.008393 
-0.009691 
-0.011067 
-0.012519 
-0.014041 
-0.015627 
-0.017272 
-0.018975 
-0.020730 
-0.022524 
-0.024351 
-0.026208 
-0.028089 
-0.029983 
-0.031879 
-0.033769 
-0.035646 
-0.037508 
-0.039347 
-0.041153 
-0.042915 
-0.044627 
-0.046282 
-0.047872 
-0.049384 
-0.050812 
-0.052149 
-0.053384 
-0.054509 
-0.055517 
-0.056405 
-0.057170 
-0.057810 
-0.058327 
-0.058723 
-0.059003 
-0.059170 
-0.059228 
-0.059184 
-0.059045 
-0.058821 
-0.058522 
-0.058159 
-0.057740 
-0.057271 
-0.056758 
-0.056204 
-0.055615 
-0.054999 
-0.054360 

0.179192 
0.194175 
0.201064 
0.204313 
0.204930 
0.205312 
0.204834 
0.204044 
0.203587 
0.202673 
0.201298 
0.200486 
0.199855 
O.199082 
0.198954 
0.199475 
0.200124 
0.200674 
0.201195 
0.202286 
0.203734 
0.205121 
0.206858 
0.208987 
0.210928 
0.212931 
0.215447 
0.218212 
0.220996 
0.223659 
0.226377 
0.229430 
0.232767 
0.236277 
0.239778 
0.243425 
0.247586 
0.251961 
0.256211 
0.260593 
0.265304 
0.270329 
0.275533 
0.280701 
0.285829 
0.291027 
0.296532 
0.302452 
0.308392 
0.314194 
0.320251 
0.326640 
0.332981 
0.339196 
0.345491 
0.351771 
0.357684 
0.363051 
0.367798 
0.371800 
0.374866 
0.376933 
0.377999 
0.378149 
0.377481 
0.375973 
0.373496 
0.370114 
0.366017 
0.361434 
0.356649 
0.351870 
0.347225 
0.J42799 
0.338422 
0.333884 
0.329370 
0.325376 
0.321973 

0.4877-9 
0.432456 
0.407049 
0.395065 
0.392790 
0.391378 
0.393142 
0.396058 
0.397741 
0.401112 
0.406184 
0.409180 
0.411505 
0.414359 
0.414831 
0.412910 
0.410515 
0.408485 
0.406564 
0.402539 
0.397198 
0.392083 
0.385677 
0.377827 
0.370668 
0.363280 
0.353999 
0.343800 
0.333533 
0.323712 
0.313684 
0.302424 
0.290118 
0.277172 
0.264258 
0.250806 
0.235460 
0.219325 
0.203649 
0.187487 
0.170111 
0.151576 
0.132381 
0.113320 
0.094406 
0.075235 
0.054932 
0.033097 
0.011190 

-0.010211 
-C.032550 
-0.056117 
-0.079505 
-0.102426 
-0.125644 
-0.148808 
-0.170615 
-0.190414 
-0.207920 
-0.222680 
-0.233989 
-0.241614 
-0.245545 
-0.246099 
-0.243636 
-0.238070 
-0.228938 
-0.216464 
-0.201352 
-0.184447 
-0.166800 
-0.149172 
-0.132042 
-0.115715 
-0.099571 
-0.082836 
-0.066185 
-0.051455 
-0.038905 

0.535966 
0.563961 
0.575600 
0.581055 
0.582145 
0.582401 
0.581971 
0.580579 
0.579607 
0.578355 
0.576160 
0.574534 
0.573628 
0.572488 
0.572058 
0.572909 
0.574065 
0.575007 
0.575920 
0.577564 
0.579998 
0.582410 
0.585135 
0.588585 
0.591938 
0.595158 
0.599148 
0.603704 
0.608228 
0.612575 
0.616951 
0.621802 
0.627168 
0.632772 
0.638406 
0.644196 
0.650682 
0.657648 
0.664419 
0.671247 
0.678608 
0.686454 
0.694559 
0.702631 
0.710583 
0.718641 
0.727112 
0.736192 
0.745416 
0.754381 
0.763608 
0.773406 
0.783206 
0.792743 
0.802346 
0.811990 
0.821103 
0.829350 
0.836648 
0.842814 
0.847562 
0.850753 
0.852411 
0.852640 
0.851600 
0.849277 
0.845494 
0.840291 
0.833990 
0.826942 
0.819570 
0.812219 
0.805076 
0.798248 
0.791546 
0.784631 
0.777695 
0.771486 
0.766211 

0.001949 
0.000049 

-0.000083 
-0.000147 
-0.000206 
0.000081 

-0.000192 
-0.000122 
0.000042 

-0.000154 
-0.000213 
-0.000001 
-0.000107 
-0.000215 
-0.000052 
-0.000041 
-0.000100 
-0.000122 
-0.000162 
-0.000038 
-0.000070 
-0.000166 
-0.000061 
-0.000030 
-0.000162 
-0.000118 
-0.000031 
-0.000077 
-0.000086 
-0.000120 
-0.000112 
-0.000064 
-0.000077 
-0.000073 
-0.000113 
-0.000109 
-0.000018 
-0.000062 
-0.000130 
-0.000080 
-0.000063 
-0.000057 
-0.000054 
-0.000088 
-0.000086 
-0.000095 
-0.000061 
-0.000010 
-0.000078 
-0.000114 
-0.000037 
-0.000021 
-0.000083 
-0.000080 
-0.000020 
-0.000023 
-0 .'000052 
-0.000044 
-0.000038 
-0.000040 
-0.000065 
-0.000067 
-0.000080 
-0.000077 
-0.000066 
-0.000073 
-0.000107 
-0.000115 
-0.000124 
-0.000127 
-0.000108 
-0.000101 
-0.000089 
-0.000056 
-0.000072 
-0.000118 
-0.000115 
-0.000041 
0.000005 



DORNII R JAMESON 
AR211 W.Schmidt 

AJameson 06-9-2 

RAE; 2822: MACH - 0.75, AEPHA - 3 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 

0.225607 
0.217145 
0.208885 
0.200828 
0.192974 
0.185320 
0.177868 
0.170615 
0.163560 
0.156700 
0.150036 
0.143563 
0.137281 
0.131188 
0.125280 
0.119556 
0.114013 
0.108647 
0.103457 
0.098440 
0.093591 
0.088909 
0.084391 
0.080032 
0.075830 
0.071782 
0.067885 
0.064135 
0.060529 
0.057065 
0.053738 
0.050546 
0.047484 
0.044551 
0.041742 
0.039055 
0.036487 
0.034033 
0.031692 
0.029459 
0.027331 
0.025304 
0.023377 
0.021545 
0.019806 
0.018158 
0.016596 
0.015117 
0.013719 
0.012397 
0.011150 
0.009973 
0.008864 
0.007820 
0.006839 
0.005918 
0.005054 
0.004248 
0.003500 
0.002811 
0.002183 
0.001619 
0.001128 
0.000717 
0.000395 
0.000168 
0.000041 
0.000017 
0.000099 
0.000279 
0.000554 
0.000914 
0.001353 
0.001859 
0.002424 
0.003041 
0.003704 
0.004412 
0.005163 
0.005953 

-0.053696 
-0.053007 
-0.052294 
-0.051564 
-0.050822 
-0.050063 
-0.049287 
-0.048494 
-0.047690 
-0.046878 
-0.046060 
-0.045234 
-0.044401 
-0.043561 
-0.042715 
-0.041864 
-0.041008 
-0.040151 
-0.039292 
-0.038433 
-0.037574 
-0.036716 
-0.035860 
-0.035005 
-0.034153 
-0.033304 
-0.032457 
-0.031614 
-0.030773 
-0.029934 
-0.029099 
-0.028268 
-0.027442 
-0.026622 
-0.025806 
-0.024995 
-0.024187 
-0.023385 
-0.022588 
-0.021799 
-0.021017 
-0.020242 
-0.019474 
-0.018712 
-0.017955 
-0.017204 
-0.016457 
-0.015716 
-0.014979 
-0.014246 
-0.013516 
-0.012788 
-0.012061 
-0.011333 
-0.010601 
-0.009864 
-0.009118 
-0.008362 
-0.007591 
-0.006802 
-0.005993 
-0.005161 
-0.004305 
-0.003425 
-0.002523 
-0.001604 
-0.000674 
0.000259 
0.001189 
0.002105 
0.003003 
0.003875 
0.004719 
0.005533 
0.006317 
0.007074 
0.007805 
0.008512 
0.009199 
0.009868 

0.318569 
0.314666 
0.310612 
0.307026 
0.303910 
0.300706 
0.296988 
0.293015 
0.289180 
0.285596 
0.282126 
0.278664 
0.275150 
0.271514 
0.267704 
0.263779 
0.259809 
0.255828 
0.251820 
0.247767 
0.243658 
0.239498 
0.235294 
0.231044 
0.226735 
0.222363 
0.217922 
0.213378 
0.208669 
0.203725 
0.198602 
0.193363 
0.188093 
0.182770 
0.177320 
0.171629 
0.165581 
0.159293 
0.152862 
0.146389 
0.139892 
0.133301 
0.126557 
0.119562 
0.112303 
0.104844 
0.097220 
0.089431 
0.081482 
0.073411 
0.065245 
0.057025 
0.048809 
0.040612 
0.032532 
0.024719 
0.017443 
0.010890 
0.005499 
0.001888 
0.000847 
0.003410 
0.010930 
0.024794 
0.046107 
0.075424 
0.112690 
0.156472 
0.203442 
0.251621 
0.298946 
0.342796 
0.381398 
0.414549 
0.442951 
0.468703 
0.492343 
0.512653 
0.529405 
0.543503 

-0.026347 
-0.011952 
0.003001 
0.016228 
0.027720 
0.039537 
0.053251 
0.067904 
0.082049 
0.095268 
0.108064 
0.120833 
0.133795 
0.147206 
0.161259 
0.175735 
0.190376 
0.205061 
0.219843 
0.234792 
0.249946 
0.265290 
0.280796 
0.296471 
0.312367 
0.328490 
0.344871 
0.361631 
0.378999 
0.397235 
0.416129 
0.435452 
0.454889 
0.474522 
0.494622 
0.515614 
0.537921 
0.561114 
0.584833 
0.608707 
0.632668 
0.656978 
0.681855 
0.707652 
0.734425 
0.761937 
0.790057 
0.818787 
0.848105 
0.877875 
0.907993 
0.938309 
0.968514 
0.998845 
1.028646 
1.057466 
1.084299 
1.108471 
1.128353 
1.141672 
1.145514 
1.136058 
1.108321 
1.057189 
0.978578 
0.870446 
0.732998 
0.571517 
0.398276 
0.220579 
0.046026 

-0.115704 
-0.258083 
-0.380352 
-0.485108 
-0.580090 
-0.667284 
-0.742193 
-0.803980 
-0.855976 

0.761034 
0.755112 
0.748844 
0.743239 
0.738415 
0.733518 
0.727843 
0.721679 
0.715711 
0.710143 
0.704769 
0.699386 
0.693916 
0.688250 
0.682313 
0.676164 
0.669929 
0.663665 
0.657344 
0.650932 
0.644417 
0.637796 
0.631081 
0.624270 
0.617338 
0.610274 
0.603066 
0.595660 
0.587944 
0.579815 
0.571311 
0.562567 
0.553689 
0.544671 
0.535353 
0.525548 
0.515039 
0.503935 
0.492459 
0.480724 
0.468778 
0.456481 
0.443657 
0.430125 
0.415752 
0.400601 
0.384680 
0.367900 
0.350146 
0.331365 
0.111449 
0.290281 
0.267712 
0.243455 
0.217186 
0.188684 
0.157836 
0.124173 
0.087434 
0.049428 
0.030289 
0.067553 
0.124024 
0.188924 
0.260328 
0.336965 
0.418096 
0.500728 
0.5«0951 
0.658209 
0.731430 
0.797801 
0.856079 
0.906401 
0.950352 
0.991428 
1.029951 
1.063797 
1.092291 
1.117035 

-0.000048 
-0.000121 
-0.000092 
-0.000011 
0.000011 

-0.000028 
-0.000086 
-0.000061 
-0.000028 
-0.000013 
-0.000021 
-0.000016 
-0.000011 
-0.000012 
-0.000021 
-0.000014 
-0.000006 
0.0 
0.000005 
0.000014 
0.000014 
0.000022 
0.000030 
0.000034 
0.000039 
0.000045 
0.000055 
0.000057 
0.000065 
0.000055 
0.000068 
0.000077 
0.000094 
0.000097 
0.000108 
0.000107 
0.000093 
0.000114 
0.000120 
0.000141 
0.000157 
0.000160 
0.000175 
0.000173 
0.000176 
0.000188 
0.000196 
0.000204 
0.000209 
0.000216 
0.000223 
0.000225 
0.000229 
0.000218 
0.000211 
0.000198 
0.000204 
0.000175 
0.000168 
0.000181 
0.000206 
0.000224 
0.000243 
0.000211 
0.000085 

-0.000171 
-0.000710 
-0.001087 
-0.001163 
-0.000994 
-0.000608 
0.000383 
0.001571 
0.002910 
0.003918 
0.004275 
0.004528 
0.004672 
0.004758 
0.004414 



DORMI R JAMFSON 
AR 211 W.Schmidt 

A.Jameson 06-9-3 

RAF 2822: MACH - 0.75, ALPHA - 3 

161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 

0.006782 
0.007651 
0.008560 
0.009507 
0.010495 
0.011524 
0.012595 
0.013710 
0.014869 
0.016075 
0.017327 
0.018628 
0.019977 
0.021376 
0.022825 
0.024326 
0.025880 
0.027488 
0.029152 
0.030873 
0.032653 
0.034491 
0.036391 
0.038354 
0.040380 
0.042471 
0.044630 
0.046856 
0.049153 
0.051521 
0.053962 
0.056478 
0.059072 
0.061744 
0.064496 
0.067331 
0.070250 
0.073255 
0.076347 
0,079530 
0.082804 
0.086173 
0.089637 
0.093199 
0.096860 
0.100622 
0.104488 
0.108459 
0.112538 
0.116726 
0.121026 
0.125439 
0.129966 
0.134610 
0.139373 
0.144255 
0.149260 
0.154388 
0.159642 
0.165023 
0.170532 
0.176171 
0.181941 
0.187844 
0.193880 
0.200051 
0.206357 
0.212800 
0.219381 
0.226100 
0.232958 
0.239955 
0.247093 
0.254370 
0.261789 
0.269347 
0.277047 
0.284886 
0.292865 
0.300983 

0.010521 
0.011161 
0.011790 
0.012411 
0.013024 
0.013633 
0.014236 
0.014835 
0.015431 
0.016023 
0.016613 
0.017201 
0.017788 
0.018374 
0.018961 
0.019549 
0.020138 
0.020729 
0.021320 
0.021914 
0.022509 
0.023106 
0.023705 
0.024307 
0.024912 
0.025520 
0.026131 
0.026745 
0.027364 
0.027986 
0.028612 
0.029242 
0.029876 
0.030512 
0.031153 
0.031796 
0.032444 
0.033095 
0.033749 
0.034407 
0.035068 
0.035730 
0.036395 
0.037061 
0.037731 
0.038403 
0.039079 
0.039755 
0.040432 
0.041108 
0.041784 
0.042459 
0.043134 
0.043810 
0.044486 
0.045160 
0.045832 
0.046501 
0.047165 
0.047825 
0.048479 
0.049129 
0.049773 
0.050412 
0.051044 
0.051669 
0.052287 
0.052896 
0.053496 
0.054086 
0.054664 
0.055231 
0.055787 
0.056328 
0.056854 
0.057363 
0.057854 
0.058329 
0.058789 
0.059232 

0.556054 
0.567007 
0.576027 
0.583176 
0.589065 
0.594346 
0.599345 
0.604324 
0.609304 
0.613964 
0.617999 
0.621347 
0.623992 
0.626027 
0.627648 
0.629042 
0.630318 
0.631560 
0.632779 
0.633880 
0.634771 
0.635435 
0.635877 
0.636132 
0.636230 
0.636193 
0.636035 
0.635771 
0.635438 
0.635092 
0.634778 
0.634539 
0.634377 
0.634229 
0.634029 
0.633750 
0.633394 
0.633032 
0.632759 
0.632636 
0.632687 
0.632826 
0.632883 
0.632765 
0.632445 
0.632059 
0.631853 
0.631964 
0.632407 
0.632968 
0.633346 
0.633416 
0.633224 
0.633035 
0.633072 
0.633388 
0.633898 
0.634441 
0.634959 
0.635451 
0.635924 
0.636369 
0.636782 
0.637185 
0.637610 
0.638068 
0.638571 
0.639136 
0.639769 
0.640446 
0.641104 
0.641720 
0.642373 
0.643240 
0.644368 
0.645565 
0.646482 
0.647050 
0.647563 
0.648418 

-0.902269 
-0.942667 
-0.975936 
-1.002304 
-1.024023 
-1.043501 
-1.061938 
-1.080301 
-1.098673 
-1.115858 
-1.130740 
-1.143090 
-1.152845 
-1.160352 
-1.166330 
-1.171472 
-1.176176 
-1.180757 
-1.185254 
-1.189314 
-1.192602 
-1.195050 
-1.196679 
-1.197621 
-1.197982 
-1.197845 
-1.197263 
-1.196289 
-1.195061 
-1.193786 
-1.192629 
-1.191744 
-1.191148 
-1.190601 
-1.189865 
-1.188834 
-1.187523 
-1.186189 
-1.185183 
-1.184728 
-1.184916 
-1.185427 
-1.185638 
-1.185202 
-1.184022 
-1.182600 
-1.181839 
-1.182248 
-1.183882 
-1.185953 
-1.187347 
-1.187604 
-1.186895 
-1.186198 
-1.186335 
-1.187501 
-1.189384 
-1.191383 
-1.193294 
-1.195110 
-1.196853 
-1.198495 
-1.200020 
-1.201507 
-1.203073 
-1.204762 
-1.206617 
-1.208700 
-1.211037 
-1.213533 
-1.215959 
-1.218230 
-1.220641 
-1.223836 
-1.227998 
-1.232414 
-1.235797 
-1.237891 
-1.239781 
-1.242937 

1.139564 
1.159568 
1.176277 
1.189695 
1.200947 
1.211130 
1.220796 
1.230464 
1.240189 
1.249278 
1.257189 
1.263815 
1.269109 
1.273226 
1.276546 
1.279416 
1.282030 
1.284559 
1.287029 
1.289228 
1.291000 
1.292325 
1.293220 
1.293750 
1.293963 
1.293900 
1.293588 
1.293050 
1.292370 
1.291665 
1.291018 
1.290523 
1.290184 
1.289865 
1.289442 
1.288869 
1.288144 
1.287416 
1.286873 
1.286619 
1.286725 
1.286987 
1.287081 
1.286837 
1.286180 
1.285419 
1.285026 
1.285254 
1.286157 
1.287253 
1.287990 
1.288112 
1.287727 
1.287381 
1.287477 
1.288124 
1.289134 
1.290204 
1.291241 
1.292240 
1.293204 
1.294111 
1.294950 
1.295773 
1.296638 
1.297569 
1.298592 
1.299741 
1.301038 
1.302418 
1.303761 
1.305006 
1.306350 
1.308136 
1.310492 
1.312949 
1.314815 
1.315958 
1.317044 
1.318869 

0.003932 
0.003450 
0.003038 
0.002682 
0.002267 
0.001883 
0.001583 
0.001331 
0.001116 
0.001019 
0.000966 
0.000897 
0.000800 
0.000690 
0.000561 
0.000441 
0.000357 
0.000302 
0.000277 
0.000301 
0.000338 
0.000361 
0.000361 
0.000342 
0.000321 
0.000304 
0.000296 
0.000301 
0.000307 
0.000315 
0.000332 
0.000349 
0.000366 
0.000393 
0.0C0421 
0.000435 
0.000444 
0.000443 
0.000437 
0.000445 
0.000440 
0.000461 
0.000489 
0.000498 
0.000517 
0.000498 
0.000469 
0.000462 
0.000445 
0.000489 
0.000525 
0.000548 
0.000544 
0.000498 
0.000470 
0.000455 
0.000479 
0.000513 
0.000525 
0.000521 
0.000510 
0.000504 
0.000503 
0.000494 
0.000491 
0.000489 
0.000492 
0.000491 
0.000485 
0.000487 
0.000487 
0.000510 
0.000503 
0.000493 
0.000447 
0.000459 
0.000500 
0.000544 
0.000511 
0.000441 



AR211 
W.Schmidt 
A Jameson 

06-9-4 

RAH 2822: MAC H - 0.75, ALPHA - J 

DOKNII K JAMESON 

241 0.309239 
242 0.317633 
243 0.326164 
244 0.334830 
245 0.343630 
246 0.352562 
247 0.361626 
248 0.370819 
249 0.380138 
250 0.389582 
251 0.399148 
252 0.408833 
253 0.418634 
254 0.428549 
255 0.438574 
256 0.448705 
257 0.458938 
258 0.469271 
259 0.479697 
260 0.490214 
261 0.500816 
262 0.511497 
263 0.522253 
264 0.533079 
265 0.543968 
266 0.554914 
267 0.565911 
268 0.576953 
269 0.588033 
270 0.599143 
271 0.610277 
272 0.621429 
273 0.632590 
274 0.643752 
275 0.654909 
276 0.666052 
277 0.677174 
278 0.688265 
279 0.699318 
280 0.710325 
281 0.721276 
282 0.732161 
283 0.742973 
284 0.753701 
285 0.764337 
286 0.774872 
287 T). 785295 
288 0.795596 
289 0.805767 
290 0.815796 
291 0.825673 
292 0.835389 
293 0.844934 
294 0.854296 
295 0.863467 
296 0 872434 
297 0.881187 
298 0.889716 
299 0.898011 
300 0.906059 
301 0.913851 
302 0.921377 
303 0.928624 
304 0.935583 
305 0.942243 
306 0.948594 
307 0.954625 
308 0.960325 
309 0.965686 
310 0.970697 
311 0.975346 
312 0.979625 
313 0.983525 
314 0.987035 
315 0.990147 
316 0.992850 
317 0.995135 
318 0.996991 
319 0.998408 
320 0.999374 
321 0.999871 

0.059655 
0.060055 
0.060432 
0.060787 
0.061118 
0.061423 
0.061698 
0.061945 
0.062162 
0.062350 
0.062509 
0.062635 
0.062728 
0.062783 
0.062799 
0.062776 
0.062713 
0.062608 
0.062457 
0.062256 
0.062002 
0.061693 
0.061327 
0.060905 
0.060424 
0.059885 
0.059284 
0.058619 
0.057888 
0.057095 
0.056244 
0.055339 
0.054385 
0.053382 
0.052328 
0.051227 
0.050083 
0.048900 
0.047681 
0.046427 
0.045138 
0.043814 
0.042458 
0.041075 
0.039670 
0.038245 
0.036801 
0.035340 
0.033867 
0.032386 
0.030899 
0.029407 
0.027914 
0.026429 
0.024958 
0.023495 
0.022042 
0.020607 
0.019194 
0.017805 
0.016441 
0.015109 
0.013810 
0.012546 
0.011323 
0.010145 
0.009012 
0.007928 
0.006901 
0.005932 
0.005019 
0.004170 
0.003390 
0.002682 
0.002050 
0.001498 
0.001025 
0.000636 
0.000339 
0.000135 
0.000028 

0.649646 
0.650953 
0.652082 
0.653091 
0.654268 
0.655731 
0.657314 
0.658756 
0.660028 
0.661288 
0.662652 
0.664173 
0.665908 
0.667818 
0.669726 
0.671539 
0.673412 
0.675574 
0.678047 
0.680738 
0.683578 
0.686489 
0.689419 
0.692359 
0.695310 
0.698349 
0.701620 
0.705063 
0.708383 
0.711405 
0.714059 
0.716361 
0.718602 
0.720974 
0.723376 
0.725496 
0.727411 
0.729011 
0.731017 
0.732643 
0.731959 
0.710352 
0.613140 
0.465937 
0.346469 
0.331595 
0.331704 
0.331174 
0.330146 
0.328889 
0.327362 
0.325484 
0.323185 
0.320733 
0.318617 
0.316493 
0.313679 
0.310601 
0.307856 
0.305048 
0.301858 
0.298676 
0.295586 
0.292153 
0.288520 
0.285206 
0.281759 
0.277667 
0.273752 
0.270263 
0.266037 
0.261199 
0.256664 
0.251986 
0.246751 
0.241606 
0.236029 
0.228708 
0.220385 
0.212418 
0.197992 

-1.247466 
-1.252285 
-1.256450 
-1.260172 
-1.264513 
-1.269908 
-1.275749 
-1.281065 
-1.285759 
-1.290404 
-1.295434 
-1.301046 
-1.307446 
-1.314491 
-1.321526 
-1.328213 
-1.335120 
-1.343098 
-1.352219 
-1.362144 
-1.372619 
-1.383353 
-1.394!60 
-1.405004 
-1.415888 
-1.427098 
-1.439163 
-1.451860 
-1.464107 
-1.475254 
-1.485041 
-1.493531 
-1.501798 
-1.510548 
-1.519405 
-1.527225 
-1.534286 
-1.540190 
-1.547585 
-1.553584 
-1.551062 
-1.471369 
-1.112820 
-0.569890 
-0.129250 
-0.074393 
-0.074795 
-0.072840 
-0.069047 
-0.064410 
-0.058781 
-0.051851 
-0.043372 
-0.034329 
-0.026523 
-0.018692 
-0.008313 
0.003040 
0.013164 
0.023523 
0.035287 
0.047024 
0.058419 
0.071082 
0.084483 
0.096704 
0.109418 
0.124512 
0.138952 
0.151820 
0.167406 
0.185251 
0.201976 
0.219230 
0.238541 
0.257515 
0.278085 
0.305089 
0.335785 
0.365172 
0.418377 

1.321437 
1.324134 
1.326447 
1.328563 
1.331062 
1.334176 
1.337508 
1.340529 
1.343231 
1.345934 
1.348856 
1.352115 
1.355865 
1.360000 
1.364119 
1.368043 
1.372159 
1.376945 
1.382412 
1.388393 
1.394753 
1.401313 
1.407969 
1.414707 
1.421504 
1.428570 
1.436284 
1.444433 
1.452328 
1.459621 
1.466030 
1.471669 
1.477178 
1.483189 
1.489013 
1.494576 
1.498939 
1.503736 
1.507878 
1.513828 
1.507600 
1.436940 
1.172934 
0.886832 
0.713622 
0.695771 
0.695820 
0.694838 
0.693110 
0.690962 
0.688372 
0.685158 
0.681157 
0.677047 
0.673579 
0.669827 
0.664891 
0.659757 
0.655114 
0.650161 
0.644643 
0.639266 
0.633879 
0.627769 
0.621548 
0.615888 
0.609596 
0.602323 
0.595723 
0.589407 
0.581585 
0.573095 
0.565019 
0.556233 
0.546695 
0.537572 
0.526735 
0.512398 
0.498124 
0.480821 
0.450826 

0.000421 
0.000458 
0.000521 
0.000519 
0.000481 
0.000431 
0.000450 
0.000497 
0.000502 
0.000477 
0.000466 
0.000475 
0.000452 
0.000443 
0.000473 
0.000511 
0.000490 
0.000449 
0.000454 
0.000463 
0.000470 
0.000478 
0.000484 
0.000473 
0.000488 
0.000489 
0.000422 
0.000413 
0.000458 
0.0O0435 
0.000482 
0.000465 
0.000472 
0.000277 
0.000517 
0.000170 
0.000854 

-0.000204 
0.001212 

-0.001362 
0.005114 
0.028769 
0.094219 
0.109478 
0.082310 
0.076341 
0.076452 
0.076524 
0.076519 
0.076543 
0.076553 
0.076586 
0.076674 
0.076640 
0.076542 
0.076656 
0.076774 
0.076683 
0.076645 
0.076756 
0.076788 
0.076712 
0.076756 
0.076880 
0.076812 
0.076727 
0.076922 
0.076981 
0.076760 
0.076853 
0.077063 
0.076936 
0.076867 
0.077066 
0.077034 
0.076787 
0.077077 
0.077405 
0.076366 
0.077426 
0.077976 



DOKNII K/JAMt SON 
AR211 W.Schmidl 

AJameson 06-9-5 

RAE 2822: MACH - 0.75, ALPHA - 3 

RAE 282? M=0.75, ALPHA=3.00 
RESULTS AT EAR-FIELD BOUNDARY (J=65) 
• X/C(X) Z/C(X) RHO U V 

2 46.359985 
3 46.219818 
4 46.04U100 
5 45.82U984 
6 45.562729 
/ 45.2656 71 
8 44.930191 
9 44.556686 

10 44.145676 
11 43.697632 
12 43.213165 
13 42.692886 
14 42.137451 
15 41.547562 
16 40.923996 
17 40.267517 
18 39.578979 
19 38.859207 
20 38.109131 
21 37.329666 
22 36.521790 
23 35.686478 
24 34.824768 
25 33.937683 
26 33.026306 
27 32.091705 
28 31.134979 
29 30.157257 
30 29.159668 
31 28.143356 
32 27.109451 
33 26.059128 
34 24.993546 
35 23.913849 
36 ‘ 22.821213 
37 21.716797 
38 20.601730 
39 19.477188 
40 18.344284 
41 17.204163 
42 16.057922 
43 14.906671 
44 13.751483 
45 12.593429 
46 11.433554 
47 10.272885 
48 9.112426 
49 7.953158 
50 6.796037 
51 5.641994 
52 4.491932 
53 3.346728 
54 2.207233 
55 1.074265 
56 -0.051385 
57 -1.168959 
58 -2.277724 
59 -3.376985 

-4.066651 
-5.415069 
-6.758522 
-8.095677 
-9.425212 

-10.745819 
-12.056208 
-13.355105 
-14.641258 
-15.913436 
-17.170425 
-18.411072 
-19.634201 
-20.838715 
-22.023529 
-23.187592 
-24.329880 
-25.449432 
-26.545288 
-27.616592 
-28.662460 
-29.682083 
-30.674728 
-31.639633 
-32.576157 
-33.483658 
-34.361557 
-35.209320 
-36.026489 
-36.812592 
-37.567261 
-38.290161 
-38.981003 
-39.639542 
-40.265579 
-40.858978 
-41.419647 
-41.947495 
-42.442551 
-42.904816 
-43.334396 
-43.731384 
-44.095963 
-44.428314 
-44.728683 
-44.997330 
-45.234589 
-45.440796 
-45.616318 
-45.761581 
-45.876999 
-45.963074 
-46.020264 
-46.049103 
-46.050125 
-46.023895 
-45.971008 
-45.892044 

0.999797 
1.000102 
1.000034 
1.000063 
1.000074 
1.000113 
1.000121 
1.000147 
1.000160 
1.000179 
1.000194 
1.000210 
1.000223 
1.000237 
1.000251 
1.000264 
1.000278 
1.000291 
1.000304 
1.000318 
1.000332 
1.000346 
1.000361 
1.000377 
1.000393 
1.000409 
1.000426 
1.000444 
1.000463 
1.000482 
1.000502 
1.000522 
1.000543 
1.000565 
1.000586 
1.000607 
1.000629 
1.000651 
1.000674 
1.000696 
1.000718 
1.000739 
1.000760 
1.000781 
1.000802 
1.000821 
1.000841 
1.000860 
1.000880 
1.000900 
1.000918 
1.000937 
1.000983 
1.000990 
1.001010 
1.001011 
1.001017 
1.001014 

0.885714 
0.886419 
0.886216 
0.886045 
0.886028 
0.885988 
0.885927 
0.885877 
0.885824 
0.885771 
0.885716 
0.885661 
0.885604 
0.885547 
0.885489 
0.885430 
0.885370 
0.885310 
0.885248 
0.885187 
0.885123 
0.885060 
0.884996 
0.884931 
0.884866 
0.884801 
0.884735 
0.884669 
0.884603 
0.884537 
0.884470 
0.884405 
0.884340 
0.884276 
0.884213 
0.884152 
0.884092 
0.884035 
0.883979 
0.883927 
0.883878 
0.883832 
0.883791 
0.883753 
0.883720 
0.883692 
0.883669 
0.883651 
0.883638 
0.883631 
0.883632 
0.883640 
0.883620 
0.883588 
0.883585 
0.883578 
0.883586 
0.883594 

0.044208 
0.044150 
0.044068 
0.044109 
0.044062 
0.044055 
0.044031 
0.044022 
0.044003 
0.043993 
0.043979 
0.043969 
0.043959 
0.043951 
0.043944 
0.043939 
0.043934 
0.043932 
0.043931 
0.043932 
0.043934 
0.043939 
0.043945 
0.043953 
0.043963 
0.043976 
0.043991 
0.044009 
0.044030 
0.044053 
0.044080 
0.044109 
0.044143 
0.044179 
0.044220 
0.044264 
0.044312 
0.044365 
0.044421 
0.044482 
0.044547 
0.044617 
0.044691 
0.044769 
0.044851 
0.044937 
0.045027 
0.045121 
0.045218 
0.045320 
0.045426 
0.045537 
0.045646 
0.045685 
0.045762 
0.045823 
0.045891 
0.045955 

0.999948 
1.000075 
1.000060 
1.000132 
1.000147 
1.000196 
1.000220 
1.000258 
1.000286 
1.000319 
1.000346 
1.000377 
1.000405 
1.000434 
1.000462 
1.000490 
1.000519 
1.000547 
1.000576 
1.000606 
1.000636 
1.000667 
1.000697 
1.000729 
1.000761 
1.000794 
1.000828 
1.000862 
1.000897 
1.000933 
1.000969 
1.001005 
1.001042 
1.001080 
1.001117 
1.001153 
1.001190 
1.001225 
1.001261 
1.001296 
1.001329 
1.001361 
1.001392 
1.001421 
1.001449 
1.001475 
1.001499 
1.001522 
1.001543 
1.001564 
1.001580 
1.001595 
1.001645 
1.001660 
1.001680 
1.001682 
1.001684 
1.001678 

60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

-4.466072 
-5.544352 
-6.611217 
-7.666100 
-8.708459 
-9.737786 

-10.753608 
-11.755479 
-12.742989 
-13.715755 
-14.673429 
-15.615692 
-16.542252 
-17.452850 
-18.347260 
-19.225281 
-20.086731 
-20.931458 
-21.759338 
-22.570282 
-23.364197 

-45.787628 
-45.658401 
-45.505020 
-45.328125 
-45.128403 
-44.906525 
-44.663208 
-44.399139 
-44. 115005 
-43.811523 
-43.489426 
-43.149384 
-42.792130 
-42.418381 
-42.028824 
-41.624176 
-41.205109 
-40.772324 
-40.326508 
-39.868317 
-39.398422 

1.001011 
1.001004 
1.000997 
1.000987 
1.000976 
1.000963 
1.000950 
1.000936 
1.000920 
1.000905 
1.000889 
1.000873 
1.000856 
1.000840 
1.000824 
1.000808 
1.000792 
1.000775 
1.000759 
1.000744 
1.000729 

0.883611 
0.883629 
0.883653 
0.883679 
0.883709 
0.883741 
0.883775 
0.883811 
0.883849 
0.883887 
0.883927 
0.883967 
0.884008 
0.884049 
0.884090 
0.884132 
0.884173 
0.884214 
0.884255 
0.884295 
0.884335 

0.046019 
0.046082 
0.046143 
0.046203 
0.046262 
0.046318 
0.046373 
0.046425 
0.046476 
0.046524 
0.046571 
0.046615 
0.046658 
0.046699 
0.046738 
0.046775 
0.046810 
0.046843 
0.046875 
0.046906 
0.046935 

1.001671 
1.001658 
1.001644 
1.001627 
1.001608 
1.001586 
1.001564 
1.001539 
1.001514 
1.001489 
1.001462 
1.001435 
1.001408 
1.001380 
1.001353 
1.001326 
1.001299 
1.001272 
1.001245 
1.001219 
1.001194 



DORNIER/JAMF.SON 
AR 211 

W.Schmidt 
AJameson 

06-9-ft 

RAE 2822: MACH - 0.75. ALP HA- .3 

81 -24.141052 -38.917465 
82 -24.900787 -38.426102 
83 -25.643417 -37.924942 
84 -26.368958 -37.414627 
85 -27.077423 -36.895737 
86 -27.768875 -36.368881 
87 -28.443375 -35.834641 
88 -29.101013 -35.293549 
89 -29.741882 -34.746201 
90 -30.366119 -34193100 
91 -30.973846 -33.634766 
92 -31.565201 -33.071732 
93 -32.140350 -32.504456 
94 -32.699448 -31.933426 
95 -33.242706 -31.359085 
96 -33.770294 -30.781906 
97 -34.282425 -30.202271 
98 -34.779297 -29.620621 
99 -35.261139 -29.037338 

100 -35.728165 -28.452805 
101 -36.180618 -27.867386 
102 -36.618744 -27.281403 
103 -37.042755 -26.695206 
104 -37.452927 -26.109085 
105 -37.849503 -25.523376 
106 -38.232727 -24.938324 
107 -38.602875 -24.354202 
108 -38.960190 -23.771286 
109 -39.304947 -23.189774 
110 -39.637375 -22.609909 
111 -39.957779 -22.031891 
112 -40.266388 -21.455933 
113 -40.563477 -20.882187 
114 -40.849304 -20.310822 
115 -41.124130 -19.742004 
116 -41.388199 -19.175873 
117 -41.641785 -18.612534 
118 -41.885132 -18.052109 
119 -42.118484 -17.494720 
120 -42.342087 -16.940430 
121 -42.556213 -16.389343 
122 -42. 

123 -42. 

124 -43. 

125 -43. 

126 -43. 

127 -43. 

128 -43. 

129 -43. 

130 -44. 

131 -44, 

132 -44 
133 -44 
134 -44 
135 -44 
136 -44 
137 -44 
138 -44 
139 -45 
140 -45 
141 -45 
142 -45. 

143 -45. 

144 -45. 

145 -45. 

146 -45. 

147 -45. 

148 -45. 

149 -45, 

150 -45, 

151 -45 
152 -45 
153 -45 
154 -45 
155 -45 
156 -45 
157 -45 
158 -45 
159 -45 
160 -45 

761063 
956909 
143951 
322418 
492554 
654572 
808670 
955063 
093964 
225540 
350021 
467575 
578384 

,682602 
,780411 
,871979 
.957428 
.036911 
.110550 
.178467 
240768 
297546 
348877 
394867 
435562 
471054 
501419 
526733 
547089 
562561 
573227 

,579193 
,580505 
,577271 
.*69504 
.557281 
.540634 
.519562 
.494095 

-15.841507 
-15.296982 
-14.755816 
-14.218045 
-13.683695 
-13.152782 
-12.625315 
-12.101292 
-11.580702 
-11.063528 
-10.549743 
-10.039314 
-9.532199 
-9.028348 
-8.527708 
-8.030216 
-7.535804 
-7.044396 
-6.555914 
-6.070272 
-5.587381 
-5.107146 
-4.629470 
-4.154250 
-3.681385 
-3.210770 
-2.742296 
-2.275856 
-1.811337 
-1.348624 
-0.887602 
-0.428149 
0.029858 
0.486543 
0.942034 
1.396461 
1.849954 
2.302645 
2.754665 

1.000714 
1.000699 
1.000685 
1.000671 
1.000658 
1.000645 
1.000632 
1.000620 
1.000607 
1.000596 
1.000585 
1.000573 
1.000563 
1.000552 
1.000542 
1.000532 
1.000523 
1.000513 
1.000504 
1.000495 
1.000486 
1.000479 
1.000470 
1.000463 
1.000455 
1.000447 
1.000440 
1.000433 
1.000426 
1.000420 
1.000413 
1.000406 
1.000400 
1.000394 
1.000388 
1.000381 
1.000376 
1.000370 
1.000365 
1.000360 
1.000354 
1.000349 
1.000344 
1.000339 
1.000334 
1.000329 
1.000324 
1.000319 
1.000315 
1.000311 
1.000306 
1.000301 
1.000298 
1.000293 
1.000289 
1.000285 
1.000280 
1.000277 
1.000273 
1.000269 
1.000265 
1.000261 
1.000257 
1.000254 
1.000250 
1.000246 
1.000242 
1.000239 
1.000236 
1.000232 
1.000228 
1.000225 
1.000221 
1.000218 
1.000215 
1.000211 
1.000208 
1.000204 
1.000201 
1.000197 

0.884373 
0.884412 
0.884450 
0.884487 
0.884524 
0.884560 
0.884594 
0.884629 
0.884663 
0.884696 
0.884728 
0.884760 
0.884791 
0.884821 
0.884852 
0.884880 
0.884909 
0.884937 
0.884964 
0.884992 
0.885018 
0.885043 
0.885069 
0.885094 
0.885118 
0.885142 
0.885166 
0.885189 
0.885211 
0.885234 
0.885256 
0.885277 
0.885299 
0.885320 
0.885340 
0.885361 
0.885381 
0.885401 
0.885419 
0.885439 
0.885458 
0.885476 
0.885494 
0.885513 
0.885531 
0.885548 
0.885566 
0.885583 
0.885601 
0.885617 
0.885634 
0.885651 
0.885667 
0.885684 
0.885699 
0.885715 
0.885731 
0.885747 
0.885762 
0.885778 
0.885793 
0.885808 
0.885823 
0.885839 
0.885854 
0.885869 
0.885884 
0.885898 
0.885913 
0.885927 
0.885942 
0.885956 
0.885970 
0.885984 
0.885999 
0.886014 
0.886027 
0.886042 
0.886056 
0.886071 

0.046963 
0.046989 
0.047014 
0.047038 
0.047061 
0.047083 
0.047104 
0.047124 
0.047143 
0.047161 
0.047178 
0.047195 
0.047211 
0.047226 
0.047241 
0.047255 
0.047269 
0.047282 
0.047294 
0.047306 
0.047318 
0.047329 
0.047340 
0.047351 
0.047361 
0.047371 
0.047380 
0.047389 
0.047398 
0.047406 
0.047415 
0.047423 
0.047430 
0.047438 
0.047445 
0.047452 
0.047459 
0.047465 
0.047472 
0.047478 
0.047484 
0.04 7490 
0.047495 
0.047501 
0.047506 
0.047511 
0.047516 
0.047521 
0.047526 
0.047530 
0.047535 
0.047539 
0.047543 
0.047547 
0.047551 
0.047555 
0.047559 
0.047562 
0.047566 
0.047569 
0.047572 
0.047576 
0.047579 
0.047582 
0.047585 
0.047587 
0.047590 
0.047593 
0.047595 
0.047598 
0.047600 
0.047602 
0.047605 
0.047607 
0.047609 
0.047611 
0.047613 
0.047615 
0.047617 
0.047619 

1.001168 
1.001143 
1.001120 
1.001096 
1.001073 
1.001050 
1.001028 
1.001007 
1.000986 
1.000966 
1.000946 
1.000927 
1.000908 
1.000890 
1.000872 
1.000854 
1.000837 
1.000820 
1.000805 
1.000 789 
1.000773 
1.000758 
1.000744 
1.000730 
1.000715 
1.000702 
1.000689 
1.000675 
1.000663 
1.000650 
1.000638 
1.000626 
1.000614 
1.000603 
1.000591 
1.000580 
1.000569 
1.000558 
1.000547 
1.000538 
1.000527 
1.000517 
1.000507 
1.000498 
1.000488 
1.000479 
1.000469 
1.000461 
1.000451 
1.000443 
1.000434 
1.000425 
1.000417 
1.000408 
1.000400 
1.000392 
1.000383 
1.000376 
1.000367 
1.000360 
1.000352 
1.000344 
1.000337 
1.000329 
1.000321 
1.000314 
1.000306 
1.000299 
1.000292 
1.000284 
1.000278 
1.000270 
1.000263 
1.000256 
1.000249 
1.000241 
1.000235 
1.000228 
1.000220 
1.000214 



HORNIER JAMESON 
AR2I1 

W.Schmidt 
AJameson 

06-9-7 

RAE 2822: MACH - 0.75, ALPHA - 3 

161 
162 
163 
164 
165 
166 
16 1 
168 
169 
1 /0 
171 
1 72 
173 
174 
1 75 
1 76 
177 
1 78 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 

-45.464233 
-45.429993 
-45.391342 
-45.348267 
-45.300766 
-45.248779 
-45.192291 
-45.131256 
-45.065598 
-44.995300 
-44.920258 
-44.840439 
-44.755753 
-44.666122 
-44.571457 
-44.471680 
-44.366684 
-44.256363 
-44.140594 
-44.019287 
-43.892319 
-43.759537 
-43.620819 
-43.476044 
-43.325043 
-43.167679 
-43.003799 
-42.833237 
-42.655838 
-42.471405 
-42.279785 
-42.080 795 
-41.874237 
-41.659927 
-41.437683 
-41.207275 
-40.968536 
-40.721222 
-40.465164 
-40.200104 
-37.925858 
-39.642197 
-39.348877 
-39.045700 
-38.732437 
-38.408844 
-38.074692 
-37.729752 
-37.373795 
-37.006592 
-36.627899 
-36.237488 
-35.835129 
-35.420593 
-34.993652 
-34.554092 
-34.101669 
-33.636185 
-33.157425 
-32.665161 
-32.159195 
-31.639343 
-31.105408 
-30.557205 
-29.994568 
-29.417313 
-28.825287 
-28.218353 
-27.596375 
-26.959213 
-26.306778 
-25.633947 
-24.955673 
-24.256836 
-23.542435 
-22.812393 
-22.066711 
-21.305389 
-20.528427 
-19.735886 

3.206147 
3.657222 
4.108022 
4.558676 
5.009316 
5.460070 
5.911064 
6.362426 
6.814277 
7.266739 
7.719933 
8. 173974 
8.628977 
9.085054 
9.542314 

10.000858 
10.460792 
10.922208 
11.385201 
11.849859 
12.316266 
12.784500 
13.254635 
13.726738 
14.200871 
14.677093 
15.155450 
15.635987 
16.118729 
16.603729 
17.091003 
17.580551 
18.072372 
18.566498 
19.062897 
19.561539 
20.062408 
20.565460 
21.070648 
21.577927 
22.087204 
22.598419 
23.111465 
23.626266 
24.142685 
24.660599 
25.179871 
25.700363 
26.221893 
26.744308 
27.267410 
27.791000 
28.314850 
28.838745 
29.362442 
29.885681 
30.408188 
30.929672 
31.449844 
31.968369 
32.484940 
32.999207 
33.510788 
34.019333 
34.524445 
35.025711 
35.522720 
36.015030 
36.502213 
36.983765 
37.459244 
37.928146 
38.389954 
38.844162 
39.290237 
39.727615 
40.155762 
40.574112 
40.982056 
41.379028 

1.000194 
1.000191 
1.000187 
1.000184 
1.000180 
1.000177 
1.000174 
1.000170 
1.000167 
1.000163 
1.000160 
1.000156 
1.000153 
1.000150 
1.000146 
1.000142 
1.000139 
1.000135 
1.000132 
1.000128 
1.000125 
1.000121 
1.000117 
1.000113 
1.000110 
1.000106 
1.000102 
1.000098 
1.000094 
1.000091 
1.000087 
1.000083 
1.000078 
1.000074 
1.000070 
1.000066 
1.000061 
1.000057 
1.000052 
1.000048 
1.000044 
1.000039 
1.000034 
1.000030 
1.000024 
1.000019 
1.000014 
1.000009 
1.000003 
0.999998 
0.999993 
0.999987 
0.999981 
0.999975 
0.999968 
0.999962 
0.999955 
0.999949 
0.999942 
0.999934 
0.999927 
0.999919 
0.999911 
0.999903 
0.999895 
0.999886 
0.999877 
0.999868 
0.999858 
0.999849 
0.999838 
0.999828 
0.999817 
0.999806 
0.999795 
0.999784 
0.999772 
0.999760 
0.999748 
0.999Í36 

0.886086 
0.886099 
0.886114 
0.886128 
0.886143 
0.886158 
0.886173 
0.886188 
0.886202 
0.886218 
0.886232 
0.886248 
0.886263 
0.886278 
0.886294 
0.886310 
0.886325 
0.886341 
0.886357 
0.886374 
0.886389 
0.886406 
0.886423 
0.886440 
0.886457 
0.886474 
0.886492 
0.886509 
0.886527 
0.886545 
0.886564 
0.886582 
0.886602 
0.886621 
0.886641 
0.886661 
0.886681 
0.886701 
0.886722 
0.886744 
0.886765 
0.886787 
0.886809 
0.886832 
0.886856 
0.886880 
0.886904 
0.886929 
0.886954 
0.886978 
0.887005 
0.887031 
0.887060 
0.887087 
0.887116 
0.887145 
0.887175 
0.887205 
0.887237 
0.887269 
0.887302 
0.887336 
0.887370 
0.887405 
0.887442 
0.887478 
0.887516 
0.887555 
0.887594 
0.887634 
0.887675 
0.887717 
0.887760 
0.887804 
0.887847 
0.887892 
0.887938 
0.887984 
0.888030 
0.888077 

0.047621 
r.047622 
0.047624 
0.047625 
0.047627 
0.047628 
0.047629 
0.047631 
0.047632 
0.047633 
0.047634 
0.047635 
0.047636 
0.047637 
0.047638 
0.047638 
0.047639 
0.047640 
0.047640 
0.047640 
0.047641 
0.047641 
0.047641 
0.047641 
0.047641 
0.047641 
0.047641 
0.047640 
0.047640 
0.047639 
0.047639 
0.047638 
0.047637 
0.047636 
0.047635 
0.047634 
0.047632 
0.047631 
0.047629 
0.047627 
0.047625 
0.047623 
0.047621 
0.047618 
0.047616 
0.047613 
0.047609 
0.047606 
0.047602 
0.047598 
0.047594 
0.047589 
0.047584 
0.047579 
0.047574 
0.047567 
0.047561 
0.047554 
0.047547 
0.047539 
0.047530 
0.047521 
0.047512 
0.047501 
0.047490 
0.047478 
0.047465 
0.047452 
0.047437 
0.047421 
0.047405 
0.047387 
0.047368 
0.047347 
0.047325 
0.047302 
0.047277 
0.047250 
0.047221 
0.047191 

1.000206 
1.000199 
1.000192 
1.000185 
1.000178 
1.000171 
1.000164 
1.000156 
1.000150 
1.000142 
1.000134 
1.000128 
1.000120 
1.000113 
1.000105 
1.000098 
1.000091 
1.000083 
1.000075 
1.000068 
1.000059 
1.000051 
1.000044 
1.000036 
1.000028 
1.000020 
1.000011 
1.000003 
0.999995 
0.999986 
0.999978 
0.999969 
0.999960 
0.999951 
0.999942 
0.999933 
0.999923 
0.999914 
0.999904 
0.999894 
0.999884 
0.999874 
0.999863 
0.999853 
0.999842 
0.999831 
0.999820 
0.999808 
0.999796 
0.999784 
0.999772 
0.999759 
0.999747 
0.999734 
0.999720 
0.999706 
0.999692 
0.999678 
0.999663 
0.999648 
0.999632 
0.999616 
0.999599 
0.999582 
0.999565 
0.999547 
0.999529 
0.999510 
0.999491 
0.999471 
0.999451 
0.999430 
0.999409 
0.999387 
0.999365 
0.999342 
0.999319 
0.999296 
0.999272 
0.999249 



dornier/jameson 
AR 21 I W.Schmidl 

AJamcson Oft-y-H 

RAE 2X22: MACH - 0.75. ALPHA - 3 

2'tl -18.92 78P6 
242 -18.104294 
243 -17.265411 
244 -16.411316 
245 -15.542146 
246 -14.658064 
247 -13.759274 
248 -12.845999 
249 -11.918489 
250 -10.977022 
251 -10.021901 
252 -9.053457 
253 -8.072051 
254 -7.078071 
255 -6.071936 
256 -5.054092 
257 -4.025019 
258 -2.985224 
259 -1.935244 
260 -0.875648 
261 0.192965 
262 1.269967 
263 2.354699 
264 3.446472 
265 4.544567 
266 5.648236 
267 6.756703 
268 7.869164 
269 8.984783 
270 10.102705 
271 11.222042 
272 12.341885 
273 13.461300 
274 14.579329 
275 15.694993 
276 16.807281 
277 17.915192 
278 19.017685 
279 20.113693 
280 21.202148 
281 22.281982 
282 23.352081 
283 24.411346 
284 25.458679 
285 26.492935 
286 27.513000 
287 28.517746 
288 29.506058 
289 30.476807 
290 31.428864 
291 32.361130 
292 33.272476 
293 34.161819 
294 35.028091 
295 35.870209 
296 36.687134 
297 37.477829 
298 38.241287 
299 38.976517 
300 39.682571 
301 40.358521 
302 41.003479 
303 41.616562 
304 42.196930 
305 42.743820 
306 43.256470 
307 43.734146 
308 44.176193 
309 44.581985 
310 44.950928 
311 45.282501 
312 45.576187 
313 45.831589 
314 46.048279 
315 46.225967 
316 46.364334 
317 46.463165 
318 46.522278 
319 46.541565 
320 46.520950 
321 46.460403 
322 36.047195 

41.764404 
42.137604 
42.497986 
42.844925 
43.177780 
43.495926 
43.798 706 
44.085480 
44.355576 
44.608353 
44.843155 
45.059311 
45.256180 
45.433090 
45.589401 
45.724472 
45.837646 
45.928314 
45.995834 
46.039597 
46.058990 
46.053452 
46.022400 
45.965271 
45.881531 
45.770676 
45.632187 
45.465591 
45.270462 
45.046371 
44.792908 
44.509720 
44.196472 
43.852859 
43.478607 
43.073502 
42.637314 
42.169891 
41.6?': 
41.14' 
40.579, , 
39.986038 
39.361420 
38.705444 
38.018250 
37.299988 
36.550903 
35.771255 
34.961349 
34.121567 
33.252289 
32.354004 
31.427170 
30.472382 
29.490219 
28.481308 
27.446365 
26.386108 
25.301315 
24.192810 
23.061462 
21.908188 
20.733917 
19.539642 
18.326370 
17.095200 
15.847197 
14.583487 
13.305233 
12.013621 
10.709861 
9.395190 
8.070869 
6.738176 
5.398408 
4.052876 
2.702902 
1.349822 

-0.005021 
-1.360281 
-2.714608 
-1.757484 

0.999723 
0.999711 
0.999698 
0.999686 
0.999674 
0.999663 
0.999652 
0.999642 
0.999632 
0.999625 
0.999618 
0.999614 
0.999610 
0.999612 
0.999613 
0.999627 
0.999637 
0.999677 
0.999712 
0.999809 
0.999811 
0.999813 
0.999823 
0.999832 
0.999838 
0.999845 
0.999852 
0.999859 
0.999866 
0.999873 
0.999881 
0.999889 
0.999898 
0.999906 
0.999915 
0.999924 
0.999933 
0.999942 
0.999951 
0.999959 
0.999967 
0.999975 
0.999982 
0.999989 
0.999995 
1.000000 
1.000005 
1.000009 
1.000012 
1.000014 
1.000016 
1.000018 
1.000019 
1.000019 
1.000018 
1.000017 
1.000015 
1.000013 
1.000011 
1.000009 
1.000006 
1.000003 
0.999999 
0.999996 
0.999992 
0.999988 
0.999984 
0.999978 
0.999972 
0.999970 
0.999957 
0.999918 
0.999947 
1.000071 
0.999965 
0.999269 
0.998589 
0.998730 
0.999584 
1.000043 
1.000134 
0.999/97 

0.888124 
0.888171 
0.888218 
0.888264 
0.888310 

0.888354 
0.888398 
0.888440 
0.888480 
0.888517 
0.888552 
0.888584 
0.888610 
0.088634 
0.888646 
0.888658 
0.888649 
0.888639 
0.888575 
0.888523 
0.888573 
0.888613 
0.888636 
0.888654 
0.888666 
0.888672 
0.888671 
0.888665 
0.88865? 
0.888634 
0.888611 
0.888583 
0.888551 
0.888515 
0.888474 
0.888431 
0.888385 
0.888337 
0.888286 
0.888233 
0.888179 
0.888124 
0.888067 
0.888009 
0.887952 
0.887894 
0.887835 
0.887777 
0.887718 
0.887660 
0.887601 
0.887543 
0.887485 
0.887429 
0.887373 
0.887317 
0.887263 
0.887210 
0.887158 
0.887108 
0.887059 
0.887012 
0.886967 
0.886925 
0.886886 
0.886850 
0.886819 
0.886788 
0.886763 
0.886760 
0.886721 
0.886608 
0.886749 
0.887282 
0.886917 
0.884399 
0.881751 
0.882283 
0.885199 
0.886994 
0.886840 
0.885714 

0.047159 
0.047124 
0.047088 
0.047049 
0.047008 

0.046965 
0.046920 
0.046872 
0.046822 
0.046769 
0.046714 
0.046658 
0.046599 
0.046538 
0.046477 
0.046410 
0.046352 
0.046267 
0.046241 
0.046097 
0.045956 
0.045821 
0.045692 
0.045567 
0.045447 
0.045332 
0.045221 
0.045115 
0.045013 
0.044916 
0.044824 
0.044736 
0.044653 
0.044574 
0.044501 
0.044431 
0.044366 
0.044306 
0.044249 
0.044197 
0.044148 
0.044103 
0.044061 
0.044023 
0.043988 
0.043956 
0.043927 
0.043900 
0.043875 
0.043853 
0.043833 
0.043814 
0.043798 
0.043783 
0.043770 
0.043758 
0.043747 
0.043738 
0.043729 
0.043722 
0.043715 
0.043708 
0.043702 
0.043696 
0.043690 
0.043683 
0.043676 
0.043666 
0.043656 
0.043649 
0.043622 
0.043589 
0.043612 
0.043646 
0.043457 
0.043229 
0.043428 
0.044050 
0.044332 
0.044300 
0.044085 
0.044208 

0.999225 
0.999201 
0.999177 
0.999154 
0.999131 

0.999109 
0.999088 
0.999067 
0.999049 
0.999032 
0.999017 
0.999005 
0.998996 
0.998993 
0.998992 
0.999003 
0.999017 
0.999060 
0.999111 
0.999223 
0.999215 
0.999209 
0.999215 
0.999220 
0.999225 
0.999232 
0.999240 
0.999250 
0.999262 
0.999275 
0.999290 
0.999306 
0.999324 
0.999343 
0.999363 
0.999384 
0.999405 
0.999427 
0.999449 
0.999472 
0.999494 
0.999517 
0.999539 
0.999560 
0.999582 
0.999602 
0.999622 
0.999641 
0.999660 
0.999678 
0.999695 
0.999711 
0.999726 
0.999741 
0.999755 
0.999/68 
0.999781 
0.999792 
0.999803 
0.999813 
0.999823 
0.999831 
0.999839 
0.999846 
0.999853 
0.999857 
0.999861 
0.999863 
0.999864 
0.999862 
0.999860 
0.999850 
0.999843 
0.999832 
0.999820 
0.999764 
0.999748 
0.999748 
0.999864 
0.999869 
1.000001 
0.999948 



DORNIER/JAMESON 
AR211 

W.Schmiilt 
AJameson 

06-0-9 

RAE 2H22: MACH - 0.75, ALPHA - 3 

FIG. i CONVERGENCE BEHAVIOUR (DR/DT AND H) 
RfiE 2822 M=0.750,flLPHR=3.0 

GRID SEQUENCE : li0*8->80*16->160*32->320«64 

T * 



HORNIER JAMESON 
AR2II 

W.Schmidl 
A Jameson 

06-9-10 

RAE 2K22: MACH - 0.75, ALPHA - 3 

FIG. s CONVERGENCE BEHAVIOUR (DR/DT AND H) 
RAE 2822 M=0.750,ALPHA=3.0 

GRID SEQUENCE i H0*8->80>« 16-> 160"32->320*6i4 

t » 

! . 



FIG CONVERGENCE BEHAVIOUR (NSUP/NREF),NREF=3000 
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DORNIER JAMESON 
AR2I1 

W.Schmidt 
AJameson 

06-4-12 

RAE 2822: MACH - 0.75, ALPHA - 3 

ÜJ - 

21 « 
O, 
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I I io 

CC 
O J 
<_> 

Ci’-l 
CJr 

UJQ 
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1.1044 

0.0448 

- 0.1897 

CL/CLREF 

CM/CMREF 

CD/CDREF 

—I-1-1-1-1-1-1 1-1-1 
"0.00 100.00 200.00 300.00 400.00 500.00 

CYCLES 

FIG. : CONVERGENCE BEHAVIOUR (CL. CD.CM)/REF 
RAE 2822 M=0.760,ALPHA=3.0 

REF-VALLIES: CLREF = 1.0, COREE-=0. 10.CMREF = -0. 20 
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DORMER JAMESON 

AR 211 
W.Schmidl 
AJameson 

RAE 2S22: MACH - 0.75. ALPHA - 5 

CP(X/C) ON ROE 2822 
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DORNIFR JAMESON 
AR 211 W.Schmidt 

A.Jameson oft-y-16 

RAE 2K22: MACH - 0.75, ALPHA - 3 



DOKNIER/JAMESON 
AR 211 

W.Schmid! 
AJamcson 

06-y-17 

RAE 2S22: MACH - 0.75, ALPHA - 3 
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DORNIER/J AMESON 
AR 211 

RAE 2S22: MACH - 0.75. ALPHA - 3 

W.Schmidt 
AJameson 

06-9-21 
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DORNIHR JAMFSON 

AR 211 

W.Schmidt 
A Jameson 

RAE 2822. MACH - 0.75. ALPHA - 3 

FIG. i ISQ-MRCH (DELTA = 0.050) 
MH» VALUES OF CURVE PRRRMETER - 100-MRCH 



DORMER JAMESON 
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W.Schmiill 
AJameson 

06-0-24 

RAE 2H22: MACH - 0.75. ALPHA - 3 



DORMER JAMESON 

AR211 

RAE2K22: MACH “ 0.7S. ALPHA — 

W.Schmiili 
A Jameson 

FIG. s ISO-P/P11NF (DELTA = 0.025) 
MNN vniUES OF CURVE PARAMETER - 10ü0*?/rilNF mmn 



DORN 1ER JAMESON 

AR 211 
W .Schmidt 
AJame son 

RAE 2H22: MACH - 0.75, ALPHA - i 

mm 8385 nfii 

FIG. : ISO-PI/PIINF (DELTA = 0.0050) 
MHM VALUES OF CURVE PRRRMETER - lOOOxPI/PlINF «n« 
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RAF 2822: MACH - 0.75, ALPHA - 3 



AR-2II 

AOARD FDP - WG «7 

TEST CASES FOR STEADY INVISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 07 

NLR 7301: MACH = 0.720957, ALPHA = -0.194 

Contributor No 1 

J.P.Veuillot and A.M.Vuillot 

(O.N.E.R.A., France) 
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O.N.E.R.A. 
AR 211 

J.P.Veuillot 
A.M.Vuillol 

07-1-2 

NLR 7201 : MACH - 0.720027, ALPHA - -0.104 

WALL VALUES - UPPER SIDE 

N 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 

X/C 

-0.000008 
0.000003 
0.000104 
0.000296 
0.000583 
0.000881 
0.001272 
0.001743 
0.002307 
0.002979 
0.003802 
0.004785 
0.005952 
0.007331 
0.008959 
0.010866 
0.013113 
0.015748 
0.018814 
0.022401 
0.026509 
0.031164 
0.036196 
0.041607 
0.047395 
0.053567 
0.060111 
0.067021 
0.074288 
0.081893 
0.089839 
0.098119 
0.106735 
0. 115700 
0.124988 
O.134612 
0.144564 
0.154843 
0.165448 
0.176375 
0.187624 
0.199190 
0.211073 
0.223272 
0.235784 
0.248607 
0.261739 
0.275178 
0.288918 
0.302957 
0.317286 
0.331898 
0.346786 
0.361937 
0.377342 
0.392988 
0.408861 
0.424948 
0.441235 
0.457707 
0.474351 
0.491153 
O.508099 
0.525176 
0.542370 
0.559670 
0.577057 
0.594503 
0.611985 
0.629492 
0.647023 
0.664573 
0.682127 
0.699643 
0.717070 

Z/C 

0.000000 
0 001873 
0.003758 
0.005664 
0.007599 
0.009595 
0.011650 
0.013784 
0.016008 
0.018334 
0.020761 
0 023298 
0.025947 
0.028708 
0.031567 
0.034514 
0.037507 
0.040504 
0.043454 
0.046247 
0.048844 
0.051168 
0.053392 
0.055506 
0.057509 
0.059380 
0.061134 
0 062775 
0.064323 
0.065816 
0.067256 
0.068659 
0.070025 
0.071311 
0.072588 
0.073814 
0.075005 
0.076155 
0.077257 
0.078313 
0.079320 
0.080280 
0.081187 
0.082040 
0.082836 
0.083573 
0.084248 
0.084859 
0.085402 
0.085875 
0.086273 
0.086594 
0.086834 
0.086991 
0.087060 
0.087035 
0.086915 
0.086694 
0.086370 
0.085936 
0.085387 
0.084716 
0.083918 
0.082980 
0.081897 
0.080655 
0.079236 
0.077630 
0.075812 
0.073778 
0.071513 
0.069026 
0.066322 
0.063430 
0.060368 

1-P/P1INF 

0.001019 
0.003147 
0.006121 
0.010377 
0.015280 
0.022394 
0.032059 
0.042649 
0.056455 
0.073645 
0 093594 
0.116379 
0.143940 
0.176543 
0.215063 
0.261710 
0.316301 
0.378035 
0.449469 
0.518596 
0.572887 
0.593746 
0.592592 
0.595193 
0.602056 
0.610361 
0.617650 
0.622747 
0.623539 
0.621584 
0.618288 
0.614863 
0 613508 
0.610038 
0.605239 
0.601524 
0.597431 
0.594000 
0.590799 
0.587610 
0 584446 
0.581463 
0.578736 
0.576112 
0.573598 
0.571172 
0.568820 
0.566553 
0.564373 
0.562303 
0.560319 
0.558383 
0.556524 
0.554858 
0.553501 
0.552333 
0.551352 
0.550581 
0.550066 
0.549892 
0.550040 
0.550424 
0.550910 
0.551525 
0.553607 
0.559245 
0.565617 
0.559525 
0.528058 
0.481756 
0.447615 
0.436793 
0.434973 
0.427331 
0.413370 

CP 

1.132844 
1.124577 
1 .113024 
1.096489 
1.077441 
1.049806 
1.012255 
0.971115 
0.917480 
0.850699 
0.773200 
0.684684 
0.577612 
0.450952 
0.301305 
0.120086 

-0.091993 
-0.331822 
-0.609338 
-0.877888 
-1.088805 
-1.169838 
-1.165356 
-1. 175460 
-1.202123 
-1.234386 
-1.262703 
-1.282506 
-1.285581 
-1.277987 
-1.265182 
-1.251875 
-1.246611 
-1.233130 
-1.214487 
- 1 200056 
-1.184155 
-1.170823 
-1.358390 
-1.146001 
-1.133708 
-1 . 122121 
-1 . 111526 
-1.101331 
-1.091566 
-1.082142 
-1.073003 
-1.064197 
-1.055729 
-1.047686 
- 1.039979 
-1.032459 
-1.025236 
-1.018763 
-1.013493 
-1.008955 
-1.005141 
-1.002145 
-1.000145 
-0.999469 
-1.000044 
-1.001538 
-1.003425 
-1.005816 
-1.013904 
-1.035805 
-1.060559 
-1.036895 
-0.914646 
-0.734769 
-0.602136 
-0.560094 
-0.553020 
-0.523334 
-0.469095 

MACH 

0.007928 
0.043560 
0.076622 
0.108361 
0.140016 
0.173910 
0.209287 
0.245621 
0.285513 
0.328523 
0.373524 
0.421302 
0.474048 
0.532044 
0.597116 
0.672234 
0.756967 
0.854094 
0.966829 
1.081810 
1.173597 
1.209291 
1.206651 
1.211197 
1.224774 
1.240707 
1.254936 
1.264562 
1.265971 
1.262131 
1.255313 
1.249310 
1.246562 
1.239538 
1.230640 
1.223372 
1.215763 
1.209316 
1.203337 
1.197392 
1.191531 
1.186068 
1.181059 
1.176272 
1.171698 
1.167297 
1.163047 
1.158959 
1.155046 
1.151339 
1.147790 
1 . 144330 
1.141007 
1.138073 
1 . 135661 
1.133590 
1.131850 
1.130478 
1.129571 
1.129265 
1.129520 
1.130214 
1. 131000 
1.131895 
1.135705 
1.146404 
1.159071 
1.146714 
1.086875 
1.008971 
0.957439 
0.941609 
0.937710 
0.924639 
0.902577 

1-P1/PIINF 

0 000975 
0.001822 
0.002030 
0.002219 
0.001700 
0.001540 
0.002055 
0.001606 
0.001508 
0.001751 
0.001940 
0.001633 
0.001541 
0.001499 
0.001066 
0.000578 
0.000503 

-O 001782 
-0.002992 
-0.005056 
-0.000884 
0.002811 
0.003430 
0.003878 
0.003127 
0.003128 
0.003058 
0.003591 
0.003800 
0.003770 
0.004220 
0.003302 
0.003450 
0.003848 
0.003408 
0.003638 
0.003432 
0.003401 
0.003370 
0.003363 
0.003344 
0.003282 
0.003269 
0.003242 
0.003222 
0 003207 
0.003189 
0.003179 
0.003164 
0.003149 
0.003145 
0.003149 
0.003162 
0.003129 
0.003136 
0 003139 
0.003144 
0.003157 
0.003154 
0.003154 
0.003161 
0.003142 
0.003232 
0.003474 
0.003317 
0.002468 
0.000882 
0.002710 
0.008546 
0.008649 
0.004314 
0.002747 
0.003874 
0.004958 
0.005051 

i 

Í 



O.N.E.B.A. 
AR2I1 

J.P.Veuillot 
A.M.Vuillot 

07-1-3 

M R 7301 : MACH - 0.720957, ALPHA - -0.194 

WALL VALUES - UPPER SIDE(Cont.) 

N x/C Z/C 1-P/P1INF CP MACH 1-PI/P11NF 

76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
Fi7 
68 
89 
SC¬ 
SI 
92 
S3 
94 
95 
96 
97 
98 

0.734361 
0.751470 
0.768351 
0.784952 
0.801220 
0.817100 
0.832537 
0.847477 
0.061871 
0.875673 
0.388843 
0.901354 
0.913186 
0.924333 
0.934804 
0.944619 
0.953818 
0.962455 
0.970596 
0.978324 
0.985730 
0.992917 
0.999992 

0.057166 
0.053848 
0.050446 
0.046991 
0.043518 
0.040055 
0.036636 
0.033287 
0.030037 
0.026906 
0.023915 
0.021077 
0.018406 
0.015905 
0.013579 
0.011408 
0.009405 
0.007555 
0.005842 
0.004249 
0.002760 
0.001352 
0.000000 

0 398356 
0.384796 
0.372105 
0.359719 
0.347804 
0.336499 
0.325806 
0.315722 
0.306245 
0.297354 
0.288963 
0.281055 
O 273661 
0.266755 
0.260327 
0.253706 
0.247222 
0.241447 
0.235588 
0.229607 
0.223299 
0.214201 
0.200787 

-0.410767 
-0.358088 
-0.308785 
-0.260669 
-0.214381 
-0. 170462 
-0.128920 
-0.089745 
-0.052926 
-0.018385 
0.014212 
0.044934 
0.073660 
0.100488 
0.125460 
0.151182 
0.176372 
0.198806 
0.221567 
0.244804 
0.269311 
0.304653 
0.356765 

0.879417 
0.858422 
0.838703 
0.819557 
0.801194 
0.783777 
0.767295 
0.751734 
0.737092 
0.723310 
0.710268 
0.697949 
0.686370 
0.675588 
0.665351 
0.654839 
0.644668 
0.635344 
0.625852 
0.616176 
0 605545 
0.589325 
0.572565 

0.004712 
0.004614 
0.004671 
0 004676 
0.004652 
0.004635 
0.004620 
0.004608 
0.004590 
0.004587 
0 004585 
0.004572 
0.004579 
0.004523 
0.004611 
0.004635 
0.004516 
0.004595 
0.004664 
0.004680 
0.004984 
0.005996 
0.001854 

SLIP LINE VALUES - UPPER SIDE 

N X/C Z/C 1-P/PI INF CP MACH 1-PI/PI INF 

99 1.007062 
100 1.014230 
101 1.021624 
102 1.029549 
103 1.038678 
104 1.049970 
105 1.064416 
106 1.083002 
107 1 . 106859 
108 1.137370 
109 1.176200 
110 1.225348 
111 1.287167 
112 1.364408 
113 1.460270 
114 1.578486 
115 1.723365 
116 1.899811 
117 2.113348 
118 2.370136 
119 2.676989 
120 3.041376 
121 3.471425 
122 3.975919 
123 4 564269 
124 5.246042 
125 6.019185 
126 6.862138 

-0.000896 
-0.001720 
-0.002508 
-0.003302 
-0.004161 
-0.005156 
-0.006340 
-0.007749 
-0.009410 
-0.011349 
-0.013587 
-0.016142 
-0.019024 
-0.022238 
-0.025784 
-0.029652 
-0.033828 
-0.038291 
-0.043012 
-0.047952 
-0.053068 
-0.058319 
-0.063665 
-0.069084 
-0.074579 
-0.080217 
-0.086075 
-0.092285 

0.206198 
0.215862 
0.219399 
0.223611 
0.227395 
0.231417 
0.235755 
0.240414 
0.245342 
0.250456 
0.255648 
0.260791 
0.265751 
0.270401 
0.274634 
0.278374 
0.281584 
0.284261 
0.286436 
0.288150 
0.289467 
0.290456 
0.291184 
0.291705 
0.292066 
0.292313 
0.292486 
0.292621 

0.335745 
0.298202 
0.284461 
0.268099 
0.253396 
0.237772 
0.220920 
0.202821 
0. 183673 
0.163806 
0.143637 
0.123657 
0.104387 
0.086323 
0.069880 
0.055348 
0.042880 
0.032477 
0.024028 
0.017369 
0.012255 
0.008410 
0.005583 
0.003561 
0.002156 
0.001199 
0.000525 
0.000002 

0.580204 
0.5931^5 
0.599662 
0.606473 
0.612716 
0.619263 
0.626284 
0.633788 
0.641694 
0.649863 
0.658123 
0.666272 
0.674101 
0 681412 
0.688048 
0.693900 
0.698924 
0.703128 
0.706557 
0.709285 
0.711416 
0.713057 
0.714304 
0.715237 
0.715933 
0.716473 
0.716909 
0.717189 

0.002866 
0.005 137 
0.004604 
0.004653 
0.004581 
0.004553 
0.004531 
0.004514 
0.004496 
0..004479 
0.004463 
0.004451 
0.004444 
0.004443 
0.004445 
0.004447 
0.004440 
0.004417 
0.004383 
0.004330 
0.004257 
0.004165 
0.004061 
0.003949 
0.003828 
0.003686 
0.003534 
0.003470 
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O.N.E.R.A. 

AR 211 J.P.Veuillot 
A.M.Vuillot 07-1-4 

MLR 7301: MACH — 0.720957, ALPHA - —0.194 

WALL VALUES - LOWER SIDE 

N 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 

X/C 

-0 000008 
-0.000004 
0.000068 
0.000232 
0.000490 
0.000835 
0.001309 
0.001946 
0.002770 
0.003771 
0.004957 
0.006369 
0.008043 
0.009990 
0.012228 
0.014797 
0.017685 
0.020896 
0.024430 
0.028291 
0.032478 
0.036994 
0.041843 
0.047033 
0.052570 
0.058463 
0.064715 
0.071330 
0.078303 
0.085638 
0.093334 
0.101390 
0. 109805 
0.118577 
0.127697 
0.137161 
0.146969 
0.157117 
0.167603 
0.178424 
0.189575 
0.201053 
0.212857 
0.224985 
0.237432 
0.250198 
0.263279 
0.276672 
0.290373 
0.304375 

0.31BÒ74 
0.333261 
0.348126 
0.363261 
0.378653 
0.394291 
0.410162 
0.426254 
0.442552 
0.459042 
0.475711 
0 492544 
0.509523 
0.526630 
0.543847 
0.561162 
0.578553 
0.595992 
0.613454 
0.630929 
0.648413 
0.665904 
0.683385 
0.700819 
0.718155 

Z/C 

0 OOOOOO 
-0.001873 
-0 003761 
-0 005673 
-0.007617 
-0.009606 
-0.011640 
-0.013715 
-0.015826 
-0.017981 
-0.020183 
-0.022414 
-0.024657 
-0.026901 
-0.029132 
-0.031314 
-0.033448 
-0.035528 
-0.037550 
-0.039513 
-0.041421 
-0.043280 
-0.045093 
-0.046858 
-0.048580 
-0.050249 
-0.051868 
-0.053438 
-0.054969 
-0.056460 
-0.057911 
-0.059322 
-0.060688 
-0.062005 
-0.063290 
-0.064549 
-0.065762 
-0.066927 
-0.068038 
-0.069092 
-0.070085 
-0.071016 
-0.071880 
-0.072673 
-0.073391 
-0.074030 
-0.074586 
-0.075053 
-0.075427 
-0.075701 
-0 075871 
-0.075929 
-0.075867 
-0.075676 
-0.075343 
-0.074849 
-0.074184 
-0.073312 
-0.072222 
-0.070880 
-0.069253 
-0.067327 
-0.065106 
-0.062656 
-0.059997 
-0.057138 
-0.054092 
-0.050865 
-0.047461 
-0.043891 
-0.040178 
-0.036363 
-0.032492 
-0.028611 
-0.024768 

1 P/PlINF 

O 001019 
0.001811 
0.004554 
0.009448 
0.016626 
0.027371 
0.042445 
0.060692 
0.080818 
0.103826 
0.132472 
0.164981 
0.197970 
0.231875 
0.266650 
0.296062 
0.319757 
0.340714 
0.357692 
0.370751 
0.380772 
0.389102 
0.396413 
0.402433 
0.407480 
0.410934 
0.412216 
0.412125 
0.411974 
0.412345 
0.412738 
0.413102 
0.413017 
0.411910 
0.411231 
0.412796 
0.415220 
0.417094 
0.418601 
0.419897 
0.421103 
0.422352 
0.423654 

.424865 

.425975 

.427013 

.428020 

.428951 
0.429802 
0.430581 
0.431360 
0.432223 
0.433149 
0.434174 
0.435225 
0.435913 
0.436143 
0.435222 
0.432566 
0.427786 
0.419561 
0.407456 
0.392347 
0.377178 
0.363851 
0.351381 
0.339092 
0.326767 
0.314010 
0.300596 
0.286706 
0.272904 
0.259714 
0.247250 
0.235501 

0. 
0. 
0. 
0. 
0. 

CP 

132844 
129769 
119111 
100100 

.072211 
1.030468 
0.971908 
0.901021 
0.822834 
0.733448 
0.622163 
0.495870 
0.367711 
0.235995 
0.100897 

-0.013368 
-O.105418 
-0.186835 
-0.252795 
-0.303525 
-0.342455 
-0 374819 
-0.403219 
-0.426608 
-0.446215 
-0.459632 
-0.464614 
-0.464261 
-0.463674 
-0.465113 
-0.466640 
-0.468057 
-0.467726 
-0.463423 
-0.460788 
-0.46686b 
-0.476285 
-0.483563 
-0.489419 
-0.494453 
-0.499138 
-0.503990 
-0.509049 
-0.513752 
-0.518065 
-0.522099 
-0.526011 
-0.529627 
-0.532933 
-0.535959 
-0.538985 
-0.542338 
-0.545935 
-0.549917 
-0.554001 
-0.556672 
-0.557567 
-0.553987 
-0 543670 
-0.525102 
-0.493147 
-0.446121 
-0.387423 
-0.328496 
-0.276720 
-0.228275 
-0.180534 
-0.132652 
-0.083092 
-0.030982 
0.022979 
0.076600 
0.127841 
0. 176264 
0.221908 

MACH 

0 007928 
0 029993 
0.068465 
0.108243 
0.150375 
0.196349 
0.245611 
0.295619 
0.345220 
0.396933 
0.453587 
0-512110 
0 568893 
0.625392 
0.680178 
0.725871 
0.763018 
0.795164 
0.821160 
0.841138 
0.856558 
0.869460 
0.880699 
0.890085 
0.897950 
0.903237 
0.905172 
0.905058 
0.904948 
0.905512 
0.906159 
0.906822 
0.906575 
0.904738 
0.903975 
0.906527 
0.910205 
0.913145 
0.915528 
0.917573 
0.919479 
0.921463 
0.923492 
0.925382 
0.927107 
0.928730 
0.930290 
0.931732 
0.933045 
0.934241 
0.935459 
0.936787 
0.938224 
0.939862 
0.941454 
0 942580 
0.942936 
0.941411 
0.937309 
0.929694 
0.916610 
0.897268 
0.873672 
0.850551 
0.830068 
0.810846 
0.791976 
0.773012 
0.753322 
0.732565 
0.711060 
0.689671 
0.669082 
0.649473 
0.630816 

1 PI/PI1NF 

0.000975 
0.001182 
0.001284 
0.001300 
0.000973 
0.000869 
0 001397 
0.001965 
0.001824 
0.001034 
0 000972 
0 001373 
0.001091 
0.000202 
0.000400 
0.000410 

-0.000201 
-0.000173 
-0.000097 
0.000018 
0 000055 
0.000032 
0.000131 
0.000098 
0.000092 
0.000202 
0.000277 
0.000247 
0.000109 
0.000125 
0.000089 

-0.000012 
0.000112 
0.000228 

-0.000094 
-0.000213 
-0.000089 
-0.000099 
-0.000123 
-0.000138 
-0.000154 
-0.000181 
-0.000163 
-0.000150 
-0.000127 
-0.000114 
-0.000087 
-0.000060 
-0.000028 
0.000007 
0.000019 
0.000057 
0.000085 
0.000064 
0.000143 
0.000100 
0.000109 
0 000185 
0.000079 
0.000166 
0.000340 
0.000790 
0.000895 
0.000534 
0.000477 
0.000523 
0.000515 
0.000546 
0.000617 
0.000695 
0.000710 
0.000643 
0.000592 
0.000547 
0.000513 



O.N.E.R.A. 
AK2II 

J.P.Veuillot 
A.M.Vuillot 

07-1-5 

NL.R 7301: MACH - 0.720957, ALPHA - -0.194 

WALL VALUES - LOWER SIDE(Cont.) 

N X/C Z/C 1 -P/PI INF CP MACH 1 -PI/PI INF 

76 
77 
78 
79 
80 
81 
82 
83 
84 

85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 

0.735348 
0.752357 
0.769136 
0.785636 
0.801807 
0.817595 
0.832947 
0.847812 
0.862138 
0 875882 
0.889005 
0.901476 
0.913275 
0.924397 
0.934848 
0.944649 
0.953838 
0.962466 
0.970602 
0.978327 
0.985731 
0.992917 
0.999992 

-0.021003 
-0.017360 
-0.013894 
-0.010659 
-0.007691 
-0.005021 
-0.002687 
-0.000666 
0.001002 
0.002320 
0.003323 
0.004038 
0.004485 
0.004673 
0.004659 
0.004473 
0.004148 
0.003685 
0.003139 
0.002496 
0.001760 
0.000927 
0.000001 

0.224357 
0.213735 
0.203875 
0.195096 
0.187389 
0.180593 
0.175046 
0.170145 
0. 166002 
0.163407 
0. 161567 
0.160104 
0. 159211 
0. 159497 
0.160548 
0. 161774 
0. 163384 
0.166046 
0.168958 
0.172056 
0.176846 
0.184114 
0.195491 

0.265200 
0.306465 
0.344771 
0.378874 
0.408817 
0.435220 
O.45o768 
0.475807 
0.491902 
0.501982 
0.509134 
0.514817 
0.518286 
0.517174 
0.513092 
0.508328 
0.502072 
0.491732 
0.480419 
0.468384 
0.449776 
0.421539 
0.377342 

0.612901 
0.595675 
0 579588 
0.565099 
0.552118 
0.540775 
0.531215 
0.522656 
0.515720 
0.511140 
0.507813 
0.505180 
0.503792 
0.504342 
0.506064 
0.508170 
0.511243 
0.515777 
0.520646 
0.526348 
0.534912 
0.548334 
0.566628 

0.000519 
0.000498 
0.000415 
0.000345 
0.000370 
0.000230 
0 000268 
0.000327 
0.000130 
0.000151 
0.000209 
0.000241 
0.000112 
0.000083 
0.000175 
0.000215 
0.000054 
0 000144 
0.000289 
0.000062 

-0.000159 
-0.000903 
-0.000303 

SLIP LINE VALUES - LOWER SIDE 

N X/C Z/C 1-P/PI INF CP MACH 1 PI/P11NF 

99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
1 19 
120 
121 
122 
123 
124 
125 
126 

1 .007062 
1.014230 
1.021624 
1.029549 
1.038678 
1.049970 
1.064417 
1.083002 
1.106859 
1.137370 
1.176200 
1.225348 
1.287167 
1.364408 
1.460270 
1.578486 
1.723365 
1.899811 
2.113348 
2.370136 
2.676989 
3.041376 
3.471425 
3.975919 
4.564269 
5.246042 
6.019165 
6.862138 

-0.000895 
-0.001719 
-0.002508 
-0.003301 
-0.004160 
-0.005155 
-0.006339 
-0.007748 
-0.009410 
-0.011348 
-0.013586 
-0.016141 
-0.019023 
-0.022237 
-0.025783 
-0.029651 
-0.033827 
-0.038290 
-0.043011 
-0.047950 
-0.053066 
-0.058317 
-0.063663 
-0.069081 
-0.074576 
-0.080213 
-0.086071 
-0.092280 

0.206198 
0.215862 
0.219399 
0.223611 
0.227395 
0.231417 
0.235755 
0.240414 
0.245342 
0.250456 
0.255648 
0.260791 
0.265751 
0.270401 
0.274634 
0.278374 
0.281584 
0.284261 
0.286436 
0.288150 
0.289467 
0.290456 
0.291184 
0.291705 
0.292066 
0.292313 
0.292486 
0.292621 

0.335745 
0.298202 
0.284461 
0.268099 
0.253396 
0.237772 
0.220920 
0.202821 
O.183673 
0. 1638 ’'6 
0. 143637 
0. 123657 
0.104387 
0.086323 
0.069880 
0.055348 
0.042880 
0.03 177 
0.024028 
0.017369 
0.012255 
0.008410 
0.005583 
0.003561 
0.002156 
0.001199 
0.000525 
0.000002 

0.584314 
0.598373 

0.605037 
0.611885 
0.618098 
0.624604 
0.631578 
0.639032 
0.646881 
0.654991 
0.663188 
0.671269 
0.679022 
0.686249 
0.692789 
0.698531 
0.703420 
0.707462 
0.710707 
0.713236 
0.715159 
0.716589 
0.717630 
0.718372 
0.718887 
0.719222 
0.719438 
0.719693 

-0.000268 
0.001102 
0.000389 
0.000367 
0.00028. 

0.000246 
0.000221 
0.000202 
0.000186 
0.000172 
0.000164 
0.000166 
0.000183 
0.000218 
0.000271 
0.000343 
0 000431 
0.000534 
0.000651 
0.000767 
0.000874 
0.000967 
0.001045 
0.001104 
0.001145 
0.001187 
0.001235 
0.001193 
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AGARD FDP-WG07 

TEST CASES KOR STEADY INVISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 07 

NLR 7301: MACH = 0.720957, ALPHA = -0.194 

Contributor No 2 

J.Sidès 

(O.N.E.R.A., France) 



NI K 7301 : MACH - 0.720957, ALPHA - -0.194 

residual riAxinun 

Rl-NAX OF ( F** - f'1 ) /DT 
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NUR 7301: MACH 0.720957. ALPHA - -0.194 

COnr.ENTS QN CATnm.aTKN FOR TEST CtF.F. m 

O-Mesh 

The meßh iB generated algehrically from the dptP of points 

on the p in oil surface , on a cut-line and on an arbitrary 

external boundary. The global domain is divided into several 

Gubdomains and in each subdomain the mesh is constructed by 

means of an isoparametric method. The orthogonality to the 

airfoil surface is enforced for one family of mesh lines. 

Some local refinements are introduced in the vicinity of the 

leading edge , of the trailing edge and near the shock wave on 
the upper surface. 

The total number of cells is ¡ 298 x 34. 

There are 23O points on the airfoil surface: 

on the lower surface , 

137 on the upper surface. 

In a parallel direction to the x-axis: 

the distance between the leading edge and the external boundary 
is : 5 C (where C is the chord length), 

the distance between the trailing edge and the external boundary 
is : 6 C. J 

In a parallel direction to the z-axis: 

the distance between the airfoil surface and the external 
boundary is : about 6 c . 

CONVERGENCE 

The numerical results are reported after 4000 time steps of 

tne implicit method but no doubt that 2500 steps would be 
sufficient to reach the converged solution. 
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Ö.N.E.R.A. 

N X/C 

AR 211 J.Sides 07-2-2 

Nl.R 7301 : MAC H - 0.720957, ALPHA - -0.194 

LOUER surface 
Z/C 1-P/PIINF CP MACH 1-PI/PIINF 

1 
2 
3 
4 
5 
e 
7 
0 
9 

10 
1 1 
12 

19 
14 
15 
IS 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
4 Y 
48 
49 
50 

997438 
992243 
986904 
981418 

.975781 
969990 

.964043 

.957935 

.951664 
945225 
938614 

.931829 
924865 
917720 

.910388 

.902868 

.895154 
887243 
879132 

.870817 

.862293 

.853557 

.844604 
835429 

.826028 

.816396 
806526 

.796414 

.786052 

.775434 

.764554 

.753401 

.741968 

.730244 

.718220 

.705885 

.693229 

.680242 

.666910 
653222 

.639162 

.624717 

.609872 

.594614 

.578930 

.562809 

.546239 

.529208 

.511700 

.493702 

.000341 

.001005 

.001626 

.002196 

.002714 

.003181 

.003592 

.003945 

.004235 
004458 

.004609 

.004683 

.004674 

.004578 

.004388 

.004100 

.003709 
003209 

.002595 

.001863 

.001008 

.000026 
-.001087 
- 002332 
-.003711 
-.005226 
-.006876 
-.008663 
-.010587 
-.012645 
-.014834 
-.017147 
-.019579 
-.022118 
-.024758 
-.027488 
-.030302 
-.033190 
-.036139 
-.039133 
-.042151 
-.045168 
-.048162 
-.051114 
-.054011 
-.056842 
-.059593 
-.062248 
-.064782 
-.067146 

.189992 
.182781 
.177730 
. 174136 
.171284 
.168832 
.166774 
.165009 
.163520 
.162292 
.161342 
.160643 
. 160200 
.160036 
.160134 
.160490 
.161117 
.162046 
.163276 
.164801 
.166660 
.168883 
.171457 
.174417 
.177751 
.181446 

185515 
.189992 
.962 
.^„0469 
.206497 
.213027 
.220046 
.227466 
.235276 
.243473 
.252186 
.261535 
.271571 
.282277 
.293483 
.304842 
.316047 
.327076 
.338070 
.349310 
.361221 
.374111 
.389174 
.405650 

.398702 

.426718 

.446339 

.460303 

.471381 

.480908 

.488902 

.495761 

.501545 

.506315 

.510008 

.512722 

.514443 

.515080 

.514700 

.513317 

.510880 

.507272 

.502494 

.496570 

.489348 

.480711 

.470710 

.459212 

.446259 

.431905 

.416098 
.398706 
.379395 
.358003 
.334582 
.309217 
.281946 
.253121 
.222780 
.190934 
.157088 
.120768 
.081777 
.040185 

-.003346 
-.047478 
-.091006 
-.133855 
- . 176565 
-.220229 
-.266501 
-.316579 
-.375096 
-.439104 

.555232 

.543221 
534218 

.527669 

.522546 
518167 

.514454 

.511292 

.508610 

.506392 
504654 

.503372 

.502540 

.502195 

.502323 

.502911 

.503977 

.505569 

.507694 

.510338 

.513552 

.517387 

.521828 

.526903 

.532606 

.538901 

.545793 

.553334 

.561642 
570785 

.580732 

.591430 

.602846 

.614845 

.627383 

.640463 

.654259 

.668966 

.684663 

.701320 

.718695 

.736285 

.753618 

.770648 

.787601 

.804908 

.823226 

.843061 

.866189 

.891844 

001305 
.001151 
.001407 
.001653 
.001775 
.001846 
.001921 
.001962 
.002000 
.002032 
.002068 
.002096 
.002126 
002162 

.002192 

.002223 

.002255 
002292 

.002327 

.002360 

.002400 
002443 

.002480 

.002527 

.002568 

. 002607 

.002648 

.002688 

.002739 

.0027T1 
.0^841 
.002890 
002941 

.002977 

.003017 

.003049 

.003096 

.003150 

.003210 

.003271 

.003317 

.003327 

.003305 

.003284 

.003266 

.003269 

.003310 

.003381 

.003597 

.003596 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

.475194 -.069271 

.456163 -.071096 

.436602 -.072611 

.416505 -.073829 

.395863 -.074759 

.374668 -.075411 

.352910 -.075789 

.330577 -.075894 

.307660 -.075715 

.284145 -.075232 

.260023 -.074415 

.235281 -.073227 

.209913 -.071619 

.184247 -.069561 

.160053 -.067192 

.138608 - 064683 

.119603 -.062111 

.102770 -.059505 
087877 -.056846 

.074713 -.054147 

.063098 -.051407 

.052874 -.048612 

.043903 -.045758 

.036063 -.042855 

.029249 -.039906 

.023378 -.036906 

.018383 -.033853 

.014203 -.030763 

.010784 -.027662 

.008052 -.024605 

.419267 -.492005 

.427196 -.522810 

.431693 -.540281 

.433596 -.547671 

.433765 -.548330 

.432932 -.545094 

.431643 -.540087 

.430498 -.535638 

.429464 -.531619 

.428322 -.527184 

.426865 -.521523 
424975 -.514179 

.422398 -.504167 

.417699 -.485913 

.416376 -.480775 

.411138 -.460426 

.412020 -.463852 

.412337 -.465082 
411977 -.463684 

.412107 -.464191 

.411470 -.461715 

.406922 -.444048 

.398567 -.411588 
.387055 -.366864 
.372288 -.309497 
.350882 -.226337 
.321474 -.112089 
.285007 .029581 
.238442 .210482 
.192342 .389573 

.913644 .003084 

.926458 .002718 

.933566 .002711 

.936697 .002575 

.937005 .002531 

.935747 .002464 

.933770 .002396 

.932014 .002337 

.930431 .002280 

.928675 .002231 

.926425 .002178 

.923502 .002118 

.919502 .002057 
912522 .001621 

.911470 .000505 

. 903045 .000759 

.903926 .001298 

.905228 .000421 

.904132 .001002 

.904684 .000622 

.903683 .000629 

.896940 .000245 

.884048 .000127 

.866475 -.000161 

.844150 -.000647 

.812462 -.001870 

.768567 -.003002 

.713551 -.003932 

.642001 -.004863 

.564202 -.002407 
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AR 211 J.Sides 

NUR 7301 : MACH - 0.720957, ALPHA - -0.194 

LOWER SURFACE 

N X/C Z/C 1-P/PI INF CP MACH 1-PI/PI INF 

8 1 . 005909 
82 .004258 
83 .002992 
84 .002042 
85 .001360 
86 .000887 
87 .000563 
88 .000342 
89 .000195 
90 . 000103 
91 .000047 
92 .000017 
93 .000004 

-.021660 
-.018877 
-.016295 
-.013925 
-.011762 
- .009803 
-.008042 
-.006467 
- .005061 
- .003807 
- 002692 
-.001702 
-.000823 

.148482 
. 111436 
.082636 
.059156 
.040631 
.026 734 
.016662 
.009602 
.004811 
.001322 

-.000973 
- .002605 
-.003140 

.559966 

.703887 
815773 

.906989 

.978956 
1 .032945 
1.072072 
1 .099500 
1.118113 
1 . 131666 
1 . 140582 
1 . 146923 
1 .149002 

.488128 
417038 

.356088 

.301344 

.250651 

.205641 

.166796 
. 133413 
.104736 
.079385 
.056186 
.033811 
.012154 

-.002204 
- 001528 
-.001403 
- .002020 
-.002227 
-.002382 
-.002621 
-.002793 
-.002852 
- .003090 
-.003186 
-.003407 
-.003244 



O.N.E.R.A. 

N X/C 

AR 211 J.Sides 07-2-4 

NI R 7301 : MACH - 0.720957. ALPHA --0.194 ___ 
UPPER SURFACE 

Z/C 1-P/PI INF CP MACH t-PI/PIINF 

94 000004 
95 000018 
96 000049 
97 000100 
98 .000173 
99 .000272 

100 .000398 
101 .000556 
102 .000752 
103 000993 
104 .001283 
105 .001629 
106 002041 
107 .002525 
108 .003099 
109 003786 
110 004598 
111 .005548 
112 .006654 
113 .007942 
114 .009444 
115 .011192 
116 .013219 
117 .015569 
118 018286 
119 .021419 
120 .025005 
121 .029048 
122 .033505 
123 .038344 
124 .043588 
125 .049258 
126 .055371 
127 .061948 
128 .069010 
129 .076576 
130 .084673 
131 .093332 
132 .102588 
133 .112480 
134 .123047 
135 .134334 
136 .146387 
137 .159257 
138 .172998 
139 .187194 
140 .201322 
141 .215303 
142 .229139 
143 .242828 
144 .256372 
145 .269771 
146 .283027 
147 .296140 
148 .309112 
149 .321943 
150 .334634 

151 .347188 
152 359604 
153 .371885 
154 .384030 
155 .396043 
156 .407923 
157 .419672 
158 .431292 
159 .442783 
160 .454146 
161 .465383 
162 .476495 
163 .487484 
164 .498349 
165 .509093 
166 .519716 
167 .530220 
168 .540605 
169 .550873 
170 .561023 
171 .571053 
172 .580978 
173 .590784 
174 .600476 

.000007 

.000869 

.001789 

.002770 
003816 

.004931 

.006117 

.007378 

.008719 

.010144 

.011658 
00266 

.014970 

.016777 

.018688 

.020704 

.022826 

.025053 

.027387 

.029821 

.032346 

.034946 

.037602 

.040280 

.042934 

.045501 

.047910 

.050123 

.052208 

.054239 

.056197 

.058071 
059858 

.061559 

.063185 

.064761 
066309 

.067836 

.069345 

.070836 

.072310 

.073764 

.075197 

.076604 

.077976 

.0^9268 

.080434 

.081479 

. 082411 

.083240 

.083972 

.084613 

.085170 

.085647 

.086048 

.086377 
086638 

.086833 

.086966 

.087039 

.087055 

.087014 

.086920 

.086773 

.086575 

.086328 

.086034 

.085691 

.085303 

.084868 

.084387 

.083861 

.083290 

.082673 

.082011 

.081302 

.080545 

.079741 

.078887 

.077983 

.077028 

-.001604 
-.003397 
-.002459 
-.001195 

.000678 

.003204 

.006466 

.010558 
015505 
021521 

.028696 
037202 
047384 
059367 
074346 

.091044 
109989 

.131991 

.158029 

.189368 

.224588 
265965 

.312594 
368439 

.427938 
494864 
552247 
598974 

.599092 

.600490 

.605365 

.612418 

.619318 

.626149 
629810 
628904 
626603 
623867 

.620288 
616980 

.612825 

.608972 

.604584 

.601016 
596519 
592894 

.589755 
586905 
584395 

.582173 

.580238 

.578549 

.577087 
575779 

.574543 

.573272 
571987 

.570583 

.569116 

.567569 

.566090 

.564674 

.563452 

.562416 

.561589 

.561022 

.560631 

.560380 

.560205 
560133 

.559801 

.559426 

.558284 

.557257 
554850 

.553982 

.550356 

.554468 

.538411 

.489811 

.451641 

1.143034 
1.149999 
1.146354 
1.141444 
1.134167 
1.124354 
1.111685 

1 095785 
1.076567 
1 053196 
1 025323 

.992276 

.952720 
906169 

.847975 

.783108 

.709507 

.624031 
522876 

.401128 
264303 

.103557 
-.077593 
- 294543 
-.525693 
- 785692 

-1.008618 
-1 190148 
-1.190607 
-1.196038 
-1.214977 
-1 242377 
-1.269182 
-1.295720 
-1.309944 
-1 306423 
-1.297484 
-1.286855 
-1.272950 
-1.260101 
-1.243958 
-1.228990 
-1.211942 
-1.198081 
-1.1806 :1 
-1. 166529 
-1 .154335 
-1.143261 
-1.133509 
-1.124880 
- I .117362 
-1.110798 
-1.105119 
-1.100037 
-1.095236 
- 1.090300 
-1.085308 
-1.079854 
-1 074153 
-1.068145 
-1.062397 
-1.056896 
-1.052151 
-1.048123 
-1.044911 
-1.042710 
-1.041189 
-1.040216 
-1.039537 
-1.039257 
-1.037964 
- 1.036509 
-1.032074 
-1.028083 
-1.018733 
-1.015361 
-1.001274 
-1.017247 
-.954869 
-.766061 
-.617775 

.005647 

.015830 

.035830 

.055163 
074923 

.095354 

.116622 

.138821 

. 162149 
186733 
212662 

.240291 

.269763 

.302231 

.338075 

.375050 
414013 

.456344 

.503924 

.557353 

.615450 
680541 

.753791 
839435 

.934471 
1.042283 
1.139927 
1.221528 
1.219174 
1.223066 
1.232569 
1.246208 
1.259673 
1.273215 
1.280609 
1.278'95 
1.274226 
1 268911 
1.261764 
1.255397 
1.247200 
1.239874 
1.231281 
1.224671 
1.215790 
1.208934 
1 203048 
1.197716 
1.193044 
1 188919 
1.185335 
1.182208 
1 . 179509 
1 . 177098 
1.174826 
1.172489 
1.170138 
1.167569 
1.164899 
1.162082 
1.159399 
1.156828 
1.154615 
1.152734 
1.151230 
1.150198 
1.149474 
1.149005 
1.148663 
1. 148528 
1.147892 
1.147244 
1.145136 
1.143376 
1.138922 
1.137583 
1 .130506 
1.138835 
1.108753 
1.024871 

.965379 

-.001626 
-.003573 
- 003360 
-.003329 
- 003254 
-.003154 
-.003026 

-.002853 
-.002734 
- 002571 
-.002403 
-.002277 
-.002032 
-.002164 
- .001852 
-.001647 
-.001453 
-.001269 
-.001382 
-.001021 
-.001222 
-.000850 
-.001890 
-.001895 
-.004891 
-.005226 
-.005076 
- .000306 

.003082 

.001454 

001181 
OG1111 
001099 

.001027 

.000901 

.000905 

.000881 

.000730 

.000848 

.000696 

.000840 

.000681 

. 000908 

.000656 

.001137 

.001187 

.001205 

.001237 

.001259 

.001286 

.001313 

.001344 

.001370 

.001395 

.001416 

.001445 

.001463 
.001490 
.001506 
.001533 
.001553 
.001581 
.001605 
.001633 
.001662 
.001684 
.001714 
.001742 
.001779 
.001787 
.001839 
.001813 
.001905 
.001815 
.002039 
.001786 
.002625 
.001291 
.003665 
.005579 
.002615 



O N.t. R.A. 
AR2I 1 J.Sides 07 

MLR 7.701. MAC H - 0.720057. ALPHA - -0.104 

N X/C 

175 .610056 
176 .619523 
177 628879 
178 638125 
179 .647261 
180 .656289 
181 .665210 
182 .674025 
183 .682736 
184 .691344 
185 .699850 
186 .708256 
187 .716562 
188 .724771 
189 .732883 
190 .740900 
191 .748823 
192 .756654 
133 .764355 
194 .772045 
195 .779607 
196 .787082 
197 .794472 
198 .801777 
199 .808998 
200 .816138 

201 .823197 
202 .830177 
203 .837078 
204 .843901 
205 .850649 
206 .857321 
207 .863919 
208 .870444 
209 .876898 
210 883280 
211 .889592 
212 .895835 
213 .902010 
214 .908118 
215 .914159 
216 .920136 
217 .926047 
218 .931895 
219 .937681 
220 .943404 
221 .949067 
222 9546C9 
223 .960213 
224 965698 
225 .971126 
226 .976498 
227 .981814 
228 987076 
229 .992283 
230 .997437 

UPPER SURFACE 

Z/C 1 -P/PI INF CP 

076020 
074960 
073849 
072687 
071477 

.070223 
068927 

.067592 
066223 
064822 

.063392 
061937 

.060459 

.058960 

.057444 

.055913 
054369 

.052815 
051253 

.049686 

.048114 

.046541 

.044969 

.043398 

.041830 

.040267 

.038711 

.037162 

.035622 

.034093 

.032574 

.031067 

.0295^3 
028094 

.026629 

.025179 

.023746 

.022329 

.020930 

.019549 

.018186 

.016843 

.015521 

.014218 

.012937 

.011677 

.010439 

.009225 

.008035 

.006871 

.005734 
004626 

.003546 

.002497 

.001478 

.000488 

465278 
.475666 
. 479493 
.474911 
.468421 
.461434 
.454356 
.447222 
.440152 
433246 

.426412 

.419601 

.412958 

.406400 

.399944 

.393594 
387340 

.381226 

.375257 

.369429 

.363722 

.358156 

.352732 

.347438 

.342262 

.337225 

.332307 
327495 

.322813 

.318238 

.313752 

.309366 

.305098 
300885 

.296781 
292752 

.288766 

.284883 

.281020 

.277231 

.273476 
269746 

.266094 
262422 

.258811 

.255102 

.251407 

.247619 

.243814 

.239996 

.236121 

.232132 

.227914 

.223215 

.217399 
209392 

-.670752 
-.711111 
-.725976 
-.708177 
-.682963 
-.655820 
-.628324 
-.600610 
-573143 
-546314 
-.519761 
-.493305 
-.467497 
-.442019 
-.416939 
-.392271 
-.367974 
- .344219 
-.321030 
-.298389 
-.276220 
-.254595 
-.233524 
-.212959 
- .192850 
- .173280 

- .154177 
-.135481 
-.117291 
-.099518 
-.082090 
- 065052 
-.048472 
-.032103 
-.016158 
- . 000509 

.014976 

.030061 

.045071 

.059790 
074376 

.088868 

. 103055 

. 117321 

.131350 

.145760 

.160113 

.174830 

.189609 

.204445 

.219498 

.234996 

.251380 

.269637 

.292230 

.323339 

MACH 1-PI/PI INF 

987436 
1.004125 
1.010316 
1.002777 

992211 
.980916 
.969531 
.958107 
.946840 
.935878 
.925077 
.914375 
.903967 
893707 
883635 

.873761 

.864060 

.854592 

.845363 

.836365 

.827567 

.818993 

.810644 

.802497 

.794537 

.786791 

.779226 

.771826 

.764621 

.757577 

.750664 

.743908 

.737317 

.730812 

.724468 

.718225 

.712055 

.706020 

.700018 

.694118 

.688257 

.682439 

.676712 

.670973 
665283 

.659461 

.653625 

.647648 

.641642 

.635610 

.629501 

.623241 

.616691 

.609433 

.599983 

.583414 

.002475 

.002678 

.002746 

.002815 

.002837 

.002838 

.002841 

.002851 

.002859 

.002871 

.002876 
002860 

.002848 

.002853 

.002858 

.002853 

.002845 

.002839 

.002834 

.002829 

.002821 

.002814 

.002807 

.002802 

.002793 

.002785 

.002780 

.002771 

.002763 

.002757 

.002751 

.002738 

.002737 
002726 

.002716 

.002715 

.002699 

.002698 

.002685 

.002677 

.002673 

.002654 

.002654 

.002627 

.002629 

.002600 

.002591 

.002563 

.002524 

.002472 

.002397 

.002278 

.002081 

.001807 

.001803 

.004442 
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O.N.E.R.A. 
AR211 J.Sides 07-2-8 

NLR 7301 : MACH - 0.720957. ALPHA - -0.194 
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O.N.E.R.A. 
AR 211 J.Sidès 07-2-10 

NI.R 7.101 : MACH - 0.720957. ALPHA - -0.104 
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AR2I1 J.Sides 07-2-12 
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AR211 J.Sides 07-2-14 

NI R 7301: MAC H - 0.720057. ALPHA - -0.104 
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AR 211 J.Sides 07-2-20 

NI.R 7301 : MACH - 0.720957, ALPHA - -‘J.194 

‘1 

ISO-P/PIINF DP=0□025 CHORD- 5 CH 
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AR-211 

AGARD FDP - WG 07 

TEST CASES FOR STEADY INVISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 07 

NLR 7301: MACH = 0.720957, ALPHA = -0.194 

Contributor No 3 

C.C.Lytton 

(R.A.E., G.B.) 



NI...R 7301 
MACH ALPHA 

-0.194 
0<X<1t 

0.721 

VERSION 871 KEEPS HALL CELLS ROUGHLY SRHE ASPECT RATIO 

AFTER K-l- CELL IIEPTHS INCREASE IN GEOMETRIC PROGRESSION 

TOTAL CELL DEPTH =1A.0*CH0RD 

CP* 
■0.6959 

J 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

JL 
160 

P ( CR ) 
1.0262 

X/C 

1.000 
0.999 
0.997 
0.995 
0.992 
0.988 
0.983 
0.978 
0.972 
0.965 
0.957 
0.948 
0.939 
0.930 
0.919 
0.908 
0.896 
0.884 
0.871 
0.857 
0.843 
0.828 
0.813 
0.797 
0.781 
0.764 
0.747 
0.730 
0.712 
0.694 
0.675 
0.656 
0.637 
0.618 
0.599 
0.579 
0.559 
0.540 
0.520 
0.500 
0.480 
0.460 
0.441 
0.421 

CP8 
1.1368 

Z/C 

0.0000 
0.0001 
0.0004 
0.0007 
0.0011 
0.0015 
0.0020 
0.0025 
0.0031 
0.0036 
0.0040 
0.0043 
0.0046 
0.0047 
0.0046 
0.0043 
0.0037 
0.0029 
0.0018 
0.0004 
-0.0014 
-0.0034 
-0.0058 
-0.0086 
-0.0116 
-0.0149 
-0.0185 
-0.0223 
-0.0262 
-0.0302 
-0.0343 
-0.0384 
-0.0425 
-0.0465 
-0.0503 
-0.0540 
-0.0574 
-0.0606 
-0.0636 
-0.0663 
-0.0687 
-0.0707 
-0.0723 
-0.0736 

KL 
24 

P ( ST ) 
1.9426 

1-P/H 

0.1936 
0.1927 
0.1906 
0.1872 
0.1835 
0.1800 
0.1769 
0.1742 
0,1717 
0.1692 
0.1671 
0.1653 
0.1638 
0.1626 
0.1.625 
0.1630 
0.1638 
0.1654 
0.1676 
0.1706 
0.1744 
0.1793 
0.1851 
0.1920 
0.1999 
0.2088 
0.2188 
0.2295 
0.2411 
0.2533 
0.2667 
0.2811 
0.2960 
0.3108 
0.3249 
0.3386 
0.3522 
0.3664 
0.3821 
0.3995 
0.4152 
0.4252 
0.4309 
0.4334 

NEND 
0 

CP 

0.3845 
0.3880 
0.3961 
0.4093 
0.4237 
0.4374 
0.4493 
0.4600 
0.4696 
0.4793 
0.4876 
0.4946 
0.5003 
0.5050 
0.5056 
0.5037 
0.5002 
0.4942 
0.4856 
0.4739 
0.4590 
0.4402 
0.4175 
0.3909 
0.3603 
0.3255 
0.2868 
0.2450 
0.2000 
0.1525 
0.1007 
0.0445 
-0.0134 
-0.0705 
-0.1254 
-0.1786 
-0.2316 
-0.2867 
-0.3479 
-0.4152 
-0.4762 
-0.5152 
-0.5372 
-0.5470 

M 

0.5462 
0.5456 
0.5420 
0.5366 
0.5307 
0.5249 
0.5196 
0.5148 
0.5104 
0.5060 
0.5021 
0.4987 
0.4958 
0.4936 
0.4930 
0.4933 
0.4940 
0.4973 
0.5010 
0.5059 
0.5123 
0.5203 
0.5300 
0.5413 
0.5544 
0.5692 
0.5856 
0.6032 
0.6220 
0.6418 
0.6631 
0.6860 
0.7098 
0.7333 
0.7557 
0,7772 
0.7986 
0.8208 
0.8455 
0.8729 
0.8984 
0.9148 
0.9238 
0,9279 

NPRNT 
0 

1-PI/H 

0.0123 
0.0117 
0.0116 
0.0113 
0.0109 
0.0107 
0.0106 
0.0106 
0.0106 
0.0105 
0.0106 
0.0107 
0.0109 
0.0109 
0.0111 
0.0115 
0.0115 
0.0117 
0.0120 
0.0123 
0.0126 
0.0130 
0.0133 
0.0137 
0.0141 
0.0144 
0.0146 
0.0148 
0.0149 
0.0150 
0.0151 
0.0151 
0.0149 
0.0145 
0.0142 
0.0140 
0.0139 
0.0138 
0.0137 
0.0134 
0.0125 
0.0120 
0.0120 
0.0120 



RAI 
AR 211 C'.C.Lvlton 

MLR 7301: MACH - 0.720V57. ALPHA — —0.1 ¥4 

46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 

-0.0745 
-0.0752 
-0.0757 
-0.0759 
-0.0759 
-0.0757 
-0.0754 
-0.0748 

• 0.0/4I 

-0,0733 
-0.0723 
-0.0711 

■0,0699 
-0.0685 
-0.0669 
-0.0653 
-0.0635 
-0.0617 
-0.0597 
-0.0577 
-0.0555 
-0.0532 
-0.0508 
-0.0482 
-0.0455 
-0.0426 
-0.0395 
-0.0362 
-0.0327 

0.401 
0.382 
0.363 
0.344 
0.325 
0.306 
0.288 
0.270 
0.253 
0.236 
0.219 
0.203 
0.187 
0.172 
0.157 
0.143 
0.129 
0.116 
0.104 
0.092 
0.081 
0.070 
0.061 
0.052 
0.043 
0.035 
0.028 
0.022 
0.017 
0.012 
0.008 
0.005 
0.003 
0.001 
0.000 
0.000 
0.001 
0.003 
0.005 
0.008 
0.012 
0.017 
0.022 
0.028 
0.035 
0.043 
0.052 
0.061 
0.070 
0.081 
0.092 
0.104 
0.116 
0.129 
0.143 
0.157 
0.172 
0.187 
0.203 
0.219 

-0.0288 
-0.0246 
-0.0200 
-0.0150 
-0.0097 
-0.0035 

0.0031 
).0097 
0.0166 
0.0234 
0.0299 
0.0359 
0.0413 
0.0459 
0.0497 
0.0530 
0.0560 
0*0587 
0.0612 
0.0635 
0.0656 
0.0676 
0.0695 
0.0714 
0.0731 
0.0748 
0.0764 
0.0779 
0.0793 
0.0806 
0.0817 

0.4339 
0.4332 
0.4321 
0.4308 
0.4299 
0.4289 
0.4280 
0.4269 
0.4257 
0.4244 
0.4229 
0.4212 
0.4194 
0.4174 
0.4155 
0.4128 
0.4087 
0.4105 
0.4111 
0.4100 
0.4093 
0.4091 
0.4076 
0.4017 
0.3930 
0.3790 
0.366o 

0.3414 
0.3084 
0.2557 
0.1952 
0.1261 
0.0748 
0.0300 
0.0078 
0.0101 
0.0275 
0.0657 
0.1262 
0.1971 
0.2936 
0.3979 
0.4926 
0.5830 
0.5820 
0.5863 
0.6009 
0.6117 
0.6172 
0.6170 
0.6136 
0.6082 
0.6015 
0.5954 
0,5899 
0.5850 
0.5803 
0.5758 
0.5715 
0.5676 

-0.5491 
-0.5463 

0.5421 
-0.5371 
-0.5334 
-0.5297 
-0.5262 
-0.5218 

0.5171 
-0.5120 
-0.5063 
-0.4996 
-0.4925 
-0.4850 
-0.4774 
-0.4671 
-0.4510 
-0.4580 
-0.4602 
-0.4561 
-0.4535 
-0.4525 
-0.4467 
-0.4240 
-0.3901 
-0.3356 
-0.2875 
-0.1898 
-0.0615 
0,1434 
0.3783 
0.6470 
0.8463 
1.0204 
1.1063 
i» 0977 
1.0299 
0.8814 
0.6464 
0.3712 

-0.0040 
-0.4092 
-0.7772 
-1.1282 
-1.1245 
-1.1412 
-1.1977 
-1.2397 
-1.2612 
-1.2603 
-1.2473 
-1.2263 
-1,2003 
-1.1764 
-1.1552 
-1.1362 
-1.1179 
-1.1001 
-1.0838 
-1.0686 

0.9287 
0.9276 
0.9259 
0.9238 
0.9223 
0.9207 
0.9193 
0.9175 
0.9156 
0.9135 
0.9112 
0.9084 
0.9055 
0.9024 
0.8993 
0.8951 
0.8887 
0.8911 
0.8921 
0.8903 
0.8891 
0.8886 
0.8861 
0.8770 
0.8630 
0.8410 
0.8204 
0.7816 
0.7302 
0.6508 
0.5505 
0.4255 
0.3020 
0.1716 
0.0643 
0.0853 
0.1898 
0.3042 
0.4292 
0.5590 
0.7119 
0.8794 
1.0144 
1,1615 
1.1622 
1,1703 
1.1973 
1,2176 
1.2300 
1.2316 
1.2260 
1.2163 
1.2037 
1.1922 
1.1821 
1.1733 
1.1649 
1.1568 
1,1493 
1.1424 

0.0120 
0.0119 
0.0119 
0.0120 
0.0120 
0.0120 
0.0120 
0.0120 
0.0120 
0.0120 
0.0120 
0.0121 
0.0121 
0.0121 
0.0121 
0.0121 
0.0121 
0.0125 
0.0124 
0.0125 
0.0126 
0.0128 
0.0129 
0.0128 
0.0131 
0.0132 
0.0145 
0.0141 
0.0140 
0.0107 
0.0112 
0.0102 
0.0144 
0.0098 
0.0050 
0.0050 
0.0028 
0.0038 
0.0083 
0.0073 
0.0097 
0.0040 
0.0233 
0.0378 
0.0349 
0.0347 
0.0356 
0.0363 
0.0344 
0.0319 
0.0306 
0.0294 
0.0291 
0.0288 
0.0284 
0,0279 
0,0274 
0.0270 
0.0267 
0.0265 



: 

/ 

NI R 7301 : MACH - 0.720037. ALPHA - -0.104 

10Ä 0.236 0.0828 
107 0.253 0.0838 
108 0.270 0.0846 
109 0.288 0.0854 
110 0.306 0.0860 
111 0.325 0.0864 
112 0.344 0.0868 
113 0.363 0.0870 
114 0.382 0.0870 
115 0.401 0.0870 
116 0.421 0.0867 
117 0.441 0.0864 
118 0.460 0.0858 
119 0.480 0.0852 
120 0.500 0.0843 

0.5640 
0.5605 
0.5574 
0.5548 
0.5522 
0.5498 
0.5478 
0.5458 
0.5432 
0.5393 
0.5356 
0.5316 
0.5283 
0.5256 
0.5254 

-1,0543 
-1.0407 
-1.0287 
-1.0185 
-1.0087 
0.9993 

-0.9915 
-0.9838 
-0.9735 
-0.9587 
-0.9439 
-0.9284 
-0.9157 
-0.9051 
-0.9044 

1.1358 
1.1297 
1.1243 
1.1198 
1.1154 
1,1112 
1.1077 
1.1043 
1.0998 
1.0931 
1.0865 
1.0796 
.1,0739 
1.0691 
1,0688 

0.0262 
0.0260 
0.0258 
0.0256 
0.0254 
0.0253 
0.0252 
0.0250 
0.0249 
0.0248 
0.0247 
0.0247 
0.0247 
0.0248 
0.0248 

I 

121 0.520 0.0833 
.122 0.540 0.0821 
123 0.559 0.0806 
124 0> 579 0.0790 
125 0.599 0.0772 
126 0.618 0.0751 
127 0.637 0.0728 

0.5209 -0.8871 
0.5223 -0.8926 
0.5261 -0.9073 
0.5298 -0.9216 
0.5276 -0.9129 
0.4988 -0.8010 
0.4693 -0.6865 

128 0.656 
129 0.675 
130 0.694 
131 0.712 
132 0.730 
133 0.747 
134 0.764 
135 0.781 
136 0.797 
137 0.813 
138 0.828 

0.0702 0. 

0.0674 0. 

0.0644 0. 

0.0613 0. 

0.0581 o. 
0.0547 0. 

0.0513 0. 

0.0479 0. 

0.0444 0. 

0.0410 0. 

0.0376 0, 

4589 -0.6460 
4452 -0.5928 
4306 -0.5362 
4162 -0.4801 
4020 -0.4252 
3883 -0.3718 
3752 - 7.3210 
3628 -0.2728 
3509 -0.2265 
3396 -0.1827 
3290 -0.1414 

139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
.152 
153 
154 
155 
156 
157 
158 
159 

0.843 0.0344 
0.857 0.0312 
0.871 0.0281 
0.884 0.0251 
0.896 0.0223 
0.908 0.0196 
0.919 0.0171 
0.930 0.0147 
0.939 0.0126 
0.948 0.0106 
0.957 0.0087 
0.965 0.0071 
0.972 0.0056 
0.978 0.0044 
0.983 0.0033 
0.988 0.0023 
0.992 0.0016 
0.995 0.0010 
0.997 0.0005 
0.999 0.0002 
1.000 0.0000 

0.3192 -0.1032 
0.3100 -0.0675 
0.3013 -0.0337 
0.2931 -0.0020 
0.2855 0.0277 
0.2783 0.0557 
0.2715 0.0820 
0.2652 0.1066 
0.2591 0.1300 
0.2533 0.1527 
0.2477 0.1742 
0.2426 0.1944 
0.2376 0.2137 
0.2329 0.2318 
0.2285 0.2489 
0.2242 0.2656 
0.2200 0.2822 
0.2155 0.2995 
0.2105 0.3191 
0.2039 0.3445 
0.1984 0.3659 

1,0610 0.0248 
1.0634 0.0249 
1,0699 0.0249 
1.0763 0.0249 
1.0725 0.0249 
1.0228 0.0254 
0.9740 0.0252 
0.9568 0.0253 
0,9343 0.0255 
0.9106 0.0258 
0.8873 0.0260 
0.8646 0.0262 
0.8426 0.0265 
0.8217 0.0266 
0.8020 0.0268 
0.7831 
0.7652 
0.7484 
0.7328 
0.7182 
0.7045 
0.6915 
0,6794 
0.6680 
0.6572 
0.6471 
0.6375 
0.6283 
0.6195 
0.6114 
0.6037 
0.5965 
0.5898 
0.5831 
0.5763 
0.5692 
0.5615 
0,5515 
0.5432 

0.0269 
0.0270 
0.0270 
0.0270 
0.0270 
0.0269 
0.0268 
0,0267 
0.0266 
0.0264 
0.0262 
0.0260 
0.0258 
0.0255 
0.0252 
0,0247 
0.0243 
0.0238 
0.0234 
0.0231 
0.0227 
0.0220 
0.0212 
0.0203 



/ 

R.A.E. 

AR 211 
C.C.Lytton 07-3-4 

NUR 7301: MACH — 0.720957. ALPHA — —0.104 

CL- 0.55868 CD= 0.00237 CM- -0.12900 

GAMMA AROUND PROFILE - 0.27173 

K GAMMA 

1 
n 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

17 
18 
19 
20 0 
21 0 
22 
23 

,27136 
.27519 
.27240 
.27861 
.27987 
,28128 
.28230 
.28213 
.28146 
,28071 
.28052 
.28001 
.27993 
,28019 
.28009 
.28065 
.28052 
.28095 
.28150 
.28190 
.28293 
,28404 
.29017 

NO SHOCK ON -1 SURFACE 

CD (SHOCK INTEGRAL - Mk.2) 0.00030 

I 
I / i 

I 
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RAE 
AR 211 C.C.Lytton 07-3-5 

NLR 7301 : MACH - 0.720057. ALPHA --0.104 

C.C.LVTTGH 

0.19 CL- 0.559 

NLR 73CU 1-P^H • F/2 

NACH NO.- 0.72 INCIDENCE- 



I 
I 



RAE. 
AR2I1 C.C.Lytton 07-3-7 

NLR 7301 : MACH - 0.720057. ALPHA - -0.104 

NIK! 7301 n * F C.C.L7TT0M 

MACH NO.* 0.72 INCIDENCE* r0.19 CL* 0.559 



» 

R.A.E. 
AR2II C.C.Lytlon 07-3-8 

NI R 7301: MACH-0.720957, ALPHA - -0.194 

NLR 7301 P\ • F 
MACH NO.- 0.72 INCIDENCE^ -0.19 CD- 0.003 

C.C.LVTTOM 

-0.07 

-0.05 

-0.03 

-0.01 

0.01 

0.03 

z 

0.07 

// j 

y 
/ 

i 

i 1 i 

/ / / X X ^ > 
- 

— 

1 X -t-V — 
0.0 



RAE. 

AR 21 I C.C.Lvtton 07-3-9 

NER 7301 : MACH - 0.7209S7, AEPHA - -0.194 

NLR 7301 -CP • C.C.LVTTON 

riACH NO.- 0.72 INCIDENCE* -0.19 CL* 0.559 



I 
_ _ - —â» 

RAE. 
AR 211 C.C.Lytton 07-3-10 

NI R 7.101 : MACH -0.720957, ALPHA - -0.194 

I 

MLR 7301 -CP - 2(F-1) C.C.LVTTON 

I à 



R.A.E. 

AR 211 C.C.Lytton »7-3-11 

NLR 7301: MACH - ().720957, ALPHA - -0.194 

NLR 7301 1-PI/H-0. KF-l ) 

riPCH NO. • 0.72 INCIDENCE- "0.19 

C.C.L7TT0N 

CL* 0.559 



AR 211 

/ 

RAE. 

C.C.Lytnm 07-.VI: 

NLR 7301 : MACH - 0.720057. ALPHA - -0.104 

NLR 7301 1-PI/H-0.KF-1 ) C.C.LVTTON 

r 



AR 211 

NI.R7301: MACH - 0.720957, Al.l’HA - -0.194 

C.C.Lylton 07-3-13 

NLR 7301 Grid (16 chords out) 

i 

f 





AR 211 

- - 

C.C.Lytton 

---- 

07-3-15 

NLR 7301: MACH - 0.720957. ALPHA --0.194 

NLR 7301; 0.985* x< 1.035, lyl* 0.015 



AR 21 I C.C.Lytton 07-2-1(1 

NI R 7201: MACH - 0.720957, ALPHA - -0.194 

M=0.721. fl=-0.194 IS0MRCHS ca 



AR 211 
C.C.Lytton 07-3-17 

NUR 7301: MACH - 0.720957, ALPHA--0.194 



AK 211 

RAE 

C.C.Lytton 07-3-18 

NLR 7301 : MAC H - 0.720937. ALPHA - -0.194 

NLR 73tl n-e.721» a- ,194 isonACHS c-se en. CCL 



AR-21 

AGAR!} FDP - WG 07 

test cases for steady in viscid 

transonic or supersonic flow 

TEST CASE 07 

NLRTJOI: MACH ■= 0.720957, ALP”* 
-0.194 

Contributor Nob 

M.D.Salas and J.C.South, Jr 

(N.A.S.A. - Langley, U.S.A.) 





N 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

N A S A. LANGLEY 
AR2I1 

M.D.Salas 
J.('.South. Jr 07-6-2 

NLR 7301 : MAC H - 0.720057. AL PHA - -0.104 

x/c 
.000020 
.000211 
.000712 
.001520 
.002623 
.004037 
.005768 
.007824 
.010217 
.012945 
.016035 
.019530 
.023493 
.028027 
.033208 
.038970 
.045215 
.051935 
.059178 
.066972 
.075313 
.084165 
.093504 
.103304 
.113546 
.124214 
.135288 
.146753 
.158590 
.170783 
.183316 
.196171 
.209337 
.222793 
.236526 
.250519 
.264753 
.279218 
.293893 
.308759 
.323801 
.339003 
.354350 
.369823 
.385401 
.401069 
.416813 
.432612 
.448451 
.464310 

y/c 
-.000251 

.004032 

.008371 

.012729 

.017068 

.021351 

.025544 

.029622 

.033549 

.037295 

.040816 

.044066 

.047020 

.049679 

.052151 

.054559 

.056881 

.059047 

.061044 

.062904 

.064680 

.066395 

.068050 

.069645 

.071180 

.072660 

.074084 

.075443 

.076737 

.077971 

.079140 

.080238 

.081266 

.082219 

.083097 

.083899 

.084616 

.085253 

.085810 

.086282 

.086668 

.086969 

.087179 

.087300 

.087330 

.087265 

.087104 

.086843 

.086487 

.086036 

1-P/Piinf 
.001803 
.006917 
.019936 
.039936 
.067431 
.102265 
.143853 
.193867 
.248881 
.315009 
.389777 
.469982 
.546902 
.601041 
.611905 
.599403 
.597672 
.611852 
.626740 
.634090 
.633954 
.633122 
.631518 
.628960 
.625905 
.621411 
.618059 
.615464 
.611761 
.608202 
.605668 
.602994 
.600651 
.598955 
.596449 
.595125 
.594146 
.592067 
.591076 
.589753 
.588638 
.587327 
.586901 
.585285 
.584767 
.583398 
.582759 
.581724 
.580126 
.579342 

Cp 
1.129798 
1.109930 
1.059355 

.981656 

.874840 

.739515 

.577948 

.383648 

.169924 
-.086972 
-.377440 
-.689027 
-.987854 

-1.198181 
-1.240386 
-1.191816 
-1.185091 
-1.240177 
-1.298018 
-1.326572 
-1.326041 
-1.322809 
-1.316577 
-1.306643 
-1.294773 
-1.277315 
-1.264291 
-1.254209 
-1.239824 
-1.225998 
-1.216153 
-1.205768 
-1.196664 
-1.190077 
-1.180338 
-1.175197 
-1.171394 
-1.163316 
-1.159465 
-1.154326 
-1.149993 
-1.144902 
-1.143247 
-1.136967 
-1.134955 
-1.129639 
-1.127154 
-1.123133 
-1.116927 
-1.113880 

, Bn 
4 c* ^ 

Mach 
.011612 
.086929 
.162679 
.235461 
.313287 
.389396 
.473007 
.557251 
.650682 
.750688 
.872144 
.985222 

1.136622 
1.231265 
1.254309 
1.225226 
1.218913 
1.246764 
1.277648 
1.292836 
1.290746 
1.288787 
1.284863 
1.280210 
1.273577 
1.264860 
1.257799 
1.253224 
1.245374 
1.239019 
1.233489 
1.229029 
1.223783 
1.221475 
1.215573 
1.214388 
1.211170 
1.208692 
1.205325 
1.204513 
1.200619 
1.200170 
1.197297 
1.196545 
1.193209 
1.193313 
1.189276 
1.190675 
1.183941 
1.186931 

1-Pi/Plinf 
.001709 
.001654 
.001660 
.002157 
.001772 
.003312 
.002099 
.004609 
.001701 
.004555 

-.001705 
.013777 

-.012828 
-.008021 
-.011073 
-.004118 
-.000105 
-.001089 
-.003367 
-.004024 
-.001557 
-.001172 
-.000223 
-.000853 
-.000112 
-.000338 

.000305 
-.000352 

.000527 
-.000153 

.000731 
-.000125 

.000913 
-.000282 

.001248 
-.000469 

.001337 
-.000525 

.001454 
-.000714 

.001655 
-.000939 

.001773 
-.001152 

.001940 
-.001485 

.002224 
-.002070 

.002849 
-.002891 

* 
« t 

i . 



/ 

N 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 

N.A.S.A. LANGLEY 

AR 211 
M.D.Salas 
J .C .South, Jr 

07-6-3 

NLR730I: MACH — 0.720957, ALPHA — —0.144 

x/c 
.480169 
.496013 
.511822 
.527580 
.543274 
.558887 
.574400 
.589802 
.605085 
.620242 
.635278 
.650184 
.664960 
.679615 
.694135 
.708509 
.722733 
.736792 
.750675 
.764377 
.777884 
.791175 
.804235 
.817050 
.829598 
.841866 
.853838 
.865489 
.876804 
.887758 
.898336 
.908517 
.918277 
.927606 
.936479 
.944875 
.952779 
.960172 
.967033 
.973348 
.979100 
.984271 
.988841 
.992793 
.996123 
.998816 

1.000853 
1.002227 
1.002924 
1.002919 

y/c 
.085484 
.084827 
.084060 
.083182 
.082194 
.081086 
.079847 
.078477 
.076973 
.075318 
.073512 
.071561 
.069470 
.067248 
.064906 
.062458 
.059920 
.057302 
.054619 
.051885 
.049117 
.046328 
.043530 
.040741 
.037972 
.035234 
.032546 
.029912 
.027344 
.024857 
.022459 
.020157 
.017955 
.015864 
.013888 
.012032 
.010302 
.008707 
.007242 
.005913 
.004725 
.003671 
.002759 
.001981 
.001334 
.000818 
.000426 
.000166 
.000035 
.000025 

1-P/Piinf 
.577911 - 

.578798 ■ 

.579929 ■ 

.572603 

.583533 

.538172 

.455246 

.442705 

.463139 

.477157 

.475606 

.466120 

.453302 

.442271 

.430840 

.419260 

.408214 

.397368 

.386081 

.375818 

.365420 

.356111 

.346193 

.337249 

.328935 

.319991 

.312450 

.305123 

.297346 

.290708 

.283937 

.278351 

.271652 

.266288 

.260582 

.255315 

.249760 

.245291 

.240828 

.235405 

.232313 

.227344 

.224100 

.220549 

.216426 

.213423 

.207764 

.202068 

.204141 

.178426 

Cp 
1.108322 

■1.111767 
•1.116161 
■1.087701 
-1.130164 
-.953940 
-.631780 
-.583061 
-.662442 
-.716901 
-.710876 
-.674024 
-.624228 
-.581374 
-.536967 
-.491977 
-.449066 
-.406930 
-.363082 
-.323212 
-.282817 
-.246652 
-.208120 
-.173374 
-.141076 
-.106330 
-.077033 
-.048568 
-.018356 

.007433 

.033736 

.055437 

.081461 

.102300 

.124470 

.144929 

.166510 

.183873 

.201210 

.222279 

.234291 

.253595 

.266198 

.279995 

.296012 

.307675 

.329662 

.351792 

.343737 

.443638 

Í**P 

» 

« ; 

* j 
• t i 

t . 

Mach 
1.179183 
1.186868 
1.182560 
1.175408 
1.191385 
1.108668 

.967874 

.951421 

.984160 
1.006224 
1.003770 

.987985 

.967519 

.949648 

.931610 

.913074 

.895920 

.878666 

.861299 

.845151 

.829175 

.814648 

.799408 

.785530 

.772777 

.758809 

.747416 

.735718 

.724058 

.713438 

.703185 
.694210 
.683954 
.675479 
.666493 
.658319 
.649415 
.642550 
.635163 
.626855 
.621788 
.613683 
.608976 
.602432 
.596782 
.590727 
.582243 
.573778 
.564722 
.532167 

1- Pi/Pilnf 
.003736 
.004106 
.004162 
.003889 
.001345 
.003255 
.006349 
.002274 
.002269 
.003066 
.002978 
.003414 
.003207 
.003489 
.003384 
.003695 
.003522 
.003876 
.003692 
.003950 
.003851 
.004013 
.003961 
.004053 
.003991 
.004154 
.003915 
.004254 
.003893 
.004175 
.003915 
.004142 
.003939 
.003984 
.003980 
.003852 
.003928 
.003721 
.003932 
.003613 
.003686 
.003746 
.003306 
.003907 
.003059 
.003934 
.003284 
.002543 
.011855 
.003695 

( 



/ 

N A S A. LANGLEY 
AR21I 

M.IJ.Salas 
J.C .South, Jr 

07-6-4 

NUR 7301: MACH - 0.720957. ALPHA-—0194 

N 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 

x/c 
.002202 
.000767 
.998611 
.995717 
.992065 
.987652 
.982476 
.976527 
.969807 
.962314 
.954053 
.945040 
.935285 
.924808 
.913648 
.901842 
.889433 
.876478 
.863022 
.849129 
.834865 
.820285 
.805439 
.790377 
.775145 
.759788 
.744340 
.728822 
.713254 
.697646 
.682017 
.666384 
.650756 
.635143 
.619539 
.603941 
.588343 
.572745 
.557162 
.541604 
.526081 
.510613 
.495215 
.479893 
.464616 
.449354 
.434106 
.418879 
.403672 
.388505 

y/c 
.000120 
.000311 
.000597 
.000963 
.001394 
.001876 
.002387 
.002909 
.003416 
.003877 
.004263 
.004539 
.004674 
.004639 
.004394 
.003907 
.003155 
.002117 
.000777 

-.000868 
-.002814 
-.005046 
-.007543 
-.010282 
-.013236 
-.016371 
-.019641 
-.023006 
-.026437 
-.029902 
-.033378 
-.036834 
-.040234 
-.043560 
-.046775 
-.049859 
-.052808 
-.055617 
-.058285 
-.060808 
-.063175 
-.065377 
-.067388 
-.069174 
-.070719 
-.072033 
-.073136 
-.074044 
-.074771 
-.075333 

1-P/Piinf 
.186449 
.186093 
.182981 
.179419 
.176706 
.173387 
.170665 
.167716 
.165049 
.162777 
.160732 
.159353- 
.158495 
.157555 
.157794 
.158294 
.159866 
.161764 
.164889 
.168450 
.173337 
.178559 
.185039 
.191685 
.199808 
.208378 
.218077 
.227401 
.238039 
.248116 
.259639 
.271251 
.282997 
.295736 
.307668 
.318999 
.329999 
.340343 
.351176 
.362360 
.373708 
.386636 
.400451 
.412180 
.419975 
.424476 
.427447 
.428515 
.428463 
.427440 

Cp 
.412467 
.413852 
.425942 
.439781 
.450320 
.463214 
.473788 
.485243 
.495604 
.504430 
.512375 
.517735 
.521066 
.524716 
.523790 
.521847 
.515740 
.508368 
.496226 
.482392 
.463408 
.443118 
.417945 
.392127 
.360571 
.327275 
.289595 
.253375 
.212043 
.172898 
.128131 
.083023 
.037390 

-.012101 
-.058457 
-.102475 
-.145208 
-.185392 
-.227480 
-.270930 
-.315013 
-.365239 
-.418907 
-.464475 
-.494757 
-.512242 
-.523786 
-.527934 
-.527731 
-.523758 

Mach 
.549400 
.552953 
.547462 
.542095 
.536920 
.531549 
.526416 
.521508 
.516546 
.512548 
.508728 
.506101 
.504292 
.502579 
.502572 
.503372 
.505653 
.508957 
.513882 
.520061 
.527957 
.536920 
.547392 
.558700 
.571726 
.585975 
.601299 
.616630 
.633179 
.649599 
.667274 
.685846 
.703771 
.723739 
.741961 
.759631 
.776479 
.792605 
.809183 
.826567 
.844015 
.864079 
.885412 
.903775 
.916060 
.923259 
.927911 
.929688 
.929514 
.928005 

1- Pl/Piinf 
.001190 

-.001834 
-.001662 
-.002149 
-.001755 
-.001979 
-.001665 
-.001802 
-.001579 
-.001562 
-.001406 
-.001273 
-.001075 
-.001042 
-.000754 
-.000696 
-.000360 
-.000330 

.000054 

.000082 

.000485 

.000501 

.000912 

.000850 

.001261 

.001208 

.001638 

.001466 

.001901 

.001592 

.002042 

.001735 

.002084 

.001903 

.002109 

.001920 

.001999 

.001788 

.001872 

.001705 

.001756 

.001680 

.001802 

.001735 

.001658 

.001520 

.001551 

.001446 

.001548 

.001434 



N A S A. LANGI.EY 
AR21I M.D.Salas 

J.C.South.Jr 07-6-5 

NLR 7301: MACH - 0.720957, ALPHA - -0.194 

< 
» 

N 

151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 

x/c 

.373394 

.358352 

.343401 

.328555 

.313840 

.299270 

.284865 

.270641 

.256613 

.242800 

.229218 

.215887 

.202822 

.190032 

.177534 

.165351 

.153494 

.141969 

.130794 

.119991 

.109589 

.099608 

.090053 

.080935 

.072268 

.064073 

.056364 

.049142 

.042406 

.036167 

.030429 

.025213 

.020518 

.016340 

.012689 

.009544 

.006876 

.004654 

.002864 

.001520 

.000627 

.000145 

y/c 

-.075744 
-.076015 
-.076155 
-.076170 
-.076065 
-.075844 
-.075513 
-.075072 
-.074525 
-.073878 
-.073126 
-.072278 
-.071340 
-.070307 
-.069184 
-.067980 
-.066691 
-.065317 
-.063872 
-.062368 
-.060803 
-.059163 
-.057442 
-.055647 
-.053776 
-.051825 
-.049779 
-.047637 
-.045395 
-.043048 
-.040600 
-.038043 
-.035364 
-.032551 
-.029586 
-.026457 
-.023152 
-.019681 
-.016075 
-.012348 
-.008476 
-.004439 

1-P/Piinf 

.426623 

.425166 

.424554 

.423234 

.422444 

.421048 

.420735 

.418878 

.418193 

.417333 

.415274 

.413770 

.413095 

.410840 

.408795 

.407811 

.405873 

.402548 

.400348 

.399552 

.401156 

.400334 

.399379 

.398000 

.397875 

.397689 

.393563 

.389083 

.382157 

.370949 

.360574 

.342807 

.321530 

.292439 

.255010 

.209386 

.161328 

.113902 

.075013 

.041795 

.018326 

.004760 

Cp 

-.520581 
-.514924 
-.512545 
-.507416 
-.504348 
-.498924 
-.497708 
-.490495 
-.487834 
-.484491 
-.476494 
-.470652 
-.468027 
-.459269 
-.451324 
-.447502 
-.439973 
-.427056 
-.418507 
-.415414 
-.421646 
-.418452 
-.414742 
-.409384 
-.408902 
-.408177 
-.392149 
-.374742 
-.347837 
-.304297 
-.263988 
-.194965 
-.112309 

.000708 

.146116 

.323359 

.510060 

.694306 

.845384 

.974435 
1.065607 
1.118310 

Mach 1-Pi/Piinf 

.926541 .001628 

.924427 .001431 

.923162 .001762 

.921364 .001455 

.919732 .001884 

.917893 .001495 

.916878 .002069 

.914472 .001511 

.912740 .002230 

.911873 .001703 

.908165 .002227 

.906099 .001913 

.904577 .002418 

.901400 .002038 

.897740 .002539 

.896372 .002357 

.893022 .002705 

.888047 .002479 

.884240 .002883 

.883137 .002736 

.885022 .003392 

.884171 .002933 

.882006 .003654 

.880378 .003102 

.879361 .003976 

.879504 .003516 

.872641 .003986 

.865720 .003941 

.854857 .004064 

.837475 .004098 

.820693 .004860 

.793637 .004503 

.758856 .006363 

.714693 .005474 

.653618 .007397 

.582795 .004906 

.498648 .006052 

.413060 .003481 

.325261 .004681 

.240894 .002304 

.151063 .002556 

.069742 .001367 

I 
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AR211 

Ml).Salas 
J.C.South. Jr 

07-6-10 

M R 7301: MACH - 0.720057. ALPHA - -0.104 
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N.A.S.A. LANGLEY 

AR 211 
M.D.Salas 
J.C.South, Jr 

07-6-11 

NI R 7301: MACH-0.72(W57, ALPHA--0.194 
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N A S A. LANGLEY 

M.D.Salas 
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Nl-R 7301 : MACH = ().72()957. ALPHA - -0.194 
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AR 211 
M.D.Salas 
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Nl.R 7301 : MACH - 0.720957, ALPHA = -0.194 
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N A S A. LANGLEY 

M.D.Salas 
J.C.SouthJr 

07-6-16 

NLR 7301: MACH - 0.720037. ALPHA - -(). 104 
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N A S A. LANGLEY 
AR 211 

M.D.Salas 
J.C.South, .Ir 

07-6-17 

NLR7301: MACH - 0.720957, ALPHA--0.194 
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N A S A. LANGLEY 
AR 211 

M.D.Salas 
J.C.South, Jr 

07-6-1K 

NLR 7.101 : MACH - 0.720957, ALPHA = -0.194 
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N A S A. LANCiLEY 
AR 211 

M.l).Salas 
J.C.South, Jr 

07-6-20 

NLR 7301: MACH - 0.720957, ALPHA--0.194 

PRESSURE 
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N A S A. LANGLEY 
AR 211 

M.H.Salas 
J.C.South. Jr 

_ 

07-6-21 

NLR 7301 : MACH - 0.720957, ALPHA = -0.194 

LOCAL MACH NUMBER 

/ 

/! 
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NASA. 1 ANCiLK.Y 
AR 211 

M.D.Salas 
J.C'.South. Jr 

07-6-22 

NI R 7301: MACH - 0.720957. ALPHA - -0.194 



AR 21 I 07-6-23 

N A S A LANGLEY 

NI R 7301: MAC H - 0.720057. ALPHA -0.104 

M.D.Salas 
J.C'.South. Jr 

ENTROPY 



AGARD FDP - WG 07 

TEST CASES FOR STEADY IN VISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 07 

NLR 7301: MACH = 0.720957, ALPHA =-0.194 

Contributor No S 

A.Rizzi 

(F.F.A.. Sweden) 



AR 211 A.Rizzi 07-«-1 

NFR 7301: MACH - 0.720957, ALPHA --0.1 »4 

F.F.A. 

MLR MESH 3 I60X.12 SOLUTION 28/6 (01.02) after 2000 cycles SOL.UTION No. 8.4 

1 X/C r/C 1-F7PIINF CF HACH 1-PI/PIINF 

1 
2 
3 
4 
5 
6 

7 
à 
9 

10 
11 
12 
13 
14 
15 
16 
17 
IS 
19 
20 
¿1 
22 
25 
¿4 
25 
26 
27 
28 
29 
30 
31 
32 
33 
54 
55 
36 
37 
36 
39 
40 
41 
42 

0.999233 
0.996220 
C.970341 
0.981774 
0.970706 
C. 9 57 32 3 
0.941315 
0.924371 
0.90517/ 
0.6S4424 
0.362287 
0.838944 
0.314566 
0.719313 
0.763357 
0.736336 
C.709395 
0.612672 
0.655293 
0.627876 
0.600533 
0.573365 
0.546467 
0.519925 
0.493815 
0.468209 
0.443163 
0.413743 
0.394996 
0.371 952 
0.349552 
0.328124 
0.307389 
0.237465 
0.268363 
0.250039 
0.23264o 
0.216033 
0.200242 
0.185263 
0.171091 
C.157702 

0.C001C 4 
C.C 005CÎ 
0.00122 7 
O.C02143 
O.C0309 9 
O.C 0393 7 
0.0 0449 4 
0.CO46C 3 
O.C04123 
0.0 )2931 
Û.CGÛ92 7 

-0.001917 
-0.C05541 
“0.C1C32 7 
-0.015119 
-C.C2C7C7 
-Û.C266C6 
-0.C32645 
-C.038664 
-0.044465 
-0.04994 9 
-0.C5497 1 
-Ü.C5V52 4 
-0.063584 
-0.067093 
-0.^69947 
-0. ’211 6 
•0.0 j69 7 
-0.0 7478 2 
-Û.C7547 0 
-C.07562 3 
-0.C7589 4 
-0.0 75720 
-0.075331 
-Ü.L74751 
-0.C 740C2 
-0.C731C5 
-0.07207 6 
-C.07093 4 
-0.069693 
-0.06836 3 
-0.C86973 

C.1 93 38 8 
C.197120 
0.1 31230 
0.17425 5 
0.166474 
C.1 63376 
0.1 60634 
0.158971 
0.159094 
0.161189 
0.165300 
0.172182 
C.131100 
0.192522 
C.206562 
0.222546 
C.239979 
0.259301 
C.280479 
0.301763 
0.221513 
G.240262 
0.3 6099 6 
0.382757 
(.405141 
0.4 20306 
0.428295 
0.431416 
0.431735 
0.4 30759 
0.429397 
0.428102 
C.426377 
C.425641 
0.424306 
(.422337 
0.421356 
0.419693 
0.417937 
0.416200 
C.414401 
0.412345 

0.235309 
0.AJ7U0 
C.-.32743 
0.459341 
C.432 300 
0.50U163 
0.512756 
0.51918 3 
0.513731 
0.510600 
0.493354 
0.467392 
0.433245 
0.313373 
0.254331 
0.272234 
0.204510 
0.129437 
O.C47I70 

-0.CJ5 515 
-0.112241 
-0.135080 
-0.262131 
-0.250169 
-0.427 2C i 
-0.496043 
-C.527079 
-0.539204 
-C.540443 
-G.536652 
-0.531359 
-0.526329 
-0.521572 
-0.516770 
-0.511581 
-Q.5J6071 
-0.500121 
-0.493662 
-0.43613¾ 
-0.430092 
-0.473103 
-0.465115 

0.560502 
0.552144 
0.541449 
0.529691 
0.519214 
0.511323 
0.5 )5747 
0.502861 
0.503092 
0.506802 
0.514129 
0.525599 
0.541272 
0.560457 
0.Î836C9 
0.609804 
0.637903 
C.668247 
0.701148 
0.734329 
0.765123 
0.794027 
C.824189 
0.85C446 
0.893117 
0.918098 
C.930583 
0.535493 
C.935999 
0.934363 
0.932171 
0.93C074 
0.928138 
0.926172 
0.924066 
0.9313C4 
0.919386 
C.916758 
0.91392Q 
0.911194 
C.908341 
0.9)5071 

0.000945 
0.0 01900 
C.000923 
C.CQC560 
O.OQC644 
0.000585 
O.t 30494 
0.0 00467 
0.000453 
0.000452 
O.OOC492 
C.C0C562 
0.000514 
0.000627 
C.C00797 
0.00C690 
0.000554 
0.000783 
0.000983 
0.000705 
0.000242 
0.0 0C160 
0.00C514 
0.0 01387 
0.001531 

-0.000391 
-0.000208 
-0.000023 

O.OOCOG3 
0.C00144 
0.000213 
0.000296 
0.0003C1 
0.C3032? 
0.000325 
0.00C366 
Û.C0C381 
0.000400 
0.000424 
0.0 00499 
0.0 00547 
0.000653 

V 



AR2I1 A.Rizzi 07-8-2 

MLR 7301: MACH - 0.720957, ALPHA - -0.194 

♦ i 
4½ 
4 i 
4o 
-7 
4 i 
49 
iC 
Jl 
52 
j .5 
¿4 
3 5 
¿t 
;-7 
3? 
jy 
oU 
3 1 
o2 
33 

3-* 
C 3 
¢6 
37 
ai 
3 ? 

70 
71 
7¿ 
73 
74 
75 
74 
7 7 
75 
79 
^0 
31 
,.3 

34 
35 
w 6 
o7 

C. 145 üo 3 
t.1 J2¿1 i 
V.1 22J7J 
t.111o32 
c.m i?j 
0.092 7ú9 
0.0^429^ 
C.0 76^1 5 
C.C6911¿ 
C•vb2 35 3 
C.C36115 
0.050 36 S 
t.n.5J75 
C. 0 4', 22 
O.C 35 7Ü2 
0.011724 
C.C2Sj25 
C.C24362 
C.C21611 
C. 01 0 '3 5 U 
C.CIí.35 7 
C.C1411 ♦ 
0.C1210J 
0.01029 y 
C.oor. 59 2 
0.007263 
C. 0 J6 jO ■» 
C .C 54 39 3 
0.003y?5 
C.O j3 J3-* 
o. 0 02 36 2 
C.031 74 9 
0.ODI 235 
0.000323 
0. OJO 493 
0.000257 
0.000099 
C.020321 
C.CCC521 
c.ro:-09 j 
0.0 JC257 
0. G 3049 3 
0.000323 
0.051 23 o 
C.001749 
ó• C 52 Í6 2 

-O.C6551S 
-0.064214 
•O.Cft24tJ 
-0.C6C95 2 
-C.C 5?55 6 
-0.05779J 
-0.054176 
“O.C 3454 7 
-0.0 5 290 5 
-O.C 5125 5 
-0.0 4957 7 
-O.C 4739 ) 
— L .0 -+619 2 
-O.C 444£ 7 
-O.C 4277 9 
-0.0+1271 
“ J . C 59 ,JÍ 4 
“C.O >735 4 
-0.0 5593 7 
-O.C 3421 2 
-O.C32 +t2 
-0.03C74 7 
-0.0 23 99 . 
-C.O 2721 ï 
-C.C25430 
-G . C 2364 •. 
-0.02165 3 
-0.C2C05 9 
-0.0 1 £271 
-u.cus: 3 
-0.01431 4 
-C.C13J9 3 
-0.C1152? 
-Ü.00449 1 
-0.00756 3 
-0.005592 
-0.0 0352 4 
-0.0 01-fí i 

O.C0C921 
u.C32662 
O.C04762 
O.C 06 39 7 
O.C09114 
O.C11.C o 
Ü.012757 
C.C HU V 

C.4 09 39 3 
0'.406197 
C.40655 5 
( .4 073 2 6 
0.4)7191 
C.40656 O 
' .4 06)4 5 
0.4 15^71 
l.425719 
0.4 0*211 
0.4JÎ171 
0.3 9t6C2 
0.292540 
(..2 37101 
0.2 79777 
0.271449 
C .2 62*54 
C .351153 
0.237Î24 
0.219 36 2 
0.2 01762 
C.23210« 
(‘.2 5795. 
0.2 3C3CÎ 
0.201200 
0.176411 
0.15124* 
C .1 24 323 
0.101173 
C.C ’2 03 3 
O.C 56372 
C .C 5C7iO 
0.C 5622 3 
C.C2409. 
C .014264 
C .0 36 
O.CQ2467 
C.C 0C25E 
C.0 2C422 
C .C 02411 
O.C 06367 
O.C12073 
C.C 19376 
C.C 29 344 
0.0 42 51 2 
C.C 57 4 

-0.453667 
-C.441231 
-0.442623 
-0.446394 
-C .445 39 O 
~r .4 +2 64 O 
-0.4.0633 
-0.4 3> 57 3 
-0.439374 
-U..35 3.6 
-0.426 36 6 
-0.411723 
-C. 3 92059 
-C. 237073 
“O .2 35 590 
-0.3 07 01 4 
-0.2 71 oc 1 
-C.22S969 
-C.1 73 66 7 
-0.1 J5<327 
“C.CjS 512 
0.04035? 
0.13.679 
C.2421G1 
0.235105 
0.451465 
0.53031 i 
0.653 SO I 
0.742755 
0.61.223 
0.65012 O 
C.*39526 
0.9 96 05'? 
1.043 201 
1.031310 
1.109 6« 4 
1 .12721 0 
1 .135 799 
1 .135163 
1 .127425 
1 .1 12 06 ? 
1 .c39 id 
1 .059527 
1 .C20363 
0.971260 
C.915116 

C.9 00621 
0.695219 
C.f? ?541 2 
C.697496 
0.896595 
0.E957C0 
C.89491 4 
C.894322 
0.894034 
T.89C56 3 
C.8 3860 5 
0.592526 
0.874463 
C.864287 
0.852608 
0.839742 
C.825223 
C.8 J7ir7 
0.785541 
C.75858 ? 
G.73C013 
0.699049 
0.Í61331 
C.6173C3 
0.572201 
0.528674 
0.434734 
0.43656 3 
0.390558 
0.350334 
C.310676 
C.269637 
0.227201 
0.133587 
0.140234 
C.096560 
0.C53299 
O.C11352 
0.C143C4 
0.054079 
0.C9205? 
0.1294C6 
0.167402 
0.207565 
0.247323 
0.2 9C28 3 

O.f00374 
O.C 009 4 
O.f 01590 
O.C 00677 
O.C 00622 
O.f 01 01 3 
O.C 00 97 3 
0.01159 
O.C 01426 
0.COI 367 
O.f 01466 
O.f 01716 
O.f 01862 
O.f 0201 7 
O.f 02370 
O.f02625 
O.f32992 
O.f 03121 
0.0 2972 
O.f02 9C 6 
O.f03441 
O.C 02340 
O.C 31954 
0.C31 743 
0.CO117 3 
O.f 01770 
C.CQ07C 4 
0.C00114 
C.f90433 
O.f00532 

-O.f 0022 3 
O.f 00088 

-O.C 0040 3 
-O.OC197 
-C.C003CS 
-O.C 30373 
-0.C0029C! 
-O.f00376 
-O.C 00293 
-O.f00358 
-0.C0028 5 
-0.C0Ü27.3 
-O.f0C2C5 
-Ü.C00457 
C.f00223 

-0 ,00404 



F.F.A. 
AR 21 I A.Kizzi 07-8-.1 

NI.R 7.101 : MAC H - 0.720957. ALPHA - -0.194 

¿9 
Vü 
91 
92 
93 
94 
95 
96 
97 
v a 
99 

100 
101 
1 u2 
103 
1 j4 
1 05 
106 
107 
106 
109 
110 
111 
112 
113 
114 
115 
116 

117 
116 
119 
120 
121 
122 
123 
124 
125 
126 
127 
126 
129 
130 
131 
132 
133 
134 

O.C0306<* 
0.013925 
C.C04595 
O.C06OO4 
C.007266 
0.003O92 
C.Q1C299 
C.012100 
0.014114 
C.016357 
0.018 j5 0 
0.021611 
0.024862 
0.025025 
0.031724 
C.C35782 
0.040224 
0.045075 
C.050363 
C.056113 
C.062353 
0.069112 
0.C76415 
C.034292 
0.092769 
C.101373 
C.111632 
C.12207 0 
C. 1 33 ¿1 3 
C. US 08 3 
0.1 57702 
C.171091 
0.185 266 
0.2 00 24 2 
0.216333 
0.232 846 
C.2 50 089 
0.268363 
(.237465 
0.307389 
0.328124 
C.349852 
0.371 952 
C.394 996 
C.418748 
C.44316 3 

0.01862? 
O.C 2108 7 
0.(23546 
O.C26033 
0.028571 
O.C 31120 
0.0 33660 
O.C36163 
0.038676 
0.C411C6 
O.C 4344 8 
0.045660 
G.0<»771 9 
0.0 4961 3 
0.051410 
G.C5319V 
0.05497 3 
0.05671 7 
0.C 58415 
Ü.C»C063 
0.061653 
0.0 6320 '9 
0.064730 
O.C56239 
O.C 5774 1 
0.069232 
Ù.G7C71 3 
Û.C72178 
O.C 7562 5 
O.C 7504 3 
O.C 7644 3 
0.077794 
O.C 7909 9 
0* C 8054 6 
0.081526 
O.C 3262 8 
O.C S363 5 
0.06454 0 
0.0 3532 9 
0.03598 6 
0.036493 
0.086349 
O.C 3702 2 
O.C 5700 0 
0.C8676 5 
O.C 36296 

0.076).1 
0.097125 
0.119339 
0.144632 
0.175034 
0.210491 
0.248502 
C.290753 
0.337934 
0.3 93169 
C.448367 
0.511574 
( .5 55865 
C.6 03898 
0.6 06509 
0.6 0254 3 
0.602370 
0.607049 
0.613164 
0.619310 
0 .6 25548 
0.67883 7 
0.628229 
0.6 2610? 
C.6 2346 3 
0.62C381 
0.616921 
t .613183 
0.6 )9’91 
C.6 05301 
0.6 01403 
0.5 9757 6 
C.594070 
0.5 9(60? 
0.537308 
0.5 3413 2 
0.5 31013 
0.577924 
0.574330 
0.5 71 834 
0.588294 
0.584901 
0.561590 
0.558390 
0.555023 
0.55(354 

0.fi-*1 5C3 
0.759432 
0.673182 
0.574923 
0.456316 
0.319065 
0.171399 
0.007253 

-0.176036 
-0.390617 
-0.607000 
-0.850610 
-1 .050743 
-1.203499 
-1.219<*23 
-1.204034 
-1.205284 
-1.221521 
-1.245354 
-1.271095 
-1.293377 
-1.205365 
-1.303301 
-1.295566 
-1.235306 
-1.273313 
-1.259372 
-1.245 349 
-1.230227 
-1.214730 
-1.199606 
-1.1)5106 
-1.171097 
-1.157653 
-1 .144321 
-1.132433 
-1.120373 
-1 .106370 
-1.096350 
-1.033934 
-1 .07095 9 
-1.057777 
-1 • C«*4 91 0 
-1.032483 
-1 .019403 
-1.003208 

C.336694 
0-382393 
0.426361 
0.476510 
0.530669 
0.588762 
0.650645 
0.714457 

.0.739889 
C.868341 
0.960575 
1.055562 
1.1 56540 
1.225354 
1.233612 
1.223113 
1.223453 
1.232746 
1.245399 
1 .258793 
1.270771 
1.277014 
1.27611 0 
1.271349 
1.266633 
1.260623 
1.253843 
1.246610 
1.239092 
1.231465 
1.224097 
1.217073 
1.210333 
1 .203905 
1.197316 
1.191987 
1.186282 
1.180663 
1.17506 4 
1.169281 
1.163261 
1.157181 
1.15130 7 
1.145674 
1.139775 
1.132430 

-O.C 00243 
0.C00112 
0.(00180 
0.(00107 

-0.(00276 
O.C 00550 

-0.(00266 
0.C01756 

-0¿C02 395 
0.C03889 

-0.C04142 
C.C04319 

-0.005611 
0.008538 
0.010395 
0.005539 
0.003950 
0.004049 
0.003929 
0.(03596 
0.(03012 
0.003373 
0.(03220 
0.002713 
0.002617 
0.002597 
0.002593 
0.002505 
0.002491 
0.002425 
0.002329 
0.002272 
0.(02203 
0.(02127 
0.(02038 
0.(01971 
0.001909 
0.001825 
0.001759 
0.001722 
0.001681 
0.001629 
0.001545 
0.001444 
0.001341 
0.001312 



AR 211 A Rizzi 07-8-4 

NLR 7301 : MACH - 0.720957, ALPHA - -0.194 

F.F.A. 

1J3 
1¿6 
137 
158 
159 
no 
141 
142 
143 
144 
ns 
146 
n? 
ns 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
no 

0.45820 1 

0.49351 5 
C.519925 
C.546467 
0.573 36 ï 
0.600533 
0.627876 
0.655 293 
C.632o72 
0.709895 
0.736938 
0.76335 7 
0.78951 . 
0.814566 
C.838944 
0.862237 
0.334424 
0.905179 
0.924371 
0.941315 
C.957323 
C.9707Û6 
0.981774 
0.990 341 
C.99622 0 
0.999233 

C.09557 1 
0.0 3456 4 
0.0 33244 
0.031575 
0.079500 
0.0 7696 6 
0.C 7391 J 
0.070305 
0.C6617 9 
0.C616C 1 
0.05665 3 
0.0 51432 
0.046044 
0.040596 
0.C3519 5 
Ü.C29939 
0.02492 0 
0.C20217 
0.C159C2 
0.C12034 
0.00866 3 
0.C 0533 0 
O.C 03560 
Ü.C01Ò5 J 
O.COC719 
0.00014 5 

C. 545067 
G.537211 
C.5 2775 3 
0.518171 
C.5 0536 S 
C.5 0019 3 
C.457540 
0.4 6146 2 
C.4 44 393 
l .419 371 
0.395976 
C.3 75087 
C.355433 
l .3 37*54 
C.3 2037 7 
C .334774 
C.29C4/7 
C.277363 
C.Z55251 
0.254361 
0.243612 
C .2 33790 
t .22460 3 
C.216315 
t.209042 
C .2 31497 

-0.960726 
-C.950205 
-0.913420 
-0.876237 
-0.042329 
-C. 636414 
-0.757233 
-0.6339C1 
-0.539619 
-0.491244 
-0.4 51 522 
-0.320371 
-C.244783 
-0.173789 
-0.1 J7 325 
-0.047211 

0.038331 
0.059274 
C.1J6331 
G.n93C4 
C.1903 >7 
0.2 2o Si 4 
0.234242 
0.296530 
C.324695 
0.354306 

1.122212 
1.10837? 
1.092342 
1.075882 
1.041337 
1.046154 
1.024334 
0.993 35 7 
0.954175 
0.914476 
0.878644 
0.846304 
0.216265 
0.738155 
C.76237 5 
0.733363 
0.715993 
0.6956C2 
0.676717 
C.659177 
0.642507 
0.626583 
3.612371 
0.598344 
C.578447 
0.561971 

0.0 3136 6 
Ü.0 31 547 
0.0 31564 
0.0 31290 
0.0 QC 32 3 
0.030571 
0.0 01042 
0.0 01 395 
0.(32120 
0.001718 
O.C 31506 
0.001521 
0.0 0159 5 
0.031 SCS 
0.001571 
0.031536 
0.0 31483 
0.001495 
0.001429 
0.031359 
0.001446 
0.011569 
0.C0C72 4 
O.C1010 3 
C.014955 
C.(06981 



I 

r 

F.F.A. 
AR 211 A.Rizzi 07-8-5 

MLR 7301 : MAC H - 0.720957, ALPHA - -0.194 ( 



F.F.A. 

*) r' 
¿(J 

p i T C H 
t^CH 

R^TF 

NSuP 
CVCl 

'6 v'07 NON ISO VOR INI/OüT TOCO UNORO NlRME3H3 N02 , Ol .02 

•o.iüo 
0.721 
O.OSG 

Lr i 
ALPHA 
RPSAS 
L I rT 
RYSEC 

0. io7 

-0.¡34 
0. i 33I: + 0C 
0.752F ‘•OC 
C. I3GF + C4 

CFlLS (JO* ö 
PLSAF oT^Tjr-07 
PRAG 0.64St-02 
RFGMX -0.238E-0G 

SYSFC HO1 
CJ A.nr, 

_i_ 
s i. 0Ó 
_i_ -L. 

Kt?,. I 1 
_I_ 

M1: I5.M5 
__J- 

5? ■ 16 0. C' jt pj :4.n-5 
_i_ 

Si 

I 



NI.R 7301: MAC H — 0.720957, ALPHA — -0.194 

ORO NlRME3H3 NQ2 ,0i .02 

CFlLS 
FL SAF 0TE7TjF”-0'7 
DRAO 0.G43t *02 
RF3MX -0.236E-00 4 I 

SYSEC »IO1 



F.F.A. 

AR 211 A.Rizzi 07-8-7 

NI.R 7301: MACH - 0.720957, ALPHA --0.194 



7 
RFA. 

ïS/6 V07 NONISO VOR IN/OUT TOGO UNORO NlRMESH3 N02 .0 
PITCH 
HACH 
RATE 
NSü'P 
CYCl 

•0 i 34 
0.721 
0. 932 

I 3C 
IOCO 

GC. IRC 
ALPHA 
PESAS 
LIFT 
SYSEC 

0.319 
-0.i94 

0.22IE-02 
0.G3SF+0C 
C.223E+C4 

.a 

pcsAF oTsinr-oG 
DPAG 0-959F-03 
RCSMX O.i 79F'-OS 

SYSEC * 

i\ 
o.cc ¿o.c: 

T-1- 
AO.CC 



AR 21 I A.RI//Í 

NI,R 7301 : MAC H - 0.720057. ALPHA - -0.104 

UNORO NlRMESH3 N02 .Ol 02 

7(. 30« 52 
4_L 

O 

T-r 
.CC lOO.CC 

CELLS ^£0X16 
Resaf oTsmT-os 
DRAG 0.959F-03 
RLSMX 0.|79F-0S 2S 

SVSEC . »10' 

07-H-H 

0
.3

4
 

. 
0

.7
J
 

0
.Î
I

 

D
R

A
G
 

»
1
0

 



F.F.A. 
AR 211 A.Rizzi 07-8-9 

Nl.R 7301 : MAC H - 0.720957, ALPHA - -0.194 



SAMI AS PREVIOUS MESH 1 SOLUTION EXC'I PI 

ITe/ô^VO? NGN I SO VOR IN/OUT TOGO UNORO N 
PITCH 
MACH 
RATE' 
NSUP 
CYCl 

-0.130 
0.721 
0.994 

51 7 

I 000 

GCIRC 0.298 
ALPHA -0.¡94 
RESAS 0.532F-03 
LIFT 0.597E>00 
OVSEC 0.959E+04 

o EFFICIENT 2nd Dif.fihcl 

1ESH3 N02 

-S ([60X32^) 
OTTFTT-O1 

lL! 
SAF 

DrAG 0.Í98E-0. 
RESMX 0.694F-05I 

o.cc 191.71 

0.09 20. ! 



KFA. 
AR 211 A.Rizzi 07-8-10 

NI R 7301: MACH - 0.72()037. ALPHA - -0.104 

IM »NI \( FIM I s )FFFKIFNT 2ikI l)if. liltor and 2 X Coefficient 4lh dif llltcr 

INORO NLRMESH3 N02 .Oi .02 

cetlls 
RESAF 
DRAG 0.Í98E-03 
RESMX 0.894E-05 134 

1 53*^20 
-J-\~- 

GYSEC »10' 

iSP.CO 

D
R

A
G
 

«
1
0
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F.F.A. 

AR 211 A.Rizzi 07-8-11 

NI R 7301: MACH - (1.720057. AI.PHA - -0.104 

* 





LO
G

R
E

S
 

I 

F.F.A. 

¿Vi FITCH 
MACH 
RATE 
N SUR 
CYCl 

SOI.U [ ION 28/6 alter 200(1 cycles (i.e. continued additional 1000 eyes) 

29/6 V07 NONISO VOR IN/OUT TOGO UNORO NLRMESH3 .01 .02 IOl 
-c.¡30 
0.721 
0.995 

51 7 
1 000 

r CCIRC 0.297 
ALPHA -0.¡94 
RESASfwv0.42IE-04 
LIFT 0.596E+00 
SYSEC 0.926E+04 
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e**1 RESAEf^s0. ¡87É-06 

DRAG 0.258E-03 
RE:Sh1><^0- 1 1 3E-05 
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AR2II A.Rizzi 07-8-12 

NLR 7301 : MACH - 0.720957, ALPHA - -0.194 

i b after 2000 cycles (i.e. continued additional 1000 eyes) 

NORO NLRMESH3 .01 .02 1000 EX 
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SOLUTION AFTER 20(1 cycles 
28/6 VO? NONISO VOR IN/OUT TOOO 

P I PRES l-P/PIINF 

UNORO NLRMESH 3 N/2 .01.02 
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F.F.A. 
AR 211 

A.Rizzi 07-8-13 

NLR730I: MACH-0.720957, ALPHA--0.194 



F.F.A. 

P 2 MACH 

1. 



F.F.A. 
AR 211 A.Rizzi 07-8-14 

NI.R 7301 : MACH - 0.720957, ALPHA - -0.194 

"•—r —*-■ ...———Wf 



P 3 TOTP I-P1/PIINK 
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P 5 PRIS l-P/PIINF INC-.025 min-.025 max-.625 

I 





P ft PRES I P PUNE INC — .025 min-.025 max-.ft25 



AR2II A.RÍ//Í 
RFA. 

NI R 7.101: MA( H — 0.720057. ALPHA — —0,194 





AR 211 A.Rizzi 07-8-19 

MLR 7301: MACH-0.720957, ALPHA --0.194 

F.F.A. 
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/ u 
F.F.A. 

P 8 MACH INC-.05 min-.05 max-1.25 
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F.F.A. 

AR 211 A.Rizzi 07-8-20 

MLR 7301 : MACH - 0.720957. ALPHA - -0.194 



P 9 MACH INC-.()5 min-.05 max-1.25 
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F.F.A. 
AR 211 A.Rizzi 07-8-22 

Nl.R 7301: MAC H - 0.720957, AL PHA - -0.194 

í7^ 

i 

: h 

I 



P II TOTP 1-P1/PIINF INC = .0()5 min = -005 max-.01 
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V 
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F.F.A. 

AK 21 I 
A.Rizzi 07-8-23 

NFR 7301: MACH - 0.720057, ALPHA - -0.104 
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F.F.A. 
AR2II A.Rizzi 07-H-24 

NI R 7.101 : MAC H - 0.720957, ALPHA - -0.194 

LRKf-SH3 NQ2 .Oí .02 

- 



28/6 V07 NONISO VOR IN/OUT TOQO UNORO NL.RMESH3 N02 .01 

P 1 MACH SONIC LINE AFTER 2000 cycles 



F.F.A. 

' m 

AR 211 A.Rizzi 07-8-25 

NI.R 7301: MACH - 0.720957, ALPHA - -0.194 

LRMESH3 N02 .01 .02 
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AGARD FDP — WG 07 

TEST CASES FOR STEADY INVISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 07 

NLR 7301: MACH = 0.720957, ALPHA = -0.194 

Contributor No 9 

W.Schmidt and AJameson 

(Dornier, F.R.G.) and (Princeton Univ., U.S.A.) 



IMIRNIKR JAMESON 
AR 211 

W.Schmidt 
A Jameson 

07-9-1 

NLR 7301 : MACH - (1.720957, ALPHA - -0.194 

N X/C(X) Z/C(X) 1-P/PIINF CP MACH 1-P I/P I INF 

( 

2 1.015117 
3 1.014674 
4 1.013796 
5 1 .012485 
6 1.010739 
7 1.008563 
8 1.005956 
9 1.002918 

10 0.999452 
11 0.995560 
12 0.991244 
13 0.986508 
14 0.981356 
15 0.975792 
16 0.969822 
17 0.963452 
18 0.956688 
19 0.949539 
20 0.942012 
21 0.934116 
22 0.925861 
23 0.917257 
24 0.908316 
25 0.899050 
26 0.889471 
27 0.879592 
28 0.869427 
29 0.858990 
30 0.848296 
31 0.837358 
32 0.826191 
33 0.814812 
34 0.803234 
36 0.791472 
36 0.779541 
37 0.767455 
38 0.755229 
39 0.742876 
40 0.730411 
41 0.717847 
42 0.705196 
43 0.692473 
44 0.679689 
45 0.666857 
46 0.653990 
47 0.641100 
48 0.628198 
49 0.615296 
50 0.602407 
51 0.589540 
52 0.576708 
53 0.563921 
54 0.551190 
55 0.538525 
56 0.525937 
57 0.513435 
58 0 501028 

59 0.488725 
60 0.476537 
61 0.464472 
62 0.452537 
63 0.440741 
64 0.429090 
65 0.417591 
66 0.406251 
67 0.395074 
68 0.364066 
69 0.373232 
70 0.362575 
71 0.352101 
72 0.341811 
73 0.331710 
74 0.321799 
75 0.312081 
76 0.302558 
77 0.293231 
78 0.284101 
79 0.275170 
80 0.266437 

0.000015 
0.000075 
0.000194 
0.000370 
0.000599 
0.000877 
0.001195 
0.001546 
0.001922 
0.002312 
0.002707 
0.003098 
0.003475 
0.003826 
0.004140 
0.004403 
0.004602 
0.004725 
0.004758 
0.004687 
0.004501 
0.004187 
0.003735 
0.003133 
0.002374 
0.001450 
0.000356 

-0.00091 1 
-0.002351 
-0.003962 
-0.005740 
-0.007679 
-0.009772 
-0.012010 
-0.014380 
-0.016868 
-0.019456 
-0.022126 
-0.024858 
-0.027638 
-0.030450 
-0.033279 
-0.0361 1 1 
-0.038928 
-0.041709 
-0.044436 
-0.047091 
-0.049660 
-0.052137 
-0.054516 
-0.056796 
-0.058975 
-0.061050 
-0.063018 
-0.064675 
-0.066573 
-0.068179 

-0.069671 
-0.070959 
-0.072088 
-0.073069 
-0.073915 
-0.074637 
-0.075247 
-0.075754 
-0.076167 
-0.076494 
-0.076742 
-0.076919 
-0.077029 
-0.077077 
-0.077069 
-0.077008 
-0.076896 
-0.076737 
-0.076534 
-0.076289 
-0.076005 
-0.075684 

0.186418 
0.189420 
0.188761 
0.187096 
0.194662 
0.181953 
0.179314 
0.176622 
0.174118 
0.171937 
0.169811 
0.167767 
0.165890 
0.164160 
0.162593 
0.161231 
0.160094 
0.159211 
0.158612 
0.158316 
0.158345 
0.158714 
0.159448 
0.160572 
0.162098 
0.164058 
0.166481 
0.169386 
0.172789 
0.176659 
0.180954 
0.185715 
0.191004 
0.196861 
0.203275 
0.210200 
0.21^573 
0.225271 
0.233238 
0.241475 
0.250056 
0.259048 
0.268515 
0.278370 
0.288477 
0.298554 
0.308372 
0.317825 
0.326929 
0.335773 
0.344531 
0.353465 
0.362868 
0.372615 
0.381923 
0.388622 
0.405355 

0.414302 
0.421497 
0.426201 
0.429444 
0.431515 
0.432653 
0.433103 
0.433062 
0.432681 
0.432092 
0.431382 
0.430642 
0.429935 
0.429305 
0.428729 
0.428189 
0.427667 
0.427150 
0.426629 
0.426074 
0.425482 
0.424876 

0.412585 
0.400920 
0.403481 
0.409951 
0.419404 
0.429930 
0.440182 
0.450642 
0.460367 
0.468843 
0.477098 
0.485042 
0.492333 
0.499053 
0.505141 
0.510432 
0.514851 
0.518279 
0.520609 
0.521757 
0.521644 
0.520210 
0.517359 
0.512993 
0.507065 
0.499451 
0.490037 
0.478752 
0.465533 
0.450498 
0.433811 
0.415313 
0.394769 
0.372015 
0.347097 
0.320192 
0.291552 
0.261646 
0.230692 
0.198695 
0.165358 
0.130426 
0.093646 
0.055361 
0.016097 

-0.023052 
-0.061194 
-0.097919 
-0.133286 
-0.167642 
-0.201669 
-0.236377 
-0.272906 
-0.310771 
-0.346932 
-0.372958 
-0.437964 

-0.472721 
-0.500672 
-0.518945 
-0.531545 
-0.539591 
-0.544014 
-0.545759 
-0.545601 
-0.54412! 
-0.541832 
-0.539073 
-0.536199 
-0.533454 
-0.531004 
-0.528768 
-0.526671 
-0.524644 
-0.522633 
-0.520610 
-0.518452 
-0.516154 
-0.513798 

0.547994 
0.554577 
0.554641 
0.551606 
0.547433 
0.542862 
0.538298 
0.533808 
0.529464 
0.525591 
0.522013 
0.518486 
0.515171 
0.512158 
0.509426 
0.507021 
0.505020 
0.503465 
0.502403 
0 501880 
0.501936 
0.502595 
0.503899 
0.505889 
0.508590 
0.512037 
0.516274 
0.521335 
0.527218 
0.533887 
0.541263 
0.549350 
0.558249 
0.568024 
0.578655 
0.590044 
0.602064 
0.614556 
0.627377 
0.640530 
0.654124 
0.668275 
0.683068 
0.698420 
0.714085 
0.729701 
0.744880 
0.759453 
0.773460 
0.787061 
0.800523 
0.814226 
0.828541 
0.843382 
0.858278 
0.869995 
0.890358 

0.910731 
0.919284 
0.927160 
0.932279 
0.935487 
0.937276 
0.937982 
0.937903 
0.937294 
0.936352 
0.935229 
0.934052 
0.932927 
0.931918 
0.931011 
0.930157 
0.929333 
0.928513 
0.927687 
0.926818 
0.925885 
0.924922 

0.002172 
0.001079 
0.000222 
0.000386 
0.000424 
0.000400 
0.000443 
0.000353 
£.000378 
e.000450 
0.000374 
0.000348 
0.000374 
0.000361 
0.000343 
0.000346 
0.000341 
0.000335 
0.000334 
0.000332 
0.000329 
0.000326 
0.000325 
la . 000326 
0.000320 
0.000320 
0.000325 
0.000329 
0.000341 
0.000341 
0.000323 
0.000329 
0.000344 
0.000362 
0.000372 
0.000383 
0.000395 
0.000378 
0.000366 
0.000362 
0.000372 
0.000390 
0.000425 
0.000436 
0.000457 
0.000430 
0.000394 
0.000370 
0.000357 
0.000339 
0.000324 
0.000347 
0.000493 
0.000671 
t.. 00011 9 

-0.001317 
0.004699 

-0.002235 
0.000743 
0.000210 
0.000198 
0.00026 : 
0.000273 
0.000276. 
0.000292 
0.000302 
0.000314 
0.000314 
0.000327 
0.000340 
0.000355 
0.000354 
0.000360 
0.000360 
0.000365 
0.000372 
0.000368 
0.000371 
0.000379 



DORMI R JAM! SON 
AR 211 W.Schmidl 

A Jameson 07-9-2 

NLR7301: MACH - 0.720957. ALPHA --0.194 

81 0.257902 
32 0.249566 
83 0.241427 
84 0.233486 
85 0.225741 
86 0.218190 
87 0.210832 
88 0.203665 
89 0.196687 
90 0.189895 
91 0.183288 
92 0.176861 
93 0.170613 
94 0.164539 
95 0.158638 
96 0.152904 
97 0.147335 
98 0.141926 
99 0.136674 

100 0.131573 
101 0.126619 
102 0.121805 
103 0.117127 
104 0.112584 
105 0.108169 
106 0.103879 
107 0.099708 
108 0.095650 
109 0.091699 
110 0.087850 
111 0.084097 
112 0.080434 
113 0.076856 
114 0.073357 
115 0.069930 
11b 0.066571 
117 0.063274 
118 0.060033 
119 0.056844 
120 0.053702 
121 0.050601 
122 0.047537 
123 0.044508 
124 0.041511 
125 0.038544 
126 0.035608 
127 0.032705 
128 0.029840 
129 0.027022 
130 0.024265 
131 0.021584 
132 0.018997 
133 0.016520 
134 0.014173 
135 0.011993 
136 0.009990 
137 0.008166 
138 0.006529 
139 0.005088 
140 0.003834 
141 0.002746 
142 0.001847 
143 0.001154 
144 0.000651 
145 0.000308 
146 0.000102 
147 0.000018 
148 0.000044 
149 0.000172 
150 0.000396 
151 0.000711 
152 0.001110 
153 0.001591 
154 0.002150 
155 0.002785 
156 0.003506 
157 0.004321 
158 0.005225 
159 0.006210 
160 0.007278 

-0.075329 
-0.074942 
-0.074525 
-0.074080 
-0.073610 
-0.073115 
-0.072597 
-0.072059 
-0.071502 
-0.070928 
-0.070338 
-0.069733 
-0.069115 
-0.068486 
-0.067845 
-0.067195 
-0.066536 
-0.065868 
-0.065192- 
-0.064510 
-0.063828 
-0.063148 
-0.062468 
-0.061781 
-0.061084 
-0.060380 
-0.059668 
-0.058950 
-0.058224 
-0.057491 
-0.056749 
-0.035998 
-0.055235 
-0.054460 
-0.053671 
-0.052864 
-0.052038 
-0.051188 
-0.050312 
-0.049407 
-0.048470 
-0.047496 
-0.046482 
-0.045423 
-0.044314 
-0.043150 
-0.041924 
-0.040632 
-0.039264 
-0.037815 
-0.036276 
-0.034642 
-0.032912 
-0.031084 
-0.029152 
-0.027123 
-0.025008 
-0.022815 
-0.020552 
-0.018232 
-0.015871 
-0.013470 
-0.011037 
-0.008584 
-0.006123 
-0.003663 
-0.001210 
0.001231 
0.003657 
0.006065 
0.008454 
0.010822 
0.013167 
0.015489 
0.017786 
0.020057 
0.022299 
0.024509 
0.026688 
0.028834 

0.424247 
0.423611 
0.422972 
0.422308 
0.421673 
0.420864 
0.420105 
0.419292 
0.418503 
0.417714 
0.416878 
0.416014 
0.415201 
0.414455 
0.413752 
0.413003 
0.412014 
0.410528 
0.408499 
0.406564 
0.406216 
0.407530 
0.409062 
0.409795 
0.409730 
0.409350 
0.408994 
0.408692 
0.4084S7 
0.408284 
0.408096 
0.407896 
0.407743 
0.407755 
0.407885 
0.40^853 
0.40^434 
0.406503 
0.405064 
0.403197 
0.400995 
0.398348 
0.395016 
0.391007 
0.386496 
0.381430 
0.375824 
0.369465 
0.361638 
0.351519 
0.338126 
0.322018 
0.304446 
0.283001 
0.253562 
0.223826 
0.192052 
0.161034 
0.127643 
0.099748 
0.075911 
0.053238 
0.033914 
0.019320 
0.009395 
0.003369 
0.000806 
0.001188 
0.004154 
0.009449 
0.016869 
0.026212 
0.037576 
0.050839 
0.066088 
0.084411 
0.103358 
0.123669 
0.146103 
0.171396 

-0.511355 
-0.508883 
-0.506402 
-0.503825 
-0.501355 
-0.498215 
-0.495265 
-0.492105 
-0.489041 
-0.485974 
-0.482729 
-0.479373 
-0.476213 
-0.473316 
-0.470585 
-0.467673 
-0.463832 
-0.458058 
-0.450177 
-0.442657 
-0.441308 
-0.446413 
-0.452363 
-0.455212 
-0.454958 
-0.453484 
-0.452099 
-0.450927 
-0.450015 
-0.449343 
-0.448613 
-0.447834 
-0.447241 
-0.447287 
-0.447791 
-0.447668 
-0.446039 
-0.442424 
-0.436832 
-0.429578 
-0.421026 
-0.410740 
-0.397798 
-0.382224 
-0.364698 
-0.345017 
-0 323236 
-0.798533 
-0.26812-1 
-0.228814 
-0.176787 
-0.114207 
-0.045944 
0.037370 
0.151738 
0.267260 
0.390696 
0.511198 
0.640919 
0.749288 
0.841894 
0.929976 
1.005045 
1.061741 
1.100298 
1.123709 
1 . 133665 
1.132182 
1.120659 
1.100090 
1.071264 
1.034966 
0.990820 
0.939295 
0.880052 
0.808869 
0.735262 
0.656358 
0.569203 
0.470942 

0.923936 
0.922929 
0.921922 
0.920877 
0.919849 
0.918654 
0.917379 
0.916154 
0.914880 
0.913647 
0.912352 
0.910998 
0.909706 
0.908531 
0.907414 
0.906221 
0.904678 
0.902440 
0.899441 
0.896437 
0.895493 
0.897423 
0.900026 
0.901300 
0.901209 
0.900866 
0.899978 
0.899520 
0.899138 
0.898862 
0.898590 
0.898283 
0.898036 
0.898001 
0.898169 
0.898133 
0.897478 
0.896031 
0.893775 
0.890822 
0.887317 
0.883170 
0.878005 
0.871717 
0.864601 
0.856663 
0.847751 
0.837641 
0.825354 
0.809643 
0.789185 
0.763984 
0.736040 
0.703825 
0.660137 
0.610590 
0.559887 
0.506219 
0.447680 
0.389077 
0.336341 
0.281447 
0.223222 
0.166781 
0.114637 
0.066915 
0.027930 
0.036275 
0.074637 
0. 1 14864 
0.154715 
0.194232 
0.233563 
0.272846 
0.314304 
0.35661 1 
0.397074 
0.437551 
0.479900 
0.524918 

0.000378 
0.000386 
0.000388 
0.000392 
0.000424 
0.000344 
0.000437 
0.000381 
0.000422 
0.000418 
0.000403 
0.000403 
0.000425 
0.000434 
0.000452 
0.000476 
0.000473 
0.000382 
0.000200 
0.000186 
0.000622 
0.000750 
0.000520 
0.000377 
0.000367 
0.000422 
0.000456 
0.000440 
0.000460 
0.030466 
0.000442 
0.000436 
0.000445 
0.000503 
0.000541 
0.000528 
0.000527 
0.000523 
0.000537 
0.000585 
0.000671 
0.000704 
0.000695 
0.000768 
0.000903 
0.001012 
0.001272 
0.001581 
0.001809 
0.001942 
0.001801 
0.002205 
0.002987 
0.002043 

-0.000033 
0.001678 
0.000430 
0.000654 

-0.000995 
0.000689 
0.000645 

-0.000303 
-0.000201 
0.000094 
0.000253 
0.000242 
0.000262 
0.000271 
0.000266 
0.000273 
0.000300 
0.000255 
0.000322 
0.000450 

-0.000102 
0.000284 
0.000438 
0.000499 
0.000336 
0.000265 
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161 0.008435 
16Z 0.009687 
163 0.011036 
164 0.012485 
165 0.014034 
166 0.015694 
167 0.017472 
168 0.019370 
169 0.021403 
170 0.023576 
171 0.025882 
172 0.028321 
173 0.030855 
174 0.033424 
175 0.036016 
176 0.038635 
177 0.041281 
178 0.043954 
179 0.046653 
180 0.049378 
181 0.052128 
182 0.054903 
183 0.057705 
184 0.060533 
185 0.063390 
186 0.066276 

187 0.069193 
188 0.072143 
189 0.075127 
190 0.078147 
191 0.081206 
192 0.084307 
193 0.087454 
194 0.090650 
195 0.093898 
196 0.097202 
197 0.100564 
198 0.103989 
199 0.107478 
200 0.111035 
201 0.114662 
202 0.118364 
203 0.122142 
204 0.126000 
205 0.129940 
206 0.133965 
207 0.138078 
208 0.142281 
209 0.146578 
210 0.150969 
211 0.155459 
212 0.160049 
213 0.164743 
214 0.169541 
215 0.174447 
216 0.179463 
217 0.184591 
218 0.189832 
219 0.195189 
220 0.200665 
221 0.206260 
222 0.211976 
223 0.217815 
224 0.223773 
225 0.229870 

! 226 0.236088 
I 227 0.242435 

228 0.248912 
229 0.255520 
230 0.262260 
231 0.269133 
232 0.276140 
233 0.283281 
234 0.290557 
235 0.297968 
236 0.305514 
237 0.313196 
238 0.321012 
239 0.328964 
240 0.337050 

AR 211 
W.Schmidt 
A Jameson 

07-9-3 

NLR7301: MACH — 0.720957. ALPHA--0.194 

0.030942 
0.033011 
0.035035 
0.037012 
0.038937 
0.040804 
0 042604 
0.044333 
0.045977 
0.047526 
0.048977 
0.050320 
0.051571 
0.052759 
0.053892 
0.054971 
0.055997 
0.056972 
0.057899 
0.058782 
0.059623 
0.060426 
0.061194 
0.061930 
0.062636 
0.063317 

0.063974 
0.064612 
0.065234 
0.065842 
0.066439 
0.067026 
0.067604 
0.063174 
0.068737 
0.069293 
0.069843 
0.070388 
0.070928 
0.071464 
0.071995 
0.072523 
0.073047 
0.073568 
0.074085 
0.074599 
0.075110 
0.075617 
0.076121 
0.076622 
0.077119 
0.077612 
0.078101 
0.078585 
0.079065 
0.079539 
0.080007 
0.080470 
0.080926 
0.081375 
0.081817 
0.082250 
0.082676 
0.083092 
0.083498 
0.083893 
0.084278 
0.084651 
0.085011 
0.085358 
0.085691 
0.086009 
0.086312 
0.086598 
0.086866 
0.087116 
0.687346 
0.087556 
0.087745 
0.087912 

0. 199093 
0.228592 
0.259747 
0.292706 
0.328787 
0.368502 
0.408299 
0.450923 
0.495494 
0.535964 
0.572459 
0.598913 
0.604723 
0.602651 
0.601415 
0.601791 
0.603550 
0.606017 
0.608852 
0.611902 
0.615044 
0.618069 
0.620848 
0.623345 
0.625463 
0.627090 

0.628132 
0.628473 
0.628061 
0.627123 
0.626064 
0.625039 
0.624044 
0.623010 
0.621908 
0.620743 
0.619551 
0.618338 
0.617071 
0.615762 
0.614450 
0.613145 
0.611829 
0.610516 
0.609225 
0.607923 
0.606579 
0.605193 
0.603779 
0.602362 
0.600961 
0.599582 
0.598220 
0.596864 
0.595527 
0.594209 
0.592905 
0.591623 
0.590361 
0.589102 
0.587849 
0.586620 
0.585409 
0.584219 
0.583036 
0.581857 
0.580691 
0.579524 
0.578366 
0.577206 
0.576059 
0.574927 
0.573797 
0.572666 
0.571534 
0.570380 
0.569191 
0.567970 
0.566719 
0.565428 

0.363343 
0.248741 
0.127708 

-0.000334 
-0.140503 
-0.294793 
-0.449399 
-0.614989 
-0.788145 
-0.945363 
-1.087144 
-1.189913 
-1.212486 
-1.204434 
-1.199636 
-1.201096 
-1.207930 
-1.217513 
-1.22852-1 
-1.240375 
-1.252579 
-1.264332 
-1.275130 
-1.284829 
-1.293058 
-1.299380 

-1.303427 
-1.304751 
-1.303149 
-1.299507 
-1.295392 
-1.291411 
-1.287547 
-1.283527 
-1.279249 
-1.274721 
-1.270089 
-1.265378 
-1.260455 
-1.255369 
-1.250273 
-1.245206 
-1.240089 
-1.234990 
-1.229974 
-1.224916 
-1.219696 
-1.214311 
-1.208818 
-1.203315 
-1.197870 
-1.192512 
-1.187223 
-1.181954 
-1.176759 
-1.171638 
-1.166572 
-1.161592 
-1.156693 
-1.151799 
-1.146933 
-1.142155 
-1.137450 
-1 .132832 
-1.128234 
-1.123652 
-1.119123 
-1.114592 
-1.110090 
-1.105585 
-1.101130 
-1.096729 
-1.092341 
-1 .087946 
-1.083549 
-1.079067 
-1.074449 
-1.069703 
-1.064842 
-1.059829 

0.571735 
0.619847 
0.669063 
0.719959 
0.776654 
0.836675 
0.897547 
0.966212 
1.037245 
1.104372 
1.171906 
1.216405 
1.225887 
1 .225173 
1.225689 
1.227671 
1.231072 
1 .235313 
1.240212 
1.245741 
1.251664 
1.257502 
1.262989 
1.268000 
1.272270 
1.275568 

1.277707 
1.278424 
1.277579 
1.275755 
1.273705 
1.271675 
1.269624 
1.267462 
1.265169 
1.262774 
1.260365 
1.257928 
1.255387 
1.252780 
1.250195 
1.247623 
1.245026 
1.242455 
1.239942 
1.237402 
1.234788 
1.232102 
1.229372 
1.226645 
1.223950 
1.221308 
1.218700 
1.216114 
1.213580 
1.211087 
1.208627 
1.206223 
1.203857 
1.201494 
1.199160 
1.196868 
1.194619 
1.192413 
1.190216 
1.188042 
1.185887 
1 . 1 83743 
1.181612 
1 . 179485 
1.177391 
1.175324 
1.173262 
1.171207 
1.169155 
1.167061 
1.164909 
1.162704 
1.160457 
1.158126 

0.000366 
0.000426 
0.000654 
0.001074 
0.000025 
0.001048 
0.001912 
0.000363 
0.002067 
0.003828 
0.000296 
0.006264 
0.008354 
0.004094 
0.000317 

-0.001357 
-0.001425 
-0.000795 
-0.000073 
0.000404 
0.000640 
0.000730 
0.000688 
0.000570 
0.000469 
0.000383 

0.000295 
0.000246 
0.000277 
0.000219 
0.000143 
0.000137 
0.000248 
0.000403 
0.000565 
0.000700 
0.000786 
0.000865 
0.000947 
0.001017 
0.001059 
0.001108 
0.001168 
0.001208 
0.001238 
0.001283 
0.001326 
0.001364 
0.001401 
0.001433 
0.001470 
0.001500 
0.001538 
0.001569 
0.001585 
0.001602 
0.001616 
0.001620 
0.001627 
0.001643 
0.001647 
0.001651 
0.001655 
0.001658 
0.001671 
0.001670 
0.001677 
0.001677 
0.001682 
0.001685 
0.001679 
0.001678 
0.001682 
0.001675 
0.001670 
0.001670 
0.001668 
0.001665 
0.001651 
0.001658 
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NLR 7301: MACH - 0.720957, ALPHA--0.194 

ZU 
242 
243 
244 
245 
245 
247 
248 
249 
250 

ZÎ\ 
252 
253 
254 
255 
258 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
235 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
31B 
316 
317 
318 
319. 
320 
321 

0 

0.345269 
0.353622 

362106 
0.370722 
0.379467 
0.388340 
0.3973.39 
0.406463 
0.415709 
0.425075 

0.434558 
0.444156 
0.453865 
0.463683 
0.473606 
0.483630 
0.493752 
0.503966 
0.514270 
0.524657 
0.535124 
0.545665 
0.556274 
0.566945 
0.577674 
0.588452 
0.599274 
0.610132 
0.621019 
0.631928 
0.642851 
0.653779 
0.664704 
0.675620 
0.686517 
0.697387 
0.708222 
0.719013 
0.729753 
0.740432 
0.751041 
0.761574 
0.772019 
0.782370 
0.792617 
0.802751 
0.812764 
0.822647 
0.832390 
0.841985 
0.851422 
0.860693 
0.869787 
0.878697 
0.887411 
0.895922 
0.904219 
0.912294 
0.920135 
0.927735 
0.935083 
0.942170 
0.948987 
0.955523 
0.9617^0 
0.967719 
0.973359 
0.978682 
0.983679 
0.988341 
0.992659 
0.996625 
1.000229 
1.003464 
1.006322 
1.008795 
1.010874 
1.012553 
1.013826 
1.014684 
1.015118 

0.088055 
0.088175 
0.088268 
0.088335 
0.088375 
0.088385 
0.088364 
0.088312 
0.088229 
0.08811 1 

0.087957 
0.087767 
0.087538 
0.087270 
0.086960 
0.086608 
0.086209 
0.085764 
0.085270 
0.084724 
0.084124 
0.083468 
0.082752 
0.081972 
0.081126 
0.080209 
0.079218 
0.078146 
0.076993 
0.075753 
0.074426 
0.073012 
0.071513 
0.069932 
0.068273 
0.066541 
0.064743 
0.062882 
0.060964 
0.058996 
0.056982 
0.054929 
0.052845 
0.050735 
0.048607 
0.046467 
0.044321 
0.042176 
0.040038 
0.037913 
0.035807 
0.033725 
0.031673 
0.029656 
0.027679 
0.025746 
0.023862 
0.022031 
0.020256 
0.018541 
0.016890 
0.015306 
0.013792 
0.012349 
0.010980 
0.009687 
0.008473 
0.007339 
0.006287 
0.005318 
0.004431 
0.003627 
0.002906 
0.002266 
0.001707 
0.001228 
0.000828 
0.000507 
0.000265 
0.000103 
0.000021 

0.564084 
0.562717 
0.561326 
0.559919 
0.558546 
0.557215 
0.555826 
0.554189 
0.553005 
0.551722 

0.550421 
0.549062 
0.547626 
0.546062 
0.544361 
0.542522 
0.540504 
0.538244 
0.535662 
0.532682 
0.529340 
0.525789 
0.522315 
0.519272 
0.516900 
0.515082 
0.513315 
0.510364 
0.505289 
0.49^472 
0.487248 
0.475790 
0.464515 
0.454351 
0.445346 
0.43^000 
0.428772 
0.420343 
0.411753 
0.403131 
0.394634 
0.386345 
0.378268 
0.370399 
0.362732 
0.355271 
0.348033 
0.341011 
0.334212 
0.327643 
0.321289 
0.315147 
0.309214 
0.303480 
0.29^945 
0.292604 
0.287434 
0.282438 
0.277603 
0.272918 
0.268389 
0.264018 
0.259785 
0.255664 
0.251638 
0.247695 
0.243862 
0.240194 
0.236688 
0.233328 
0.230096 
0.226967 
0.223925 
0.220919 
0.217844 
0.214634 
0.2111S0 
0.207226 
0.202701 
0.197477 
0 130343 

-1.054607 
-1.049295 
-1.043894 
-1.038425 
-1.033093 
-1.027922 
-1.022525 
-1.016168 
-1.011565 
-1.006582 

-1.001527 
-0.996250 
-0.990669 
-0.984595 
-0.977987 
-0.970840 
-0.963003 
-0.954223 
-0.944191 
-0.932616 
-0.919631 
-0.905834 
-0.892340 
-0.880517 
-0.871302 
-0.864239 
-0.857377 
-0.845910 
-0.826195 
-0.795828 
-0.756108 
-0.711594 
-0.667792 
-0.628307 
-0.593322 
-0.560902 
-0.528937 
-0.496189 
-0.462817 
-0.429323 
-0.396314 
-0.364112 
-0.332734 
-0.302160 
-0.272376 
-0.243390 
-0.215271 
-0.187993 
-0.161581 
-0.136061 
-0.111377 

• -0.087516 
-0.064466 
-0.042189 
-0.020687 
0.000063 
0.020149 
0.039558 
0.058341 
0.076543 
0.094136 
0.111116 
0.127562 
0.143569 
0.159210 
0.174529 
0.189420 
0.203672 
0.217292 
0.230344 
0.242900 
0.255055 
0.266872 
0.278553 
0.290498 
0.302968 
0.316502 
0.331747 
0.349325 
0.369620 
0.405105 

1.155712 
1.153266 
1.150774 
1.148259 
1.145794 
1.143573 
1.140821 
1.138136 
1.136016 
1.133727 

.131432 

.129054 

.126530 

.123784 

.120815 

.117614 

.114106 

.110189 

.105705 

.100542 
1.094767 
1.088653 
1.082719 
1.077599 
1.073610 
1.070719 
1.067738 
1.062754 
1.054125 
1.040929 
1.023912 
1.005169 
0.987020 
0.970797 
0.956445 
0.943168 
0.930090 
0.916796 
0.903323 
0.889874 
0.876676 
0.863827 
0.851333 
0.839183 
0.827362 
0.815881 
0.804746 
0.^93949 
0.783502 
0.773400 
0.763625 
0.754171 
0.745025 
0.736178 
0.727631 
0.719358 
0.711342 
0.^03584 
0.696054 
0.688743 
0.681670 
0.674820 
0.668169 
0.661677 
0.655309 
0.649054 
0.642976 
0.637141 
0.631543 
0.626164 
0.620971 
0.615938 
0.611042 
0.606165 

0.601193 
0.595939 
0.590197 
0.583351 
0.576835 
0.567008 
0.551610 

0.001653 
0.001645 
0.001646 
0.001645 
0.001665 
0.001473 
0.001829 
0.001555 
0.001582 
0.001607 

0.001606 
0.001585 
0.001582 
0.001581 
0.001568 
0.001551 
0.001536 
0.001519 
0.001527 
0.001544 
0.001568 
0.001599 
0.001599 
0.001527 
0.001481 
0.001253 
0.001250 
0.001262 
0.001397 
0.001587 
0.001720 
0.001697 
0.001537 
0.001389 
0.001350 
0.001372 
0.001452 
0.001486 
0.001503 
0.001494 
0.001477 
0.001473 
0.001474 
0.001474 
0.001480 
0.001475 
0.001478 
0.001480 
0.001474 
0.001475 
0.001475 
0.001473 
0.001476 
0.001475 
0.001469 
0.001477 
0.001476 
0.001473 
0.001481 
0.001481 
0.001476 
0.001474 
0.001473 
0.001476 
0.001484 
0.001493 
0.001481 
0.001475 
0.001471 
0.001469 
0.001468 
0.001462 
0.001446 
0.001448 

0.001427 
0.001439 
0.001467 
0.001307 
0.001032 
0.001888 
0.001917 
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NLR 7301: MACH-0.720937, ALPHA- 0.194 

NLR 7301 M=0.721, ALPHA=-0.194 
RESULTS AT FAR-FI ELD BOUNDARY (J=65) 
I X/C(%) Z/C(%) RHO P 

I 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

44.198776 
44.054855 
43.873230 
43.654114 
43.397781 
43.104553 
42.774796 
42.408905 
42.007370 
41.570694 
41.099426 
40.594147 
40.055527 
39.484238 
38.880997 
38.246567 
37.581757 
36.887390 
36.164352 
35.413498 
34.635803 
33.832184 
33.003616 
32.151123 
31.275696 
30.378387 
29.460236 
28.522324 
27.565720 
26.591507 
25.600784 
24.594650 
23.574203 
22.540543 
21.494781 
20.438019 
19.371338 
18.295822 
17.212585 
16.122665 
15.027136 
13.927039 
12.823407 
11.717255 
10.609577 
9.501350 
8.393530 
7.287051 
6.182825 
5.081738 
3.984653 
2.892404 
1.805797 
0.725613 

-0.347399 
-1.412516 
-2.469048 
-3.516332 
-4.553731 
-5.580645 
-6.596501 
-7.600763 
-8.592920 
-9.572495 

-10.539043 
-11.492147 
-12.431421 
-13.356509 
-14.267083 
-15.162848 
-16.043518 
-16.908890 
-17.758713 
-18.592804 
-19.411011 
-20.213181 
-20.999222 
-21.769028 
-22.522537 

-4.224165 
-5.507944 
-6.786684 
-8.059116 
-9.323985 

-10.580049 
-11.826078 
-13.060868 
-14.283227 
-15.491988 
-16.686005 
-17.864166 
-19.025391 
-20.168594 
-21.292786 
-22.396957 
• 23.480133 
-24.541428 
-25.579941 
-26.594833 
-27.585297 
-28.550598 
-29.489975 
-30.402802 
-31.288406 
-32.146240 
-32.975723 
-33.776398 
-34.547775 
-35.289490 
-36.001144 
-36.682449 
-37.333130 
-37.952957 
-38.541748 
-39.099365 
-39.625732 
-40.120773 
-40.584503 
-41.016953 
-41.418182 
-41.788330 
-42.127548 
-42.436020 
-42.713989 
-42.961685 
-43.179443 
-43.367584 
-43.526459 
-43.656479 
-43.758072 
-43.831696 
-43.877823 
-43.896957 
-43.889618 
-43.856323 
-43.797684 
-43.714264 
-43.606613 
-43.475372 
-43.321167 
-43.144653 
-42.946457 
-42.727264 
-42.487732 
-42.228531 
-41.950333 
-41.653824 
-41.339676 
-41.008575 
-40.661194 
-40.298218 
-39.920303 
-39.528107 
-39.122330 
-38.703583 
-38.272537 
-37.829834 
-37.376099 

1.000032 
1.000035 
1.000039 
1.000044 
1.000049 
1.000053 
1.000057 
1.000061 
1.000064 
1.000068 
1.000071 
1.000073 
1.000075 
1.000078 
1.000080 
1.000083 
1.000085 
1.000088 
1.000090 
1.000093 
1.000095 
1.000099 
1.000102 
1.000106 
1.000110 
1.000114 
1.000119 
1.000124 
1.000129 
1.000134 
1.000141 
1.000147 
1.000154 
1.000160 
1.000167 
1.000175 
1.000181 
1.000189 
1.000196 
1.000204 
1.000212 
1.000219 
1.000227 
1.000235 
1.000242 
1.000251 
1.000258 
1.000267 
1.000276 
1.000286 
1.000297 
1.000308 
1.000318 
1.000336 
1.000383 
1.000395 
1.000409 
1.000414 
1.000419 
1.000420 
1.000420 
1.000419 
1.000417 
1.000414 
1.000410 
1.000405 
1.000401 
1.000395 
1.000389 
1.000383 
1.000377 
1.000371 
1.000363 
1.000357 
1.000350 
1.000343 
1.000337 
1.000329 
1.000322 

0.852934 
0.852907 
0.852883 
0.852863 
0.852842 
0.852819 
0.852796 
0.852772 
0.852747 
0.852720 
0.852692 
0.852664 
0.852636 
0.852606 
0.852576 
0.852545 
0.852514 
0.852482 
0.852450 
0.852418 
0.852386 
0.852352 
0.852320 
0.852287 
0.852254 
0.852221 
0.852188 
0.852155 
0.852123 
0.852090 
0.852058 
0.852026 
0.851995 
0.851965 
0.851936 
0.851906 
0.851879 
0.851853 
0.851828 
0.851804 
0.851783 
0.851763 
0.851746 
0.851730 
0.851717 
0.851706 
0.851699 
0.851694 
0.851692 
0.851693 
0.851697 
0.851706 
0.851722 
0.851736 
0.851721 
0.851692 
0.851687 
0.851683 
0.851685 
0.851690 
0.851698 
0.851707 
0.851719 
0.851732 
0.851746 
0.851763 
0.851780 
0.851798 
0.851817 
0.851836 
0.851857 
0.851876 
0.851898 
0.851919 
0.851940 
0.851961 
0.851982 
0.852004 
0.852025 

-0.004323 
-0.004320 
-0.004320 
-0.004319 
-0.004319 
-0.004319 
-0.004320 
-0.004320 
-0.004321 
-0.004321 
-0.004321 
-0.004321 
-0 004320 
-0.004318 
-0.004316 
-0.004314 
-0.004310 
-0.004306 
-0.004301 
-0.004295 
-0.004288 
-0.004280 
-0.004272 
-0.004262 
-0.004251 
-0.004239 
-0.004226 
-0.004211 
-0.0L4195 
-0.004178 
-0.004159 
-0.004139 
-0.004117 
-0.004093 
-0.004067 
-0.004040 
-0.004011 
-0.003980 
-0.003947 
-0.003912 
‘0.003875 
-0.003836 
-0.003795 
-0.003753 
-0.003708 
-0.003662 
-0.003614 
-0.003564 
-0.003512 
-0.003459 
-0.003404 
-0.003347 
-0.003289 
-0.003229 
-0.003170 
-0.003147 
-0.003113 
-0.003080 
-0.003047 
-0.003015 
-0.002983 
-0.002952 
-0.002921 
-0.002892 
-0.002863 
-0.002835 
-0.002807 
-0.002781 
-0.002756 
-0.002731 
-0.002708 
-0.002685 
-0.002664 
-0.002643 
-0.002623 
-0.002604 
-0.002586 
-0.002569 
-0.002553 

1.000057 
1.000068 
1.000076 
1.000087 
1.000096 
1.000106 
1.000115 
1.000126 
1.000135 
1.000145 
1.000154 
1.000164 
1.000174 
1.000183 
1.000193 
1.000202 
1.000213 
1.000223 
1.000233 
1.000243 
1.000255 
1.000266 
1.000278 
1.000289 
1.000300 
1.000313 
1.000326 
1.000339 
1.000352 
1.000366 
1.000380 
1.000394 
1.000407 
1.000422 
1.000436 
1.000450 
1.000463 
1.000478 
1.000491 
1.000504 
1.000518 
1.000530 
1.000543 
1.000554 
1.000565 
1.000575 
1.000586 
1.000595 
1.000605 
1.000614 
1.000624 
1.000633 
1.000640 
1.000654 
1.000706 
1.000724 
1.000740 
1.000746 
1.000749 
1.000750 
1.000748 
1.000744 
1.000739 
1.000733 
1.000726 
1.000717 
1.000709 
1.000699 
1.000689 
1.000678 
1.000667 
1.000655 
1.000643 
1.000631 
1.000619 
1.000607 
1.000595 
1.000583 
1.000570 



DORNIER JAMESON 

AR 211 
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NL.R 7301 : MACH - 0.720957, ALPHA “ -0.194 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 

-23.259705 
-23.980499 
-24.684921 
-25.373001 
-26.044769 
-26.700256 
-27.339569 
-27.962769 
-28.569962 
-29.161270 
-29.736816 
-30.296768 
-30.841248 
-31.370453 
-31.884537 
-32.383698 
-32.868149 
-33.338074 
-33.793686 
-34.235214 
-34.662872 
-35.076935 
-35.477585 
-35.865097 
-36.239685 
-36.601624 
-36.951141 
-37.288498 
-37.613953 
-37.927750 
-38.230133 
-38.521393 
-38.801743 
-39.071457 
-39.330780 
-39.579956 
-39.819229 
-40.048859 
-40.269058 
-40.480072 
-40.682144 
-40.875488 
-41.060333 
-41.236893 
-41.405380 
-41.565979 
-41.718918 
-41.864349 
-42.002457 
-42.133423 
-42.257370 
-42.374466 
-42.484848 
-42.588654 
-42.685989 
-42.776993 
-42.861816 
-42.940582 
-43.013428 
-43.080490 
-43.141937 
-43.197361 
-43.248337 
-43.293503 
-43.373496 
-43.368469 
-43.398529 
-43.423752 
-43.444260 
-43.460129 
-43.471405 
-43.478165 
-43.480484 
-43.478378 
-43.471924 
-43.461121 
-43.445969 
-43.426529 
-43.402786 
-43.374771 

•36.911957 
■36.438004 
-35.954865 
-35.463120 
-34.963333 
-34.456070 
-33.941895 
-33.421341 
-32.894928 
-32.363174 
-31.826569 
-31.285583 
-30.740692 
-30.192352 
-29.640976 
-29.087006 
-28.530823 
-27.972839 
-27.413422 
-26.852921 
-26.291672 
-25.730026 
-25.168274 
-24.606735 
-24.045654 
-23.485306 
-22.925964 
-22.367844 
-21.811172 
-21.256165 
-20.703018 
-20.151901 
-19.602982 
-19.056427 
-18.512375 
-17.970947 
-17.432266 
-16.896423 
-16.363525 
-15.833661 
-15.306881 
-14.783254 
-14.262828 
-13.745642 
-13.231725 
-12.721095 
-12.213762 
-11.709726 
-11.208979 
-10.711502 
-10.217270 
-9.726253 
-9.238414 
-8.753711 
-8.272089 
-7.793502 
-7.317897 
-6.845215 
-6.375391 
-5.908360 
-5.444055 
-4.982390 
-4.523283 
-4.066648 
-3.612401 
-3.160448 
-2.710691 
-2.263027 

1.817351 
■1.373551 
•0.931517 
•0.491133 
•0.052281 
0.385156 
0.821299 
1.256269 
1.690186 
2.123175 
2.555358 
2.986858 

1.000316 
1.000309 
1.000302 
1.000296 
1.000289 
1.000282 
1.000276 
1.000270 
1.000264 
1.000257 
1.000252 
1.000246 
1.000240 
1.000235 
1.000230 
1.000224 
1.000219 
1.000214 
1.000209 
1.000204 
1.000199 
1.000195 
1.000191 
1.000186 
1.000181 
1.000177 
1.000173 
1.000169 
1.000165 
1.000161 
1.000157 
1.000154 
1.000150 
1.000146 
1.000142 
1.000138 
1.000134 
1.000132 
1.000128 
1.000125 
1.000121 
1.000118 
1.000114 
1.000112 
1.000109 
1.000106 
1.000102 
1.0C0099 
1.000096 
1.000093 
1.000091 
1.000088 
1.000085 
1.000082 
1.000079 
1.000076 
1.000C73 
1.000072 
r. 000069 
1.000066 
1.000063 
1.000061 
1.000058 
1.000055 
1.000053 
1.000051 
1.000048 
1.000046 
1.000043 
1.000041 
1.000038 
1.000035 
1.000033 
1.000031 
1.000029 
1.000026 
1.000024 
1.000021 
1.000019 
1.000016 

0.852046 
0.852067 
0.852088 
0.852109 
0.852129 
0.852149 
0.852170 
0.852189 
0.852208 
0.852227 
Ü.852246 
0.852264 
0.852282 
0.852300 
0.852317 
0.852335 
0.852351 
0.852369 
0.852385 
0.852401 
0.852417 
0.852432 
0.852447 
0.852462 
0.852477 
0.852491 
0.852506 
0.852520 
0.852534 
0.852547 
0.852560 
0.852574 
0.852587 
0.852600 
0.852612 
0.852625 
0.852638 
0.852649 
0.852662 
0.852673 
0.852685 
0.852696 
0.852708 
0.852719 
0.852730 
0.852741 
0.852752 
0.852763 
0.852773 
0.852784 
0.852794 
0.852804 
0.852815 
0.852825 
0.852835 
0.852845 
0.852855 
0.852864 
0.852874 
0.852883 
0.852893 
0.852902 
0.852912 
0.852921 
0.852930 
0.852939 
0.852949 
0.852957 
0.852967 
0.852975 
0.852985 
0.852994 
0.853003 
0.853012 
0.853020 
0.853029 
0.853038 
0.853047 
0.853055 
0.853065 

-0.002537 
-0.002522 
-0.002508 
-0.002494 
-0.002481 
-0.002468 
-0.002457 
-0.002445 
-0.002434 
-0.002424 
-0.002414 
-0.002405 
-0.002396 
-0.002387 
-0.002379 
-0.002371 
-0.002363 
-0.002356 
-0.002349 
-0.002343 
-0.002336 
-0.002330 
-0.002324 
-0.002319 
-0.002313 
-0.002308 
-0.002303 
-0.002298 
-0.002294 
-0.002289 
-0.002285 
-0.002281 
-0.002277 
-0.002273 
-0.002270 
-0.002266 
-0.002263 
-0.002260 
-0.002257 
-0.002254 
-0.002251 
-0.002249 
-0.002246 
-0.002244 
-0.002241 
-0.002239 
-0.002237 
-0.002235 
-0.002233 
-0.002231 
-0.002229 
-0.002227 
-0.002226 
-0.002224 
-0.002223 
-0.002221 
-0.002220 
-0.002218 
-0.002217 
-0.002216 
-0.002215 
-0.002214 
-0.002213 
-0.002212 
-0.002211 
-0.002210 
-0.002210 
-0.002209 
-0.002208 
-0.002208 
-0.002207 
-0.002207 
-0.002206 
-0.002206 
-0.002206 
-0.002205 
-0.002205 
-0.002205 
0.002205 
0.002205 

1.000559 
1.000546 
1.000535 
1.000524 
1.000512 
1.000501 
1.000489 
1.000479 
1.000467 
1.000457 
1.000446 
1.000437 
1.000426 
1.000417 
1.000407 
1.000398 
1.000388 
1.000379 
1.000370 
1.000361 
1.000353 
1.000344 
1.000336 
1.000328 
1.000319 
1.000312 
1.000304 
1.000297 
1.000289 
1.000282 
1.000275 
1.000268 
1.000261 
1.000254 
1.000247 
1.000240 
1.000235 
1.000228 
1.000221 
1.000216 
1.000209 
1.000203 
1.000197 
1.000191 
1.000185 
1.000179 
1.000174 
1.000168 
1.000163 
1.000157 
1.000152 
1.000146 
1.000141 
1.000135 
1.000131 
1.000126 
1.000120 
1.000115 
1.000111 
1.000105 
1.000100 
1.000095 
1.000091 
1.000086 
1.000081 
1.000076 
1.000072 
1.000067 
1.000062 
1.000057 
1.000052 
1.000049 
1.000044 
1.000039 
1.000034 
1.000030 
1.000026 
1.000021 
1.000016 
1.000011 
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07-9-7 

MLR 7301: MACH-0.720957, ALPHA--0.194 
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161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 

-43.342484 
-43.305893 
-43.264984 
-43.219742 
-43.170151 
-43.116135 
-43.057693 
-42 994736 
-42.927216 
-42.855057 
-42.778229 
-42.696640 
-42.610306 
-42.519257 
-42.423401 
-42.322693 
-42.216995 
-42.106247 
-41.990341 
-41.869156 
-41.742584 
-41.610519 
-41.472824 
-41.329376 
-41.180023 
-41.024658 
-40.863098 
-40.695206 
-40.520828 
-40.339783 
-40.151932 
-39.957092 
-39.755066 
-39.545685 
-39.328751 
-39.104095 
-38.871490 
-38.630768 
-38.381714 
-38.124115 
-37.857773 
-37.582458 
-37.297989 
-37.004135 
-36.700668 
-36.387390 
-36.064056 
-35.730469 
-35.386398 
-35.031616 
-34.665909 
-34.289047 
-33.900818 
-33.501022 
-33.089401 
-32.665787 
-32.229935 
-31.781662 
-31.320755 
-30.8470.il 
-30.36C260 
-29.860291 
-29.346939 
-28.820023 
-28.279388 
-27.724869 
-27.156326 
-26.573608 
-25.976608 
-25.365189 
-24.739273 
-24.098755 
-23.443558 
-22.773636 
-22.088913 
-21.389389 
-20.675034 
-19.945847 
-19.201859 
-18.443100 

3.417800 
3.848303 
4.278490 
4.708482 
5.138398 
5.568357 
5.998474 
6.428864 
6.859634 
7.290896 
7.722759 
8.155329 
8.588720 
9.023059 
9.458450 
9.894995 

10.332787 
10.771921 
11.212485 
11.654567 
12.098244 
12.543594 
12.990687 
13.439590 
13.890360 
14.343054 
14.797719 
15.254396 
15.713122 
16.173920 
16.636810 
17.101822 
17.568954 
18.038177 
18.509521 
18.982941 
19.458405 
19.935883 
20.415329 
20.896683 
21.379868 
21.864838 
22.351471 
22.839676 
23.329361 
23.820389 
24.312637 
24.805954 
25.300186 
25.795166 
26.290695 
26.786606 
27.282684 
27.778702 
28.274429 
28.769623 
29.264023 
29.757355 
30.249313 
30.739624 
31.227951 
31.713959 
32.197327 
32.677673 
33.154633 
33.627823 
34.096848 
34.561264 
35.020676 
35.474625 
35.922653 
36.364288 
36.799042 
37.226440 
37.645950 
38.057083 
38.459274 
38.852005 
39.234695 
39.606812 

1.000014 
1.000011 
1.000010 
1.000007 
1.000004 
1.000002 
1.000000 
0.999997 
0.999995 
0.999992 
0.999990 
0.999987 
0.999985 
0.999982 
0.999980 
0.999977 
0.999974 
0.999972 
0.99^969 
0.999966 
0.999964 
0.999961 
0.999958 
0.999955 
0.999953 
0.999950 
0.999947 
0.999944 
0.999941 
0.999938 
0.999935 
0.999932 
0.999929 
0.999926 
0.999923 
0.999919 
0.999916 
0.999913 
0.999909 
0.999906 
0.999902 
0.999899 
0.999895 
0.999891 
0.999888 
0.999884 
0.999880 
0.999876 
0.999872 
0.999868 
0.999864 
0.999859 
0.999855 
0.999850 
0.999846 
0.999841 
0.999836 
0.999831 
0.999826 
0.9q9821 
0.999816 
0.999810 
0.999805 
0.999799 
0.999793 
0.999787 
0.999781 
0.999775 
0.999769 
0.999762 
0.999756 
0.999749 
0.999742 
0.999735 
0.999728 
0.999721 
0.999713 
0.999706 
0.999698 
0.999691 

0.853073 
0.853082 
0.853091 
0.853100 
0.853109 
0.853118 
0.853126 
0.853135 
0.853144 
0.853154 
0.853162 
0.853172 
0.853181 
0.853190 
0.853200 
0.853209 
0.853218 
0.853228 
0.853238 
0.853248 
0.853258 
0.853267 
0.853277 
0.853287 
0.853298 
0.853308 
0.853318 
0.853329 
0.853339 
0.853350 
0.853362 
0.853373 
0.853384 
0.853395 
0.853407 
0.853418 
0.853430 
0.853442 
0.853454 
0.853466 
0.853479 
0.853492 
0.853504 
0.853518 
0.853531 
0.853544 
0.853558 
0.853573 
0.853587 
0.853601 
0.853616 
0.853631 
0.853646 
0.853661 
0.853677 
0.853694 
0.853710 
0.853727 
0.853744 
0.853761 
0.853779 
0.853797 
0.853815 
0.853834 
0.853853 
0.853872 
0.853892 
0.853912 
0.853933 
0.853953 
0.853974 
0.853996 
0.854017 
0.854039 
0.854061 
0.854084 
0.854106 
0.854128 
0 854151 
0.854174 

■0.002205 
■0.002205 
■0.002205 
-0.002205 
-0.002205 
-0.002205 
-0.002206 
-0.002206 
-0.002206 
-0.002207 
-0.002207 
-0.002208 
-0.002208 
-0.002209 
-0.002210 
-0.002210 
-0.002211 
-0.002212 
-0.002213 
-0.002214 
-0.002215 
-0.002216 
-0.002217 
-0.002219 
-0.002220 
-0.002222 
-0.002223 
-0.002225 
-0.002226 
-0.002228 
-0.002230 
-0.002232 
-0.002234 
-0.002236 
-0.002239 
-0.002241 
-0.002244 
-0.002246 
-0.002249 

0 002252 
-0.002255 
-0.002258 
-0.002261 
-0.002265 
-0.002268 
-0.002272 
-0.002276 
-0.002280 
-0.002284 
-0.002289 
-0.002294 
-0.002299 
-0.002304 
-0.002309 
-0.002315 
-0.002321 
-0.002327 
-0.002333 
-0.002340 
-0.002347 
-0.002355 
-0.002363 
-0.002371 
-0.002380 
-0.002389 
-0.002398 
-0.002409 
-0.002419 
-0.002430 
-0.002442 
-0.002454 
-0.002467 
-0.002481 
-0.002495 
-0.002510 
-0.002526 
-0.002543 
-0.002560 
-0.002579 
-0.002598 

1.000007 
1.000003 
0.999998 
0.999994 
0.999989 
0.999985 
0.999980 
0.999975 
0.999970 
0.999966 
0.999961 
0.999956 
0.999951 
0.999947 
0.999942 
0.999937 
0.999932 
0.999927 
0.999922 
0.999917 
0.999912 
0.999907 
0.999901 
0.999896 
0.999891 
0.999886 
0.999880 
0.999875 
0.999869 
0.999864 
0.999858 
0.999852 
0.999846 
0.999840 
0.999834 
0.999828 
0.999822 
0.999816 
0.999809 
0.999803 
0.999796 
0.999790 
0.999783 
0.999776 
0.999769 
0.999762 
0.999755 
0.999747 
0.999740 
0.999732 
0.999724 
0.999716 
0.999708 
0.999700 
0.999691 
0.999683 
0.999674 
0.999665 
0.999656 
0.999646 
0.999637 
0.999627 
0.999617 
0.999607 
0.999596 
0.999586 
0.999575 
0.999564 
0.999552 
0.999541 
0.999529 
0.999517 
0.999505 
0.999492 
0.999480 
0.999467 
0.999454 
0.999441 
0.999428 
0.999415 
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21)1 -17.669632 
242 -16.881546 
243 -16.078949 
244 -15.261941 
245 -14.430678 
246 -13.585332 
247 -12.726094 
248 -11.853182 
249 -10.966839 
250 -10.067333 
251 -9.154959 
252 -8.230037 
253 -7.292915 
254 -6.343972 
255 -5.383608 
256 -4.412256 
257 -3.430377 
258 -2.438459 
259 -1.437019 
260 -0.426605 
261 0.592210 
262 1.618820 
263 2.652595 
264 3.692871 
265 4.738960 
266 5.790146 
267 6.845682 
268 7.904798 
269 8.966694 
270 10.030549 
271 11.095512 
272 12.160713 
273 13.225256 
274 14.288225 
275 15.348682 
276 16.405670 
277 17.458221 
278 18.505325 
279 19.546005 
280 20.579224 
281 21.603943 
282 22.619125 
283 23.623718 
284 24.616653 
285 25.596878 
286 26.563324 
287 27.514923 
288 28.450577 
289 29.369263 
290 30.269867 
291 31.151382 
292 32.012711 
293 32.852859 
294 33.670776 
295 34.465454 
296 35.235916 
297 35.981155 
298 36.700256 
299 37.392273 
300 38.056290 
301 38.691452 
302 39.296890 
303 39.871811 
304 40.415421 
305 40.926987 
306 41.405777 
307 41.851135 
308 42.262436 
309 42.639084 
310 42.980545 
311 43.286301 
312 43.555908 
313 43.788971 
314 43.985123 
315 44.144043 
316 44.265472 
317 44.349213 
318 44.395096 
319 44.403030 
320 44.372940 
321 44.304840 
322 34.363541 

39.967758 
40.316971 
40.653854 
40.977798 
41.288223 
41.584503 
41.866013 
42.132156 
42.382309 
42.615845 
42.832123 
43.030533 
43.210464 
43.371277 
43.512344 
43.633087 
43.732880 
43.811111 
43.867218 
43.900604 
43.910706 
43.896973 
43.858856 
43.795822 
43.707382 
43.593033 
43.452316 
43.284775 
43.089996 
42.867584 
42.617142 
42.338364 
42.030899 
41.694504 
41.328903 
40.933899 
40.509308 
40.054977 
39.570816 
39.056732 
38.512711 
37.938751 
37.334930 
36.701294 
36.038025 
35.345276 
34.623260 
33.872269 
33.092590 
32.284592 
31.448669 
30.585266 
29.694870 
28.778000 
27.835266 
26.867264 
25.874664 
24.85817C 
23.818558 
22.75659’ 

21.67311 I 
20.568985 
19.445114 
18.302475 
17.142014 
15.964776 
14.771782 
13.564120 
12.342896 
11.109244 
9.864322 
8.609307 
7.345405 
6.073832 
4.795825 
3.512634 
2.225522 
0.935760 

-0.355373 
-1.646595 
-2.936621 
-2.631125 

0.999683 
0.999676 
0.999668 
0.999661 
0.999654 
C.999647 
0.999640 
0.999633 
0.999627 
0.999621 
0.999616 
0.999612 
0.999608 
0.999605 
0.999603 
0.999602 
0.999603 
0.999607 
0.999611 
0.999626 
0.999633 
0.999684 
0.999705 
0.999718 
0.999732 
0.999745 
0.999758 
0.999769 
0.999780 
0.999790 
0.999800 
0.999810 
0.999820 
0.999829 
0.999839 
0.999848 
0.999857 
0.999867 
0.999875 
0.999884 
0.999892 
0.999901 
0.999908 
0.999916 
0.999923 
0.999929 
0.999935 
0.999941 
0.999946 
0.999951 
0.999956 
0.999960 
0.999963 
0.999967 
0.999969 
0.999972 
0.999974 
0.999976 
0.999978 
0.999980 
0.999981 
0.999983 
0.999984 
0.999985 
0.999987 
0.999989 
0.999991 
0.999993 
0.999996 
0.999999 
1.000003 
1.000006 
1.000010 
1.000016 
1.000022 
1.000025 
1.000022 
1.000015 
1.000013 
1.000019 
1.000030 
1.000032 

0.854196 
0.854219 
0.354241 
0.854263 
0.854285 
0.854305 
0.854326 
0.854345 
0.654365 
0.854382 
0.854398 
0.854413 
0.854427 
0.854438 
0.854448 
0.854454 
0.854459 
0.854460 
0.854455 
0.854449 
0.854418 
0.854405 
0.854420 
0.854435 
0.854444 
0.854446 
0.854446 
0.854442 
0.854435 
0.854424 
0.854411 
0.854395 
0.854377 
0.854356 
0.854333 
0.854308 
0.854281 
0.854252 
0.854223 
0.854192 
0.854160 
0.854128 
0.854095 
0.854060 
0.854026 
0.853992 
0.853957 
0.853922 
0.853887 
0.853852 
0.853817 
0.853782 
0.853747 
0.853713 
0.853679 
0.853644 
0.853611 
0.853577 
0.853544 
0.853511 
0.853479 
0.853447 
0.853416 
0.853386 
0.853356 
0.853327 
0.853299 
0.853271 
0.853246 
0.853221 
0.853198 
0.853176 
0.853156 
0.853140 
0.853127 
0.853104 
0.853061 
0.853007 
0.852967 
0.852955 
0.852958 
0.852934 

-0.002618 
-0.002640 
-0.002662 
-0.002685 
-0.002710 
-0.002735 
-0.002762 
-0.002789 
-0.002818 
-0.002848 
-0.002878 
-0.002910 
-0.002942 
-0.002976 
-0.003010 
-0.003044 
-0.003079 
-0.003114 
-0.003150 
-0.003187 
-0.003211 
-0.003274 
-0.003339 
-0.003402 
-0.003463 
-0.003521 
-0.003578 
-0.003633 
-0.003686 
-0.003736 
-0.003785 
-0.003831 
-0.003876 
-0.003918 
-0.003957 
-0.003995 
-0.004030 
-0.004063 
-0.004094 
-0.004122 
-0.004149 
-0.004173 
-0.004196 
-0.004217 
-0.004236 
-0.004253 
-0.004269 
-0.004283 
-0.004296 
-0.004307 
-0.004318 
-0.004327 
-0.004335 
-0.004341 
-0.004347 
-0.004352 
-0.004356 
-0.004359 
-0.004361 
-0.004363 
-0.004364 
-0.004364 
-0.004363 
-0.004362 
-0.004360 
-0.004358 
-0.004356 
-0.004353 
-0.004350 
-0.004346 
-0.004343 
-0.004341 
-0.004338 
-0.004336 
-0.004335 
-0.004338 
-0.004340 
-0.004338 
-0.004331 
-0.004324 
-0.004322 
-0.004323 

0.999402 
0.999389 
0.999376 
0.999364 
0.999351 
0.999339 
0.999327 
0.999316 
0.99930Í 
0.999295 
0.999286 
0.999277 
0.999270 
0.999265 
0.999260 
0.999258 
0.999258 
0.999261 
0.999266 
0.999282 
0.999298 
0.999351 
0.999369 
0.999378 
0.999390 
0.999403 
0.999415 
0.999427 
0.999439 
0.999452 
0.999465 
0.999479 
0.999493 
0.999508 
0.999523 
0.999539 
0.999554 
0.999570 
0.999586 
0.999603 
0.999619 
0.999635 
0.999650 
0.999666 
0.999681 
0.999696 
0.999711 
0.999725 
0.999739 
0.999752 
0.999765 
0.999778 
0.999790 
0.999802 
0.999813 
0.999824 
0.999834 
0.999844 
0.999854 
0.999864 
0.999873 
0.999882 
0.999891 
0.999900 
0.999909 
0.999918 
0.999927 
0.999936 
0.999945 
0.999954 
0.999963 
0.999973 
0.999982 
0.999991 
1.000000 
1.000009 
1.000015 
1.000023 
1.000031 
1.000039 
1.000050 
1.000057 
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OORNIIR 'JAMESON 
AR2I1 W.Schmidt 

A Jameson 07-9-9 

NLR 7301 : MACH - 0.720957, ALPHA - -0.194 

CL = 0.594 

CD = 0.0005 

CM = -0.132 

FIG. s CONVERGENCE BEHRVIOUR (DR/DT AND H) 

NLR 7301 M-0.7210.RLPHR=-0.19q0 

GRID SEQUENCE : Ii0x8->R0*16->160*32->320*64 

r 

i 
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DORMI K JAMESON 
AR 211 

W.Schmidt 
AJameson 

(D-y-io 

NI R 7301: MACH - 0.720957, ALPHA - -0.194 

T 1-1-1-1-1 
200.00 300.00 >100.CO 500.00 
CTCLFS 

;o 

«THfiX 

HMRX 

FIG. : CONVERGENCE BEHAVIOUR (DR/DT AND H) 

NLR 7301 M=0.7210,RLPHfi=-0.1940 

GRID SEQUENCE i40*8->90"16->160»32->320*64 

./ 
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07-9-11 

NCR 7.101 : MACH - 0.720957, ALPHA - -0.194 

O O 

o 
oo 

s 

cc 
z 
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(O 

NLR 7301 M«0.7210.ñlPHR--0.1940 

GRID SEQUENCE : i10«8->B0h 16-> 160*32->320*64 

O -1-1-1-1-1-1-1-1-1-1 
0.00 100.00 200.00 300.00 400.00 500.00 

FIG. 

CYCLES 

: CONVERGENCE BEHAVIOUR (NSUP/NREF),NREF=2000 

_ 
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NLR 7.101 : MACH - 0.720057, ALPHA - -0.104 

DORMI R JAMESON 

Ch/CHREF 

CL/CLREF 

O, u CO/COREF 

cl —I-1-1-1-1-1-1-1-T 
0.00 100.00 200.00 300.00 400.00 

CYCLES 

“I 
500.00 

FIG. : CONVERGENCE BEHAVIOUR (CL.CO.CM)/REF 

NLR 7301 M=0.7210.HLPHfl=-0.19U 

REF-VRLUES:CLREF=1.0.CDREF = 0.02,CMREF*-0. 20 
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AJameson 07-9-13 

NLR 7301 : MACH - 0.720957, ALPHA - -0.194 

FIG. : CP IX/C) ON NLR 7301 
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FIG. i MfiCH (X/C) ON NLR 7301 
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MLR 731)1 : MACH - 0.720957. ALPHA --0.194 



. -
P

I/
P

I 
IN

F 

DORMI R JAMESON 

CM 
O 

O 

o 
o 

CM 
O 

(O o 

o 

I 

AR 2 1 I W.Schmidt 
A. Jameson 

07-9-19 

NLR 7301 : MACH - 0.720957, ALPHA - -0.194 

i * 

X/C 
0,00 . 0,20 . 0,40 . 0,60 . 0,80 'LTI-I_■ urou , uiau , 

FIG. : l.-PI/PIINF VS. X/C 0N NLR 7301 
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AR 211 

W.Schmiiil 
A Jameson 

07-4-24 

N LR 7301 : M ACH - 0.720437. ALPHA - -0.144 

FIG. : ISO-MflCH (OELTH = 0.050) 
MMM VALUES OF CURVE PARAMETER - 1JOmMACK nmn 
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07-9-26 

NLR 7301 : MACH - 0.720957, ALPHA - -0.194 
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NLR 7301 : MACH - 0.720937. ALPHA 0.194 

FIG. : ISO-PI/PI INF (DELTA = O.OOIO) 
NN* VALUES OF CURVE PARAMETER • 1000*PI/P]INF nmn 
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NL.R 7.101 : MACH - 0.720957, ALPHA - -0.! 94 

FIG. s ISO-PI/PI INF (DELTA = 0.0010) 
mmM VALUES OF CURVE PRRAMETER ■ 1000mPI/P1INF mmm 
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AGARD FDP-WG 07 

TEST CASES FOR STEADY INVISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 08 

CHIOCCHIA-NOCILLA profile: 

MACH -= 0.769041, ALPHA = 0 

Contributor No 7 

A.Eberle 

(M.B.B.,F.R.G.) 



MBB. 
AR 211 A.Eberle 08-7-1 

CmOCCHIA-NOCILLA PROFILE: MACH - 0.769(141. ALPHA - 0 

The scheme for solving the four equations for (p, pu, pw, e) is an eigenvalue- 

matrix-flux difference-split finite volume method which employs the cell center 

rule rather than the cell interface rule, since the latter seems to work only 

with a constant global time step. 

The code used for the test cases works as follows: 

The first predictor is classic first order: 

The flux difference pieces aligned with the three eigenvalues are either backward 

or forward differenced depending on the sign of the characteristic slopes. 

At the second predictor stage a second first order solution is computed with all 

flux difference directions reversed. 

The corrector forms the arithmetic mean of both solutions. Thus second order ac¬ 

curacy and perfect conservation is obtained. To reduce wiggles a fourth step is 

added which adds (subtracts) and subtracts (adds) the eigenvalue split flux dif¬ 

ferences multiplied by a factor proportional to the second difference of the 

Mach number square depending on the sign of the characteristics to any pair of 

two adjacent cells. The effect is viscosity like and conservation is automatical¬ 

ly guaranteed. 

Boundary conditions 

A characteristic post correction procedure is used at all far field boundaries, 

i.e.: first all quantities are computed using the interior point algorithm, 

then simple formulas relating the tangential and normal momentum as well as the 

specific energy to the density variation are used to adapt the flow quantities 

to the prescribed boundary conditions: 

Mx. < 1 : inflow: H = H,,, e * e», ot = 

outflow: p = P« 

H* > 1 : inflow: everything given 

outflow: one sided differences 



M.U.H. 
AR211 A.Eberle 08-7-2 

CHIOCCHIA-NOCILLA PROFILE: MACH - (1769041. ALPHA - 0 

Convergence 

Initial guess: parallel flow. 

Each sample calculation was accompanied by quite a large number of interrup¬ 

tions since they had to be performed on a cockpit simulation computer which was 

not adapted for numerical problems. So I cannot give convergence plots. I stopped 

time stepping when the largest absolute residual of the solution vector (summed) 

was less than 0.0001. 

Mesh: 

C-type: ca. 150 x 25 

In all cases 120 points along airfoil surface. 

The exact number of grid points can be read from the print out. 

Results: 

a0 M 

NACA0012 1.25 0.8 
1.0 0.85 
0 0.95 
0 1.2 
7.0 1.2 

RAE2822 3.0 0.75 

CHIOGGIA 0 0.769 



AR 211 A.Eberle 08-7-3 

CHIOCCHIA-NOCILLA PROFILE: MACH - 0.764041, ALPHA - 0 

M.U.H. 

CHIOSGl* ((•-.SPLITTT^G) 

Ms(),7^9 AL*0• OOO I.!'* 1¾ IjO= 145 K* 24 N* 150 

X,Z, 1-P/H11 l-pi/pnr^.TI/TUNF-l.CP ALünG AIRFIIL 

X 
0.V997 

0.9^62 
o.po?; 
C.PR^l 
o. V « 2 i 

0.4754 
0.4IS74 
0,4 5 H 3 
0.9 4 w 1 
0.4 164 
0,9246 
0,9114 
0.8472 
0.H820 

0.6*60 
0.6492 
0.8315 
0.8130 
0.793h 
0.7739 
0.7534 
0.7323 
0,7106 
Ü.6H^6 
0.6659 
0.6429 

0.6196 
0.5960 
0.5722 
0,6462 
0.5241 
0.5000 

0.4759 
0.4518 
0,4278 
0.4040 
0.3804 
0.3571 
0.3341 
0.3115 
0,2894 
0.2*77 
0,2466 

Z 
0,0000 

-O.OoOl 
-0.0002 
-0.0 03 
-0,0006 
-0.0007 
»0.0011 
-0.0015 
-0,002/ 
••0,00 30 
-0.0039 
-0.0050 
-n.0064 
-0.0074 
-0.0096 
-Ü. 0 U 5 
-o;oi36 
-0.0160 
-0,0185 
-0.0212 
-0,0241 
-0.0272 
-0.0304 
-0.0337 
-0.0372 
-0,0407 
-9,0442 
-0.0474 
-C,9496 
-0,0513 
-0.0527 
-0.0539 
-0.0547 
-0,0553 
-C.U556 
-0,0555 
-0,0553 
-0,0547 
-*,0539 
-0.0528 
-0,0515 

§10.0500 
-0,048? 
-0,0463 

1-P/PllNF 
0,2388 
U.2429 

0.2435 
0,2469 
0.2468 
0.2444 
0.2467 
0.2479 
0,2496 
0.2523 
0.2551 
0,2584 
0,2*21 
0,2662 
0,2709 
0.2761 
0.2818 
0.2882 
0,2 0 5 9 
0,3040 
0.3128 
0.3221 
0.3337 
0.3459 
0.3629 
0.3774 
0,444* 
0.5068 
0.4897 

0.4812 
girare 
0,5033 
0.5070 
0.5070 
0,5034 
0,4977 

0.484? 
0.4762 
0,4676 
O. 45W 
0,4487 
0.4 3¾¾ 

M 
0,6286 
0.6321 
0.6353 
),6401 
0.6406 
0.6381 
).6393 
0.6430 
0,6452 
0.6496 

i, * 5 Vl 
0.6594 
0.6653 
0.6719 
1.6794 
0,6877 
0.6967 
0,7068 
0.7183 
0.7307 
0.7445 
0.7593 
0.777? 
0.7964 
0.8212 
0,8452 
0.9440 

1.0533 
1.0258 

1,0104 

1.0246 
1.0466 
1,0528 
1,0528 
1,0468 
1.0370 
1.0265 
1,0146 
T.WTf 
0,9873 
0.a»** 
0,956 ; 
0.9404 

[-rifyiiHv 
0.0067 
0,0080 
0.0073 
0,0079 
0.0073 
0,0061 
0,0012 
0.0069 
0.0075 
0,0071 
0.0072 
0,0071 
0,0070 
0,0069 
0.0069 
0,0068 
0.0067 
0,0067 
0,0070 
0.0073 
0,007? 
0,0068 
0 , * 0 6 8 

0,0065 
0.0065 
0,0064 
0.013* 
0,0055 
0,0041 
0,0058 
0,0058 
0,0064 
0,0063 
0.0064 
0.0064 
0.0065 
0.0066 
0.0067 
0.0067 
0.0068 
0,0069 
0.0070 
0.0071 

Ti/rrjUF-1 
-0,0013 
-0.0016 
-0,0014 
-0.0016 
-0.0014 
-0,0010 
-0.0016 
-0.0012 
-0.0014 
-0,0013 
-0.0013 
-0,0013 
-0,0013 
-0.0012 
-0,0012 
-0,0012 
-0,0012 
-0.0012 
-0,0013 
-0,0013 
-0,0013 
-0.0012 
-0,0012 
-0,0011 
-0,0011 

-O.OOU 
-C.0030 
-0.0012 
-0,0010 
•0,0010 
-0,0010 
-0,0011 
-0,0011 
-0,0011 
-0,0011 
-0.0011 
-0,0011 
-0,0011 
-0,0011 
-0,0011 
-0,0011 
-0,0011 
-0,0012 
-0.0012 

er 
0.3035 
0.2921 
0.2869 
0.2745 
0,2750 
0,2838 
0.2755 
0.2710 
0.2643 
0.2555 
0.2452 
0,2335 
0,2204 
0,2057 
0,1889 
0,1703 
0.1500 
0,1270 
0.0997 
0,0707 
0,0392 
0,0061 

-0.0353 
-0.0790 
-0.1363 
-0,1917 
-0.4315 
-0.6539 
-0,5926 
-0.5497 
-0.5623 
•0,5937 
-0,6412 
-0.6544 
-0.6544 
-0,6418 
-0.6211 
-0,5987 
-0.5731 
•0.5444 
-0,5136 
•0.4809 
-0,4463 
-0.4099 



MBB. 
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CHIOCCHIA-NOC’ILLA PROFILE: MACH - 0.769041. ALPHA - 0 

oc 

0,2261 
0,20«-<2 
0,1 H70 
0.1665 
0.1506 
0.11*0 
0, H HO 
0.1028 
0.08H6 
0,0754 
0,0631 
0,0614 
0,0417 
0,0 3?ft 
0,0246 
0,0177 
0,01 IV 
0,0-)73 
0,0036 
0,0015 
0,0003 
0,0003 
0,0016 
0,0033 
0,007 $ 
o,(-i 10 
0,0177 
0,0246 
0,0326 
0,0417 
0,061V 
0,0631 
0.0754 
0,0886 
0,1 n26 
0.1180 
0,1340 
0,1506 
0,1685 
0,1870 
0,20b2 
0.2261 
0,2466 
0,2677 
0,2394 
0.3115 
0,3341 
0,3571 
0,3804 
0,4740 

§Í§4?73 
_ 0.4518 

z \-n?m M ^-pi/fiinf ti/tiinf-i 
0,04 4 1 0,4287 0,V 2 36 0,0072 -0,0012 
0,0418 0,416V 0.9«;60 0,007 3 -0,0012 
0,0393 1),4056 0,8680 0,0075 -0,0012 
0, o3î>7 0.3934 y.8690 0.0076 -0,0013 
O.0340 0,3812 0,8499 0,0077 -0,0013 
0,0313 0,3682 0,6295 0,0078 -0,0013 
0,0284 0.3551 0,8091 0,0080 -0.0014 
0.025h 0.3410 0.7672 0.0081 -0.0015 
0,0227 0,3270 0.7652 0,0064 -U.0016 
0.0199 0,3118 0,7414 0,0086 -0.0016 
0,0172 U.2V67 0,7174 0,0090 -0,0018 
0.0145 0.2799 0,6907 0,0094 -0.0019 
0,01 20 0,2636 0,(,(.41 0,010? -0,0022 

•0,0096 0,2448 0,6335 0,0105 -0.0024 
.0,0074 0,2264 0,6025 0,0113 »0,0027 
■0.0055 0,2061 0,5668 0,0127 -0,0032 
■ o.0-)37 3,1875 0,5310 0,0184 »0,0043 
•0,0023 0,1585 0,4778 0,0162 -0,0044 
•0,0012 0.141 3 0,4312 ^.0./0243 -0,0079 
•0.0005 0,0968 0.3357 0,0235 -0,0064 
.0,0001 0,1022 0.2073 0,0749 -0.0449 
0.0001 0,1022 0,2075 0,0749 -0,0449 
0.0005 1.0968 0,3357 0.0235 -0.0064 
0.0012 0.1413 0,4311 0,0243 -0,0079 
o,"O 2 3 /. 1585 0,4776 0,0161 -0,0044 
0,00|7 -),1971 0.6312 0,0148 -0,0041 
0,0055 0,2071 0,5668 0,0140 -0,003h 
0,0074 0,2269 0.6023 _0.0121 -0,0030 
0,0096 0.2447 0.6335 0,0104 -0.0023 
0,0120 0.2636 0.6641 0,0100 -0.0022 
0.0145 0.2800 0.6907 0.0094 -0,0019 
0,0172 ).2967 0.7174 0.0091_»0,0018 
0.0199 0.3118 0,7413 0.0086 -0,0016 
0,0127 0,1170 0,7652 0.0084 -0,0016 
0,0256 0.3410 0,7872 0,0081 -0,0014 
0,0284 1.3659 0,8091 0,0079 »0,0014 
0.0313 0.3681 0.8295 0,0077 *0.0013 
0,0340 0,3912 0,6499 0,0076 »0,0013 
0.0367 0,3934 0,8690 0,0075 -0.0012 
0,0393 ). ♦ O 5 4 0.9 H 7 9 0,0074 »0,0012 
0,0418 0,4168 0.9059 0,0073 -0.0012 
0,0441 0.4280 0,9236 0.0072 -0.0012 
0.0463 0.4385 0,9404 -0,0011 
0,048? 0,4487 0,9567 0.0071 j»0.00H 
0,0500 0,4584 0,9723 0,0070 -0,0011 
0.0515 0,4675 0,9872 0,0069 -0,0011 
0,052? 0.4762 |Hp9î4 Q.Btlt ^5.0011 
0,0539 0,4842 1.0146 0,0067 -0,0011 
0,0547 0,4111,0264 0,0066 -0,0011 
0.0553 0,4976 1,0370 0,0066 -0,0011 
0,0555 0,5034 1,0467 6,0065 -0,0011 
0,0555 0,5069 1,0627 0,0064 -0,0011 

Cf 

0.3723 
0.3325 
0.2919 
0.2487 
0.2051 
0.1586 
0.111» 

■0.0616 
'0.0115 
0.0430 
0.C969 
0.1567 
0.2149 
0.2822 
0.3480 
0,4205 
0,4870 
0,5905 
0,6520 
0,8110 
0.7914 
0,7914 
0.8110 
0,6519 
0.5906 
0,4885 
0.4167 
0,3461 
0.2824 
0,2151 
0.1566 
0.0967 
0.0429 

-0.0115 
-0,0615 
-0,1117 
«0,1584 
-0.2049 
-0,2485 
-0,2917 
-0,3324 
-0.3722 
-0,4098 
-0,4462 
-0.4808 
-0,5135 
•0.5443 
-0,5729 
-0,5986 
-0,6210 
-0,6416 
-0,6542 
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A.Eberle 08-7-5 

CHIOCCHIA-NOCILLA PROF ILE: MACH - 0.76W4I. ALPHA - 0 __ 

X 
0,<ä7b9 
O.bOOO 
0 t 524 1 
0.54Ö2 
0.5722 
0,59b0 
0.bl«b 
0,b429 
0,b*59 
0 
O.VVb 
0.7Î23 
0.7534 
0,7739 
0,7«3H 
O.bl30 
0.b315 
0,b 492 
O.bbbO 

0.8820 
0 , b 9 7 2 
0.9114 

0,924b 
0.93b9 
0,9481 
0.9583 
0.9674 
0.9754 
0.9823 
C.9«81 
0.9427 
0,9962 
0.9495 

O.9997 

X 

0,0553 
0,0547 
0,0539 
0,0527 
0,0513 
0,0496 
0.0474 
0,0442 
0,0407 
0,0372 
0,0337 
0,0304 
0,0272 
0,0241 
0.0212 
0 j 0185 
0,0160 
0,013o 
0.0115 
0,0096 
0,0079 
0,0064 
0.0050 
0,0039 
0,0030 
0,0022 
0.0015 
0.0011 
0,0007 
0,0005 
0.0003 
0,0002 
0.0001 
0.0000 

^•p/fllKF 

0,50b9 
0,5032 
0,4893 
0,4802 
0,4783 
0,4917 
0.5097 
O.4449 
0.3768 
0.3626 

0,3473 
0,3337 
0,3216 
0,3122 
0,3034 
0.2960 
0,2890 
0,2824 
0.2766 
1,2715 
0.'26bt 
0.2626 
0,2689 
0,2557 
0,2525 
0,2497 
0.2474 
0,2464 
0.2440 
0.2465 

M 
1,0527 
1,046b 
1.0234 
1,0090 
1,0052 
1,0283 
1,05/8 
0,9446 
0,8443 
0,8216 
0,7973 
0,7768 
0.7586 
0,7441 
0.7303 
0,7163 
0.7070 
0,6969 

0,6881 
0,6807 

0.67:9 
0,6675 

0 , b 5 5 4 

0.o497 
0,6440 

0.6405 
0.6364 
0.6350 
0.6375 

i-fl/fllNF T(/TllMF'1 

0.2467 
0,2434 

0.6372 
0.6326 

0.2418 0.6296 
0,2395 0.6270 

0,0064 
0,0062 
0,0062 
0.0057 
0,0063 
0,0051 
0,0060 
0,0139 
0,0064 
0.0072 
0.0077 
0,0072 
0,0067 
0.0067 
0,0067 
0.0072 
0,0075 
0.0074 
0,0070 
c,00b6 
0.0060 
0.0059 
0,0061 
C.OObO 
0.0074 
C ,0083 
0.0082 
0.0102 
0,0082 
0,0094 
0,0100 
0.0094 
0.0097 
0,0088 

-0,0011 
-0,0011 
-0.0011 
-0,0010 
-0,0012 
-0,0013 
-0,0014 
-0,0029 
-0,0010 
-0,0012 
-0.0014 
-0,0013 
-0,0011 
-0,0011 
-0,0011 
-0,0013 
-0,0014 
-0,0013 
-0.0012 
-0,0011 
-0,0010 
-0,0010 
-0,0011 
-0,0013 
-0.0015 
-0.0017 
-0.0017 
-0,0022 
-0.0016 
-0.0020 
-0.0021 
-0.0O20 
-0.0021 
-0,0018 

CP 
-0,6542 
-0,6408 
-0.5911 
-0.5589 
-0.5519 
-0.5998 
-0,6643 
-0.4328 
-0,1893 
-0,1388 
-0.0838 
-0,0355 

0.0078 
0.0415 
0,0730 
0,0994 
0.1243 
0,1479 
0.1687 
0,1668 
0,2036 
0,2186 
0,2317 
0,2432 
0.2545 
0.2646 
0,2729 
0.2766 
0,2850 
0,2/62 
0,2752 
0.2871 
0,292m 
0,3011 

1/ 

\ÆM 
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MBB. 

CHIOCC'HIA-NOC'ILLA PROFILE. MAC H = 0.769041, ALPHA - » 

MA= 0.769 
AL= 0.000E+00 DEGREE 
CL® 0.5224E-03 
CD*= 0.2984E-02 
CM=-0.3810E-03 

“ • • 
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CHIOC’CHIA-NOCILLA PROF 1LE: MACH - 0.769041, ALPHA - 0 

I .0_ 
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CHIOCCHIA-NOCILLA PROFILE: MAC H - • 7*9041, ALPHA — 0 

1 .0 

T 



AR 211 A.Eberle 08-7-10 

CHIOCCHIA-NOCILLA PROFILE: MACH - ().769041. ALPHA - 0 
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CHIOCCHIA-NOCILLA PROFILE: MACH - 0.769041, ALPHA - 0 
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C'HIOCCHIA-NOC'ILLA PROFILE: MACH -0.769041. ALPHA - 0 
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CHIOCCHIA-NOCILLA PROFILE: MACH - 0.769041, ALPHA - 0 
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CHIOCCHIA-NOOIl LA PR' '^ILE: MACH - 0.764((41. ALPHA - 0 
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( HIOCC'HIA-NOCILLA PROFILE: MACH - 0.769041, ALPHA - 0 
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CHIOCCHIA-NOCIl LA PROFILE: MACH - 0.769041. ALPHA - 0 
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CHIOCC'HlA-NOCILLA PROFILE: MACH - (1.769041. ALPHA - (1 
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CHIOCCHIA-NCX ILLA PROFILE: MACH - (1.769041. ALPHA - 0 
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C'HKX’C'HIA-NCX'ILLA PROFILF: MACH - 0.769041, ALPHA “ 0 
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AGARD FDP — WO 07 

TEST CASES FOR STEADY INVISC1D 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 08 

CHIOCCHIA-NOCILLA profile: 

MACH - 0.769041, ALPHA = 0 

Contributor Noy 

W.Schmidt and AJntneson 

(Dornier, F.R G.) and (Princeton Univ., U.S.A.) 



IXIRNIER/JAMF.SON 
AR 211 

W.Schmidt 
A Jameson 

08-9-1 

CHIOCCHIA-NOC1LLA PROFILE: MAC H - 0.769041, ALPHA - 0 

3 
4 

6 
7 
8 
9 

\lí 
\ 1 
12 
13 
1« 
15 
15 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
35 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
5 8 . 

59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

X/C1X) 

0.999925 
0.999624 
0.999022 
0.998120 
0.996918 
0.995418 
0.993622 
0.991530 
0.989145 
0.986469 
0.983505 
0.980254 
0.976721 
0.972908 
0.968818 
0.964456 
0.959826 
0.954931 
0.949777 
0.944366 
0.938706 
0.932799 
0.926652 
0.920269 
0.913657 
0.906820 
0.899765 
0.892498 
0.885023 
0.877349 
0.869480 
0.861423 
0.853185 
0.844771 
0.836189 
0.827446 
0.818547 
0.809499 
0.800310 
0.790985 
0.701532 
0.771958 
0.762268 
0.752470 
0.742571 
0.732577 
0.722495 
0.712331 
0.702092 
0.691784 
0.681414 
0.670988 
0.660513 
0.649994 
0.639439 
0.628851 
0.618233 

£ 0.607589 
V 0.596932 

0.586270 
0.575608 
0.564952 
0.554309 
0.543685 
0.533084 
0.522512 
0.511976 
0.501479 
0.491027 
0.480625 
0.470278 
0.459990 
0.449765 
0.439609 
0.429525 
0.419517 
0.409590 
0.399746 
0.389990 

Z/C(X) 

-0.000000 
-0.000003 
-0.000012 
-0.000030 
-0.000061 
-0.000107 
-0.000171 
-0.000254 
-0.000358 
-0.000483 
-0.000631 
-0.000800 
-0.000993 
-0.001210 
-0.001456 
-0.001735 
-0.002052 
-0.002409 
-0.002808 
-0.003250 
-0.003733 
-0.004259 
-0.004830 
-0.005447 
-0.006109 
-0.006819 
-0.007575 
-0.008379 
-0.009230 
-0.010129 
-0.011075 
-0.012069 
-0.013108 
-0.014193 
-0.015323 
-0.016497 
-0.017713 
-0.018971 
-0.020269 
-0.021606 
-0.022980 
-0.024390 
-0.025832 
-0.027305 
-0.028807 
-0.030336 
-0.031888 
-0.033461 
-0.035053 
-0.036659 
-0.038278 
-0.039905 
-0.041585 
-0.043165 
-0.044789 
-0.046399 
-0.047733 

-0.046721 
-0.049592 
-0.050397 
-0.051138 
-0.051817 
-0.052437 
-0.052998 
-0.053502 
-0.053950 
-0.054341 
-0.054678 
-0.054961 
-0.055190 
-0.055367 
-0.055493 
-0.055567 
-0.055591 
-0.055566 
-0.055492 
-0.055371 
-0.055205 
-a aniQQI 

1-P/PIINF 

0.228831 
0.229527 
0.230354 
0.231421 
0.232669 
0.234058 
0.235547 
0.237093 
0.238654 
0.240186 
0.241603 
0.242667 
0.243319 
0.243729 
0.244043 
0.244456 
0.245263 
0.246464 
0.247934 
0.249518 
0.251096 
0.252705 
0.254406 
0.256253 
0.258227 
0.260299 
0.262457 
0.264713 
0.267082 
0.269583 
0.272235 
0,275003 
0.277856 
0.280856 
0.284051 
0.287381 
0.290834 
0.294446 
0.298241 
0.302240 
0.306470 
0.310921 
0.315558 
0.320479 
0.325732 
0.331234 
0.337175 
0.343339 
0.350057 
0.358016 
0.366858 
0.372955 
0.379858 
0.412550 
0.464362 
0.520522 
0.510589 

0.493308 
0.483512 
0.475535 
0.469045 
0.465575 
0.469309 
0.483759 
0.505143 
0.523436 
0.532042 
0.532842 
0.530565 
0.527892 
0.525532 
0.523441 
0.521331 
0.519018 
0.516463 
0.513714 
0.510833 
0.507858 
a r nm nc 

0. 
0. 
0. 
0. 

CP 

0.339222 
0.336736 
0.333780 
0.329968 
0.325510 
0.320550 
0.315230 
0.309705 
0.304130 
0.298656 
0.293595 
0.289794 
0.287464 
0.285999 
0.284877 
0.283400 
0.280518 
0.276229 
0.270976 
0.265318 
0.259680 
0.253932 
0.247857 
0.241259 
0.234205 
0.226806 
0.219096 
0.211035 
0.202573 
0.193639 
0.184163 
0.174273 
0.164081 

,153363 
141952 
130055 

,117719 
0.104815 
0.091259 
0.076971 
0.061860 
0.045959 
0.029395 
0.011814 

-0.006951 
-0.026609 
-0.047831 
-0.069853 
-0.093853 
-0.122283 

153873 
175654 

-0.200315 
-0.317103 
-0.502199 
-0.702830 
-0.667344 

-0.605607 
-0.570613 
-0.542114 
-0.518929 
-0.506532 
-0.519873 
-0.571495 
-0.647886 
-0.713239 
-0.743981 
-0.746840 
-0.738707 
-0.729156 
-0.720726 
-0.713256 
-0.705720 
-0.697453 
-0.688327 
-0.678507 
-0.668214 
-0.657588 
-0.646647 

-0. 

II, 
0 . 

0. 
0. 
0. 

MACH 

0.615491 
0.616516 
0.617938 
0.619640 
0.621663 
0.623911 
0.626321 
0.628820 
0.631338 1 
0.633800 
0.636074 
0.637833 
0 63891 1 
0.639576 
0.640109 
0.640788 
0.642037 

.643966 

.646318 

.648862 

.651400 
Ï53963 

0.656672 
0.659600 
0.662736 
0.666022 
0.669437 
0.672999 
0.676736 
0.680672 
0.684833 
0.689185 
0.693666 
0.698345 
0.703326 
0.708532 
0.713906 
0.719519 
0.725412 
0.731611 
0.738157 
0.745042 
0.752222 
0.759798 
0.767898 
0.776408 
0.785497 
0.795089 
0.805414 
0.817465 
0.830839 
0.840583 
0.851779 
0.898346 
0.974874 
1 .075275 
1 .071877 

1.033801 
1 .019233 
1 .006419 
0.995839 
0.930386 
0.995881 
1.018710 
1.054121 
1.085682 
1.101026 
1 .102460 
1 .098384 
1 .093643 
1 .089567 
1.085992 
1.082413 
1 .078439 
1 .074162 
1 .0695 : 4 
1.tóõ4655 
1.059654 
1 .054525 

1-PI/PIIN 

0,004224 
0.004308 
0.004239 
0.004258 
0.004250 
0.004243 
0.004233 
0.004221 
0.004212 
0.004210 
0.004204 
0.004158 
0.004127 
0.004120 
0.004094 
0.004080 
0.004111 
0.004098 
0.004091 
0.004071 
0.004047 
0.004038 
0.004030 
0.004024 
0.004016 
0.004003 
0.003995 
0.003987 
0.003978 
0.003970 
0.003971 
0.003958 
0.003344 
0.003947 
0.003948 
0.003933 
0.003933 
0.003932 
0.003927 
0.003927 
0.003928 
0.003926 
0.003913 
0.003931 
0.003933 
0.003909 
0.003975 
0.003886 
'.003914 

004138 
'04421 

V 004094 
0.003566 
0.008224 
0.015125 
0.006949 

-0.009423 

0.001854 
-0.000001 
-0.000254 
-0.000198 
-0.000378 
0.000252 
0.001096 
0.001105 
0.000307 

-0.000424 
-0.000493 
-0.000300 
-0.000113 
-0.000068 
-0.000064 
-0.000081 
-0.000092 
-0.000097 
-0.000093 
-0.000087 
-0.000084 
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93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
1 10 
1 1 1 
1 12 
113 
114 
115 
1 16 
117 
1 18 
119 
120 
121 
122 

123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
1 35 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 

AR 2 ! I 

C HKK't'HIA-NCK ILLA PROFILE: MACH 

W Schmidt 
AJamcson 

(iH-y-2 

- 0.769041, ALPHA — 0 

0.370753 
0.361279 
0.351905 
0.342635 
0.333470 
0.324413 
0.315467 
0.306634 
0.297916 
0.289315 
0.280832 
0.272471 
0.264231 
0.256116 
0.248125 
0.240260 
0.232523 
0.224914 
0.217434 
0.210084 
0.202865 
0.195777 
0.188821 
0.181997 
0.175306 
0.168747 
0.162321 
0.156028 
0.149868 
0.143840 
0.137946 
0.132183 
0.126553 
0.121055 
0.115689 
0.110453 
0.105349 
0.100374 
0.095529 
0.090814 
0.086226 

0.081767 
0.077434 
0.073228 
0.069148 
0.065193 
0.061362 
0.057655 
0.054071 
0.050609 
0.047268 
0.044048 
0.040948 
0.037966 
0.035103 
0.032356 
0.029727 
0.027213 
0.024814 
0.022530 
0.020361 
0.018305 
0.016362 
0.014533 
0.012815 
0.011207 
0.009709 
0.008319 
0.007038 
0.005865 
0.004800 
0.003842 
0.002991 
0.002248 
0.001611 
0.001082 
0.000660 
0.000344 
0.000134 

-0.054737 
-0.054439 
-0.054098 
-0.053718 
-0.053298 
-0.052839 
-0.052344 
-0.051814 
-0.051249 
— 0.050652 
-0.050023 
-0.049364 
-0.048676 
-0.047960 
-0.047219 
-0.046453 
-0.045664 
-0.044853 
-0.044022 
-0.043171 
-0.042303 
-0.041418 
-0.040518 
-0.039604 
-0.038678 
-0.037741 
-0.036794 
-0.035839 
-0.034876 
-0.033908 
-0.032934 
-0.031958 
-0.030978 
-0.029998 
-0,029018 
-0.028039 
-0.027062 
-0.026088 
-0.025119 
-0.024155 
-0.023198 
-0.022248 

-0.021307 
-0.020375 
-0.019454 
-0.018545 
-0.017648 
-0.016764 
-0.015894 
-0.015038 
-0.014197 
-0.013372 
-0.012564 
-0.011775 
-0.011005 
-0.010257 
-0.009530 
-0.008828 
-0.008148 
-0.007492 
-0.006857 
-0.006243 
-0.005651 
-0.005078 
-0.004527 
-0.004000 
-0.003503 
-0.003040 
-0.002612 
-0.002216 
-0.001852 
-0.001525 
-0.001232 
-0.000971 
-0.000739 
-0.000537 
-0.000366 
-0.000222 
-0.000106 
-0.000032 

0.501635 
0.498371 
0.495011 
0.491563 
0.488036 
0.484443 
0.480796 
0.477102 
0.473364 
0.469575 
0.465726 
0.461815 
0.457849 
0.453340 
0.449801 
0.445740 
0.441655 
0.437537 
0.433378 
0.429172 
0.424919 
0.420628 
0.416303 
0.411948 
0.407565 
0.403153 
0.398713 
0.394242 
0.389741 
0.385208 
0.380645 
0.376052 
0.371429 
0.366776 
0.362099 
0.357388 
0.352644 
0.347865 
0.343046 
0.338180 
0.333273 
0.328332 

0.323361 
0.318364 
0.313359 
0.308350 
0.303313 
0.298223 
0.293064 
0.287818 
0.282438 
0.276882 
0.271215 
0.265502 
0.259764 
0.254088 
0.248473 
0.243101 
0.237923 
0.232719 
0.227307 
0.221549 
0.215387 
0.208669 
0.200727 
0.191827 
0.183442 
0.176104 
0.169503 
0.161916 
0.154034 
0.147142 
0.140826 
0.134114 
0.125698 
0. 1 14868 
0.109495 
0.093505 
0.070165 
0.049742 

-0.635354 
-0.623696 
-0.61 1.692 
-0.599374 
-0.586775 
-0.573939 
-0.560908 
-0.547713 
-0.534359 
-0.520821 
-0.507072 
-0.493101 
-0.478931 
-0.464610 
-0.450181 
-0.435674 
-0.421030 
-0.406369 
-0.391511 
-0.376484 
-0.361294 
-0.345963 
-0.330511 
-0.314952 
-0.299294 
-0.283535 
-0.267672 
-0.251701 
-0.235619 
-0.219426 
-0.203124 
-0.186715 
-0.170202 
-0.153587 
-0.136869 
-0.120041 
-0.103095 
-0.086022 
-0.068804 
-0.051421 
-0.03389? 
-0.016241 

0.001518 
0.019368 
0.037251 
0.055144 
0.073139 
0.091324 
0.109754 
0.128494 
0. 147714 
0.167562 
0.187806 
0.208217 
0.228643 
0.248990 
0.269052 
0.288241 
0.306740 
0.325330 
0.344666 
0.365235 
0.387248 
0.411249 
0.439620 
0.471416 
0.501372 
0.527585 
0.551167 
0.578272 
0.606429 
0.631052 
0.653614 
0.677592 
0.707657 
0.746347 
0.765543 
0.822666 
0.906046 
0.979008 

1 .049248 
1 .043818 
1 .038243 
1 .032542 
1 .026731 
1 .020827 
1 .014853 
1 .009823 
1 .002741 
0.996594 
0.990371 
0.984065 
0.977690 
0.971263 
0.964807 
0.958333 
0.951840 
0.94531 1 
0.938734 
0.932098 
0.925407 
0.918669 
0.911892 
0.905082 
0.898243 
0.891374 
0.884471 
0.877535 
0.870560 
0.863548 
0.856499 
0.849413 
0.842289 
0.835129 
0.827931 
0.820691 
0.813405 
0.806068 
0.79867 1 
0.791207 
0.783678 
0.776095 
0.76 846'' 
0.760791 
0.753095 
0.745391 
0.737637 
0.729792 
0.721834 
0.713723 
0.705396 
0.696781 
0.687957 
0.679040 
0.670085 
0.661139 
0.652286 
0.643750 
0.635525 
0.627236 
0.618572 
0.609326 
0.599355 
0.588381 
0.575488 
0.560737 
0.546441 
0.533920 
0.522413 
0.509578 
0.495463 
0.482902 
0.471501 
0.459069 
0.443540 
0.423714 
0.409296 
0.382351 
0.328415 
0.277353 

-0.000082 
-0.000083 
-0.000083 
-0.000082 
-0.000082 
-0.003081 
-0.0000P0 
-0.0000/9 
-0.000079 
-0.000077 
-0.000079 
-0.000078 
-0.000079 
-0.00007 6 
-0.000077 
-0.000075 
-0.000076 
-0.000075 
-0.000078 
-0.000077 
-0.000079 
-0.000080 
-0.000078 
-0.000078 
-0.000079 
-0.000081 
-0.000080 
-0.000082 
-0.000083 
-0.000083 
-0.000085 
-0.000086 
-0.000089 
-0.000089 
-0.000093 
-0.000095 
-0.000096 
-0.000097 
-0.000101 
-0.000105 
-0.000106 
-0.000109 
-0.000112 
-0.000113 
-0.000115 
-0.000118 
-0.000121 
-0.000127 
-0.000134 
-0.000137 
-0.000149 
-0.000163 
-0.000163 
-0.000170 
-0.000171 
-0.000180 
-0.000186 
-0.000164 
-0.000175 
-0.000196 
-0.000213 
-0.000246 
-0.000269 
-0.000271 
-0.000420 
-0.000471 
-0.000356 
-0.000355 
-0.000277 
-0.000566 
-0.000475 
-0.000381 
-0.000473 
-0.000493 
-0.000736 
-0.001449 
0.000623 

-0.0026Î8 
-0.001949 
-0.002418 
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AR 211 

W.Schmidl 
AJamcson 

08-9-3 

CHIOCCHIA-NOCILLA PROFILE: MACH - 0.769041, ALPHA - 0 

Ibl 
162 
163 
164 
165 
166 
167 
168 
169 
170 
174 
172 
173 
174 
175 
1 76 
177 
178 
179 
180 
181 
182 
183 
184 
185 
136 

h 

187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
21 1 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 

'227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
í»'i 
242 
243 

0.000027 
0.000027 
0.000134 
0.000344 
0.000660 
0.001082 
0.001611 
0.002248 
0.002991 
0.003842 
0.004800 
0.005865 
0.007338 
0.008319 
0.009709 
0.011207 
0.012815 
0.014533 
0.016362 
0.018305 
0.020361 
0.022530 
0.024814 
0.027213 
0.029727 
0.032356 

0.035103 
! 3.037966 

0.040948 
0.044048 
0.047268 
0.050609 
0.054071 
0.057655 
0.061362 
0.065193 
0.069148 
0.073228 
0.077434 
0.081767 
0.066226 
0.090814 
0.095529 
0.100374 
0.105349 
0.110453 
0.115689 
0.121055 
0.126553 
0.132183 
0.137946 
0.143840 
0.149868 
0.156028 
0.162321 
0.168747 
0.175306 
0.181997 
0.188821 
0.195777 
0.202865 
0.210084 
0.217434 
0.224914 
0.232523 
0.240260 

i 0.248125 
0.256116 
0.264231 
0.272471 
0.280832 
0.289315 
0.297916 
0.306634 
0.315467 
0.324413 
0.333470 
0.342635 
0.351905 
0.361279 
0.370753 
0.380324 
0.389990 

-0.000004 
0.000004 
0.000032 
0.000106 
0.000222 
0.000366 
0.000537 
0.000739 
0.000971 
0.001232 
0.001525 
0.001852 
0.002216 
0.002612 
0.003040 
0.003503 
0.004000 
0.004527 
0.005078 
0.005651 
0.006243 
0.006857 
0.007492 
0.008148 
0.008828 
0.005530 

0.010737 
0.011005 
0.011775 
0.012564 
0.013372 
0.014197 
0.015038 
0.015894 
0.016764 
0.017648 
0.018545 
0.019454 
0.020375 
0.021307 
0.022248 
0.023198 
0.024155 
0.025119 
0.026088 
0.027062 
0.028039 
0.029018 
0.029998 
0.030978 
0.031958 
0.032934 
0.033908 
0.034876 
0.035839 
0.036794 
0.037741 

.038678 

.039604 

.040518 
0.041418 
0.042303 
0.043171 

.044022 

.044853 

.045664 

0.046453 
0.047219 
0.047960 
0.048676 
0.049364 
0.050023 
0.050652 
0.051249 
0.051814 
0.052344 
0.052839 
0.053298 
0.053718 
0.054098 
0.054433 
0.054737 
0.054993 

0. 

0. 
0. 

0. 
0. 
0. 
0. 
0. 

0 

u 041451 
0.041451 
0.049742 
0.070165 
0.093505 
0.109495 
0.114868 
0.125698 

134114 
140826 
147142 
154034 
161916 

0.169503 
0.176104 

183442 
191827 

0.200727 
0.208669 
0.215387 
0.221549 
0.227307 
0.232719 
0.237923 
0.243101 
0.248473 

0.254088 
0.259784 
0.265502 
0.271215 
0.276882 
0.282438 
0.287818 
0.293064 
0.298223 
0.303313 
0.308350 
0.313359 
0.318364 
0.323361 
0.328332 
0.333273 
0.338180 
0.343046 
0.347865 
0.352644 
0.357388 
0.362099 
0.366778 
0.371429 
0.376052 
0.380645 
0.385208 
0.389741 
0.394242 
0.398713 
0.403153 
0.407565 
0.411948 
0.416303 
0.420628 
0.424919 
0.429172 
0.433378 
0.437537 
0.441655 

0.4 5740 
0. 49801 
0.453840 
0.457849 
0.461815 
0.465726 
0.469575 
0.473364 
0.477102 
0.480796 
0.484443 
0.488036 
0.491563 
0.495011 
0.498371 
0.501635 
0.504796 

1 .008626 
1 .008626 
0.979008 
0.906046 
0.822666 
0.765543 
0.746347 
0.707657 
0.677592 
0.653614 
0.631052 
0.606429 
0.578272 
0.551167 
0.527585 
0.501372 
0.471416 
0.439620 
0.411249 
0.387248 
0.365235 
0.344666 
0.325330 
0.306740 
0.288241 
0.269052 

0.248990 
0.228643 
0.208217 
0.187906 
0.167562 
0.147714 
0. 128494 
0.109754 
0.091324 
0.073139 
0.055144 
0.037251 
0.019368 
0.001518 

-0.016241 
-0.033892 
-0.051421 
-0.068804 
-0.086022 
-0.103095 
-0.120041 
-0.136869 
-0.153587 
-0.170202 
-0.186715 
-0.203124 
-0.219426 
-0.235619 
-^.251701 
-0.267672 
-0.283535 
-0.299294 
-0.314952 
-0.330511 
-0.345963 
-0.361294 
-0.376484 
-0.391511 
-0.406369 
-0.421080 

-0.435674 
-0.450181 
-0.464610 
-0.478931 
-0.-93101 
-0.J07072 
-0.520821 
-0.534359 
-0.547713 
-0.560908 
-0.573939 
-0.586775 
-0.599374 
-0.611692 
-0.623696 
-0.635354 
-0.646647 

0.246839 
0.348859 
0.277354 
0.328415 
0.382351 
0.409296 
0.423714 
0.443540 
0.459069 
0.471501 
0.482902 
0.495463 
0.509578 
0.522413 
0.533920 
0.546441 
0.560737 
0.575488 
0.588381 
0.599355 
0.609326 
0.618572 
0.627236 
0.635525 
0.643750 
0.662286 

0.661139 
0.670085 
0.679040 
0.687957 
0.696781 
0.705396 
0.713723 
0.721834 
0.729792 
0.737637 
0.745391 
0.763095 

,0.760791 
0.768463 
0.776095 
0.783678 
0.791207 
0.798671 
0.806068 
0.813405 
0.820691 
0.827931 
0.835129 
0.842289 
0.849413 
0.856499 
0.863548 
0.870560 
0.877535 
0.884471 
0.891374 
0.898243 
0.905082 
0.911892 
0.918669 
0.925407 
0.932098 
0.938734 
0.945311 
0.951840 

0.958333 
0.964807 
0.971263 
0.977690 
0.984065 
0.990371 
0.996594 
1 .002741 
1 .008823 
1 .014853 
1 .020827 
1.026731 
1 .032542 
1 .038243 
! .043818 
1 .043248 
1.054525 

■ 0. 

-0. 
-0. 

-0.000749 
-0.000749 
0.002418 

-0.001949 
-0.002698 
0.000623 

-0.001449 
-0.000736 
-0.000493 
-0.000473 

.000381 

.000475 

.000566 
-0.0002.7 
-0.000355 
-0.000356 
-0.000471 
-0.000420 
-0.000271 
-0.000269 
-0.000246 
-0.000213 
-0.000196 
-0.000175 
-0.000164 
-0.000186 

-0.000180 
-0.000171 
-0.000170 
-0.000163 
-0.000163 
-0.000149 
-0.000137 
-0.000134 
-0.000127 
-0.000121 
-0.000118 
-0.000115 
-0.000113 
-0.000112 
-0.000109 
-0.000106 
-0.000105 
-0.000101 
-0.000097 
-0.000096 
-0.000095 
-0.000093 
-0.000089 
-0.000089 
-0.000086 
-0.000085 
-0.000083 
-0.000083 
-0.000082 
-0.000080 
-0.000081 
-0.000079 
-0.000078 
-0.000078 
-0.000080 
-0.000079 
-0.000077 
-0.000078 
-0.000075 
-0.000076 

-0.000075 
-0.000077 
-0.000076 
-0.000079 
-0.000078 
-0.000079 
-0.000077 
-0.000079 
-0.000079 
-0.000080 
-0.000081 
-0.000082 
-0.000082 
-0.000083 
-0.000083 
-0.000082 
-0.000084 

á 



DORNIKR/JAMF.SON 
AR 211 

CHIOCCHIA-NOCÏLLA PROFILE: MAC H - 0.769041, ALPHA - 0 

0.05520b 
0.055371 
0.055492 
0.055566 
0.055591 
0.055567 
0.055493 
0.055367 
0.055190 
0.054961 
0.054678 
0.054341 
0.053950 
0.053502 
0.052998 
0.052437 
0.051817 
0.051138 
0.050397 
0.049592 
0 048721 
0.047733 
0.046399 
0.044789 
0.043165 
0.041535 
0.039905 
0.038278 
0.036659 
0.035053 
0.033461 
0.031888 
0.030336 
0.028807 
0.027305 
0.025832 
0.024390 
0.022980 
0.021606 
0.020269 
0.018971 
0.017713 
0.016497 
0.015323 
0.014193 
0.013108 
0.012069 
0.011075 
0.010129 
0.009230 
0.008379 
0.007575 
0.006819 
0.006109 
0.005447 
0.004830 
0.004259 
0.003733 
0.003250 
0.002808 
0.002409 
0.002052 
0.001735 
0.001456 
0.001210 
0.000993 
0.000800 
0.000631 
0.000483 
0.000358 
0.000254 
0.000171 
0 000107 
0.000061 
0.000030 
0.000012 
0.000003 
0.000000 

0.507858 
0.510833 
0.513714 
0.516463 
0.519018 
0.521331 
0.523441 
0.525532 
0.527892 
0.530565 
0.532842 
0.532042 
0.523436 
0.505143 
0.483759 
0.469309 
0.465575 
0.469045 
0.475535 
0.483512 
0.493308 
0.510589 
0.520522 
0.464362 
0.412550 
0.379858 
0.372955 
0.366858 
0.358016 
0.350057 
0.343339 
0.337175 
0.331234 
0.325732 
0.320479 
0.315558 
0.310921 
0.306470 
0.302240 
0.298241 
0.294446 
0.290834 
0.287381 
0.284051 
0.280856 
0.277856 
0.275003 
0.272235 
0.269583 
0.267082 
0.264713 
0.262457 
0.260299 
0.258227 
0.256253 
0.254406 
0.252705 
0.251096 
0.249518 
0.247934 
0.246464 
0.245263 
0.244456 
0.244043 
0.243729 
0.243319 
0.242667 
0.241603 
0.240186 
0.238654 
0.237093 
0.235547 
0.234058 
0.232669 
0.231421 
0.230354 
0.229527 
0.228831 

-0.657588 
-0.668214 
-0.678507 
-0.688327 
-0.697453 
-0.705720 
-0.713256 
-0.720726 
-0.729156 
-0.738707 
-0.746840 
-0.743981 
-0.713239 
-0.647886 
-0.571495 
-0.519873 
-0.506532 
-0.518929 
-0.542114 
-0.570613 
-0.605607 
-0.667344 
-0.702830 
-0.502199 
-0.317103 
-0.200315 
-0.175654 
-0.153873 
-0.122283 
-0.093853 
-0.069853 
-0.047831 
-0.026609 
-0.006951 
0.011814 
0.029395 
0.045959 
0.061860 
0.076971 
0.091259 
0.104815 
0.117719 
0.130055 
0.141952 
0.153363 
0.164081 
0.174273 
0.184163 
0.193639 
0.202573 
0.211035 
0.219096 
0.226805 
0.234205 
0.241259. 

0.247857 
0.253932 
0.259680 
0.265318 
0.270976 
0.276229 
0.280518 
0.283400 
0.284877 
0.285999 
0.287464 
0.289794 
0.293695 
0.298656 
0.304130 
0.309705 
0.315230 
0.320550 
0.325510 
0.329968 
0.333780 
0.336736 
0.339222 

1 .059654 
1.064655 
1.069514 
1.074162 
1.078489 
1.082413 
1.085992 
1.089567 
1.093643 
1.098384 
1.102460 
1.101026 
1.085682 
1.054121 
1.018710 
0.995881 
0.390386 
0.995839 
1.006419 
1.019233 
1.033801 
1.071877 
1.075275 
0.974874 
0.898346 
0.851779 
0.840583 
0.830839 
0.817465 
0.805414 
0.795089 
0.785497 
0,776408 
0.767898 
0.759798 
0.752222 
0.745042 
0.738157 
0.731611 
0.725412 
0.719519 
0.7139. 5 
0.708532 
0.703326 
0.698345 
0.693666 
0.689185 
0.684833 
0.680672 
0.676736 
0.672999 
0.669437 
0.666022 
0.662736 
0.659600 
0.656672 
0.653963 
0.651400 
0.648862 
0.646318 
0.643966 
0.642037 
0.640788 
0.640109 
0.639576 
0.638911 
0.637833 
0.636074 
0.633800 
0.631338 
0.628820 
0.626321 
0.623911 
0.621663 
0.619640 
0.617938 
0.616516 
0.615491 

-0.000084 
-0.000087 
-0.000093 
-0.000097 
-0.000092 
-0.000081 
-0.000064 
-0.000068 
-0.000113 
-0.000300 
-0.000493 
-0.000424 
0.000307 
0.001105 
0.001096 
0.000252 

-0.0003/8 
-0.000199 
-0.000254 
-0.000001 
0.001854 

-0.009423 
0.00Ó949 
0.015125 
0.006224 
0.003566 
0.004094 
0.004421 
0.004138 
0.003914 
0.003886 
0.003975 
0.003909 
0.003933 
0.003931 
0.003913 
0.003926 
0.003928 
0.003927 
0.003927 
0.003932 
0.003933 
0.003933 
0.003948 
0.003947 
0.003944 
0.003958 
0.003971 
0.003970 
0.003978 
0.003987 
0.003995 
0.004003 
0.004016 
0.004024 
0.004030 
0.004038 
0.004047 
0.004071 
0.004091 
0.004098 
0.0041 11 
0.004080 
0 004094 
0.004120 
0.004127 
0.004158 
0.004204 
0.004210 
0.004212 
0.004221 
0.004233 
0.004243 
0.004250 
0.004258 
0.004239 
0.004308 
0.004224 

244 0.399746 
245 0.409590 
246 0.419517 
247 0.429525 
248 0.439609 
249 0.449765 
250 0.459990 
251 0.470278 
252 0.480625 
253 0.491027 
254 0.501479 
255 0.511976 
256 0.522512 
257 0.533084 
258 0.543685 
259 0.554309 
260 0.564952 
261 0.575608 
262 0.586270 
263 0.596932 
264 0.607589 
265 0.618233 
266 0.628851 
267 0.639439 
268 0.649994 
269 0.6605:3 
270 0.670988 
27! 0.681414 
272 0.691784 
273 0.702092 
274 0.712331 
275 0.722495 
276 0.732577 
277 0.742571 
278 0.752470 
279 0.762268 
280 0.771958 
281 0.781532 
282 0.790985 
283 0.800310 
284 0.809499 
285 0.818547 
286 0.827446 
287 0.836189 
288 0.844771 
289 0.853185 
29" 0.861423 
291 0.869480 
292 0.877349 

'293 0.885023 
294 0.892498 
295 0.899765 
296 0.906820 
297 0.913657 
298 0.920269 
299 0.926652 
300 0.932799 
301 0.938706 
302 0.944366 
303 0.949777 
304 0.954931 
305 0.959826 
306 0.964456 
307 0.968818 
308 0.972908 
309 0.976721 
310 0.980254 
911 0.983505 
312 0.986469 
313 0.989145 
314 0.991530 
315 0.993622 
316 0.995418 
317 0.996918 
318 0.998120 
319 0.999022 
320 0.999624 
321 0.999925 
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W.Schmidt 
AJameson 

os-y-s 

CHIOCCHIA-NOCILLA I’ROFILE: MAC H - (1769041. ALPHA - 0 

0.651 . 10 -13 

CD - 0.431 • 10 -3 

CM = - 0.215 . 10 -13 

-i-1-1-1-1-r 
100.00 200.00 300.00 

CYCLES 

—i-1-1 
1100.00 500.00 

RTRHS 

HRMS 

FIG. : CONVERGENCE BEHRVIOUR (DR/DT AND H) 
CHIOCCHIfl M*0. 7690.ALPHA*0.0 

GRID SEQUENCE : 4Ow8->0O« 16-> 160*32->320>*614 
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DORMI R JAMFSON 
AR2II 

W.Schmidl 
AJameson 

OK-y-6 

CHIOCCHIA-NOC'ILLA PROFILE: MACH-().769()41, ALPHA-0 

HMfiX 

~l 
500.00 

FIG. : CONVERGENCE BEHAVIOUR (0R/DT AND H) 

CHIOCCHIR M=0.7690,ALPHA=0.0 

GRID SEQUENCE : (40*8->80»< 16-> 160*32->320*64 
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CH1ÖCCH1A-NOCILLA PROFILE: MACH - 0.769041, ALPHA — 0 
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08-9-K 

C'HIOCC'HIA-NCX'ILLA PROFILE: MACH - 0.769041, ALPHA - 0 

CO/COfiEF 

<->o 
o 

^00 
“I-1-1 i-1-1-1-1 
100.00 200.00 300.00 400.00 500.00 

CYCLES 

FIG. : CONVERGENCE BEHAVIOUR (CL.CO.CM)/REF 
CHIOCCHIR M=0.7690,RLPHfi=0.0 

REf"-VFlUJESi CLREF-1.0. CDREF-0.001, CMflEF*-0.20 
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CHIOCCHIA-NOCILLA PROF 1LE: MACH-0.769()41, ALPHA-0 
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FIG. : CPIZ/C) ON CHIOCCHIfl 
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CHIOCCHIA-NOCILLA PROFILE: MACH - 0.769041, ALPHA - 0 
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CHIOCCHIA-NOCILLA PROFILE: MAC H - 0.769(141, ALPHA - 0 
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CHIOCCHIA-NCX'ILLA PROF ILE: MACH-0.769041. ALPHA-0 
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CHIOCC’HIA-NCX'ILLA PROFILE: MACH - 0.769041. ALPHA - 0 

in 

S 

FIG. « 1.-P/PI INF VS. Z/C ON CHIOCCHIfl 
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C HIÍKCHIA-NCX ILLA PROFILE: MACH - 0.769041, ALPHA - 0 

o 

o 

FIG. : 1.-PI/PI INF VS. Z/C ON CHIOCCHIfl 
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C'HIOCCHIA-NOCILLA PROFILE: MAC H - 0.764041, ALPHA - 0 
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AR 211 
W.Schmidl 
A. Jameson 

CHIOCCHIA-NCX’lLLA PROFILE: MACH - 0.769041. AL PHA - 0 

FIG. * ISO-MflCH (DELTA * 0.050) 
MMM VALUES OF CURVE PRRRMETER - 100«HRCH ««N 
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('HICX'C'HIA-NOC'ILLA PROFILE: MACH - 0.769041. ALPHA - 0 

FIG. : ISO-MflCH (DELTA = 0.050) 
NMN VALUES OF CURVE PARAMETER - IOOnMACH mmm 



FIG. s IS0-P/PIINF (DELTA = 0.025) 
»MM VALUES OF CURVE PRRRMETER - IOOOmP/PIINE "nn 
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CHIOCCHIA-NOC'ILLA PROFILE: MAC H - 0.769041, AL.PHA - 0 

í 
I 

FIG. : ISO-PI/PI INF (DELTA = 0.0050) 
MMM VALUES OF CURVE PARAMETER - 1000mPI/P1INF -m* 



IXJRNIER/J AMESON 
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W.Schmidl 
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OS-9-23 

CHIOCCHIA-NOCILLA PROFILE: MAC H - 0.785, AL.PHA - 0 

N x/cnr> z/c ( X > l-P/PIINF CP MACH 1-PI/PIINF 

Æf.999925 
3 8.999624 
4 0.999022 
5 0.998120 
6 0.996918 

0.995418 
8 0.993622 
9 0.991530 

10 0.989145 
11 0.986469 
12 0.983505 
13 0.980254 
14 0.976721 
15 0.972908 
16 0.968818 
17 0.964456 
18 0.959826 
19 0.954931 
20 0.949777 
21 0.944366 
22 0.938706 
23 0.932799 
24 0.926652 
25 0.920269 
26 0.913657 
27 0.906820 
28 0.899765 
29 0.892498 
30 0.885023 
31 0.877349 
32 0.869480 
33 0.861423 
34 0.853185 
35 0.844771 
36 0.836189 
37 0.827446 
38 0.818547 
39 0.809499 
40 0.800310 
41 0.790985 
42 0.781532 
43 0.771958 
44 0.762268 
45 0.752470 
46 0.742571 
47 0.732577 
48 0.722495 
49 0.712331 
50 0.702092 
51 0.691784 
52 0.681414 
53 0.670988 
54 0.660513 
55 0.649994 
56 0.639439 
57 0.628851 
58 0.618233 
59 '0.607589 
60 0.596932 
61 0.586270 
62 0.575608 
63 0.564952 
64 0.554309 
65 0.543685 
66 0.533084 
67 0.522512 
6P 0.511976 
69 0.501479 
70 0.491027 
71 0.480625 
72 0.470278 
73 0.459990 
74 0.449765 
75 0.439609 
76 0.429525 
77 0.419517 
78 0.409590 
79 0.399746 
80 0.389990 

-0.000000 
-0.000003 
-0.000012 
-0.000030 
-0.000061 
-0.000107 
-0.000171 
-0.000254 
-0.000358 
-0.000483 
-0.000631 
-0.000800 
-0.000993 
-0.001210 
-0.001456 
-0.001735 
-0.002052 
-0.002409 
-0.002808 
-0.003250 
-0.003733 
-0.004259 
-0.004830 
-0.005447 
-0.006109 
-0.006819 
-0.007575 
-0.008379 
-0.009230 
-0.010129 
-0.011075 
-0.012069 
-0.013108 
-0.014193 
-0.015323 
-0.016497 
-0.017713 
-0.018971 
-0.020269 
-0.021606 
-0.022980 
-0.024390 
•0.025832 
-0.027305 
-0.028807 
-0.030336 
-0.031888 
-0.033461 
-0.035053 
-0.036659 
-0.038278 
-0.039905 
-0.041535 
-0.043165 
-0.044789 
-0.046399 
-0.047733 
-0.048721 
-0.049592 
-0.050397 
-0.051138 
-0.051817 
-0.052437 
-0.052998 
-0.053502 
-0.053950 
-0.054341 
-0.054678 
-0.054961 
-0.055190 
-0.055367 
-0.055493 
-0.055567 
-0.055591 
-0.055566 
-0.055492 
-0.055371 
-0.055205 
-0.054993 

0.234073 
0.234781 
0.235621 
0.236704 
0.237969 
0.239376 
0.240883 
0.242446 
0.244022 
0.245567 
0.246993 
0.248058 
0.248703 
0.249099 
0.249396 
0.249794 
0.250589 
0.251783 
0.253248 
0.254826 
0.256397 
0.257997 
0.259687 
0.261523 
0.263486 
0.265543 
0.267684 
0.269921 
0.272267 
0.274742 
0.277364 
0.280097 
0.282906 
0.285856 
0.288991 
0.292252 
0.295622 
0.299136 
0.302813 
0.306674 
0.310737 
0.3'4988 
0.349390 
0.324031 
0.328922 
0.333955 
0.339303 
0.345103 
0.351009 
0.356993 
0.363275 
0.370771 
0.379280 
0.384543 
0.401486 
0.481658 
0.551025 
0.588285 
0.591142 
0.587366 
0.583589 
0.580169 
0.577261 
0.574713 
0.571930 
0.569905 
0.565755 
0.562556 
0.559291 
0.556979 
0.552620 
0.549196 
0.545693 
0.542121 
0.538493 
0.534823 
0.531125 
0.527404 
0.523646 

0.348658 
0.346193 
0.343266 
0.339496 
0.335092 
0.330193 
0.324947 
0.319504 
0.314016 
0.308635 
0.303672 
0.299962 
0.297713 
0.296338 
0.295303 
0.293919 
0.291149 
0.286993 
0.26890 
0.276 196 
0.270926 
0.265355 
0.259470 
0.253078 
0.246244 
0.239079 
0.231626 
0.223837 
0.215668 
0.207050 
0.197921 
0.188406 
0.178623 
0.168351 
0.157436 
0.146081 
0.134348 
0.122113 
0.109308 
0.095863 
0.081716 
0.066914 
0.051586 
0.035427 
0.018399 
0.000873 

-0.018061. 
-0.037945 
-0.058506 
-0.079343 
-0.101218 
-0.127317 
-0.156947 
-0.175273 
-0.234265 
-0.513421 
-0.754953 

-0.884691 
-0.894641 
-0.881493 
-0.868340 
-0.856433 
-0.846306 
-0.837435 
-0.827745 
-0.817210 
-0.806243 
-0.795105 
-0.783738 
-0.772205 
-0.760509 
-0.748584 
-0.736387 
-0.723950 
-0.711318 
-0.698540 
-0.685663 
-0.672706 
-0.659623 

0.62.164 
0.622204 
0.623642 
0.625358 
0.627398 
0.629670 
0.632098 
0.634618 
0.637150 
0.639626 
0.641907 
0.643658 
0.644722 
0.645358 
0.645860 
0.646507 
0.647733 
0.649644 
0.651981 
0.654507 
0.657035 
0.659576 
0.662262 
0.665170 
0.668284 
0.671546 
0.674934 
0.678464 
0.682164 
0.686061 
0.690177 
0.694472 
0.698889 
0.703498 
0.708391 
0.713495 
0.718750 
0.724219 
0.729943 
0.735937 
0.742242 
0.748833 
0.755668 
0.762832 
0.770398 
0.778222 
0.786556 
0.795426 
0.804531 
0.813827 
0.823601 
0.834927 
0.847623 
0.855682 
0.879247 
1.001443 
1 . 131578 

1 . 195247 
1.210419 
1.197681 
1.193748 
1.185884 
1.181109 
1.176215 
1.171317 
1.165771 
1.160104 
1.154346 
1.148518 
1.142615 
1.136664 
1.130625 
1 . 124476' 
1.11823Í 
1 . 1 1191.7 
1.105560 
1.099179 
1.092789 
1.086564 

0.006472 
0.006557 
0.006492 
0.006518 
0.006518 
0.006513 
0.006508 
0.006503 
0.006501 
0.006501 
0.006501 
0.006459 
0.006431 
0.006430 
0.006407 
0.006397 
0.006432 
0.006426 
0.006423 . 
0.006410 
0.006384 
0.006382 
0.006376 
0.006377 
0.006368 
0.006360 
0.006350 
0.006346 
0.006338 
0.006332 
0.006332 
0.006323 
0.006306 
0.006310 
0.006311 
0.006294 
0.006286 
0.006284 
0.006278 
0.006277 
0.006274 
0.006270 
0.006249 
0.006264 
0.006258 
0.006214 
0.006278 
0.006230 
0.006247 
0.006200 
0.006140 
0.006422 
0.006936 
0.007058 
0.010071 
0.017163 
0.002762 

0.007772 
-0.005062 
0.002400 

-0.001592 
0.000440 

-0.000283 
0.000029 

-0.000183 
-0.000100 
-0.0001)5 
-0.000099 
-0.000108 
-0.000097 
-0.000098 
-0.000098 
-0.000100 
-0.000098 
-0.000096 
-0.000094 
-0.000091 
-0.000090 
-0.000089 



DORNIER/J AMESON 
AR211 

W.Schmidt 
AJameson 

08-9-24 

CHIOCCHIA-NOCILLA PROFILE: MACH - 0.785, ALPHA - 0 

81 H . 380324 
82 0.370753 
83 0.361279 
84 0.351905 
85 0.342635 
86 0.333470 
87 0.324413 
88 0.315467 
89 0.306634 
90 0.297916 
91 0.289315 
92 0.280832 
93 0.272471 
94 0.264231 
95 0.256116 
96 0.248125 
97 0.240260 
98 0.232523 
99 0.224914 

100 0.217434 
101 0.210084 
102 0.202865 
103 0.195777 
104 0.188821 
105 0.181997 
106 0.175306 
107 0.168747 
108 0.162321 
109 0.156028 
110 0.149868 
111 0.143840 
112 0.137946 
113 0.132183 
114 0.126553 
115 0.121055 
116 0.115689 
117 0.110453 
118 0.105349 
119 0.100374 
120 0.095529 
121 0.090814 
122 0.086226 

-0.054737 
-0.054439 
-0.054098 
-0.053718 
-0.053298 
-0.052839 
-0.052344 
-0.051814 
-0.051249 
-0.050652 
-0.050023 
-0.049364 
-0.048676 
-0.047960 
-0.047219 
-0.046453 
-0.045664 
-0.044853 
-0.044022 
-0.043171 
-0.042303 
-0.041418 
-0.040518 
-0.039604 
-0.038678 
-0.037741 
-0.036794 
-0.035839 
-0.034876 
-0.033908 
-0.032934 
-0.031958 
-0.030978 
-0.029998 
-0.029018 
-0.028039 
-0.027062 
-0.026088 
-0.025119 
-0.024155 
-0.023198 
-0.022248 

123 0.081767 
124 0.077434 
125 0.073228 
126 0.069148 
127 0.065193 
128 0.061362 
129 0.057635 
130 0.0540V 
131 0.050609 
132 0.047268 
133 0.044048 
134 0.040948 
135 0.037966 
135 0.035103 
137 0.032356 
138 0.029727 
139 0.027213 
140 0.024814 
141 0.022530 
142 0.020361 
143 0.018305 
144 0.016362 
145 0.0'4533 
146 0.012815 
147 0.011207 
148 0.009709 
149 0.008319 
150 0.007038 
151 0.005865 
152 0.004800 
153 0.003842 
15' 0.002991 
155 0.002248 
156 0.001611 
157 0.001082 
158 0.000660 
159 0.000344 
160 0.000134 

-0.021307 
-0.020375 
-0.019454 
-0.018545 
-0.017648 
-0.016764 
-0.015894 
-0.015039 
-0.014197 
-0.013372 
-0.012564 
-0.011775 
-0.011005 
-0.010257 
-0.009530 
-0.008828 
-0.008148 
-0.007492 
-0.006857 
-0.006243 
-0.005651 
-0.005078 
-0.004527 
-0.004000 
-0.003503 
-0.003040 
-0.002612 
-0.002216 
-0.001852 
-0.001525 
-0.001232 
-0.000971 
-0.000739 
-0.000537 
-0.000366 
-0.000222 
-0.000106 
-0.000032 

0.519836 
0.515969 
0.512049 
0.508083 
0.504076 
0.500034 
0.495966 
0.491874 
0.487755 
0.4P3599 
0.479398 
0.475148 
0.470859 
0.466544 
0.462213 
0.457874 
0.453522 
0.449146 
0.444735 
0.440284 
0.435794 
0.431271 
0.426721 
0.422147 
0.417552 
0.412934 
0.408293 
0.403625 
0.398932 
0.394211 
0.389464 
0.384690 
0.379891 
0.375066 
0.370216 
0.365338 
0.360429 
0.355487 
0.350507 
0.345482 
0.340418 
0.335322 
0.330198 
0.325051 
0.319898 
0.314743 
0.309562 
0.304328 
0.299027 
0.293639 
0.288113 
0.282410 
0.276596 
0.270736 
0.264874 
0.259037 
0.253286 
0.247786 
0.242485 
0.237159 
0.231620 
3.225730 
0.219429 
0.212557 
0.204440 
0.195348 
0.186785 
0.179296 
0.172557 
0.164817 
0.156778 
0.149748 
0.143310 
0.136468 
0.127884 
0.116864 
0.111364 
0.095100 
0.071346 
0.050573 

-0.646356 
-0.632889 
-0.619241 
-0.605431 
-0.591479 
-0.577407 
-0.563241 
-0.548993 
-0.534651 
•0.520100 
-0.505552 
-0.490756 
-0.475821 
-0.460794 
-0.445715 
-0.430607 
-0.415454 
-0.400215 
-0.384858 
-0.369359 
-0.353724 
-0.337976 
-0.322132 
-0.306208 
-0.290208 
-0.274129 
-0.257967 
-0.241716 
-0.225373 
-0.208935 
-0.192405 
-0.175783 
-0.159072 
-0.142273 
-0.125385 
-0.108399 
-0.091308 
-0.074101 
-0.056759 
-0.039263 
-0.021632 
-0.003888 

0.013955 
0.031876 
0.049820 
0.067768 
0.085808 
0.104032 
0.122491 
0.141252 
0.160491 
0.180343 
0.200594 
0.220998 
0.241409 
0.261734 
0.281760 
0.300910 
0.319369 
0.337914 
0.357199 
0.377707 
0.399648 
0.423574 
0.451840 
0.483497 
0.513313 
0.539388 
0.562854 
0.589804 
0.617794 
0.642273 
0.664691 
0.688513 
0.718404 
0.756774 
0.775924 
0.832556 
0.915266 
0.987597 

1.079877 
1.073321 
1.066704 
1.060035 
1.053327 
1.046587 
1.039828 
1.033058 
1.026270 
1.019445 
1.012574 
1.005649 
0.998682 
0.991697 
0.984711 
0.977733 
0.970759 
0.963767 
0.956741 
0.949672 
0.942559 
0.935415 
0.928246 
0.921059 
0.913854 
0.906631 
0.899386 
0.892117 
0.884820 
0.877494 
0.870140 
0.862756 
0.855344 
0.847902 
0.840431 
0.832922 
0.825374 
0.817/82 
0.810134 
0.902422 
0.794652 
0.786833 
0.778967 
0.771068 
0.763155 
0.755234 
0.747270 
0.739216 
0.731048 
0.722734 
0.714201 
0.705379 
0.696346 
0.687227 
0.678070 
0.668934 
0.659892 
0.651185 
0.642791 
0.634340 
0.625510 
0.616090 
0.605934 
0.594758 
0.581637 
0.566638 
0.552115 
0.539396 
0.527714 
0.514688 
0.500373 
0.487640 
0.476082 
0.463483 
0.447743 
0.427677 
0.413078 
0.385801 
0.331288 
0.279729 

-0.000089 
-0.000090 
-0.000090 
-0.000089 
-0.000090 
-0.000089 
-0.000084 
-0.000085 
-0.000085 
-0.000084 
-0.000087 
-0.000085 
-0.000085 
-0.000084 
-0.000085 
-0.000083 
-0.000083 
-0.000082 
-0.000085 
-0.000087 
-0.000085 
-0.000085 
-0.000088 
-0.000087 
-0.000088 
-0.000087 
-0.000089 
-0.000090 
-0.000091 
-0.000091 
-0.000093 
-0.000095 
-0.000096 
-0.000097 
-0.000098 
-0.000100 
-0.000101 
-0.000105 
-0.000108 
-0.000111 
-0.000112 
-0.000115 
-0.000114 
-0.00012.3 
-0.000122 
-0.00012? 

-0.000129 
-0.000134 
-0.000140 
-0.000145 
-0.000158 
-0.000173 
-0.000173 
-0.000180 
-0.000180 
-0.000191 
-0.000194 
-0.000174 
-0.000180 
-0.000203 ; 
-0.000222 
-0.000257 ! 
-0.000280 
-0.000280 
-0.000431 
-0.000487 
-0.000366 
-0.000364 
-0.000284 
-0.000581 
-0.000484 
-0.000392 
-0.000484 
-0.000505 
-0.000757 
-0.001472 
0.000618 

-0.002740 
-0.001976 
-0.002453 



DORNIER/J AMESON 
AR2I1 W.Schmidl 

AJameson 
08-9-25 

CHIOCCHIA-NOCI1.LA PROFILE: MACH - 0.785, ALPHA - 0 

i g i Sjf er.000027 
162 0.000027 
163 0.000134 
164 0.000344 
165 0.000660 
166 0 001082 
167 0 001611 
163 0.002248 
169 0.007991 
170 0.003842 
171 0.004800 
172 0.005865 
173 0.007038 
174 0.008319 
175 0.009709 
176 0.011207 
177 0.012815 
178 0.014533 
179 0.016362 
180 0.018305 
181 0.020361 
182 0.022530 
183 0.024814 
184 0.027213 
185 0.029727 
186 0.032356 
187 0.035103 
188 0.037966 
189 0.040948 
190 0.044048 
191 0.047268 
192 0.050609 
193 0.054071 
194 0.057655 
195 0.061362 
196 0.065193 
197 0.069148 
196 0.073228 
199 0.077434 
200 0.081767 
201 0.086226 
20? 0.090814 
203 0.095529 
204 0.100374 
205 0.105349 
206 0.110453 
207 0.115689 
208 0.121055 
209 0.126553 
210 0.132183 
211 0.137946 
212 0.143840 
213 0.149868 
214 0.156028 
215 0.162321 
216 0.168747 
217 0.175306 
218 0.181997 
219 0.188821 
220 0.195777 
221 0.202865 
222 0.210084 
223 0.217434 
224 0.224914 
225 0.232523 
226 0.240260 
227 0.248125 
228 0.256116 
229 0.264231 
230 0.2/2471 
231 0.280832 
23? 0.?R9315 
233 0.297916 
234 0.306634 
235 0.315467 
236 0.324413 
237 0.333470 
238 0.342635 
239 0.351905 
240 0.361279 

-0.000004 
0.000004 
0.000032 
0.000106 
0.000222 
0.000366 
0.000537 
0.000739 
0.000971 
0.00'232 
0.06i525 
0.001852 
0.002216 
0.002612 
0.003040 
0.003503 
0.004000 
0.004527 
0.005078 
0.005651 
0.006243 
0.006857 
0.007492 
0.008148 
0.008828 
0.009530 
0.010257 
0.011005 
0.011775 
0.012564 
0.013372 
0.014197 
0.015038 
0.015894 
0.016764 
0.017648 
0.018545 
0.019454 
0.020375 
0.021307 
0.022248 
0.023198 
0.024155 
0.025119 
0.026088 
0.027062 
0.028039 
0.029018 
0.029998 
0.030978 
0.031958 
0.032934 
0.033908 
0.034876 
0.035839 
0.036794 
0.037741 
0.038678 
0.039604 
0.040518 
0.041418 
0.042303 
0.043171 
0.044022 
0.044853 
0.045664 
0.046453 
0.047219 
0.047960 
0.048676 
0.049364 
0.050023 
0.050652 
0.051249 
0.051814 
0.052344 
0.052839 
0.053298 
0.053713 
0.054098 

0.042144 
0.042144 
0.050573 
0.071346 
0.095100 
0.111364 
0.116864 
0.127884 
0.136468 
3. /43310 
0.149748 
0.156778 
0.164817 
0.172557 
0.179296 
0.186785 
0.155348 
0.20'4 40 
0.212557 
0.219439 
0.225720 
0.231623 
0.237156 
0.242485 
0.247766 
0.253206 
0.259037 
0.264874 
0.270736 
0.276596 
0.282410 
0.288113 
0.293G39 
0.299027 
0.304328 
0.309552 
0.314743 
0.319898 
0.325051 
0.330198 
0.335322 
0.340418 
0.345482 
0.350507 
0.355487 
0.360429 
0.365338 
0.370216 
0.375066 
0.379891 
0.384690 
0.389464 
0.394211 
0.398932 
0.403625 
0.408293 
0.412934 
0.417552 
0.422147 
0.426721 
0.431271 
0.435794 
0.440284 
0.444735 
0.449146 
0.4535?? 
0.457874 
0.462213 
0.466544 
0.470859 
0.475148 
0.479398 
0.483599 
0.487755 
0.491874 
0.495966 
0.500034 
0.504076 
0.508083 
0.512049 

1.016° 16 
1.016946 
0.987597 
0.915266 
0.832556 
0.775924 
0.756774 
0.710404 
0.688513 
0.664691 
0.642273 
0.617794 
0.589804 
0.562854 
0.539388 
0.513313 
0.483497 
0.451840 
0.423574 
0.399648 
0.377707 
0.357199 
0.337914 
0.319369 
0.300910 
0.281 ’C*> 
0.26/734 
0.241409 
0.220998 
0.200594 
0.180349 
0.160491 
0.141252 
0.122431 
0.¡04032 
0.085808 
0.067768 
0.049820 
0.031876 
0.013955 

-0.003888 
-0.021632 
-0.039263 
-0.056759 
-0.074101 
-0.091308 
-0.108399 
-0.125385 
-0.142273 
-0.159072 
-0.175783 
-0.192405 
-0.208935 
-0.225373 
-0.241716 
-0.257967 
-0.274129 
-0.290208 
-0.306208 
-0.322132 
-0.337976 
-0.353724 
-0.369359 
-0.384858 
-0.400215 
-0.415454 
-0.430607 
-0.445715 
-0.460794 
-0.475821 
-0.490756 
-0.50555? 
-0.520180 
-0.534651 
-0.548993 
-0.563241 
-0.577407 
-0.591479 
-0.605431 
-0.619241 

0.250980 
0.250980 
0.279729 
0.331288 
0.385801 
0.413078 
0.427677 
0.447743 
0.463483 
0.476082 
0.487640 
0.500373 
0.514688 
0.527714 
0.539396 
0.552115 
0.566638 
0.581637 
0.594758 
0.605934 
0.616090 
0.625510 
0.634340 
0.642791 
0.651185 
0.659892 
0.668934 
0.678070 
0.687227 
0.696346 
0.705379 
0.714201 
0.722734 
0.731048 
0.739216 
0.747270 
0.755234 
0.763155 
0.771068 
0.778967 
0.786833 
0.794652 
0.802422 
0.810134 
0.817782 
0.825374 
0.832922 
0.840431 
0.847902 
0.855344 
0.862756 
0.870140 
0.877494 
0.884820 
0.892117 
0.899386 
0.906631 
0.°13854 
0.921059 
0.928246 
0.935415 
0.942559 
0.949672 
0.956741 
0.963767 
0.970759 
0.977733 
0.984711 
0.991697 
0.998682 
1.005649 
1.012574 
1.019445 
1.026270 
1.033058 
1.039828 
1.046587 
1.053327 
1.060035 
1.066704 

-0.000760 
-0.000760 
-0 002453 
-0.1»/.1976 
-0.002740 
0.000618 

-0.001472 
-0.000757 
-0.000505 
-0.000484 
-0.000392 
-0.000484 
-0.000581 
-0.000284 
-0.000364 
-0.000368 
-0.000487 
-0.000431 
-0.000280 
-0.000280 
-0.000257 
-0.000222 
-0.000203 
-0.000180 
-0.000174 
-0.000194 
-0.000191 
-0.000180 
-0.000180 
-0.000173 
-0.000173 
-0.000158 
-0.000145 
-0.000140 
-0.000134 
-0.008129 
-0.000123 
-0.000123 

. 
-0.000 1 14 
-0.000115 
-0.000112 
-0.000111 
-0.000108 
-0.000105 
-0.000101 
-0.000100 
-0.000098 
-0.000097 
-0.000096 
-0.000095 
-0.000093 
-0.000091 
-0.000091 
-0.000090 
-0.000089 
-0.000087 
-0.000088 
-0.000087 
-0.000088 
-0.000085 
-0.000085 
-0.000087 
-0.000085 
-0.000082 
-0.000083 
-0.000083 
-0.000085 
-0.000084 
-0.000085 
-0.000085 
-0.000087 
-0.000084 
-0.000085 
-0.000085 
-0.000084 
-0.000089 
-0.000090 
-0.000089 
-0.000090 
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242 
243 

24b 
246 
247 
248 
249 

2b 1 
252 
253 
2b4 
255 
256 
257 
268 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 

272 
273 

27E 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
361 
302 
303 
302 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 

0.370753 
0.380324 
0.389990 
0.399746 
0.409590 
0.419617 

0.439609 
0.449765 

0.4/0278 
0.480625 
0.491027 
0.501479 
0.511976 
0.522612 
0.533084 
0.543685 
0.554309 
0.564952 
0.575608 
0.586270 
0.596932 
0.607589 
0.618233 
0.628851 
0.639439 
0.649994 
0.660513 
0.670988 

016917 8 4 
0.70^092 
0.7 1,.331 
0.722495 
0.732577 
0.742571 
0.752470 
0.762268 
0.771958 
0.781532 
0.790985 
0.800310 
0.809499 
0.813547 
0.827446 
0.836189 
0.844771 
0.853185 

‘ 0.861423 
0.869480 
0.877349 
0.C85023 
0.392498 
0.899755 
0.906820 
0.913657 
0.920269 
0.926652 
0.932799 
0.938706 
0.944366 
0.949777 
(f.954931 
0.559826 
0.964456 
0.968818 
0.972908 
0.976721 
0.980254 
0.983505 
0.986469 
0.989145 
0.991530 
0.993622 
0.995418 
0.996918 
0.998120 
0.999022 
0.999624 
0.999925 

0.054439 
0.054737 
0.054993 
0.055205 
0.05537 1 
0.055492 
0.055566 
0.055591 
0.055567 
0.055493 
0.055367 
0.055190 
0.054961 
0.054678 
0.054341 
0 053950 
0.053502 
0.052998 
0.052437 
0.051817 
0.051138 
0.050397 
0.049592 
0.048721 
0.047733 
0.046399 
0.044789 
0.043165 
0.041535 
0.039905 
0.038278 
0.036659 
0.035053 
0.033461 
0.031888 
0 030336 
0 028807 
0.027305 
0.025832 
0.024390 
0.022980 
0.021606 
0.020269 
0.018971 
0.017713 
0.016497 
0.015323 
0.014193 
0.013108 
0.012069 
0.011075 
0.010129 
0.009230 
0.008379 
0.007575 
0.006819 
0.006109 
0.005447 
0.00 49 30 
0.004259 
0 003733 
0.003250 
0.002808 
0.002409 
0. .702052 
0.001735 
0.001456 
0.001210 
0.000993 
0.000800 
0.000631 
0.000483 
0.000358 
0.000254 
0.000171 
0.000107 
0.000061 
0.000030 
0.000012 
0.000003 
0.000000 

0.515969 
0.519836 
0.523646 
0.527404 

531125 
0.534823 

0.542121 
0.545693 
0.549196 
0.552620 
0.555979 
0.559291 
0.562556 
0.565755 
0.568905 
0.571930 
0.574713 
0.577261 
0.580169 
0.583589 
0.587366 
0.591 142 
0.588285 
0.551025 
0.481658 
0.401486 
0.384543 
0.379280 
0.370771 
0.3632^5 
0.356993 
0.351009 
0.345103 
0.339393 
0.333955 
0.328922 
0.324031 
0.319390 
0.314988 
0.310737 
0.306674 
0.302813 
0.299136 
0.295622 
0.292252 
0.288991 
0.285856 
0.282906 
0.280097 
0.277364 
0.274742 
0.272267 
0.269921 
0.267684 
0.265543 
0.263486 
0 261523 
0.259687 
0.257997 
0.256397 
0.254826 
0.253248 
0.251783 
0.250589 
0.249794 
0.249396 
0.249099 
0.248703 
0.248058 
0.246993 
0.245567 
0.214022 
0.2*2446 
0.240883 
0.239376 
0.237969 
0.236704 
0.235621 
0.234781 
0.234073 

-0 

-0. 

-0.632889 
-0.645356 
-0.659623 

-0.685663 
-0.698540 
-0.711318 

723550 
0.736387 
0.748584 
JÍ760509 

-0.772205 
-0.783738 
-0.795105 
-0.806243 
-0.817210 
-0.827745 
-0.837435 
-0.846306 
-0.856433 
-0.868340 
-0.801493 
-0.894641 
-0.884691 
-0.754953 
-0.513421 
-0.234265 
-0.175273 
-0.156947 
-0.127317 
-0.101218 
-0.079343 
-0.058506 
-0.037945 
-0.018061 
0.000873 
0.018399 
0.035427 
0.051586 
0.066914 
0.081716 
0.095863 
0.109308 
0.122113 
0.134348 
0.146081 
0.157436 
0.16835' 
0.178623 
0.188406 
0.197921 
0.207050 
0.215668 
0.223837 
0.231626 
0.239079 
0.246244 
0.253078 
0.259470 
0.265355 
0.270926 
0.276396 
0.281890 
0.286993 
0.291149 
0.293919 
0.295303 
0.296338 
0.297718 
0.299962 
0.303672 
0.308635 
0.314016 
0.319504 
0.324947 
0.330193 
0.335092 
0.339496 
0.343266 
0.346193 
0.348653 

1.079877 
1.086364 

1 .099179 
1.105560 
1.111917 

118231 
124476 

.136664 

. 142615 

154346 
160104 
165771 
171317 
176215 
181109 
185884 
193748 
197681 
210419 
195247 

’ . 131578 
,.001443 
0.879247 
0.655682 
0.847623 
0.834927 
0.823601 
0.813827 
0.804531 
0.795426 
0.786556 
0.778222 
0.770398 
0.762832 
0.755668 
0.748833 
0.742242 
0.735937 
0.729943 
0.724219 
0.718750 
0.713495 
0.708391 
0.703498 
0.698889 
0.694472 
0.690177 
0.686061 
0.682164 
0.678464 
0.674934 
0.671546 
0.668284 
0.665170 
0.662262 
0.659576 
0.657035 
0.654507 
0.651981 
0.649644 
0.647733 
0.646507 
0.645860 
0.645358 
0.644722 
0.643658 
0.641907 
0.639626 
0.637150 
0.634618 
0.632098 
0.629670 
0.62/398 
0.625358 
0.623642 
0.622204 
0.621164 

0. 

0. 

-0.000089 
-0.000089 

-0.00UU91 
-0.000094 
-0.000096 
-0.000098 
-0.000100 
-0.000098 
-0.000098 
-0.000097 
-0.000108 
-0.000099 
-0.000115 
-0.000100 
-0.000183 
0.000029 

-0.000283 
0.000440 

-0.001592 
0.002400 

-0.005062 
0.007772 
0.002762 
0.017163 
0.010071 
0.007058 
0.006936 
0.006422 
0.006140 

.006200 
■ 

0.006230 
0.006278 
0.006214 
0.006258 
0.006264 
0.006249 
0.006270 
0.006274 
0.006277 
0.006278 
0.006284 
0.006286 
0.006294 
0.006311 
0.006310 
0.006306 
0.006323 
0.006332 ■ 
0.006332 
0.006333 
0.006346 
0.006350 
0.006360 
0.006368 
'0.006377 
0.006376 
0.006382 
0.0063C4 
0.006410 
0.006423 
0.006426 
0.006432 
0.006397 
0.006407 
0.006430 
0.006431 
0.006459 
0.006501 
0.006501 
0.006501 
0.006503 
0.006508 
0.006513 
0.005518 
0.006518 
0.006492 
0.006557 
0.006472 
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DORNIl R JAMhSON 
AR2II W.Schmidl 

AJamcson 08-9-27 

CHKXCHIA NCXULA PROFILE: MAC H - 0.7K5. ALPHA - 0 

CL = 0.651 . 10-13 

CD = 0.131 .- 10"2 

CM =- 0.245 • 10'13 

“I-T 
100.00 

""i-1-1-r 
200.00 300.00 

CYCLES 

RTRHS 

HRMS 

“I-T 
<400.00 

“I 
500.00 

FIG. i CONVERGENCE BEHAVIOUR (HR/DT AND H) 

CHIOCCHIR M*0.7850,HLPHR=0.0 

GRID SEQUENCE : tl0*8->80><16->160«32->320>«64 
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0.7K5, ALPHA-0 

FIG. : CONVERGENCE BEHAVIOUR (DR/DT AND H) 

CHIOCCHIfl M=0.7850,ALPHA=0.0 

GRID SEQUENCE i >t0«8->80x 16-> 1 60«32->320n64 
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«8-0-29 

CHIOCCHIA-NOCILLA PROF ILE. MACH-0.785,ALPHA-« 

--- 

CHI0CCHI0 M-0.7850.flLPHR-0.0 

GRID SEQUENCE : 40x8->80n16->160«32->320»<61I 

°0.00 
—i-1-1-r 
100.00 200.00 

—i-r 
300.00 

—i-1-1 
1100.00 500.00 

CYCLES 

FIG. CONVERGENCE BEHAVIOUR (NSUP/NREF)fNREF=1000 
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CHIOCCHIA-NOCILLA PROFILE: MAC H - 0.78S. ALPHA - (1 

IMÍRNH R JAMI SON 

O o 

GC 
O _ 
(-) 

cTl-1-1-r 
1).00 100.00 

jEH/fpRFF |-,-1-f 
200.00 300.00 400.00 
CYCLES 

500.00 

FIG. s CONVERGENCE BEHRVIOUR (CL.CD.CM)/REF 
CHIOCCHIfl M=0.7850.flLPHfl=0.0 

REF-VALUESiCLREF=1.0,CDREF=0.002,CMREF=-0.20 
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CHIOCCHIA-NOCÍLLA PROFILE: MACH - 0.785, ALPHA - 0 

0i00 ■ °»20 . 

x/c 
0,110 , 0,60 t 0,80 , 1,00 

FIG. * MflCH (X/C) ON CHIOCCHIfl 
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FIG MACH (Z/C) ON CHIOCCHIA 
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CHIOCCHIA NOC'ILLA PROFILE: MACH - O.V85, ALPHA - 0 

FIG. : ISO-MflCH (DELTA = 0.050) 
NNM VALUES OF CURVE PARAMETER • IOOmHACH nmm 
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CHIOCC’HIA-NOC'ILLA PROFILE: MACH — 0.785. ALPHA - 0 

FIG. : ISO-PI/PI INF (DELTA = 0.0020) 
NNM VALUES OF CURVE PARAMETER « IODOkPI/P!INF *•*<« 
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C'HIOCCHIA-NOCILLA PROFILE: MACH-0.76V041, ALPHA - 0 

COMPUTATION OF CHIOCCHIA AIRFOIL FLOW THROUGH A PERTURBATION 

IMPLICIT LAMBDA SCHEME 

by Andrea Dadone 

Professor - Istituto di Macchine, Université di Bari,Italy 

The "Implicit Lambda Scheme" (1;2) takes use of characteri¬ 

stic-type variables so that windward differences are used and 

then the direction of wave propagation phenomena is correctly 

accounted for. However, when computing a compressible flow 

around an airfoil or inside a cascade by means of a rather 

coarse mesh, inaccurate results and, in particular, too many 

spurious total pressure losses are usually obtained around the 

leading and trailing edges, where the numerical method is not 

able to accurately model the large gradients present in the 

flow field( of course, local grid refinements are an adeguate 

but expensive remedy). This problem can be solved through a 

"perturbation formulation". 

The "Perturbation Implicit Lambda Scheme" (3) can be con¬ 

sidered an extension of the "Implicit Lambda Scheme"? it takes 

use of new characteristic-type variables, which are the diffe¬ 

rence between the original variable and its steady state value, 

corresponding to a suitable "incompressible flow solution". In 

this way the perturbftive solution does not present large gra¬ 

dients around the stagnation points and accurate results can 

be obtained, provided that the "incompressible flow problem" 

has been computed accurately. Being this scheme a completely 

new technique,’ many aspects still need deeper investigations 

for a better understanding of its peculiarities. 

The governing equations are: 

JCt+iDt«{Xcl6Ct,+XD16Dt+Jc2(6C4,+JD+)) - -ÍGtlí^Vj+íjSv^ iv2 

+^l^Vl+lc2^V2+k3 ^ 
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CHIOCCHIA-NOCILLA PROFILE; MAC M - 0.769041. ALPHA - 0 

5Et+ÍFttG(»E1(SE1|,t5F||1)+XE2«Et+XF2SFt) = 2G { (íjSv^t^Vj) 5v1 

+k>16v~+kc } 
4 2 5 

ÍCt-SDt+5Et-6Ft+2G{ XclÍC1),-XD16Dij)+XE2ÍErXF2âFí ) = 4GÍ {t1«v1 

- Í,2<5v2 ^ |5A+k6|5vi+k7|5v2+k8 ^ 

(5C-ÓD-ÔE+6F = 0 

where: C, D, E, F are the four original bicharacteristic varia¬ 

bles and À2i (Z=C,D,E,F; i=l,2) are the i-components of the 

slope of the associated characteristic lines(i=l,2) are the 

i-components of the velocity; G, $2 are coefficients depen¬ 

ding on the conformal mapping, while the coefficients kj(j=lT8) 

depend on the "incompressible solution"; ¢, i¡j and t are the or¬ 

thogonal curvilinear coordinates and time, while the correspon¬ 

ding subscripts indicate partial derivatives; finally, 5 repre¬ 

sents the perturbation with respect to the"incompressible" so¬ 

lution. 

The governing equations are then written in incremental 

form and linearized in time, by neglecting terms of order At2; 

the Douglas and Gunn ADI procedure is finally applied to the 

resulting linear system of equations. 

For the present computation a potential flow net (¢, ip) is 

used with the leading and trailing edges, together with the pro¬ 

file discontinuity, imbedded in mesh intervals; moreover, the 

body meshpoint downstream of the profile discontinuity is in¬ 

terpolated between the nearest body meshpoints taking into ac¬ 

count the usual oblique shock relations. The calculation is 

started with the "incompressible solution", i.e. no perturba¬ 

tion inside the flow field is initially assumed. 

The boundary conditions, described in details in Ref. 2, 

are here used: 

- at the inlet boundary, the total temperature is assumed to 

be equal to the freestream total temperature and the veloci¬ 

ty vector is assumed to be tangent to the incompressible 
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C'HIOCCHIA-NtK’lLLA PROFILE: MACH - 0.769()41, ALPHA - 0 

flow streamline; 

- at the outlet boundary, the pressure decay law of the "incom¬ 

pressible flow1 is imposed and the pressure level is prescri¬ 

bed at one of the outlet boundary gridpoints; 

- the incompressible farfield streamline is supposed to remain 

a streamline in compressible flow conditions. 

The inlet boundary is 37% of a chord upstream of the leading 

edge, the outlet boundary 126% downstream of the trailing edge, 

the incompressible farfield streamline 127% from the airfoil 

axis. 

The isobar and isomach lines are obtained through a linear 

interpolation between meshpoints values; so, the isobar and 

isomach lines next to the leading or trailing edges are a lit¬ 

tle misplaced because of the imbedding of such edges in a mesh 

(a better description of isobar and isomach patterns in these 

regions can be obtained by taking into account the perturbati¬ 

ve nature of the formulation and the "incompressible solution"). 
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H 

7 

B 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

AIRFOIL MACH “ 0.769 RESULTS AIRFOIL SURFACE 

MACH 

CHIQCCHIA 

x/c 

.028270 

.084820 

.141360 

. 197900 

.254440 

.310990 

.367540 

.424080 

.480620 

.537170 

.593700 

.653480 

.716490 

.779480 

,842470 

,905460 

.968480 

Z/C 

.008410 

. 021800 

.032450 

.040720 

,047030 

.051520 

.054300 

.055520 

.055180 

.053310 

.049850 

.042630 

.032820 

.023280 

.014490 

.006970 

.001510 

l-P/PIINF 

.244560 

.326146 

.384349 

.425036 

.458360 

.486795 

.510709 

.531344 

.548751 

.560945 

.571305 

.372987 

.340199 

.305197 

.280476 

.260786 

.246918 

ON THE 

CP 

.283034 

-.008430 

-.216356 

-.361706 

-.480755 

-.582339 

-.667769 

-.741488 

-.803674 

-.847235 

-.884244 

-.175764 

-.058631 

.066411 

.154724 

.225066 

.274609 

.647092 

.772220 

.860231 

.923852 

.977092 

1.023472 

1.063437 

1.098710 

1.129132 

1.150902 

1.169634 

.838902 

.783750 

.730177 

.691377 

.660051 

.639862 

1-PI/PIINF 

-.001027 

.000390 

.002001 

.001837 

.001546 

.001357 

.001136 

. 000955 

.000796 

.000613 

.000517 

.005865 

. 010210 

. 009459 

.009561 

.009715 

.008082 
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COMPUTATIONAL MESH FOR CHIOCCHIA AIRFOIL 

(10x20 CELLS - 17 MESHPOINTS ON THE AIRFOIL) 







1.
 -

P
/P

I 
in

f 

ï 
/ 

■ >m On-- 

1 

AR21I / A.Dadone 08-11-8 

CH10CCHIÁ-N0CILLA PROFILE: MACH - 0.769041. ALPHA - 0 

CHIOCCHIA AIRFOIL 



1
.
-
P
/
P
I
i
n
f
 

CHIOCCHIA AIRFOIL 

mmm 



/ 

I 

I 

\ 

AR 211 A.Dadone »8-1 MO 

CHIOCCHIA-NOCILLA PROFILE: MAC H - ().7fty()41, ALPHA - 0 

CHIOCCHIA AIRFOIL 



/ 

AR 211 A.Dadonc 08-11-11 

Í'HKX'C'HIA-NOCILLA PROFILE: MACH-0.769()41, ALPHA - 0 

CHIOCCHIA AIRFOIL 



1
0

*C
l.
-P

I/
P

Ii
r*

f3
 

AR2II A.Dadonc (IK-11-12 

CHIOCCHIA-NOCILLA PROFILE: MACH - 0.7hV()4l. ALPHA -1) 

CHIOCCHIA AIRFOIL 
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CHIOCCHIA-NOCILLA PROFILE: MAC H - 0.769041. ALPHA - 0 

CHIOCCHIA AIRFOIL 
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CHIOCCHIA AIRFOIL 



AR 211 A.Dadonc 08-11-16 

CHIOCCHIA-NCX’ILLA PROFILE: MACH - 0.769041. ALPHA - 0 

CHIOCCHIA AIRFOIL 



AR2II A.Dadnne 08-11-17 

CHIOCCHIA-NOCILLA PROFILE: MACH - 0.769041, ALPHA - 0 

CHIOCCHIA AIRFOIL 

ISOBAR LINES 

AP/PIinf - 0.025 
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HOBSON 1 CASCADE: MACH - 0.476, ALPHA - 43.544 

BLADE CASCADE COMPUTATION - HOBSON 1 and 2 

-oooOooo- 

DESCRIPTION OF THE METHOD 

The computation uses a 2-D time marching method for 

EULER equations with the assomption of constant enthalpy in absolute axes 

or constant rothalpy in moving axes. It is derived from a more general 

method proposed by VIVIANO and VEUILLOT (ref. 1) and applied by SOVRANO 

(ref 2) to the case of a rotating cascade placed between two axisymmetric 

surfaces the mean radius and the width of which vary along the blade 
chord. 

The system of equations is numerically solved using 

the time marching method with the MAC-CORMACK. type predictor-corrector 

steps. 

As described in ref. 1, the method can be applied to 

any kind of curvilinear meshes. The boundary conditions are taken into 

account by means of compatibility relations, as given also in ref. 1, 

with the exception of the condition of periodicity that is imposed at 

each predictor and corrector step, in a way that is conform to the 

general method used. 

Near orthogonal grids are used, as shown on the test 

cases given below. There exists, however, a difficulty prescribing the 

periodicity condition, since in these near orthogonal mesh systems there 

are no corresponding points on the limiting stream lines. It is therefore 

necessary to use spline functions for interpolations. 

The boundary conditions prescribed in the case of 

the computations, the results of which are given below are the 

following : 

- upstream stagnation conditions are given, 

- upstream flow angle is given, 

- downstream static pressure is imposed, 

- a Kutta-Joukovski condition is simulated at the subsonic trailing edge 

by prescribing the flow direction immediately donwnstream of this 

trailing edge. This direction is chosen to minimize the pressure 

difference between blade pressure and suction sides near this trailing 

edge. 

For each case a table summarizes the mean cascade 

characteristics, obtained by taking a mean value of the various 

parameters along a line parallel to the cascade front. The results of the 

computation are compared to their theoretical values. 

Contributors : A. LESAIN, G. MEAUZE. 

[1] Viviand H. et Veuillot J.-P. : Méthodes pseudo-instationnaires pour le 

calcul d'écoulements transsoniques. 

ONERA Publication n# 1978-4.(English version ESA.TT 561 1978) 

[2] Sovrano R. : Calcul de l'écoulement transsonique dans un compresseur 

centrifuge par une méthode pseudo-instationnaire. 

ONERA T.P. n° 1980-42. 
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HORSON 1 CASCADE: MACE - 0.47f>, AEPHA - 43.544 

Inlet Mach Number 

Inlet angle 

Exit Mach Number 

Exit angle 

Total pressure ratio 

Static over total 

pressure ratio 

HOBSON 1 

Mean 
calculated 

value 

0,485 

43,54° 

0,475 

-42,25° 

0,994 

0,8565 

Assigned 

value 

43,54“ 

0,8563 

Theoretical 

value 

0,476 

43,54° 

0,476 

-43,54° 

1 

0,8563 

/ 
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HOBSON 1 CASCADE: MACH - 0.476, AL PHA -= 43.144 

O.N.E.R.A. 

CASCADE HOBSON-1 RESULTS ON THE SUCTION SIDE 

I X/C Y/C 1 -P/PI INF CP MACH 1-PI/PIINF 

Í3 004043 .007098 
24 .018907 .032228 
25 .032401 .055004 
26 .045848 .077860 
27 .059626 .100811 
28 .073411 .123893 
29 .087 177 . 146834 
30 101024 .169765 
31 . 1 14985 . 192658 
32 129064 .215464 
33 .143235 .238205 
34 .157572 .260851 
35 .172272 .283258 
36 .187569 .305270 
37 .203706 .326669 
38 .220890 .347245 
39 239228 .366792 
40 .258683 .385229 
41 .279117 .402571 
42 .300492 418741 
43 .322765 .433647 
44 345860 .447246 
45 369744 .459406 
46 .394463 .469762 
47 420096 477583 
48 446491 .482191 
49 .473212 484315 
50 .500000 .485055 
51 526788 484315 
52 .553509 .482191 
53 .579904 .477583 
54 .605537 .469762 
55 .630256 .459406 
56 .654140 .447246 
57 677235 .433647 
58 .699508 .418741 
59 .720883 .402571 
60 .741317 .385229 
61 .760772 .366792 
62 .779110 .347245 
63 796294 .326669 
64 .812431 .305270 
65 827728 .283258 
66 842428 .260851 
6', 856765 .238205 
68 .870936 .215464 
69 885015 .192658 
70 898976 . 169765 
71 912823 . 146834 
72 926589 . 123893 
73 940374 .100811 
74 954152 .077660 
75 .967599 .055004 
76 981093 .032226 
77 995957 .007098 

.036960 

.108886 

.099840 

.119496 

.130200 

.143151 

.153296 

.163615 

.175237 
189418 

.206362 

.226922 

.253307 

.286734 

.323999 

.357812 

.383678 

.406598 

.128168 

.449619 

.471605 

.498156 

.524194 

.577749 

.679972 

.728240 

.736945 

.748302 

.758689 

.706073 

.663979 
655359 

.541389 

.472614 

.467915 
450564 

.426024 

.405644 
382690 

.357023 

.325518 

.289049 

.253531 

.228347 

.206993 

.109929 

.175533 

.163568 

.152743 

. 142540 
130298 

.1'9813 

.104939 

.100873 

.081000 

.782472 

.247709 

.314964 

.168825 

.089248 
-.007045 
-.082470 
- .159189 
- .245600 
-.351030 
-.477005 
-.629868 
-.826038 

- 1.074558 
- 1.351622 
- 1.603018 
- 1.795327 
-1.965730 

126100 
285587 

-2.449050 
-2.646452 
-2.840040 
-3.238213 
-3.998228 
-4.357087 
-4.421812 
-4.506246 

-2 
-2 . 

-4.583473 
-4.192279 
-3.879323 
3.815233 

-2.967882 
-2.456549 
-2.421616 
-2.292610 
-2. 110163 
-1.958636 
-1.787977 
-1.597150 
-1.362913 
- 1.091772 
-.842593 
-.640454 
-.481698 
- .354630 
-.247802 
- . 158845 
-.078361 
-.002504 

.088518 

.166467 

.277059 

.307286 

.455037 

.300360 

.398631 

.399400 

.432426 

.454559 

.477196 

.495139 

.513005 

.533021 

.556848 

.584568 

.617679 

.659526 

.711487 

.768816 

.820243 

.860041 

.895614 

.929248 

.963389 

.998014 
1 .043305 
1.083052 
1 . 189326 
1.378169 
1.486235 
1.510342 
1.533056 
1.573186 
1.428026 
1.338449 
1.309613 
1.081307 

.965947 

.957240 

.929296 

.890581 

.857863 

.821437 

.780452 

.731426 

.675908 

.623915 

.579792 

.543705 

.513960 

.488420 

.466098 

.445655 

.424900 

.402504 

.377490 

.352904 

.329694 

.292058 

-.025242 
.005763 

-.004748 
-.001246 
-.002239 
-.001385 
-.001136 
-.000872 
-.000774 
- .000589 
-.000257 

.000005 

.000142 

.000362 

.000491 

.001018 

.001112 

.001130 

.001327 

.001203 

.002099 

.000101 

.005116 
-.009821 

.012309 

.022016 

.019726 

.030507 

.014165 

.026829 

.018616 

.032497 

.043122 

.040140 

.041121 

.040389 

.039060 

.038908 

.038555 

.038547 

.037318 

.034522 

.032157 

.030991 

.030406 

.029985 

.029450 

.029310 

.028988 

.029196 

.027608 

.028843 

.024448 

.030580 

.024948 
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HOBSON 1 CASCADE: MACH-0.47ft, ALPHA - 43.544 

CASCADE HOBSON-1 RESULTS ON THE PRESSURE SIDE : 
«»«A*************************************** • * 

I x/c Y/C 1 -P/PI INF CP MACH 1 -PI/PI INF 

35 .004353 .001832 
38 .035314 .013828 
37 .067329 .024868 
38 099736 .034258 
39 .132389 .042916 
40 .165207 ,050942 
41 .198181 .058300 
42 .231322 .064860 
43 .264610 .070636 
44 .298005 .075749 
45 .331476 .080342 
46 .365045 .084151 
47 .398759 .086322 
48 432495 088134 
49 .466:28 .090014 
50 .500000 .090889 
51 .533772 .090014 
52 .567505 .088134 
53 .601241 .086322 
54 .634955 .084151 
55 .668524 .080342 
56 .701995 .075749 
57 .735390 .070636 
58 .768678 .064860 
59 .801819 058300 
SO .834793 .050942 
61 .867611 .042916 
62 .900264 .034258 
63 .932671 .024668 
64 .964686 .013828 
65 .995647 .001832 

.054764 

.073874 

.086863 

.105995 

.110344 

.112202 

.113378 

.118790 

.122809 

.126562 

.128209 

.129755 

.131189 
. 132202 
.<32622 

32822 
.133043 
.132914 
.132273 
.130934 
.129618 
.127576 
.123889 
.119001 
.114372 
.112162 
.111100 
.103588 
.086609 
.068225 
.059056 

.650099 

.508020 

.411446 

.269201 

.236873 
223055 

.214311 

.174079 

.144192 

.116291 

.104047 

.092556 

.081889 

.074359 

.071235 

.069748 

.068108 

.069069 

.073834 

.080789 

.093568 

.108750 

.136167 

.17250C 

.206923 

.223355 
231252 

.287100 

.413334 

.550018 

.618192 

.292762 

.322610 

.356193 
. 391918 
.404602 
.409634 
.414086 
.423820 
.432166 
.439166 
.442809 
.44584 1 
.448712 
.450580 
.451127 
.451296 
.451580 
.451294 
.449737 
.447011 
.444429 
440309 

.433248 

.423952 
415560 

.411371 

.408170 
. 389933 
.353688 
.315562 
.296925 

-.003172 
.004628 
.003161 
.006124 
.004155 
.003473 
.002319 
.002924 
.002673 
.002846 
.002569 
.002530 
.002451 
.002487 
.002640 
.002767 
.002849 
.002873 
.003077 
.003180 
.003217 
003330 

.003270 

.003088 

.002613 

.002465 

.003044 

.004498 

.004094 

.001642 
-.000306 
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The calculation of two-dimensional transonic flow in the Hobson 

cascade is presented. 

The employed method is the time dependent "Lambda Scheme" /1,2/ 

which is based on the flow bicharacteristics and takes correctly 

into account the physical domain of influence. 

The numerical algorithm is explicit, second order accurate in 

space and time, similar to the Mac-Cormack scheme. 

The integration flow field, shown in figure 1, is formed by the 

channel between the blades, with two symmetric extensions upstream 

and downstream, parallel to the corrisponding undisturbed veloci¬ 

ties. 

The following equations, obtained combining the compatibility 

equations along the four bicharacteristics, pertain to the inter¬ 

nal mesh points: 

ut = _ 1 í(u+a) cç + (B+ahx) cn + (u'a) Dç + (B-anx) Dn} 

vfc = - -j Í u Eç + (B+any) +u Fç +(B-any) } (2) 

(log P)t = - 2 I {(u+a) Cç + (u+a) nx - (u-a) - (u-a) 

(v+a) ny - (v-a) ny Fn } 

where B = u g + v g X y 

and C,D,E,F are the Riemann variables defined as: 

(5a,b,c,d) 

(3) 

(4) 

Windward space derivatives are used consistently with the di¬ 

rection of wave propagation. 

In the nodes on the permeable walls the periodicity conditions 

are imposed. 

On the cascade walls the classical tangency condition is applied. 

At the inlet and outlet sections the discontinuity surfaces pro¬ 

posed by Pandolfi /3/ are used. According to this model, at the 
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HOBSON 1 CASCADE: MACH - 0.47ft. ALPHA - 43.544 

inlet, the velocity direction and the total temperature are suppo¬ 

sed to be equal to the free stream values; moreover the equation 

of propagation along the D bicharacteristic is used. At the outlet 

discontinuity surface the propagation equation of the C wave is 

used together with the governing equation (2) ; the total tempera¬ 

ture and the mass flow rate are imposed to be equal to the values 

at downstream infinity, where the direction of velocity and the 

static pressure are also prescribed. 

The flow is initially supposed at rest; then it is gradually ac¬ 

celerated decreasing the downstream static pressure up to its fi¬ 

nal value, corresponding to the undisturbed isentropic Mach num¬ 

ber (M=0.476) . 

The computational grid used for the present test case is formed 

by 24x9 meshes. 

Ref. /2/ provides a detailed description of the method employed 

for the present calculations. 

( 

Simbology 

a non dimensional 

P 

t 

u 

V 

x,y 

Y 
n, i 

I« 

it 

h 

h 

specific heat 

computational 

speed of sound 

static pressure 

time 

velocity along x 
Il H y 

Cartesian coordinates 

ratio 

coordinate defined in /2/ 
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10 
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12 
13 
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15 
16 
17 
18 

U 

X/C 

.045455 
.136364 
.227273 
.318182 
.409091 
.500000 
.590909 
.681818 
.772727 
. 863636 
.954543 

.045455 
.136364 
.227273 
.318182 
.409091 
.500000 
.590909 
.681818 
.772727 
.863636 
.954545 
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HOBSON I C ASC ADE: MACH - 0.476, ALPHA - 43.544 

Z/C 

,077112 
.227815 
.334098 
.430639 
.473883 
.486000 
.473884 
.430640 
.354095 
,227793 
.077120 

017281 
.043710 
,064541 
.079021 
.086814 
.090899 
.086815 
.079021 
.064537 
.043716 
.017276 

CASCADE HOBSON 1 - MACH-C.476 

RESULTS ON THE UPPER SURFACE 

1--P/PTINF 

.087989 
.173804 
.311363 
.475301 
.608836 
.654001 
.581519 
,472860 
.365443 
.258733 
.168713 

CP 

.410076 
-.221778 

-1.234622 
-2,441696 
-3.425057 
-3.757461 
-3.223778 
-2.423724 
-1.632814 

-.847108 
-.184293 

MACH 

.395963 
.538221 
,744073 
,991367 

1.231466 
1,333502 
1.186616 

,989528 
.813556 
.639000 
.475971 

i-pi/p:i INF 

,016090 
,006217 
.005468 
, 016707 
.011460 
.003659 
.002707 
.014236 
.019526 
. 024339 
.029248 

RESULTS ON THE LOWER SUPF'ACE 

068873 
.098321 
,113663 
.120270 
,125129 
.124076 
,124449 
,120813 
,115356 
.110501 
.106987 

.550826 

.334002 

.221033 
.172388 
.136616 
.144364 
.141622 
.168390 
.208567 
.244321 
.270189 

.359953 

.402327 

.427692 
.441792 
.448945 
.449895 
.448964 
.441944 
.431452 
.417533 
,397095 

-.018348 
-.008047 
-.005112 
-.005903 
-.004649 
-.006435 
-.005441 
-.005373 
-.-005382 
-, 002862 

.004470 
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HOBSON 1 CASCADE: MACH - 0.476, ALPHA - 43.544 

Figure 1. 
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HOBSON 1 CASCADE: MACH - 0.476. ALPHA - 43.544 
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HOBSON 1 CASC ADE: MACH - 0.47ft. ALPHA - 4.1.544 
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HOBSON 1 CASCADE: MACI i — 0,476, ALPHA - 43.544 
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TEST CASES FOR STEADY INVISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 10 

HOBSON 2 cascade: 

MACH = 0.575, ALPHA - 46.123 

Contributor No 12 

G.Meauze and A Lesain 

(O.N.E.R.A., France) 



O.N.E.R.A. 
AR 211 

HOBSON 2 CASCADE: MACH - 0.575. AEPHA 

G.Meauze 
A.Lcsain 

46.12.1 

10-12-1 

HOBSON 2 

Inlet Mach Number 

Inlet angle 

Exit Mach Number 

Exit angle 

Total pressure ratio 

Static over total 

pressure ratio 

Mean 
calculated 

value 

0,575 

46,13° 

0,572 

-46,06° 

0,999 

0,7992 

Assigned 

value 

46,123° 

0,7992 

Theoretical 

value 

0,575 

46,123° 

0,575 

-46,123° 

1 

0,7992 



ONER A 
ar:i i 

G.Mcauze 
A.Lesain 

10-12-2 

HOBSON : CASCADE: MACH - 0.575. ALPHA - 46 12.1 

CASCAD- HOBSON-2 RESULTS ON THE SUCTION SIDE 

I X/C Y/C 1-P/PI INF CP MACH 1-PI/PIINF 

26 .004115 
27 .019628 
28 034331 
29 .049190 
30 064445 
31 080043 
32 096100 
33 .112716 
34 .129947 
35 .147856 
36 .166529 
37 .186056 
38 206491 
39 .227750 
40 .249798 
41 .272569 
42 295975 
43 320063 
44 .344742 
45 369816 
46 395370 
47 .421246 
48 .447370 
49 .473642 
50 500000 
51 526358 
52 .552630 
53 .578754 
54 .604630 
55 .630184 
56 .655258 
57 .679937 
58 .704025 
59 .727431 
60 .750202 
61 .772250 
62 793509 
63 .813944 
64 .833471 
65 .852144 
66 .870053 
67 .887284 
68 .903900 
69 .919957 
70 .935555 
71 .950810 
72 .965669 
73 .980372 
74 .995885 

.006269 
029205 
050793 
072368 
093994 
115259 

. 1361.51 

.156633 
176595 

.195947 

.214566 
232288 
248954 

.264553 

.279017 
292311 

.304457 

.315174 
324467 

.332615 

.339125 

.344179 

.347771 
349991 

.350695 

.349991 

.347771 
344179 

.339125 

.332615 
324467 

.315174 

.304457 
292311 

.279017 

.264553 

.248954 

.232288 

.214566 

.195947 

.176595 
156633 

.136151 

.115259 

.093994 
072368 

.050793 

.029205 

.006269 

.104589 

.191991 

.195244 

.219339 

.238313 

.260089 

.280188 

.300818 
. 322290 
.345056 
.367239 
.387455 
.*05983 
.421934 
.436875 
.452767 
.472042 
.493684 
.514718 
.536277 
.552462 
.564706 
.575583 
584132 
588050 

.590714 

.579747 

.554879 

.538774 

.532368 

.516332 

.492101 

.469571 

.449230 

.436045 

.423188 
406888 

.388050 

.367766 

.346646 

.324618 

.303388 

.283005 

.262456 

.241122 

.220387 

.198044 

.180705 

. 147159 

.519480 

.046620 

.029024 
- .101336 
- .203989 
- .321803 
-.430542 
-.542154 
-.658320 
- 781494 
-.901505 

-1.010881 
-1.111116 
-1.197415 
-1.278250 
-1.364231 
-1.468510 
-1 585597 
-1.699396 
-1.816036 
- 1.903599 
-1.969838 
-2.028686 
-2.074941 
-2.096134 
-2.110549 
-2.051218 
-1.916674 
-1.829542 
-1.794885 
-1.708129 
-1.577032 
-1.455142 
-1.34509 I 
-1.273757 
-1.204200 
-1.116014 
-1.014096 
-.904355 
- .790092 
-.670919 
-.556061 
-.445781 
-.334610 
-.219185 
- . 107005 

.013873 

.10^677 
289169 

.442447 
559974 

.573593 
610449 
641884 

.675637 
706965 

.738720 

.771770 

.806676 
840606 
871801 

.900503 

.925418 
948919 

.974195 
1.005245 
1.040590 
1.075667 
1.112387 
1.140601 
1 .162256 
1 . 181770 
1.197648 
1.204477 
1.2¡0109 
1.190305 
1 144900 
1 . 116394 
1 105438 
1.077616 
1.036751 

.999662 

.966743 

.944865 

.923754 

.897856 

.868401 

.836913 

.804229 

.770405 
737607 

.705905 
673612 

.640449 

.606383 

.572164 

.536392 

.493351 

-.024233 
.000290 

-.005847 
-.003984 
-.004935 
-.004570 
-.004704 
-.004719 
-.004895 
-.005017 
-.005010 
-.005151 
- 005212 
-.005286 
-.005326 
-.005414 
-.005532 
-.005533 
-.005555 
- 005489 
-.005452 
-.005303 
-.005114 
-.005377 
-.004822 
- .005708 
- 006320 
-.005490 
- .005096 
-.005224 
- .004604 
-.004055 
- .003668 
- 003329 
-.002231 
-.001261 
- .000805 
- 000570 
-.000364 
-.000133 
-.000123 

.000012 
000181 

.000399 
-.000039 

000591 
-.001270 

003486 
-.007203 
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G.Meauze 
A.Lcsain 10-12-1 

HOBSON 2 CASCADE: MACH - 0.475. ALPHA - 46.12.1 

CASCADE HOBSON-2 RESULTS ON THE PRESSURE SIDE 

I X/C Y/C 1 -P/PI INF CP MACH 1-PI/PIINF 

33 .001472 
34 .027288 
35 054737 
36 .082577 
37 .110831 
38 .139440 
39 .168314 
40 .197491 
41 .226926 
42 .256562 
43 .286457 
44 .316578 
45 .346861 
46 .377290 
47 .407850 
48 438506 
49 .469235 
50 . 500000 
51 530765 
52 .561494 
53 592150 
54 .622710 
55 .653139 
56 683422 
57 .713543 
58 .743438 
59 .773074 
60 .802509 
61 831686 
62 .860560 
63 889149 
64 .917423 
65 945263 
66 .972712 
67 998528 

.001356 

.015853 
030165 

.043183 
055335 

.066710 
077343 
087112 

.096077 

.104352 
. 111633 
.117917 
.123366 
.127927 
.131508 
.134154 
.135715 
.136242 
.135715 
.134154 
. 131508 

127927 
.123366 
.117917 
.111633 
.104352 
.096077 
.087112 
.077343 
.066710 
.055335 
.043183 
.030165 
.015853 
.001356 

.121005 

.152106 

.163840 

.178750 

.188136 

.201232 

.210288 

.220674 

.228551 
236065 

.242553 

.247978 

.252537 
256406 

.259842 

.260724 

.261929 

.261320 

.261201 
259709 
258046 
255029 
250865 
247071 
241780 

.235756 

.228451 

.220477 

.210730 

.200568 

. 189305 

.177060 

.164494 

.144666 

.125914 

430667 
262405 

.198925 

.118259 

.067477 
-.003375 
-.052371 
- .108562 
- .151178 
- . 191827 
-.226930 
-.256282 
- .280944 
-.301877 
- .320468 
-.325241 
-.331758 
- .328462 
-.327819 
-.319750 
-.310750 
-.294430 
-.271899 
- 251371 
- ..'22749 
-.ICOiSS 
-.150636 
- .107493 
-.054761 

.000218 

.061155 

.127401 
195383 
302659 

.404108 

444357 
.484507 
509103 
534324 

.552402 

.573424 
589298 

.605898 
619014 
631087 

.641520 

.650262 

.657525 

.663747 
668888 

.670604 

.672270 

.671585 

.671203 

.668913 

.666088 

.661046 

.654426 

.647881 

.639204 

.629170 

.617373 

.604059 

.588212 

.571294 
552343 

.531898 
508488 
471490 

.443820 

- .006603 
.004408 
.002048 
.002570 
001083 
001764 

.001066 

.001343 

.001041 
001029 

.000961 
000853 
000808 

.000705 
000932 
000649 

.000843 
000609 
000777 
000732 

.000911 

.001158 
001194 
001642 

.001859 
002189 

.002229 

.002539 
002461 

.002534 

.002563 

.002228 
003245 

.004003 
- .000660 



AR’ll 
ONERA 

G.Meauze 
A.Lesain 10-12-4 

HOBSON 2 CASCADE: MAC H - 0.575. ALPHA - 4h 125 

t PROFIL HQBS0N-2 Z 02.00.02 AMBLE© DONNES 

i 
I 



. V 

HOBSON 2 CASCADE: MACH - ().575, ALPHA - 4h. 123 

InO 

0 n 3 _ 

o e O SUCT10M SIDE. 

o O O PRESSURE side 



V 



t 

AR 211 
G.Meauze 
A. Lésai n 

10-12-7 

HOBSON : CASCADE: MACH - 0.575, ALPHA - 46.123 

O.N.E.R.A. 



( atnocn 

AR21I 
G.Meauze 
A.Lesain 

10-12-K 

HOBSON 2 CASCADE: MAC E -0.575, ALPHA-46.123 

ON.F..R.A. 

i I i i r i i i i I I I I T -r 

-nooo 2000 

ITERATIONS 



/ 
I 

t 

i 

O.N.F..R.A. 

AR211 

-*-f 

G Meauze 
A.Lesain 

10-12-0 

HOBSON 2 CASCADE: MAC V -0.575, ALPHA-46.123 

HAXinun OF RESiDUALS 

k'*4 ^ __ 

Rl=nAX OF (F - F )/DT 
_ F -p 

F 



/ 
X 

O.N.ER.A. 
AR 211 

G.Meauze 
A.Lesain 10-12-10 

HOBSON 2 CASCADE: MACH - 0.575, ALPHA “ 46.123 

ISe-HACtf U» ME 5 

( 4M . o. (y 5 ) 

I j 
► 



AOARD FDP - WO 07 

TEST CASES FOR STEADY INVISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 14 

DILLNER WING: MACH = 1.50, ALPHA = 15 

Contributor No 9 

W.Schmidt and AJameson 

(Dornier, F.R.G.) and (Princeton Univ., U.S.A.) 



DORNIBR JAMESON 
AR2II 

W.Schmidt 
A. Jameson 

14-0-1 

DILLNER WING: MACH - 1.50. ALPHA - 15 

K IP XC VC MACH 1-PI/PINF 1-P/PINF 

1 1 
1 2 
l 3 
1 4 
1 b 
1 A 
1 7 
1 « 
l 9 
l 10 
1 11 
1 12 
1 13 
1 14 
1 15 
1 16 
1 17 
1 16 
1 19 
1 20 
1 21 
1 22 
1 23 
1 24 
1 25 
1 26 
1 27 
1 28 
1 29 
1 30 
1 31 
1 32 
l 33 
1 34 
1 35 

1.00030 
0.99627 
0.98764 
0.97625 
0.96122 
0.94139 
0.91523 
0.88 351 
0.85027 
0.81783 
0.78619 
0. 75530 
0.72515 
0.69 569 
0.66691 
0.63877 
0.61124 
0.58428 
0.55 78 8 
0.53199 
0.50658 
0.48164 
0.45712 
0.43299 
0.40921 
0.38577 
0.36263 
0.33974 
0.31710 
0.29465 
0.27239 
0.25025 
0.22823 
0.20628 
0.18437 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1.42323 
1.46422 
1.43998 
1.41403 
1.42214 
1.40735 
1.39774 
1.38412 
1.36974 
1.35519 
1.34116 
1.32712 
1.31362 
1 .30051 
1.28797 
1.27621 
1.26462 
1.25408 
1.24442 
1.23577 
1.22799 
1.22099 
1.21494 
1.20953 
1.20516 
1.20173 
1.19858 
1.19622 
1.19438 
1.19307 
1.19237 
1.19217 
1.19252 
1.19326 
1.19459 

0.01068 
0.04138 
0.00277 
0.03917 
0.01818 
0.02779 
0.02524 
0.02592 
0.02614 
0.02629 
0.02660 
0.02643 
0.02695 
0.02678 
0.02727 
0.02739 
0.02750 
0.02806 
0.02817 
0.02879 
0.02907 
0.02966 
0.03024 
0.03072 
0.03160 
0.03229 
0.03292 
0.03398 
0.03460 
0.03560 
0.03634 
0.03713 
0.03778 
0.03816 
0.03842 

0.69915 
0.72505 
0.70388 
0.70 39 8 
0.70097 
0.69764 
0.69271 
0.68700 
0.68072 
0.67424 
0.66796 
0.66142 
0.65528 
0.64899 
0.64315 
0.63748 
0.63183 
0.62681 
0.62 202 
0.61790 
0.61406 
0.61071 
0.60784 
0.60 5 2 4 
0.60333 
0.60184 
0.60046 
0.59967 
0.59897 
0.59870 
0.59864 
0.59887 
0.59932 
0.59986 
0.60066 



DORNIER/JAMESON 
AR21I W.Schmidl 

AJameson 14-9-2 

DILLNER WING: MACH - 1.50. ALPHA — 15 

1 
1 
1 
1 
1 
1 
1 
1 
l 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
l 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

36 
37 
38 
39 
60 
41 
4? 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
86 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 

0.16247 
0.14056 
0.11939 
0.10039 
0.08401 
0.06988 
G.0577Û 
0.04 719 
0.03813 
0.03032 
0.02358 
0.01777 
0.01276 
0.00 84 3 
0.00470 
0.00149 
0.0 
0.00470 
0.00843 
0.01276 
0.01777 
0.02358 
0.03032 
0.03813 
0.04719 
0.05 770 
0.06988 
0.08401 
0.10039 
0.11940 
0.140*7 
0.16 248 
0.18437 
0.20628 
0.22823 
0.25025 
0.27239 
0.29465 
0.31710 
0.73974 
C.36263 
0.38577 
0.40921 
0.43299 
0.45711 
0.43163 
0.50658 
0.53199 
0.55788 
0.58428 
0.61123 
0.63877 
0.66691 
0.69569 
0.72515 
0 . 75 5 3 0 
0.78618 
0.81783 
0.85027 
0.88351 
0.91522 
0.94139 
0.96122 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
c.o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1.19653 
1.19870 
1.20147 
1.20453 
1.20767 
1.21103 
1.21437 
1.21758 
1.22057 
1.22321 
1.22534 
1.22734 
1.22843 
1.23153 
1.23769 
1.24421 
1.24421 
1.41768 
1.31107 
1.32246 
1.32314 
1.34 763 
1.37231 
1.40451 
1.43918 
1.47425 
1.50490 
1.52714 
1.53917 
1.54377 
1.54590 
1.54904 
1.55223 
1.55501 
1.55652 
1.55743 
1.55829 
1.55 96 2 
1.56199 
1.56559 
1.57047 
1.57698 
1.58414 
1.59268 
1.60275 
1.61357 
1.62539 
1.63782 
1.65079 
1.66446 
1.67863 
1.69370 
1.70824 
1.72305 
1.73 782 
1.75215 
1.76648 
1.77973 
1.79349 
1.80666 
1.81800 
1.83 601 
1.83635 

0.03824 
0.03718 
0.03581 
0.03335 
0.03038 
0.02691 
0.02281 
0.C1842 
0.01368 
0.00871 
0.00341 

-0.00144 
-0.00780 
-0.00850 
-0.02957 
-0.06057 
-0.06057 

0.52091 
0.47976 
0.47668 
0.45411 
0.44086 
0.41815 
0.39357 
0.36334 
0.32997 
0.29631 
0.26642 
0.24288 
0.22397 
0.20667 
0.19119 
0.17672 
0.16487 
0.15496 
0.14684 
0.14002 
0.13417 
0.12871 
0.12407 
0.11930 
0.11520 
0.11135 
0.10740 
0.10396 
0.10063 
0.0973C 
0.09462 
0.09163 
0.08929 
0.08656 
0.08434 
0.08242 
0.08010 
0.07861 
0.07647 
0.07506 
0.07352 
0.07163 
0.07022 
0.07045 
0.06170 
0.07307 

0.60159 
0.60228 
0.60315 
0.60 372 
0.604 1 4 
0.60446 
0.60454 
0.60443 
0.60408 
0.60 34 7 
0.60246 
0.60159 
0.59963 
0.60099 
0.59596 
0.58 738 
0.58 738 
0.85316 
0.81505 
0.81683 
0.80911 
0.81097 
0.80992 
0.81064 
0.81074 
0.81057 
0 . 80 9 6 7 
0.80790 
0.80518 
0.80166 
0.79787 
0.79487 
0.79 217 
0.79004 
0.78802 
0.7862? 
0.78483 
0.78379 
0.78318 
0.78310 
0.70356 
0.78463 
0.78596 
0.78771 
0.79005 
0.79262 
0.79550 
0.79864 
0.80185 
0.80536 
0.80889 
0.81272 
0.81640 
0.82001 
0.82371 
0.82 710 
0.83057 
0.83369 
0.83681 
0.83982 
0.84262 
0.84546 
0.84742 
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W.Schmidt 
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l4-y-3 

Oll LNERWING: MACH - 1.50, ALPHA - 15 

0.^7625 
0.9Ü 764 
0.99627 
l.00000 
1.00000 
0.99641 
0.98810 
0.97713 
0.96266 
0.94 356 
0.91837 
0.88784 
0 . 85 5 8 2 
0.82459 
0.79412 
0.76438 
0.73534 
0.70698 
0.67927 
0.65217 
0.62566 
0.59970 
0.57428 
0.54935 
0.52489 
0.50087 
0.47726 
0.45402 
0.43112 
0.40 855 
0.38627 
0.36423 
0.34243 
0.32082 
0.29937 
0.27806 
0.25685 
0.23572 
0.21462 
0.19354 
0.17244 
0.15206 
0.13376 
0.11799 
0.10438 
0.09265 
0.08253 
0.07381 
0.06629 
0.05980 
0.05420 
0 04938 
0.04 521 
0.04162 
0.03852 
0.03709 
0.04162 
0.04 521 
0.04938 
0.05421* 
0.05980 
0.06629 
0.07381 

0.0 
0.0 
0.0 
0.0 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.013 50 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01150 
0.01350 
0.01350 
0.01350 
0.01350 
0.0135C 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 

1.81042 
1 .93910 
1.69726 
1.69726 
1.4 4 84 3 
1.48760 
1.45757 
1.43586 
1.44445 
1.42992 
1.42103 
1.40835 
1.39515 
1.38171 
1.36873 
1.35565 
1.34294 
1.33038 
1.31812 
1.30618 
1.29386 
1.28220 
1.27141 
1.26148 
1.25234 
1.24386 
1.23628 
1.22927 
1.22325 
1.21821 
1.21338 
1.20928 
1.20569 
1.20257 
1.20007 
1.19803 
1.19650 
1.19534 
1.19469 
1.19453 
1.19447 
1.19477 
1.19509 
1.19516 
1.19537 
1.19582 
1.19660 
1.19792 
1.19983 
1.20281 
1.20703 
1.21266 
1.22356 
1.25651 
1.27948 
1.27948 
1.37739 
1.40014 
1.42334 
1.44635 
1.47768 
1.51022 
1.54286 

0.06790 
0.03434 
0.13654 
0.13654 

-0.01638 
0.C1239 

-0.02253 
0.01222 

-0.00949 
0.00061 

-0.00232 
-0.00161 
-0.00135 
-0.00113 
-0.00057 
-0.00047 

0.00046 
0.00080 
0.00195 
0.00298 
0.00419 
0.03598 
0.00691 
0.00814 
0.00878 
0.00946 
0.03992 
0.01003 
0.01038 
0.01043 
0.01024 
0.01047 
0.01013 
0.01011 
0.00980 
0.00950 
0.00909 
0.00847 
0.00782 
0.00696 
0.00555 
0 .00437 
0.00262 
0.00123 
0.00024 

-0.00065 
-0.03113 
-0.00098 
-0.00122 

0.00047 
-0.00063 

0.00429 
0.00319 

-0.01785 
-0.05640 
-0.05640 

0.59597 
0.53753 
0.54441 
0.52327 
0.50621 
0.47407 
0.44201 

0.84034 
0.86434 
0.82434 
0.82434 
0.70182 
0.72610 
0.70 391 
0.70496 
0.70215 
0.69896 
0.69425 
0.63894 
0.68318 
0.67722 
0.67150 
0.66550 
0.65988 
0.65405 
0.64859 
0.64318 
0.63759 
0.63248 
0.62744 
0.62291 
0.61852 
0.61445 
0.61074 
0.60715 
0.604 1 6 
0.60154 
0.59893 
0.59686 
(Í.59482 
0.59316 
0.59170 
0.59049 
0.5R950 
0.58862 
0.53801 
0.58756 
0.58695 
0.58662 
0.58606 
0.58552 
0.58523 
0.58510 
0.58532 
0.58610 
0.58703 
0.58932 
0.59113 
0.59614 
0.60144 
0.61045 
0.60798 
0.60798 
0.86895 
0.85470 
0.86143 
0.85972 
0.86108 
0.85884 
0.85720 



•w 

AR 211 
DORN1ER/JAMESON 

W.Schmidt 
AJameson 

14-9-4 

DILLNER WING: MACH" 1.5(1. ALPHA - 15 

0.08253 
0.09285 
0.10438 
0.11798 
0.13376 
0.15206 
0.17245 
0.19354 
0.21463 
0.23572 
0.25685 
0.27806 
0.29937 
0.32082 
0.34243 
0.36423 
0.38627 
0.40 855 
0.43112 
0.45402 
0.47725 
0.50 086 
0.52489 
0.54935 
0.57428 
0.59970 
0.62566 
0.65217 
0.67927 
0.70698 
0.73534 
0.76438 
0.79411 
0.82458 
0.85582 
0.88 783 
0.91837 
0.94356 
0.96266 
0.97713 
0.98810 
0.99641 
1.00000 
1.00000 
0.99667 
0.98895 
0.97876 
0.96532 
0.94 759 
0.92 420 
0.89584 
0.86610 
0.83710 
0.80880 
0.78119 
0.75422 
0.72 788 
0.70215 
0.67698 
0.65236 
0.62825 
0.60464 
0.58149 

0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.03850 
0.038 50 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.038 50 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 

1.57132 
1.59404 
1.60881 
1.61588 
1.61697 
1.61479 
1.61006 
1 .60002 
1.58443 
1.57209 
1.56449 
1.56078 
1.56012 
1.56189 
1.56505 
1.57153 
1.57868 
1.58712 
1.59608 
1.60623 
1.61745 
1.62904 
1.64125 
1.65367 
1.66635 
1.67940 
1.69289 
1.70701 
1.72019 
1.73345 
1.74657 
1.75934 
1.77217 
1.78414 
1.79671 
1.80885 
1.81949 
1.83470 
1.83964 
1.80699 
1,,93631 
1.67900 
1.67900 
1.45496 
1.49053 
1.46211 
1.44026 
1.44 862 
1.43421 
1.42500 
1.^1195 
1.39825 
1.38444 
1.37120 
1.35804 
1.34538 
1.33303 
1.32115 
1.30999 
1.29888 
1.28866 
1.27929 
1.27073 

0.40760 
0.37558 
0.34722 
0.32313 
0.30180 
0.28144 
0.26272 
0.25077 
0.23991 
0.22591 
0.21035 
0.19520 
0.18140 
0.16935 
0.15880 
0.15007 
0.14214 
0.13565 
0.12981 
0.12426 
0.11958 
0.11515 
0.11095 
0.10728 
0.10345 
0.10033 
0.09676 
0.09379 
0.09120 
0.08835 
0.08647 
0.08403 
0.08253 
0.08091 
0.07919 
0.07799 
0.07808 
0.07241 
0.07724 
0.08270 
0.03622 
0.15950 
0.15950 

-0.02356 
0.00629 

-0.02934 
0.00T 42 

-0.01607 
-0.00597 
-0.00835 
-0.00696 
-0.00553 
-0.00403 
-0.00187 
-0.00002 
0.00282 
0.00517 
0.00841 
0.01129 
0.01386 
0.01655 
0.01819 
0.01990 

0.85459 
0.85 W9 
0.-84841 
0.84446 
C.83982 
0.83461 
0.82911 
0.82373 
0.81701 
0.81021 
0.80422 
0.79937 
0.79573 
0.79327 
0.79186 
0.79145 
0.79171 
0.79273 
0.79408 
0.79586 
0.79816 
0.80061 
0.80328 
0.80610 
0.80893 
0.81199 
0.81504 
0.81834 
0.82141 
0.82441 
0.82 752 
0.83038 
0.83339 
0.83612 
0.83893 
0.84169 
0 . 84 4 2 6 
0.84692 
0.84887 
0.84205 
0.86402 
0.82425 
0.82425 
0.70250 
0.72558 
0.70387 
0.70479 
0.70199 
0.69803 
0.694.3 
0.68886 
0.68323 
0.67752 
0.67220 
0.66676 
0.66182 
0.65682 
0.65231 
0.64798 
0.64354 
0.63955 

! 0.63557 
0.63158 



AR2II W.Schmidt 
A.Jameson 14-0-5 

DILLNER WING: MAC H - 1 50. ALPHA - 15 

DORMÍ R JAMI SON 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

22 
23 
24 
25 
26 
27 
2fl 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 

0.5364 7 
0.51454 
0.49296 
0.47170 
0.45074 
0.43004 
0.40 95 8 
0.38933 
0.36 92 6 
0.34934 
0.32956 
0. 30986 
0.29023 
0.27664 
0.25106 
0.23147 
0.21254 
0.19555 
0.18090 
0.16826 
0.15737 
0.14797 
0. 13987 
0.13288 
0.12686 
0.12166 
0.11718 
0.11331 
0.10998 
0.10710 
7. 10 57 7 
0.10998 
0. U 331 
0.11718 
0.12166 
0.12686 
0.13288 
0.13987 
0.14 797 
0.15737 
0.16826 
0.18090 
0.19555 
0.21254 
0.23147 
0.25106 
0.27064 
0.29023 
0.30986 
0.32956 
0.34935 
0.36926 
0.38933 
0.4095 8 
0.43004 
0.45074 
0.47170 
0.49296 
0.51454 
0.53647 
0.55877 
0.58149 

0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
C.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.0385Ü 
0.03850 
0.0 3850 
0.0 38 50 
0.03850 
0.03850 
0.03850 
0.0 3850 
0.0 38 50 
0.038 50 
0.038 50 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.038 50 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 

1.25543 
1.2486b 
1.24218 
1.23639 
1.23140 
1.22647 
1.22203 
1 .21790 
1.21405 
1.21057 
1.20739 
1.20456 
1.2918« 
1.19954 
1.19750 
1.19561 
1.1941? 
1.19 306 
1.19216 
1.1916? 
1.19154 
l.i9202 
1.19333 
1.19569 
1.19971 
1.20602 
1.21349 
1.22397 
1.26691 
1.31156 
1.31156 
1.52657 
1.65604 
1.65998 
1.69280 
1.71197 
1.73127 
1.74204 
1.75183 
1.75863 
1.76071 
1.76077 
1.75714 
1.74959 
1.73 764 
1.71963 
1.69744 
1.67545 
1.65802 
1.64492 
1.63546 
1.62928 
1.62609 
1.62541 
1.62708 
1.63050 
t .63508 
1.64131 
1.64879 
1.65687 
1.66568 
1.67492 

0.02156 
0.02191 
0.02178 
0.02102 
0.02143 
0.02066 
0.02020 
0.01913 
0.Cl 83 ? 
0.01725 
0.01623 
0.01620 
0.01393 
0.01318 
0.01206 
0.01094 
0.01037 
0.00958 
0.00904 
0.00883 
0.00866 
0.00863 
0.00908 
0.00867 
0.00988 
0.00 73 7 
0.01171 
0.01412 

-0.01565 
-0.06538 
-0.06538 

0.40241 
0.38673 
0.45945 
0.44349 
0.44064 
0.41628 
0.39726 
0.37288 
0.35078 
0.32930 
0.31025 
0.29436 
0.28011 
0.26911 
0.26512 
0.26512 
0.26133 
0.25236 
0.24091 
0.22880 
0.21688 
0.20541 
0.19478 
0.18443 
0.17518 
0.16646 
0.15797 
0.15035 
0.14310 
0.13627 
0.13007 

0.624«9 
0.62172 
0.61P4C 
0.61547 
0.61276 
0.60 993 
0.60 745 
0 • 60 4 0 8 
0.60255 
0.60030 
0.59821 
0.59630 
0.59432 
0.59281 
0.59131 
0.58979 
0.50076 
0.58786 
0.58716 
0.58678 
0.58666 
0.58691 
0.50 780 
0.58889 
0.59155 
0.59386 
0.59968 
0.60 60 3 
0.61667 
0.62150 
0.62150 
0.86435 
0.86727 
0.88370 
0.88603 
0.8387 , 
0.88 7?i 
0,8854). 
0.08254 
0.87965 
0.87606 
0.87255 
0.86389 
0.86470 
0.86012 
0.85547 
0.85054 
0.84472 
0.83367 
0.83295 
0.82788 
0.82 360 
0.82016 
0.81757 
0.81563 
0.81454 
0.81386 
0.81370 
0.81410 
0.81477 
0.81574 
0.81698 



DORMI R JAMESON 
AK 21 I 

W.Schmidt 
A Jameson 

14-d-h 

DILLNER WING: MACH- I.5C». ALPHA - IS 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

34 
85 
86 
87 
38 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
LI 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
79 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

0.60464 
0.62825 
0.65236 
0.67698 
0.70214 
0. U 788 
0.75422 
0.78119 
0.80880 
0.837^9 
0. 36610 
0.89583 
0.92419 
0.94759 
0.96532 
0.97876 
0.98 89 5 
0.99667 
1.00000 
l.00000 
0.99689 
0.98968 
0.98016 
0.96 761 
0.95105 
0.92920 
0.90272 
0.87495 
0.84 786 
0.8?143 
0.79564 
0.77045 
0.74585 
0.72182 
0.69832 
0.67532 
0.65281 
0.63076 
0.60913 
0.58792 
0.56708 
0.54661 
0.52645 
0.50659 
0.48702 
0.46 769 
0.44858 
0.42 967 
0.41092 
0.39232 
0.37384 
0.35544 
0.33 711 
0.31881 
0.30053 
0.28223 
0.26455 
0.24868 
0.23500 
0.22 320 
0.21302 
0.20425 
0.19668 

0.0 3850 
0.03850 
0.03850 
0.03850 
9.0385^ 
0.0 3850 
0.0 3850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.33850 
0.03850 
0.03850 
0.03850 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.0 6000 
0.06000 
0.06000 
0.06000 
0.360 0 0 
0.06000 
0.06000 
0.0 6000 
0.06000 
0.0 60 0 0 
0.0 6000 
0.06000 
0.06000 
0.0 6000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.0 6000 
0.06000 
0.06000 
0.06000 
0.0 6000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 

1.68470 
1.69509 
1.70596 
1.71749 
1.72861 
1.74019 
1.75209 
1.7641? 
1.77664 
1.78879 
1.80190 
1.81477 
1.82 654 
1.8' 1 39 

1.84666 
1 . fll 719 
1.94495 
1.67535 
1.67535 
1.45322 
1.48571 
1.45920 
1.43662 
1.44466 
1.43067 
1.4214 7 
1.40866 
1.39518 
1.38171 
1.36892 
1.35636 
1.34440 
1 .33285 
1.32191 
1.31178 
1.30171 
1.29242 
1.29384 
1.27598 
1.26872 
1.26184 
1.25550 
1.24937 
1.24383 
1.23897 
1.23411 
1.22960 
1.22529 
1.22111 
1.21714 
1.21332 
1.20969 
1.20596 
1.20256 
1.19938 
1.19611 
1.19339 
1.19145 
1.19014 
1.18948 
1.18951 
1.19029 
1.19202 

0.12385 
0.11847 
0.11289 
0.10805 
0.10354 
0.09884 
0.09520 
0.09117 
0.08830 
0.08547 
0.08284 
0.08115 
0.08345 
0.07618 
0.07947 
0.08658 
0.C3786 
0.16780 
0.16780 

-0.01568 
0.01477 

-0.02109 
0.01362 

-0.00705 
0.00289 
0.00103 
0.00250 
0.03378 
0.00493 
0.00641 
0.00734 
0.00901 
0.03996 
0.01155 
0.01263 
0.01343 
0.01459 
0.01503 
0.01582 
0.01605 
0.01636 
0.01649 
0.01624 
0.01624 
0.01586 
0.01514 
0.01478 
0.01383 
0.01314 
0.01222 
0.01134 
0.01049 
0.00939 
0.00885 
0.00800 
0.00717 
0.00702 
0.03682 
0.00676 
0.00694 
0.00711 
0.00725 
0.00775 

0.81836 
0.82008 
0.82189 
0.82401 
0.82607 
0.82820 
0.83059 
0.83293 
0.83556 
0.83808 
0.84084 
0.84 366 
0.84633 
0.84903 
0.85085 
0.84516 
0.86606 
0.82 503 
0.82503 
0.70 40 5 
0.72 602 
0.70 501 
0.70 570 
0.70295 
0.69997 
0.69546 
0.69035 
0.68482 
0.67917 
0.67388 
0.66844 
0.66347 
0.65839 
0.65377 
0.64932 
0.64476 
0.64067 
0.63664 
0.63305 
0.62954 
0.62622 
0.62 309 
0.61989 
0.61 708 
0.61445 
0.61167 
0.60921 
0.60659 
0.60415 
0.60 170 
0.59934 
0.59708 
0.59466 
0.59263 
0.59059 
0.58850 
0.58698 
0.58585 
0.58512 
0.58484 
0.58493 
0.58541 
0.58655 
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DORMER JAMESON 
AR2II 

W.Schinidl 
AJameson 

14-4-7 

DILLNER WING: MACH - I M). ALPHA - IS 

V • A W 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
50 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 

1 
2 
3 
4 
5 

0.17968 
0.17549 
0.17188 
0.16876 
0.16608 
0.16483 
0.16877 
0.17188 
0.17549 
0.1 7960 
0.18453 
0.19016 
0.19668 
0.20425 
0.21302 
0.22 320 
0.23500 
0.24868 
0.26455 
0.28223 
0.30053 
0.31882 
0.33711 
0.35544 
0.37384 
0.39232 
0.41092 
0.42 96 7 
0.44 85 8 
0.46769 
0.48702 
0.50659 
0.52645 
0.54660 
0 . 56 708 
0.58792 
0.60913 
0.63076 
0.65281 
0.67532 
0.69 831 
0.72182 
0.74585 
0.77045 
0.79564 
0.82143 
0.84785 
0.87494 
0.90271 
0.92920 
0.95105 
0.96761 
0.98016 
0.98968 
0.99689 
1.00000 
1.00000 
0.99708 
0.99031 
0.98138 
0.96960 

• w J'J V • I«» 
0.06000 
0.06000 
0.0 6000 
0.0 60 00 
0.060 00 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
O.O6C0O 
0.06000 
0.0 6000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06COO 
0.06000 
0.06000 
0.06000 
0.0 6000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0 . 060 00 
0.06000 
0.06000 
0.060 00 
0.06000 
0.06000 
0.06000 
0.06000 
0.0 6000 
0.06C00 
0.06000 
0.06000 
0.06000 
0.06000 
0.06007 
0.06000 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 

i • i on 
1.20769 
1.24618 
1.22266 
I .26866 
1.34913 
1.34913 
1.78645 
1.89006 
1.84 34 7 
1 .89454 
1.86810 
1.87786 
1.88187 
1.88885 
1.39394 
1.09650 
1.89379 
1.80843 
1.87884 
1.86415 
1.84409 
1.82212 
1.80079 
1.78172 
1.76449 
1.74909 
1.73579 
1.72462 
1.71554 
1.70825 
1.70276 
1.69945 
1.69811 
1.69831 
1.69990 
1.70299 
1.70729 
1.712 84 
1.71963 
1.72749 
1.73636 
1.74528 
1.75499 
1.76534 
1.77616 
1.78776 
1.79936 
1.81214 
1.82477 
1.83671 
1.85042 
1.85525 
1.83089 
1.95571 
1.67793 
1.67793 
1.45625 
1.48128 
1.45441 
1.43201 
1.44031 

u .uunu i 
0.00423 
0.00736 

.0.01556 
-0.01593 
-0.10666 
-0.10666 
0.17967 
0.20303 
0.37173 
0.32057 
0.35615 
0.33060 
0.32179 
0.30695 
0.29872 
0.29171 
0.28602 
0.27858 
0.27215 
0.26945 
0.27104 
0.27403 
0.27315 
0.26772 
0.25956 
0.24993 
0.23954 
0.22883 
0.21824 
0.20771 
0.19759 
0.18739 
0.17744 
0.16825 
0.15941 
0.15103 
0.14336 
0.13588 
0.12933 
0.12286 
0.11739 
0.11238 
0.10733 
0.10334 
0.09900 
0.09575 
0.09243 
0.08924 
0.08697 
0.08498 
0.08046 
0.08294 
0.08835 
0.03940 
0.17126 
0.17126 

-0.00847 
0.02325 

-0.01327 
0.02174 
0.00070 

u • 
0.59 347 
0.59924 
0.60592 
0.61747 
0.62664 
0.62664 
0.85424 
( .87922 
0.89771 
0.89774 
0.89907 
0.89663 
0.89591 
0.89477 
0.89436 
0.89372 
0.89242 
0.89040 
0.88777 
0.88477 
0.87142 
0.87786 
0.87365 
0.86895 
0.86396 
0.85893 
0.85405 
0.84947 
0.84529 
0.84 147 
0.83811 
0.83523 
0.83288 
0.83106 
0.82967 
0.82878 
0.82835 
0.82830 
0.82876 
0.82953 
0.83076 
0.83208 
0.83360 
0.83547 
0.83738 
0.83965 
0.84189 
0.84 4 41 
0.84 701 
0.84946 
0.85187 
0.85336 
0.84 867 
0.86849 
0.82 643 
0.82643 
0.70742 
0.72663 
0 . 70 5 26 
0.70 621 
0.70341 
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W.Schmidt 
A.Jameson 

14-4-X 

DILLNER WING: MACH - 1.5(). ALPHA - 15 

t 
7 
8 

5 9 
5 10 
5 11 
5 12 
5 13 
5 14 
5 15 
5 16 
5 17 
5 18 
5 19 
5 20 
5 21 
5 22 
5 23 
5 24 
5 25 
5 26 
5 27 
5 28 
5 29 
5 30 
5 31 
5 32 
5 33 
6 34 
5 35 
5 36 
5 37 
5 38 
5 39 
5 40 
5 41 
5 42 
5 43 
5 44 
5 45 
5 46 
5 47 
5 48 
5 49 
5 50 
5 51 
5 52 
5 53 
5 54 
5 55 
5 56 
5 57 
5 58 
5 59 
5 60 
5 61 
5 62 
5 63 
5 64 
5 65 
5 66 
5 67 
5 68 

0.95405 
0.93354 
0.90868 
0.88261 
0.85719 
0.83238 
0.80817 
0.78453 
0.76144 
0.73888 
0.71682 
0.69523 
0.67410 
0.65340 
0.63310 
0.61318 
0.59363 
0.57441 
0.55 549 
0.53685 
0.51 847 
0.50033 
0.48239 
0.46464 
0.44704 
0.42958 
0.41223 
0.39497 
0.37776 
0.36058 
0.34 342 
0.32624 
0.30965 
0.29475 
0.28190 
0.27083 
0.26128 
0.25304 
0.24594 
0.23981 
0.23453 
0.22998 
0.22605 
0.22266 
0.21973 
0.21721 
0.21604 
0.21973 
0.22266 
0.22605 
0.22998 
0.23453 
0.23981 
0.24594 
0.25304 
0.26128 
0.27083 
0.28190 
0.29475 
0.30965 
0.32625 
0.34342 
0.36059 

0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.0 7864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.0 7864 
0.07864 
0.07864 
0.07864 
0.0 7864 
0.0 7864 
0.07864 
0.07864 
0.07864 
0.0 7864 
0.07864 
0.07864 
0.07864 
0.07864 
0.0 7864 
0.07864 
0.07864 
0.07864 
0.07864 
0.0 7864 
0.07864 
0.07864 
0.07864 
0.07864 
0.0 7864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 

1.42663 
1.41778 
1.40562 
1.39285 
1.33021 
1.36836 
1.35686 
1.34607 
1.33570 
1.32588 
1.31670 
1.30 733 
1.29850 
1.29015 
1.28236 
1.2750? 
1.26795 
1.26135 
1.25488 
1.24896 
1.24368 
1.23839 
1.23347 
1.22876 
1.22421 
1.21988 
1.21571 
1.21173 
1.20768 
1.23391 
1.20041 
1.19688 
1.19388 
1.19178 
1.19051 
1.19005 
1.19044 
1.19172 
1.19399 
1.19752 
1.20305 
1.21227 
1.22236 
1.22599 
1.27201 
1.38284 
1.38284 
1.93574 
1.94258 
1.9453? 
1.94529 
1.93919 
1.96103 
1.96689 
1.97703 
1.98449 
1.99091 
1.99398 
1.99359 
1.98667 
1.97441 
1.95768 
1.94016 

0.01039 
0.00846 
0.00953 
0.01042 
0.01098 
0.01174 
0.01178 
0.01237 
0.01208 
0.01230 
0.01202 
0.01155 
0.01158 
0.01105 
0.01102 
0.01060 
0.01042 
0.01023 
0.00983 
0.00983 
0.00959 
0.00916 
0.00919 
C.00870 
0.00854 
0.00816 
0.00784 
0.00754 
0.00696 
0.00690 
0.00645 
0.00585 
0.00581 
0.00567 
0.00558 
0.00569 
0.00582 
0.00589 
0.00643 
0.00605 
0.00694 
0.00248 
0.00475 
0.01763 

-0.01315 
-0.14266 
-0.14266 
-3.06161 
0.16206 
0.25495 
0.23052 
0.26224 
0.23902 
0.25513 
0.25456 
0.26021 
0.26129 
0.26258 
0.26210 
0.26340 
0.26692 
0.27096 
0.27344 

0.70051 
0.69614 
0.69121 
0.68589 
0.63045 
0.67537 
0.67015 
0.66538 
0.66046 
0.65592 
0.65146 
0.64680 
0.64254 
0.63827 
0.63442 
0.63063 
0.62703 
0.62364 
0.62022 
0.61721 
0.61442 
0.61153 
0.60899 
0.60636 
0.60 392 
0.60150 
0.59918 
0.59696 
0.59458 
0.59255 
0.59050 
0.58836 
0.58674 
0.58555 
0.58483 
0.58463 
0.58489 
0.58561 
0.58 705 
0.58879 
0.59211 
0.59519 
0.60144 
0.60847 
0.62023 
0.63217 
0.63217 
0.85009 
0.88292 
0.89634 
0.89294 
0.89637 
0.89667 
0.89977 
0.90127 
0.90314 
0.90425 
0.90 48 7 
0.90475 
0.90389 
0.90251 
0.90049 
0.89810 
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DORMER JAMESON 
AR21I 

W.Schmidt 
A Jameson 14-p-y 

DILLNER WING: MACH - E50, ALPHA - 15 

• %f 

71 
5 72 
5 73 
5 74 
5 75 
5 76 
5 77 
5 7B 
5 79 
5 80 
5 81 
5 82 
5 83 
5 84 
5 85 
5 86 
5 87 
5 88 
5 89 
5 90 
5 91 
5 92 
5 93 
5 94 
5 9b 
5 96 
5 97 
5 98 
5 99 
5 100 
5 101 
5 102 
6 1 
6 2 
6 3 
6 4 
6 5 
6 6 
6 7 
6 8 
6 9 
6 10 
6 11 
6 12 
6 13 
6 14 
6 15 
6 16 
6 17 
6 18 
6 19 
6 20 
6 21 
6 22 
6 23 
6 24 
6 25 
6 26 
6 27 
6 28 
6 29 

0.41223 
0.42958 
0.44 704 
0.46464 
0.48239 
0.50033 
0.51847 
0.53685 
0.55 548 
0.57440 
0.59362 
0.61318 
0.63310 
0.65340 
0.67410 
0.69523 
0.71681 
0.73 887 
0.76144 
0.78453 
0.80817 
0.83238 
0.85718 
0.88261 
0.90 868 
0.93354 
0.95405 
0.96960 
0.98138 
0.99031 
0.99708 
1.00000 
1.00000 
0.99724 
0.99085 
0.98242 
0.97130 
0.95663 
0.93727 
0.91380 
0.88 920 
0.86520 
0.84178 
0.81893 
0.79661 
0.77481 
0.75352 
0.73269 
0.71232 
0.69237 
0.67283 
0.65 367 
0.63487 
0.61641 
0.59827 
0.58041 
0.56282 
0.54 54 7 
0.52834 
0.51141 
0.49465 

0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.0 7864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.09464 
0.0 9464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 

1.38965 
1.87285 
l. 85657 
1.84110 
1.82656 
1.81326 
1.80131 
1.79079 
1.78170 
1.77448 
1.7694 7 
1.76665 
1.76554 
1.76625 
1.76364 
1.77244 
1.77742 
1.78275 
1.78905 
1.79622 
1.80420 
1.81324 
1.82271 
1.83367 
1.84476 
1.85588 
1.86836 
1.87265 
1.85240 
1.97164 
1.68549 
1.68549 
1.47086 
1.47807 
1.45236 
1.43098 
1.43961 
1.42607 
1.41775 
1 .40623 
1.39407 
1.38202 
1.37079 
1.35996 
1.34987 
1.34022 
1.33106 
1.32243 
1.31348 
1.30493 
1.29671 
1.28390 
1.28140 
1.27406 
1.26708 
1.26016 
1.25371 
1.24785 
1.24196 
1.23645 
1.23117 

U.¿09?? 

0.25962 
0.25149 
0.24257 
0.23321 
0.22378 
0.21450 
0.20554 
0.'9676 
0.18807 
0.17955 
0.17076 
0.16209 
0.15393 
0.14589 
0.13862 
0.13138 
0.12505 
0.11913 
0.11324 
0.10833 
0.10309 
0.09895 
0.09468 
0.09066 
0.08755 
0.08451 
0.08023 
0.08255 
0.08765 
0.02934 
0.17527 
0.17527 
0.00799 
0.02781 
0.01128 
0.02528 
0.00312 
0.01274 
0.01033 
0.01079 
0.01112 
0.01121 
0.01155 
0.01124 
0.01155 
0.01104 
0.01113 
0.01077 
0.01026 
0.01025 
0.00967 
0.00959 
0.00914 
0.00894 
0.00873 
0.00835 
0.00840 
0.00827 
0.00800 
0.00822 
0.00800 

U.89 163 
0.88773 
0.88 35? 
0.87913 
0.87469 
0.87029 
0.86604 
0.86 201 
0.85822 
0.85469 
0.85 153 
0.84879 
0.84656 
0.84480 
0.84349 
0.84274 
0.84233 
0.84238 
0.84260 
0.84306 
0.84391 
0.84490 
0.8463? 
0.84 782 
0.84969 
0.85173 
0.85376 
0.85587 
0.85718 
0.85348 
0.87169 
0.82922 
0.82922 
0.71363 
0.72 665 
0.70497 
0.70684 
0.70383 
0.70099 
0.69670 
0.69186 
0.68665 
0.68134 
0.67641 
0.67139 
0.66686 
0.66221 
0.65795 
0.65374 
0.64930 
0.64517 
0.64098 
0.63712 
0.63326 
0.62953 
0.62596 
0.62233 
0.61908 
0.61603 
0.61291 
o.61015 
0.60733 
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DILLNER WING: MACH- 150. ALPHA - 15 

6 
6 
6 
6 

6 
6 
b 
6 
6 
6 
b 
b 
b 
b 
b 
b 
b 
6 
b 
b 
6 
6 
b 
b 
6 
b 
b 
b 
b 
b 
6 
b 
6 
b 
6 
b 
b 
b 
6 
b 
b 
b 
b 
6 
6 
6 
6 
6 
6 
6 
b 
6 
6 
b 
6 
b 
6 
b 
6 
b 
6 
6 
b 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 

.68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 

0.47834 
0.4b 156 
0.44519 
0.42889 
0.41265 
0.39643 
0.38023 
0.36402 
0.34835 
0.33429 
0.32217 
0. 31 171 
0.30270 
0.29492 
0.28822 
0.28244 
0.27745 
0.27315 
0.26944 
0.26624 
0.26348 
0.2bll0 
0.26000 
0.26 348 
0.26624 
0.26944 
0.27315 
0.27745 
0.28244 
0.28822 
0.29 492 
0.30270 
0.31171 
0.32217 
0.33429 
0.34 83 6 
0.36402 
0.38023 
0.39644 
0.41265 
0.42889 
0.44519 
0.46157 
0.47805 
0.49465 
0.51141 
0.52834 
0.54 54 7 
0.56282 
0.58040 
0.59 826 
0.61641 
0.63487 
0.65367 
0.67283 
0.69237 
0.71231 
0.73269 
0.75351 
0.77481 
0.79661 
0.81893 
0.84178 

0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.0 94b4 
0.09464 
0.09464 
0.09464 
0.0 9464 
0.09464 
0.094 64 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 

1.22608 
1.22128 
1.21670 
1.21238 
1.2081b 
1.20418 
1.20063 
1.19724 
1.19447 
1.19266 
1.19176 
1.19176 
1.19270 
1.19463 
1.19761 
1.20187 
1.20802 
1.21830 
1.23048 
1.23485 
1.28032 
1.39598 
1.39598 
1.96557 
1.92047 
1.92788 
1.92768 
1.93 726 
1.95618 
1.96832 
1 .99019 
2.00745 
2.02404 
2.03705 
2.04594 
2.04833 
2.04586 
2.03921 
2.03134 
2.02251 
2.01223 
2.00019 
1.98675 
1.97238 
1.95747 
1.9422? 
1.92712 
1.91234 
1.89841 
1.88527 
1.07338 
1.86285 
1.85362 
1.84618 
1.84135 
1.83843 
1.83691 
1.83653 
1.83668 
1.83808 
1.84070 
1.8445? 
1.84986 

0.00814 
0.00812 
0.00818 
0.00828 
0.00818 
0.00831 
0.00844 
0.00810 
0.00823 
0.00815 
0.00799 
0.00797 
0.00794 
0.00782 
0.00821 
0.00782 
0.00389 
0.00442 
0.00526 
0.01950 

-0.01006 
-0.13822 
-0.13822 
-0.08806 

0.13728 
0.17972 
0.17087 
0.20057 
0.20289 
0.23172 
0.23652 
0.24 792 
0.25267 

.25840 

.26203 
0.26671 
0.27174 
0.27482 
0.27515 
0.27156 
0.26618 
0.25953 
0.25221 
0.24424 
0.23591 
0.22752 
0.21927 
0.21116 
0.20337 
0.19613 
0.18916 
0.18225 
0.17545 
0.16828 
0.16045 
0.15294 
0.14543 
0.13882 
0.13263 
0.12648 
0.12124 
0.11572 
0.11122 

0, 
0, 

0.60474 
0.60222 
0.59984 
0.59761 
0.59533 
0.59328 
0.59144 
0.58949 
0.58806 
0.58705 
0.58650 
0.58649 
0.58699 
0.58798 
0.58973 
0.59184 
0.59555 
0.59917 
0.60589 
0.61377 
0.62560 
0.64030 
0.64030 
0.85330 
0.87526 
0.88275 
0.88145 
0.88738 
0.89095 
0.8°685 
0.90092 
0.90499 
0.90800 
0.91053 
0.91220 
0.91308 
0.91334 
0.91281 
0.91177 
0.91011 
0.90798 
0.90540 
0.90244 
0.89917 
0.89568 
0.89201 
0.38827 
0.88450 
0.88082 
0.87727 
0.87392 
0.87076 
0.86782 
0.86514 
0.86286 
0.86101 
0.85945 
0.85828 
0.85729 
0.85659 
0.85631 
0.85625 
0.85 670 

■i “ - 



DORMER JAMESON 
AR 211 

D1LLNER WING: MACH - I M). ALPHA - I ? 

W.Schmidt 
A Jameson 

14-d-l I 

U. 
0.88919 
0.91380 
0.93 72 7 
0.95663 
0.97130 
0.98242 
0.99085 
0.99724 
l.00000 
1.00300 
0.99739 
0.99132 
0.98333 
0.97278 
0.96886 
0.94050 
0.91824 
0.89490 
0.87213 
0.84 992 
0.82824 
0.80 708 
0.78640 
0.76 620 
0. 74645 
0.7271? 
0.70820 
0.68966 
0.67149 
0.65366 
0.63615 
0.61894 
0.60200 
0.58531 
0.56886 
0.55261 
0.53655 
0.52 066 
0.50490 
0.48927 
0.47373 
0.45828 
0.44287 
0.42749 
0.41212 
0.39674 
0.38188 
0.36854 
0.35705 
0.34 713 
0.33858 
0.33120 
0.32484 
0.31936 
0.31463 
0.31055 
0.30 703 
0.30400 
0.30138 
0.29912 
0.29807 
0.30138 

0.0 9464 
0.09464 
0.09464 
U.09464 

0.09464 
0.09464 
0.09464 
0.09464 
0.094 64 
0.09464 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.108 50 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.108 50 
0.10850 
0.10850 
0.108 50 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.108 5C 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.108 50 
0.10850 

l.85620 
1.86443 
1.87316 
1.88272 
1.89352 
1.89698 
1.87932 
1.99245 
1.69779 
1.69 7 79 
1.49028 
1.46850 
1.45359 
1.43500 
1.44171 
1.42 848 
1.42071 
1.43955 
1.39777 
1.38598 
1.37498 
1.36433 
1.35444 
1.34497 
1.3360? 
1.32761 
1.31888 
1.31352 
1.30246 
1.29475 
1.28729 
1.27993 
1.27285 
1.26577 
1.25909 
1.25292 
1.24670 
1.24380 
1.23513 
1.22966 
1.22448 
1.21954 
1.21490 
1.21049 
1.20638 
1.20272 
1.19938 
1.19679 
1.19527 
1.19477 
1.19525 
1.19679 
1.19943 
1.20321 
1.20835 
1.21519 
1.22606 
1.24023 
1.24 849 
1.29450 
1.38948 
1 .-.8948 
1.90608 

U.1U66U 
0. 10234 
0.09899 
0.09520 
0.09118 
0.09225 
0.09666 
0.04910 
0.18584 
0.18584 

-0.01391 
0.02842 

-0.01018 
0.02184 
0.00183 
0.01066 
0.00767 
0.00771 
0.00751 
0.00714 
0.00709 
0.00644 
0.00651 
0.00584 
0.00586 
0.00547 
0.00499 
0.00503 
0.00451 
0.00450 
0.00410 
0.00395 
0.00379 
0.00342 
0.00347 
0.00332 
0.00303 
0.00321 
0.00298 
0.00310 
0.00308 
0.00316 
0.00329 
0.00334 
0.00351 
0.00368 
0.00350 
0.00377 
0.00390 
0.00390 
0.00399 
0.00410 
0.00405 
0.00452 
0.00428 
0.00578 
0.00240 
0.00211 
0.01489 

-0.01422 
-0.10124 
-0.10124 
0.07058 

U.03 130 

0.85 84R 
0.85985 
0.86132 
0.86300 
0.86389 
0.86081 
0.87704 
0.83451 
0.83451 
0.71990 
0.72304 
0.70581 
0.70748 
0.70434 
0.70138 
0.69716 
0.69235 
0.68714 
0.63 180 
0.67684 
0.67180 
0.66 727 
0.66266 
0.65847 
0.65436 
0.650C2 
0.64601 
0.64191 
0.63814 
0.63431 
0.63060 
0.62 700 
0.62329 
0.61992 
0.61672 
0.61341 
0.61044 
0.60741 
0.60 460 
0.60189 
0.59932 
0.59691 
0.59 460 
0.59248 
0.59060 
0.58874 
0.58746 
0.58669 
0.58642 
0.58672 
0.58 759 
0.58898 
0.59120 
0.59 384 
0.59807 
0.60244 
0.60971 
0.61892 
0.63121 
0.64879 
0.64879 
0.86259 



DORN 1ER JAMESON 
AR 211 

W .Schmidt 
AJameson 

14-d-i: 

D1LLNER WING: MACH” 1.5«, ALPHA - 15 

0.30431) 
0.30 703 
0.31055 
0.31 45 3 
0.31036 
0.32484 
0.33120 
0.33 85 8 
0.34713 
0.35 705 
0.36854 
0. 38188 
0.39674 
0.41212 
0.42 749 
0.44287 
0.45828 
0.47374 
0.48927 
0.50490 
0.52066 
0.53655 
0.55261 
0.56886 
0.58531 
0.60200 
0.61894 
0.63615 
0.65366 
0.67149 
0.68966 
0.70820 
0.72712 
0.74644 
0.76620 
0.78640 
0.80708 
0.82 824 
0.84992 
0.87213 
0.89489 
0.91823 
0.94049 
0.95886 
0.97278 
0.98333 
0.99132 
0.99739 
1.00000 
l.00000 
0.99754 
0.99185 
0.98434 
0.97443 
0.96136 
0.94411 
0.92320 
0.90127 
0.87989 
0.85903 
0.83866 
0.81878 
0.79936 

0.10850 
0.10850 
0.10850 
0.108 50 
0.10850 
0.10850 
0.10350 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.108 50 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.108 50 
0.10850 
0.10850 
0.108 50 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 

1.88 348 
1.87315 
1.88299 
1.89281 
1.90542 
1.92238 
1.95143 
1.97896 
2.00658 
2.03170 
2.05382 
2.07024 
2.08282 
2.09120 
2.09678 
2.09926 
2.09860 
2.09515 
2.08925 
2.08124 
2.07134 
2.05964 
2.04668 
2.03259 
2.01781 
2.00272 
1.98770 
1.97318 
1.95939 
1.94652 
1.93387 
1.92247 
1.91318 
1.90555 
1.89920 
1.89489 
1.89261 
1.89245 
1.89455 
1.89839 
1.90474 
1.91198 
1.92080 
1.93186 
1.93465 
1.91426 
2.03209 
1.73131 
1.73131 
1.53909 
L.46550 
1.44947 
1.43968 
1.44419 
1.43117 
1.42366 
1.41264 
1.40100 
1.38929 
1.37834 
1.36773 
1.35785 
1.34842 

0.12891 
0.16822 
0.16117 
0.17916 
0.19749 
0.22282 
0.23011 
0.24077 
0.24703 
0.25375 
0.25808 
0.26231 
0.26498 
0.26459 
0.26216 
0.25736 
0.25205 
0.24600 
0.23953 
0.23273 
0.22579 
0.21881 
0.21201 
0.20529 
0.19897 
0.19291 
0.18691 
0.18081 
0.17459 
0.16845 
0.16203 
0.15483 
0.14625 
0.13784 
0.12959 
0.12136 
0.11410 
0.10666 
0.10040 
0.09409 
0.08826 
0.08374 
0.07865 
0.07357 
0.07561 
0.07946 
0.03009 
0.17275 
0.17275 

-0.02651 
0.02648 

-0.00770 
0.01784 
0.00068 
0.00916 
0.00614 
0.00635 
0.00625 
0.00603 
0.00615 
0.00569 
0.00596 
0.00551 

0.86 664 
0.87061 
0.87148 
0.87613 
0.88123 
0.88 796 
0.89389 
0.89974 
0.90475 
0.90922 
0.91280 
0.91549 
0.91744 
0.91847 
0.91891 
0.91870 
0.91803 
0.91692 
0.91543 
0.91360 
0.91146 
0.90902 
0.90635 
0.90346 
0.90042 
0.89729 
0.89408 
0.89085 
0.88764 
0.88452 
0.88133 
0.87817 
0.87516 
0.87243 
0.86994 
0.86783 
0.86627 
0.86511 
0.86461 
0.86447 
0.86493 
0.86 577 
0.86685 
0.86839 
0.86 924 
0. 86562 
0.88 208 
0.84015 
0.84015 
0.73584 
0.72128 
0.70480 
0.70823 
0.70504 
0.70207 
0.69796 
0.69327 
0.68816 
0.68292 
0.67805 
0.67310 
0.66866 
A 1 £ 



DORMER/J AMESON 
AR 211 

W.Schmidt 
A Jameson 

i4-y-i3 

D1LLNER WING: MACH- 1.5 0, ALPHA - 15 

O 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

i 5 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 

0.78038 
0-76183 
0.74367 
0.72 590 
0.70849 
0.69142 
0.67467 
0.65822 
0.64205 
0.62614 
0.61047 
0.59501 
0.57975 
0.56466 
0.54973 
0.53493 
0.52025 
0.50 566 
0.49114 
0.47666 
0.46222 
0.44778 
0.43334 
0.41938 
0.40685 
0.39605 
0.38673 
0.37870 
0.37177 
0.36580 
0.36065 
0.35620 
0.35237 
0.34907 
0.34622 
0.34376 
0.34164 
0.34065 
0.34376 
0.34622 
0.34907 
0.35237 
0.35620 
0.36065 
0.36580 
0.37177 
0.37870 
0. 38 673 
0.39605 
0.40 68 5 
0.41938 
0.43334 
0.44779 
0.46222 
0.47666 
0.49114 
0.50566 
0.5202 5 
0.53494 
0.54973 
0.56466 
0.57975 
0.59 501 

0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 

1.33955 
1.33127 
1.32271 
1.31456 
1.30673 
1.29925 
1.29203 
1.23490 
1.27804 
1.27115 
1.26462 
1.25854 
1.25238 
1.24651 
1.24083 
1.23534 
1.23011 
1.22513 
1.22044 
1.21598 
1.21187 
1.20825 
1.20503 
1.20260 
1.20129 
1.20109 
1.20196 
1.20396 
1.20716 
1.21164 
1.21762 
1.22523 
1.23652 
1.25193 
1.26448 
1.31271 
1.38297 
1.38297 
1.82414 
1.87555 
1.86254 
l. 86111 
1.86646 
1.86632 
1.87930 
1.90509 
1.93530 
1.96916 
2.00457 
2.04071 
2.07508 
2.10669 
2.13240 
2.15230 
2.16640 
2.17560 
2.18071 
2.18218 
2.18036 
2.17561 
2.16812 
2.15862 
2.14723 

0.00575 
0.00560 
0.00534 
0.00558 
0,00527 
0.00543 
0.00521 
0.00520 
0.00514 
0.00487 
0.00494 
0.00482 
0.00451 
0.00463 
0.00431 
0.00432 
0.00415 
0.00405 
0.00397 
0.00377 
0.00374 
0.00373 
0.00331 
0.00331 
0.00328 
0.00314 
0.00309 
0.00310 
0.00294 
0.00324 
0.00290 
0.00433 
0.00197 
0.00125 
0.01150 

-0.01921 
-0.06209 
-0.06209 

0.24528 
0.13621 
0.17415 
0.17948 
0.18589 
0.20364 
0.22411 
0.23306 
0.24162 
0.24782 
0.25381 
0.25709 
0.25895 
0.25845 
0.25503 
0.25102 
0.24604 
0.24139 
0.23640 
0.23136 
0.22623 
0.22109 
0.21590 
0.21091 
0.20579 

0.65613 
0.65198 
0.64816 
0.64426 
0.64068 
0.63706 
0.63353 
0.63010 
0.62655 
0.62 329 
0.62016 
0.61690 
0.61394 
0.61089 
0.60804 
0.60526 
0.60261 
0.60011 
0.59768 
0.59549 
0.59356 
0.59168 
0.59038 
0.58966 
0.58950 
0.58995 
0.59102 
0.59266 
0.59517 
0.59820 
0.60277 
0.60 774 
0.61541 
0.62570 
0.63848 
0.65817 
0.65817 
0.87341 
0.86613 
0.86942 
0.86 998 
0.87205 
0.87481 
0.88045 
0.88644 
0.89283 
0.89915 
0.90531 
0.91088 
0.91575 
0.91975 
0.92256 
0.92453 
0.92568 
0.92629 
0.92640 
0.92608 
0.92538 
0.92432 
0.92292 
0.92127 
0.91933 
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0.61 OW 
0.62614 
0.64205 
0.65822 
0.67467 
0.69 142 
0.70 849 
0.72 590 
0.74367 
0.76182 
0.78038 
0.79936 
0.81878 
0.83866 
0.85 902 
0.87988 
0.90127 
0.92319 
0.94410 
0.96136 
0.97443 
0.98434 
0.9918 5 
0.99754 
1.00000 
1.00000 
0.99772 
0.99243 
0.98545 
0.97624 
0.96409 
0.94807 
0.92864 
0.90827 
0.88840 
0.86901 
0.85009 
0.83162 
0.81357 
0.79594 
0.77870 
0.76183 
0.74532 
0.72914 
0.71328 
0.69771 
0.68243 
0.66741 
0.65262 
0.63806 
0.62370 
0.60952 
0.59550 
0.58163 
0.56 788 
0.55423 
0.54068 
0.52 718 
0.51374 
0.50031 
0.48690 
0.47348 
0.46051 

0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 

2.13457 
2.12106 
2.10701 
2.09281 
2.07880 
2.06511 
2.05158 
2.03837 
2.02579 
2.01476 
2.00539 
1.99819 
1.99299 
1.98985 
1.98877 
1.98940 
1.99250 
1.99614 
2.00098 
2.00822 
2.00544 
1.98362 
2.09285 
1.75959 
1.75959 
1.60190 
1.46760 
1.44091 
1.44318 
1.44728 
1.43305 
1.42614 
1.41494 
1.40334 
1.39167 
1.38074 
1.37016 
1.36031 
1.35091 
1.34208 
1.33386 
1 .32541 
1.31740 
1.30972 
1.30243 
1.29543 
1.28854 
1.28195 
1.27533 
1.26906 
1.26321 
1.25729 
1.25165 
1.24617 
1.24088 
1.23584 
1.23102 
1.22648 
1.22226 
1.21830 
1.21488 
1.21192 
1.20981 

0.20092 
0.19597 
0.19089 
0.18571 
0.18026 
0.17481 
0.16972 
0.16520 
0.16024 
0.15490 
0.14905 
0.14278 
0.13695 
0.13059 
0.12502 
0.11905 
0.11321 
0.10855 
0.10309 
0.09761 
0.10063 
0.10394 
0.05499 
0.20850 
0.20850 

-0.04582 
0.02290 

-0.00722 
0.01642 

-0.00205 
0.00847 
0.00450 
0.00513 
0.00515 
0.00505 
0.00530 
0.00497 
0.00535 
0.00502 
0.00534 
0.00529 
0.00513 
0.00547 
0.00526 
0.00553 
0.00541 
0.00550 
0.00556 
0.00540 
0.00557 
0.00554 
0.00532 
0.00550 
0.00525 
0.00528 
0.00515 
0.00505 
0.00494 
0.00482 
0.00457 
0.00457 
0.00407 
0.00398 

0.91492 
0.91248 
0.90995 
0.90734 
0.90471 
0.90208 
0.89950 
0.89690 
0.89445 
0.89215 
0.89013 
0.88849 
0.88712 
0.88620 
0.88554 
0.88533 
0.88538 
0.88554 
0.88614 
0.88603 
0.88253 
0.89550 
0.85349 
0.85349 
0.75464 
0.72110 
0.70131 
0.70927 
0.70553 
0.70266 
0.69852 
0.69389 
0.68884 
0.68366 
0.67886 
0.67397 
0.66959 
0.66514 
0.66114 
0.65725 
0.65319 
0.64948 
0.64 571 
0.64227 
0.63880 
0.63545 
0.63220 
0.62884 
0.62576 
0.62280 
?.61972 
0.61691 
0.61401 
0.61129 
0.60863 
0.60 609 
0.60367 
0.60141 
0.59923 
0.59742 
0.59565 
0.59450 
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0.44 88 7 
0.43883 
0.43017 
0.42271 
0.41627 
0.41072 
0.40594 
0.41)181 
0.3982 5 
0.39518 
0.39253 
0.39024 
0.38 827 
0. 38 H6 
0.39025 
0.39253 
0.39518 
0.39 82 5 
0.40181 
0.40593 
0.41072 
0.41627 
0.42271 
0.43017 
0.43883 
0.44 88 7 
0.46 051 
0.47348 
0.48690 
0.50032 
0.51374 
0.52718 
0.54068 
0.55423 
0.56788 
0.58163 
0.59550 
0.60952 
0.62370 
0.63806 
0.65262 
0.66 741 
0.68243 
0.69771 
0.71328 
0.72914 
0.74532 
0.76183 
0.77 86 9 
0.79594 
0.81357 
0.83162 
0.85009 
0.86901 
0.88839 
0.90826 
0.92863 
0.94 806 
0.96409 
0.97624 
0.98545 
0.99 243 
0.99 772 
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0.14100 
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0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 

1.20885 
1.20906 
1.21040 
1.21293 
1.21673 
1.22192 
1.22877 
1 .23730 
1.24925 
1.26567 
1.28126 
L.33271 
1.38777 
1.38777 
1.77222 
1.86477 
1.88152 
1.87504 
1.86473 
1.85644 
1.86296 
1.88073 
1.90563 
1.93552 
1.97050 
2.01188 
2.05742 
2.10402 
2.14505 
2.17837 
2.20440 
2.22447 
2.23947 
2.24980 
2.25600 
2.25860 
2.25780 
2.25456 
2.24885 
2.24135 
2.23248 
2.22244 
2.21171 
2.20053 
2.18899 
2.17720 
2.16543 
2.15395 
2.14333 
2.13382 
2.12588 
2.11935 
2.11432 
2.11079 
2.10860 
2.10839 
2.10803 
2.10897 
2.11278 
2.10622 
2.08750 
2.18319 
1.80396 

0.00390 
0.00369 
0.00354 
0.00349 
0.00325 
0.00341 
0.00290 
0.00407 
0.00225 
0.00156 
0.01020 

-0.02212 
-0.03738 
-0.03738 

0.35736 
0.17455 
0.18534 
0.18672 
0.20027 
0.21519 
0.23086 
0.23824 
0.24441 
0.24947 
0.25420 
0.25650 
0.25693 
0.25446 
0.24951 
0.24515 
0.24035 
0.23584 
0.23098 
0.22617 
0.22135 
0.21657 
0.21179 
0.20721 
0.20256 
0.19828 
0.19401 
0.18971 
0.18543 
0.18103 
0.17679 
0.17301 
0.16999 
0.16726 
0.16445 
0.16095 
0.15665 
0.15228 
0.14706 
0.14225 
0.13669 
0.13118 
0.12658 
0.12053 
0.11555 
0.11807 
0.12216 
0.07465 
0.24322 

0.59395 
0.59398 
0.59463 
0.59595 
0.59787 
0.60067 
0.60406 
0.60896 
0.61443 
0.62254 
0.63357 
0.64725 
0.66336 
0.66836 
0.88331 
0.86993 
0.87490 
0.87386 
0.87398 
0.87474 
0.87847 
0.88288 
0.88921 
0.89398 
0.90021 
0.90672 
0.91316 
0.91898 
0.92351 
0.92697 
0.92944 
0.93122 
0.93239 
0.93306 
0.93329 
0.93315 
0.93266 
0.93193 
0.93091 
0.92972 
0.92836 
0.92684 
0.92520 
0.92347 
0.92167 
0.91985 
0.91806 
0.91630 
0.91461 
0.91297 
0.91143 
0.91006 
0.90879 
0.90777 
0.90685 
0.90623 
0.90568 
0.90517 
0.90519 
0.90449 
0.90211 
0.91115 
0.86909 
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52 
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54 
55 
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59 
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1.00 000 
1.00000 
0.99788 
0.99295 
0.98646 
0.97789 
0.96659 
0.95168 
0.93360 
0.91664 
0.89616 
0.87812 
0.86 051 
0.84332 
0.82653 
0.81012 
0.79408 
0.77 83 9 
0.76302 
0.74 797 
0.73321 
0.71873 
0.70451 
9.69053 
0.67677 
0.66322 
0.64985 
0.63666 
0.62362 
0.61071 
0.59791 
0.58 522 
0.57260 
0.56005 
0.54754 
0.53505 
0.52257 
0.51007 
0.49801 
0.48718 
0.47784 
0.46978 
0.46284 
0.45685 
0.45168 
0.44 723 
0.44339 
0.44 00 7 
0.43722 
0.43475 
0.43263 
0.43079 
0.42994 
0.43263 
0.43475 
0.43722 
0.4400 7 
0.44339 
0.44723 
0.45168 
0.45685 
0.46284 
0.46978 

0.14100 
0.15650 
0.15650 
0.15658 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15658 
0.15650 
0. 15650 
0.15650 
9.15650 
0.15650 
0.15659 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.14650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 

1.80396 
1.66354 
1.46538 
1.43411 
1.44649 
1.45044 
1.43417 
1.42 83 3 
1.41678 
1.40519 
1*39357 
1.38271 
1.37221 
1.36243 
1.35311 
1.34434 
1.33620 
1.32 784 
1.31992 
1.31236 
1.30520 
1.29834 
1.29163 
1.28523 
1.27885 
1.27282 
1.26721 
1.26156 
1.25617 
1.25097 
1.24595 
1.24119 
1.23666 
1.23240 
1.22 849 
1.22489 
1.22181 
1.21929 
1.21767 
1.21725 
1.21805 
1.22001 
1.22320 
1.22771 
1.23368 
1.24143 
1.25095 
1.26378 
1.28140 
1.29878 
1.35297 
1.40374 
1.40374 
1.77067 
1.87368 
1.89960 
1.89237 
1.87625 
1.86581 
1.86966 
1.88179 
1.89902 
1.92004 

0..24322 
-0.06939 

0.01845 
-0.01059 
0.01673 

-0.00601 
0.00817 
0.00253 
0.00371 
0.00369 
0.00358 
0 .00385 
0.00350 
0.00386 
0.00349 
0.00378 
0.00368 
0.00348 
0.00376 
0.00351 
0.00373 
0.00357 
0.00363 
0.00366 
0.00349 
0.00365 
0.03362 
0.00342 
0.00361 
0.00339 
0.00344 
0.00334 
0.00328 
0.00320 
0.00314 
0.00295 
0.03300 
0.00259 
0.00254 
0.00251 
0.00233 
0.03216 
0.00212 
0.00188 
0.00231 
0.00142 
0.00243 
0.00085 
0.00009 
0.00847 

-0.02448 
-0.02897 
-0.02897 

0.39650 
0.19930 
0.19550 
0.19085 
0.21074 
0.22352 
0.23463 
0.23845 
0.24192 
0.24502 

0.86909 
0.77114 
0.71894 
0.69740 
0.71073 
0.70570 
0.70304 
0.69886 
0.69425 
0.68920 
0.68 404 
0.67927 
0.67442 
0.67007 
0.66565 
0.66166 
0.65781 
0.66377 
0.65009 
0.64636 
0.64297 
0.63956 
0.63628 
0.63313 
0.62989 
0.62693 
0.62410 
0.62116 
0.61849 
0.61575 
0.61319 
0.61069 
0.60832 
0.63607 
0.60401 
0.60204 
0.60045 
0.59895 
0.59808 
0.59785 
0.59819 
0.59916 
0.60083 
0.60310 
0.60627 
0.61007 
0.61537 
0.62131 
0.62990 
0.64155 
0.65620 
0.67835 
0.67835 
0.89016 
0.87555 
0.87986 
0.87781 
0.87781 
0.87784 
0.88030 
0.88311 
0.88669 
0.89077 
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0.47783 
0.48718 
0.49 801 
0.5100 8 
0.52257 
0.53505 
U.54754 
0.56005 
0.57260 
0.58522 
0.59792 
0.61071 
0.62 362 
0.63666 
0.64985 
0.66322 
0.67677 
0.69053 
0.70451 
0.71873 
0.73321 
0.74797 
0.76302 
0.77838 
C.79408 
0.81012 
0.82653 
0.84332 
0.86051 
0.87811 
0.89615 
0.91464 
0.93359 
0.9516 7 
0.96659 
0.97789 
0.98646 
0.99295 
0.99788 
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0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 

1.94702 
1.98227 
2.02609 
2.07553 
2.12259 
2.16369 
2.19893 
2.22892 
2.25403 
2.27453 
2.29082 
2.30338 
2.31220 
2.31796 
i.32061 
2.32089 
2.31930 
2.31596 
2.31135 
2.30572 
2.29929 
2.29226 
2.28496 
2.27751 
2.27007 
2.26278 
2.25596 
2.24959 
2.24388 
2.23895 
2.23484 
2.23200 
2.22816 
2.22610 
2.22715 
2.21841 
2.20401 
2.29151 
1.86863 
1.86863 
1.72434 
1.46228 
1.42988 
1.45004 
1.45301 
1.43547 
1.43046 
1.41853 
1.40694 
1.39536 
1.38457 
1.37418 
1.36451 
1.35530 
1.34663 
1.33 861 
1.33036 
1.32256 
1.31513 
1.30809 
1.30138 
1.29483 
1.28861 

0.24835 
0.24976 
0.24962 
0.24699 
0.24250 
0.2391 i 
0.23518 
0.23135 
0.22710 
0.22278 
0.21831 
0.21389 
0.20953 
0.20561 
0.20169 
0.19821 
0.19471 
0.19112 
0.18747 
0.18362 
0.17970 
0.17581 
0.17198 
0.16825 
0.16466 
0.16081 
0.15670 
0.15283 
0.14837 
0.14433 
0.13941 
0.13465 
0.13087 
0.12427 
0.12075 
0.12214 
0.12551 
0.07961 
0.25557 
0.25557 

-0.09813 
0.01460 

-0.01325 
0.01586 

-0.00914 
0.00727 
0.00032 
0.00198 
0.00191 
0.00179 
0.00207 
0.00172 
0.00206 
0.00167 
0.00193 
0.00179 
0.00156 
0.00178 
0.00148 
0.00164 
0.00143 
0.00142 
0.00139 

0.89570 
C.90144 
0.90 791 
0.91445 
0.92004 
0.92468 
0.92835 
0.93130 
0.93358 
0.93532 
0.93658 
0.93 746 
0.93798 
0.93823 
0.93818 
0.93794 
0.93 751 
0.93691 
0.93616 
0.93529 
0.93433 
0.93328 
0.93220 
0.93110 
0.92999 
0.92886 
0.92775 
0.92669 
0.92564 
0.92471 
0.92379 
0.92302 
0.92222 
0.92138 
0.92119 
0.92023 
0.91873 
0.92541 
0.88339 
0.88339 
0.78556 
0.71658 
0.69477 
0.71193 
0.70587 
0.70332 
0.69911 
0.69448 
0.68941 
0.68427 
0.67954 
0.67473 
0.67043 
0.66605 
0.66211 
0.65829 
0.65431 
0.65066 
0.64698 
0.6'* 363 
0.64027 
0.63 705 
0.63397 



HORNIER JAMESON 
AR’ll 

W.Schmidt 
A Jameson 

14-1-1S 

DILLNER WING: MAC H-1.5 «.ALPHA - 15 

1 
.1 

1 
l 
I 
1 
1 
1 

.1 

.1 

.1 

.1 

.1 
1 

.1 
1 
1 
1 
1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 
II 
.1 
.1 

.1 

.1 
11 

1 
.1 

1 
.1 
.1 
.1 
11 
.1 
.1 
ll 
11 
.1 
.1 
11 
ll 
.1 
.1 

1 
11 
11 
.1 
11 
.1 
11 
.1 
11 
11 
11 

24 
24 
26 
27 
26 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 

0.70091 
0.63837 
0.67601 
0.66380 
0.65173 
0.63979 
0.62795 
0.61620 
0.60453 
0.59291 
0.58133 
0.56978 
0.55823 
0.54667 
0.53550 
0.52 54 8 
0.51684 
0.50939 
0.50 296 
0.49742 
0.49264 
0.48852 
0.48496 
0.48190 
0.47926 
0.47697 
0.475 >1 
0.47331 
0.47253 
0.47501 
0.47698 
0.47926 
0.48190 
0.48496 
0.49852 
0.49264 
0.49 742 
0.53296 
0.50938 
0.51684 
0.52548 
0.53550 
0.54667 
0.55823 
0.56978 
0.58133 
0.59291 
0.60453 
0.61620 
0.62 795 
0.63979 
0.65173 
0.66 380 
0.67601 
0.68837 
0.70091 
0.71364 
0.72 658 
0.73974 
0.75314 
0.76679 
0.78072 
0.79494 

0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
Û.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17203 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
C.17200 
0.17200 
0.17200 
0.17200 
0.17200 
C.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17203 
0.17200 
0.17200 

1.28246 
1.27665 
1.27129 
1.26591 
1.26082 
1.25594 
1.25125 
1.24684 
1.24269 
1.23 883 
1.23533 
1.23220 
1.22963 
1.22767 
1.22 666 
1.22685 
1.22 826 
1.23086 
1.23472 
1.23992 
1.24661 
1.25519 
1.26556 
1.27921 
1.29805 
1.31649 
1.37205 
1.42485 
1.42485 
1.80717 
1.90506 
1.91556 
1.90639 
1.89330 
1.88675 
1.88991 
1.89821 
1.90881 
1.92220 
1.94111 
1.96830 
2.00445 
2.04808 
2.39278 
2.13485 
2.17367 
2.20887 
2.24041 
2.26815 
2.29213 
2.31265 
2.32 958 
2.34371 
2.35490 
2.36366 
2.37043 
2.37511 
2.37796 
2.37906 
2.37848 
2.37612 
2.37162 
2.36580 

0.00117 
0.00126 
0.00118 
0.00093 
0.00106 
0.00080 
0.00080 
0.00066 
0.00057 
0.00045 
0.00037 
0.00016 
0.00019 

-0.00019 
-0.00021 
-0.0)012 
-0.00017 
-0.00020 
-0.00007 
-0.00015 

0.00013 
-0.00030 
0.00075 

-0.00050 
-0.00150 
0.00748 

-0.02529 
-0.02858 
-0.02858 

0.38333 
0.19086 
0.19903 
0.19409 
0.21369 
0.22378 
0.23184 
0.23306 
0.23461 
0.23597 
0.23775 
0.23763 
0.23608 
0.23245 
0.22774 
0.22466 
0.22130 
0.21829 
0.21510 
0.21210 
0.20930 
0.20678 
0.20439 
0.20228 
0.19978 
0.19740 
0.19480 
0.19214 
0.18973 
0.18762 
0.18617 
0.18582 
0.18675 
0.18816 

0.63083 
0.62796 
0.62 523 
0.62243 
0.61989 
0.61729 
0.61489 
0.61257 
0.61039 
0.60834 
0.60 64 8 
0.60477 
0.60343 
0.60226 
0.60171 
0.60185 
0.60257 
0.60392 
0.60 5 9 9 
0.60867 
0.61225 
0.61649 
0.67218 
0.62859 
0.63759 
0.64 976 
0.66494 
0.68793 
0.68793 
0.89384 
0.88018 
0.88331 
0.88091 
0.88138 
0.88176 

,89356 
,88522 

>.88732 
0.88982 
0.89325 
0.89765 
0.90304 
0.90898 
0.91459 
0.91971 
0.92411 
0.92 790 
0.93109 
0.93377 
0.93598 
0.93781 
0.93 92 5 
0.94042 
0.94127 
0.94190 
0.94232 
0.94255 
0.94264 
0.94259 
0.94243 
0.94219 
0.94185 
0.94142 

0, 

0. 

0. 



í 
/ . \ 

IX)RNIER JAMESON 
AR 211 

W.Schmidl 
A Jameson 

14-y-ly 

DILLNER WING: MAC H - 1.5«. ALPHA - 15 

.1 
Ll 
.1 
11 
Ll 
.1 
Ll 
Ll 
I 
ll 
Ll 
Ll 
Ll 
Ll 
II 
Ll 
12 
.2 
.2 
.2 
12 
.2 
.2 
.2 
12 
.2 
12 
i2 
L2 
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i2 
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.2 
.2 
.2 
2 

.2 
2 
2 
2 
2 

.2 

.2 

.2 

.2 
2 

12 
.2 
2 
2 

.2 

.2 
12 
12 
.2 
2 

.2 

.2 
2 
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s2 
2 

87 
88 
89 
90 
91 
92 
93 
94 
99 
96 
97 

98 
99 

100 
101 
102 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
19 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
39 
36 
37 
38 
39 
40 
41 
42 
43 
44 
49 
46 
47 

0.83946 
0.82430 
0.83949 
0.89502 
0.87093 
0.88722 
0.90391 
0.92102 
0.93855 
0.95528 
0.96908 
0.97954 
0.98747 
0.99348 
0.99 80 3 
1.00OOO 
l.00000 
0.99821 
0.99406 
0.98 858 
0.98136 
0.97182 
0.95924 
0.94400 
0.92801 
0.91 24 2 
0.89721 
0.88236 
0.86 786 
0.85370 
0.83986 
0.82 633 
0.81309 
0.80013 
0.78744 
0.77499 
0.76278 
0 . 75 0 7 9 
0.73900 
0.72739 
0.71 596 
0.70469 
0.69357 
0.68257 
0.67168 
0.66 089 
0.65018 
0.63954 
0.62895 
0.61840 
0.60787 
0.59734 
0.58680 
0.57663 
0.56749 
0.55962 
0.55282 
0.54697 
0.54191 
0.53756 
0.53 380 
0.53 056 
0.52 777 

0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0. 17200 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 

2.35968 
2.3543? 
2.35017 
2.34687 
2.34420 
2.34197 
2.34004 
2.33853 
2.33480 
2.33309 
2.33413 
2.32304 
2.31685 
2.40176 
1.95019 
1.95019 
1.77974 
1.46347 
1.42570 
1.45277 
1.45515 
1.43691 
1.43225 
1.42006 
1.40843 
1.39685 
1.38609 
1.37575 
1.36615 
1.35701 
1.34842 
1.34047 
1.33232 
1.32462 
1.31727 
1.31033 
1.30372 
1.29729 
1.29122 
1.28523 
1.27962 
1.27446 
1.26932 
1.26450 
1.25991 
1.25555 
1.25150 
1.24 774 
1.24431 
1.24129 
1.23869 
1.23670 
1.23540 
1.23507 
1.23593 
1.23797 
1.24120 
1.24570 
1.25154 
1.25889 
1.26817 
1.27926 
1.29355 

0.18901 
0. 18798 
0.18490 
0.18065 
0.17506 
0.16940 
0.16277 
0.15641 
0.15226 
0.14365 
0.13929 
0.14164 
0.13606 
0.09569 
0.25712 
0.25712 

-0.12384 
0.01468 

-0.01174 
0.01776 

-0.00850 
0.00933 
0.00157 
0.00355 
0.03343 
0.00333 
0.00363 
0.00329 
0.00365 
0.03330 
0.00359 
0.00340 
0.00327 
0.00352 
0.03325 
0.00343 
0.03325 
0.00328 
0.00328 
0.00310 
0.00321 
0.00316 
0.00296 
0.00311 
0.03288 
0.03291 
0.00280 
0.00273 
0.00262 
0.00255 
0.00234 
0.00234 
0.00195 
0.00188 
0.03197 
0.00194 
0.00189 
0.03203 
0.00195 
0.00221 
0.00179 
0.00273 
0.00168 

0.94092 
0.94 035 
0.93973 
0-93911 
0.93843 
0.93780 
0.93711 
0.93 64 8 
0.93580 
0.93497 
0.93475 
0.93378 
0.93271 
0.93832 
0.89742 
0.89742 
0.79 826 
0.71708 
0.69341 
0.71361 
0.70 696 
0.70454 
0.70025 
0.69562 
0.69054 
0.68541 
0.68072 
0.67596 
0.67171 
0.66739 
0.66350 
0.65975 
0.65583 
0.65225 
0.64864 
0.64535 
0.64208 
0.63 094 
0.63596 
0.63292 
0.63017 
0.62 757 
0.62491 
0.62253 
0.62012 
0.61791 
0.61579 
0.61383 
0.61203 
0.61043 
0.60901 
0.60797 
0.60714 
0.60695 
0.60743 
0.60847 
0.61013 
0.61251 
0.61548 
0.61934 
0.62 389 
0.62981 
0.63652 

■ f- 
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DORMER JAMESON 
AR21I 

W.Schmidt 
A Jameson 

i4-y-2o 

DILLNER WING: MACH- 1.50. ALPHA - 15 

2 
2 

.2 
2 

.2 
2 
2 
2 

.2 
2 

.2 
2 
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.2 
.2 
.2 
12 
2 

.2 
12 
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12 
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12 
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.2 
L2 
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L2 
12 
12 
13 
13 
13 
13 
.3 
13 
13 
13 

46 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 

1 
2 
3 
4 
5 
6 
7 
8 

0.52536 
0.52 32 8 
0.52149 
0.61994 
0.51 922 
0.52149 
0.52 328 
0.52536 
0.52 777 
0.53 05 6 
0.53 380 
0.53756 
0.54191 
0.54 69 7 
0.55282 
0.55961 
0.56 749 
0.57663 
0.58680 
0.59734 
0.60787 
0.61840 
0.62895 
0.63954 
0.65018 
0.66 089 
0.67168 
0.63257 
0.69357 
0.70469 
0.71 596 
0. 72 73 9 
0.73900 
0.75079 
0.76278 
0.77499 
0.78744 
0.80013 
0.81309 
0.82 633 
0.83986 
0.85370 
0.86 786 
0.88236 
0.89720 
0.91242 
0.92 801 
0.94399 
0.95924 
0.97182 
0.98136 
0.98858 
0.99406 
0.99 821 
1.00000 
l.00000 
0.99837 
0.99460 
0.98962 
0.98305 
0.97438 
0.96295 
0.94908 

0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0. 18900 
0.18900 
9.18900 
0.18900 
0.I 8900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0. 18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.)8900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 

1.31339 
1.33259 
1.38832 
1.44538 
1.44538 
1.85727 
1.94298 
1.92964 
1.91906 
1.91196 
1.90907 
1.91037 
1.91474 
1.91992 
1.92795 
1.9412« 
1.96212 
1.99081 
2.02634 
2.06417 
2.10 182 
2.13939 
2.17614 
2.21148 
2.24459 
2.27495 
2. 30227 
2.32605 
2.34670 
2.36406 
2.37890 
2.39221 
2.40433 
2.41580 
2.42693 
2.43777 
2.44 830 
2.45850 
2.46803 
2.47389 
2.47473 
2.47222 
2.46801 
2.46309 
2.45809 
2.45419 
2.45198 
2.44 793 
2.44563 
2.44712 
2.43424 
2.43517 
2.51462 
2.04265 
2.04265 
1.33306 
1.46378 
1.42031 
1.45608 
1.45847 
1.43733 
1.43387 
1.42105 

0.09016 
0.00972 

-0.02268 
-0.02863 
-0.02863 
0.34495 
0.16502 
0.19755 
0.19537 
0.21045 
0.21982 
0.22752 
0.22845 
0.22958 
0.23066 
0.23168 
0.23060 
0.22814 
0.22426 
0.21983 
0.21706 
0.21377 
0.21058 
0.29712 
0.20390 
0.20096 
0.19855 
0.19682 
0.19616 
0.19581 
0.19575 
0.19489 
0.19268 
0.18895 
0.10333 
0.17599 
0.16710 
0.15670 
0.14527 
0.13724 
0.13476 
0.13589 
0.13878 
0.14155 
0.14440 
0.14461 
0.14274 
0.14238 
0.13721 
0.13443 
0.14038 
0.13322 
0.09548 
0.25311 
0.25311 

-0.15325 
0.01577 

-0.01379 
0.02069 

-0.01089 
0.01157 
0.001 <»1 
0.00434 

0.64567 
0.65818 
0.67331 
0.69690 
0.69690 
0.89558 
0.88341 
0.BH561 
0.88336 
0.88433 
0.88519 
0.88645 
0.88745 
0.88851 
0.89004 
0.89243 
0.89570 
0.89993 
0.90 484 
0.90978 
0.91463 
0.91916 
0.92336 
0.92717 
0.93057 
0.93354 
0.93613 
0.93833 
0.94024 
0.94182 
0.94315 
0.94426 
0.94515 
0.94588 
0.94644 
0.94686 
0.94717 
0.94 735 
0.94742 
0.94741 
0.94733 
0.94719 
0.94702 
0.94679 
0.94655 
0.94623 
0.94593 
0.94557 
0.94504 
0.94499 
0.94426 
0.94388 
0.94825 
0.91068 
0.91068 
0.83 920 
0.71752 
0.69043 
0.71582 
0.70 765 
0.70538 
0.70089 
0.69629 

* 
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DORMER JAMESON 
AR2I1 

W.Schmidt 
A Jameson 

14-9-21 

DILLNER WING: MACH - 1.5 0, ALPHA - 15 
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.3 
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.3 
.3 
.3 
13 
13 
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.3 

3 
.3 
.3 
.3 
3 

.3 

.3 

.3 

.3 
3 
3 
3 
3 
3 
3 

.3 
3 

.3 

.3 
3 

.3 
3 

.3 

.3 

.3 
3 

.3 

.3 

9 
10 
11 
12 
13 
l* 
15 
16 
ir 
18 
19 
20 
21 
22 
23 
26 
25 
26 
27 
28 
29 
30 
31 
32 
33 
36 
35 
36 
37 
38 
39 
60 
61 
62 
63 
66 
65 
66 
67 
68 
69 
50 
51 
52 
53 
56 
55 
56 
57 
58 
59 
60 
61 
62 
63 
66 
65 
66 
67 
68 
69 
70 
71 

0.93655 
0.92038 
0.90656 
0.89306 
0.87986 
0 . 86 6 9 9 
0.85661 
0.86211 
0.83007 
0.81829 
0.80 6 7 5 
0. 79563 
0.78633 
0.77363 
0.76271 
0. 7521 6 
0.76177 
0.73152 
0.72161 
0.71 161 
0.70151 
0.69170 
0.68196 
0.67229 
0.66266 
0.65307 
0.66369 
0.63392 
0.62635 
0. 61 509 
0.60679 
0.59963 
0.59365 
0.58813 
0.58353 
0.57957 
0.57616 
0.57321 
0.57067 
0.56868 
0.56659 
0.56696 
0.56356 
0.56290 
0.56696 
0.56659 
0.56868 
0.57067 
0.57321 
0.57616 
0.57957 
0.58353 
0.58813 
0.59 365 
0.59963 
0.60679 
0.61 509 
0.62635 
0.63392 
0.66369 
0.65307 
0.66266 
0.67229 

0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
C.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 
0.20690 

1.60969 
1.39782 
1.38702 
1.37668 
1.36707 
1.35 796 
1.36936 
1.36163 
1.33331 
1.32565 
1.31836 
1.31163 
1.30686 
1.29867 
l .29266 
1.28656 
1.28103 
1.27597 
1.27098 
1.26632 
1.26192 
1.25778 
1.25399 
1.25052 
1.26763 
1.26678 
1.26263 
1.26116 
1.26066 
1.26081 
1.26260 
1.26518 
1.26915 
1.25638 
1.26096 
1.26905 
1.27908 
1.29092 
1.30583 
1.32661 
1.36667 
1.60180 
1.66307 
1.66307 
1.90166 
1.96900 
1.93753 
1.93076 
1.93080 
1.92806 
1.92669 
1.92656 
1.92786 
1.93191 
1.96090 
1.95621 
1.97788 
2.006o6 
2.03622 
2.06618 
2.09517 
2.12696 
2.15931 

0.00396 
0.00385 
0.00613 
0.00377 
0.00612 
0.00376 
0.00603 
0.00392 
0.00372 
0.00397 
0.00371 
0.00390 
0.00376 
0.00378 
0.00381 
0.00365 
0.00379 
0.00378 
0.00361 
0.00380 
0.00363 
0.00371 
0.00366 
0.00366 
0.00361 
0.00360 
0.00369 
0.00356 
0.00330 
0.00332 
0.00366 
0.00362 
0.00336 
0.00363 
0.00329 
0.00366 
0.00298 
0.00375 
0.00283 
0.00087 
0.01065 

-0.02066 
-0.03058 
-0.03058 
0.30066 
0.16301 
0.19377 
0.19038 
0.20176 
0.21236 
0.22010 
0.22153 
0.22351 
0.22577 
0.22731 
0.22660 
0.22386 
0.22062 
0.21736 
0.21585 
0.21656 
0.21397 
0.21356 

0.69116 
9.68601 
0.68130 
0.67653 
0.67223 
0.66797 
0.66609 
0.66035 
0.65666 
0.65290 
0.66931 
0.66605 
0.66280 
0.63970 
0.63676 
0.63378 
0.63109 
0.62856 
0.62599 
0.62371 
0.62162 
0.61935 
0.61739 
0.61561 
0.61601 
0.61265 
0.61169 
0.61075 
0.61029 
0.61069 
0.61137 
0.61278 
0.61679 
0.61751 
0.62081 
0.62696 
0.62982 
0.63598 
0.66296 
0.65228 
0.66698 
0.68008 
0.70392 
0.70392 
0.89583 
0.88507 
0.38667 
0.88679 
0.88661 
0.38766 
0.88828 
0.88350 
0.88900 
0.89002 
0.89175 
0.89617 
0.89733 
0.90115 
0.90516 
0.90932 
0.91366 
0.91759 
0.92161 

I 
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DORMER JAMESON 
AR211 

W .Schmidt 
A. Jameson 

14-0-22 

DILLNERWING: MACH - 1.50. ALPHA - 15 
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.4 
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.4 
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.4 
14 
14 
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L4 
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.4 
14 
14 
14 
14 
L4 
L4 
14 
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72 
73 
74 
75 
lb 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
9? 

93 
94 
95 
96 
97 
98 
99 

100 
101 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

0.68196 
0.69170 
0.70151 
0.71141 
0.72141 
0.73152 
0.74177 
0.75216 
0.76271 
0.77343 
0.78433 
0.79 54 3 
0.80675 
0.81829 
0.83007 
0.84211 
0.85441 
0.86699 
0.87986 
0.89304 
0.90654 
0.92037 
0.93455 
0.94908 

. 0.96294 
0.97438 
0.98305 
0.98962 
0.99460 
0.99837 
1.00000 
1.03000 
0.99851 
0.99 506 
0.99050 
0.98449 
0.97656 
0.96609 
0.95341 
0.94010 
0.92713 
0.91447 
0.90212 
0.89006 
0.87828 
0.86676 
0.85651 
0.84449 
0.83371 
0.82315 
0.81279 
0.80 263 
0.79265 
0.78284 
0.77319 
0.76368 
0.75430 
0.74505 
0.73589 
0.72684 
0.71786 
0.70895 
0.70010 

0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 

2.19 198 
2.22 505 
2.25852 
2.29189 
2.32482 
2.35566 
2.38312 
2.40673 
2.42577 
2.43974 
2.44 905 
2.45458 
2.45681 
2.45595 
2.45287 
2.45599 
2.46533 
2.47664 
2.48763 
2.49776 
2.50585 
2.51091 
2.51514 
2.51732 
2.52289 
2.53013 
2.52969 
2.53351 
2.62406 
2.16099 
2.16099 
1.86847 
1.46216 
1.41558 
1.46262 
1.46412 
1.43758 
1.43653 
1.42251 
1.41111 
1.39930 
1.38846 
1.37808 
1.36844 
1.35930 
1.35072 
1.34281 
1.33472 
1.32709 
1.31981 
1.31294 
1.30641 
1.30008 
1.29412 
1.28830 
1.28286 
1.27789 
1.27301 
1.26849 
1.26425 
1.26030 
1.25672 
1.25350 

0.21267 
0.21041 
0.20635 
0.20005 
0.19216 
0.18377 
0.17722 
0.17318 
0.17251 
0.17622 
0.18375 
0.19414 
0.20691 
0.22161 
0.23711 
0.24310 
0.23944 
0.23155 
0.22254 
0.21274 
0.20467 
0.19919 
0.19497 
0.19287 
0.18159 
0.17861 
0.16925 
0.16502 
0.11258 
0.24471 
0.24471 

-0.17714 
0.01540 

-0.02085 
0.02209 

-0.01899 
0.01120 

-0.00321 
0.00137 
0.00047 
0.01044 
0.00070 
0.00029 
0.00061 
0.00021 
0.00045 
0.00030 
0.00007 
0.00027 

-0.00001 
0.00014 

-0.00006 
-0.00006 
-0.00007 
-0.00026 
-0.00016 
-0.00021 
-0.00040 
-0.00026 
-0.00044 
-0.00039 
-0.00046 
-0.00048 

0.92 544 
0.92 900 
0.93227 
0.93521 
0.93786 
0.94017 
0.94222 
0.94404 
0.94563 
0.94704 
0.94828 
0.94938 
0.95035 
0.95121 
0.95195 
0.95256 
0.95302 
0.95336 
0.95361 
0.95376 
0.95387 
0.95392 
0.95398 
0.95402 
0.95377 
0.95413 
0.95357 
0.95361 
0.95715 
0.92492 
0.92492 
0.81557 
0.71676 
0.68618 
0.71887 
0.70769 
0.70538 
0.70064 
0.69601 
0.69079 
0.68559 
0.68084 
0.67604 
0.67175 
0.66742 
0.66351 
0.65976 
0.65587 
0.65230 
0.64871 
0.64545 
0.64220 
0.63910 
0.63617 
0.63321 
0.63054 
0.62803 
0.62551 
0.62328 
0.62106 
0.61907 
0.61722 
0.61556 



DORNIER JAMESON 

AR 211 
W .Schmidt 
A Jameson 

14-4-23 

DILLNER WING: MACH - 1.50. ALPHA - 15 
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33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 

0.69129 
0.68251 
0.67374 
0.66499 
0.65622 
0.64 775 
0.64015 
0.63360 
0.62 T95 
0.62 30 8 
0.61887 
0.61525 
0.61212 
0.60943 
0.60710 
0.60510 
0.60337 
0.60188 
0.60059 
0.59999 
0.60188 
0.60337 
0.60510 
0.60710 
0.60943 
0.61212 
0.61525 
0.61887 
0.62308 
0.62795 
0.63 36G 
0.64015 
0.64 776 
0.65622 
0.66499 
0.67375 
0.68251 
0.69129 
0.70010 
0.70895 
0.71786 
0.72684 
0.73589 
0.74505 
0.75431 
0.76368 
0.77319 
0.78284 
0.79265 
0.80263 
0.81279 
0.82315 
0.83371 
0.84449 
0.85 550 
0.86676 
0.87828 
0.89006 
0.90212 
0.91447 
0.92713 
0.94010 
0.95340 

0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21340 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0..21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 

1.25070 
1.24838 
1.24661 
1.24556 
1.24538 
1.24634 
1.24858 
1.25201 
1.25666 
1.26259 
1.25935 
1 .27860 
1.28932 
1.30182 
1.31 724 
1.33 878 
1.35917 
1.41399 
1.47734 
1.47734 
1.92605 
1.97684 
1.94000 
1.94057 
1.94819 
1.94662 
1.94499 
1.94364 
1.94413 
1.94619 
1.95190 
1.96258 
1.97797 
1.99732 
2.01842 
2.04036 
2.06334 
2.08715 
2.11133 
2.13514 
2.15779 
2.17818 
2.19590 
2.21355 
2.23485 
2.26112 
2.29163 
2.32584 
2.36470 
2.40538 
2.44529 
2.48358 
2.52045 
2.55597 
2.57456 
2.58658 
2.59772 
2.60906 
2.62061 
2.63290 
2.64558 
2.65912 
2.66829 

-0.00052 
-0.00052 
-0.00061 
-0.00050 
-0.03067 
-0.01055 
-0.00023 
-0.00007 

0.00002 
0.00033 
0.00040 
0.03330 
0.00053 
0.00151 
0.00098 

-0.00084 
0.03939 

-0.02002 
-0.03186 
-0.03186 

0.27426 
0.14364 
0.19525 
0.18691 
0.19339 
0.20069 
0.20447 
0.20396 
0.20562 
0.20881 
0.21182 
0.21229 
0.21086 
0.20886 
0.20670 
0.20598 
0.23570 
0.20655 
0.20853 
0.21257 
0.21958 
0.23030 
0.24354 
0.25604 
0.26257 
0.26179 
0.25426 
0.24067 
0.21910 
0.19241 
0.16436 
0.13621 
0.10848 
0.07998 
0.07489 
0.08004 
0.08596 
0.09107 
0.09466 
0.09680 
0.09642 
0.09357 
0.09821 

0.61410 
0.61291 
0.61196 
0.61146 
0.61130 
0.61 184 
0.61312 
0.61495 
0.61737 
0.62051 
0.62421 
0.62977 
0.63401 
0.64052 
0.64 782 
0.65747 
0.67031 
0.69573 
0.73957 
0.70957 
0.89597 
0.88614 
0.88711 
0.88604 
0.88827 
0.88902 
0.88926 
0.88896 
0.88927 
0.89007 
0.89145 
0.89330 
0.89563 
0.89847 
0.90148 
0.90470 
0.90 802 
0.91147 
0.91497 
0.91849 
0.92203 
0.92552 
0.92880 
0.93188 
0.93470 
0.93726 
0.93957 
0.94168 
0.94356 
0.94522 
0.94674 
0.94814 
0.94945 
0.95064 
0.95177 
0.95293 
0.95403 
0.95508 
0.95605 
0.95698 
0.95 780 
0.95 854 
0.95933 
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.¾ 2 
5 3 
5 4 
5 5 

.5 6 
5 7 
5 8 

.5 9 
5 10 
3 11 

.*> 12 
5 13 
5 14 
5 15 

.5 16 

.5 17 

.5 18 

.5 19 

.5 20 

.5 21 
5 22 

.5 23 
15 24 
5 25 

:5 26 
i5 27 
15 28 
15 29 
L5 30 
:5 31 
L5 32 
.5 33 
15 34 
.5 35 
15 36 
15 37 
15 38 
15 39 
.5 40 
15 41 
15 42 
L 5 43 
.5 44 
15 45 
15 46 
15 47 
15 48 
15 49 
L 5 50 
15 51 
15 52 
15 53 
15 54 
15 55 
15 56 

0.9&609 
0.97656 
0.98449 
0.99C50 
0.99506 
0.99851 
1.00000 
1.00000 
0.99 868 
0.99562 
0.9915« 
0.98626 
0.97923 
0.96 996 
0.95872 
0.94 693 
0.93544 
0.92423 
0.9132 8 
0.90259 
0.89215 
0.93195 
0.87198 
0.86 222 
0.85267 
0.84331 
0.83414 
0.82513 
0.81 62 9 
0.83760 
0.79905 
0.7906 2 
0.78232 
0.77411 
0./6601 
0.75 798 
0.75003 
0.74213 
0.73429 
0.72 648 
0.71871 
0.71094 
0.70318 
0.69542 
0.68791 
0.68 11 3 
0.67537 
0.67037 
0.66605 
0.66233 
0.65911 
0.65635 
0.65396 
0.65190 
9.65012 
0.64 859 
0.64727 
0.64613 
0.64 560 
0.64727 
0.64859 
0.65012 
0.65190 

0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.23500 
0.23500 
0.23500 
0.2 3500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.2 3500 
0.2 3500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 

2.67579 
2.68460 
2.68105 
2.67742 
2.78717 
2.36788 
2.36788 
1.87271 
1.46143 
1.41616 
1.46930 
1.46921 
1.44018 
1.43989 
1.42523 
1.41382 
1.40184 
1.39092 
1.38047 
1.37075 
1.36156 
1.35295 
1.34504 
1.33698 
1.32938 
1.32215 
1.31533 
1.30886 
1.30260 
1.29673 
1.29102 
1.28569 
1.28083 
1.27611 
1.27176 
1.26771 
1.26399 
1.26066 
1.25773 
1.25525 
1.25329 
1.25194 
1.25136 
1.25171 
1.25324 
1.25606 
1.26005 
1.26528 
1.27179 
1.27962 
1.28894 
L.30022 
1.31327 
1.32913 
1.35126 
1.37224 
1.42675 
1.48968 
1.48968 
1.93428 
1.97861 
1.94336 
1.94997 

0.09405 
0.09981 
0.10549 
0.09810 
0.05804 
0.13326 
0.13326 

-0.17233 
0.01968 

-0.01846 
0.02623 

-0.01785 
0.01495 

-0.00102 
0.00423 
0.00310 
0.00316 
0.00341 
0.00300 
0.00332 
0.00203 
0.00317 
0.00304 
0.00282 
0.00302 
0.00275 
0.00289 
0.00271 
0.00270 
0.00269 
0.00251 
0.00259 
0.03254 
0.00235 
0.00247 
0.00228 
0.00231 
0.00223 
0.O0218 
0.00211 
0.00209 
0.00198 
0.03203 
0.00187 
0.00200 
0.00240 
0.00266 
0.00288 
0.00336 
0.00357 
0.00419 
0.00413 
0.00535 
0.00620 
0.00368 
0.01382 

-0.01349 
-0.02312 
-0.02312 

0.27901 
0.15496 
0.20743 
0.19473 

0.95 961 
96041 

0.96044 
0.95989 
0.96460 
0.93 767 
0.93 767 
0.81752 
0.71769 
0.68718 
0.72273 
0.71014 
0.70 758 
0.70272 
0.69805 
0.69278 
0.68 756 
0.68280 
0.67799 
0.67 370 
0.66936 
0.66 54 7 
0.66174 
0.65788 
0.65435 
0.65080 
0.64 758 
0.64438 
0.64133 
0.63845 
0.63557 
0.63296 
0.63053 
0.62810 
0.62 596 
0.62384 
0.62197 
0.62025 
0.61874 
0.61745 
0.61644 
0.61570 
0.61542 
0.61554 
0.61638 
0.61797 
0.62011 
0.62284 
0.62630 
0.63031 
0.63516 
0.64069 
0.64 745 
0.65498 
0.66485 
0.67780 
0.69334 
0.71711 
0.71711 
0.89796 
0.88835 
0.88939 
0.88877 
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L5 
lb 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
.5 
.5 
.5 
5 

.5 
15 
15 
15 
15 
.5 
5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 
.5 
.5 
15 
15 
15 
.6 
6 

16 
6 
6 

.6 
6 

.6 

.6 

.6 

.6 

.6 

.6 

.6 
6 

16 
16 

57 
58 
59 
60 
61 
62 
63 
66 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

0.65396 
0.65635 
0.65911 
0.65233 
0.66605 
0.67037 
0.67537 
0.68118 
0.68791 
0.69542 
0.70318 
0.71094 
0.71871 
0.72648 
0.73429 
0.74213 
0.75003 
0.75 798 
0.76601 
0.77411 
0.78232 
0.79062 
0.79905 
0.80760 
0.81629 
0.82513 
0.83414 
0.84 331 
0.85267 
0.86222 
0.87198 
0.88 195 
0.89215 
0.90259 
0.91328 
0.92422 
0.93544 
0.94693 
0.95872 
0.96996 
0.97923 
0.98626 
0.99158 
0.99562 
0.99868 
1.00000 
1.00000 
0.99888 
0.99630 
0.99289 
0.98839 
0.98245 
0.97461 
0.96512 
0.95516 
0.94545 
0.93597 
0.92672 
0.91769 
0.90887 
0.900^6 
0.89183 
0.88358 

0.23500 
0.23500 
0.2 3500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.2 3500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.2 3500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.2 3500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.2 3500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.25500 
0.25500 
0.25500 
0.25500 
0.2 5500 
0.25500 
0.25500 
0.25500 
0.25500 
0.2 5500 
0.25500 
0.25500 
0.25500 
0.25500 
0.2 5500 
0.25500 
0.2 5500 

1.96448 
1.96827 
1.97029 
1.97365 
1.97927 
1.98461 
1.99105 
2.00050 
2.01311 
2.02818 
2.04465 
2.06305 
2.C8430 
2.10880 
2.13664 
2.16769 
2.20161 
2.23752 
2.27151 
2.29491 
2.30423 
2.30135 
2.29119 
2.27893 
2.265 
2.25409 
2.24660 
2.24327 
2.24327 
2.24289 
2.26866 
2.29824 
2.32604 
2.35276 
2.37890 
2.40411 
2.42909 
2.45555 
2.47708 
2.50303 
2.54207 
2.54798 
2.57427 
2.71734 
2.36398 
2.36398 
1.81719 
1.46499 
1.42411 
1.47323 
1.47311 
1.44697 
1.44452 
l.43017 
1.41854 
1.40632 
1.39524 
1.38464 
1.37478 
1.36546 
1.35673 
1.34876 
1.34066 

0.19379 
0.19111 
0.18618 
0.17860 
0.17369 
0.17213 
0.17274 
0.17152 
0.16907 
0.16641 
0.16310 
0.15892 
0.15223 
0.14284 
0.13023 
0.11443 
0.09540 
0.07418 
0.05649 
0.05535 
0.07538 
0.11288 
0.15907 
0.20526 
0.25007 
0.29022 
0.32329 
0.34991 
0.37119 
0.39266 
0.38824 
0.37799 
0.36888 
0.36085 
0.35311 
0.34683 
0.34375 
0.33295 
0.33427 
0.32040 
0.30153 
0.31104 
0.25896 
0.21715 
0.18180 
0.18180 

-0.12670 
0.02494 

-0.00680 
0.02861 

-0.00605 
0.01992 
0.00737 
0.01168 
0.01059 
0.01069 
0.01090 
0.01049 
0.01080 
0.01041 
0.01064 
0.01049 
0.01028 

0.89112 
0.89140 
0.89108 
0.89063 
0.89093 
0.89163 
0.89279 
0.89420 
0.89595 
0.89804 
0.90023 
0.90256 
0.90499 
0.90755 
0.91018 
0.91288 
0.91561 
0.91835 
0.92111 
0.92385 
0.92654 
0.92920 
0.93182 
0.93431 
0.93671 
0.93901 
0.94116 
0.94318 
0.94504 
0.94689 
0.94 862 
0.95012 
0.95154 
0.95293 
0.95427 
0.95561 
0.95691 
0.95816 
0.95962 
0.96041 
0.96171 
0.96257 
0.96135 
0.96726 
0.94080 
0.94080 
0.80 900 
0.72064 
0.69422 
0.72497 
0.71510 
0.71186 
0.70715 
0.70240 
0.69712 
0.69187 
0.68710 
0.68227 
0.67796 
0.67362 
0.66971 
0.66599 
0.66216 
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6 
6 
6 

.6 

.6 

.6 

.6 
6 

.6 

.6 

.6 
6 

.6 
b 
6 

[b 
6 
6 

L6 
. A 
16 
.6 

.6 
16 
L6 
6 
6 

.6 
6 

16 
6 

.6 

.6 
16 
L6 
.6 
.6 
L 6 
! 6 
.6 
16 
16 
16 
16 
L6 
i6 

L 6 
16 
L6 
.6 
16 
16 
16 
16 
16 
16 
16 
L6 
L 6 
L6 
L6 
16 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

0.87551 
0.86 760 
0.85985 
0.85224 
0.84477 
0.83 743 
0.83020 
0.8 2 30 8 
U.81 607 
0.80913 
0.80228 
0.79 550 
0.78878 
0.78211 
0.77548 
0.76889 
0.76232 
0.75576 
0. 74920 
0.74264 
0.73630 
0.73061 
0.72570 
0.72 14 7 
0.71782 
0.71468 
0.71196 
0.70962 
0.70 761 
0.70587 
0.70437 
0.70307 
0.70195 
0.70099 
0.70054 
0.70195 
0.70 307 
0.70437 
0.70587 
0.70761 
0.70962 
0.71196 
0.71468 
0.71782 
0.72147 
0.72570 
0.73061 
0.73 630 
0.74264 
0.74920 
0 . 75 5 7 6 
0.76232 
0.76889 
0.77548 
0.78211 
0.78878 
0.79550 
0.80228 
0.80913 
0.81607 
0.82 308 
0.83020 
0.83743 

0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.2 5500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.2 550C 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.2 5500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.2 5500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.2 5500 
0.25500 
0.25500 
0.2 5500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.2 5500 
0.25500 
0.25500 
0.2 5500 
0.25500 

1.33306 
1.32584 
1.31904 
1.31261 
1.30642 
1.30063 
1.29502 
1.28982 
1.28510 
1.28355 
1.27630 
1.27257 
1.26911 
1.26607 
1.26347 
1.26137 
1.25985 
1.25900 
1.25899 
1.26004 
1.26239 
1.26611 
1.27098 
1.27710 
1.28448 
1.29315 
1.30330 
1.31541 
1.32928 
1.34585 
1.36890 
1.39077 
1.44592 
1.50866 
1.50866 
1.96145 
2.00969 
1.96919 
1.97692 
1.98641 
1.99155 
1.99546 
2.00452 
2.01540 
2.02535 
2.03454 
2.04490 
2.05629 
2.06732 
2.07807 
2.09107 
2.10908 
2.13414 
2.16736 
2.20992 
2.26330 
2.33002 
2.41242 
2.50827 
2.59587 
2.66405 
2.70869 
2.72949 

0.01046 
0.01019 
0.01033 
0.01014 
0.01014 
0.01012 
0.00995 
0.01002 
0.00997 
0.00979 
0.00990 
0.00973 
0.00976 
0.00968 
0.00965 
0.00958 
0.00956 
0.00947 
0.00952 
0.0093 8 
0.00942 
0.00968 
0.00977 
0.00976 
0.01006 
0.01011 
0.01059 
0.01041 
0.01149 
0.01135 
0.00976 
0.01976 

-0.00626 
-0.01390 
-0.01390 

0.27536 
0.14217 
0.20565 
0.19682 
0.19678 
0.18885 
0.17812 
0.16478 
0.15308 
0.14491 
0.13955 
0.13358 
0.12816 
0.12495 
0.12239 
0.11757 
0.10614 
0.08523 
0.05232 
0.00438 

-0.06321 
-0.15820 
-0.29151 
-0.46739 

0.64273 
-0.78029 
-0.85725 
-0.86494 

0.65866 
0.65516 
0.65198 
0.64884 
0.64 58 6 
0.64304 
0.64025 
0.63773 
0.63539 
0.63 30 8 
0.63105 
0.62908 
0.62736 
0.62581 
0.62449 
0.62341 
0.62263 
0.62217 
0.62218 
0.62266 
0.62386 
0.62583 
0.62831 
0.63135 
0.63512 
0.63940 
0.64451 
0.65027 
0.65723 
0.66493 
0.67497 
0.68794 
0.70372 
0.72726 
0.72726 
0.90167 
0.89201 
0.89350 
0.89360 
0.89515 
0.89496 
0.89422 
0.89400 
0.89432 
0.89494 
0.89579 
0.89675 
0.89793 
0.89930 
0.90069 
0.90215 
0.90363 
0.90516 
0.90673 
0.90832 
0.90995 
0.91163 
0.91336 
0.91521 
0.91715 
0.91918 
0.92129 
0.92345 
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16 
16 
16 
16 
L 6 
L6 
L 6 
16 
16 
.6 
16 
16 
16 
16 
16 
.6 
16 
16 
16 
16 
.6 
16 
.7 
17 
17 

7 
l7 
.7 
.7 
17 
17 
i7 
.7 
.7 
17 

I 7 
.7 
.7 

8L 
B2 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 

1 

r 

.7 

.7 
7 
7 

.7 

.7 
7 

17 
17 
.7 
.7 
.7 
17 
.7 
.7 
.7 
.7 
.7 
17 
.7 
L 7 
.7 
.7 
.7 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

0.84477 
0.85224 
0.85985 
0.86760 
0.87551 
0.88 358 
0.89183 
0.90025 
0.90887 
0.91 769 
0.92672 
0.93597 
0.94 545 
0.95516 
0.96512 
0.97461 
0.98245 
0.98839 
0.99289 
0.99630 
0.99 88 8 
1.00000 
1.00000 
0.99909 
0.99698 
0.99419 
0.99052 
0.98567 
0.97927 
0.97152 
0.96339 
0.95 546 
0.94772 
0.94017 
0.93280 
0.92559 
0.91956 
0.91168 
0.90494 
0.89835 
0.89190 
0.88557 
0.87936 
0.87326 
0.86 726 
0.86 136 
0.85555 
0.84981 
0.84416 
0.83856 
0.83302 
0.82754 
0.82 209 
0.81668 
0.81129 
0.80593 
0.80057 
0.79522 
0.78986 
0.78468 
0.78004 
0.77603 
0.77258 

0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.2 7500 
0.27500 
0.27500 
0.27500 
0.27500 
0.27500 
0.27500 
0.2 7500 
0.27500 
0.2 7500 
0.27500 
0.27500 
0.2 7500 
0.27500 
0.27500 
0.27500 
0.27500 
0.27500 
0.27500 
0.27500 
0.27500 
0.27500 
0.27500 
0.27500 
0.27500 
0.2 7500 
0.27500 
0.27500 
0.27500 
0.27500 
0.27500 
0.27500 

27500 
2 7500 
27500 
2 7500 

,2 7500 
,27500 
.27500 

2 7500 

0. 
0. 

0. 

0. 

0. 

0, 

0. 

0. 

2.73089 
2.71939 
2.70120 
2.68058 
2.65 819 
2.64777 
2.64225 
2.64154 
2.64378 
2.64671 
2.65119 
2.66142 
2.67577 
2.70714 
2.73271 
2.73021 
2.78629 
2.78695 
2.71396 
2.86213 
2.38425 
2.38425 
1.79487 
1.46829 
1.44630 
1.48812 
1.48622 
1.46322 
1.45907 
1.44453 
1.43265 
1.42018 
1.40893 
1.39812 
1.38807 
i ,37858 
1.36970 
1.36161 
1.35349 
1.34589 
1.33871 
1.33196 

0.27500 

1.32563 
1.31957 
1.31395 
1.30857 
1.30361 
1.29914 
1.29491 
1.29110 
1.28769 
1.28469 
1.28216 
1.28014 
1.27868 
1.27788 
1.27785 
1.27881 
1.28101 
1.28470 
1.28980 
1.29605 
1.30357 

-0.81541 
-0.73065 
-0.63196 
-0.53280 
-0.43587 
-0.37143 
-0.32097 
-0.28209 
-0.24909 
-0.21673 
-0.18742 
-0.16709 
-0.15233 
-0.16830 
-0.16335 
-0.12941 
-0.18041 
-0.08738 
-0.08418 
-0.11710 

0.06027 
0.06027 

-0.13186 
0.00265 

-0.02662 
0.00343 

-0 .02603 
-0.00398 
-0.01477 
-0.01069 
-0.01171 
-0.01147 
-0.01120 
-0.01151 
-0.01111 
-0.01143 
-0 .01112 
-0.01119 
-0.01132 
-0.01108 
-0.01126 
-0.01107 
-0.01117 
-o.oino 
-0.01105 
-0.01114 
-0.01101 
-0.01098 
-0.01106 
-0.01090 
-0.01098 
-0.01090 
-0.01091 
-0.01088 
-0.01087 
-0.01084 
-0.01086 
-0.01080 
-0.01092 
-0.01095 
-0.01069 
-0.01064 
-0.01076 

0.92564 
0.92 785 
0.93004 
0.93217 
0.93423 
0.93616 
0.93798 
0.93974 
0.94150 
0.94327 
0.94502 
0.94681 
0.94863 
0.95037 
0.95248 
0.95369 
0.95558 
0.95913 
0.95442 
0.96255 
0.93412 
0.93412 
0.80146 
0.71560 
0.69789 
0.72383 
0.71488 
0.71162 
0.70678 
0.70183 
0.69643 
0.69108 
0.68621 
0.63130 
0.67689 
0.67247 
0.66848 
0.66470 
0.66085 
0.65735 
0.65387 
0.65071 
0.64 762 
0.64 4 70 
0.64197 
0.63930 
0.63690 
0.63470 
0.63 256 
0.63072 
0.62897 
0.62749 
0.62622 
0.62521 
0.62447 
0.62408 
0.62406 
0.62456 
0.62 563 
0.62 748 
0.63014 
0.63328 
0.63697 
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DILI NER WING: MAC H - 1.5(1. ALPHA - 15 

.7 42 
7 43 

.7 44 

.7 45 

.7 46 

.7 47 

.7 48 
17 49 
17 50 
17 51 
17 52 
7 53 

.7 54 

.7 55 
7 56 
7 57 

:7 58 
17 59 
.7 60 
.7 61 
17 62 
17 63 
.7 64 
.7 65 
17 66 
.7 67 
.7 60 
.7 69 
.7 70 
17 71 
7 72 
7 73 

.7 74 

.7 75 
7 76 

.7 77 

.7 70 
7 79 

.7 80 

.7 81 
:7 82 
17 83 
17 84 
17 85 
17 86 
17 87 
17 88 
17 89 

7 90 
17 91 
.7 92 
17 93 
.7 94 
17 95 
17 96 
17 97 
17 98 
17 99 
17 100 
17 101 
17 102 
18 1 
18 2 

0.76960 
0.76 70 3 
0.76481 
0.76290 
0. 76126 
0.75983 
0.75 861 
0.75 755 
0.75 664 
0.75585 
0. 75 549 
0.75664 
0.75755 
0.75 861 
0.75983 
0.76126 
0.76290 
0.76481 
0.76703 
0.76960 
0.77258 
0.77603 
0.78004 
0.78468 
0.78986 
0.79822 
0.80057 
0.80593 
0.81129 
0.81668 
0.82209 
0.82754 
0.83302 
0.83856 
0.84416 
0.84 981 
0.85555 
0.86136 
0.86726 
0.87326 
0.87935 
0.88557 
0.89190 
0.89835 
0.90494 
0.91 167 
0.91856 
0.92 559 
0.93280 
0.94017 
0.94 772 
0.95546 
0.96339 
0.97152 
0.97927 
0.98567 
0.99052 
0.99419 
0.99698 
0.99909 
1.00000 
1.00000 
0.99931 

0.27500 
0.27500 
0.27500 
0.2 7500 
0.27500 
0.2 7500 
0.27500 
0.27500 
0.2 7500 
0.27500 
0.2 7500 
0.2 7500 
0.27500 
0.2 7500 
0.2 7500 
0.2 7500 
0.27500 
0.27500 
0.2 7500 
0.2 7500 
0.2 7500 
0.27500 
0.2 7500 
0.2 7500 
0.2 7500 
0.2 7500 
0.2 7500 
0.2 7500 
0.27500 
0.27500 
0.2 7500 
0.27500 
0.27500 
0.27500 
0.27500 
0.2 7500 
0.2 7500 
0.2 7500 
0.27500 
0.2 7500 
0.2 7500 
0.27500 
0.2 7500 
0.2 7500 
0.27500 
0.2 7500 
0.2 7500 
0.2 7500 
0.2 7500 
0.2 7500 
0.2 7500 
0.27500 
0.2 7500 
0.2 7500 
0.27500 
0.27500 
0.27500 
0.2 7500 
0.2 7500 
0.27500 
0.2 7500 
0.29650 
0.29650 

1.31242 
1.32257 
1.33421 
1.34786 
1.36326 
1.38121 
1.40621 
1.42982 
1.48683 
1.55 40 8 
1.55408 
2.08526 
2.13301 
2.06359 
2.04484 
2.01441 
1.99811 
1.99458 
1.98838 
1.97541 
1.96072 
1.94686 
1.93119 
1.90997 
1.87914 
1.83810 
1.79239 
1.74914 
1.71352 
1.68675 
1.66684 
1.65209 
1.64259 
1.64287 
1.66075 
1.69922 
1.75364 
1.81397 
1.87015 
1.91552 
1.94768 
1.96755 
1.97745 
1.97944 
1.97939 
1.97998 
1.98301 
1.99120 
2.00385 
2.01506 
2.02084 
2.01571 
2.00805 
2.01474 
1.99759 
2.07414 
2.09216 
2.04 843 
2.16087 
1.73241 
1.73241 
1.71115 
1.47438 

-0.01058 
-0.01077 
-0.01054 
-0.01103 
-0.01040 
-0.01078 
-0.01323 
-0.00355 
-0.02926 
-0.04127 
-0.04127 

0.15740 
0.00699 
0.12194 
0.15165 
0.19697 
0.20718 
0.20853 
0.21739 
0.23751 
0.25960 
0.28001 
0.30235 
0.33030 
0.36659 
0.40896 
0.45083 
0.48691 
0.51486 
0.53524 
0.55037 
0.56196 
0.57029 
0.57275 
0.56434 
0.54247 
0.50831 
0.46734 
0.42736 
0.39532 
0.37531 
0.36772 
0.37054 
0.38182 
0.3950 1 
0.40818 
0.41961 
0.42726 
0.43202 
0.43847 
0.45086 
0.47362 
0.49856 
0.51522 
0.54178 
0.50750 
0.53888 
0.51157 
0.50194 
0.53367 
0.53367 

-0.05074 
0.04617 

0.64139 
0.64627 
0.65197 
0.65830 
0.66 5 7 3 
0.67388 
0.68438 
0.69767 
0.71423 
0.73786 
0.73786 
0.90571 
0.89687 
0.89836 
0.89889 
0.89965 
0.89837 
0.89790 

0.89815 
0.89875 
0.89942 
0.90006 
0.90079 
0.90158 
0.90238 
0.90297 
0.90330 
0.90350 
C.90370 
0.90394 
0.90425 
0.90463 
0.90511 
0.90569 
0.90637 
0.90720 
0.90816 
0.90926 
0.91051 
0.91190 
0.91340 
0.9150 1 
0.91668 
0.91843 
0.92016 
0.92197 
0.92384 
0.92579 
0.92784 
0.92990 
0.93206 
0.93435 
0.93671 
0.93945 
0.94122 
0.94392 
0.9489; 
0.94211 
0.95048 
0.91004 
0.91004 
0.79068 
0.73038 
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a 
lR 

.8 
8 

.8 
18 
.8 
18 
L 8 
L 8 
L8 
.8 
8 

.8 

.8 
18 
.8 
.8 
8 

.8 

.8 

.8 

.8 
19 

.8 
8 

.8 

.8 

.8 
8 

; 8 
.8 
8 

L 8 
8 

.8 
8 
8 
8 
8 

.8 

.8 

.8 
8 

.8 
8 
8 

.8 

.8 
8 

.8 
8 

.8 

.8 

.8 

.8 
8 

.8 
8 
8 

.9 

8 
.8 

_:S«r 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

0.99771 
0.99560 
0.99281 
0.98913 
0.98428 
0.97840 
0.97223 
0.96622 
0.96035 
0.95462 
0.94903 
0.94 357 
0.93823 
0.93Î01 
0.92 791 
0.92291 
0.91801 
0.91321 
0.90 850 
0.90387 
0.89933 
0.89485 
0.89044 
0.88609 
0.88180 
0.87756 
0.87336 
0.86920 
0.86 507 
0.86096 
0.85688 
0.85281 
0.84875 
0.84468 
0.84062 
0.83670 
0.83317 
0.83013 
0.82 751 
0.82525 
0.82331 
0.82163 
0.82018 
0.81893 
0.81785 
0.81692 
0.81612 
0.81543 
0.81483 
0.81455 
0.81543 
0.81612 
0.81692 
0.81785 
0.81893 
0.82018 
0.82163 
0.82331 
0.82 52 5 
0.82751 
0.83013 
0.83317 
0.83670 

AR 211 
W .Schmidt 
A Jameson 

14-9-29 

DILLNER WING: MAC H - 1.50. ALPHA - 15 

f 1 • 

0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 

1.46419 
1.49240 
1.49311 
1.47310 
1.46774 
1.45394 
1.44184 
1.42932 
1.41797 
1.40709 
1.39695 
1.38738 
1.37842 
1.37024 
1.36207 
1.35444 
1.34 724 
1.34051 
1.33421 
1.32 824 
1.3227 L 
1.31 74 8 
1.31267 
1.30836 
1.30434 
1.30074 
1.29756 
1.29482 
1.29255 
1.29078 
1.28954 
1.28895 
1.28912 
1.29014 
1.29231 
1.29573 
1.30031 
1.30576 
1.31223 
1.31976 
1.32821 
1.33 768 
1.34 840 
1.36002 
1.37317 
1.38961 
1.40934 
1.44047 
1.50 957 
1.50957 
2.03077 
2.11955 
2.10888 
2.16874 
2.12353 
2.10868 
2.12927 
2.17262 
2.23059 
2.31578 
2.43215 
2.55712 
2.68439 

0.01411 
0.03997 
0.01597 
0.03316 
0.02524 
0.02839 
0.02779 
0.02808 
0.02843 
0.02821 
0.02863 
0.02839 
0.02873 
0.02872 
0.02865 
0.02892 
0.02877 
0.02896 
0.02885 
0.02886 
0.02886 
0.02870 
0.02871 
0.02863 
0.02843 
0.02843 
0.02020 
0.02810 
0.02792 
0.02778 
0.02765 
0.02754 
0.02738 
0.02736 
0.0273C 
0.02740 
0.02804 
0.02873 
0.02949 
0.03075 
0.03201 
0.03378 
0.03601 
0.03936 
0.04-+95 
0.05013 
0.07127 
0.07279 
0.07162 
0.07162 
0.23626 
0.05410 
0.07675 
0.00245 
0.07745 
0.08302 
0.04132 

-0.02843 
-0.12315 
-0.28139 
-0.53472 
-0.86747 
-1.28961 

,1.71721 
0.73559 
0.72926 
0.72 620 
0.72183 
0.71718 
0.71208 
0.70699 
0.70234 
0.69766 
0.69344 
0.68922 
0.68540 
0.68178 
0.67812 
0.67478 
0.67147 
0.66846 
0.66554 
0.66278 
0.66021 
0.65771 
0.65545 
0.65339 
0.65141 
0.64970 
0.64 810 
0.64675 
0.64 55 9 
0.64 4 6 9 
0.64405 
0.64372 
0.64375 
0.64423 
0.64525 
0.64693 
0.64935 
0.65220 
0.65552 
0.65949 
0.66386 
0.66882 
0.67444 
0.68076 
0.68838 
0.69712 
0.71197 
0.72487 
0.75059 
0.75 05 9 
0.90696 
0.89968 
0.90043 
0.90203 
0.90276 
0.90108 
0.89985 
0.89961 
0.89987 
0.90002 
0.90016 
0.89998 
0.89927 

À 
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8 66 
8 67 
8 68 
8 b? 
P 70 
b 71 
8 72 
8 73 
8 74 
8 75 
8 76 

.6 77 
8 78 
8 79 

L8 80 
a 81 
8 82 
8 83 
8 84 
8 85 
8 86 

.8 87 

.8 88 
8 89 

.8 90 

.8 91 
18 92 
.8 93 
.8 94 

8 95 
.8 96 
.8 97 
.8 98 
. 8 99 
.8 100 
.8 101 
L8 102 
.9 1 
19 2 
19 3 
9 4 

i.9 5 
l9 fe 

L9 7 
19 8 
19 9 
19 10 
19 11 
L 9 12 
19 13 
19 14 
19 15 
19 16 
19 17 
19 18 
19 19 
19 20 
19 21 
19 22 
19 23 
19 24 
L9 25 
19 26 

0.84062 
0.84469 
0.84875 
0.85281 
0. 85688 
0.86096 
0.86507 
0.86 920 
0.87336 
0.87756 
0.38 180 
0.88609 
0.89044 
0.89485 
0.89933 
0.90387 
0.90850 
0.91321 
0.91801 
0.92291 
0.92791 
0.93301 
0.93 823 
0.94357 
0.94903 
0.95462 
0.96035 
0.96622 
0.97223 
G.97840 
0.93428 
0.98913 
0.99281 
0.99560 
0.99771 
0.99931 
1.00000 
1.00000 
0.99948 
0.99 827 
0.99667 
0.99457 
0.99179 
0.98812 
0.98368 
0.97902 
0.97448 
0.97004 
0.96571 
0.96149 
0.95736 
0.95333 
0.94939 
0.94553 
0.94175 
0.93805 
0.93442 
0.93087 
0.92737 
0.92393 
0.92055 
0.91722 
0.91394 

0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.2 9650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.2 9650 
0.29650 
0.29650 
0.29650 
0.29650 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 

2.83461 
2.93159 
2.92882 
2.85443 
2.74 935 
2.64057 
2.54320 
2.45489 
2.37214 
2.29333 
2.22050 
2.15913 
2.10962 
2.07546 
2.05255 
2.03557 
2.01939 
2.00048 
1.97723 
1.94954 
1.91946 
1.89106 
1.86837 
1.85318 
1.84499 
1.84823 
1.85702 
1.87500 
1.93721 
1.99537 
2.00247 
2.07374 
2.09909 
2 .04979 
2.18664 
1.77976 
1.77976 
1.66 777 
1.50793 
1.49615 
1.50899 
1.50731 
1.48822 
1.48268 
1.46922 
1.45764 
1.44555 
1.43457 
1.42398 
1.41413 
1.40487 
1.39623 
1.38841 
1.38068 
1.37352 
1.36682 
1.36061 
1.35484 
1.34940 
1.34439 
1.33968 
1.33539 
1.33158 

-1.91241 
-2.41900 
-2.43893 
-2.09101 
-1.63792 
-1.22 908 
-0.91097 
-0.65771 
-0.44876 
-0.27317 
-0.12924 
-0.01775 

0.06280 
0 . ’179 3 
0.15605 
0.18581 
0.21451 
0.24633 
0.28223 
0.32185 
0.36170 
0.39840 
0.42832 
0.45108 
0.46863 
0.47712 
0.48288 
0.49266 
0.46775 
0.43963 
0.44715 
0.40007 
0.43529 
0.39442 
0.39536 
0.43532 
0.43532 

-0.07593 
0.00136 

-0.03278 
-0.00350 
-0.02794 
-0.01063 
-0.01882 
-0.01618 
-0.01770 
-0.01809 
-0.01834 
-0.01906 
-0.01909 
-0.01980 
-0.01994 
-0.02044 
-0.02)02 
-0.02127 
-0.02193 
-0.02223 
-0.02279 
-0.02316 
-0.02348 
-0.02384 
■*0 .02395 
-0.02409 

0.89820 
0.89683 
0.89579 
0.89516 
0.89497 
0.89508 
0.89542 
0.89592 
0.89650 
0.89711 
0.89773 
0.89837 
0.89904 
0.89977 
0.90062 
0.90155 
0.90 260 
0.90375 
0.90496 
0.90626 
0.90756 
0.90897 
0.91042 
0.91195 
0.91368 
0.91548 
0.91754 
0.92131 
0.92 501 
0.92 786 
0.92961 
0.93165 
0.93816 
0.92838 
0.94226 
0.89864 
0.89864 
0.77119 
0.73108 
0.71709 
0.73018 
0.72294 
0.71997 
0.71544 
0.71062 
0.70533 
0.70008 
0.69528 
0.69044 
0.68608 
0.68173 
0.67779 
0.67407 
0.67033 
G.66693 
0.66359 
0.66057 
0.6*765 
0.65493 
0.65243 
0.65004 
0.64792 
0.64602 



HORNIER JAMESON 
AR 211 

W.Schmid! 14-iMl 
AJameson 

D1LLNER WING: MACH - I..SO. AL PHA - I S 

19 27 
19 28 
L9 29 
L 9 30 
L9 31 
19 3? 

19 33 
19 34 
19 35 
19 36 
19 37 
19 38 
19 39 
19 40 
19 41 
19 42 
19 43 
19 44 
19 45 
19 46 
19 47 
.9 48 
9 49 
9 50 
9 51 
9 52 

.9 53 

.9 54 
9 55 
9 56 
9 57 

.9 58 

.9 59 
19 60 
.9 61 
.9 62 
9 63 
9 64 

.9 65 
9 66 
9 67 

.9 68 

.9 69 

.9 70 
9 71 

.9 72 
9 73 
9 74 
9 75 
9 76 
9 77 
9 78 
9 79 
9 80 
9 81 

.9 82 
9 83 
9 84 
9 85 
9 86 
9 87 
9 88 

.9 89 

0.91069 
0.90749 
0.90432 
0.90117 
0.89805 
0.89495 
0.89186 
0.88879 
0.88572 
0.88265 
0.87958 
0.8 7 66 1 
0.87395 
0.87166 
0.86968 
0.86 797 
0.86650 
0.86523 
0.86413 
0.86319 
0.86237 
0.86167 
0.86 107 
0.86 054 
0.86 309 
0.85988 
0.86054 
0.86107 
0.8616 7 
0.88237 
0.86319 
0.86413 
0.86523 
0.86650 
0.86797 
0.86 968 
0.87166 
0.87395 
0.87661 
0.87958 
0.88265 
0.88572 
0.88879 
0.89186 
0.89495 
0.89805 
0.90117 
0.90432 
0.9074 9 
0.91069 
0.91394 
0.91 722 
0.92055 
0.92 393 
0.92 73 7 
0.93086 
0.93442 
0.93805 
0.94175 
0.94553 
0.94939 
0.95333 
0.95736 

0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0,. 31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.3130C 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 

1.32810 
1.32506 
1.32245 
1.32026 
1.31854 
1.31733 
1.31671 
1.31679 
1.31764 
1.31941 
1.32240 
1.32676 
1.33232 
1.33 864 
1.34594 
1.35425 
1.36358 
1.37428 
1.38690 
1.40136 
1.41883 
1.44385 
1.47077 
1.54035 
1.58040 
1.58040 
1.63758 
1.62414 
1.62567 
1.64019' 

1.65050 
1.66861 
1.69032 
1.71964 
1.75732 
1.81150 
1.88063 
1.94799 
2.01415 
2.09130 
2.17972 
2.25879 
2.30215 
2.31380 
2.30665 
2.29222 
2.27391 
2.25287 
2.22928 
2.20302 
2.17495 
2.14691 
2.12109 
2.09804 
2.07694 
2.05639 
2.03452 
2.01052 
1.98430 
1.95654 
1.92896 
1.90461 
1.88581 

-0.02429 
-0.02426 
-0.02435 
-0.02423 
-0.02403 
-0.02366 
-0.02325 
-0.02283 
-0.02230 
-0.02154 
-0.02051 
-0.01939 
-0.01785 
-0.01633 
-0.01461 
-0.01226 
-0.00978 
-0 .03663 
-0.00338 
0.00110 
0.00576 
0.00908 
0.02519 
0.00228 
0.04605 
0.04605 
0.69328 
0.63458 
0.63699 
0.61362 
0.60352 
0.58072 
0.55811 
0.52852 
0.49169 
0.43718 
0.36171 
0.27663 
0.18117 
0.05894 

-0.09404 
-0.24416 
-0.33070 
-0.35156 
-0.33200 
-0.29697 
-0.25453 
-0.20810 
-0.15843 
-0.10625 
-0.05295 
-0.00229 
0.04288 
0.08258 
0.11798 
0.15153 
0.18558 
0.22070 
0.25721 
0.29346 
0.32820 
0.35789 
0.38149 

0.64425 
0.64278 
0.64146 
0.64043 
0.63965 
0.63918 
0.63902 
0.63920 
0.63981 
0.64095 
0.64278 
0.64530 
0.64354 
0.65210 
0.65618 
0.66090 
0.66609 
0.67206 
0.67884 
0.68671 
0.69576 
0.70738 
0.72 302 
0.74372 
0.76897 
0.76897 
0.93176 
0.91705 
0.91779 
0.91437 
0.91349 
0.91095 
0.90916 
0.90727 
0.90558 
0.90376 
0.90185 
0.89977 
0.89763 
0.89568 
0.89438 
0.89387 
0.89394 
0.89422 
0.89458 
0.89501 
0.89 549 
0.89599 
0.89651 
0.89703 
0.89759 
0.89815 
0.89873 
0.89937 
0.90001 
0.90068 
0.90136 
0.90 20 2 
0.90272 
0.90339 
0.90413 
0.90485 
0.90 565 
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IXIRNIËR JAMESON 
AR 211 

W.Schmidt 
A. Jameson 

14-4-32 

DILLNER WING: MACH- 1.50. ALPHA- 15 

9 90 
9 91 
9 92 
9 93 
9 94 
9 95 
9 96 
9 97 
9 98 
9 99 
9 100 

19 101 
.9 102 
'0 1 
•0 2 
•0 3 
0 4 
'0 5 
>0 6 
'0 7 
!0 8 
>0 9 
>0 10 
’0 ll 
•0 12 
0 13 

!0 16 
!0 16 
>0 16 
•0 IT 
»0 18 
!0 19 
!0 20 
»0 21 
*0 22 
>0 23 
-0 24 
•0 25 
!0 26 
>0 27 
•0 28 
!0 29 
!0 30 
>0 31 
’0 32 
’0 33 
?0 36 
>0 35 
»0 36 
?0 37 
»0 38 
>0 39 
»0 60 
?0 61 
’0 62 
?0 63 
!0 66 
»0 65 
>0 66 
!0 67 
»0 68 
»0 69 
»0 50 

0.96149 
0.96571 
0.97004 
0.97447 
0.97902 
0.98368 
0.98812 
0.99179 
0.99457 
0.99667 
0.99 827 
O.Sl994fi 
1 ,U0 >300 

1 .03000 
0.99959 
0.99862 
0.99 736 
0.99568 
0.99348 
0.99057 
0.98704 
0.98334 
0.97973 
0.97621 
0.97277 
0.96942 
0.96614 
0.96294 
0.95961 
0.95674 
0.95374 
0.95080 
0.94 792 
0.94510 
0.94232 
0.93959 
0.93691 
0.93426 
0.93165 
0.92908 
0.92653 
0.92401 
0.92152 
0.91904 
0.91658 
0.91412 
0.91168 
0.90924 
0.90681 
0.90437 

0.90201 
0.89990 
0.89808 
0.89651 
0.89515 
0.89398 
0.89297 
0.89210 
0.89135 
0.89071 
0.89015 
0.86967 
0.88925 

0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.3 2350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
Os 3 2350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 

1.87015 
1.85934 
1.85997 
1.87828 
1.91531 
1.96440 
1.98081 
2.03778 
2.07364 
1.97797 
2.12022 
1.79311 
1.79311 
1.73796 
1.51531 
1.51398 
1.52 769 
1.52032 
1.50648 
1.50037 
1.48686 
1.47485 
1.46280 
1.45174 
1.44096 
1.43091 
1.42141 
1.41257 
1.40452 
1.39665 
1.3^944 
1.38278 
1.37672 
1.37119 
1.36612 
1.36156 
1.35 737 
1.35365 
1.35041 
1.34 752 
1.34512 
1.34320 
1.34172 
1.34070 
1.34014 
1.33993 
1.34013 
1.34091 
1.34256 
1.34536 
1.34923 
1.35386 
1.35885 
1.36464 
1.37141 
1.37918 
1.38828 
1.39917 
1.41181 
1.42708 
1.44940 
1.47479 
1.54653 

0.40236 
0.41893 
0.42645 
0.41832 
0.39101 
0.34983 
0.33865 
0.28207 
0.30242 
0.29456 
0.26700 
0.37334 
0.37334 

-0.14287 
-0.05874 
-0.07757 
-0.06458 
-0.08169 
-0.07103 
-0.07940 
-0.07776 
-0.07929 
-0.07981 
-0.08015 
-0.08074 
-0.08065 
-0.08120 
-0.08125 
-0.08166 
-0.08221 
-0.08257 
-0.03345 
-0.03418 
-0.00529 
-0.06640 
-0 .08 757 
-0.08888 
-0.09007 
-0.09135 
-0.09275 
-0.09401 
-0.09539 
-0.09663 
-0.09778 
-0.09876 
-0.09951 
-0.09990 
-0.09991 
-0.09965 
-0.09923 
-0.09829 
-0.09619 
-0.09394 
-0.09137 
-0.08826 
-0.08519 
-0.08192 
-0.07870 
-0.07552 
-0.07136 
-0.07147 
-0.06630 
-0.08619 

0.90661 
0.90767 
0.90895 
0.91023 
0.91124 
0.9121P 
0.91292 
0.91340 
0.92051 
0.90670 
0.92234 
0.8P978 
0.88978 
0.78138 
0.71793 
0.71236 
0.72144 
0.71391 
0.71098 
0.70612 
0.70078 
0.69512 
0.68966 
0.68460 
0.67953 
0.67494 
0.67036 
0.66620 
0.66225 
0.65832 
0.65472 
0.65120 
0.64 799 
0.64490 
0.64202 
0.63935 
0.63681 
0.63453 
0.63245 
0.63051 
0.62885 
0.62 739 
0.62621 
0.62529 
0.62467 
0.62430 
0.62427 
0.62467 
0.62562 
0.62721 
0.62951 
0.63259 
0.63587 
0.63964 
0.64 404 
0.64887 
0.65437 
0.66063 
0.66761 
0.67598 
0.68609 
0.70159 
0.72351 



'0 
>0 
»0 
?0 
>0 
?0 
’0 
‘0 
>0 
>0 
’0 
>0 
?0 
»0 
>0 

»0 
>0 
?0 
'0 
>0 
’0 
’0 
’0 
'0 
’0 
'0 
’0 
!0 
’0 
»0 
‘0 
»0 
!0 
!0 
!0 
!0 
!0 
Î0 
!0 
’0 

’0 
>0 
’0 
>0 
>0 
’0 
>0 
’0 
’0 
>0 
*0 
!0 
’1 
’1 
!1 
’1 
!1 
>1 

'1 
’1 
’I 
*1 

dornikr jame:son 
AR 211 W.Schmidt 

AJamcson 14-9-33 

DILI.NER WING: MAC H - 1.50, ALPHA — 15 

51 0.Ö8890 
52 0.R8873 
53 0.89925 
54 0.88967 
55 0.89015 
56 0.89071 
57 0.89135 
58 0.89210 
59 0.89297 
60 0.89398 
61 0.89 515 
62 0.89651 
63 0.89808 
64 0.89990 
65 0.90202 
66 0.90437 
67 0.90681 
68 0.90925 
69 0.91168 
70 0.91412 
71 0.91658 
72 0.91904 
73 0.92152 
74 0.92401 
75 0.92653 
76 0.92908 
77 0.93165 
78 0.93426 
79 0.93691 
80 0.93959 
81 0.94232 
8? 0.94510 
83 0.94792 
84 0.95080 
85 0.95374 
86 0.95674 
87 0.95981 
88 0.96294 
89 0.96614 
90 0.96942 
91 0.97277 
92 0.97621 
93 0.97973 
94 0.98334 
95 0.98704 
96 0.99057 
97 0.99348 
98 0.99568 
99 0.99736 

100 0.99862 
101 0.99959 
102 1.00000 

1 1.00090 
? 0.99970 
3 0.99900 
4 0.99807 
5 0.99686 
6 0.99525 
7 0.99313 
8 0.99056 
9 0.98786 

10 0.98524 
11 0.98267 

0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
Ü.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.33450 
0.33450 
0.33450 
0.3 3450 
0.33450 
0.33450 
0.33450 
0.33450 
0.3 3450 
0.33450 
0.33450 

1.60053 
1.60053 
1.57918 
1.53840 
1.54689 
1.54953 
1.56268 
1.57751 
1.58866 
1.59498 
1.60143 
1.61409 
1.63430 
1.656?4 
1.67908 
1.70266 
1.73291 
1.76526 
1.79459 
1.81579 
1.82924 
1.83 774 
1.84357 
1.84790 
1.95095 
1.85186 
1.85909 
1.84594 
1.84030 
1.83347 
1.82559 
1.81665 
1.80606 
1.79379 
1.77986 
1.76483 
1.74961 
1.73594 
1.72563 
1.71711 
1.71077 
1.71062 
1.71928 
1.73693 
1.76348 
1.76960 
1.80462 
1.83193 
1.76468 
1.88980 
1.60396 
1.60396 
1.73 796 
1.51531 
1.51398 
1.52 769 
1.52032 
1.50 6 4 8 
1.50037 
1.48686 
1.47485 
1.46280 
1.45174 

-0.05259 
-0.05259 

0.74973 
0.71597 
0.79859 
0.69518 
0.68624 
0.67371 
0.66378 
0.65438 
0.64439 
0.63021 
0.61080 
0.58824 
0.56455 
0.53791 
0.50689 
0.47376 
0.44454 
0.42288 
0.40893 
0.40924 
0.39492 
0.39167 
0.39035 
0.39151 
0.39595 
0.49285 
0.41128 
0.42093 
0.43125 
0.44245 
0.45495 
0.46858 
0.48348 
0.49875 
0.51409 
0.52774 
0.53891 
0.54919 
0.55798 
0.56288 
0.56099 
0.55198 
0.53484 
0.53039 
0.49615 
0.49964 
0.49005 
0.44974 
0.52405 
0.52405 

-0.14287 
■0.05874 
•0.07757 
■0.06458 
•0.08169 
■0.07103 
■0.07940 
•0 .07776 
■0.07929 
■0.07981 
-0.08J15 

Ü.75255 
0.75255 
0.93847 
0.92683 
0.92586 
0.92274 
0.92200 
0.92064 
0.91956 
0.91808 
0.91651 
0.91480 
0.91298 
0.91100 
0.90 896 
0.90676 
0.90482 
0.90343 
0.90252 
0.90196 
0.90163 
0.90148 
0.90149 
0.9016? 
0.90 187 
0.90219 
0.90 264 
0.90314 
0.90368 
0.90426 
0.90482 
0.90540 
0.90602 
0.90663 
0.90730 
0.90795 
0.90868 
0.90938 
0.91013 
0.91100 
0.91189 
0.91285 
0.91361 
0.91416 
0.91440 
0.91439 
0.91293 
0.91707 
0.90633 
0.91541 
0.88868 
0.89868 
0.78138 
0.71793 
0.71236 
0.72144 
0.71391 
0.71098 
0.70612 
0.70078 
0.69512 
0.68966 
0.68460 
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DORNIt R JAMESON 
AR2I1 

1 

W.Schmidt 
A Jameson 14-M-34 

DILLNER WING: MAC H - 1 50. ALPHA - 15 

0.98017 
0.9777? 

0.97534 
0.97 300 
0.97072 
0.96849 
0.96631 
0.96417 
0.96207 
0.96001 
0.95799 
0.95600 
0.95404 
0.9571? 

0.95022 
0.94834 
0.94649 
0.94465 
0.94283 
0.94103 
0.93923 
0.93 74 5 
0.93567 
0.93389 
0.93212 
0.93034 
0.92 863 
0.92709 
0.92576 
0.92461 
0.92363 
0.92278 
0.92204 
0.92 141 
0.92086 
0.92039 
0.91998 
0.91963 
0.91933 
0.91907 
0.91895 
0.91933 
0.91963 
0.91998 
0.92039 
0.92086 
0.92141 
0.92204 
0.92278 
0.92 363 
0.92461 
0.92576 
0.92709 
0.92863 
0.93034 
0.93212 
0.93389 
0.93567 
0.93745 
0.93923 
0.94103 
0.94293 
0.94465 

0.33450 
0.33450 
0.33450 
0.33450 
0.3 3450 
0.3345" 

0.33450 
0.33450 
0.33450 
0.3 3450 
0.3 3450 
0.3 ¿450 
0.3 3450 
0.33450 
0.3 3450 
0.33450 
0.33450 
0.33450 
0.33450 
0.3 34 50 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.3 3450 
0.33450 
0.334 50 
0.33450 
0. 33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.3 3450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.3 3450 
0.33450 
0.3 3450 
0.33450 
0.33450 
0.33450 
0.33450 
0.3 3450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 

1.44096 
1.43091 
1.42141 
1.41257 
1.40452 
1.39665 
1.38944 
1.38278 
1.37672 
1.37119 
1.36612 
1.36156 
1.35737 
1.35365 
1.35041 
1.3475? 

1.34512 
1.34320 
1.34172 
1.34070 
1.34014 
1.33 993 
1.34013 
1.34091 
1.34256 
1.34536 
1.34923 
1.35386 
1.35885 
1.36464 
1.37141 
1.37918 
1.38828 
1.39917 
1.41181 
1.42708 
1.44 940 
1.47479 
1.54653 
1.60053 
1.60053 
1.57018 
1.53840 
1.54689 
1.54953 
1.56268 
1.57751 
1.58866 
1.59498 
1.60143 
1.61409 
1.63430 
1.65694 
1.67908 
1.70266 
1.73201 
1.76526 
1.79459 
1.81579 
1.82924 
1.83774 
1.84357 
1.84790 

-0.08074 
-0.08065 
-0.08120 
-0.08125 
-0.08166 
-0.08221 
-0.08257 
-0.08345 
-0.08418 
-0.08529 
-0.08640 
-0.08757 
-0.08888 
-0.D9D07 
-0.09135 
-0.09275 
-0.09401 
-0.09539 
-0.09663 
-0.09778 
-0.09876 
-0.09951 
-0.09990 
-0.09991 
-0.09965 
-0.09923 
-C.09829 
-0.09619 
-0.09394 
-0.09137 
-0.08826 
-0.08519 
-0.08192 
-0.07870 
-0.07552 
-0.07136 
-0.07147 
-0.05630 
-0.08619 
-0.05259 
-0.05259 
0.74973 
0.71597 
0.70859 
0.69518 
0.68624 
0.67371 
0.66378 
0.65438 
0.64439 
0.63021 
0.61080 
0.58824 
0.56455 
0.53791 
0.50689 
0.47376 
0.44454 
0.42288 
0.40893 
0.40024 
0.39492 
0.39167 

0.67953 
P .67494 
0.67036 
C.6662P 
0.66225 
0.65832 
0.66472 
0.65120 
0.64 799 
0.64490 
0.64202 
0.63936 
0.63681 
0.63453 
0.63245 
0.63061 
0.62886 
0.62739 
0.62621 
0.62529 
0.62467 
0.62430 
0.62427 
0.62467 
0.62562 
0.62721 
0.62 961 
0.63259 
0.63587 
0.63964 
0.64 40 4 
0.64887 
0.65437 
0.66063 
0.66761 
0.67598 
0.68609 
0.70159 
0.72 351 
0.75255 
0.75255 
0.93 847 
0.92683 
0.92586 
0.92275 
0.92200 
0.92064 
0.91956 
0.91808 
0.91651 
0.91480 
0.91298 
0.91100 
0.90396 
0.90676 
0.90482 
0.90343 
0.90252 
0.90196 
0.90163 
0.90148 
0.90149 
0.90162 



/ 
l 

DORMER JAMESON 
AR21I 

W.Schmidl 
A Jameson 

14-9-35 

DILLNER WING: MAC H - 1.50. ALPHA - 15 

1 75 
1 76 
1 77 
1 78 
1 79 
1 80 
I 81 
1 82 
1 83 
1 84 
1 85 
I 86 
1 87 
1 88 
1 89 
l 90 
1 91 
1 92 
l 93 
1 94 
1 95 
1 96 
1 97 
l 98 
1 99 
1 100 
1 101 
1 102 
2 1 
2 2 
2 3 
2 4 
2 5 
2 6 
2 7 
2 8 
2 9 
2 10 
2 11 
2 12 
2 13 
2 14 
2 15 
2 16 
2 17 
2 18 
2 19 
2 20 
2 21 
2 22 
2 23 
2 24 
2 25 
2 26 
2 27 
2 28 
2 29 
2 30 
2 31 
2 32 
2 33 
2 34 
2 35 

0.94649 
0.94834 
0.95022 
0.95212 
0.95404 
0.95600 
0.95799 
0.96901 
0.96207 
0.96417 
0.96631 
0.96849 
0.97072 
0.97300 
0.97534 
0.97 77? 

0.98017 
0.98267 
0.98523 
0.98786 
0.99056 
0.99313 
0.99525 
0.99686 
0.99 807 
0.99900 
0.99970 
1.00000 
1.00000 
0.99975 
0.99918 
0.99843 
0.99 744 
0.99614 
0.99441 
0.99232 
0.99013 
0.98 79 9 
0.98590 
0.98336 
0.98188 
0.97993 
0.97 804 
0.97618 
0.97436 
0.97259 
0.97085 
0.96914 
0.96 746 
0.96582 
0.96420 
0.96261 
0.96104 
O.9505O 
0.95 797 
0.95 646 
0.95497 
0.95349 
0.95202 
0.95056 
0.94911 
0.94 766 
0.94622 

0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.J3450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33451) 

0.33450 
0.33450 
Ü.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.334 50 
0.33450 
0.33450 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.3 40 0 0 
0.3 4000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.340 00 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 

1.85095 
1.85186 
1.85009 
1.84594 
1.84030 
1.83347 
1.82559 
1.81665 
1.80 606 
1 . 79379 
1.77986 
1.76483 
1.74961 
1.73594 
1.72563 
1.71711 
1.71077 
1.71062 
1.71928 
1.73693 
1.76348 
1.76960 • 

1.80462 
1.83193 
1.76468 
1.S808Ù 
1.60396 
1.60396 
1.73 796 
1.51531 
1.51398 
1.52 769 
1.52032 
1.50648 
1.50037 
1.48686 
1.47485 
1.46280 
1.45174 
1.44096 
1.43091 
1.42141 
1.41257 
1.40452 
1.39665 
1.38944 
1.38278 
1.37672 
1.37119 
1.36612 
1.36156 
1.35737 
1.35365 
1.35041 
1.34752 
1.34512 
1.34320 
1.34172 
1.34070 
1.34014 
1.33993 
1.34013 
1.34091 

0.39035 
0.39151 
0.39595 
0.40285 
0.41128 
0.42093 
0.43125 
0.44244 
0.45495 
0.46858 
0.48348 
0.49875 
0.51409 
0.52774 
0.53891 
0.54919 
0.55798 
0.56288 
0.56099 
0.55198 
0.53484 
0.53039 
0.49615 
0.49964 
0.49005 
0.44974 
0.52405 
0.52405 

-0.14287 
-0.05874 
-0.07757 
-0.06458 
-0.08169 
-0.07103 
-0.07940 
-0.07776 
-0.07929 
-0.07981 
-0.08015 
-0.08074 
-0.08065 
-0.08120 
-0.08125 
-0.08166 
-0.08221 
-0.08257 
-0.03345 
-0.00418 
-0.08529 
-0.08640 
-0.08757 
-0.08888 
-0.09007 
-0.09135 
-0.09275 
-0.09401 
-0.09539 
-0.09663 
-0.09778 
-0.09876 
-0.09951 
-0.09990 
-0.09991 

0.90187 
0.90219 
0.90264 
0.90314 
0.90368 
0.90426 
0.93482 
0.90540 
0.90602 
0.90663 
0.90730 
0.90795 
0.90 868 
0.90938 
0.91013 
0.91100 
0.91189 
0.91285 
0.91361 
0.91416 
0.91440 
0.91439 
0.91293 
0.91 70 7 
0 .93 633 
0.91541 
0.88868 
0.88868 
0.78138 
0.71793 
0.71236 
0.72144 
0.71391 
0. 71098 
0.73612 
0.70078 
0.69512 
0.68966 
0.68460 
0.67953 
0.67494 
0.67036 
0.66620 
0.66225 
0.65832 
0.65472 
0.65120 
0.64 799 
0.64490 
0.64202 
0.63935 
0.63681 
0.63453 
0.63245 
0.63051 
0.62885 
0.62739 
0.62621 
0.62529 
0.62467 
0.62430 
0.62427 
0.62467 



HORNIER JAMESON 
AR 21 I 

W.Schmidt 
AJameson 

14-9-36 

DILLNER WING: MACH- I 50. ALPHA - 15 

2 36 
2 37 
2 38 
2 39 
2 40 
2 41 
2 42 
2 43 
2 44 
2 45 
2 46 
2 47 
2 48 
2 49 
2 50 
2 51 
2 52 
2 53 
2 54 
2 55 
2 56 
2 57 
2 58 
2 59 
2 60 
2 61 
2 62 
2 63 
2 64 
2 65 
2 66 
2 o7 
2 68 
2 69 
2 70 
2 71 
2 72 
2 73 
2 74 
2 75 

\2 76 
!2 77 
!2 78 
>2 79 
*2 80 
’2 81 
'2 82 
>2 83 
>2 84 
’2 85 
'2 86 
*2 87 
'2 88 
\2 89 
\2 90 
»2 91 
?2 92 
?2 93 
12 94 
!2 95 
?2 96 
?2 97 
!2 98 

0.94477 
0.94333 
0.94193 
0.94068 
0.93960 
0.93 86 7 
0.93786 
0.93717 
0.93657 
0.93606 
0.93561 
0.93523 
0.93490 
0.93462 
0.93437 
0.93416 
0.93406 
0.93437 
0.93462 
0.93490 
0.93523 
0.93661 
0.93606 
0.93657 
0.93717 
0.93 786 
0.93 86 7 
0.93960 
0.94068 
0.94193 
0.94333 
0.94477 
0.94622 
0.94 766 
0.94911 
0.95056 
0.95202 
0.95349 
0.95497 
0.95 646 
0.95 797 
0.95950 
0.96104 
0.96261 
0.96420 
0.96582 
0.96 746 
0.96914 
0.97085 
0.97259 
0.97436 
0.97618 
0.97804 
0.97993 
0.98188 
0.98386 
0.98590 
0.98799 
0.99013 
0.99232 
0.99441 
0.99614 
0.99744 

0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.3 4000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.340 00 
0.3 4000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.340 00 
0.34000 
0.34000 
0.34000 
0.34000 
0.340 00 
0.34000 
0.34000 
0.34000 
0.3400 0 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0 . 340 00 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 

1.34256 
1.34536 
1.34923 
1.35386 
1.35885 
1.36464 
1.37141 
1.37918 
1.38828 
1.39917 
1.41181 
1.42708 
1.44940 
1.47479 
1.54653 
1.60053 
1.60053 
1.57018 
1.53840 
1.54689 
1.54953 
1.56268 
1.57751 
l .58066 
1.59498 
1.60143 
1.61409 
1.63430 
1.65694 
1.67908 
1.70 266 
1.73201 
1.76526 
1.79459 
1.81579 
1.82924 
1.83774 
1.84357 
1.84790 
1.85095 
1.85186 
1.85009 
1.84594 
1.84030 
1.833*7 
1.82559 
1.81665 
1.80606 
1.79379 
1.77986 
1.76483 
1.74961 
1.73594 
1.72563 
1.71711 
1.71077 
1.71062 
1.71928 
1.73693 
1.76348 
1.76960 
1.80462 
1.83193 

-0.09965 
-0.09923 
-0.09829 
-0.09619 
-0.09394 
-0.09137 
-0.08826 
-0.08519 
-0.08192 
-0.07870 
-0.07552 
-0.07136 
-0.07147 
-0.05630 
-0.08619 
-0.05259 
-0.05259 

0.74973 
0.71597 
0.70859 
0.69518 
0.68624 
0.67371 
0.66378 
0.65438 
0.64439 
0.63021 
0.61080 
0.58824 
0.56455 
0.53791 
0.50689 
0.47376 
0.44454 
0.42288 
0.40993 
0.40024 
0.39492 
0.39167 
0.39035 
0.39151 
0.39595 
0.402 8 5 
0.41128 
0.42093 
0.43125 
0.44244 
0.45495 
0.46858 
0.48348 
0.49875 
0.51409 
0.52774 
0.53891 
0.54919 
0.55793 
0.56288 
0.56099 
0.55198 
0.53484 
0.53039 
0.49615 
0.49964 

0.62562 
0.62721 
0.62951 
0.63259 
0.63587 
0.63964 
0.64404 
0.64887 
0.65437 
0.66063 
0.66 761 
0.67598 
0.68609 
0.70159 
0.71351 
0.75265 
0.75255 
0.93 847 
0.92683 
0.92506 
0.92275 
0.92200 
0.92064 
0.91956 
0.91808 
0.91651 
0.91480 
0.912q 8 
0.91100 
0.90896 
0.90 676 
0.90482 
0.90343 
0.90252 
0.90196 
0.90163 
0.90148 
0.90149 
0.90162 
0.90187 
0.90219 
0.90264 
0.90314 
0.90 368 
0.90426 
0.90402 
0.90540 
0.9060? 
0.90663 
0.90730 
0.90795 
0.90868 
0.90938 
0.91013 
0.91100 
0.91189 
0.91285 
0.91361 
0.91416 
0.91440 
0.91439 
0.91293 
0.91707 



AR 211 W.Schmidt 
AJameson 

14-0-.17 

DILLNER WING: MACH - 1.50. ALPHA - 15 

DORNIER JAMESON 

99 
100 
101 
102 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

î 12 
3 13 
3 14 
3 15 
3 16 
3 17 
3 18 
3 19 
3 20 
3 21 
3 22 
3 23 
3 24 
3 25 
3 26 
3 27 
3 28 
3 29 
3 30 
3 31 
3 32 
3 33 
3 34 
3 35 
3 36 
3 37 
3 38 
3 39 
3 40 
3 41 
3 42 
3 43 
3 44 
3 45 
3 46 
3 47 
3 48 
3 49 
3 50 
3 51 
3 52 
3 53 
3 54 
3 55 
3 56 
3 57 
3 58 
3 59 

0.99 843 
0.99918 
0.99975 
1.00090 
1.00000 
1.00000 
1.09000 
1.00000 
1.00000 
1.09030 
1.00000 
1.00000 
1.00000 
1.09000 
1.00000 
I.ÜÜ000 
1.00000 
1.30000 
1.00000 
1.00000 
1.00000 
l.OOOOO 
1.00000 
1.09090 
1.00000 
1.00000 
1.00000 
1.00000 
1.00090 
1.00090 
1.00000 
1.00 000 
1.00000 
1.00090 
1.00000 
1.00000 
i.ooooo 
1.00000 
1.03000 
i.ooooo 
1.00 00 0 
1.03000 
1.00000 
1.00090 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00030 
1.00000 
1.09000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00030 
1.00000 
1.00000 
1.00000 
1.00000 
1.90000 
1.00000 

0.34000 
0.34000 
0.34000 
0.34000 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.363 99 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 

1.76468 
1.88080 
1.60396 
1.60396 
1.65777 
1.65085 
1.65422 
1.65623 
1.65685 
1 .65609 
1.65379 
1.65073 
1.64699 
1.64303 
1.63979 
1.63442 
1.62997 
1.62545 
1.62077 
1.61589 
1.61094 
1.60600 
1.60123 
1.59674 
1.59255 
1.58865 
1.58507 
1.58171 
1.57934 
1.57493 
1.57161 
1.56846 
1.56524 
1.56225 
1.55963 
1.55736 
1.5549 3 
1.55233 
1.54986 
1.54791 
1.54600 
1.54365 
1.54123 
1.53911 
1.53756 
1.53642 
1.53494 
1.53264 
1.52972 
1.52659 
1. 52336 
1.51970 
1.51380 
1.50124 
1.50124 
1.50455 
1.50860 
1.51225 
1.51315 
1.51384 
1.51522 
1.51748 
1.52016 

0.49005 
n.44974 
0.52405 
0.52405 
0.06034 
0.05564 
0.05352 
0.05270 
0.05079 
0.05114 
0.05279 
0.05465 
0.05634 
0.05792 
0.05973 
0.06166 
0.06362 
0.06561 
0.06773 
0.06999 
0.07224 
0.07434 
0.07611 
0.07742 
0.07829 
0.07882 
0.07914 
0.07911 
0.07876 
0.07804 
0.07676 
0.07480 
0.07259 
0.07014 
0.06773 
0.06558 
0.06375 
0.06239 
0.06146 
0.06038 
0.05928 
0.05864 
0.05802 
0.05684 
0.05477 
0.05178 
0.04849 
0.04549 
0.04270 
0.03966 
0.03604 
0.03071 
0.02518 
0.02646 
0.02646 
0.02178 
0.03250 
0.04116 
0.05025 
0.05732 
0.06270 
0.06634 
0.06877 

0.93633 
0.91541 
0.88868 
0.88868 
0.79716 
0.79402 
0.79459 
0.79503 
0.79481 
0.79465 
0.79430 
0.79376 
0.79298 
0.79210 
0.79118 
0.79025 
0.78929 
0.78832 
0.78 732 
0.78629 
0.78524 
0.78415 
0.78303 
0.78189 
0.78074 
0.77960 
0.77851 
0.77740 
0.77621 
0.77490 
0.77348 
0.77195 
0.77032 
0.76870 
0.76720 
0.76589 
0.76459 
0.76338 
0.76225 
0.76130 
0.76035 
0.75936 
0.75 835 
0.75730 
0.75 621 
0.75 503 
0.75365 
0.75204 
0.75025 
0.74 831 
0.74617 
0.74341 
0.73972 
0.73528 
0.73528 
0.73528 
0.73972 
0.74341 
0 . 746 1 7 
0.74831 
0.75025 
0.75204 
0.75365 
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DORMER, JAMESON 
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W.Schmidi 
A Jameson 

14-9-38 

DILLNERWING: MACH - 1.50, ALPHA - 15 

3 
3 
3 

'3 
3 
3 
3 
3 

'3 
'3 
3 
3 
3 

•3 
3 
'3 
3 

'3 
3 
3 

’3 
'3 
'3 
'3 
’3 
•3 
'3 
'3 
■3 
'3 
'3 
■3 

3 
*3 
! 3 
>3 
’3 
’3 
’3 
■3 
!3 
! 3 
!3 

60 
61 
62 
63 
64 
65 
66 
67 
68 
6¾ 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 

1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
l.00000 
l.00 000 
1.00000 
l.00000 
1.00000 
1.00000 
1.00000 
1.00000 
l.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
l.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1 .00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 

0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 

1.52277 
1.52484 
1.52649 
1.52777 
1.52879 
1.52969 
1.53036 
1.53091 
1.53205 
1.53411 
1.53681 
1.53998 
1.54381 
1.54796 
1.55195 
1.55559 
1.55861 
1.56122 
1.56360 
1.56596 
1.56845 
1.57135 
1.57447 
1.57769 
1.58100 
1.58449 
1.58825 
1.59230 
1.59659 
1.60109 
1.60575 
1.61052 
1.61547 
1.62050 
1.62530 
1.63029 
1.63348 
1.63620 
1.63780 
1.63464 
1.63455 
1.63038 
1.63038 

0.07047 
0.07215 
0.07406 
0.07635 
0.07886 
0.08145 
0.08419 
0.08712 
0.08981 
0.09185 
0.09329 
0.09421 
0.09495 
0.09582 
0.09697 
0.09825 
0.09990 
0.10168 
0.10334 
0.13471 
0.10586 
0.10668 
0.10728 
0.10772 
0.10795 
0.10787 
0.10732 
0.10628 
0.10480 
0.10294 
0.10082 
0.09848 
0.09582 
0.09288 
0.08985 
0.08546 
0.08267 
0.07964 
0.07844 
0.08080 
0.07834 
0.08426 
0.08426 

0.75 503 
0.75621 
0.75 730 
0.75 835 
0.75936 
0.76035 
0.76130 
0.76225 
0.76335 
0.76459 
0.76589 
0.76720 
0.76870 
0.77032 
0.77195 
0.77 348 
0.77490 
0.77621 
0.77740 
0.77851 
0.77960 
0.78074 
0.78189 
0.78303 
0.78415 
0.78524 
0.78629 
0.78 732 
0.78832 
0.78929 
0.79025 
0.79118 
0.79210 
0.79 298 
0.79376 
0.79430 
0.79465 
0.79481 
0.79 503 
0.79459 
0.79402 
0.79406 
0.79 406 

MING CCNTCHJR ** 
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DILLNER WING: MACH = 0.70, ALPHA = 15 
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DORMER JAMESON 

K IP XC 

AR21I 
W.Schmidt 
A Jameson 

15-9-1 

Dil l NER WING. MACH-0.7 0. ALPHA - 15 

YC MACH 1-PI/PÎNF I-P/PINF 

1 1 
1 2 
1 3 
I 4 
1 b 
1 6 
1 7 
I 8 
I 9 
1 10 
1 11 
1 12 
1 13 
1 14 
1 15 
1 16 
1 17 
1 18 
1 19 
1 20 
1 21. 
1 22 
1 23 
1 24 
1 25 
1 26 
1 27 
l 28 
1 29 
1 30 
1 31 
1 32 
1 33 
1 34 
1 35 

1.00000 
0.99627 
0.98764 
0.97625 
0.96122 
0.94139 
0.91523 
0.88 351 
0.85027 
0.81783 
0.78619 
0 . 75 5 3 0 
0.72515 
0.69 56 9 
0.66691 
0.63877 
0.61124 
0.58428 
0.55 788 
0.53199 
0.50658 
0.48164 
0.45712 
0.43299 
0.40921 
0.38577 
0.36263 
0.33974 
0.31710 
0.29465 
0.27239 
0.25025 
0.22823 
0.20628 
0.18437 

1 36 0.16247 
l 37 0.14056 
1 38 0.11939 
1 39 0.10039 
1 40 0.08401 
1 41 0.06988 
1 42 0.05770 
1 43 0.04719 
1 44 0.03813 
1 45 0.03032 
1 46 0.02358 
l 47 0.01777 
1 48 0.01276 
1 49 0.00843 
1 50 0.00470 
1 51 0.00149 
1 52 0.0 
1 53 0.00470 
l 54 0.00843 
1 55 0.01276 
1 56 0.01777 
1 57 0.02358 
1 58 0.03032 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
o.c 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
o.o 
0.0 
0.0 
0.0 

< 
Q 

Q 
LU 

o 
Q_ 

CO 

CO 

o 
l_> 

c 
ca 

Q 
LU 

CQ 

0.58860 
0.58077 
0.61632 
0.63376 
0.65224 
0.66492 
0.67466 
0.68020 
0.68205 
0.68143 
0.67931 
0.67609 
0.67235 
0.66829 
0.66409 
0.65994 
0.65557 
0.65124 
0.64692 
0.64258 
0.63819 
0.63364 
0.62900 
0.62414 
0.61920 
0.61426 
0.60909 
0.60394 
0.59383 
0.59379 
0.58895 
0.58432 
0.57998 
0.57594 
0.57224 

0.56895 
0.56599 
0.56354 
0.56179 
0.56081 
0.56062 
0.56127 
0.56288 
0.56575 
0.57001 
0.57545 
0.58002 
0.58087 
0.57665 
0.59194 
0.67921 
0.67921 
0.84530 
0.80105 
0.79040 
0.79208 
0.79169 
0.79038 

-0 .00657 
0.00367 

-0.00868 
0.00025 

-0.00189 
-0.00068 
-0.00066 
-0.00079 
-0.03364 
-0.01058 
-0.00038 
-0.00052 
-0.00026 
-0.00043 
-0.00026 
-0.00024 
-0.00034 
-0.00016 
-0.00027 
-0.00011 
-0.00015 
-0.00005 

0.00007 
0.00007 
0.00032 
0.00051 
0.00064 
0.00109 
0.03133 
0.00183 
0.00229 
0.00286 
0.00351 
0.00419 
0.00501 

0.00594 
0.00673 
0.00781 
0.00882 
0.00975 
0.01058 
0.01112 
0.01134 
0.01081 
0.00923 
0.00667 
0.00424 
0.00532 
0.01074 
0.00235 

-0.06190 
-0.06190 
0.03620 
0.10074 
0.12826 
0.13385 
0.13509 
0.12993 

0.2Q3P? 
0.20718 
0.21936 
0.23714 
0.24 716 
0.25612 
0.26234 
0.26578 
0.26 709 
0.26673 
0.26552 
0.26336 
0.26117 
0.25845 
0.25591 
0.25328 
0.25043 
0.24 783 
0.24502 
0.24241 
0.23962 
0.23683 
0.23402 
0.23099 
0.22811 
0.22519 
0.22210 
0.21927 
0.21632 
0.21363 
0.21104 
0.20868 
0.20658 
0.20 468 
0.20312 

0.20189 
0.20076 
0.20018 
0.19996 
0.20012 
0.20069 
0.20151 
0.20264 
0.20390 
0.20 5 17 
0.20637 
0.20718 
0.20831 
0.21034 
0.21292 
0.22029 
0.22029 
0.39612 
0.41068 
0.42267 
0.42732 
0.42791 
0.42376 



DORMER JAMESON 
AR 211 

W.Schmidt 
AJameson 

15-9-2 

DILLNER WING: MAC H - (1.7(1. ALPHA - 15 

1 59 0.03813 0.0 
1 60 0.04719 0.0 
1 61 0.05770 0.0 
1 62 0.06988 0.0 
1 63 0.08401 0.0 
1 64 0.10039 0.0 
1 65 0.11940 0.0 
1 66 0.14057 0.0 
l 67 0.16248 0.0 
1 68 0.18437 0.0 
1 69 0.20628 0.0 
1 70 0.22823 0.0 
1 71 0.25025 0.0 
l 72 0.27239 0.0 
1 73 0.29465 0.0 
1 74 0.31710 0.0 
I 75 0.33974 0.0 
1 76 0.36263 0.0 
1 77 0.38577 0.0 
I 78 0.40921 0.0 
1 79 0.43299 0.0 
1 80 0.45711 0.0 
1 81 0.48163 0.0 
1 82 0.50658 0.0 
1 83 0.53199 0.0 
1 84 0.55788 0.0 
1 85 (i. 58428 0.0 
1 86 0.61123 0.0 
1 87 0.63877 0.0 
1 88 0.66691 0.0 
1 89 0.69569 0.0 
1 90 0.72515 0.0 
1 9 1 0 . 75 5 3 0 0.0 
1 92 0.78618 0.0 
1 93 0.81783 0.0 
1 94 0.85027 0.0 
1 95 0.88351 0.0 
1 96 0.91522 0.0 
I 97 0.94139 0.0 
1 98 0.96122 0.0 

0.78893 
0.78752 
0.78662 
0.78665 
0.78670 
0. 78363 
0.77714 
0.77051 
0.76636 
0.76509 
0.76628 
0.76898 
0.77253 
0.77642 
0.78026 
0.78383 
0.78693 
0.7895? 

0.79168 
0.79322 
0.79453 
0.79567 
0.79653 
0.79729 
0.79786 
0.79 82 8 
0.79851 
0.79838 
0.79776 
0.79605 
0.79336 
0.78923 
0.78326 
0.77511 
0.76407 
0.74989 
0.73176 
0.70954 
0.68510 
0.66133 

0.11961 
0. 10463 
0.08706 
0.06906 
0.05433 
0.04607 
0.04279 
0.04177 
0.04166 
0.04082 
0.03992 
0.03867 
0.03740 
0.03615 
0.03502 
0.03389 
0.03307 
0.03206 
0.03142 
0.03372 
0.02993 
0.02937 
0.02867 
C.02796 
0.02736 
0.02661 
0.02595 
0.02503 
0.02443 
0.02370 
0.02279 
0.02228 
0.02130 
0.02077 
0.01987 
0.01910 
0.01344 
0.01797 
0.01712 
0.01587 

0.41603 
0.40534 
0.39313 
0.38119 
0.37143 
0.36403 
0.35779 
0.35297 
0.35031 
0.34 895 
0.34908 
0.34992 
0.36 129 
0.35289 
0.35454 
0.35 60 3 
0.35744 
0.35840 
0.35934 
0.35985 
0.36015 
0.36051 
0.36059 
0.36060 
0.36057 
0.36027 
0.36005 
0.35937 
0.35858 
0.35701 
0.35470 
0.35174 
0.34728 
0.34172 
0.33407 
0.32451 
0.31250 
0.29806 
0.28201 
0.26618 

I 99 0.97625 
1 100 0.98 764 
1 101 0.99627 
1 102 1.00000 
2 1 1.00000 
2 2 0.99641 
2 3 0.98810 
2 4 0.97713 
2 5 0.96266 
2 6 0.94356 
2 7 0.91837 
2 8 0.88784 
2 9 0.85582 
2 10 0.82459 
2 11 0.79412 
2 12 0.76438 
2 13 0.73534 
2 14 0.70698 
2 15 0.67927 
2 16 0.65217 
2 17 0.62566 

0.0 
0.0 
0.0 
0.0 
0.01350 
0.01350 
0.01350 
0.01360 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 

0.63635 
0.61084 
0.57508 
0.57508 
0.60107 
0.59533 
0.62727 
0.64373 
0.66129 
0.67395 
0.68431 
0.69082 
0.69372 
0.69416 
0.69313 
0.69095 
0.68817 
0.68501 
0.68166 
0.67834 
0.67477 

0.01652 
0.01171 
0.01749 
0.01749 

-0.01690 
-0.00530 
-0.01611 
-0.00830 
-0.01048 
-0.00955 
-0.00984 
-0.01042 
-0.01067 
-0.01096 
-0.01110 
-0.01160 
-0.01166 
-0.01217 
-0.01232 
-0.01259 
-0.01300 

0.25115 
0.23178 
0.21480 
0.21480 
0.20341 
0.20896 
0.22053 
0.23694 
0.24650 
0.25533 
0.26181 
0.26559 
0.26730 
0.26738 
0.26660 
0.26483 
0.26298 
0.26056 
0.25827 
0.25593 
0.25332 



I 

r 
/ 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
? 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
? 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

HORNIER JAMESON 
AR2I1 

W.Schmidt 
A. Jameson 

15-9-3 

DILLNER WING: MACH-0.7 0. ALPHA - 15 

ie 
19 
20 
21 
22 
23 
2* 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 

0.59970 
0.57428 
0.54935 
0.52489 
0.50087 
0.47726 
0.45402 
0.43112 
0.40 855 
0.38627 
0.36423 
0.34243 
0.32082 
0.29937 
0.27806 
0.25685 
0.23572 
0.21462 
0. 19 354 
0.17244 
0. 15206 
0.13376 
0.11799 
0.10438 
0.09265 
0.08253 
0.073R1 
0.06629 
0.05980 
0.05420 
0.04938 
0.04 521 
0.04162 
0.03852 
0.03 709 
0.04162 
0.04 521 
0.04938 
0.05420 
0.05980 
0.06629 
0.07381 

0.08253 
0.09265 
0.10438 
0. 11798 
0.13376 
0.15206 
0.17245 
0. 19354 
0.21463 
0.23572 
0.25685 
0.27806 
0.29937 
0.32082 
0.34243 
0.36423 
0.38627 
0.40855 
0.43112 

0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 

0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 

0.67120 
0.66 763 
0.66400 
0.66027 
0.65628 
0.65204 
0.64 72 9 
0.64208 
0.63656 
0.63070 
0.62472 
0.61863 
0.61250 
0.60645 
0.60054 
0.59485 
0.58942 
0.58431 
0.57955 
0.57516 
0.57136 
0.56839 
0.56634 
0.56521 
0.56503 
0.56585 
0.56 784 
0.57144 
0.57756 
0.58682 
0.59262 
0.58696 
0.61409 
0.75000 
0.75000 
0.90451 
0.91683 
0.92347 
0.92192 
0.92301 
0.92432 
0.92237 

0.91703 
0.90746 
0.89190 
0.86889 
0.83749 
0.81049 
0.79374 
0.78567 
0.78341 
0.78431 
0.78672 
0.78975 
0.79283 
0.79556 
0.79779 
0.79951 
0.80087 
0.80172 
0.80191 

-0.01305 
-0.01338 
-0.01337 
-0.01346 
-0.01333 
-0.01299 
-0.01260 
-0.01175 
-0.01078 
-0.00994 
-0.00886 
-0.00808 
-0.00718 
-0.00643 
-0.00575 
-0.00513 
-0.00461 
-0.00405 
-0.00347 
-0.00308 
-0.00244 
-0.00190 
-0.00141 
-0.00094 
-0.00054 
-0.00031 

0.00020 
-0.00051 
-0.00031 
-0.00526 
-0.00095 

0.00751 
-0.00409 
-0.10966 
-0. 10966 
0.07937 
0.09539 
0.08694 
0.08779 
0.08898 
0.08753 
0.08501 

0.08213 
0.08001 
0.07909 
0.08072 
0.07927 
0.07088 
0.06228 
0.05640 
0.05173 
' .04 82 2 
3.0^624 
0.04261 
0.04022 
0.03806 
0.03605 
0.03435 
0.03254 
0.03132 
0.03028 

0.25097 
0.24842 
0.24610 
0.24 363 
0.24116 
0.23869 
0.23595 
0.23327 
0.23050 
0.22743 
0.22449 
0.22127 
0.21813 
0.21495 
0.21182 
0.20890 
0.20588 
0.20319 
0.20976 
0.19841 
0.19662 
0.19527 
0.19442 
0.19412 
0.19434 
C.19502 
0.19662 
0.19822 
0.20207 
0.20377 
0.21072 
0.21397 
0.22151 
0.23592 
0.23592 
0.45832 
0.47487 
0.47383 
0.47342 
0.47474 
0.47467 
0.47208 

0.46730 
0.46044 
0.45071 
0.43806 
0.41844 
0.39682 
0.38101 
0.37217 
0.36 767 
0.36588 
0.36539 
0.36554 
0.36588 
0.36616 
0.36623 
0.36620 
0.36587 
0.36561 
0.36505 



DORNIER/J AMESON 
AR 211 

W.Schmkll 
A Jameson 

15-9-4 

RU I NER WING: MAC H - 0.70. ALPHA - I 5 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

79 
80 
81 
02 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

0.45402 
C.47725 
0.50086 
0.52489 
0.54 935 
0.57428 
0.59970 
0.62566 
0.65217 
0.67927 
0.70 69 b 
0.73534 
0.76438 
0.79411 
0.82458 
0.85582 
0.88 783 
0.91837 
0.94356 
Ü.96266 
0.97713 
0.98810 
0.99641 
1.00000 
1.00000 
0.99667 
0.98895 
0.97876 
0.96532 
0.94 759 
0.92420 
0.89584 
0.866 1 0 
0.83710 
0.80880 
0.78119 
0.75422 
0.72788 
0.70215 
0.67698 
0.65^36 
0.62825 
0.60464 
0.58149 

0.55877 
0.53647 
0.51454 
0.49296 
0.47170 
0.45074 
0.43004 
0.40958 
0.38933 
0.36 926 
0.34934 
0.32956 
0.30 986 
0.29023 
0.27064 
0.25106 
0.23147 

0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.01350 
0.0135C 
0.01350 
0.0 1350 
0.01350 
0.91350 
0.01350 
0.01350 
0.01350 
0.0 1350 
0.01350 
0.03850 
0.03650 
0.0385R 
0.03050 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 

0.0 38 50 
0.03850 
0.03850 
0.03850 
0.0 3850 
0.03850 
0.03850 
0.03850 
0.038 50 
0.03850 
0.0 38 50 
0.03850 
0.03850 
0.03850 
0.03850 
0.03050 
0.03850 

0.80185 
0.80160 
0.80 110 
0.80056 
0.79986 
0.79905 
0. 79803 
0.79666 
0. 79470 
0.79164 
0.78762 
0.78219 
0. 77499 
0.76572 
0.75370 
0.73905 
0.72055 
0.69791 
0.67322 
0.64943 
0.62360 
0.59876 
0.56046 
0.56046 
0.60708 
0.60149 
0.63398 
0.65051 
0.66788 
0.68041 
0.69070 
0.69723 
0.70020 
0.70074 
0.69982 
0.69773 
0.69498 
0.69177 
0.68025 
0.68465 
0.68069 
0.67659 
0.67237 
0.66802 

0.66354 
0.65880 
0.65389 
0.64871 
0.64341 
0.63818 
0.63291 
0.62771 
0.62259 
0.61753 
0.61260 
0.60778 
0.60312 
0.59855 
0.59418 
0.59004 
0.58614 

0.02949 
0.02917 
0.02806 
ft.02869 
0.02869 
0.02847 
0.02854 
0.02020 
0.02817 
0.02792 
0.02748 
0.02738 
0.02678 
0.02663 
0.02605 
0.02551 
0.02516 
0.02494 
0.02414 
0.02277 
0.02407 
0.01727 
0.02608 
0.02608 

-0.02262 
-0.01029 
-0.02145 
-0.01367 
-0.01598 
-0.01521 
-0.01566 
-0.01642 
-0.01677 
-0.01711 
-0.01724 
-0.01767 
-0.01761 
-0.01793 
-0.01780 
-0.01768 
-0.01758 
-0.01695 
-0.01642 
-0.01534 

-0.01415 
-0.01255 
-0.01057 
-0.00845 
-0.00592 
-0.00339 
-0.00110 

0.00130 
0.00326 
0.00516 
0.00671 
0.00801 
0.00909 
0.00981 
0.01056 
0.01102 
0.01122 

0.36449 
0.36412 
0.36361 
0.36315 
0.36271 
0.36 20 5 
0.36146 
0.36036 
0.35910 
0.35700 
0.35416 
0.36066 
C.34569 
0.33971 
0.33176 
0.32 206 
0.31013 
0.29574 
(:.27973 
0.26396 
0.24912 
0.22879 
C.21311 
0.21311 
0.20272 
0.20885 
0.22073 
0.23720 
0.24666 
0.25534 
0.26172 
0.26542 
0.26711 
0.26722 
0.26653 
0.26484 
0.26 309 
0.26076 
0.25 855 
0.25629 
0.25379 
0.25159 
0.24924 
0.24723 

0.52 l 
0.24 336 
0.24170 
0.23999 
0.23853 
0.23 714 
0.23557 
0.23416 
0.23248 
0.23001 
0.22897 
0.22 703 
0.22502 
0.22280 
0.22074 
0.21860 
0.21641 



/ 

OORNIER, JAMESON 
AR 211 

-L 

W.Schmidt 
AJameson 

15-y-5 

DiLLNER WING: MACH - 0.70. ALPHA - 15 

0.2125* 
0.19555 
0.18090 
0.16826 
0.15737 
0.14797 
0.13987 
0.13288 
0.12686 
0.12166 
0.11718 
0.11331 
0.10998 
0.10710 
0.10577 
0.10998 
0.11331 
0.11718 
0.12166 
0.12636 
0.13288 
0.13987 
0.14797 
0.15737 
0.16826 
0.18090 
0.19555 
0.21254 
0.23147 
0.25106 
0.27064 
0.29023 
0.30 936 
0.32956 
0.34935 
0.36 926 
0.38933 
0.4095 8 
0.43-.04 
0.45074 
0.4717L 
0.49296 
0.51454 
0.53 647 
0.55877 
0.58149 

0.60464 
0.62825 
0.65236 
0.67696 
0.70214 
0.72788 
0.75422 
0.78119 
0.80880 
0.83709 
0. 86610 
0.89583 
0.92419 
0.94 759 
0.96532 
0.97876 

0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.Ö38 50 
0.038 50 
0.03850 
0.03850 
0.03850 
0.03850 
0.038 50 
0.03850 
0.03350 
0.03850 
0.03850 
0.03850 
0.03350 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.0 3850 
0.038 50 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.03850 

0.03850 
0.03850 
0.03850 
0.03850 
0.03850 
0.0 3850 
0.03850 
0.03850 
0,03850 
0.03850 
0.038 50 
0.03850 
0.03850 
0.03850 
0.03850 
0.0 3850 

0.58268 
0.57996 
0.5Î812 
0.57719 
0.57718 
0.57807 
0.57988 
0.58309 
0.58866 
0.59906 
0.60815 
0.60515 
0.63008 
0.74525 
0.74525 
0. 89603 
0.93077 
0.95200 
0.96327 
0.97663 
0.98704 
0.99255 
0.99438 
0.99150 
0.98089 
0.96085 
0.93203 
0.90019 
0.87265 
0.85254 
0.83906 
0.82996 
0.82393 
0.81961 
0.81622 
0.81343 
0.81109 
0.80917 
0.80769 
0.80662 
0.80579 
0.80523 
0.80479 
0.80428 
0.80370 
0.80284 

0.80166 
0.80007 
0.79792 
0.79505 
0.79108 
0.78614 
0.77986 
0.77191 
0.76200 
0.74958 
0.73449 
0.71566 
0.69271 
0.66778 
0.64377 
0.61775 

0.01155 
0.01187 
0.01209 
0.01221 
0.01229 
0.01213 
0.01247 
0.01153 
0.01194 
0 .00580 
0.00771 
0.01560 
0.00129 

-0.07607 
-0.07607 

0.06238 
0 .'¿5020 
C.04700 
0.05936 
0.06891 
0.07670 
0.08354 
0.08955 
0.09482 
0.09989 
0.10488 
0.10744 
0.10399 
0.09738 
0.09000 
0.08280 
0.07569 
0.06891 
0.06280 
0.05723 
0.05214 
0.04744 
0.04327 
0.03923 
0.035 80 
0.03277 
0.03028 
0.02857 
0.02726 
0.02647 
0.02617 

0.02595 
0.02620 
0.02620 
0.02656 
0.02672 
0.02672 
0.02704 
0.02689 
0.02719 
0.02710 
0.02706 
0.02727 
0.02754 
0.02708 
0.02594 
0.02752 

0.21459 
0.21322 
0.21229 
0.21184 
0.21189 
0.21230 
0.21365 
0.21482 
0.21850 
0.21997 
0.22702 
0.23134 
0.23564 
0.25573 
0.25573 
0.44323 
0.45707 
0.46803 
0.48159 
0.49464 
0.50484 
0.51163 
0.51587 
0.51706 
0.51394 
0.50532 
0.49050 
0.47034 
0.45043 
0.43410 
0.42160 
0.41165 
0.40369 
0.39714 
0.3914 8 
0.38647 
0.38198 
0.37808 
0.37452 
0.37162 
0.36912 
0.36715 
0.36575 
0.36458 
0.36369 
0.36294 

0.36206 
0.36121 
0.35985 
0.35 826 
0.35585 
0.35272 
0.34895 
0.34381 
0.33 774 
0.32982 
0.32026 
0.30855 
0.29437 
0.27852 
0.2628 Î 

0.24823 



/ 
t 

DORNIER/J AMESON 
AR 211 

W .Schmidt 
A. Jameson 

15-9-6 

DILLNER WING: MACH-0.7 0. ALPHA - IS 

0.^8895 
0,99 66 7 
’ ,i)000ö 
l.00/0 0 
0.99689 
0.98968 
0.98016 
0.96 76 1 
0.95105 
0.92920 
0.90272 
0.87495 
0.84 786 
0.82143 
0.79564 
0.77045 
0.74585 
0.72 182 
0.69832 
0.67532 
0.65281 
0.63076 
0.60913 
0.58792 
0.56 708 
0.54 661 
0.52 64 5 
0. 50659 
0.48702 
0.46 769 
0.44 858 
0.4296 7 
0.41092 
0.39232 
0.37384 
0.35544 
0.33 711 
0.31881 
0.30053 
0.28223 
0.26455 
0.24 86 8 
0.23500 
0.2? 320 
0.21302 
0.20 425 
0.19668 

0.19016 
0.18453 
0.17968 
0.17549 
0.17188 
0.16876 
0.16608 
0.16483 
0.16877 
0.17188 
0.17549 
0.17968 
0.18453 
0.19016 
0.19668 

0.0 38 50 
0.03850 
0.03850 
0.0 6000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.0 6000 
0.06000 
).06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
O.C6000 
0.0 6000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.0 6000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.O6000 
0.06C00 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 

0.06000 
O.Ú60C0 
0.06000 
0.06000 
0.06000 
0.06000 
0.060 00 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 

0.59314 
0.55492 
0.55492 
0.60809 
0.60253 
0.63609 
0.65270 
0.67001 
0.68229 
0.69220 
0.69834 
0.70395 
0.70119 
0.69999 
0.69761 
0.69454 
0.69098 
0.68706 
0.68301 
0.67856 
0.67393 
0.66913 
0.66419 
0.65912 
0.65389 
0.64864 
0.64334 
0.63816 
0.63326 
0.62846 
0.62386 
0.61947 
0.61525 
0.61124 
0.60739 
0.60372 
0.60017 
0.59681 
0.59 369 
0.59079 
0.58832 
0.58655 
0.58560 
0.58553 
0.58634 
0.58803 
0.59050 

0.59409 
0.59934 
0.60926 
0.61966 
0.62108 
0.64452 
0.72725 
0.72725 
0.86886 
0.90119 
0.92592 
0.93691 
0.95338 
0.97291 
0.99174 

0.02075 
0.03029 
0.03029 

-0.02466 
-0.01225 
-0.02402 
-0.01577 
-0.01794 
-0.01688 
-0.01690 
-0.01716 
-0.01699 
-0.01681 
-0.01645 
-0.01639 
-0.01583 
-0.01564 
-0.01503 
-0.0444 
-0.01392 
-0.01294 
-0.01215 
-0.01091 
-0.00969 
-0.00821 
-0.00652 
-0.00489 
-0.00300 
-0.00116 

0.00047 
0.00231 
0.00381 
0 .00536 
0.00670 
0.00791 
0.00901 
0.00983 
0.010 .rl 
0.01134 
0.01174 
0.01226 
0.01276 
0.01312 
0.01339 
0.01365 
0.01366 
0.01422 

0.01375 
0.01484 
0.00962 
0.01061 
0.01634 
0.00092 

-0.04495 
-0.04495 

0.06223 
0.05528 
0.04526 
0.06113 
0.07284 
0.08315 
0.09123 

0.22814 
0.21332 
0.21332 
0.20177 
0.20 796 
0.22012 
0.23703 
0.24659 
0.25535 
0.26179 
0.26561 
0.26 745 
0.26 773 
0.26720 
0.26569 
0.26409 
0.26191 
0.25980 
0.25 760 
0.25509 
0.25281 
0.25031 
0.24 804 
0.24570 
0.24347 
0.24139 
0.23927 
0.23743 
0.23575 
0.23399 
0.23254 
0.23097 
0.22956 
0.22813 
0.22671 
0.22533 
0.22 380 
0.22245 
0.22107 
0.21962 
0.21854 
0.21788 
0.21759 
0.21776 
0.21845 
0.21948 
0.22141 

0.22320 
0.22 724 
0.22942 
0.23634 
0.24163 
0.24441 
0.26505 
0.26505 
0.42674 
0.44214 
0.45130 
0.46698 
0.48327 
0.50024 
0.51527 



DORNIhR JAMFSON 
AR 211 

DILLNER WING: MACH-0.70. ALPHA 

WSchmidl 
AJamcson 

4 60 
4 61 
4 62 
4 63 
4 64 
4 65 
4 66 
4 67 
4 68 
4 69 
4 70 
4 71 
4 72 
4 73 
4 74 
4 75 
4 76 
4 77 
4 78 
4 79 
4 80 
4 81 
4 82 
4 83 
4 84 
4 85 
4 86 
4 87 
4 88 
4 89 
4 90 
4 91 
4 92 
4 93 
4 94 
4 95 
4 96 
4 97 
4 98 
4 99 
4 100 
4 101 
4 102 
5 1 
5 2 
5 3 
5 4 
5 5 

0.20425 
0.21302 
0.22320 
0.23500 
0.24 86 8 
0.26455 
0.28223 
0.30053 
0.31882 
0.33711 
0.35544 
0.37384 
0.39232 
0.41092 
0.42967 
0.44 858 
0.46 769 
0.48702 
0.50659 
0.52645 
0.54660 
0. 56 70 8 
0.58792 
0.60913 
0.63076 
0.65281 
0.67532 
0.69831 
0.72182 
0. 74585 
0.77045 
0.79564 
0.82143 
0.84 795 
0.87494 
0.90271 
0.92920 
0.95105 
0.96 761 
0.98016 
0.98968 
0.99 689 
1.00 000 
1.00000 
0.99 708 
0.99031 
0.98138 
0.96960 

0.06000 
0.06000 
0.06000 
0.06000 
0.0 6000 
0.06000 
0.0 60 00 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.0600C 
0.06000 
0.06000 
0.06000 
0•G 6000 
0.06000 
0.06000 
0.06COO 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.0 6000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.06000 
0.07864 
0.07864 
0.07864 
0.07864 
0.07664 

1.00870 
1.02203 
1.02808 
1.02474 
1.01168 
0.99015 
0.96481 
0.93993 
0.91798 
0.89893 
0.88233 
0.86821 
0.85627 
0.84630 
0.83815 
0.83162 
0.82653 
0.82264 
0.81965 
0.81732 
0.81535 
0.81350 
0.81167 
0.80964 
0.80736 
0.80473 
0.80161 
0.79784 
0.79 30 8 
0.78741 
0.78045 
0.77191 
0.76151 
0.74876 
0.73343 
0.71440 
0.69133 
0.66636 
0.64236 
0.61655 
0.59209 
0.55495 
0.55495 
0.60529 
0.59958 
0.63385 
0.65033 
0.66 755 

0.09910 
0.10545 
0.11075 
0.11417 
0.11410 
0.10998 
0.10387 
0.09611 
0.08841 
0.08053 
0.07297 
0.06575 
0.05919 
0.05328 
0.09798 
0.04336 
0.03922 
0.03579 
0.03294 
0.03039 
0.02859 
0.02713 
0.02608 
0.02542 
0.02483 
0.02465 
0.02430 
0.02436 
0.02434 
0.02426 
0.02457 
0.02449 
0.02488 
0.02490 
0.02503 
0.02549 
0.02602 
0.02569 
0,02469 
0.02632 
0.01997 
0.02939 
0.02939 

-0.02261 
-0.01021 
-0.02269 
-0.01390 
-0.01592 

5 6 0.95405 
5 7 0.93354 
5 8 0.90868 
5 9 0.88261 
5 10 0.85719 
5 11 0.83238 
5 12 0.80817 
5 13 0.78453 
5 14 0.76144 
5 15 0.73888 
5 16 0.71682 
5 17 0.69523 
5 18 0.67410 
5 19 0.65340 
5 20 0.63310 

0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.0 7864 
0.07864 
0.07864 
0.07864 

0.67957 
0.68906 
0.69471 
0.69687 
0.69673 
0.69520 
0.69252 
0.68915 
0.68530 
0.68111 
0.67683 
0.67220 
0.66745 
0.66263 
0.65776 

-0.01458 
-0.01423 
-0.01406 
-0.01343 
-0.01281 
-0.01204 
-0.01158 
-0.01063 
-0.01005 
-0.00905 
-0.00811 
-0.00729 
-0.00607 
-0.00515 
-0.00393 

i5-y-7 

0.5288« 
0.53951 
0.54550 
0.54545 
0.53835 
0.52440 
0.50 6 9 9 
0.48857 
0.47149 
0.4557? 
0.44136 
0.42850 
0.41722 
0.40 744 
0.39908 
0.39210 
0.38630 
0.38167 
0.37789 
0.37485 
0.37244 
0.37033 
0.36849 
0.36677 
0.36494 
0.36315 
0.36094 
0.35859 
0.35554 
0.35189 
0.34 768 
0.34219 
0.33586 
0.32779 
0.31817 
0.30650 
0.29240 
0.27662 
0.26105 
0.24658 
0.2269C 
0.21261 
0.21261 
0.20159 
0.20773 
0.21969 
0.23691 
0.24649 

0.25526 
0.26168 
0.26549 
0.26735 
0.26770 
0.26726 
0.26585 
0.26437 
0.26229 
0.26032 
0.25 825 
0.25588 
0.25373 
0.25134 
0.24914 



b 
b 
b 
b 
5 
5 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
5 
5 
b 
b 
b 
b 
b 
b 
5 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 

b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
5 
b 
b 
b 

DORMI R JAMESON 
AR 211 

W.Schmidt 
AJameson 

15-4-X 

Dll LNERWING: MACH-0.7(). ALPHA - IS 

21 
22 
23 
2* 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 

0.61318 
0.59363 
0.57441 
0.55549 
0.53685 
0.51847 
0.50033 
0.48239 
0,46464 
0.44704 
0.42958 
0.41223 
0.39497 
0.37770 
0.36058 
0.34342 
0.32624 
0.30965 
0.29475 
0.28190 
0.27083 
0.26128 
0.25304 
0.24594 
0.23981 
0.23453 
0.22998 
0.22605 
0.22256 
0.21973 
0.21721 
0.21604 
0.21973 
0.22266 
0.22605 
0.22998 
0.23453 
0.23981 
0.24594 
0.25304 
0.26128 
0.27083 
0.28190 
0.29475 
0.30965 
0.32625 
0.34342 
0.36059 

0.37776 
0.39497 
0.41223 
0.42958 
0.44 704 
0.46464 
0.48239 
0.50033 
0.51847 
0.53685 
0.55 548 
0.57440 
0.59362 
0.61318 
0.63310 

0.0 786*. 
0.07864 
0.07864 
0.07864 
0.07864 
0.0 7864 
0.07864 
0.07864 
0.07864 
0.07864 
0.0 7864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.0 7864 
0.0 7864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 

0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.0 7864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 

0.65289 
0.64 797 
0.64 3 14 
0.63834 
0.63370 
0.62931 
0.62500 
0.62088 
0.61693 
0.61314 
0.60956 
0.60615 
0.60295 
0.59990 
0.59710 
0.59462 
0.59245 
0.59082 
0.58996 
0.58993 
0.69078 
0.59253 
0.59522 
0.50872 
0.60325 
0.60899 
0.61869 
0.62980 
0.63501 
0.66085 
0.72463 
0.72463 
0.86655 
0.88653 
0.90206 
0.90816 
0.92046 
0.94060 
0.96454 
0.98957 
1.01461 
1.03628 
1.05215 
1.05945 
1.05588 
1.04269 
1.02294 
1.00056 

0.97770 
0.95543 
0.93472 
0.91631 
0.90034 
0.88673 
0.97513 
0.86529 
0.85685 
0.84959 
0.84326 
0.83759 
0.83242 
0.82765 
0.82314 

-0.00289 
-0.00180 
-0.03069 
0.00020 
0.00124 
0.00216 
C.00288 
0.00384 
0.00453 
0.00537 
0.00610 
0.00684 
0.00760 
0.00820 
0.00898 
0.00962 
0.01007 
0.01068 
0.01127 
0.01168 
0.01203 
0.C1238 
0.01249 
0.01308 
0.01290 
0.01439 
0.01088 
0.01159 
0.01591 

-0.00115 
-0.02820 
-0.02820 

0.0660 1 
0.07094 
0.05730 
0.07005 
0.07954 
0.08803 
0.09387 
0.10056 
0.10554 
0.10898 
0.11031 
0.10860 
0.10389 
0.09766 
0.08994 
0.08301 

0.07616 
0.07037 
0.06470 
0.05920 
0.05399 
0.04920 
0.04490 
0.04107 
0.03775 
0.03479 
0.03219 
0.03002 
0.02808 
0.02642 
0.02506 

0.24682 
0.24453 
0.24232 
0.23998 
0.23785 . 
0.23582 
0.23369 
0.23187 
0.22996 
0.22827 
0.22 664 
0.22512 
0.22375 
0.22237 
0.22128 
0.22027 
0.21931 
0.21880 
0.21875 
0.21906 
0.21985 
0.22118 
0.22289 
0.22548 
0.22808 
0.23273 
0.23595 
0.24334 
0.24986 
0.2*318 
0.27509 
0.27509 
0.42765 
0.44265 
0.44 386 
0.45502 
0.46780 
0.48437 
0.50134 
0.51905 
0.53549 
0.54 902 
0.55819 
0.56124 
0.55701 
0.54679 
0.53202 
0.51589 

0.49918 
0.48 30 9 
0.46770 
0.45356 
0.44087 
0.42972 
0.42000 
0.41159 
0.40429 
0.39792 
0.39232 
0.38740 
0.38290 
0.37883 
0.37510 



/ 
► 1 
-- 1. 

IXmtMIFR JAMESON 
AR 211 

W .Schmidt 
A Jameson 

15-9-0 

DILLNER WING: MAC H-0.7 ».ALPHA - 15 

5 
5 
b 
5 
b 
b 
b 
b 
5 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
6 
6 
b 
b 
b 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
b 
6 
6 
6 

6 
6 
6 
fe 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

84 
85 
0f> 
87 
88 
89 
90 
91 
9? 
93 
94 
95 
9i> 
97 
98 
99 

100 
101 
10? 

1 
? 
3 
4 
5 
6 
7 
e 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

30 
31 
32 
:3 
3 V 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

Ö.65340 
0.67410 
0.69523 
0.71681 
0.73 88 7 
0.76144 
0.78453 
0.80R1 7 
0.83238 
0.85718 
0.8826l 
0.90868 
0.93 35* 
0.95455 
0.96 960 
0.98 138 
0.99031 
0.99708 
1.00000 
1.00000 
0.99724 
0.99085 
0.98242 
0.97130 
0.95663 
0.93727 
0.91380 
0.80920 
0.86520 
0.84178 
0.81893 
0.79661 
0.77481 
0.75352 
0.73269 
0.71232 
0.69237 
0.67283 
0.65367 
0.63487 
0.61641 
0.59827 
0.58041 
0.56282 
0.54547 
0.52834 
0.51141 
0.49465 

0.47804 
0.46 156 
0.44519 
0.42889 
0.41265 
0.39643 
0.38023 
0.36402 
0.34835 
0.33429 
0.32217 
0.31171 
0.30270 
0.29492 
0.28 82 2 

0.0 7864 
0.07864 
0. 0786*. 
0.07864 
0.07864 
0.0 7864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.07864 
0.0 7864 
0.07864 
0.07864 
0.07864 
0.07864 
0.0 7864 
0.07864 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.0 9464 
0.0 9464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 

0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.0 9464 
0.09464 

C.81876 
0.81440 
0.80982 
0.00481 
0.79899 
0.79235 
0.7845? 
0.77523 
0.76422 
0.75105 
0.73543 
0.71624 
0.69314 
0.66828 
0.64440 
0.61890 
0.59451 
0.55849 
0.55849 
0.59976 
0.59346 
0.62811 
0 . 64 4 4 2 
0.66164 
0.67345 
0.68263 
0.68795 
0.68982 
0.68950 
0.68786 
0.68511 
0.68174 
0.67791 
0.67379 
0.66962 
0.66 518 
0.66068 
0.65621 
0.65178 
0.64 744 
0.64 314 
0.63897 
0.63485 
0.63086 
0.62708 
0.62331 
0.61966 
0.61613 

0.61270 
0.60941 
0.60627 
0.60332 
0.60055 
0.59801 
0.59586 
0.59413 
0,59304 
0.59283 
0.59352 
0.59512 
0.59769 
0.60127 
0.60578 

0.02378 
0.02294 
0.02205 
0.02165 
0.02127 
0.02094 
0.02106 
0.02086 
0.02117 
0.02116 
0.02133 
0.02193 
0.02272 
0.02272 
0.02212 
0.02403 
0.01837 
0.02772 
0.0277? 

-0.01537 
-0.00501 
-0.01795 
-0.00877 
-0.01065 
-0.0091l 
-0.00852 
-0.00809 
-0.00724 
-0.00646 
-0.00556 
-0.00500 
-0.00398 
-0.00337 
-0.00239 
-0.00149 
-0.00074 
0.00035 
0.00112 
0.03216 
0.00294 
0.00377 
0.00455 
0.00509 
0.00576 
0.00629 
0.00661 
0.00716 
0.00742 

0.00783 
0.00814 
0.00848 
0.00887 
0.00916 
0.00956 
0.01003 
0.01028 
0.01071 
0.01116 
0.01143 
0.01164 
0.01186 
0.01184 
0.01223 

0.3715? 
0.36819 
0.36470 
0.36124 
0.35720 
0.35283 
0.34 792 
0.34186 
0.33506 
0.32666 
0.31686 
0.30512 
0.29114 
0.27560 
0.26036 
0.24624 
0.22709 
0.21330 
0.21330 
0.20379 
C.20804 
0.21965 
0.23701 
0.24660 
0.28534 
0.26169 
0.26544 
0.26726 
0.26 762 
0.26722 
0.26586 
0.26444 
0.26243 
0.26052 
0.25851 
0.25623 
0.25419 
0.25194 
0.24 991 
0.24777 
0.24569 
0.24368 
0.24152 
0.23954 
0.23760 
0.23551 
0.23367 
0.23170 

0.22990 
0.22813 
0.22647 
0.22497 
0.22351 
0.22228 
0.22135 
0.22 04e* 
0.22018 
0.22040 
0.22103 
0.22216 
0.22389 
0.22 605 
0.22910 



IX3RNIER/J AMESON 
AR211 

W.Schmidt 
A Jameson 

15-9-10 

DILLNER WING: MACH - 0.70. ALPHA - 15 

6 45 
6 46 
6 47 
6 48 
6 49 
6 SO 
6 51 
6 5? 
6 53 
6 54 
6 55 
6 56 
fe 57 
fe 58 
6 50 
6 60 
fe fel 
6 62 
fe 63 
6 64 
fe 65 
fe 66 
6 67 
6 68 
6 69 
6 70 
6 ri 
6 72 
6 73 
6 74 
fe 75 
fe 76 
fe 77 
6 78 
fe 79 
6 80 
6 81 
6 82 
6 83 
6 84 
fe 85 
6 86 
6 87 
fe 80 
6 89 
6 90 
fe 91 
6 92 

0.28244 
0.27745 
0.27315 
0.26944 
0.26624 
0.26348 
0.26111) 
0.26000 
0.26348 
0.26624 
0.26944 
0.27315 
0.27745 
0.28244 
0.28822 
0.29492 
0.30270 
0.31171 
0.32217 
0.33429 
0.34836 
0.36402 
0.38023 
0.39644 
0.41265 
0.42 889 
0.44 519 
0.46 157 
0.47805 
0.49465 
0.51141 
0.52834 
0.54 547 
0.56282 
0.58040 
0.59826 
0.61641 
0.63487 
0.65367 
0.67283 
0.69237 
0.71231 
0.73269 
0.75 351 
0.77481 
0.79661 
0.81893 
0.84178 

0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
O.09464 
0.09464 
O,C 9464 
0.09464 
0.09464 
0.09464 
0.00464 
0.09464 
0.09464 
0.09464 
0.09464 
0.094 64 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.0 9464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 
0.09464 

0.61139 
0.61801 
0.62808 
0.63995 
0.64735 
0.67591 
0.73450 
0.73450 
0.87769 
0.88947 
0.89552 
0.89784 
0.90471 
0.91897 
0.93869 
0.96186 
0.98861 
1.01682 
1.04453 
1.06821 
1.08315 
1.08688 
1.07940 
1.06422 
1.0446? 
1.02298 
1.00115 
0.98022 
0.96073 
0.94294 
0.92656 
0.91161 
0.89793 
0.88558 
0.87446 
0.86443 
0.85543 
0.84 732 
0.83993 
0.83310 
0.82658 
0.32008 
0.81335 
0.80 6 0 2 
0.79803 
0.78905 
0.77882 
0.76708 

0.01191 
0.01333 
0.01044 
0.01102 
C.C1522 

-0.00465 
-0.02311 
-0.02311 

O.í 7059 
0.07731 
0.06697 
0.07595 
0.08246 
0.08891 
0.09235 
0.09705 
0.1)086 
0.10366 
0.10499 
0.10396 
0.10061 
0.09583 
0.08948 
0.08438 
0.07925 
0.07515 
0.07109 
0.06695 
0.06271 
0.05866 
0.0548^ 
0.05136 
0.04808 
0.04504 
0.04222 
0.03970 
0.03743 
0.03545 
0.03378 
0.03225 
0.03112 
0.02998 
0.02928 
0.02858 
0.02792 
0.02765 
0.02709 
0.02700 

0.23227 
0.23742 
0.24 140 
0.24920 
0.25698 
0.26020 
0.28521 
0.28521 
0.43714 
0.44821 
0.44565 
0.45236 
0.46026 
0.47235 
0.48572 
0.50157 
0.51067 
0.53573 
0.55145 
0.56362 
0.56991 
0.56961 
0.56259 
0.55192 
0.53861 
0.52444 
0.50 994 
0.49566 
0.48195 
0.46916 
0.45720 
0.44616 
0.43590 
0.42653 
0.41797 
0.41022 
0.40 321 
0.39692 
0.39124 
0.38 598 
0.38115 
0.37633 
0.37162 
0.36654 
0.36105 
0.35510 
0.34832 
0.34082 

6 
6 

fe 
6 
6 
6 
6 
6 
6 
6 

93 
94 
95 
96 
97 
98 
99 

100 
101 
10? 

0.86519 
0.88919 
0.91380 
0.93727 
0.95663 
0.97130 
0.98242 
0.99085 
0.99724 
1.00000 

0.09464 
0.09464 
0.0 9464 
0.09464 
0.09464 
0.09464 
0.0 9464 
0.09464 
0.09464 
0.09464 

0.75340 
0.73743 
0.71800 
0.69484 
0.67009 
0.64641 
0.62128 
0.59711 
0.56273 
0.56273 

0.02660 
0.02640 
0.02661 
0.02695 
0.02646 
0.02543 
G.02682 
0.02118 
0.02930 
0.02930 

0.33189 
0.32166 
0.30956 
0.29527 
0.27949 
0.26410 
0.24983 
0.23086 
0.21704 
0.21704 



/ 

DORMER JAMESON 
AR21I 

W.Schmidt 
A Jameson 

u. --- 

15-0-11 

DILLNER WING: MACH - 0.70. ALPHA - 15 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

7 
7 
7 
7 
7 
7 
7 
7 

1 
2 
3 
4 
4 
6 
7 
8 
9 

10 
11 
12 
11 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
10 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

54 
55 
56 
57 
58 
59 
60 
61 

1.00000 
0.99 73 9 
0.99132 
0.98333 
0.97278 
0.95886 
0.94050 
0.91824 
0.89490 
0.87213 
0.84992 
0.82924 
0.80 708 
0.78640 
0.76620 
9.74645 
0.72712 
0.70820 
0.68 966 
0.67149 
0.65366 
0.63615 
0.61894 
0.60200 
0.58531 
0.56886 
0.55261 
0.53655 
0.52066 
0.50490 
0.48927 
0.47373 
0.45828 
0. 44287 
0.42749 
0.41212 
0.39674 
0.38188 
0.36854 
0.35705 
0.34713 
0.33 85 8 
0.33120 
0.22484 
0.31 936 
0.31463 
0.31055 
0.30 70 3 
0.30400 
0.30138 
0.29912 
0.29807 
0.30130 

0.30400 
0.30703 
0.31055 
0.31463 
0.31936 
0.32 484 
0.33120 
0.33 85 8 

0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0. 10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.198 50 
0. 10850 
0.10850 
0.10850 
0. 108 50 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.108 50 
0.10850 
0.1085U 
0.108 50 
0.10850 
0.10850 
0.10850 
0. 108 50 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.108 50 
0.10850 
0.10850 
0.10850 
0.108 50 
0.10850 

0.10850 
0.10850 
0.10850 
0.108 50 
0.10850 
0.10850 
0.10850 
0.10850 

0.59117 
0.58572 
0.62156 
0.63757 
0.65497 
0.66649 
3.67547 
0.68061 
0.68243 
0.68218 
0.68069 
0.67816 
0.67506 
3.67166 
0.66781 
0.66405 
0.66004 
0.65602 
0.65203 
0.64811 
0.64428 
0.64 049 
0.61603 
0.63320 
0.62968 
0.62635 
0.62301 
0.61977 
0.61662 
0.61356 
0.61063 
0.60783 
0.60520 
3.60277 
0.60061 
0.59804 
0.59754 
0.59697 
0.59731 
0.59859 
0.60081 
0.6040? 
0.60830 
0.61360 
0.62012 
0.62751 
0.63815 
0.65090 
0.65929 
0.68867 
0.74645 
0.74645 
0.88951 

0.89661 
0.89811 
0.89891 
0.50280 
0.91161 
0.92565 
0.94389 
0.96690 

•0.01064 
0.03071 

■0.01207 
•0.00217 
■0.00417 
•0.00241 
■0.00179 
-0.00132 
•0.03349 
0.00018 
0.00093 
0.00130 
0.00206 
0 .00 ? 3 7 
0.00299 
0.00347 
0.00376 
0.00414 
0.03457 
0.00505 
0.00529 
0.0054« 
0.00590 
0.03602 
0.00631 
0.00652 
0.00656 
0.00683 
0 .03686 
0.00703 
0.00712 
0.00722 
0.00734 
0.00 74 4 
0.00755 
0.00770 
0.00770 
0.00788 
0.038H 
0.00831 
0.00843 
0.00863 
0.00858 
0.(30 89 1 
0.00848 
0.00989 
0.00728 
0.00761 
0.01223 

-0.00877 
-0.02426 
-0.02426 
0.07048 

0.07762 
0.07001 
0.07709 
0.08096 
0.08577 
0.08713 
0.08886 
0.08959 

0.2(3219 
0.23 782 
0.22002 
3.2376« 
0.24718 
0.25584 
0.26202 
0.26567 
0.26 743 
0.26777 
0.26736 
0.26602 
0.26460 
0.26261 
0.26068 
0.25866 
0.25633 
0.25472 
0.25189 
0.24978 
0.24756 
0.24542 
0.24337 
0.24119 
0.23922 
0.23712 
0.23528 
0.21349 
0.23157 
0.22 9«1 
0.22808 
0.22644 
0.22492 
0.22352 
0.22229 
0.22133 
0.22053 
0.22013 
0.22075 
0.22165 
0.22310 
0.22522 
0.22778 
0.23130 
0.23497 
0.24064 
0.24524 
0.25346 
0.26219 
0.26541 
0.29236 
0.29236 
0.44415 

0.45263 
0.44901 
0.45367 
0.45826 
0.46624 
0.47521 
0.48674 
0.50033 

T“5?5 

i ' 
1 
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DORMER, JAMESON 
AR 211 

W.Schmidt 
A Jameson 

15-0-12 

DILLNER WING: MAC H - 0.70. ALPHA - 15 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

a 
8 
8 
8 
8 
8 
8 
8 

62 
63 
64 
65 
66 
67 
68 
6<í 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 
20 
21 
22 

0.34713 
0.35 79 5 
0.36854 
0. 38188 
0.39674 
0.41212 
0.42749 
0.44287 
0.45828 
0.47374 
0.48927 
0.50490 
U.52066 
0.53655 
0.55261 
0.56886 
0.58531 
0.60200 
0.61894 
0.63615 
0.65366 
0.67149 
0.68966 
0.70820 
0.72712 
0.74644 
0.76620 
0.78640 
0.80708 
0.82824 
0.84992 
0.87213 
0.89489 
0.91823 
0.94049 
0.95886 
0.97278 
0.98333 
0.99132 
0.99739 
1.00000 
1.00000 
0.99754 
0.99185 
0.98434 
0.97443 
0.96136 
0.9441 1 
0.92 320 
0.90127 
0.87989 
0.85903 
0.83866 
0.81878 
0.79936 

0.78038 
0.76183 
0.74367 
0.72590 
0.70 849 
0.69142 
0.67467 
0.65822 

0.108 50 
0.10850 
0.10850 
0.10850 
0.10850 
0.108 50 
0.10850 
0. 108 50 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.108 50 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.108 50 
0.10850 
0.10850 
0.10850 
0.10850 
0.10850 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 

0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 

0.99394 
1.02436 
1.05577 
1.08383 
1.10412 
1.11276 
1.11084 
1.10104 
1.08587 
1.06763 
1.04 776 
1 .02717 
1.00645 
0.98624 
0.96698 
0.94 88 7 
0.93221 
0.91699 
0.90314 
0.89061 
0.87922 
0.86874 
0.85898 
0.84963 
0.84046 
0.83122 
0.82162 
0.81160 
0.80083 
0.78906 
0.77605 
0.76138 
0.74464 
0.72464 
0.70119 
0.67630 
0.65292 
0.62808 
0.60440 
0.57124 
0.57124 
0.58892 
0.58322 
0.61841 
0.63367 
0.65075 
0.66184 
0.67045 
0.67539 
0.67718 
0.67703 
0.67575 
0.67349 
0.67072 
0.66758 

0.66423 
0.66088 
0.65730 
0.65370 
0.65012 
0.64660 
0.64314 
0.63969 

0.08972 
0.08934 
0.08784 
0.08501 
0.08105 
0.C7558 
0.07137 
0.06665 
0.06256 
0.06818 
0.05376 
0.04934 
0.04484 
0.04043 
0.03654 
0.03284 
0.02960 
0.02672 
0.02419 
0.02203 
0.02020 
0.01970 
0.01739 
0.01645 
0.01556 
0.01508 
0.01464 
0.01426 
0.01427 
0.01405 
0.01431 
0.01428 
0.01450 
0.01515 
0.01594 
0.01597 
0.01528 
0.01712 
0.01206 
0.02000 
0.02000 

-0.00229 
0.00681 

-0.00629 
0.00375 
0.00160 
0.00325 
0.00368 
0.00394 
0.00452 
0.00498 
0.00549 
0.00565 
0.00619 
0.00627 

0.00666 
0.00690 
0.00695 
0.00728 
0.00727 
0.00750 
0.00753 
0.00763 

0.51571 
0.53250 
0.54 901 
O. 56282 
P. 57180 
0.57386 
0.57089 
0.56343 
0. ,5321 
0.,54 100 
0.52762 
0.51359 
0.49920 
0.43401 
0.47126 
0.45823 
0.44618 
0.43511 
0.42 501 
0.41587 
0.40759 
0.40005 
0.39304 
0.38651 
0.38010 
0.37388 
0.36745 
0.36078 
0.35387 
0.34617 
0.33799 
0.32855 
0.31798 
0.30 566 
0.29132 
0.27568 
0.26049 
0.24652 
0.22812 
0.21453 
0.21453 
0.20740 
0.21116 
0.22251 
0.23975 
0.24 885 
0.25709 
0.26287 
0.26620 
0.26776 
0.26800 
0.26757 
0.26625 
0.26489 
0.26297 

0.26114 
0.25921 
0.25699 
0.25497 
0.25272 
0.25069 
0.24 855 
0.24647 



HORNIER JAMESON 

AR21I 

W.Schmidt 
A Jameson 

15-9-13 

DIELNER WING: MACH - 0.70. AL PHA - 15 _J 

__ c 14. A Q 1 

0.64205 
0.62614 
0.61047 
0.59 501 
0.57975 
0.56466 
0.54973 
0.53493 
0.52025 
0.50566 
0.49114 
0.47666 
0.46222 
0.44778 
0.43334 
0.41938 
0.40685 
0.39605 
0.38 67 3 
0.37870 
0.37177 
0.36580 
0.36065 
0.35620 
0.35237 
0.34907 
0.34622 
0.34376 
0.34164 
0.34065 
0.34376 
0.34 622 
0.34907 
0.35237 
0.35620 
0.36065 
0.36580 
0.37177 
0.37870 
0.38673 
0.39605 
0.40685 
0.41938 
0.43334 
0.44779 
0.46222 
0.47666 
0.49 114 
0.50566 
0.52 02 5 
0.53494 
0.54 973 
0.56466 
0.57975 
0.59501 

0.6104 7 
0.62614 
0.64205 
0.65822 
0.67467 
0.69142 

0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.l2400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.124O0 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 

0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 

0.63302 
0.62979 
0.62674 
0.62370 
0.62076 
0.61793 
0.61520 
0.61262 
0.61020 
0.60797 
0.60597 
0.60427 
0.60301 
0.60228 
0.60229 
0.60320 
0.60503 
0.60778 
0.61151 
0.61629 
0.62214 
0.62928 
0.63 721 
0.64 820 
0.66157 
0.67048 
0.69885 
0.75477 
0.75477 
0.89931 
0.90368 
0.90345 
0.90343 
0.90572 
0.91096 
0.92045 
0.93395 
0.95191 
0.97418 
1.00104 
1.03220 
1.06588 
1.09792 
1.12222 
1.13646 
1.14142 
1.13857 
1.12980 
1.11652 
1.10012 
1.08153 
1.06170 
1.04171 
1.02202 

1.00308 
0.98509 
0.96302 
0.95188 
0.93655 
0.92193 

0.00775 
0.00792 
0.00804 
0.00802 
0.00825 
0.00825 
0.00839 
0.00846 
0.00855 
0.00864 
0.00866 
0.00873 
0.00884 
0.00872 
0.00876 
0.00891 
0.00893 
0.00892 
0.00904 
0.00889 
0.00913 
0.00855 
0.00985 
0.00728 
0.00736 
0.01176 

-0.00821 
-0.02305 
-0.02305 

0.06520 
0.07398 
0.06695 
0.07325 
0.07486 
0.07803 
0.07800 
0.07803 
0.07740 
0.07677 
0.07625 
0.07552 
0.07464 
0.07302 
0.06958 
0.06712 
0.06353 
0.06024 
0.05668 
0.05344 
0.05067 
0.04831 
0.04587 
0.04 36 7 
0.04120 

0.03900 
0.03685 
0.03474 
0.03282 
0.03098 
0.02926 

0.24240 
0.24053 
0.23873 
0.23683 
0.23519 
0.23345 
0.23188 
0.23035 
0.22893 
0.22763 
0.22 64 3 
0.22544 
0.22476 
0.22422 
0.22426 
0.22493 
0.22606 
0.22 774 
0.23011 
0.23294 
0.23672 
0.24069 
0.24661 
0.25152 
0.25998 
0.26887 
0.27241 
0.29873 
0.29873 
0.44687 
0.45466 
0.45039 
0.45409 
0.45639 
0.46134 
0.46691 
0.47484 
0.48495 
0.49749 
0.51259 
0.52981 
0.54806 
0.5647? 
0.57615 
0.58258 
0.58360 
0.58063 
0.57435 
0.56570 
0.55544 
0.54400 
0.53164 
0.51911 
0.50 642 

0.49415 
0.48230 
0.47090 
0.46004 
0.44 96 3 
0.43964 

. .. i m 
ítSC* ——i 
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DORNIER/J AMESON 
AR2II 

W .Schmidt 
A Jameson 

15-9-14 

DILLNER WING: MACH-0.7 «.ALPHA - 15 

H 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
q 
9 
9 
9 
9 
9 
9 
9 
9 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

9 
9 
9 
9 
9 
9 

84 
85 
06 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

39 
40 
41 
42 
43 
44 

0.70849 
0.72 590 
0.74367 
0.76182 
0.78038 
0.79936 
0.81878 
0.83866 
0.85902 
0.87983 
0.90127 
0.92319 
0.94410 
0.96136 
0.97443 
0.93434 
0.99185 
0.99754 
1.00000 
1.00000 
0.99772 
0.99243 
0.98545 
0.97624 
0.96409 
0.94807 
0.92864 
0.90827 
0.88840 
0.86901 
0.85009 
0.83162 
0.81357 
0.79594 
0.77870 
0.76183 
0.74532 
0.72914 
0.71328 
0.69771 
0.68243 
0.66 741 
0.65262 
0.63806 
0.62370 
0.60952 
0.59550 
0.58163 
0.56 788 
0.55423 
0.54068 
0.52718 
0.51374 
0.50031 
0.48690 
0.47348 
0.46051 

0.44 88 7 
0.43883 
0.43017 
0.42271 
0.41627 
0.41072 

0.12400 
0.12400 
0. 12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0.12400 
0. 12400 
0.12400 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 

0.14100 
0.14100 
0.14100 
0.14100 
0.14100 
0.14100 

0.90789 
0.89426 
0.80093 
0.86777 
0.85456 
0.84116 
0.82729 
0.81275 
0.79729 
0.7805? 
0.76194 
0.74034 
0.71568 
0.69005 
0.66602 
0.64069 
0.61648 
0.58387 
0.58387 
0.59280 
0.58697 
0.62065 
0.63440 
0.65061 
0.66083 
0.66873 
0.67323 
0.67486 
0.67471 
0.67353 
0.67145 
0.66888 
0.66598 
0.66286 
0.65976 
0.65642 
0.65307 
0.64973 
0.64643 
0.64318 
0.63992 
0.63675 
0.63359 
0.63054 
0.62765 
0.62479 
0.62204 
0.6194? 
0.61693 
0.61460 
0.61246 
0.61055 
0.60892 
0.60763 
0.60682 
0.60661 
0.60720 

0.60870 
0.61109 
0.61439 
0.61863 
0.62 389 
0.63019 

0.0276? 
0.02616 
0.02468 
0.02345 
0.02226 
0.02115 
0.02039 
0.01946 
0.01897 
0.01825 
0.01786 
0.01789 
0.01805 
0.01755 
0.01641 
0.01792 
0.01264 
0 . Cl 990 
0.01990 
0.00329 
0.01123 

-0.00251 
0.00766 
0.00527 
0.006 f7 
0.00700 
0.00706 
0.00741 
0.00762 
0.00792 
0.00785 
0.00919 
0.00808 
0.00828 
0.00835 
0.00024 
0.00844 
0.00831 
0.00843 
0.00837 
0.00840 
0.00845 
0.00837 
0.00847 
0.00853 
0.00847 
0.00865 
0.00862 
0.00874 
0.00881 
0.00089 
0.00898 
0.00908 
0.00910 
0.00925 
0.00917 
0.00923 

0.00942 
0.00947 
0.00945 
0.00960 
0.00945 
0.00967 

0.42998 
0.42061 
0.41 138 
0.40234 
0.39326 
0.38406 
0.37476 
0.36488 
0.35469 
0.34349 
0.33135 
0.31759 
0.30 201 
0.28544 
0.26951 
0.25490 
0.23595 
0.22 193 
0.22193 
0.21417 
0.21692 
0.22682 
0.24319 
0.25152 
0.25908 
0.26423 
0.26713 
0.26842 
0.26848 
0.26 795 
0.26659 
0.26521 
0.26330 
0.26148 
0.25958 
0.25741 
0.25544 
0.25326 
0.25128 
0.24921 
0.24719 
0.24526 
0.24 323 
0.24141 
0.23967 
0.23785 
0.23629 
0.23466 
0.23321 
0.23183 
0.23058 
0.22948 
0.22856 
0.22779 
0.22 740 
0.22 721 
0.22762 

0.22869 
0.23019 
0.23220 
0.23492 
0.23805 
0.24212 
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0.39825 
0.3951« 
0.39253 
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0.38736 
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0.46051 
0.47348 
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0.52718 
0 . 54 06 8 
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0.56 78 8 
0.58163 
0.59550 
0.60952 
0.62370 
0.63806 
0.65262 
0.66 741 
0.68243 
0.69771 
0.71328 
0.72914 
0.74532 
0.76183 
0.77869 
0.79 594 
0.81357 
0.83162 
0.85 009 
0.86901 
0.88839 
0.90826 
0.92963 
0.94806 
0.96409 
0.97624 
0.98545 
0.99243 
0.99772 
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0.14100 
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0.14100 
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0.14100 
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0.14100 
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0.14100 
0.14100 
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0.14100 

0.14100 
0.15650 
0.15650 
0.15650 
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0.63781 
0.64611 
0.65732 
0.67104 
0.68035 
0.73695 
0.75979 
0.75979 
0.90634 
0.90908 
0.90774 
0.90689 
0.90815 
0.91137 
0.91788 
0.92772 
0.94121 
0.95842 
0.98006 
1.00659 
1.03814 
1.07290 
1.10507 
1.13110 
1.14997 
1.16104 
1.16481 
1.16204 
1.15402 
1.14211 
1.12728 
1.11068 
1.09286 
1.07440 
1.05580 
1 .03712 
1.01857 
1.00023 
0.98213 
0.96429 
0.94671 
0.92949 
0.91242 
0.89539 
0.87830 
0.86095 
0.84318 
0.82478 
0.80539 
0.78441 
0.76064 
0.73432 
0.70757 
0.68261 
0.65626 
0.63115 
0.59877 

0.59877 
0.60360 
0.59734 
0.62883 
0.64045 

0.00 904 
0.01031 
0.00777 
0.00782 
0.01146 

-0.03613 
-0.02123 
-0.02123 

0.05718 
0.06827 
0.06180 
0.06850 
0.06893 
0.07141 
0.07104 
0.07072 
0.06987 
0.06926 
0.06894 
0.06846 
0.06819 
0.06772 
0.06572 
0.06459 
0.06219 
0.06005 
0.05760 
0.05544 
0.05361 
0.05206 
0,05030 
0.04873 
0.04666 
0.04478 
0.04278 
0.04064 
0.03862 
0.03657 
0.03455 
0.03261 
0.03067 
0.02866 
0.02684 
0.02511 
0.02351 
0.02224 
0.02088 
0.01992 
0.01877 
0.01808 
0.01777 
0.01765 
0.01717 
0.01618 
0.01814 
0.01286 
0.02016 

0.02016 
0.00470 
0.01243 

-0.00153 
0.00886 

0.24636 
0.2^^40 
0.25761 
0.26630 
0.27487 
0.27915 
0.30330 
0.30330 
0.44638 
0.45452 
0.44993 
0.45335 
0.45436 
0.45772 
0.46136 
0.46699 
0.47447 
0.48422 
0.49663 
0.51166 
0.52943 
0.54856 
0.56518 
0.57860 
0.58751 
0.59236 
0.59328 
0.59089 
0.58587 
0.57886 
0.57010 
0.56035 
0.54954 
0.53830 
0.52675 
0.51492 
0.50 307 
0.49117 
0.47929 
0.46 747 
0.45569 
0.44 397 
0.43234 
0.42070 
0.40902 
0.39729 
0.38517 
0.37285 
0.35974 
0.34587 
0.33046 
0.31358 
0.29624 
0.27976 
0.26471 
0.24515 
0.23106 

0.23106 
0.22189 
0.22413 
0.23270 
0.24787 

/ 



DORNIER JAMESON 
AR 211 

W.Schmidt 
AJameson 

— 

15-y-lh 

Dll 1 NI R'.VING: MAC H - 0.70. ALPHA - 1Í 

0 s 
O 6 
O 7 
O 8 
O 9 
O 10 
0 11 
0 12 
0 13 
0 14 
0 lí> 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 

.0 26 

.0 26 

.0 27 
.0 28 
.0 29 
.0 30 
.0 31 
.0 32 
.0 33 
.0 34 
.0 35 
.0 36 
.0 37 
0 38 

.0 39 

.0 40 

.0 41 

.0 42 

.0 43 

.0 44 

.0 45 
0 46 

.0 4 7 
0 48 

.0 49 

.0 50 

.0 51 

.0 52 

.0 53 

.0 54 

.0 55 

.0 56 
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0.95 168 
0.93360 
0.91464 
O.89616 
0.87812 
0.86051 
0.64332 
0.82 653 
0.81012 
0.79408 
0.77839 
0.76302 
0.74797 
0.73 321 
0.71873 
0.70451 
0.69053 
0.67677 
0.66322 
0.64985 
0.63666 
0.62362 
0.61071 
0.59791 
0.58522 
0.57260 
0.56005 
0.54754 
0.53505 
0.52257 
0.51007 
0.49801 
0.48718 
0.47784 
0.46978 
0.46284 
0.45685 
0.45168 
0.44 72 3 
0.44339 
0.44007 
0.43722 
0.43475 
0.43263 
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0.42994 
0.43263 
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0.43722 
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0.15650 
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0.15650 
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0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 
0.15650 

0.15650 
0.15650 
0.15650 
0.15650 
0.15650 

0.65517 
0.66380 
0.67C43 
0.67405 
0.67519 
0.67480 
0.67352 
0.67142 
0.66889 
0.66606 
0.66302 
0.66001 
O .65676 
0.65349 
0.65025 
0.64 704 
0.64389 
0.64074 
0.63770 
0.63467 
0.63174 
0.62900 
0.62629 
0.62371 
0.62127 
0.61898 
0.61687 
0.61498 
0.61333 
0.61200 
0.61105 
0.61062 
0.61084 
0.61193 
0.61396 
0.61686 
0.62066 
0.62537 
0.63107 
0.63778 
0.64580 
0.65440 
0.66572 
0.67957 
0.68919 
0.71404 
0.76361 
0.76361 
0.91114 
0.91240 
0.90975 
0.90810 
0.90873 
0.91081 
0.91541 
0.92262 
0.93270 
0.94573 

0.96244 
0.98358 
1.00982 
1.04078 
1.07269 

«•!, 

0.00621 
0.00772 
0.00782 
0.00778 
0.00798 
0.00804 
0.00820 
0.00801 
0.00822 
0.00799 
0.00809 
0.00806 
0.00788 
0.00799 
0.00781 
0.00788 
0.00777 
0.00774 
0.00775 
0.00763 
0.00767 
0.00767 
0.00755 
0.00765 
0.00756 
0.00761 
0.00760 
0.00761 
0.00762 
0.00767 
0.00765 
0.00775 
0.00767 
0.00772 
0.00792 
0.00798 
0.00797 
0.00815 
0.00802 
0.00829 
0.00766 
0.00897 
0.00650 
0.00669 
0.00954 

-0.00566 
-0.02093 
-0.02093 

0.04881 
0.06206 
0.05640 
0.06381 
0.06352 
0.06580 
0.06543 
0.06514 
0.06421 
0.06346 

0.06297 
0.06237 
0.06194 
0.06138 
0.05980 

0.25509 
0.26166 
0.26592 
0.26818 
0.26905 
0.26885 
0.26815 
0.26668 
0.26524 
0.26329 
0.26144 
0.25952 
0.25734 
0.25538 
0.25321 
0.25125 
0.24920 
0.24 21 
0.24532 
0.24333 
0.24155 
0.23985 
0.23807 
0.23655 
0.23498 
0.23360 
0.23229 
0.23113 
0.23013 
0.22935 
0.22 875 
0.22857 
0.22 864 
0.22935 
0.23075 
0.23258 
0.23492 
0.23797 
0.24140 
0.24578 
0.25030 
0.25668 
0.26196 
0.27088 
0.27907 
0.28 409 
0.30 605 
0.30 605 
0.44438 
0.45288 
0.44798 
0.45132 
0.45153 
0.45411 
0.45663 
0.46076 
0.46 623 
0.47352 

0.48310 
0.49514 
0.51010 
0.52748 
0.54461 
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0.53505 
0.54754 
0.56005 
0.57260 
0.58522 
0.59792 
0.61071 
0.62362 
0.63666 
0.64985 
0.66322 
0.67677 
0.69053 
0.70451 
0.71873 
0.73321 
0.74 797 
0.76302 
0.77838 
0.79408 
0.81012 
0.82653 
0.84332 
0.86051 
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0.91464 
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0.96659 
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1.17351 
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1.17497 
I . 16864 
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1.13135 
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1.09743 
1.07995 
1.05987 
1.04037 
1.02067 
1.00087 
0.99107 
0.96108 
0.94098 
0.92077 
0.90036 
0.87961 
0.85833 
0.83617 
0.81241 
0.78585 
0.75700 
0.72818 
0.70159 
0.67367 
0.64777 
0.61649 
0.61649 
0.62318 
0.61602 
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0.66434 
0.67045 
0.67508 
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0.67749 
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0.67003 
0.66714 
0.66408 
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0.65136 
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0.63336 
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0.62583 
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0.05154 
0.04957 
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0.04144 
0.03923 
0.03722 
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0.02746 
0.02570 
0.02407 
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0.02125 
0.01994 
0.01900 
0.01790 
0.01738 
0.01719 
0.01698 
0.01634 
0.01501 
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0.01819 
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0.00714 
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87 
88 
89 
90 
91 

0.63979 
0.62 795 
0.61620 
0.60453 
0.59291 
0.58133 
0.56978 
0.55 823 
0.54667 
0.53550 
0.52548 
0.51684 
0.50939 
0.50296 
0.49 742 
0.49264 
0.48852 
0.48496 
0.48190 
0.47926 
0.47697 
0.47501 
0.47331 
0.47253 
0.47501 
0.47698 
0.47926 
0.48190 
0.48496 
0.48852 
0.49264 
0.49742 
0.51)296 
0.50938 
0.51684 
0.52 548 
0.53550 
0.54667 
0.55823 
0.56978 
0.58133 
0.59291 
0.60453 
0.61620 
0.62 795 
0.63979 
0.65173 
0.66380 
0.67601 
0.68837 
0.70091 
0.71364 
0.72658 
0.73974 
0.75314 
0.76679 
0.78072 
0.79494 

0.80946 
0.82430 
0.83949 
0.85502 
0.87093 

0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.1 7200 
0.17200 

,17200 
,17200 
.17200 
.17200 
,17200 

0.17200 
.17200 
,17200 
.17200 
.17200 
, 17200 
,17200 
,17200 
.17200 

0.17200 
0.17200 
0.17200 
0.17200 

0.17200 
0.17200 
0.17200 
0.17200 
0.17200 

0. 

0 
0, 

0. 
0, 
0, 
0. 
0. 
0. 
0. 
0, 

.62360 
0.62153 
0.61967 
0.61805 
0.61670 
0.61570 
0.61511 
0.61506 
0.61571 
0.61724 
0.61970 
0.62301 
0.62721 
0.63229 
0.63832 
0.64532 
0.65363 
0.66241 
0.67375 
0.68757 
0.69734 
0.72063 
0.76723 
0.76723 
0.91437 
0.91463 
0.91054 
0.90824 
0.90843 
0.90970 
0.91295 
0.91827 
0.92 589 
0.93579 
0.94856 
0.96488 
0.98557 
1.01084 
1.03824 
1.06581 
1.09261 
1.11730 
1.13910 
1.15703 
1.17058 
1.17953 
1.18 369 
1.18358 
1.17938 
1.17167 
1.16127 
1.14837 
1.13348 
1.11701 
1.09925 
1.08050 
1.06089 
1.04042 

1.01921 
0.99748 
0.97525 
0.95244 
0.92907 

-0, 

0.00625 
0.00626 
0.0062l 
0.00618 
0 .00614 
0.00612 
0.00605 
0 ,00608 
0.00596 
0.00597 
0.00617 
0.00625 
0.00627 
0.00652 
0.00645 
0.00680 
0.00622 
0.00763 
0.00529 
0.00568 
0.00799 

.00535 
0.02030 
0.02030 
0.04193 
0.05701 
0.05210 
0.05997 
0.05920 
0.06151 
0.06125 
0.06110 
0.06015 
0.05926 
0.05857 
0.05782 
0.05732 
0.05672 
0.05500 
0.05451 
0.05351 
0.05300 
0.05208 
0.05105 
0.04968 
0.04814 
0.04616 
0.04446 
0.04215 
0.04020 
0.03816 
0.03598 
0.03404 
0.03203 
0.03005 
0.02819 
0.02634 
0.02474 

0.02312 
0.02154 
0.01995 
0.01847 
0.01689 

0.23541 
0.23413 
0.23295 
0.23193 
0.23106 
0.23043 
0.23001 
0.23000 
0.23031 
0.23126 
0.23294 
0.23505 
0.23766 
0.24101 
0.24471 
0.24936 
0.25413 
0.26072 
0.26615 
0.27523 
0.28313 
0.28859 
0.30888 
0.30888 
0.44264 
0.45127 
0.44 594 
0.44916 
0.44882 
0.45094 
0.45273 
0.45583 
0.45984 
0.46524 
0.47245 
0.48169 
0.49359 
0.50796 
0.52282 
0.53819 
0.55263 
0.56593 
0.57727 
0.58635 
0.59289 
0.59690 
0.59823 
0.59746 
0.59429 
0.58940 
0.58300 
0.57512 
0.56615 
0.55615 
0.54530 
0.53377 
0.52158 
0.50882 

0.49544 
0.48157 
0.46722 
0.45238 
0.43697 



DORNIER/J AMESON 
AR21I 

W.Schniidt 
AJan.cson 

15-0-19 

DILLNER WING: MACH - 0.70. ALPHA - 15 

.1 
LI 
.1 
LI 
ll 
.1 
.1 

1 
.1 
Ll 
Ll 
2 
2 
2 
2 
2 

.2 
2 

L 2 
.2 
L2 
L2 
.2 
.2 
2 

.2 

.2 

.2 

.2 

.2 
2 

.2 

.2 
L2 
2 

.2 

.2 
2 

.2 
2 
2 

.2 
2 

.2 

.2 

.2 

.2 
2 

.2 

.2 

.2 
2 

.2 

.2 

.2 

.2 

.2 
2 

.2 

.2 

.2 

.2 
L2 

9? 

93 
94 
95 
96 
97 
98 
99 

100 
101 
102 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

0.88 722 
0.90391 
0.92102 
0.93855 
0.95528 
0.96908 
0.97954 
0.98747 
0.99 348 
0.99803 
1.00000 
1.00000 
f .99821 
0.99406 
0.9885 8 
0.98136 
0.97182 
0.95924 
0.94400 
0.92801 
0.91242 
0.89 721 
0.88236 
0.86786 
0.85370 
0.83986 
0.82633 
0.81309 
0.80013 
0.78744 
0.77499 
0.76278 
0.75079 
0.73900 
0.72 739 
0.71 596 
0.70469 
0.69357 
0.68 257 
0.67168 
0.66089 
0.65018 
0.63954 
0.62 895 
0.61840 
0.60787 
0.59734 
0.58680 
0.57663 
0.56 749 
0.55962 
0.55282 
0.54697 
0.54191 
0.53756 
0.53 380 
0.53056 
0.52 777 
0.52 536 
0.52 328 
0.52149 
0.51994 
0.51922 

0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0.17200 
0. 1 7200 
0.17200 
0.17200 
0.17200 
0.17200 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 

0.90500 
0.87998 
0.85316 
0.82334 
0.79133 
0.75980 
0.73110 
0.70110 
0.67431 
0.64398 
0.64 39 8 
0.65586 
0.64492 
0.66553 
0.66816 
0.67660 
0.67926 
0.68123 
0.68153 
0.68063 
0.67901 
0.67695 
0.67438 
0.67157 
0.66858 
0.66545 
0.66239 
0.65912 
0.65587 
0.65265 
0.64950 
0.64642 
0.64339 
0.64048 
0.63763 
0.63492 
0.63241 
0.63000 
0.62775 
0.62568 
0.62381 
0.62217 
0.62079 
0.61973 
0.61903 
0.61879 
0.61912 
0.62019 
0.62214 
0.62 501 
0.62869 
0.63324 
0.63865 
0.64 4 96 
0.65220 
0.66072 
0.66965 
0.68097 
0.69469 
0.70449 
0.72 647 
0.77041 
0.77041 

0.01550 
0.01392 
0.01297 
0.01236 
0.01166 
0.01067 
0.00891 
0.01174 
0.00459 
0.01246 
0.01246 
0.00525 
0.01579 

-0.00324 
0.01048 
0.00662 
0.00800 
0.00764 
0.00737 
0.00735 
0.00722 
0.00727 
0.00702 
0.00720 
0.00698 
0.00708 
0.00710 
0.00696 
0.00713 
0.00701 
0.00713 
0.00709 
0.00712 
0.00719 
0.00713 
0.00722 
0.00727 
0.00721 
0.00733 
0.00727 
0.00733 
0.00732 
0.00732 
0.03730 
0.00728 
0.00722 
0.00722 
0.00709 
0.00704 
0.00722 
0.00726 
0.00721 
0.00740 
0.00730 
0.00760 
0.00697 
0.00829 
0.00597 
0.00635 
0.00820 

-0.00402 
-0.01840 
-0.01840 

0.4210 6 
0.40428 
0.38659 
0.36709 
O .34 60 3 
0.32508 
0.30540 
0.28823 
0.26599 
0.25280 
0.25280 
0.25481 
0.25590 
0.25684 
0.26645 
0.26893 
0.27165 
0.27262 
0.27262 
0.27203 
0.27091 
0.26964 
0.26783 
0.26618 
0.26413 
0.26223 
0.26030 
0.25815 
0.25622 
0.25411 
0.25222 
0.25027 
0.24839 
0.24662 
0.24480 
0.24319 
0.24166 
0.24011 
0.23881 
0.23749 
0.23637 
0.23534 
0.23450 
0.23382 
0.23338 
0.23318 
0.23339 
0.23394 
0.23512 
0.23703 
0.23934 
0.24213 
0.24564 
0.24950 
0.25426 
0.25916 
0.26577 
0.27124 
0.28025 
0.28785 
0.29333 
0.31228 
0.31228 



DORMER JAMESON 
AR 211 

W.Schmidl 
AJameson 

15-9-20 

DILLNER WING: MACH - 0.70. ALPHA - 15 

.2 

.2 

.2 
2 

. 2 
12 
.2 
12 
2 

.2 
12 
2 
2 
2 
2 

.2 
2 

.2 
2 

.2 
12 
2 

.2 

.2 

.2 

.2 
2 
2 

.2 
2 

.2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

.2 

.2 
L2 
3 

.3 

.3 
3 
3 

.3 
3 

.3 

.3 

.3 

.3 

.3 

53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
ICI 
102 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 

0.52 149 
0.52 32 8 
0.52536 
0.52777 
0.53056 
0.53380 
0.53756 
0.54191 
0.54697 
0.55282 
0.55961 
0.56749 
0.57663 
0.58680 
0.59734 
0.60787 
0.61840 
0.62895 
0.63954 
0.65018 
0.66 089 
0.67168 
0.68257 
0.69357 
0.70469 
0.71 596 
0.72739 
0.73900 
0.75079 
0.76278 
0.77499 
0.78744 
0.80013 
0.81309 
0.82633 
0.83986 
0.85370 
0.86786 
0.88236 
0.89 720 
0.91242 
0.92801 
0.94 399 
0.95924 
0.97182 
0.98136 
0.98858 
0.99406 
0.99821 
1.00000 
1.00000 
0.99837 
0.99460 
0.98962 
0.98 305 
0.97438 
0.96295 
0.94908 

0.93455 
0.92038 
0.90654 
0.89304 

0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.13900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
O.IP900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.18900 
0.13900 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 

0.20490 
0.20490 
0.20490 
0.20490 

0.91796 
0.91669 
0.91140 
0.90864 
0.90346 
0.90904 
0.91116 
0.91498 
0.92067 
0.92814 
0.93779 
0.95015 
0.96597 
0.98574 
1.00783 
1.03084 
1.05438 
1.07780 
1.10050 
1.12171 
1.14081 
1.15714 
1.16999 
1.17929 
1.18460 
1.18596 
1.18395 
1.17865 
1.17044 
1.15972 
1.14673 
1.13183 
1.11516 
1.09693 
1.07730 
1.05646 
1.03445 
1.01126 
0.98697 
0.96149 
0.93454 
0.90511 
0.87217 
0.33681 
0.83219 
0.77072 
0.73793 
0.70983 
0.63041 
0.68041 
0.69648 
0.67993 
0.69221 
0.68701 
0.69099 
0.68916 
0.68 794 
0.68600 

0.68376 
0.68134 
0.67879 
0.67591 

0.03633 
0.05227 
0.C4778 
0.05574 
0.05466 
0.05700 
0.05682 
0.05677 
0.05579 
0.05478 
0.05386 
0.05285 
0.05206 
0.05129 
0.04955 
0.04887 
0.04784 
0.04748 
0.04702 
0.04660 
0.04600 
0.04525 
0.04405 
0.04303 
0.04134 
0.03997 
0.03846 
0.03667 
0.03506 
0.03334 
0.03166 
0.03014 
0.02866 
0.02753 
0.02635 
0.02525 
0.02415 
0.02311 
0.02196 
0.02383 
0.01953 
0.01887 
0.01839 
0.01750 
0.01634 
0.01442 
0.01824 
0.00892 
0.C1818 
0.01818 
0.00093 
0.01703 

-0.00238 
0.01014 
0.00519 
0.00727 
0.00 70 3 
0.00705 

0.00715 
0.00 705 
0.00710 
0.00685 

0.44129 
0.44 976 
0.44394 
0.44691 
0.44617 
0.44790 
0.44 90 7 
0.45134 
0.45420 
0.45811 
0.46337 
0.47020 
0.47918 
0.49044 
0.50247 
0.51547 
0.52844 
0.54151 
0.55395 
0.56540 
0.57547 
0.58 388 
0.59016 
0.59462 
0.59668 
0.59681 
0.59512 
0.59158 
0.58655 
0.58008 
0.57232 
0.56349 
0.55358 
0.54281 
0.53105 
0.51847 
0.50 501 
0.49068 
0.47544 
0.45927 
0.44188 
0.42311 
0.40 203 
0.37899 
0.35610 
0.33464 
0.31629 
0.29178 
0.27984 
0.27984 
0.27747 
0.27869 
0.27234 
0.27812 
0.27706 
0.27740 
0.27645 
0.27522 

0.27387 
0.27226 
0.27068 
0.26867 



DORNIER JAMESON 

AR211 
W.Schmidt 
AJameson 

15-4-21 

DIELNER WING: MACH -» 70. ALPHA - IS 

3 13 
3 14 
3 15 
3 Ifc 
3 17 
3 18 
3 19 
3 20 
3 21 
3 22 
3 23 
3 24 

.3 25 
3 26 
3 27 

.3 28 
3 29 
3 30 
3 31 
3 32 

.3 33 

.3 34 

.3 35 
3 36 
3 37 

.3 38 
3 39 

.3 40 

.3 41 

.3 42 

.3 43 
3 44 
3 45 
3 46 
3 47 

13 48 
3 49 

.3 50 
3 51 

13 52 
.3 53 
13 54 
.3 55 

3 56 
3 57 

.3 58 

.3 59 

.3 60 
3 61 
3 62 

13 63 
L3 64 
.3 65 
.3 66 
13 67 
L 3 68 
.3 69 
.3 70 
3 71 

0.87986 
0. 86699 
0.85441 
0.84211 
0. 8300 7 
0.81 829 
0.80675 
0.79 54 3 
0.78433 
0.77343 
0.76271 
0.75216 
0. 74177 
0.73152 
0.72141 
0.71 141 
0.70151 
0.69170 
0.68196 
0.67229 
0.66266 
0.65307 
0.64 34 9 
0.63392 
0.62435 
0.61 r09 
0.60679 
0.59963 
0.59345 
0.58813 
0.58353 
0.57957 
0.57616 
0.57321 
0.57067 
0.56 84 8 
0.56659 
0.56496 
0.56356 
0.56290 
0.56496 
0.56659 
0.56 848 
0.57067 
0.57321 
0.57616 
0.57957 
0.58353 
0.58813 
0.59 345 
0.59963 
0.60679 
0.61509 
0.62435 
0.63392 
0.64349 
0.65307 
0.66266 
0.67229 

0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.2Û49Ü 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.204^0 
0.20490 
0.20490 
0.20490 
0.20890 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.:0460 
0.2GW0 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.2049C 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 

0.67292 
0.66984 
0.66667 
0.66359 
0.66033 
0.65710 
0.65390 
0.65077 
0.64772 
0.84471 
0.64183 
0.63902 
0.63635 
0.63389 
0.63154 
0.62937 
0.62740 
0.62564 
0.62414 
0.62293 
0.62205 
0.62159 
0.6216? 
0.62228 
0.62373 
0.62614 
0.62948 
0.63361 
0.63860 
0.64 4 4 2 
0.65110 
0.65367 
0.66 749 
0.67665 
0.68802 
0.70168 
0.71161 
0.73256 
0.77325 
0.77325 
0.91918 
0.91765 
0.91175 
0.90897 
0.90880 
0.90907 
0.91045 
0.91320 
0.91746 
0.92303 
0.93017 
0.93925 
0.95089 
0.96560 
0.98231 
1.00007 
1.01869 
1.03783 
1.05743 

0.00701 
0.00677 
0.00685 
0.00683 
0 .00667 
0.00681 
0.00667 
0.00678 
0.00672 
0.00674 
0.00680 
0.1)0674 
0.00684 
0.00689 
0.00684 
0.03697 
0.00694 
0.00701 
0.00703 
0.00707 
0.00709 
0.00711 
0.00710 
0.00713 
0.00706 
0.00703 
0.00721 
0.00722 
0.00712 
0.00725 
0.00706 
0.00725 
0.00652 
0.00767 
0.00530 
0.00557 
0.00684 

-0.00471 
-0.01799 
-0.0 1/99 
0.03059 
0.04687 
0.04215 
0.04998 
0.04 942 
0.05069 
0.05053 
0.05060 
0.04971 
0.04880 
0.04800 
0.04714 
0.04646 
0.04591 
0.04460 
0.04423 
0.04342 
0 .04298 
0.04243 

0.25690 
0.26476 
0.26282 
0.26086 
0.25869 
0.25675 
0.2546A 
0.25275 
0.25C80 
0.24 893 
0.24717 
0.24537 
0.24378 
0.24229 
0.24079 
0.23954 
0.23829 
0.23726 
0.23634 
0.2356? 
0.23510 
n.23483 
0.23484 
0.23527 
9.23611 
0.2375* 
0.23979 
0.24237 
0.2454C 
0.24913 
0.25317 
0.25808 
0.26310 
0.26975 
0.27523 
0.28417 
0.29143 
0.29681 
0.31443 
0.31443 
0.43871 
0.44721 
0.44086 
0.44374 
0.44273 
0.44422 
0.44497 
0.44668 
0.44874 
0.45159 
0.45545 
0.46044 
0.46 707 
0.47558 
0.48481 
0.49512 
0.50562 
0.51651 
0.52751 



DORMER JAMESON 

.3 72 
i3 73 
l3 74 

3 75 
.3 76 
.3 77 
.3 78 
.3 79 
.3 80 
13 81 
.3 82 
13 83 
3 84 
3 85 
3 86 
3 87 
3 88 
3 89 
3 90 
3 91 
3 92 
3 93 
3 94 
3 95 
3 96 
3 97 
3 98 
3 99 

.3 100 
3 101 

.3 102 
4 l 
4 2 
4 3 
4 4 
4 5 
4 6 
4 7 

.4 8 
4 9 
4 10 
4 11 
4 12 
4 13 
4 14 
4 15 

. 4 16 
4 17 
4 18 
4 19 
4 20 
4 21 
4 22 
4 23 
4 24 

.4 25 
/. 26 
.4 27 
.4 28 
4 29 
4 30 
4 31 
4 32 

0.69196 
0.69170 
0.70151 
0.71141 
0.72141 
0.73152 
0.74177 
0.75216 
0.76271 
0.77343 
0.78433 
0.79543 
0 . 80 6 7 5 
0.81329 
0.83007 
0.84211 
0.85441 
0.86699 
0.87986 
0.89304 
0.90654 
0.92037 
0.93455 
0.94908 
0.96294 
0.97438 
0.98305 
0.98962 
0.99460 
0.99837 
1.00009 
1 .90000 
0.99 851 
0.99506 
0.99050 
U.98449 

9.976*6 
0.96609 
0.95341 
0.94010 
0.92713 
0.91447 
0.90212 
0.89006 
0.87828 
0 . 86 6 7 6 
0.85551 
0.84449 
0.83371 
0.82315 
0.81279 
0.80263 
0.79265 
0.78284 
0.77319 
0.7636« 
0.75430 
0.74 50 5 
0.73589 
0.72684 
0. 71786 
0.70895 
0.70010 

AR211 
W.Schmidl 
AJameson 

— 

15-0-22 

DILLNER WING: MACH-0.7 0. ALPHA - 15 

0.20490 
0.20490 
0.20490 
C. 20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
0.20490 
^.21841 
0.21940 
0.21840 
0.21840 
0.21840 
0.21040 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21849 
0.21840 
0.2 1940 
0.21840 
0.21840 
0.2 1840 
0.2 l « 40 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 

1.07694 
1.09590 
1.11390 
1.12990 
1.14406 
1.15568 
1.16445 
1.17057 
1.17353 
1.17330 
1.16999 
1.16368 
1.15470 
1.14312 
1.12920 
1.11305 
1.09486 
1.07471 
1.05264 
1.02876 
1.00306 
0.97526 
0.94433 
0.90931 
0.97171 
0.83532 
0.80263 
0.76862 
0.74223 
0.71981 
0.71881 
0.73978 
0.71710 
0.72172 
0.70815 
0.70783 
0.70074 
0.69595 
0.69124 
0.68730 
0.68384 
0.68063 
0.67738 
0.67421 
0.67106 
0.66 791 
0.66490 
0.66175 
0.65864 
0.65550 
0.65257 
0.64965 
0.64677 
0.64402 
0.64134 
0.63880 
0.63647 
0.63424 
0.63221 
0.63039 
0.62878 
0.62744 
0.62 642 

0.04212 
0.04195 
0.04196 
0.04176 
0.04174 
0.04099 
0.04034 
0.03931 
0.03794 
0.03671 
Ü.03531 
0.03386 
0.03252 
0.03110 
0.02997 
0.02872 
0.02761 
0.0265 7 
0.02559 
0.02458 
0.02353 
0.02242 
0.02208 
0.02184 
0.02093 
0.01976 
0.01773 
0.02312 
0.01057 
0.01992 
0.01992 

-0.00454 
0.01971 

-0.00374 
0.010c 2 
0.00390 
0.00667 
0.00588 
0.00588 
0.00583 
0.00555 
0.00545 
0.03505 
0.00505 
0.00468 
0.00462 
0.00448 
0.00422 
0.00425 
0.00402 
0.00433 
0.00389 
0.00383 
0.00381 
0.00369 
0.00370 
0.00368 
0.00358 
0.00365 
0.00357 
0.00359 
0.00357 
0,00357 

0.53844 
-1.54 90 1 

0.55894 
0.56 767 
0.57534 
0.58124 
0.58563 
0.58844 
0.58942 
0.58877 
0.58641 
0.58243 
0.57701 
0.57011 
0.56196 
0.55242 
0.54 167 
0.52967 
0.51641 
0.59187 
0.48599 
0.46956 
0.44 940 
0.42748 
0.4U 329 
0.37947 
0.35729 
0.33918 
0.31371 
0.30532 
0.30532 
0.30163 
0.30409 
0.29044 
0.29214 
0.28691 
0.23435 
0.28072 
0.27771 
0.27516 
0.27275 
0.27064 
0.26820 
0.26627 
0.26399 
0.26195 
0.25994 
0.25776 
0.25581 
0.25371 
0.25182 
0.24988 
0.24803 
0.24628 
0.24451 
0.24293 
0.24145 
0.23998 
0.23876 
0.23756 
0.23658 
0.23574 
0.23510 



DORNIER JAMESON 
AR 211 

W .Schmidt 
AJamcson 

I S-d-23 

DILLNER WING: MACH - ().7(). ALPHA - 15 

4 33 
4 34 
4 35 
4 36 
4 3? 
4 3fl 
4 39 
4 40 
4 41 
4 42 
4 43 
4 44 
4 45 
4 46 
4 47 
4 48 
4 49 
4 50 
4 51 
4 52 
4 53 
4 54 
4 55 
4 56 
4 57 
4 58 
4 59 
4 60 
4 61 

.4 62 
4 63 
4 64 

.4 65 

.4 66 
4 67 
4 68 
4 69 
4 70 

.4 71 

.4 72 
L4 73 
4 74 

.4 75 

.4 76 

.4 77 
¿4 78 
4 79 

.4 80 
14 81 
.4 82 
.4 83 
.4 84 
.4 85 
L4 86 
4 87 

.4 88 

.4 89 

.4 90 
4 91 

.4 92 
4 93 
4 94 

.4 95 

0.69129 
0.68251 
0.67374 
0.66499 
0.65622 
0.64775 
0.64015 
0.63360 
0.62795 
0.62 30 8 
0.61887 
0.61525 
0.61212 
0.60943 
0.60710 
0.60510 
0.60337 
0.60188 
0.60059 
0.59999 
0.60188 
0.60337 
0.60510 
0.60710 
0.60943 
0.61212 
0.61525 
0.61887 
0.62308 
0.62795 
0.63360 
0.64015 
0.64776 
0.65622 
0.66499 
0.67375 
0.68251 
0.69129 
0.70010 
0.70895 
0.71786 
0.72 684 
0.73589 
0.74505 
0.75431 
0.76348 
0.77319 
0.78284 
0.79 265 
0.80263 
0.81279 
0.82315 
0.83371 
0.84449 
0.85550 
0.86676 
0.87828 
0.89006 
0.90212 
0.91447 
0.92713 
0.94010 
0.95340 

0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.2 1340 
0.21840 
0.21840 
0.21840 
0.21840 
0.2 1840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.2 1840 
0.21340 
0.21840 
0.21840 
0.21840 
0.2 1840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.2184C 
0.21840 
0.21849 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.2 1840 
0.21340 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.21840 

0.62575 
0.62552 
0.62583 
9.62681 
0.62 865 
0.63149 
0.63530 
0.63990 
0.64535 
0.65161 
0.65869 
0.66661 
0.67576 
0.68517 
0.69660 
0.71018 
0. 72031 
0.74057 
0.77692 
0.77602 
0.91357 
0.91222 
0.90641 
0.90418 
0.90466 
0.99531 
0.90664 
0 ,90897 
0.91246 
0.91675 
0.92190 
0.92812 
0.93585 
9.94554 
0.95659 
0.96861 
0.98155 
0.99521 
1.00949 
1.02407 
1.03878 
1.05349 
1.06782 
1.03159 
1.09431 
1.10559 
1.11541 
1.12327 
1.12894 
1.13229 
1.13303 
1.13111 
1.12637 
1.11879 
1.10829 
1.09511 
1.07945 
1.06135 
1.04086 
1.01790 
0.99211 
0.96248 
0.92829 

0.00356 
0.00356 
0.00354 
0.09356 
0.0J349 
0.00348 
0.00370 
0.00376 
0.09368 
0.00385 
0.00368 
0.00391 
0.00317 
0.09428 
0.00196 
0.00224 
0.00293 

-0.00830 
-0.01855 
-0.01855 

0.03153 
0.C4763 
0.04202 
0.04935 
0.04666 
0.04830 
0.04757 
0.04736 
0.04619 
0.04521 
0.04456 
0.04415 
0.04412 
0.04445 
0.04420 
0.04460 
0.04453 
0.04465 
0.04454 
0.04451 
0.04449 
0.04455 
0.04439 
0.04457 
0.04426 
0.04418 
0.04388 
0.04313 
9.04220 
0.04082 
0.03916 
0.03744 
0.03550 
9.03333 
0.03210 
0.03050 
0.02883 
0.02707 
0.02526 
0.02335 
0.02149 
0.02062 
0.01992 

0.23468 
0.23454 
0.23471 
0.23534 
0.23643 
0.23819 
0.24074 
0.24365 
0.24 70 1 
0.25108 
0.25542 
0.26060 
0.26586 
0.27268 
0.27830 
9.28 723 
0.29425 
0.2995? 
0.31590 
0.31590 
0.43579 
0.44435 
0.43751 
0.44046 
0.43917 
0.44054 
0.44091 
C.44221 
0.44365 
0.44570 
0.44 845 
0.45200 
0.45668 
0.46272 
0.46923 
0.47665 
0.48433 
0.49248 
0.50082 
0.50932 
0.51783 
0.52630 
0.53439 
0.54224 
0.54921 
0.55544 
0.56071 
9.56467 
0.56734 
0.56854 
0.56820 
0.56638 
0.56291 
0.55796 
0.55132 
0.54317 
0.53348 
0.52220 
0.5D934 
0.49478 
0.47830 
0.45976 
0.43822 



nORNIKR JAMESON 
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W.Schmidt 
AJamcson 

15-4-24 

DILLNER WING: MACH - 0.70, ALPHA - 15 

.4 96 

.4 97 
L4 9fl 
.4 99 
14 100 
14 101 
.4 102 
.5 1 
.5 2 
.5 3 
.5 4 
15 5 
.5 6 
.5 7 
.5 8 
5 9 
5 10 
5 11 
5 12 
5 13 
5 14 
S 15 
5 16 
5 17 
5 18 

.5 19 
5 20 

.5 21 
5 22 
5 23 
5 24 
5 25 
5 26 
5 27 
5 28 

.5 29 
5 30 

.5 31 
5 32 
5 33 
5 34 
5 35 
5 36 
5 37 
5 38 
5 39 
5 40 
5 41 
5 42 
5 43 
5 44 
5 45 
5 46 
5 47 
5 48 

.5 49 
5 50 
5 51 
5 52 
5 53 
5 54 
5 55 
5 56 

0.96609 
0.97656 
0.98449 
0.99050 
0.99506 
0. 99 951 
1.00000 
1.00000 
0.99868 
0.99562 
0.99158 
0.98626 
0.97923 
0.96996 
0.95872 
0.94693 
0.93544 
0.92423 
0.91328 
0.90259 
0.89215 
9.88195 
0.87198 
0.86222 
0.85267 
0.84331 
0.83414 
0.82513 
0.81629 
0.80 760 
0.79 905 
0.79062 
0.78232 
0.7741 1 
0.76601 
0. 75 798 
0.75003 
0.74213 
0.73429 
0.72648 
0.71871 
0.71094 
0.70318 
0.69542 
0.68 791 
0.6811 8 
0.67537 
0.67037 
0.66605 
0.66233 
0.65911 
0.65635 
0.65396 
0.65190 
0.65012 
0.64 859 
0.64727 
0.64613 
0.64560 
0.64 727 
0.64 859 
0.65012 
0.65190 

0.21840 
0.21840 
0.21840 
0.21840 
0.21840 
0.2 1840 
0.2 1840 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.2 3500 
0.23500 
0.23500 
0.23500 
0.2 3500 
0.23500 
0.23500 
0.2 3500 
0.23500 
0.2 3500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.2 3500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.2 3500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.2 3500 
0.23500 
0.2 3500 
0.2 3500 
0.23500 
0.23500 
0.2 3500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 

0.89165 
0.85691 
0.82678 
0.79468 
0.77424 
0.76456 
0.76456 
0.78251 
0.75161 
0.74922 
0.72882 
0.72513 
0.7134? 
0.70532 
0.69774 
0.69187 
0.68 713 
0.68306 
0.67928 
0.67582 
0.67255 
0.66940 
0.66648 
0.66349 
0.66057 
0.65772 
0.65494 
0.65225 
0.64961 
0.64711 
0.64468 
0.64239 
0.64029 
0.63832 
0.63654 
0.63497 
0.63362 
0.63256 
0.63180 
0.63143 
0.63151 
0.63214 
0.63348 
0.63569 
0.6*895 
0.64315 
0.64810 
0.65388 
0.66045 
0.66780 
0.67594 
0.68526 
0.69479 
0.70612 
0.71936 
0.72959 
0.74926 
0.77729 
0.77729 
0.89543 
0.89409 
0.88863 
0.88704 

0.01810 
0.01624 
0.01309 
0.02100 
0.00472 
0.01069 
0.01069 

-0.0014 3 
0.02641 

-0.00141 
0.01540 
0.03633 
0.00978 
0.00833 
0.00819 
0.00789 
0.00734 
0.00703 
0.00643 
0.00623 
0.00567 
0.00542 
0.00510 
0.00467 
0.00452 
0.00415 
0.00401 
0.00374 
0.00356 
0.00341 
0.00319 
0.00309 
0.00298 
0.00279 
0.03277 
0.00262 
0.00257 
0.00249 
0.00243 
0.00237 
0.00231 
0.00224 
0.00220 
0.00211 
0.00206 
0.03227 
0.00233 
0.00225 
0.00246 
0 .03230 
0.00256 
0.00186 
0.00294 
0.03075 
0.03113 
0.00137 

-0.00998 
-0.01468 
-0.01468 

0.04721 
0.06264 
0.05591 
0.06239 

0.41418 
0.39102 
0.36977 
0.35436 
0.33037 
0.32816 
0.32 816 
0.33163 
0.33063 
0.33 995 
0.30 850 
¢).29976 
0.29468 
0.28847 
0.28353 
0.27958 
0.27616 
0.27335 
0.27050 
0.26816 
0.26567 
0.26349 
0.26140 
0.25919 
0.25724 
0.26516 
0.25330 
0.25140 
0.24960 
0.24 792 
0.24622 
0.24471 
0.24331 
0.24193 
0.24080 
0.23970 
0.23883 
0.23810 
0.23758 
0.23730 
0.23731 
3.23 765 
0.23 845 
0.23977 
0.24177 
0.24457 
0.24 772 
0.25132 
0.25562 
0.26017 
0.26553 
0.27097 
0.27785 
0.28355 
0.29236 
0.29914 
0.30 40 7 
0.31933 
0.31933 
0.43386 
0.44222 
0.43491 
0.43782 

I 



.5 
5 
b 
5 
5 
5 
5 
Ç 
5 
b 
5 
5 
5 
5 
5 
5 

.5 
5 
5 

5 
5 
5 
5 
5 
5 

.5 

.5 

.5 
5 
5 
5 

.1 

.5 
S 

.5 

.5 
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5 

.5 
5 
b 
5 

.5 

.5 
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.6 
.6 
6 
6 
6 

.6 

.6 
:6 
6 

.6 

.6 
16 
16 
.6 
L6 
l6 
16 

DORNIF.R JAMI SON 
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W.Schmidt 
A.Jameson 

15-9-25 

DILLNER WING: MACH - 0.70. ALPHA - 15 

57 
58 
59 
60 
61 
6? 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

iro 
101 
102 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

0.65396 
0.65635 
0.6591l 
0.66233 
0.66605 
0.67037 
0.67537 
0.68118 
0.68 791 
0.69542 
0.70318 
0.71094 
0.71871 
0.72643 
0. 73429 
0.74213 
0. 75033 
0.75 79 8 
0.76601 
0.77411 
0.78232 
0.79062 
0.79905 
0.80 760 
0.8162 9 
0.82513 
0.83414 
0.84331 
0.85267 
0.86222 
0.87198 
0.88195 
0.89215 
0.90259 
0.91328 
0.92422 
0.93544 
0.94693 
0.95872 
0.96996 
0.97923 
0.98626 
0.99158 
0.99 562 
0.99 86 8 
1.90000 
1.03000 
0.99888 
0.99630 
0.99289 
0.98839 
0.98245 
0.97461 
0.96512 
0.95516 
0.94545 
0.93597 
0.92672 
0.91769 
0.90887 
0.90026 
0.89183 
0.88358 

0.23500 
0.23500 
0.23500 
0.23503 
0.23500 
0.2 3500 
0.23500 
0.23500 
0.23500 
0.2 3500 
0.23509 
0.23500 
0.2 3500 
0.23500 
0.2 3500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23509 
0.2 3500 
0.23500 
0.23503 
0.2 3500 
0.23500 
0.2 3500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.2350C 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.23500 
0.2 3500 
0.23500 
0.23500 
0.23500 
0.23500 
0.2 5500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.2 5500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 

0.88837 
0.38981 
0.89156 
0.89399 
0.89728 
0.90190 
0.90492 
0.90907 
0.91370 
0.91916 
0.92534 
0.93216 
0.93963 
0.94 767 
0.95625 
0.96526 
0.97469 
0.99453 
0.99462 
1.00492 
1.01517 
1.02501 
1.03414 
1 .04233 
1.04934 
1.05494 
1.05876 
1.06070 
1.06061 
1.05846 
1.05428 
1.04 790 
1.03917 
1.02799 
1.01431 
0.99793 
0.97835 
0.95461 
0.92638 
0.89619 
0.86827 
0.84463 
0.81766 
0.80536 
0.81137 
0.81137 
0.80756 
0.77169 
0.76800 
0.74543 
0.74096 
0.77697 
0.71705 
0.70733 
0.69972 
0.69355 
0.68833 
0.68365 
0.67950 
0.67574 
0.67225 
0.66912 
0.66603 

0.05822 
0.05849 
0.05645 
0.05512 
0.05276 
0.05066 
0.04893 
0.04769 
0.04695 
0.04664 
0.04597 
0.0458 1 
0.04533 
0.04507 
0.04470 
0.04434 
0.04388 
0.04336 
0.04257 
0.04198 
0.04104 
0.04049 
0.04012 
0.03973 
0.03955 
0.03936 
0.03924 
0.03923 
0.03897 
0.03865 
0.03783 
0.03683 
0.03554 
0.03396 
0.03215 
0.03010 
0.02821 
0.02734 
0.02684 
0.02467 
0.02230 
0.01867 
0.02908 
0.01003 
0.01107 
0.01107 

-0.00077 
0.02639 

-0.03391 
0.01451 
0.00409 
0.00819 
0.00628 
0.00627 
0.00602 
0.00552 
0.00531 
0.00480 
0.00470 
0.00425 
0.00410 
0.00388 
0.00355 

0.43613 
0.43717 
0.43 700 
0.43769 
0.43829 
0.43930 
0.44067 
0.44247 
0.44485 
0.44 800 
0.45136 
0.45540 
0.45965 
0.46435 
0.46930 
0.47451 
0.47989 
0.48547 
0.49103 
0.49679 
0.50233 
0.50780 
0.51293 
0.51748 
0.52144 
0.52-.56 
0.52670 
0.52781 
0.52762 
0.52623 
0.52 343 
0.51 925 
0.51354 
0.50620 
0.49720 
0.48638 
0.47359 
0.45846 
0.441OC 
0.42094 
0.40195 
0.38471 
0.37422 
0.35401 
0.35 856 
0.35856 
0.34840 
0.34334 
0.32049 
0.31849 
0.30 839 
0.30225 
0.29452 
0.28828 
0.28323 
0.27893 
0.27544 
0.27209 
0.26937 
0.26665 
0.26433 
0.26217 
0.25997 



AR 211 
W.Schmidt 
AJameson 

15-0-26 

DILLNER WING: MAC H - ().7(). ALPHA - 1 '• 

DORMER JAMESON 

.6 
16 
L6 
. 6 
L6 
. 6 
L 6 
.6 
\b 
L6 
16 
16 
16 
.6 
L6 
16 
.6 
16 
.6 
6 

16 
6 
6 
6 

.6 
6 

.6 

.6 
6 

.6 

.6 

.6 

.6 
6 
6 

.6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

.6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

.6 
6 
6 
6 
6 
6 

.6 
6 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
37 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

U.87551 
0.86 760 
0.85935 
0.85224 
0.84477 
0.83743 
0.83020 
0.82308 
0.8160 7 
0.80913 
0.80228 
0. 79550 
0.78378 
0.73211 
0.77548 
0.76889 
0.76232 
Q, 75 576 
0.74920 
0.74264 
0. 73630 
0.73061 
0.72570 
0.72 14 7 
0.71782 
0.71468 
0.71 196 
0.70962 
0.70 761 
0.70587 
0.70437 
0.70307 
0. 70195 
0.70099 
0.70054 
0.70195 
0.70307 
0.70437 
0.70587 
0.70 761 
0.70962 
0.71196 
0.71468 
0.71 782 
0.72147 
0. 72 57U 
0.73061 
0.73630 
0.74264 
0.74920 
0. 75576 
).76232 
0.76889 
0.77548 
0.78211 
0.78 87 8 
0.79 550 
0.80228 
0.80913 
0.81607 
0.82 308 
0.83020 
0.83743 

0.25500 
0 .25500 
0.25500 
0.25500 
0.25500 
0.2 5500 
0.25500 
0.25500 
0.25500 
0.26500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.2 5500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.2 5500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 

0.66311 
0.6603? 
0.65766 
0.65513 
0.65269 
0.65040 
0.64 821 
0.64617 
0.64434 
0.64264 
0.64114 
0.63986 
0.63882 
0.63806 
0.63763 
0.63758 
0.63799 
0.63896 
0.64063 
0.64 3 1 8 
0.64674 
0.65119 
0.65631 
0.66 2 1 9 
0.66878 
0.67606 
0.68 401 
0.69304 
0.70216 
0.71284 
0.72496 
0.73461 
0.75249 
0.77185 
).77186 
0.8635? 
0.86140 
0.85598 
0.85440 
0.85591 
0.85775 
0.85968 
0.86206 
0.86516 
0.86852 
0.87176 
0.87472 
0.87752 
0.88043 
0.88348 
0.88676 
0.89030 
0.89408 
0.89812 
0.90243 
0.90702 
0.91193 
0.91713 
0.92269 
0.92862 
0.93490 
0.9416? 
0.94800 

0.00350 
0.00321 
0.00315 
0.002°7 
0.00286 
0.00279 
0.00264 
0.00261 
0.00255 
0.0024 3 
0.00246 
O.OD?35 
0.00234 
0.00?30 
0.00226 
0.00222 
0.00219 
0.00214 
0.00211 
0.00206 
0.00202 
0.00228 
0.00238 
0.00236 
0.00262 
0.00254 
0.00287 
0.00229 
0.00342 
0.00140 
0.00223 
0.00178 

-0.00826 
-0.00772 
-0.00772 
0.06687 
0.08215 
0.07520 
0.08150 
0.07681 
0.07632 
0.07357 
0.07163 
0.06860 
0.06571 
0 .06 310 
0.06100 
0.05933 
0.05803 
0.05658 
0.05556 
0.05431 
0.0532 1 
0.05202 
0.05078 
0.04940 
0.04790 
0.04604 
0.04407 
0.04152 
0.03859 
0.03529 
0.03228 

0.25808 
0.25610 
0.25437 
0.25264 
0.25102 
0.24952 
0.24803 
0.24672 
0.24553 
0.24437 
0.24344 
0.24257 
0.24191 
0.24140 
0.24110 
0.24104 
0.24127 
0.24184 
0.24287 
0.24442 
0.24664 
0.24964 
0.25294 
0.25664 
0.2610 ? 
0.26559 
0.27090 
0.27626 
0.2829? 
0.28835 
0.29675 
0.30 26 8 
0.30736 
0.32044 
0.32044 
0.42635 
0.43448 
0.42696 
0.4299? 
0.42791 
0.42871 
Ü.42817 
0.42 840 
0.42840 
0.42 866 
0.42902 
0.42953 
0.43022 
0.43120 
0.43218 
0.43355 
0.43496 
0.43660 
0.43835 
0.44024 
0.44222 
0.44433 
0.44641 
0.44866 
0.45080 
0.45 295 
0.45518 
0.45738 



/ 

DORMER,JAMFSON 
AR 211 

W.Schmidt 
A Jameson 

15-9-27 

DILLNER WING: MAC H - ().7(). ALPHA - 15 

6 
6 
6 
6 

. 6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

.6 

.6 

.6 
6 
7 
7 
7 
7 
7 
7 
7 
7 

.7 

.7 
7 
7 
7 
7 
7 

.7 

.7 

.7 
7 

17 
7 

.7 

.7 

.7 
,7 

7 
7 

.7 

.7 

.7 

.7 
17 
17 
.7 
.7 
7 

.7 

.7 
L7 
„7 
17 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

0.84477 
0.85224 
0.85985 
0.86760 
0.87551 
0.88358 
0.89183 
0.90025 
0.90887 
0.91 769 
0.92672 
0.93597 
0.94545 
0.95516 
0.96512 
0.97461 
0.98245 
0.98839 
0.99289 
0.99630 
0.99 888 
l.00000 
1.00000 
0.99909 
0.99698 
0.99419 
0.99052 
0.98567 
0.97927 
0.97152 
0.96339 
0.95546 
0.94772 
0.94017 
0.93280 
0.92559 
0.91856 
0.91168 
0.90494 
0.89835 
0.89 190 
0.88557 
0.87936 
0.87326 
0.86726 
0.86136 
0.85555 
0.84981 
0.84416 
0.83856 
0.83302 
0.82 754 
0.82209 
0.81668 
0.81129 
0.80 593 
0.8005 7 
0.79522 
0.78986 
0.78468 
0.78004 
0.77603 
0.77258 

0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.25500 
0.27500 
0.27500 
0.2 7500 
0.27500 
0.2 7500 
0.27500 
0.27500 
0.27500 
0.27500 
0.27500 
0.27500 
0.2 7500 
0.2 7500 
0.27500 
0.27500 
0.2 7500 
0.2 7500 
0.27500 
0.27500 
0.2 7500 
0.2 7500 
0.27500 
0.27500 
0.27500 
0.27500 
0.27500 
0.2 7500 
0.27500 
0.2 7500 
0.2 7500 
0.27500 
0.27500 
0.2 7500 
0.2 7500 
0.27500 
0.2 7500 
0.27500 
0.27500 
0.27500 
0.2 7500 
0.27500 

0.95348 
0.96782 
0.96080 
3.96242 
0.96275 
0.96189 
0.95989 
0.95660 
3.95189 
0.94568 
3.93787 
0.92820 
0.91611 
0.93 104 
0.88353 
0.86539 
0.84922 
0.83517 
0.81513 
0.81060 
0.82873 
0.82873 
0.79634 
0.76631 
0.77296 
0.75723 
0.75675 
0.74512 
0.73643 
0.72628 
0.71752 
0.70976 
0.70278 
0.69635 
0.69054 
0.68524 
0.68036 
0.67601 
0.67189 
0.66812 
0.66469 
0.66156 
0.65870 
0.65603 
0.65359 
0.65133 
0.64 92 8 
0.64747 
0.64586 
0.6444 8 
0.64336 
0.64252 
0.64199 
0.64182 
0.64203 
0.64271 
0.64393 
0.64581 
0.64 855 
0.65222 
0.65666 
0.66160 
0.66716 

0.03021 
0.02908 
0.02891 
0.02958 
0.03057 
0.03177 
0.03263 
0.03333 
0.03373 
0.03379 
0.03357 
0.03317 
0.03304 
0.03354 
0.03395 
0.03218 
0.03013 
0.02739 
0.04037 
0.02149 
0.01748 
0.01748 

-0.01685 
0.00531 

-0.02242 
-0.00344 
-0.01309 
-0.00809 
-0.00949 
-0.00836 
-0.00755 
-0.00697 
-0.00606 
-0.00546 
-0.00445 
-0.00380 
-0.00287 
-0.00207 
-0.00143 
-0.00064 
-0.00018 

0.00037 
0.00068 
0.00098 
0.00123 
0.00134 
0.00151 
0.00161 
0.00162 
0.00173 
0.01170 
0.00173 
0.00170 
0.00167 
0.00164 
0.00160 
0.00158 
0.00156 
0.00154 
0.00150 
0.00176 
0.00188 
0.00186 

0.45957 
0.46159 
0.46331 
0.46467 
0.46541 
0.46565 
0.46481 
0.46320 
0.46056 
0.45681 
0.45191 
0.4457E 
0.43824 
0.42921 
0.41868 

0.40620 
0.39478 
0.38421 
0.37972 
0.36483 
0.3738? 

0.37382 
0.33050 
0.32563 
0.31126 
0.31378 
0.30686 
0.30266 
0.29600 
0.29015 
0.28502 
0.28038 
0.27650 
0.27277 
0.26976 
0.26682 
0.26436 
0.26217 
0.26000 
0.25819 
0.25635 
0.25476 
0.25318 
0.25171 
0.25036 
0.24 902 
0.24 785 
0.24679 
0.24578 
0.24499 
0.24427 
0.24376 
0.24341 
0.24 328 
0.24339 
0.24378 
0.24453 
0.24570 
0.24 741 
0.24969 
0.25270 
0.2559? 

0.25943 

£. 
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DORNIER/J AMESON 
AR2II 

— 

W.Schmidt 
AJameson 

15-9-2K 

DILLNER WING: MACH-0.70. ALPHA - IS 

17 42 
7 43 

.7 44 

.7 45 

.7 46 

.7 47 
17 48 

7 49 
.7 50 
7 51 
7 52 
7 53 

.7 54 
7 55 

.7 56 
7 57 

.7 58 

.7 59 
17 60 
.7 61 
7 62 

.7 63 
7 64 
7 65 

.7 66 
7 67 

.7 68 
7 69 

.7 70 
7 71 
7 72 
7 73 

.7 74 
7 75 
7 76 

.7 77 
7 78 
7 79 
7 80 
7 81 
7 82 
7 83 
7 84 
7 85 
7 86 
7 87 
7 88 
7 89 
7 90 
7 91 
7 92 
7 93 
7 94 
7 95 
7 96 

.7 97 
7 98 

.7 99 
7 100 

101 
102 

1 
2 

0. 76Q60 
0.7670 3 
0.76481 
0.76290 
0.76126 
0.75983 
0.75 361 
0.75 755 
0.75664 
0.75585 
0.75 5 4 9 
0.75664 
0. 75755 
). 75 861 
0. 75983 
0.76126 
0.76290 
0.76481 
0.76703 
0.76960 
0.77258 
0.7760 Î 

0.78004 
'). 78 46 8 
0.78986 
0.79522 
0.89057 
0.80593 
0.81129 
0.81668 
0.82209 
0.82754 
0.83302 
0.83856 
0.84416 
0.84981 
0.85555 
0.86136 
0.86 72 6 
0.87326 
0.87935 
0.88557 
0.89190 
0.89835 
0.90494 
0.91167 
0.91856 
0.92559 
0.93280 
0.94017 
0.94772 
0.95546 
0.96339 
0.97152 
0.97927 
0.9856 7 
0.99052 
0.99419 
0.99698 
0.99909 
1.00000 
1.00000 
0.99931 

0.27500 
0.27500 
0.27500 
0.27500 
0.27600 
0.27500 
0.27500 
0.2 7500 
0.27500 
0.2 7500 
0.27500 
0.2 7500 
0.2 7500 
0.2 7500 
0.2 7500 
0.27500 
0.27500 
0.27500 
0.2 7500 
0.27500 
0.27500 
0.27500 
0.27500 
0.27500 
0.2 Í500 
0.2 7500 
0.27500 
0.27500 
0.27500 
0.27500 
0.2 7500 
0.27500 
0.2 7500 
0.27500 
0.2 7500 
0.27500 
0.2 7500 
0.2 7500 
0.27500 
0.2 7500 
0.27500 
0.27500 
0.27500 
0.27500 
0.2 7500 
0.2 7500 
0.27500 
0.2 7500 
0.27500 
0.27500 
0.27500 
0.27500 
0.2 7500 
0.27500 
0.27500 
0.27500 
0.2 7500 
0.2 7500 
0.27500 
0.2 7500 
0.2 7500 
0.29650 
0.29650 

0.67325 
0.67983 
0.68685 
0.69466 
0.70226 
0.71102 
0.72030 
0. 72779 
0.73936 
0.74950 
0.74950 
0.81785 
0.81370 
0.80765 
0.80497 
0.80536 
0.80636 
0.80735 
0.80860 
0.81040 
0.81237 
0.81410 
0.81542 
0.81644 
0.81744 
0.81844 
0.81952 
0.82074 
0.82209 
0.82361 
0.82531 
0.82720 
0.82931 
0.83156 
0.83388 
0.83606 
0.83779 
0.83872 
0.83845 
0.83688 
0.83440 
0.83159 
0.82885 
0.82630 
0.82389 
0.82148 
0.81895 
0.81631 
0.81356 
0.81064 
0.80733 
0.80318 
0.79782 
0.79148 
0.78547 
0.78110 
0.77758 
0.76616 
0.76555 
0.78557 
0.78557 
0.65781 
0.63783 

0.00213 
0 .00205 
0.00238 
0.00182 
0.00297 
0.00092 
0.0)240 
O.OJ02? 

-0.00505 
-0.00521 
-0.00521 

0.05377 
0.06891 
0.06450 
0.07136 
0.06802 
0.06806 
0.06605 
0.06485 
0.06264 
0.06048 
0.05848 
0.05686 
0.05543 
0.05412 
0.05256 
0.05131 
0.04981 
0.04836 
0.04676 
0.04 507 
0.04320 
0.04122 
0.03901 
0.03691 
0.03477 
0.03314 
0.03223 
0.03231 
0.03354 
0.03546 
0.03746 
0.03923 
0.04050 
0.04148 
0.04210 
0.04257 
0.04282 
0.04278 
0.04247 
0.04204 
0.04176 
0.04174 
0.04203 
0.04062 
0.03837 
0.03478 
0.04467 
0.03096 
0.02510 
0.02510 
0.05967 
0.07144 

0.26350 
0.26763 
0.27236 
0.27696 
0.28266 
0.28683 
0.29386 
0.29717 
0.30100 
0.30751 
0.30 751 
0.39025 
0.39749 
0.39095 
0.39379 
0.39185 
0.39249 
0.39178 
0.39176 
0.39141 
0.39122 
0.39099 
0.39074 
0.39045 
0.39022 
0.38 983 
0.38970 
0.38948 
0.38 939 
0.38931 
0.38927 
0.38926 
0.30931 
0.38931 
0.38943 
0.38944 
0.38949 
0.38950 
0.38938 
0.38917 
0.38883 
0.38834 
0.38775 
0.38697 
0.38609 
0.38499 
0.38372 
0.38223 
0.38049 
0.37848 
0.37613 
0.37336 
0.37000 
0.36623 
0.36154 
0.35731 
0.35270 
0.35222 
0.34254 
0.35128 
0.35128 
0.29674 
0.29384 
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AR211 

W.Schmidt 
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15-9-29 

DILLNER WING: MACH - 0.70. ALPHA - 15 
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L8 
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18 
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18 
L8 
.8 
.8 
.8 
18 
.8 
.8 
18 
.8 
18 
18 
18 
.8 
8 

18 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

0.99771 
0.99560 
0.99291 
0.98913 
0.98428 
0.97840 
0.97223 
0.96622 
0.96035 
0.95462 
0.94933 
0.94357 
0.93823 
0.93301 
0.92791 
0.92291 
0.91801 
0.91321 
0.90850 
0.90387 
0.89933 
0.89485 
0.89044 
0.88609 
0.88180 
0.87756 
0.87336 
0.86920 
0.86507 
0.36096 
0.85638 
0.85281 
0.84875 
0.84468 
0.84062 
0.83670 
0.83317 
0.83013 
0.82 751 
0.82525 
0.82331 
0.82163 
0.82018 
0.81893 
0.81785 
0.81692 
0.81612 
0.81543 
0.81483 
0.81455 
0.81543 
0.81612 
0.81692 
0.81785 
0.81893 
0.82018 
0.82163 
0.82331 
0.82 52 5 
0.82751 
0.83013 
0.83317 
0.83670 

0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.2 9650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 

0.65261 
0.64700 
0.65064 
0.64560 
0.64146 
0.63560 
0.63038 
0.62563 
0.62166 
0.61864 
0.61683 
0.61635 
0.61715 
0.61928 
0.62241 
0.62640 
0.63077 
0.63475 
0.63800 
0.64062 
0.64278 
0.64451 
0.64588 
0.64698 
0.64789 
0.64871 
0.64950 
0.65032 
0.65120 
0.65220 
0.65345 
0.65511 
0.65727 
0.66000 
0.66346 
0.66766 
0.67247 
0.67754 
0.68308 
0.68901 
0.69530 
0.70194 
0.70933 
0.71639 
0.72459 
0.73323 
0.73992 
0.75080 
0.76065 
0.76065 
0.81613 
0.81129 
0.80723 
0.80581 
0.80652 
0.80701 
0.80718 
0.30733 
0.80771 
0.80792 
0.80 761 
0.80666 
0.80518 

0.05462 
0.06790 
0.06212 
0.06463 
0.06287 
0.06196 
0.06034 
0.05807 
0.05565 
0.05252 
0.04926 
0.04522 
0.04088 
0.03598 
0.03050 
0.02490 
0.01919 
0.01445 
0.01070 
0.00786 
0.00569 
0.00396 
0.00277 
0.00191 
0.00125 
0.00087 
0.00055 
0.00041 
0.00036 
0.00045 
0.00057 
0.00063 
0.00069 
0.00070 
0.00078 
0.00081 
0.00115 
0.00134 
0.00139 
0.00177 
0.00180 
0.00225 
0.00179 
0.00308 
0.00106 
0.00255 
0.00046 

-0.00564 
-0.00625 
-0.00625 

0.05751 
0.07194 
0.06551 
0.06980 
0.06533 
0.06461 
0.06218 
0.06065 
0.05832 
0.05619 
0.05431 
0.05280 
0.05141 

0.28985 
0.29652 
0.29431 
0.29323 
0.28945 
0.28537 
0.28100 
0.27647 
0.27227 
0.26808 
0.26450 
0.26108 
0.25821 
0.26569 
0.25335 
0.25146 
0.24975 
0.24 859 
0.24 775 
0.24 722 
0.24692 
0.24671 
0.24666 
0.24670 
0.24678 
0.24 701 
0.24727 
0.24 768 
0.24820 
0.24889 
0.24978 
0.25087 
0.26228 
0.25402 
0.25628 
0.25898 
0.26228 
0.26565 
0.26923 
0.27330 
0.27735 
0.28194 
0.28636 
0.29182 
0.29568 
0.30232 
0.30519 
0.30 806 
0.31409 
0.31409 
0.39160 
0.39800 
0.39136 
0.39329 
0.39081 
0.39063 
0.38916 
0.38825 
0.38697 
0.38571 
0.38429 
0.38272 
0.38091 
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66 
67 
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AR 211 

W.Schmklt 
A Jameson 

DILLNER WING: MACH - 0.70. ALPHA - 15 

0.84062 
0.84469 
0.84875 
0.85281 
0.85688 
0.86096 
0.86 50 l 
0.86920 
0.87336 
0.87756 
0.83180 
0.88609 
0.89044 
0.89485 
0.89933 
0.90387 
0.90850 
0.91321 
0.91801 
0.92291 
0.92791 
0.93301 
0.93823 
0.94357 
0.94903 
0.95462 
0.96035 
0.96622 
0.97223 
0.97840 
0.98428 
0.98913 
0.99281 
0.99560 
0.99771 
0.99931 
1.00000 
1.00000 
0.99948 
0.99827 
0.99667 
0.99457 
0.99179 
0.98812 
0.98368 
0.97902 
0.97448 
0.97004 
0.96571 
0.96149 
0.95736 
0.95333 
0.94939 
0.94553 
0.94175 
0.93805 
0.93442 
0.93087 
0.92737 
0.92393 
0.92055 
0.91722 
0.91394 

0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.2 9650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.2 9650 
0.29650 
0.29650 
0.29650 
0.29650 
0.2 9650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.29650 
0.2 9650 
0.29650 
0.29650 
0.29650 
0.29650 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 

0.80345 
0.80156 
0.79973 
0.79809 
0.79671 
0.79 563 
0.79432 
0.79417 
0.79 349 
0.79238 
0.79042 
0.78714 
0.78219 
0.77575 
0.76881 
0.76311 
0.76044 
0.75870 
0.75648 
0.75337 
0. 74 934 
0.74514 
0.74120 
0.73761 
0.73430 
0.73118 
0.72806 
0.72461 
0.72062 
0.71633 
0.71301 
0.71176 
0.71177 
0.70541 
0.70254 
0.71007 
0.71007 
0.61613 
0.60477 
0.62018 
0.62237 
0.62948 
0.63008 
0.63070 
0.62985 
0.62897 
0.62798 
0.62724 
0.62685 
0.62707 
0.62796 
0.62950 
0.63176 
0.63436 
0.63 706 
0.63952 
0.64146 
0.64286 
0.64384 
0.64456 
0.64503 
0.64535 
0.64559 

0.05017 
0.04888 
0.04794 
0.04671 
0.04542 
0.04386 
0.04210 
0.04020 
0.03841 
0.03695 
0.03641 
0.03692 
0.03892 
0.04199 
0.04511 
0.04629 
0.04443 
0.04208 
0.04034 
0.03957 
0.03969 
0.03984 
0.03974 
0.03933 
0.03869 
0.03786 
0.03707 
0.03651 
0.03638 
0.03698 
0.03668 
0.03548 
0.03295 
0.03930 
0.03291 
0.03363 
0.03363 
0.07624 
0.08243 
0.07094 
0.07831 
0.07335 
0.07337 
0.07000 
0.06662 
0.06248 
0.05783 
0.05291 
0.04729 
0.04158 
0.03522 
0.02891 
0.02216 
0.01545 
0.00922 
0.00343 

-0.00135 
-0.00534 
-0.00853 
-0.01103 
-0.01300 
-0.01440 
-0.01543 

15-4-30 

0.37903 
0.37701 
0.37526 
0.37344 
0.37173 
0.37003 
0.36836 
0.36671 
0.36510 
0.36343 
0.36185 
0.36013 
0.35 836 
0.35639 
0.35418 
0.35143 
0.34 851 
0.34582 
0.34324 
0.34078 
0.33834 
0.33582 
0.33331 
0.33078 
0.32827 
0.32575 
0.32 324 
0.32070 
0.31811 
0.31587 
0.31359 
0.31196 
0.31016 
0.31075 
0.30438 
0.30958 
0.30 958 
0.28497 
0.28332 
0.28320 
0.29014 
0.29044 
0.29080 
0.28858 
0.28550 
0.28182 
0.27767 
0.27346 
0.26892 
0.26466 
0.26032 
0.25634 
0.25263 
0.24911 
0.24604 
0.24317 
0.24077 
0.23862 
0.23683 
0.23540 
0.23421 
0.23335 
0.23273 

/ 

r 



DORNIER/J AMESON 

9 27 
9 ?8 
9 29 
9 30 
9 31 
9 32 
9 33 
9 34 
9 35 
9 36 
9 37 
9 38 
9 39 
9 40 
9 41 
9 42 
9 43 
9 44 
9 45 
9 46 
9 47 
9 48 
9 49 
9 50 
9 51 
9 52 
9 53 
9 54 
9 55 
9 56 
9 57 
9 58 
9 59 
9 60 
9 61 
9 62 
9 63 
9 64 
9 65 
9 66 
9 67 
9 68 
9 69 
9 70 
9 îl 
9 72 
9 73 
9 74 
9 75 
9 76 
9 77 
9 78 
9 79 
9 80 
9 81 
9 82 

.9 83 

.9 84 
9 85 
9 86 
9 87 

.9 88 

.9 89 

0.9106 9 
0.90749 
0.90432 
0.90117 
0.89805 
0.89496 
0.89186 
0.88879 
0.88572 
0.88265 
0.87958 
0.87661 
0.87395 
0.87166 
0.86968 
0.86 797 
0.86650 
0.86523 
0.86413 
0.86319 
0.86237 
0.86 16 7 
0.86107 
0.86054 
0.86009 
0.85 988 
0.86054 
0.86107 
0.8616 7 
0.86237 
0.86319 
0.36413 
0.86523 
0.86650 
0.86797 
0. 86 968 
0.87166 
0.87395 
0.87661 
0.87958 
0.88265 
0.88572 
0.88879 
0.89186 
0.89495 
0.89805 
0.90117 
0.90432 
0.90749 
0.91069 
0.91394 
0.91722 
0.92055 
0.92393 
0.92737 
0.93086 
0.93442 
0.93805 
0.94175 
0.94553 
0.94939 
0.95333 
0.95736 

AR 211 
W .Schmidt 
A Jameson 

15-0-31 

DILLNER WINCc MACH - 0.70, ALPHA - 15 

0.3 1300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 

0.64579 
0.64603 
0.64634 
0.64676 
0.64732 
0.64 811 
0.64922 
0.65073 
0.65275 
0.65536 
0.65870 
0.66 283 
0.66756 
0.67253 
0.67791 
0.68359 
0.68955 
0.69574 
0.70253 
0.70897 
0.71629 
0.72 364 
0.72981 
0.73889 
0.73662 
0.73 662 
0.76291 
0.75840 
0.75723 
0.75701 
0.75786 
0.75813 
0.75 845 
0.75877 
0.75911 
0.75908 
0.75852 
0.75742 
0.75586 
0.75404 
0.75214 
0.75031 
0.74 864 
0.74713 
0.74573 
0.74434 
0.74275 
0.74070 
0.73783 
0.73384 
0.72852 
0.72198 
0.71486 
0.70836 
0.70384 
0.70172 
0.70052 
0.69890 
0.69646 
0.69360 
0.69074 
0.68817 
0.68600 

-0.01617 
-0.01658 
-0.01684 
-0.01685 
-0.01669 
-0.01638 
-0.01598 
-0.01556 
-0.01506 
-0.01455 
-0.01388 
-0.01325 
-0.01234 
-0.01168 
-0.01114 
-0.01036 
-0.00993 
-O.OD910 
-0.00921 
-0.00772 
-0.00937 
-0.00760 
-0.01329 
-0.01642 
-0.01062 
-0.01062 

0.04706 
0.05964 
0.05251 
0.05475 
0.05076 
0.04989 
0.04724 
0.04525 
0.04259 
0.04322 
0.03802 
0.03608 
0.03414 
0.03243 
0.03067 
0.02932 
0.02784 
0.02649 
0.02515 
0.02397 
0.02308 
0.02281 
0.02335 
0.02513 
0.02808 
0.03223 
0.03685 
0.04084 
0.04301 
0.04296 
0.04215 
0.04176 
0.04207 
0.04290 
0.04388 
0.04473 
0.04532 

0.23230 
0.23214 
0.23214 
0.23240 
0.23289 
0.23363 
0.23463 
0.23592 
0.23760 
0.23966 
0.24230 
0.24 543 
0.24915 
0.25285 
0.25672 
0.26096 
0.26513 
0.26975 
0.27407 
0.27933 
0.28291 
0.28897 
0.29111 
0.29279 
0.29533 
0.29533 
0.35183 
0.35763 
0.35203 
0.35344 
0.35123 
0.35080 
0.34919 
0.34802 
0.34642 
0.34478 
0.34294 
0.3409? 

0.33861 
0.33629 
0.33389 
0.33181 
0.32973 
0.32 785 
0.32 603 
0.32434 
0.32272 
0.32123 
0.31979 
0.31850 
0.31722 
0.31603 
0.31487 
0.31368 
0.31244 
0.31 110 
0.30978 
0.30 850 
0.30722 
0.33 606 
0.30502 
0.30405 
0.30316 
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DORNIER/JAMESON 
AR 211 

W.Schmidt 
AJameson 

15-9-32 

I5ILL.NER WING: MACH - ().70, ALPHA - 1 ? 

90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

10C 
101 
102 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

0.96149 
0.96571 
0.97004 
0.97447 
f. .97 902 
0.98368 
0.98812 
0.99179 
0.99457 
0.99667 
0.99827 
0.99948 
1.00000 
1.00000 
0.99959 
0.99862 
0.99 736 
0.99566 
0.99348 
0.99057 
0.98704 
0.98334 
0.97973 
0.97621 
0.97277 
0.96942 
0.96614 
0.96294 
0.95981 
0.95674 
0.95374 
0.95080 
0.94 792 
0.94510 
0.94232 
0.93959 
0.93691 
0.93426 
0.93165 
0.92908 
0.92653 
0.92401 
0.92152 
C.91904 
0.9165 8 
0.91412 
0.91168 
0.90924 
0.90681 
0.90437 
0.90201 
0.89990 
0.89808 
0.89651 
0.89515 
0.89398 
0.89297 
0.89210 
0.89135 
0.89071 
0.89015 
0.88967 
0.88 925 

0.313C0 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.31300 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 

0.68422 
0.68279 
0.68159 
0.68043 
0.67922 
0.67772 
0.67593 
0.67411 
0.67246 
0.66543 
0.66020 
0.65427 
0.65427 
0.61551 
0.61322 
0.62874 
0.63466 
0.64235 
0.64509 
0.64 757 
0.64896 
0.65011 
0.65072 
0.65126 
0.65172 
0.65222 
0.65277 
0.65331 
0.65392 
0.65431 
0.65450 
0.65442 
0.65406 
0.65349 
0.65274 
0.65191 
0.65104 
0.65019 
0.64944 
0.64880 
0.64830 
0.64795 
0.64779 
0.64782 
0.64 808 
0.64864 
0.64954 
0.65086 
0.65266 
0.65499 
0.65783 
0.66105 
0.66443 
0.66815 
0.67211 
0.67634 
0.68078 
0.68578 
0.69054 
C.69623 
0.70173 
0.70798 
0.71556 

0.04570 
0.045 86 
0.04603 
0.04629 
0.04673 
0.C4797 
0.04903 
0.04967 
0.04822 
0.05335 
0.04659 
0.05626 
0.05626 
0.05024 
0.06385 
0.05889 
0.06490 
0.06157 
0.06072 
0.05686 
0.05237 
0.04701 
0.04132 
0.03550 
0.02910 
0.02284 
0.01619 
0.00977 
0.00343 

-0.00275 
-0.00829 
-0.01350 
-0.01799 
-0.02202 
-0.02554 
-0.C2860 
-0.03132 
-0.03365 
-0.03572 
-0.03760 
-0.03921 
-0.04069 
-0.04196 
-0.04310 
-0.04412 
-0.04503 
-0.04588 
-0.04661 
-0.04727 
-0.04772 
-0.04812 
-0.04814 
-0.04830 
-0.04851 
-0.04847 
-0.04876 
-0.04 86 2 
-0.04938 
-0.04857 
-0.05085 
-0.04884 
-0.05360 
-0.05452 

0.30235 
0.33 160 
0.30399 
0.30047 
0.30005 
0.30005 
0.29974 
0.29911 
0.29 70 4 
0.29659 
0.28840 
0.29208 
0.29208 
0.26448 
0.27368 
0.27893 
0.28700 
0.28900 
0.28997 
0.28853 
0.28597 
0.28263 
0.27872 
0.27466 
0.27013 
0.26574 
0.26108 
0.25660 
0.25222 
0.24 783 
0.24380 
0.23984 
0.23624 
0.23284 
0.22972 
0.22688 
0.22427 
0.22197 
0.21991 
0.21 807 
0.21653 
0.21519 
0.21412 
0.21329 
0.21269 
0.21237 
0.21232 
0.21265 
0.21334 
0.21455 
0.21614 
0.21826 
0.22039 
0.22271 
0.22 540 
0.22801 
0.23109 
0.23389 
0.23 767 
0.23987 
0.24503 
0.24584 
0.25034 
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DORMER JAMESON 
AR2II 

W.Schmidt 
A.Jameson 

15-0-33 

D1LLNER WING: MACH = 0.70, ALPHA = 15 
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bl 
52 
53 
54 
55 
56 
57 
5fl 
59 
60 
61 
62 
63 
64 
65 
66 
67 
60 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
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89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

0.88890 
0.88873 
0.88925 
0.88 96 7 
0.89015 
Ü.89071 
0.89135 
0.89210 
0.89297 
0.89398 
0.89515 
0.89651 
0.89808 
0.89990 
0.90202 
0.90437 
0.90681 
0.90925 
U.91168 
0.9141? 
0.91658 
0.91904 
0.92152 
0.92401 
0.92653 
0.92908 
0.93165 
0.93426 
0.93691 
0.93959 
0.94232 
0.94510 
0.94792 
0.95080 
0.95374 
0.95674 
0.95 981 
0.96294 
0.96614 
0.96942 
0.97277 
0.97621 
0.97973 
0.98334 
0.98 704 
0.99057 
0.99348 
0.99568 
0.99 736 
0.99862 
0.99959 
1.00000 
1.00000 
0.99970 
0.99900 
0.99 80 7 
0.99606 
0.99525 
0.99313 
0.99056 
0.98786 
0.98524 
0.98267 

0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.3?350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.32350 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 

0.71612 
0.71612 
0.70633 
0.70353 
0.70439 
0.70441 
0.70491 
0.70479 
0.70476 
0.70455 
0.73424 
0.70355 
0.70250 
0 . 7011 0 
0.69955 
0.69810 
0.69685 
0.69578 
0.69484 
0.69395 
0.69304 
0.69200 
0.69066 
0.68884 
0.68635 
0.68301 
0.67878 
0.67381 
0.66853 
0.66364 
0.65981 
0.65718 
0.65519 
0.65316 
0.65071 
0.64788 
0.64483 
0.64172 
0.63868 
0.63574 
0.63294 
0.63025 
0.62761 
0.62511 
0.62246 
0.61966 
0.61676 
0.61412 
0.60678 
0.60253 
0.58874 
0.58874 
0.61551 
0.61322 
0.62874 
0.63466 
0.64235 
0.64509 
0.64 757 
C.64896 
0.65011 
0.65072 
0.65126 

-0.06337 
-0.06337 
0.09809 
0.10955 
0.09848 
0.09975 
0.09495 
0.09345 
0.09018 
0.08774 
0.08477 
0.08210 
0.C7947 
0.07703 
0.07439 
0.07179 
0.06898 
0.06632 
0.06350 
0.06083 
0.05824 
0.05591 
0.05394 
0.05255 
0.05184 
0.05200 
0.05297 
0.05465 
0.05659 
0.05821 
0.05898 
0.05882 
0.05825 
0.05782 
0.05786 
0.05825 
0.05894 
0.05975 
0.06061 
0.06162 
0.06263 
0.06391 
0.06535 
0.06697 
0.06930 
0.07191 
0.07430 
0.07431 
0.07757 
0.06834 
0.07739 
0.07739 
0.05024 
0.06385 
0.05889 
0.06490 
0.06157 
0.06072 
0.05486 
0.05237 
0.04701 
0.04132 
0.03550 

0 .24444 
0.24444 
0.35347 
0.36007 
0.35262 
0.35354 
0.35038 
0.34924 
0.34687 
0.34 500 
0.34268 
0.34035 
0.33 784 
0.33526 
0.33243 
0.32969 
0.32691 
0.32434 
0.32174 
0.31927 
0.31 684 
0.31452 
0.31228 
0.31017 
0.30813 
0.30622 
0.30437 
0.30 260 
0.30086 
0.29914 
0.29742 
0.29573 
0.29411 
0.29258 
0.29115 
0.28976 
0.28847 
0.28 724 
0.28610 
0.28514 
0.28425 
0.28366 
0.28322 
0.28300 
0.28326 
0.28366 
0.28383 
0.28209 
0.28066 
0.27102 
0.27031 
0.27031 
0.26448 
0.27368 
0.27893 
0.28 700 
0.28900 
0.28997 
0.28853 
0.28597 
0.28263 
0.27872 
0.27466 
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DILLNER WING: MACH = ().7(). ALPHA - 15 
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'1 
'1 
II 
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1 
'1 
•1 

12 
13 
14 
15 
16 
IT 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 

0.93017 
0.97772 
0.97534 
0.9*330 
0.97072 
0.96849 
0.96 631 
0.96417 
0.96207 
0.96001 
0.95799 
0.95600 
0.95404 
0.95212 
0.95022 
).94 834 
0.94649 
0.94465 
0.94283 
0.94193 
0.93923 
0.93745 
0.93567 
0.93 38 9 
0.93212 
0.93034 
0.92863 
0.92709 
0.92576 
0.92461 
0.92363 
0.92278 
0.92204 
0.92 141 
0.92086 
0.92039 
0.91998 
0.91963 
0.91933 
0.91907 
0.91895 
0.91933 
0.91963 
0.91998 
0.92039 
0.92086 
0.92141 
0.92204 
0.92278 
0.92363 
0.92461 
0.92576 
0.92709 
0.92863 
0.93034 
0.93212 
0.93389 
0.93567 
0.93 74 5 
0.93923 
0.94103 
0.94283 
0.94465 

0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0. 33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 

0.65172 
0.65222 
0.65277 
0.65331 
0.65392 
0.65431 
0.65450 
0.6544? 
0.65406 
0.65349 
0.65274 
0.65191 
0.65104 
0.66019 
0.64944 
0.64880 
0.64830 
0.64795 
0.64779 
0.64782 
0.64 808 
0.64864 
0.64554 
0.65086 
0.65266 
0.66499 
0.65783 
0.66105 
0.66443 
0.66815 
0.67211 
0.67634 
0.68078 
0.68578 
0.69054 
0.69623 
0.70173 
0.70798 
0.71556 
0.71612 
0.71612 
0.70633 
0.70353 
0.70439 

0.70441 
0.70491 
0.70479 
0.70476 
0.70455 
0.70424 
0.70355 
0.70250 
0.70110 
0.69955 
0.69810 
0.69685 
0.69578 
0.69484 
0.69395 
0.69304 
0.69200 
0.69066 
0.68334 

0.02910 
0.02284 
0.01619 
0.00977 
0.00343 

-0.00275 
-0.00829 
-0.01350 
-0.01799 
-0.02202 
-0.02554 
-0.02860 
-0.03132 
-0.03365 
-0.03572 
-0.03760 
-0.03921 
-0.04069 
-0.04196 
-0.04310 
-0.04412 
-0.C4503 
-0.04588 
-0.04661 
-0.04727 
-0.04772 
-0.04812 
-0.04814 
-0.04830 
-0.04851 
-0.04847 
-0.04876 
-0.04862 
-0.04938 
-0.04857 
-0.05085 
-0.04884 
-0.05360 
-0.05452 
-0.06337 
-0.06337 

0.09809 
0.13955 
0.09848 
0.09975 
0.09495 
0.09345 
0.09013 
0.08774 
0.08477 
0.08210 
0.07947 
0.07703 
0.07439 
0.07179 
0.06898 
0.06632 
0.06350 
0.06083 
0.05324 
0.05591 
0.05394 
0.05255 

0.27013 
0.26574 
0.2M08 
0.2566^ 
0.25222 
0.24 78 3 
0.24380 
0.23984 
0.23624 
0.23284 
0.22972 
0.22688 
0.22427 
0.22197 
0.21991 
0.21807 
0.21653 
0.21519 
0.21412 
0.21329 
0.21269 
0.21237 
0.21232 
0.21265 
0.21334 
0.21455 
0.21614 
0.21826 
0.22039 
0.22271 
0.22540 
0.22801 
0.23109 
0.23389 
0.23767 
0.23987 
0.24503 
0.24 384 
0.25034 
0.24444 
0.24444 
0.35347 
0.36007 
0.35262 
0.35354 
0.35038 
0.34924 
0.34687 
0.34500 
0.34268 
0.34035 
0.33 784 
0.33526 
0.33243 
0.32969 
0.32691 
0.32434 
9.32174 
0.31927 
0.31684 
0.31462 
0.31228 
0.31017 
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DILLNER WING: MACH - 0.7«. ALPHA - IS 
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8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

Ü.94649 
0.94834 
0.95022 
0.95212 
0.95404 
0.95600 
0.95 799 
0.94 001 
0.96207 
0.96417 
0.96631 
0.96 849 
0.97072 
0.97330 
0.97534 
0.97772 
0.98017 
0.98267 
0.98523 
0.98786 
0.99056 
0.99313 
0.99525 
0.99606 
0.99 807 
0.99900 
0.99970 
1.00030 
1.00000 
0.99975 
0.99918 
0.99843 
0.99744 
0.99 614 
0.99441 
0.97232 
0.97013 
0.9H799 
0.9 1590 
0.9E386 
0.98 188 
0.97973 
0.97834 
0.97618 
0.97436 
0.97259 
0.9708 5 
0 .96914 
0.96746 
0.96582 
0.96420 
0.96261 
0.96104 
0.95950 
0.95797 
.7.95 646 
0.95497 
0.95349 
0.95202 
0 95056 
0.94911 
0.94 766 
0.94622 

0.33450 
0.33450 
0.33450 
0.3345^ 
0.33450 
0.33450 
0.33450 
0.33460 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.3 3450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.33450 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.340 0 0 
0.34000 
0.34000 
0.34000 
0.34C00 
0.340 00 
0.34000 
0.34000 
0.34000 
0.34000 
0.340 00 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34C00 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.340 0 0 
0.34000 

0.68635 
0.60301 
0.67878 
0.67381 
Ù.66853 
0.66364 
0.65901 
0.65718 
0.65519 
0.65316 
0.65071 
0.64788 
0.64483 
0.64172 
0.63868 
0.63574 
0.63294 
0.63025 
0.62761 
0.62511 

0.62246 
0.61966 
0.61676 
0.61412 
0.60678 
0.60253 
0.58874 
0.58874 
0.61551 
0.61322 
0.62874 
0.63466 
0.64235 
0.64509 
0.64757 
0.64896 
0.65011 
0.65072 
0.65126 
0.65172 
0.65222 
0.65277 
0.65331 
0.65392 
0.65431 
0.65450 
0.65442 
0.65406 
0.65349 
0.65274 
0.65191 
0.65104 
0.65019 
0.64944 
0.64880 
0.64830 
0.64 795 
0.64 779 
0.64782 
0.64 808 
0.64864 
0.64954 
0.65086 

0.05184 
0.05200 
0.05297 
0.05465 
0.05659 
0.05821 
0.05898 
0.05862 
0.05025 
0.05782 
0.05786 
0.05825 
0.05894 
0.05975 
0.06061 
0.06162 
0.06263 
0.06391 
0.06535 
0.06697 
0.06930 
0.07191 
0.07430 
0.07401 
0.07757 
0.06834 
0.07739 
0.07739 
0.05024 
0.06385 
0.0580 ? 
0.06490 
0.06157 
0.06072 
0.05686 
0.05237 
0.04701 
0.04132 
0.03550 
0.02910 
0.02204 
0.01619 
0.00977 
0.00343 

-0.00275 
-0.00029 
-0.01350 
-0.01799 
-0.02202 
-0.02554 
-0.02860 
-0.03132 
-0.03365 
-0.03572 
-0.03760 
-0.03921 
-0.04069 
-0.04196 
-0.04310 
-0.04412 
-0.04503 
-0.04588 
-0.04661 

0.30 0 1 3 
0.33622 
0.30437 
0.30 260 
0.30086 
0.27914 
0.29742 
0.29573 
0.29411 
0.29258 
0.29115 
0.28976 
0.28847 
0.28724 
0.28610 
0.28514 
0.28425 
0.28366 
0.28322 
0.28300 
0.28326 
0.28366 
0.28383 
0.28209 
0.28066 
C.27102 
0.27031 
0.27031 
0.26448 
0.27368 
0.27 893 
0.28700 
0.28900 
0.28997 
0.28853 
0.28597 
0.28263 
0.27872 
0.27466 
0.27013 
0.2657'» 
0.26108 
0.25660 
0.25222 
0.24 783 
0.24380 
0.23984 
0.23624 
0.23284 
0.22972 
0.22638 
0.22427 
0.22197 
0.21991 
0.21807 
0.21653 
0.21519 
0.21412 
0.21329 
0.21269 
0.21237 
0.21232 
0.21265 



DORNIER JAMESON 
AR 21 I 

W.Schmidt 
A lameson 

I S-y-.U, 

DILLNER WING: MACH - 0.70. ALPHA - If. 

'2 
•2 
■2 
'2 
•2 
’2 
'2 
'2 
•2 
■2 
2 

'2 
’2 
2 

'2 
2 

:2 
!2 
2 

•2 
'2 
•2 
•2 
!2 
'2 
2 

'2 
'2 
!2 
'2 
:2 
'2 
2 

*2 
■2 
2 
2 

:2 
2 

'2 
2 
2 
2 
2 
2 

•2 
2 

•2 
’2 
>2 
'2 
:2 
'2 
'2 
‘2 
2 
2 
2 

'2 
2 
2 
2 

:2 

36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 

0.9^477 
0.94333 
0.94193 
0.94068 
0.93960 
0.9386 7 
0.93786 
0.93 71 7 
0.93657 
0.93606 
0.93 561 
0.93523 
0.93490 
0.93462 
0.93437 
0.93416 
0.93406 
0.93437 
0.93462 
0.93490 
0.93523 
0.93561 
0.93606 
0.93657 
0.93717 
0.93 786 
0.93867 
0.93960 
0.94068 
0.94 193 
0.94333 
0.94477 
0.94622 
0.94 766 
0.94911 
0.95056 
0.95202 
0.95349 
0.95497 
0.95646 
0.95 797 
0.95950 
0.96 104 
0.96261 
0.96420 
0.96582 
0.96 746 
0.96914 
0.97085 
0.97259 
0.97436 
0.97618 
0.97804 
0.97993 
0.98188 
0.98386 
0.98590 
0.98 799 
0.99013 
0.99232 
0.99441 
0.99614 
0.99744 

0.34000 
0.34000 
0. ï4000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34C00 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0.34000 
0. 34000 

0.65266 
0.65499 
0.65783 
0.66105 
0.66443 
0.6681 * 
0.67211 
0.67634 
0.68078 
0.68578 
0.69054 
0.69623 
0.70173 
0.70798 
0.71556 
0.71612 
0.71612 
0.70633 
0.70353 
0.70439 
0.70441 
0.70 >t 
0.7 479 
0.70476 
0.70455 
0.70424 
0.70355 
0.70250 
0.70110 
0.69955 
0.69810 
0.69685 
0.69578 
0.69484 
0.69395 
0.69304 
0.69200 
0.69066 
0.68884 
0.68635 
0.68301 
0.67878 
0.67381 
0.66853 
0.66364 
0.65981 
0.65718 
0.65519 
0.65316 
0.65071 
0.64788 
0.64483 
0.64172 
0.63868 
0.63574 
0.63294 
0.63025 
0.62761 
0.62511 
0.62246 
0.61966 
0.61676 
0.61412 

-0.04727 
-0.04772 
-0.04812 
-0.04814 
-0.04830 
-0.04 851 
-0.04 847 
-0.04876 
-0.04862 
-0.04938 
-0.04857 
-0.05085 
-0.04884 
-0.05360 
-0.05452 
-0.06337 
-0.06337 
0.09809 
0.10955 
0.09848 
0.09975 
0.09495 
0.09345 
0.09018 
0.08774 
0.08477 
0.08210 
0.07947 
0.07703 
0.07439 
0.07179 
0.06898 
0.06632 
0.06350 
0.06083 
0.05824 
0.05591 
0.05394 
0.05255 
0.05184 
0.05200 
0.05297 
0.05465 
0.05659 
0.05821 
0.05898 
0.05882 
0.05825 
0.05782 
0.05786 
0.05825 
0.05894 
0.05975 
0.0606). 
0.06162 
0.06263 
0.06391 
0.06535 
0.06697 
0.06930 
0.07191 
0.07430 
0.07401 

0.21334 
0.21455 
0.21614 
0.2182-1 
0.22039 
0.22271 
0.22540 
0.22 80 1 
0.23109 
0.23389 
0.23767 
0.23987 
0.24503 
0.24584 
0'25034 
0.24444 
0.24444 
0.35347 
0.36007 
0.35262 
0.35354 
0.35038 
0.34924 
0.34687 
0.34 500 
0.34268 
0.34035 
0.33 784 
0.33526 
0.33243 
0.32969 
0.32691 
0.32434 
0.32174 
0.31927 
0.31684 
0.31452 
0.31228 
0.31017 
0.30813 
0.30622 
0.30437 
0.30260 
0.30086 
0.29914 
0.29 74? 
0.29573 
J.29411 
0.29258 
0.29115 
0.28976 
0.28847 
0.28724 
0.28610 
0.28514 
0.28425 
0.28366 
0.28322 
0.28300 
0.28326 
0.28366 
0.28383 
0.28209 



DORMER JAMESON 
AR 211 

W.Schmidt 
AJameson 

15-9-37 

DILLNER WING: MACH ~ ().70. ALPHA - 15 

99 
100 
101 
102 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

0.99843 
0.99918 
0.99975 
1.03000 
1.00000 
1.00000 
1.00000 
1.00000 
1 .00000 
1.00000 
1.00000 
1.O0000 
1.00 000 
1.00000 
1.00 000 
1.00000 
l.00000 
1.00000 
1.03030 
1.00 000 
1.00 000 
1.00000 
1.00000 
l.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.03030 
1.00030 
1.00000 
I.00000 
1.00000 
1.00000 
l.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.0300" 
1.00000 
1.03000 
1.00000 
1.00000 
1.00010 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00030 
1.00090 
1.00000 
1.00000 
1.00000 
1.00000 
1.03000 
1.00000 
1.00000 
1.00030 
1.00000 

0.34000 
0.34000 
0.34300 
0.34COO 
9.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.363 99 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.363 99 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
^.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 

0.60678 
0.69253 
0.58874 
0.58874 
0.68271 
0.68092 
0.67958 
0.67871 
0.67746 
0.67613 
0.67446 
0.67300 
0.67180 
0.67080 
0.67001 
0.66935 
0.66878 
0.66827 
0.66781 
0.66740 
0.66 704 
0.66672 
0.66644 
0.66618 
0.66593 
0.66568 
0.66545 
0.66525 
0.66 5 09 
0.66499 
0.66495 
0.66497 
0.66504 
0.66517 
0.66535 
0.66559 
0.66588 
0.66619 
0.66651 
0.66676 
0.66682 
0.66675 
0.66669 
0.66670 
0.66691 
0.66 740 
0.66816 
0.66910 
0.67013 
0.67116 
0.67190 
0.67224 
0.67206 
0.67294 
0.67294 
0.67501 
0.67391 
0.67166 
0.67051 
0.67038 
0.67060 
0.67087 
0.67096 

0.07757 
0.06834 
0.07739 
0.07739 

-0.00943 
-0.01121 
-0.01155 
-0.01280 
-0.01338 
-0.01420 
-0.01462 
-0.01485 
-0.01491 
-0.01474 
-0.01445 
-0.01403 
-0.01351 
-0.01291 
-0.01225 
-0.01156 
-0.01086 
-0.01016 
-0.0094 7 
-0.00879 
-0.03812 
-0.00748 
-0.00689 
-0.03635 
-0.00588 
-0.00549 
-0.00516 
-0.00489 
-0.00468 
-0.00452 
-0.03440 
-0.00431 
-0.00425 
-0.00418 
-0.00407 
-0.03389 
-0.00352 
-0.00300 
-0.03251 
-0.00210 
-0.03187 
-0.00191 
-0.00220 
-0.03271 
-0.00333 
-0.03436 
-0.00460 
-0.00488 
-0.00479 
-0.00869 
-0.00869 
-0.01049 
-0.03640 
-0.00437 
-0.00339 
-0.00338 
-0.00374 
-0.00424 
-0.00462 

0.28066 
0.27192 
0.27031 
0.27031 
0.26 IP 7 
0.25860 
3.25749 
0.25602 
0.25478 
0.25331 
0.25193 
0.25081 
0.24999 
0.24947 
0.24917 
0.24 905 
0.24 907 
0.24919 
0.24938 
0.24963 
0.24992 
0.25923 
0.25056 
0.25090 
0.25123 
0.25155 
0.25184 
0.25212 
0.25236 
0.25269 
0.25281 
0.25302 
0.25322 
0.25342 
0.25363 
0.25385 
0.25408 
0.25433 
0.25461 
0.25491 
0.25522 
0.25556 
0.25588 
0.25620 
0.25650 
0.25679 
0.25705 
0.25728 
0.25747 
0.25760 
0.25767 
0.25768 
0.25763 
0.25532 
0.25532 
0.25532 
0.25763 
0.25768 
0.2^767 
0.25760 
0.25747 
0.25728 
0.25705 



DORMER JAMESON 
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W.Schmidt 
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— 

1S-9-3K 

DILLNER WING: MACH -0.70. ALPHA - IS 

!3 
! 3 
•3 
^3 
’3 
! 3 
'3 

3 
>3 
’3 
•3 
*3 
!3 
»3 
'3 
’3 
'3 
'3 
!3 
'3 
:3 
:3 
•3 
!3 
>3 
'3 
3 

>3 
>3 
‘3 
’3 
'3 
>3 
>3 

3 
3 

’3 
'3 
’3 
’3 
!3 
•3 
3 

60 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 

1.03000 
l.UOOOO 
1.00 000 
i.ooooo 
1.00000 
i.ooooo 
1.00000 
1.00000 
1.00000 
1 .00 000 
1.00000 
1.03000 
1 .00000 
1.00000 
1.00000 
1.00000 
1.00000 
l.OOODO 
1.00000 
1.00000 
1.00000 
1.03000 
1.00000 
1.00 000 
I.OOOOO 
1.00000 
1.00030 
1.00000 
i.ooooo 
1.00000 
1.00000 
1.03000 
l.OOOCO 
1.00000 
1.00000 
1.00000 
1.03000 
1.03000 
1.00000 
1.00 000 
i.ooooo 
1.00000 
1.00030 

WING CONTOUP ** 

0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 
0.36399 

0.67078 
0.67034 
0 . 66 9 6 9 
0.66889 
0.66802 
0.66716 
0.66641 
0.66581 
0.66537 
0.66510 
0.66496 
0.66490 
0.66487 
0.66485 
0.66480 
0.66471 
0.66457 
0.66438 
3.66*15 
0.66387 
0.66355 
0.66322 
0.66291 
0.66264 
0.66244 
0.66227 
0.66212 
0.66193 
0.66168 
0.66135 
0.66093 
0.66044 
0.65988 
0.65927 
0.65863 
0.65789 
0.65699 
0.65601 
0.65532 
0.65477 
0.65494 
0.6551 1 
0.65511 

-0.00483 
-0.00483 
-0.00467 
-0.00441 
-0.00409 
-0.00381 
-0.00359 
-0.00347 
-0.00348 
-0.00359 
-0.00377 
-0.00401 
-0.00426 
-0.00452 
-0.00475 
-0.09495 
-0.00512 
-0.00527 
-0.00540 
-0.00553 
-0.00565 
-0.00579 
-0.00597 
-0.03620 
-0.00646 
-0.00675 
-Ü.G0700 
-0.00717 
-0.00721 
-0.00708 
-0.00675 
-0.03618 
-0.00529 
-0.03408 
-0.00244 
-0.00031 
0.00229 
0.00509 
0.03731 
0.00975 
0.01108 
0.01329 
0.01329 

0.25679 
0.25650 
0.25620 
0.25588 
0.25556 
0.25522 
0.25491 
0.25461 
0.25433 
0.25408 
0.25385 
0.25363 
0.2534? 
0.25322 
0.25302 
0.25281 
0.25259 
0.25236 
0.25212 
0.25184 
0.25155 
0.25123 
0.25090 
0.25056 
0.25023 
0.24992 
0.24963 
0.24938 
0.24919 
0.24907 
0.24905 
0.24917 
0.24 947 
0.24999 
0.25081 
0.25193 
0.25331 
0.25478 
0.25602 
0.25749 
0.25860 
0.26036 
0.26036 

■ 



AR-211 

I 

AGARD FDP - WG 07 

TEST CASES FOR STEADY INVISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 17 

AGARD B: MACH = 1.50, ALPHA = 0 

Contributor No 9 

W.Schmidt and AJameson 

(Dornier, F.R.G.) and (Princeton Univ., U.S.A.) 



DORNIER/JAMESON 
AR211 

W.Schmidl 
A Jameson 

17-y-l 

AGARD B: MACH - 1.50. ALPHA - 0 

Lower Surface 
i-p/piinf 

-0.07500 
-0.05000 
-0.02500 
-0.00000 
0.02500 
0.05000 
0.07500 
0.10000 
0.12500 
0.1500; 
0.17500 
0.201 00 
0.2?J00 
0.23000 
0.27530 
3.30030 
3.32500 
0.35300 
0.37503 
0.43030 
0.42500 
0.45 300 
0.47503 
0.50000 
0.52500 
3.55000 
0.57500 
0.60033 
0.62503 
0.65030 
0.67500 
0.70000 
0.72500 
0.75000 
0.77500 
0.80000 
0.32500 
0.85003 
0.87503 



I 

I 
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DORNIF.R/JAMF.SON 
AR211 

W.Schmidt 
A Jameson 

17-9-2 

AGARD B: MACH - 1.50. ALPHA - 0 

\ 

( 

► 

I 

f 

Surface 
Mach 

0..35000 
0.10030 
0.15000 
0.20000 
0.25000 
3.10J0J 
0.35J0J 
0.10000 
0.15000 
0,50000 
0.55303 
0.60000 
0.S5000 
0.70000 
3.75000 
0.30000 
0.35000 
0.90000 
0.95300 
1.00000 
1 .05 300 
1.10030 
1 .15 300 
1 .20300 
1.25030 
1 . 30000 
1.35 300 
1.40300 
1.45 030 
1.53300 
1.55300 
1.60300 
1.65330 
1.70300 
1 .75000 
1.80320 
1.85 300 
1.90000 
1.93 300 



AR 2! I 

ACiARI) B: MACH - 1.50, ALPHA - 0 

W.Schniicll 
A. Jameson 

17-9-5 

Lower Surface 
1-PI/PI INF 



DORNIER/MMESON 
AR 211 W .Schmidt 

A Jameson i7-y-4 

AGARDB: MACH - 1.50. ALPHA - 0 
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DORNIER/J AMESON 
AR211 

W.Schmidt 
AJameson 

17-9-7 

AGARDB: MACH - 1.50. ALP HA — 0 

-a- 
CO 

KL“ I 

X/C-0.95 

EXPOSED ÜSIKIG 

Y/b 
\ r' 



IX)RNIF.R JAMESON 
AR 211 

W .Schmidt 
A Jameson 

i7-y-8 

ACiARI) B: MACH - 1 SO, ALPHA - 0 
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AR2I1 
W.Schmidl 
AJameson 

17-y-12 

_ 
AGARD B: MACH - 1.50, ALPHA - 0 

DORN I ER/J A M ESON 



AR 211 
W.Schmidt 
AJameson 17-0-13 

AGAR» B: MACH - 1.50, ALPHA-« 

DORNIER/J AMESON 



DORNIER/J AMESON 
AR 211 W.Schmidt 

A Jameson i7-y-i4 

AGARD B: MACH - 1.50, ALPHA - 0 

---— 



/ 

DORNÎER/JAMESON 

U 
tr -1 

AR211 
W.Schmidt 
A Jameson 

17-9-15 

AGARD B: MACH - 1.50, ALPHA - 0 

X/C-O,95 

EXP0SEP WIMO 

-1-1-“I-1-1-i-1 i r 
n nn n.?n-QJlû-û*£fl-- 

—I-1-1— 
i-nn_U2û_ 

Y/b 

, \ 
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DORNIER/JAMESON 
AR2I1 W.Schmid! 

AJameson 17-V-I7 

AGARDB: MACH — 1.50, ALPHA-0 

I ^ i r~' 





/ 

DORNIER/J AMESON 
AR 211 '.V .Schmidt 

AJameson 17-9-1 y 

AGARDB: MACH - 1.50, ALPHA-0 

ni-1-r—i-r 
I.00 1.20 i 

Y/5x0.5 

X/C = g_.S5‘ 
EXPOSED Ml 



DORNIER/JAMESON 
AR21I 

W.Schmidt 
A Jameson 17-9-20 

AGARD B: MACH - 1.50, ALPHA - 0 

ABB. : flGARD FDP-HG07 EU0G3D AGARD WING/BODY VELOCITIES 
X/C - 0.6 

... 



AR-211 

AGARD FDR - WG 07 

TEST CASES FOR STEADY INVISCID 

TRANSONIC OR SUPERSONIC FLOW 

TEST CASE 18 

AGARD B: MACH = 1.50, ALPHA = 2 

Contributor No 9 

W.Schmidt and AJameson 

(Dornier. F.R.G.) and (Princeton Univ., U.S.A.) 



\ïv 
V 

AR 211 
W.Schmidi 
A Jameson 18-9-1 

ACiARD B: MACH - 1.50, ALPHA - 2 

DORNIER/JAMESON 

Upper Surface 

1-P/PI INF 

>¿ÍM«nainaa&aaiiMafr^a>aW».a.¿¿^ 

/. 

I 



AR211 
W.Schmidt 
A Jameson 1K-9-.» 

AOARI) B: MACH - 1.50. ALPHA - 2 

IKJRNIFR/JAMKSON 

Lower Surface 
1 - P/PI 

1 
2 
3 
4 
5 
6 
7 
9 
9 

10 
i : 
12 

0. 

0. 

0. 

0. 

0. 

IMF 

-0.07500 
-0.05000 
-0.02500 
-0 00000 
0.02500 
0.05000 
0 07500 

,10000 
. 12500 
.15000 
. 17500 
. 20000 

0.22500 
0.2'000 
0.27530 
0.10000 
0.32500 
0.3 5.000 
0.37500 
0.40000 
0.42500 
0.45000 
0.47500 
0.50000 
0.52500 
0.55000 
0.57500 
0.50000 
0.62500 
0. Ô5000 
0.67500 
0.70000 
0.72500 
0.75000 
0.77500 
0.80000 
0.82500 
0.85000 
0.87500 







AR2I1 
W.Schmidt 
AJamcson 

18-9-.3 

AGARD B: MACH - 1.50. ALPHA - 2 

Upper Surface 
Mach 

0.10J00 
0.15000 
0.20000 
0.25000 
0.30000 
0.35000 
0 . a 0000 
0.45000 
0.50C00 
3.55000 
0.60000 
3.55300 
3.70000 
0.75J0Û 
3.33300 
0.35000 
0.30000 
0.35000 
1.00000 
1.05000 
1.10000 

15030 
1.20000 
l.25000 
1 .30000 
1.35O00 
1.40000 
1.45000 
1.53000 
1.55000 
1.60000 
1.65030 
1.70000 
l.75000 
1.30000 

85000 
1.90000 
1.95000 



AR 211 W.Schmidl 
AJameson 18-9-4 

AGARD B: MACH - 1 SO, ALPHA - 2 

DORNIER/J AMESON 

Lower Surface 
Mach 

.00500 

.01000 

.01500 

.02000 

.02500 

.03000 

.03500 

.04000 

.04500 

.05000 

.05500 

. 06000 

.06 5 00 

.07000 
07500 
08 000 
08500 
09 000 
09500 
10000 
10500 
1 1 000 
1 1 500 
1 2000 
12500 
1 3000 
1 3500 
1 4 000 
1 4500 
1 5000 
! 5 500 
1 6000 
16 500 
1 7000 
17500 
1 0000 
1850 0 
1 3 JC0 
19500 



AR211 
W.Schmidl 
AJameson 

18-9-5 

AGARI) B: MACH - (.50. ALPHA - 2 

Upper Surface 
1-PI/PI INF 

-0.11000 
-0.13000 
-0.1 70.00 
-0.1S000 
-0.15000 
-0.14000 
-0.13000 
-0.12000 
-0.11000 
-0.10000 
-0.09000 
-V.08000 
-0.07000 
-0.06000 
-0.05000 
-0.04000 
-0.03000 
-0.00000 
-0.01300 
-0.00.000 

0.0’000 
0.02000 
0.03000 
0 . J4.300 
0.05000 
0.06000 
0.07000 
0.03330 
0.09000 
0.10000 
0.11330 
0.12300 
0.13000 
0. ! 4000 
3. 150.00 
0.16000 
0.17 300 
0.18000 
0.19000 
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Lower Surface 
1-PI/PI 

■TT" 

DORNIER/JAMESON 
AR2II 

W.Schmidt 
A Jameson 

18*9-0 

AGARD B: MACH - 1.50, ALPHA - 2 

/ 

..„««ad 
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DORNIER/J AMESON 
AR 211 

W.Schmidt 
AJameson 

18-y-K 

AGARDB: MACH - 1.50. ALPHA - 2 

X/00.6 
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OORNIER, JAMESON 
AR211 

W.Schmidt 
A Jameson 

18-0-10 

AGARDB: MACH - 1.50. ALPHA - 2 

EXP0SE1& HONG 

X/C-0.95 
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DORNIER JAMESON 
AR 211 

W.Schmidt 
A Jameson 

18-9-12 

AGARI) B: MACH - 1.50. ALPHA - 2 

X/C-0.6 



IX)RNIER JAMESON 
AR2II 

W.Schmidl 
A Jameson 

18-9-13 

A(iARI) B: MACH - 1 50. ALPHA - 2 

X/C-O.8 
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DORNIERJ AMESON 

AR21I 
W.Schmidt 
AJamcson 

18-9-14 

ACARO B: MACH-!.50. ALPHA - 2 

O 
r\j 

CL 
O 

Y/5*0.5 

EXPOSED MIMG 

X/C-0.95 
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DORMER JAMESON 
AR 211 

W.Schmiiit 
AJameson 

18-9-15 

AGARD B: MACH - 1.50. ALPHA - 2 



DORNIER/J AMESON 
AR 211 

W.Schmidt 
A Jameson 

18-9-16 

AGARI) B: MACH - 1.50. ALPHA - 2 

X/C-0.60 
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DORNIER JAMESON 
AR 211 

W.Schmidl 
AJameson 

18-9-17 

ACiARD B MACH - 1.50, ALPHA - 2 

X/C-0.80 
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DORNIER/JAMESON 
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AR21I 
W.Schmidt 
A Jameson 

18-9-1K 

AGAR» B: MACH - 1.50. AL PHA - 2 

(Ulû 
i—T—ï—tzt1' 7 

0!?(E tL“^ û.fiû Q*AÛ 

r/s«o 

J.J10 U2Û 

Exposed bsimê 

X/C-0.95 

I 
t 



/ 

I 1 r~-«L 

DORMER JAMBSON 

00 1 o'20 1 o'.40n õ|7i' : °-80 ‘i00 ; Y/SxQ.S;40 

'S 
0-¿_ I ' 

CD 
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I 

X / C - G . 2_ 
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AR211 
W.Schmidt 
A Jameson 

18-9-19 

AGARD B: MACH - 1.50. ALPHA - 2 



DORMER JAMESON 
AR211 

W.Schmidt 
AJameson 18-9-20 

AGARD B: MACH - 1 SO. ALPHA - 2 

X/C-0.6 





I \ 



AR21I W.Schmidt 
A Jameson 18-9-23 

AGARDB: MACH - 1.50, ALPHA - 2 

DORNIER 'JAMESON 

EXPOSE! NONO 

X/C-O.95 

Reduced Scale 





DORN IER/J AM ESON 
AR2I1 

W.Schmidt 
AJameson 

18-4-25 

AGARD B: MACH - 1.50, ALPHA - 2 

7.00Q0E-01 
6.7500E-01 
6.5000E-01 
6.2500E-01 
6.OOOOE-Ol 
5.7500E-01 

flGRRD FDP-WG07 EUD030 RGRRDB MING/BODY ISO 1-P/PINF LINES 
MfiCH - 1.5, flLPHñ - 2.0, X/C - 0.6 

I 



DORNIER/JAMESON 
AR 211 W.Schmidt 

AJameson i8-v-2ft 

AGARD B: MACH - 1.50, ALPHA - 2 

3 1.6000E+00 
2 1.5500E + 00 
1 1.500ÛE+00 

flGñRD FDP-WG07 EUD03D ñGflRD WING/BGDT 
MACH * 1.5, ALPHA = 2.0, X/C - 0.6 

ISO MACH LINES 



ar:ii 
W.Schmidt 
A Jameson 

lS-y-27 

DORMER JAMESON 

A(iARD H: MA( H-I S0.A1 PUA- 

4ÛQ0E-01 
2003E-G1 

00E-01 
4000E-G1 
0ÜQ0E-G1 

8.0000E-02 
7.0QQ0E-02 
6.0000E-02 
5.0000E-02 
4.0ÜÛ0E-02 
3.000QE-02 
2.QÛ00E-Û2 
1.QQ00E-02 
5.0000E-03 
0.0000E+00 
-5.000ÜE-03 
-1 .5000E-02 
-2.0000E-Û2 

AGflRQ FDP-WG07 EUD03D AGññOB WING/BODT 
MACH - 1.5, ALPHA =• 2.0, X/C - 0.6 

ISO 1-PI/PINF LINES 





mmm 

F.F.A. 
AR 21 I A.Rizzi 03-8-5 

NAC A 0012: MACH - 0.<í5. ALPHA - 0 

1.00372J 
1.01150ó 
1.0’CùOd 
1.029354 
1.( 39740 
1.051*47 
1.064351 
1.030446 
1.098357 
1.120866 
1.147443 
1.1 79 757 
1.219246 
1.257829 
1.326968 
1.399 727 
1.438833 
1.597764 
1.730ei3 
1.892299 
2.038495 
2.325974 
2.612o79 
2.957951 
3.372759 
3.869976 
4.464706 
5.174656 
6.02C579 
7.026787 
8.221754 
9.638821 

o.cococo 
o.cocooo 
O.COCJOO 
o.cocooo 
o.cococo 
o.cococo 
o.cococo 
o.cooooo 
o.cococo 
o.cococo 
o.cococo 
0.C0Ü0C0 
O.COOOOO 
O.COOOOO 
O.COOOCO 
O.COCOCO 
O.COCOCO 
O.COCOCO 
O.COOOCO 
O.COCOCO 
O.COCOCO 
O.COCOCü 
o.cococo 
O.COCOCO 
O.COOOCO 
O.COCOOO 
O.COCOCO 
O.COCOCO 
O.COCOCO 

-o.cocoti 
-0.C0C001 
-0.C0C0C1 

C.5 7C56 7 
C.563298 
C.556989 
C.558352 
C.581172 
C.563323 
C.5 53796 
G.562333 
C.561039 
C.5 58413 
C.555789 
C.553966 
C.552913 
0.551379 
C.549776 
0.547309 
0.545377 
0.543782 
G.541009. 
C.534275 
0.32C066 
C.49651 9 
0.4 69266 • 
C.448282 
0.435553 
0.42841 7 
C.424392- 
0.423960 
0.425556 
0.428951 
C. 4 33 91 5 
t.438523 

-C.3>7891 
-0.347325 
-0.329474 
-0.333329 
-0.341310- 
-0.3*7395 
-0.346732 
-0.3 46 003 
-0.34w9J4 
-0.333503 
-0.3*6078 
-0.320923 
-0.317957 
-Û.315017 
-C.309065 
-0.302087 
-0.296620 
-O -2921C7 
-0.264261 
-C.2652C3 
-0.2250C8 
-0.158384 
-0.C81276 
-0.C219C3 

G.C1409S 
O.C34300 
O.C*4275 
Ú.C*691 O 
0.C42396 
O•C 32 7¿ 9 
0.C18745 
0.C057C3 

1.160447 
1.147377 
1.137125 
1.137277 
1.139346 
1.142035 
1.1421C9 
1.140597 
1.138022 
1.134066 
1 - . J0SC6 
1.128075 
1 .126364 
1.124073 
1.120173 
1.116143 
1.113192 
1.11058 5 
1.105943 
1 .C94161 
1.069236 
1.C29162 
0.91/415 2 
C.931145 
0.931346 
0.920481 
0.914873 
0.914045 
0.916382 
O.9229C0 
0.930113 
0.939159 

C.C1C530 
0.C10420 
0.C09089 
0.C11943 
C.C15060 
0.017164 
0.ri£136 
0.C17353 
0.C17034 
0.ri6060 
O.r14674 
0.C13656 
O.C13441 
O.r 14016 
0.(14219 
0.C133C8 
0.ri3251 
0.C13005 
O.f12732 
O.r12775 
0.ri33C2 
O.C13641 
O.r13665 
O.r12564 
0.ri1936 
0.C11392 
0.C114C9 
0.C1C7C7 
C.riC914 
O.C 09677 
0.C104U 
O.C 08529 




