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1. INTRODUCTION

The demand for increasing performance and efficiency of turbines and com-

pressors in jet engines forces the industry to advanced designs. This means

that it is no longer acceptable to use blades in turbomachines which are

loaded considerably below their mechanical limits. There are two major ways

to improve the engine thrus t— to—weight and thrust—to—vo].use characteristics:
- Reduced weight and size

— — Increased massf].ow, temperature and pressure.

It is obvious that on.ly a compro mise can be successful, as advances in
the aerothermodynamics oppose those of the structure.

These trends require the use of slender and thin blades which are increas-
ingly susceptible to flutter and vibration problems . The most important ones
are:

1. Supersonic unstalled flutter

2. Forced response

3. Subsonic stall flutter

4. Choke flutter

5. Supersonic stall flutt er

While the latter three are quite difficult to describe in a fluid mechani-
cal. model, the una ta.Ued supersonic blade flutter is amenable to analysis with 

-

reasonable effort. What makes it even more interes ting and at the same time
highly important is the possibility of its occurrence at the design condition
of the engine. Especially, modern fans with large diameters operate with the

outer part of their blades in the transonic flow region (1. < M < 1.5). Their

flutt er susceptibili ty therefore makes the analysis of supersonic uns tailed
• flutter increasingly important. The problem has been attacked not only in the

United Sta tes but in all maj or industrialized Countries , which øhows that it is

1
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a general one to be considered in the design of modern high—performance turbo—

machines.

Dur ing the past decade , several methods ha-vt been developed to predict

supersonic blade flutter. Al]. were based on the idealization of the actual flow

by the planar flow through a staggere d cascade of oscillating blade s . However ,

the two—dimensional flow and the flat plate assumptions impose severe simp lifi—

cations whose range of validity needs to be be tter unde rs tood.

Since the incorporation of three —dfln~i~sional flow effects is rather diff i—

cul t , it seems logical to first explore the eff ect of blade thickness and shape

on supers oni c blade flutter while retaining the cascade concept. To this end ,

the nonlinear transonic small perturb ation equation is adop ted in this report

as the governing equa tion. The use of this equation rather than the full, po-

ten tial equation or the Ruler equations is suggested by Teipel’s success to

analyze the thickness effect of a single oscillating airfoil in low supersonic

flow. Hence , the present work is an extension of Teipel ’s method to oscillating

j supers onic cas cades for the purpose of determining the influence of steady non—

uniform flow effects due to blade thickness , shape , camber or angle of attack on

the oscillatory pressure distribution s, forces and moments • The ultimate goal

• of this study is to replace the tr ansonic small disturb ance equation by the

E~uler equations so that the range of applicabili ty of this simpler equation can

be ascertained.

2
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2. ~~E BASIC EQUATI~~1S

2.1 The Nonlinear Trans onic Equation -

- T- Landahi presents in (1) the differential euqation which is valid for the

transonic flow region

(M2 
- 1. + ~ (ic+l) ~~ — + 1. + .9 + - (1)

with U — Free stream velocity

a — Local velocity of sound

M — Free stream Mach number

— Velocity potential (X,Y ,T)

K — Ratio of specific heats

Eq. (1) can be written non—dimensionally by using the terms

x Y TUx —  •
~~~, y — • ~~~, t — - ~ — , , — - -

~~~~~ ,

where c is the chord.

Thus we get the new form

2 2 2
(M2 _ l + M 2 (K+1)~~~~] 14_ M2

~~4 + 2 M
2
~~j~~~_ O  (2)

ax at

Following Teipel, who developed in (2) for single airfoils a method of

characteristics using Eq. (1) , in this work Eq. (2) is to be used. This has

already successfully been done by Platzer , Chadwick and Strada (3,4 ,5,6 ,7) for

a sLn~~.e oscillating airfoil and for oscillating cascades of wedges and thick

blades with flat upper surfaces . Nevertheless , the basic steps , which lead to

the solution of this problem shall be repeated in this report , to make it at

the same time a s~~~ ary of the work already done by the authors above .

________ ~‘ ‘~~~

~~~~~ ~~
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It is an extension in so far as it introduces the thickness effect of the

uppe r blad e surface in an oscillating, staggered cascade and shows a method—

of—characteristics—approach to the unsteady supersonic wake of not only a flat - -

plate but also airfoils with small but finite thickness.

As we consider only small perturbations of the freestrea m flow values , the

potential function ~ of Eq. (2) can be split into a steady and an unsteady

one. Furthermore, we aasi~~ only harmoni c oscillations so that we can write

$(x,y,t) ~(x,y) + Y(x ,y) . e~~ t 
- (3)

where k — is the reduced frequency.

Introducing (3) in (2), we can separate the unsteady from the steady problem

and we obtain a set of two differential equations

(4)

and

(142 
— 1 + (K+l) M~~~] ~~ 

— 

~ + (M2(K+l)~
, + 2ik M~] ‘

~~ 
- M

2
k

2
Y — 0 (5)

The boundary conditions for the flow over an oscillating airfoil can also

be written as the sum of steady and unsteady influences :

h(x ,t) — h-~(x) + h1(x) • e~~~ (6)

(h(x,t); x) is the true location of a surface point. Thus the boundary

conditions for the steady and unsteady problem can be expressed

H èh— slope of the surface (7a)

4
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Y
y 

— + -
~~~~~~~~ the uns teady movement of a (7b )

flat plate

Eq. (4) together with (7a) describes the transanic flow field over a

fixed airfoil.

Following Sauer (8) , we can attack the problem with the meth od of

characteristics. The left— and right— running characteris tics shall be m di-

cated by a and 8 . We find for their slopes

(

~~
)a ,8 

- ± 
W’i + ( ~+1) 

~
2
”x 

(8)

or wi th

(9)

~~~~ 
— + — i - (10) - 

I

The upper sign indicates the a — direction. Introducing a second

substitution

— (i~+l) (11)

The compatibility relation + ~~ + ~

can now be written as 
(

~~~‘i~~ ~~~ — (12)

That Eq. (12) holds, can easily be verified by resubstitut ing (9) and (11)

in (12) and executing the differentation . The result will be Eq. (4) .

S
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In (12) we find only derivatives in the x—direction along the characteris—

tics . Therefore we can integrate (12) easily and obtain

A3’2 
~.z — cons t — Ca,8 (13)

We changed our varia b les f rom and Py to A and ~i . Consequently ,

we have to convert our boundary conditions for the steady problem:

y 0 :

i i — ~~~Gc +l) M ~~~ (14)

Eq. (13) says: as long as we move along one characteristic ,

- 

(x
3/2 ;~

) 8

will not change. This makes (13) a tool to evaluate the origina l desired un—

and Py in the field.

In the free—stream field and are zero . Hence , there we have

H
and

Therefore all the characteris tics have here the slope

L - +  1
—

4 and from (12) we ob tain

3/2 3/2
• C , — A0, — (142 - 1) (15)

6
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_ _ _ _  - - —•- -— - — — - —

Fig. 1 shows a 8 —charac teristic of the free stream hitting the surface

of the airfoil.

‘
~~

‘S. /
I
I I-

‘S /

Fig. 1. Characteristics on the Airfoil Surface

In point 1 there has to be C~ — Ca with Eq. (9), (13) and (14) we now

can find

3h 2/3 . 1
A
1 

— (142 _ ~)3I2
÷

3 (K+1) 142 0  (16)

In the two—dimensional case there can be shown: for the characteristic

leading away from the boundary there is not only

Ca COflS t

( but also — cous t and

Aç2• const

With Eq. (5) through (16) the steady problem (4) can be solved. We get a

net of charac teris tics . On the gridpoints the values of and Py are

known. The computational procedure is shown later.

With the knowledge of the characteristic net and the values for

A and ~1 in each grid point we can now solve the unsteady part of the prob lem.

7 II 
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We put Eq. (9) and (11) into (5) . The result is a new differential

equation for the unsteady flow.

- + (A~ + Zik ~~) 
~~~ 

— — 0 (17)

Further we assume irrotationality

(18)

Taipei shows explicitly how to derive from the system of Eq. (17) and (18)

the compatibility relations for the uns teady character istics .

h ~
‘yx + -

~~~
. (A + 2ik 142) ~~~~~ 

- 
~~~ k

2
M

2’V - 0 (19)

The geometry of the characteristic net is determined by the coefficients

connected with the highest order terms . Thus we can see from Eq. (4) and (5)

that the net remains the same for the unsteady flow problem.

To solve Eq. (17) via Eq. (19) by moving along the already known character—

istics of the steady field , we need the unstead y boundary values along the

airfoil and along the shock.

The firs t one is given with Eq. (7b) .

1
y ax 1

It reads for pitch — movement

‘V — — (1. + ik(x — b)]

and for plunge — movement

8
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where b is the nor malized location of the pitching axis . These expressions

are derived in section 2.2. The. boundary conditions- along the oscillating

shock are much more d.ifficui.t to obtain . This is done in section 2.3.

After ob taining the solution for u1 , v1 and ‘V the unsteady pressure

coefficients can be computed from

p
e 2—p1 p,,U

- (20)
• cp1 — — 2(u.~ + ik ‘V) -

2.2 Boundary Conditions Along the Airfoil

The general expre ssion of the location of an oscillating airf oil is

given by Eq. (6)

h(x , t) — h0 (x) + h1 (x) eilCt

h0 (x) represents the surfac e and we ass*~~ for now that it is described

by an analytical function for which the second derivative exists . With Eq.

(7a) we can calculate Py on the airfo il : 
- 

-

However , as we only consider slender bodies , we project the point down

to the x—axis y — 0 , so that the boundary coordi nates of the characteris tic

net are always (x,O) instead of (x,y) . This has two reasons

1. y — 0 makes the study boundary step much less complicated , without

introducing a considerab le mistake ;

2. The oscillating movement of the airfoil can be redu ced to the move—

msnt of a flat plate. 

- 

9 
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We e~aaine two moving modes. The pitch— and plunge— mode.
PITCli:

Fig. 2 shows the deflected airfoi l. (flat plate) in a system of coordin ates

As a is small and a harmonic motion, we can say

t m — a  e
0

Fig. 2. Pitching Flat Plate

Thus we get

— (b — x) a • •
ikt

The unsteady boundary condition is with Eq. (lb )

‘V — (— a + a ik~~ — x) ~ •
ikt

or

10
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where the exp (ikt) — term is omitted. This can be normalized by I%I . So

the fina l, expression La the well known form

- ‘I’ — [1 + ik(x — b)J (21)

PLUNGE:

For the plunge mode the deflection h ia no function of x . Again a

harmonic motion is assumed.

h — — h  5ikt
0

Eq. (7b ) gives us then the boundary value for -

‘V — — h  .j k e~~
t

7 0

To be consistent with the previous work (3 to 7), the downward deflection

is defined as positive . Again the expres sion is normalized by 1h 0 I and the

~ur

‘C

Fig. 3. Plunge Movement

ezp(ikt) - term is omitted

‘V7 — — i k (22)
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This approach to the boundary conditions is a rather physical one • A more

rigorous deriva tion is shown by Bell in (9) , including the deriva tion of Eq. (7b) .

2.3 The Oscillatin g Shock Wave in an Oscillating Flow Field

Th. basic problem in using the method of characteristics is finding and

introducing the proper boundary condition s. Section 2.2 gives us the influence

of the moving airfoil into the field. The second bounda ry in the field between

sur face and shock are the unsteady flow properties i~~~diately downstream of

the shock . See Fig. 4.

It is

w — Velocity

u,v — x,y components of w

— Normal and tangential compon ents of

— Indicates proper ties behind the shock

y — Slope of the shock in the steady proble m

— Deflection of the shock due to oscillation of the airfo il

All the pertur bation quantities are supposed to be very small .

1 

LE...s’idPcA! 

-
-

- 
S 

- 

- - 

. 

. 

- - 

—

/1

- Fig. 4. Field of Characteristics Past an Airfoil
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Teipel. (10) found a way to obtain those properti es for an airfoil ~~
undisturbed supersonic flow . As the final object is to compute the flow in a

staggered cascade, his woxk had to be extended. This was first done by

tha~~,ick (4) who applied it to a cascade of wedges . S trad e used Chadwick ’s
— equations in (5) to compute the inle t flow of a cascade with airfoils which

have flat upper and curved lower surface s .

Fig. 5 shows the velocities upstream and downstream of an arbitra ry shock:

—.

/
/‘ Y \

x

I 
- 

Fig. 5. Velocities at the Shock

The general case in the cascade is w u • Thus we write

u l + u +
0

v v  + vo 1 (23)

- 0
‘I

9 - 9 + 9o 1.
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A AThe only unknow ns are u~ and v1 , as the steady problem is alrea dy

expected to be solved and the field in front of the shock is presume d to be

well known . Then we can take f rom the geometry (Fig . 5 ) .

w — u • sin (y0 + y ’) — V cos (y0 + y ’)
(24)

— u cos (y + y~~~ ) + v sin (y + y ’)

If we apply Eq. (23) to (24) and neglect higher orde r terms like u0 y ’ ,

Eq. (24) can be rewritten. For convenience we use the abbr eviation

— I. + u0 from eqn . (9)
(25)

(K+1) 14

Eq. (24) becomes

- V ~ sin 1~ 
+ sin y + ~ ‘ cos - (v + v1) cos y

I I  (26)
— V cos y + u1 cos — y’ sin + (v0 + v1) sin

Now we take a look at the equation for norma l moving shocks (11) .

(27)

where W is the relative velocity of the shock with respect to the fluid. To

t
~

anaform from the system moving with the fluid into an airf oil — fixed system

of coordinates , we find the velocity of a point oscillating with the shock as

W~~~~W + w  (28)

See Fig. 6.
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L %

1 W  
~fl

Fig. 6. Definition of Relative Velocities in a Sho ck—P oint

Connecting Eq. (26) with Eq. (28) we obtain

W _ W I _ V s j n y _ u .L s i n y _ y t c o s y + ( v + v l) coa y (29)

Forming W2 and again neglecting all, terms of higher order , recas t ing

Eq. (29) leads to

V2sin2y — W(W + 2v sin y0) (30)

Reintroducing this into the shockpolar Eq. (27) , we get

U - U — w . (W + 2 V sin r0) (31)

By making use of Eq. (26) , (29), (31) and the substitution

A 
v2sin2y 

— 

M2sin2y v2 M2 (32)

We ob tain , again neglecting all. higher order terms
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— V sin 
~~ 

(l + ~~~ ‘) - v0 cos . ~~ — +

— 
(33)

+ —~~~ (1. + A) W’ + ~~~~~~~
‘ (1 — 

~r)(’r ’ cos + u1 sin y — v1 cos y0)

together with

(34)

Out of Eq. (26 ) we have now expressions for the velocities behind the

moving shock in terms of the known values and y ’ and W” . In the next step

we look at a point of the oscillating shock , Fig. 7.

y I

Fig. 7. Geometry of an Oscillating Shock

If we assume G to be a harmonic oscillation around the steady middle—

position P , we can say

x — x + 0(y) ~~~~ (35)

where G(y) is the amplitude of the sho ck vibration and k the same reduc ed

frequency as given for the airfoil .

16

I .  ~~~~ •s --~~ 

-

_ _ _

- 
_ _  - 

~~~~~~~~ - -



The nor mal motion of P is

W ’ _ ( *~)y
s sin (Yo +Y )

(36)
W~~~~iks1n1 G(y)

again the exponential, term is omit ted.

As we know y0 (y) from the solution of the s teady pro blem , we can find

the x—coordj .x~ates of P

x — j ’~c~~ (y (y) ) dy

This completes Eq. (35) to

(y (y) ) dy + G(y ) ~~~~ (37)

0

The total dif ferential gives us

with 

dx — 1k G(y) eiki 
• dt + 

[
ceg 

~~ ~~~~ + ~~~~~~~~~ .

(
~
)
~ 

- ctg 
~~ 

(y) + y
’(y) )

and now considering always a f ixed y we can formulate

ceg (y + ‘ y)  — c~g + G~ 
. 5ikt

17
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Trigonome tri c relations and higher orde r terms going to zero give us

— — sin2 
~~~ 0y (38 )

The transformation back to our Cartesian system of coordinates (Fig. 1)

L is done by

— cos ~~~ + y’ ) + ~n sin (y
0 + y’ )

(39 )

— — sin (10 + 1)  — cos + y~ )

The following steps have to be executed. on Eq. (39) :

— Introducing Eq. (33) , (34) . - 
—

— Applying trigonometric relations

— Neglecting all higher orde r products

— Introducing Eq. (36) and (38)
— 

— Separating the purely steady expressions from the rest of the equations

The result is a substitute for the shock polar (27 ) which gives us the

unsteady velocities u1 and V1 behind the shock.

ç — m ~~G
7

- i m ~~G — m . 3 u1- m 4 v1 - O

91— n 1G
7

— i n 2 G — n 3~~~~— n 4 v1- O

with A defined in Eq. (32) it is

V sin.2 .y~ ~~~~ 
~~

m —~~~~~~~(1 + A) ain
2

y2 K+l o

2 K—I, 2A 2
— Sifl 1~ ~~~ 

(1— ~—j) + cos

sin2
;

m
4 - IC+1. (l + A)
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- - . - -.—- - - - ~~~~~~~~~~~ -*  — -

— — 
K+i 

(cos 
; 

+ A) sin2 
;

— -~~.f.l, (l +A) cos 1~ sin;

(42)

n3 m4

n4 - sin2 
; 

+ C052 
~~ ~~~~ (

~ 

-

These are exactly the coefficients Chadwick presented in (4). For the

airfoil in undis turbed supersoni c flow the per turbation quantities u~ and

in front of the shock are zero . With this in mind, Eq. (40) reduces to the

shockpol.ar derived by Teipel in (10) . It should be state d explicitly at this

point that we followed Teipel very closely in this extens ion of his work and

that Cba k~ick indicates the way in (4) .

We have to do a lest step, to make Eq. (40) a tool for computing the un—

steady boundary values along the shock :
4 A

On the leading edge we know G — 0 because the shock is always attached. V1 ro
is known from the boundary conditions on the airfoil, Eq. (21) . Now we can

isolate u1 in Eq. (40) :

G
y (  

_

~~~~~~~ ~~ 
- (n~ ~~ + n4 v1)~ (43)

__ + ~~ -.~~~1’. n \ + v  (m ~~~~~~~~ (44)
~~• 

n1 1~~~ 
f
l\ 3 n1 3, l~~~4 n1 4,~

Af tar this m i  tial. step we develop finite difference s along the steady

shock to solve gradua lly for the uns teady values of a1 ~ ~l 
and C as shown

later.
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2.4 Connections Between the Linear and the Nonlinear System of Equations

In an earlier work Teipel develope d in (12) a method of characteristics

for an oscillating single fla t plate . Re derived an analytica l solution for

the uns teady boundary values along the shock. Using the perturbation veloci ty

of sound ra ther than the perturbation potential, his concept was taken by

Bell in (9) and by Platzer and associates in (3 ,13 ,14) to ob tain results

for a cascade of flat plates . They started from the Euler and continuity

equations with the substitution

T (x ,y) ~ikt 
— (45a)

V(x ,y) . e1k
~ — . v1

ikt .2 1 a — a ~,
C(x ,y) e i— r i  a (45c)

N

where U , V and C are complex nondimensional amplitudes . The result is a

set of differential equations which reads

Cont inuity : ~
V
+ _ i .~~~~+ M2~~~~+ ik M 2C 0  (46)

3U ~CEuler: + r + ikT.T. - 0 (47)

~J ‘~~2~~ 
i s-VIrrotationality: ~~ — ‘IN — 1 — 0 (48)

Furthermore it is shown by 1.11 in (9) that the pressure in ter ms of Eq.

(45) can be expressed as

or
c — 2Cp
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As (p — ps,) is our uns teady pressure disturbance (the stead y pressure

disturb ance is zero for a flat plate) we can say with Eq. (20)

2C — 2  (u1 + i k ’V)
(50)

or

Now - we take Eq. (45a) , (45b) and (50) and substitute into Eq. (46) and we

get

(51)

With u1 — and v1 — this is our Eq. (17) , when we consider that for

a flat plate the values for and A~ are always zero .

1-,
~~

- I
A — V 1 C — l

Applying Eq. (50) on (47) gives us

3,
H-: 

Ul~~~~~

which is one of our basic equations. Obviously, Eq. (48) can be transformed

into Eq. (18) . Hence it is shown that the basic equations previously used by

Taipei and Platzer for the flat plate are equivalen t to the perturbation

potential equations used in this work , when these are reduced to the linear case.

The next step shows how to obtain an azalytical expression for the ascii—

lating shock generated by a single flat plate from the rather complica ted

differen tial equation (40) .

As there are no perturbations in fron t of the shock , Eq. (40) redu ces to

the Taipei—form

21,
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a -m C + i m  CI l y 2

- 

~l 
— 

~~~~ c7 
+ i n2 G

In addition the steady shock angle can be expresse d as

sin Y~ (52)

and with this A from Eq. (41) , defined in Eq. (32), becomes

1. 
— l

V N2 sirv2y (53)
(v~~~ l + u — 1 )

The shockpolar written down explicityly reads
S 

~~ ~~~~si~~y sin2y G +  i~~~~~2 sin
2y C

— — (cos2y + 1) sin2y C — i 2 cosy siny~, C

Using the trigonometrical relations and Eq. (52) we ob tain after some

adding and subtracting

- - ~~~l 
1 

(54)

for the velocities imeediately downstream of the shock . We now go into the
compatibility relation Eq. (19) . Linearized with Ax — 0 it is for the upper
side

Eq. (54) shows tha t

-: - 3x Ix~
_
~~3x 3x
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Landahi, (1) shows that (‘V4ip) should be continuous acrose a shock. As

all the steady components are zero in this case his result applies here to the

unsteady potential alone. On the other hand we consider the shock thickness as
A

infinitely small. Assumming dW to be nonzero,

A

a,
3x

A

would become infinitely large across the shock. Thus ~V can only be zero along

the unsteady shock of a single flat plate , or

A

“I — ,
fo r a cascade.

The remaining steps are fairly straight forward. With the conditions shown

above , Eq. (19) b ecomes

2~~~~~~~2i k M2
3x M2 _ 1~~~

or

M2
~~- - i k 2 u1- r. N -1

this can be integra ted

u~, c on s t • e  — 1

for x — 0 we get the perturbation for the leading edge

- 1 .
~~~~
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can be obtained from the unsteady boundary conditions • The final

expression for the unsteady velocities behind the shock attached to. an oscil-

lat ing flat plate is now

— i  k M 2 
~

lii, (x) — 
‘LI 

• a — (55)

This result was also obtain ed by Bell (9) and con~ideri.ng the differen t systems

of coordinates, it is equal to the solution found by Taipei in (12) .

2.5 The Wake

Fig. 8 shows the characteristic net for the airfoil and wake regions. The

fluid in the fields 2 and U. has to adj us t via the two trailing edge shocks in

such a way , that the wake condition on the slip—line in the fields 4 and 13 is

not violated. This condition requires flow tangency, continuity of pressure

and normal velocity across the slip— line, i.e.,

-

and 

~ 

(56)

fl4 ~l3

is the veloci ty componen t nor ma l. to the slip-line. Again th is problem is

split into steady and unsteady parts .
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Fig. 8. The Net of Characteristics for the Steady Wake

Shapiro (11) gives a series solution for the pressure difference connected

to a direction —change ~0 — — e2 for supersonic flow.

p — p
~~ — 

~ C.1~ 
(0~ — 02) + Cii~ (~4 

— 0
2
)2 (57)

+ left ~~~~~~~ Mach lines

— right rimning- Mach lines
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with 
2C —

‘~~

(58)

— 

(M~ — 2) 2 + K

~11~ 2 (~4~~. ],) 2

The same equation is employed for the fields 11 and 13 where the indices

11 and 13 take the place of 2 or rather 4 in Eq. (57) and (58) , resulting in

the coefficients C~~ and C~~_~ . Therefore, we need to know M 2 and M
~~ 

,

We can determine N with Eq. (9) and

1 
_ _ _ _ _

~~~~~~~~~~~~~~~~~~~~ K M ~

p/p ,, can be expressed through the isentr opic relations as

p/p,, — f (K , M , N)

with this we ob tain

.2 2 
_ _ _ _ _ _ _ _ _ _ _ _ _

~ K—I. K—l 1

For a given point in which A is known we can find the flow direction for

0,, — 0 as parallel to the x-axis.

from Eq. (11) 
-

- 2 u

H 261 - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ H~ 
- ‘ 

-~~~~~~~~ 
-

_ __  ___  
- 4..—w . w- -

~~~ up
,- ~~



and (13)

— ; [~x~ — 1)3~’2 — x3/21
we ar rive throug h Eq. (25) at

— 2 (M~ — ~) 3/2 —
(60)

A + M ~~K + l

The uppe r sign indicates the left—ru nnin g (— lower surface) and the lover

sign the right running characteristic (. upper surface) . )
Now we have the coefficients C , C , C and C • In additionlu Ilu IL IlL

it must be -

n ~~~n“4 “1,3
and

84 
—

Thus we can say

— 4~ 
M~ Ec1~ 

(9~~ — + C11 
. (9 — 02)1 + 1

(61) :
— 4~ 

M~ [— CIL (0
4 

— 011) + CIlL • (9~ — 

~~~~~~~~~~~ 

i

The equality of these two equations gives us a way to solve for 8
4 . As

- - we took only second order terms of the result is 0
4 

— 91,3 — 0 for zero

• angle of attack. This is correct , because we assume isentropic flow across the

shocks . The reason why it is done in this rather difficult way is that the

upwaah of the nonisentropic flow can be easily added to the program by simply

adding the third coefficient C111 given by Shapiro. Actually, this is already

done in the progra m. It has been reversed through setting C1~1 
— 0 in order

to be consistent with the assumption of isent ropic flow across the weak shocks .
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Af ter we have de te rmi ned the f low in field 4 and 13 we compute the trailing

edge shocks and the rest of the wake field. The step from the slip—line is

repeated from the fields 5 and 14 to 7 and 16 as describ ed, etc. All, other

steps in the wake field are general. characteristic steps like those over the

airfoil.

It is now possible to solve for the unsteady flow field of the wake. This

is again done on the same grid locations which are known from the steady

solution.

The conditions for this pa rt of the solution are

— No Pressure—Jump Across the Slip—Line

ui,2 + ilC — ul2L + ik (62)

(see Fig. 10) .

— Tangential Velocity on the Slip-Line

v0 + 
— tg (c~ + € ‘) (63)

(see Fig. 9)

_

_ 1  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

Fig. 9 Slip-Line Geomet ry
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- 
- With trigonometric relations Eq. (63) becomes

- c ’ — v 0 — ( l + u ) t g c + v 1 — u 1 t g c

from the steady solution we know

- 

v0 — ( 1+ u 0) t g c O

hence we obtain for the uns teady deflection of the slip—line

as c ’ has to be equal for the upper and the lower side of the flow field ,

t (v1 
— i~~, 

. tg — (v i, — ui, tg c~) ~~ (64)

is the first equa tion in the system, which we want to solve for (u.s, , v 1,) 2u
and (ui, , vl) 2L . Indices refer to Fig. 10.

- 

The next step uses Eq. (64) . Fig. 10 shows the simultaneous step from the

upper and lover wake field to the slip—line

1. 
_____________________________

lu.
- 

-

- 

L O w er
•

~~ ~, 
k’ * Lie f.e/d

I ,
- 

Fig. 10. Slip—Line Step
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with

~
2 

— ~ + 
x2 — x 1 

(ul2 + ui,~ ± 2 (65)

We can substitute *2 by the known and the desired unknowns . This

L gives us the second equation of the system when properly recast in left— and

right— hand sides.

The two missing statements which make the system solvable comes from the

compatib ility relation (19). Applied to the upper and lower slip-line steps ,

respec tively , they complete the system.

The computational proced ur e is explained in more detail in chapter 3.
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3. THE SINGLE OSCILLATING AIBJOIL: WING

3.1 The Program Organization Over the Airfoil

The name of the program for the single oscillating airfoil is W I N C. It

was designed to use the subroutines as often as possible , that is over the stir—

face as well as in the wake field. For this purpose a special notation was

introduced which is shown in Fig. Li and Pig. 12.

— 

ç,/ I
~~I~j=e ‘A! ha .  /

~~~~~~~ 7~L
- 

~ I Y’iz A~ Y~ 
z rh ~ o

~~, / ‘\J~z 
A \J~J Z

I
~2 \ ~~~~~~~,,1~( ~~ X’, X~~~ \~r

Fig. 11. Notation of the Fields in Wing

The arrays which contain properties of the flow field have the dimens ion

(K , M , N) . N and N give the location of the gridpoint: Point M on the

N—th characteristic for the upper field and vice versa for the lower field.

K and 1W indicate where we are:

I W — 0  Not yet in the wake

1W — 0 Computation of the wake

K — 1 Field already known

K — 2 Field computed now

31



The upper and lower side is indicated by I — 1 and I — 2 respectivel y.

Thus we can switch the changing sign of the characteristics with

(_ i,)(I + l)

This notation has the advantage that we can compute the field on both sides

of the wing (1W a 0) by switching I • For the wake we still can use the

subroutines we used over the wing, when we change K . Proper combinations from

1W , I , K , N and N cover the whole field. The main diagonal of (N , N)

is not used, Fig. 12.. -

~~~~~~

I
H

~~~~~ 
>

~~~~~ 
~~~~~

OWSr
~~~~~~~~ i .(cr - c... I

Fig. 12. Array Organization in Wing

Originally for the first shock we need only the Teipel — form of Eq. (2.40).

But we have to use the whole expressio n in our step from the airfo il into the

wake because the uns teady velocities over the airfoil are nonzero • So the sub—

routine It A N D S includ es the extende d shockpolar . To be consis tent in our

trea~~ent of the shock at the leading— and trailing edge , an initial field in

32
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front of the airfoil is generated by the chara cteristics with the slope

dx

all, perturbati on properties are set to zero . During the computation of the

L 
- 

flow field over the airfoil (1W — 0) the index K has the meaning

K — 1 Initial, field

K — 2 Field over the airfoil

After this calculation step we do not need the initial field any longer and we

copy (2 , N , N) to (1 , N , N) . Now the i~~2 — ‘array is free for the wake

field results and K indicates —

K — 1. Field over the airfoil

K 2  Wake field

In the shown lis ting of W I N G the arrays have the size (2 , 25 , 25) to

keep the storage area reasonable . Howevei with 16 points on the airfoil the

wake is only computed to a dis tance of 1.7 times the chordlength from the

leading edge . If this is not enough , the program can be blown up by increasing

the arrays to (2 , KV , KV)

The value of Ky has to correspond with the first statement of the

program. All the DO-loops are then dimensioned correctly. Mother change has

to be done in subroutine L I F T . Here all the arrays stay the same besides

A • This is only a diamey—array to define the space between X, U, Q, P and

PX, PS, PU . A must have the size

A( 22 . KV~ + 4 • Ky — 1000)

The next page shows an appromimate block diagram of the program. On the

sides are the names of the subroutines involved in the step of the respective

block. This diagram is only a st~~~~ry of what is really done . A lot of

—
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details have been skipped in order to keep it clear. One of the most important

routines does not even appear. F I N D is an orientation subprogram that

works only on the field (1, M, N) . If the arbitrary coordinates (x,y) are

the input of F I N D , it comes out with the indices (M2 , N2) which give

us the mesh of the field in which (x ,y) is positioned; see Fig. 13.

(11?1z,?Jl) ru )

Pig. 13. A characteristic Mesh

Again I is the switch for upper and lower sides. If (1, M, N) does

not contain (x,y) , P I N D indicates this by setting lB — 1 , which is

othe rwise zero . Betide. this there is a message in the output . lB — 1 causes

for the LB—shock to assi Free stream values in front of it. For the TB—shock

it ter minates further computations, beca use there would be no sense 1* it. If

(1, N, N) contains (x,y) and (1, M2, N2) can not be found , this will be in

the output also . Then we know, a o t hing went wrong. But this should not

happen. It is only a precautionary f eature.

Another important background — subroutine is S 0 L V E . During the run

through U I N G , complex systems of linear equations have to be solved

H
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several times . This is done by S 0 t V E • It follows the Gaussian upper/

lower—concept.

In the next sections all example s and equations apply for the upper sur—

face— or wake field . I — 2 switches indices and signs properly for the lower

- fields.

3.2 Shock Calculations

IPP

L

I —— —

Fig. 14. Leading Edge Shock

I The basis for the S T E A. D Y shock computations is Eq. (2.13) in con—

section with Fig. 1. It is done in two steps :

1. Computation of the flow properties in point (2 ,1) with Eq. (2.16)
2/3

~~ 2 1~~~ [
~ 2 

- 1)3/2 
- (~+1) N2 (1)
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t

which i. alJ. we want to know for a point in the steady field . The slope of

the shock at the LB is taken as the average of the characteristic slopes

upstream and downstream of the shock:

tg 02 1  
~~~~~~ N2 

(2)

2. All the other points of the shock are foun d by the same step done
-

- 

- repeatedly : 
-

From the LB we make a step DX(I) to find B (Fig. 14) . Employing
31t
3x B in Eq. (2.16) gives us

A —3,].

and so the slope of the characteristics starting in B

t g % ~~~~~~~

The intersection of th. shock with the slope tg y and the B -02 ,1
characteristic is the point (3 ,1). Here the slope of the shock is changed to

2t gy  _ _ _  _ _ _ _ _03,1 
~~~~M3 , N2

we apply the same procedure for point C respectivel y (4 ,1) ; etc. for the

whole shock .

The point s (M2 ,N2) or rather (M3,N3) are part of the initial field

for the LB—shock • In case of the TI—shock they are part of the field over

the airfoil. They are spotted in F I N D

A1.t this ia done in S H O C K .
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The unsteady shock can be determined also with two basic steps :

1. The initial step was already described with Eq. (2.43) and (2.44) .

After this we have i~ aàd at the origin of the shock

-

.

c,X

Pig. 15. Computation of

2. For the remaining points we take the two Eq. (2.40) (Sbockpolar) and

Eq. (2.19) (Compatibility Relations on the Characteristics Between

(3,1) end (4,1) ; see fig. 1.4) .

This gives us a ~~mplex system of three linear equations with the solution

and C in each point . The system is solved by subroutine S 0 L V B

The coefficients of Eq. (2.40) are computed in C 0 B F F 1.

However, to express Eq. (2.19) in finite difference form, we have some

difficultie. with • Consider Fig. 13.

If ws are mQvin$from a to b ,~~A is zero becaus e we are on a left—

rt~in{ng charact.ria tic.
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I 
~

A is in point a

A — A
A — 

C a
x x — x
~ c a

through A~ — A~ and approximately x — x5 — 2 (x
~ 

— xd) , we can say

l Xd~~’ A a
• 

XIa 2 Xd
_ X

a

or 

~~I a -4  x j  -

We go now back to Fig. 14 and Eq. (2.19). Assimdng that settin g Ax(3~l) —

~~(P) causes only a small error because both points are very close together ,

we can express ?~(P) as -

A () — -

~~~ A 4111 — 
A 3 1

- 

x 2

With this the f inite difference form of Eq. (2.19) along the ~ — characteristic

j  from P to (4,1) is no problem. It is written without the second index.

Thus 3,1 becomes 3:

I ‘
-- - - = 13 

- 

9j4
,

~~~~ 3 + ~~~~~~~~~~~~~~~~~~~~3. 

[
~ 

~~~~ 
+ Uk M2J - k2N2

1
±+ ,L 0

With Eq. (2.64) substituted for - and the , 
~~ 

and i’3 already

known, this is the third equation of the system after recasting into right and

left hand aids..

• 
-
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Af ter ob taining the results with S 0 L V B , ~!4 is calculated separately.

For the ini tial step at the shock origin we set
A

2 M2,N2 -

The procedure for the trailing edge shock is exactly the same . In the

boundary values tg c is substituted for

ax

I
The uns teady boundary values of the field behind the shock are computed

in subroutine R A N D S

3.3 The Boundary Step

Fig. 1k. Boundary Step

Fig. 16 shows the step from the field to the surface. It is done in

R A N D  • On the 8—characterj stic from l t o 2 w e have to satisfy two

equations : Eq. (2.16)

I 12/3
A
2 

- [x~ - 
~~~ ~~~~~~~~~~~ 

it 2j 
(5)
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-

and -

y y
2 l , 2

XZ Xl ~J~2 + A 1

To make it easier , we set y2. to zero and get -

/2(x- )
A2 — f  2 ~ — ~,j (6)

7
Setting Eq. (6) aqua.]. to (5), we can find by iteration the x

2 
which

matches both of them. With x
2 

we then find A2 . Here the steady problem is

solved. The unsteady part is very straightforward. The known k gives us

this point via the unsteady boundary conditions Eq. (2.21) or (2.22). Now the

only unknown left is’
~’ . It can be separated from the compatibility form.

Again ‘V2 is obtained separately afterwards f rom Eq. (2.64). The unsteady

step is computed in H A N D B

3.4 The General. Step

and Ad are known (Fig. ~~~~ —~: 
the ~ — characteristic we know :

Finding the point c for the steady case is only a geometrical problem .

It is the intersection of the two lines with the slopes

— —  and

H ~
1.

~
t .  m2 -r
it 

they run through the point. b and d • This is done in G I N
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The unsteady part is done in C E N U • Here the compatibility relation

(2.19) i. applied for both characteristic directions f rom point b and d to

the point c • The unknowns are u. and v • We obtain them as results.Lc ic

from a complex system of two linear equations which we form out of the two

compatibility relations. The system is solved through S 0 L V E • As

always ‘V0 is evaluated separately from Eq. (2.64) .

3.5 Computation of the Wake

For the wake computation W I N C leaves the main program completely and

works in a new organization program, called W A K K . This was mainly done

to separate the entirely different computation sequence from the organization

from the field above the surface. In section 2.5 it was already indicated how

to solve for the slip—line and then for the wake field . The wake field com-

putation is shown in the following flow diagram. The indices refer to Fig. 8.

Attached to the blocks are the names of the subroutines or the equations in—

volved in the step.

Once the steady field is known, the calculation becomes straightforward

again. The conditions directly downstream of the TI are defined by the un—

steady shockpolar (2.40) . Applied simultaneously for the upper and lower

airfoil—side, they give the conditions for pressure continuity (2.62)’ an& parallel

f1o~i on the slip—line (2.64)1. With these four equations we can solve for

(G , 9)~ , and (fl , 9) 
~~ 

• This is the slightly more difficult initial step

for the U—shock • Af ter it is done, the computation runs along the shock or

rather along the characteristics with the same subroutines as over the airfoil.

The basic difference lie, in the step to the slip—line. Here H A N D B can

not be used any longer. S L I P does the simultaneous step from the upper

and th. lover wake field to the slip—line. The compatibility relation (2.19)

- -- 
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TABLE II
3&iø4~~~~~~, re7’c,- ~~~D

LJ~4~~~~ eS~~ 7&

S41/s,

d~1

‘‘  ~~ 
~Z.~ o)L

I, ~• I

e w e 1 
(2.~ ;) ~~~~~~~~~~~~~~~~~~~ t4~~ 4 ~~~~~~

~~ fM~ck) ~~~~~~~~~~~~ ~~~
~~~~~~~~~~~~~~ rdv~ 4~ (~, v~, 6ir)?_ /Q~

aIas~~ cLi~,ec4o .

Ii . rc) (2.~ e) ~~

$p = e,~ C2.~ ) - I (
~, “,

~~~ I.I, ciwi11c4c,.

~,
X~ ~~~ 

~ sr ~~~~~~~

I
wake

~~~~~~ 
(2.c’V) (24)

E
~
g91

~
1l~C.. CI.11J4I tM1~4,

4 /:

An Approximate Block Diagram for the Wake Computation
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gives two equations, one for each characteristic direction. Eq. (2. 62) de-

mands pressure continuity across the slip—line and Eq. (2.64) parallel flow

on both sides. Recasting these expressions in terms of finite differences

results in a system of four complex unknowns. It is solved by S 0 L V E

3.6 Introduction of a Pointwise Given Surface

The surface of an airfoil is not always analytically given and therefore

the possibility of a pointwise given airfoil should be included . This can be

done with so called cubic splines. The spline function here used is described

in (16). It reads

S~ (x) E a1 + b
1 

(x — xi) + c~ (x — x1) 2 
+ d~ (x — x1) 3

for x E [xj, xj+1] , i— O ( l )n — 1

H

- 

-

Fig. 17 The Spline Function
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The demand for

S1 
(xi) — 

— ~ (1) ~

S~ (x
i

) — S11 (x
i
) i — 1 (1)

S~ (xi) — S~_~ (xi)

i 1( l ) n — l
S~ (xi) —

leads to a system of equations which give for each interval (xi , xi+i) the

coefficients of the spline S
1

(x) . With

h — x  — xI 1+1 1

The coefficients can be expressed for known c
1 as

a• i ‘1

b~ — (a1~1 — a~) — -
~~~~ 

(c~~1 + 2 c~) (7)

d~ — 
~~~~~

— (c~~1 
— c

1)

The c~ are the solution of the linear algebraic system

h11 c~~1 
+ 2 c~. 

~~ 
+ h~) + 

~~ 
~~~ —

(8)
3 3r (a1+1 — a~) — 

h11 
(a
1 

— a1_1) i — (1) n—i

where c and c are presumed to be zero:
0 U

C c — O

4:

~ 
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Once the coefficients a1 through d1 are known , we have a set of

polynomials which are excellent for interpolation, between x~ and x~~1 • As

in each x1 not only the value but also the slope and the curve of the two

neighboring polynomials are identical , S1 (x) is also applicable to determine
I,

S1
(x) and S1(x) of a pointwise given function between those points :

Si,
’ (x) b1 + 2 c~, (x — x~) + 3 d

i 
(x —

S
1
”(x) 2 c

1 
+ 6 d~ (x — x1)

Ia U I N C the subroutine P R 0 F I I. follows two options :

— L04 — I. Airfoil Analytical. Given

L04 — 2 Pointwise Given

For 1.04 — 2 system (8) is solved. With (7) the coefficients can be re-

created at any tim.. Thus it is posaible to read in the geometry of any

reasonable airfoil and obtain good approximations for position, slope and curve

at any station of it. These values are needed for the steady boundary conditions

in B O U N D  called from H A N D  and S H O C K .

3.7 RESULTS

In this chapter U I ~i C — results are compared with (2) , Teipel’s

linear and nonlinear airfoil results, using the method of characteristic and

with Verdon ’s (18) analytical results for the velocity and pressure distribution

over a flat plat e.

Figs . 18 through 23 provid, a comparison of the Taipei. — with the W I N C

results . Although it can be said that the linear solut ions (‘r — 0) generally

agree quite well, this is not true for higher Mach numbers , as can be seen in

46
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Fig. 20 for N — 1.4 • For this case the real part of C~, shows considerable

differences distributed toward the U • For t # 0 there are differences din— —

buted over all cases. This was already noted by Chadwick (4) and Strada (5) who

argued that the deviations could be caused by different difference equations,

averaging procedures and number of grid points. However , this could not be

proved because Taipei does not expose his complete set of finite difference

equations.

This work does not show a comparison with Chadwick’s results (4) obtained for

airfoils ‘r ~ 0 and wedge.. Nevertheless this has been done. It shows excel—

lent agreement in all cases no matter whether airfoil or wedge. Thus it can

be said that U I N C is at least equivalent to Chadwick’s solution over the

airfoil.

Further U I N C — results are compared with Verdon ’s work (18) , which pro-

vides analytically derived results over the flat plate and downstream of it

into the wake.

First it should be noted that the C~ — distribution for 0 ‘ x < 1. is

very good. This can be seen in Fig. 24 and 25. The disagreement for the plunge

motion in Fig. 25 looks appreciable only because of the extended scale. The

original Verdon plo ts in this area are rather hard to read becaus e of his

desire to show the wake pressure distributions rather than those over the airfoil

for the zero upwash. One of his results is that the assumption of V1 — 0 on

• the slip—li ne is wrong.

It has to be C~ — 0 • With this assumption he gets a v1 — distribution

on the slip—line shown in Fig. 26 and 27.

The system of equation. used in U I N C do.. not presume cp — 0 and

CP1. — 0 but only cp~ — CPL .. It turns out that Ic~ I on the slip-line is of

the order 0.000001 • The upvash behind the airfoil ob tained by U I N C is

shown in Fig. 26 and 27 for 1 c x < 4.6 . For this range the agreement is

47
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considered to be excellent for pitch and plunge. The reason for not showing

results in the area x > 4.6 is storage difficulties in the time sharing

system of the used IBM 360/67.

If we proceed f rom the slip-line into the wake field , Verdon results

versus W I N C — results are shown in Fig. 28 and 29. Again the agreement is

very good. The total unsteady pressure along characteristics With origin

x — 1.08 and x — 2.0 from the LB is shown. In this way the pressure field

over the wake can be represented. Fig. 28 and 29 are very important, as the

single airfoil is only the first step to the cascade.

The good agreement with Verdon ’s results justifies the method of charac-

teristic approach for the problem of the oscillating cascade. The advantage

of this approach is the flexibility with which characteristic computational

procedures can be designed.
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Fig.. 183. Pressure Distribution (Real Part) from U I N G , Plunge Motion
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Fig. 193. Pressure Distributi on ( Imaginary Part ) from U I N C , Plunge Motion
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Fig. 203. Pressure D4,~~r41bution (Real Part) from U I N C , Plunge Motion
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Fig. 213. Pressur e Diarzibetion (Imaginary Part) from U I N C , Plunge Motion
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Abb. i3 a. — Druckv,rteflun g 
~~
,, (Realtefi) fü r em Parabelbogenprofil

mit dem Dlckenverh5jtn js — 0,02
(Parameter : reduzIerte Frequent k).

Fig. 22k. From (2) -

Fig. 223. Pres sure D~.tribution (Real Part) from V N C , PitcbX~im Motion
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Fig. 233. Pressure Distribu~-iotx- (Imagina ry Part) from U I N C , Pitching Motion
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Fig. 253. Pressure Dis tribution on Airfoil (Imaginary Part) for Plunge Motion
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Fig. 26. Upwash on Airfoil and Wake for Plunge Motion from (18) Compared with
W I N G  -Results
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Fig. 27. Upwash on Airf oil and Wake for Pitchin g Motion from (18) Compared with
W I N G  —Result s
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3.8 Manual 1 Sample Data. Listing and Output of U I N C

C x ) X X x ~~x x X X XA ~~~~x X X X X X X X X X X X X X X X X X X X X X )A~~~~~~~~~~X X X X X X X
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

C C S C I L L 4 T L~~G S1NGL~ A IRFOIL FOR MAC h .GT. l
C 

C CP ’-PLF~~~8 L,~ —,-*I—,PSi- ) C•-,O-Y -€~Xtk-,-PtJ-——- 
~~~~

- -- -- - - -- -— -  - - ---- — — -- —

CC1~PL~~~~L6 ~~~~~~~~~
____

CCMM-

~~

iEi/ -~Lf l ,AL C ,AI ,C1,A~~,I,IE, IW • - - _____

c~~~~~~IECT T~ B, C’v C ) , C 2 Y C X 2 , D Y D X U , A I , I I , T 3
C3Mr4L N/$? /  X S t 2 , 5 ~3 ) ,Y S L 2 , 5 C ) , A ( 5 O , 4 ) ,~~

( 2 ,5-) J
C P C t — / S C L /  ~L-L--,,4J,F t(4 I, -ES-t4 l-- — -- - - —----- —-— ——-

• c CMM cN ‘~(2 ,~~5 ,Z 5 ) ,x (2 ,2 5 ,2 5 ) ,P(Z ,2 5 )  , tJ (2 ,25 ? 2~~
) ,PSI(2 ,25 ,a

~
i,

F~. , ( 2 , 2 5  25 ) A L (2 ,2 5 ,~~5 ) ,Y ( 2 ,2 5 ~ 2 5 ) , Q (2 ,3 )~ DX I 2 ) , T ~1( 2 ,2 5 ) .  -r p x L ,2 3 ) , p-~ L~~,z 0 ) , p I .~(2- , 2 p I , m T 4 2 ) , T Ec (2o s
C

• C C P T I C J -1S:
C LCJ =C : CJMPL~~T~ CI.TPUT
C ~l : CI~LY SP E~~5I.R~ OISTR IEUT !OI~C
C LC2 =C : P i T C H
C =1 : PLJNG~ _ _ _ _-t tC3 = C NC Ws I 4(~ 

- - — -  - --——- - _ _ _ _ _ _ _- —- ----

C =1 : w A K ~ SI-A LL B~ C-J~ PUT~~DC LC4 =1 : 51I~FA C:~$ AS;~ API~A LYT ICAL LY G IV T N
t =2 : hI.U~ I~ (bC m~AI’J
C 2C ; SUP~FA Cf S  A I E P C 1 N T w I 5 ~ G I V Et ~C =- ~u ”~~- °  CF CLINT~ O~4 T~~ _ S ~~~~~C~1C

KV 25 
__________________________________ __________ ____k I — t ’ P t J m- t~~., l.)---- -

~~~~~~~~~~~~ 
——----—----

102 O ( 4 , ’ 5 ~~) L J 1 , L C 2 , L 3,L -)4 , M4
I F ( L C 1 .~~C . 2 ) _ GCTC 101 -—t F L L~ 4 . .2T~~~ 3~~C
CJ~L.L P~~f F I L ,C ,4.C4,T1 ,T2 ,~ X )

IOC R€ A C ( 4 , l O D O ) A K ,A M ,C,~~,OX( l ) , OX (2 )
IF(A r ’ .Ec .~~.) C~ TC 1C2

~~L A L N__P R O G R A M• c-plc t:~p - • 
-

- 1C.i I1~=O
- 

- 
WI ~I T 1 E ( 1 , 1 C 1 6 )  K

- •  C -- - ENC CF Ih11~ C~ti~~M -

Above is shown the beg4nn-{ng and the final of the main program . The options

LOl through L03 deter mine what the program does . L04 gives the information how

the surface is given , needed in P B. 0 F I L • With MA we set how many gridpoints

we want to distribute appro 2d.mately equal. spaped over the airfoil . W I N C has a

buil t— in stepsize control , which changes the input—stepsiz. DX(I) , if it turns

out to be too large or too small • However it is a good idea to chose DX correctly

because the iteration may incr ease the CPU — time severe ly , if DX is far away

from the proper value .

For that purpose Fig . 30 gives an indication of the order of magnitude of

DX for 14 points .
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The next read— statements are in P R O F I L :  -

SLe~ C LT I~~ P?~CFI L (.qE,LC4,Tj,T’2,N I

-C ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C F P F P~ R~61ICN OF TP-~ PROFIL — SUPF4C~ S-C

R~~~C (4,4CCC ) ‘Ti ,12,N1,IKP
• IF (LC4.~~~.C) R~ Aç (4,1c~~~1 sP

IF~•LL- ~J4.Ei~.2) R. A m..(’.,1C~ ].) ~ i E

~ C ~ 4 = 1 , 21z-~
— t s =N •T - -5—— -— - - - - —

•
-

•- 
. 1= •U

• I~~( J . i ~:1~.p T.-T2
I • I F ( L C 4 • r ~c .C )  GCIC 12

C3 9 $ - I ~ 4
- P~~øt (~~,10J1 ) XS(J,’~),XS(J,M+j),XS(J,

(+2),X5(J,M+3),)t5 (J,M+4 )
F~~C (4~ lC~..1) YSt i,-4~~,-YS(J-,-M’1I,~fSCJ~-t”2),Yi1j,t1~-jI,VS (j,M’4J’IF (Y~~(J,l’-.4).cC.1C3,I G ITJ 7

S CCI ’~~1 I P— L~~~

-, ‘•l C CP .T 1 M J~~~ - . -

_____ ~~~g-

__  

rJ ~~~~~~~~~~

_ _  - - :  
~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~ Pt
• - .1. 4 — -...~~~~i ______________

I - ~~~~ 

• • 
~~~~~~~ ~~~~~~~~~~~~ -~~~~ ~~ ~~~~~~ _______

~~~~~~~~~~~~~~~~~~~~~ ~~! 

_ _~1t~~
r: ~~~~~~ _ _

~~~ ~~~~~~~~~~~~~~~~~~
_ _ _  

_ _ _ _ _  

-S

di~4 
_ __ _ _  

F~.• 
~~J~H11~Lti :~ i~~Fig . 30. Stepsize for N 14 Points on the Airfoil

Ti and T2 represent the thickness of the airfoil. As W I N C is pre —

sent ed here , each sur face is given by the parabola

y — 4tx (1 — x)
with

T f l  for the upper
and• T — T 2  for the lower side
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For L04 — 0 NT determines the number of points on the blade and lIP

sets a flag to print out the inpu t data.

lIP - 0 NO OUTPUT OF (X ,T)

— l  OUTPUT

SP is a scaling factor to make the input data non—dimensional. If the

chord is already 3. , then SF — 1. • Otherwise SF is the characteristic length ,

normally the chord. L04 — 2 changes the airfoil into a symeetric wedge with

the slope - WE - in degrees and unit chord, Fig. 31.

~~zz~~ZZZ?~~~~~~~

Fig. 31. Wedge Geometry

For L04 — 0 the x,y— coordina tes of the airfoil are read in accordance

to the format statement 1001 • The airfoil shape can be examined prior to

entering W I N G  in the test program T E S T  as- shown in chapter 5. T E S T

is a prepar ing program for the airfoil.

If the airfoil is given by another function than Eq. (9) , one has to
4 change the stat ements in B 0 U N D which compute y ’ — DYDX and y” - D2YDX2
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3
After leaving P R O P I L  there is another read for

A X - k

A N -H

C — ae

B — x — b

DX(l) — STEPS IZE ON THE UPPER SIDE

DX(2) — STEPSIZE ON THE LOWER SIDE

If the run is finished, U I N C j umps back to this line and expects

changed data for this airfoil. For M — 0 it jumps to the start of the main

program for mode and/or airfoil changes. However for LOl — 2 U I N C is

f inally terminated. This way a whole series of airfoil shapes and aerodynamic

conditions can be —~~mined .in. a single run . It should be noted that LOl — 0

produces a complete field — output which is normally not necessary and rather

• long.

For L03 — 1 the wake field output can not be suppressed as it is the

only information which is printed about the wake. The whole wake may be

skipped vitji L03 — 0

Besides the normal output file 06 W I N C has a second one : File 01

Only the unsteady pressure distribution over the surfaces is written here. This

file is used after the run by the plot program P L 0 T 1 to make plots of
S the pressure distribution on the Tektronix terminal in the computer center of

the NPS. (S. Ch. 5) .

W I N C contains still about 150 troubleshooting statements. All impor—

tent subroutines start with

I~~~— 0
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The next statement is usually an if—statem ent converted into a count card.

If this is activated, one can choose here the conditions for a complete tracing

of this particular subprogram. Thus

If (IW.NE.O) IXK — 1

would trace this program during the whole wake - computation. One can imagine

that a general 1KB. — 1. will result in irresponsible amounts of paper.

SANPEL DATA SETS

— AIRFOIL ANALYTICALLY GIVEN:

F I L E :  FIL~ F T C4F OOJ. Pt N A V A L  PJSTGR .AC IAT~
t IC]. 16

r J ,~~1 2 -~ ~~
_________________________________________- 1.0 0 1.20 - 1.4 C.5  0.467E—02 0 .4 á 7E ~~C20.6 0 1.20 1.4 3.5 C.467C~ )2 ~ . 4 6 7C — 320.20 1.~ 3 1.4 C. 5  O.46 1 J~ J.4.~12—C23.3 C C.3~ 1.4 0 .5 O.467~ —O2 3.467 E— 0 21101 1~a.cC c.C-J 20 C

1.00 1.20 1.4 0.5 O.467E—02 0.467~~—C2
~~~~~2C 1 _ f l  I A  _

~~~~67~~~~— 2  J A 67 ’- — G p
C.C 0.0 0.u 0.0

2~~~~~~2 22 
- - —

~~~~~~~~~

OPTIO)~ : - — Only Pressure Distribution (1)

(Refe r to U I N G) : ~~~~~~~
— Analytical Surface (1)
— 16 Points on ach side

AIRFOIL DATA Ti. — T2 0.01
For M — l . 2

— 1 . 4
b — 0 . 5

DX (1) — DX (2) — 0.00467

The program runs through k — 1.0 , 0.6 and 0.2 • After M — 0 we want

with the same options the linear case U • T2 — 0 for k — 1.0 and 0.2 .

Fin*lly we stop W I N G .

For the op tion—set 1001 the same data would be computed for the pitch

mod.. The sample output is the result for the first run of this data. Figs.

l8b and l9b show the plots of the pressure distribution which we obtain with

the da ta above. Fig.. 223 and 233 show th . same for the pitching mode.

66

_ _  

- 
-
~~~ -

•-
~~~~~-

-, - -
~~~

• - 
- - -  

,

-

- 
- 

-• -~ 
~~~~~~

-  . •

~~~~~~~~~~!~~~~~~
-
~~~~~~~~~~~~~~~~~~r~~~R%ni.,r Jr -- -~~ L~~ ~~~~~~~ 

- -
~~~~

- •
~~~~~~~~~ 

— -~ 4 ~



AIRFOIL POIN’NISE GIVEN :

F I L:: F 1L~ FTC4F3O1 °1 N

14
C_ C p 17 C
5.21 11.53 17.84 24.14

—-3 .1 10
30.45 36.75 43.C! 49.35 55.65

O.Q~~~~4 C .CE1 0.097

6 • 6 .~~~~ 74 .5w 83.88 87.21

c~~ V ~~~~ ~~~
:S516 ~~.O16

—0.C35 —0.13 i C C .  100. lOG.

6 .29 12.55 18 .9C 2 5 . 2 1
— 2 . 12

:1 .53 37.85 44.1~ 50.51. 56.33
—

~~~ 
.
~~~~~ —‘.~ C — 2 . 9 7

- 6~~.41 ~~~~~~ 82 . J t  88.36
—2.6C —~~~.29  —1.54 —1.57 —1.17
~4~~ ê 1fl )0 O 0  0 C C 3

1CC. 10) . 100 .1.5 1.,5 1.4 3.5 0 .5 44 E — ) .~ ) . 4 54~~— ( 2C .c . C .C 0.0 0 .C C .)2~~ 2 22 -

OPTIONS : — ONLY PRESSURE DISTRIBUTION
— NO PITCH
— N O WAXE
— POIN~~ISE GIVEN SURFACES
- 16 POINTS ON EACH SIDE

IN P R O F I L :  — T 1 0.O1
• NOT IMPORTANT

— T 2 — O . 0 3
— N - 17 POINTS GIVEN FOR EACH SIDE
— lIP - 0 NO READ-BACK OF DATA - -

— S P CHORD 100

This example shows the different input—type for L04 — 0 . The profil thick—

ness Ti. and T2 is not important any longer. But the variables have to be

defined because they appear in the output. They can be used for identifying

purposes .

Here x—location and y—valua are given in percent of chord , therefore

s~ — ioo .
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~~LLNC~ —
_ 

- 

- 
- - - -

~~ 1.20, K= 1.41, E/C— 0.5) , r~X = 0 .4ó1~ — ) 2 , TIC = ).J1)i

~~~S~ LR~~—0IST~~IBUTI0N UPP~~ StJ~ FAC :

PCINT X 
- 

C PS RC PU ZC PU
2

, ~ 0.0 0.143k CC C .3  — f l .4 5 5~ 01
2 C.C-. 3 J.128~ )0 —O .L1IF Cl — O.40 2~ 31

4, 3 L~.09~ ~ .l13~ 0 — -~.l~i15 ~1 —0.3 26 E 11
5, 4 c.14c C.S68~ — ) l  — O .2 G 9 ~ Cl —0. 235E 31.

-. 6,  5 C.~ 9 ç . €c ~~~-c .ç:c~c ~~~~ . ~~~~~~~ Cl
-, i ,  6 C.~~5! J .04~~; - J L  i. i6~~ ..i — .~~~ (E 3-)
-. 8, 1 C .3 1~ c.475r—)1 —3.l23~ 01 0.621.!: 00

s, a c.n~ C.~~4~—ci —cam o~ — 0-.--4S~~E )) ——_____

t O ,  S C.4’. 8 C.12d~~—J 1 — -) .3 :2~ CC C.6 04 E 30
11,10 0.522 —O .S31~ — 32 —3.38i~ — C1 —0.821~ CU

- - 1~~,11 C.6~ 1 —-J.Z3~ t— 1——-~-~t-33~ C~Y —C.116~ 
--) t- -- ~~~ -- - -

13,12 I3.6i3 5 —0.429r—31 0.787:—Cl —).1418 01
- 14 ,13 0.774 —0.625~ —01 —0 •L l~~_ (C — C . 1j ~3~~~~~)[5,14 J.8~ 5 —0.826~. -~ 1 — ‘J.257c ~~ij ~~.16j~ 3lo,15 0.969 —-J.10~ t 03 —C .5C1~ CO — 0.157 -: 01

• — 17~~1e 1.0CC — C . l I C f  O C —0.3é4 -~ ~ 0- —G-.-135-~ 0].

a

~sC/L: ~~~~~~ = 1.2C, Cs 1.40, 8/0= 3.50, CX : 0 .46 7~ — Q 2 , 1,C= 0.01-3C

FR ESS UR~~—C U1~~I3L1ICN LC~~~ S U R F A CE:

PCINT CPS RCPU ICPU
1. 2 C.C. C.143~ 30 3.) C.4 55G 33.- -- --—2--,--3 ~~O43- 0.4adZ—3 0- —3.1 11~ 01 -O. ’42~ 0].

I -  3 -IP 4 0.090 0.112E 00 C .lbiE Cl 0.326 E 0).
• 4, 5 C.14C C.968r—O l 3.2-39~ Cl 0.235~ Cl

5, 6 O.1-~3 J.807~.—0~ .!C3~ Cl 9.l5-9~ 01
6, 7 0.2~~1 0.643~-—-) 1 ).169: Cl 3.957~ 3)a 7~ a 0.312. 0.47~ E—C 3.1238 Cl O.621C ~ )

• . 8, 9 0.318 0.2048—0]. 0.7258 00 0.4928 3-3
- 9, 13 3.448 0.123E-i~]. 3.332F 0” ).634~ )J

10.11 C~~522 —0.531F 32 O.~~~1~ —C1 3.821F 3-0
H 11,12 C.-~C1 —C.235l~—0 —0.133’ CO 0 . l l 6~ 01

- 12,1, 3 ‘ .685 —0.429~~~
— - ) — 0.787~~~— C 1  0.14]~~ 31. -1’ i~ ~~~.714 —C.625~~~—G 0.112! C” ~~ .158~~ 01

14,i ~~ C .865 —0.826:—Cl ).297 : 00 ).1o 3~~ )].

C. c~~ 4~~~~jQ3~~ -JO ~~~~~~~~~~~~ CC C.1.57F Dl

1 6, l s  i.doc —0.i13~~ OC  0.~~~64~~ 00 0.155~~ 01

frC MFNTU~— AP~C LIFT — CC~ FFICIE:~TS FC~ 4 S~~~GLE
A IRFOIL ~ ITt A SURFACIE 3ESC~ I E ~.E0 A Er-Iv~~:

ICL Wi [Cl1

UN51!ACV —2 .3565 1.3515 0.2039 —-).2964
ST !4G~ 0.0 -3.C 0.0 3.3
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- 4. The Oscillatin g Finite Cascade: C A S C A D I

4.1 The PhySical Difference of the Two Problems

The name of the program, developed to calculate the inlet flow of a

staggered finite cascade with thick airfoils is C A S C A D E

- 

2 

-.

k___ 
-

• 
- 

Fig. 32. Staggered Cascade of Airfoils

Nearly all basic steps to simulate this problem are already done in W I N G

and therefore described in Chapter 3. However , there are two major differences

• which have to be cons idered in its mathematical treatment.

1. Only the first blade is exposed to the free stream flow without any distur —
• bances • This means for the cascade of flat plates already that the perturbations

of (n — 1) blades hit the n—th blade and have influence on the development

of the flow and the shocks at this airfoil. For the cascade of curved blades

there is an additional consequence:

The constant value
I 

C~~— ( M ,,2 — 1) 312

from Eq. (2.15) can not be used any longer , as in general the steady flow will

not have the free stream velocity .
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Similarly, the wake slip line will not be parallel to the x—axis but

it will rather have the dire ction of the field in front of that particular blade.

This is the reason why the wake slope in W I N G was not simply set to zero.

Becau se of these difficulties the first approach to the cascade including a thick—

ness effect was made with airfoils whose upper surface were flat. This way the

steady field in front of each new blade was identical with the free—stream field

(see /5/) .

C A S C A D I , however , permits curved lower and upper sides and is able

to consider these differences . -

2. As in actual. turbomachines blade flutter is often observed with a phase lag

from blade to blade, the mathematical treatment has to permit this • The phas e

lag is called ~ and has the r ange

— 18G° <u< + 180°

which covers all cases .

The introduction of the phase lag can be done relatively easily and is

shown in Section 43.

4 .2 The Constant Value Along the Characteristics

We consider Eq. (2.13) :

• I

(wh ere in this case ~ is not the phase lag)
’

as long as the incoming characteristics originate in the freestream, u is

I 
- zero and therefore

C~ ,3 — (M~ — 1) 3/2

(Fig. 1)

This still holds in a cascade of flat plates , because here the steady field

is identical with the freestrea m field. This is also true for a cascade with
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blades which have flat upper surfaces .

It is not valid any longer when we permit curved surfaces on both sides ,

as the steady inlet flow field for the blade (it ~~ 2) will in general be de-

f lected. There fore iL on the characteristics is not zero and has influence on

Cc1118 .

Pig. 33 shows the geometry of an incoming characteristic which is reflected

into the cascade. -

In A it has to be

ç — — (XA + 
~~~ 

B (1)

Car

• Fig . 33, Reflection of Characteristics

Thus we get XA by solving for it , as 
~A is known from the steady

boundary conditions .

The next step provides the new constant along the a— characteris tic .

CAa — 1A — 1 A (2)
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This is now the value which has to be applied in B in order to solve for

X3 .

CA~c* 
— C36

x 3/2 — — A 3/2
A A 8

A3 — (A
A 

— MA + MB]

with
XA 

— MA 
— ç — 2 MA

From Eq. (1) we obtain

A3 — (ç — 2 M
A 

+ ]2/3 (4)

In the case of — 1’B 
0 , Eq. (4) reduces to the flat—plate solution

I ,  
A3 — A ~~ .

Eq. (4) contains some useful physical information. The maximum deflection

which is connected to each Mach number M canno t be used for the leading—

edg:—slope of an airfoil in a cascade. Instead it has to be considerably

smaller due to the double deflection in A and B . Onl y in case of a flat

upper surface (5), the slope in B could be • The general case, MA
and MB not zero , demands smaller deflections if detached leading edge shocks

shall be avoided. This is a necessity according to our earlier assumption of

weak shocks.

The calculation of the particular constant value, valid along the respective

considered characteristic is done in C 0 N S T 1.
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4.3 The Phase Lag

Each time the unsteady properties u1 , V1 or ‘t are computed , the result

is always the amplitude of the oscillating function

iktF(x ,y,t) — A(z,y) . e

Therefore , if we consider the two neighbouring blades (n—i) and it

where it leads the oscillation with the phase lag ii , we can express this for
the time t as follows

F — An i t

F — A .
n—i n-i

For the single airfo il we did not need to write the exponent expression
because it was always a common factor.

• We reconsider this. For an example we take Eq. (2.40) which is the used

*msteady shock polar. The first of those two formulas reads now, if written

explicitly •

. eik~ — ( G + I a
2 ~) 

. 5Ikt + (a3 ~~ + a4 v~) i(kt—M) 
- 

-

(5)

- 
— a

1 G + i a2 C + (a3 u1 + a4 v1) e

We see that the phase lag does not cancel out . If we do this for all the
equations used in W I N C , we find as a general rule: the term exp (ikt) always
can be dropp ed . Each time when proper ties of the previous blade appear in the

equa tion, they have to be multiplied by exp(— iii) . Thus we reduce the magnitude

•f the (s—j )st —blade—values with the phase lag to the actual size they have

w T ~~ ~~
_ _ _  ~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ii 
~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ -

‘ 
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when they influence the nth —blade—propertie s . These are the unknown ampli-

tudes of the oscillating functions connected to the nth —blade .

Eq. (5) gives an example how the equations change from W I N C to

C A S C A D E . It is not necessary to show the whole set of finite difference

formulas because they can be generated simply by using the concept outlined

above .

3_e l -

11,2 -

\
\
\ 

b

Fig. 34. Reflected Shock.s in the Passage

The subroutines for the general and the boundary step can be tak en as they

were used in W I N C for the unsteady field. R A N 1) S is changed in so far,

as the phase lag has to be added to the system of equations. The steady field

is not af-fected.

For the field behind the reflected shocks in the passage one has to be

careful, see Fig. 34.

It has not only to be considered that the oscillation of field b is ahead

of that in field a , according to the phase lag 
~ • But also it is ahead of

f ield c , which is again connected to the movement of blade 1 . This is done

by reversing the sign of M in P A N D S for this case.

74

,-~ ~ ~~~~ ~~ 1ET, . - : - ~~~~~ ~~~~~~~~~~~~~~ - 
- 

- -

_ _ _  T --



4.4 The Or ganizatio n of the Pro gram

As the computat ion of the reflected shocks and the fields behind them in

the passages of a cascade is considered a rather complex procedure , the goal for

the design of the program was to keep it as straightforward as possible. There-

fo re the convenient array organi zatio n from W I N C was adopted and extended.

The main variable fields have the form

X( IB ,IR,M,N )

The part (...,MN) corresponds to Fig. ii and 12. It allows the separa-

tion of fields on the upper and lower surfaces . lB indicates th~ blade, which

is connected to the respective field and IR counts the shock in the passage ,

Fig. 34. This notation allows again repeated use of the same routines when only

lB and IR are set correctly . Again throug hout the whole program upper and

lower sides are indicated by I—i and 1—2 • The index I is used to control

the M,N—notation and the sign like it was done in W I N C

In C A S C A 0 E there appear three different kinds of flc~ fields which

are shown in Fig. 34.

Type a is the field over the whole upper surface. The pro cedure is here

the same as in W I N C . Computation of the b —field follows also W I-S N C ,

but it is stopped when the shock crosses blade 1 . At this point the shock is

re flected and the main difference in the subroutines is a transformed system of

coordinates , because the origins of the shock and the system of coordinates

have to be identical. This transformation causes considerable changes of the

state ments in S H 0 C K and F I N D , compared to their counterparts in

W I N C . However , the computational sequence is not really changed , but the

• extension of those subroutines enables them to identif y the type of the field

• and to make all, necessa ry changes for signs , coordinates and termina t ion points .
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C A S C A D E starts with blade 2 (IB—2) exposed to an initial field

where all perturbations are zero. After evaluating the complete upper field ,

the b —field is computed. This is terminated when the shock hits blade 1. ,

which is assumed to be a fixed fiat plate for this first step. So here blade 1

could be considered a wind tunnel wall. When all the reflections in this first

channel are done, the 13—2—field is copied to the 13—1—f ield . Now the

former can be used again. From this point on blade 1 is an oscillating airfoil

with the given shape.

C A S C A 0 E has three output files:

— File 07 for complete field output and/or the final pressure distribution

— File 06 is a documentation which allows to follow the iterations and the

main steps from blade to blade. Like W I N C , C A S C A D E contains

trouble shooting statements which can be activated by IXK—l for the

desired subprogram. For a general IKK—O File 06 will be limited to a

few pages . IXX—i will print a complete tracing of the particular

routine, which increases File 06 significantly.

— File 01 contains geometric data of the cascade and shock configuration.

It is used as an input file for P I. 0 T 2 which produces plots like

Fig. 35 on the Tektronix — terminal. P L 0 T 2 is described in Section 5.3.

The input data have to be in File 03. They are shown in Section 4.6.

• 
- 

- : - f :
• .•.— ——- •~~~~~ _~~~~~~~

Fig. 35. Cascade A and B Shock Geometry (15]
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Finally, it should be said that the organization of the storage array s is

actually a waste of memory space because fields of the b — and c — types

(Pig. 34) need only small, areas whereas a —fields demand large ones . This

expensive way was chosen in order to make a general program clear. If one con-

siders that the next step is the additi on of the wake fields for each blade and
L. -

that these have to be much larger than those in the passag es , th is solution
gives an approach which can be extended analogous to U I N C • The desire to

save storage place would certai nly complicate the main organization and increase

-• 
the u~~~er of subroutines significantly.

The main disadvantage, besides a slow—down of the computer is the limita—

tion of the fields . Th. dashed line in Fig. 35 was not produced by P L 0 T 2

but it was added to show the limit of C A S C A D B • Beyond the end of the

headahock for the first blade its influence has vanished. This result s in

completely wrong fields behind the dashed Line . Hence the f ields in Fig. 35

are usable only up to blade 3. The arrays in C A S C A 0 E used in this work

have the size

1(2 ,3,50 ,20)

They can be extended to

- - X(2 , 3 ,&v,20)

where KV has to correspond with the firs t FORTRAN-ST&~~ lENT of C A S C A D B

Then all the counters and Do—loops are dimensioned properl y. The number of

possible blade—computation is thus given by the limitation of the computer .
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4.5 Results 
- 

-

I - As a test for C A S C A 0 3 three differen t superso nic cascades are

checked fo r which results already exist • Cascade A and B are those intro —

duced by Ver don (15 ;l7) and cascade T is a model for an experimental cascade

used by Fleeter (19) for wh ich Strada (5) gives computer results for the inlet

flow.

Cascade Data:

A B T

N 1.345 1.281 1.550

in 0.4 0.301 0.335

0.0 0,0 0.0UP

0.0 - 0.0 0.03

30.5 26.6 23.9

k 0.90226 0.75054 0.28

• -
-

-

- 
_
:

.1 •

- ‘~~~~~ - 
- 

- -
• 

-
. 

‘

- ‘ ?  
-

-

a - • ,

-- •- - •

- ~~~~~~~~~~~~~~~~~~~~ 
‘

~1 -
~ 

~~~~~

• •• - • •

Fig. 36. Cascade B (15)
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Fig. 35 shows the geometry of cascade A • Cascade B -  and T are shown

in Pig. 36 and 37. As C A S C A D E  is not completely programeed, it is

• only possible to show results of the inlet flow. We compare with theoretical

aerodynamic data obtained by Verdon (15) for the linear cases, which are identi-’

cal with those computed by Bell (9) and with results for the cascade T , given
LH

by Strada in (5) .

I
~~~~~~

’4P~~ • P ‘? .4 
•

i ~~

Fig. 37. Cascade T (5)

Fig. 38 and 39 show pressure difference distributions calculated by

C A S C A 0 3 for the third blade. Considering that Verdon introduced an in—

finite cascade and that Bell gave results for the 14th blade, the inlet flow

computed with C A S C A 0 E looks very promising. The differences are not too

significant and can be explained by the low number of blades which were exA~~f ned.

- • 
- 

As C A S C A D B and Verdon—results agree sufficiently, it could -be ex-

pected that the linear data given by S trad e and Platzer ( P—) results would

coincide very veil with C A S C A D B computations. Actually, as both programs

examine the second blade, the distribution of the total pressure coefficient

agrees exactly for both sides of the A blade .

3 
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This is not true for the included slope effect. Fig. 40 through 43 show

computations of this study in direct comparison with Strada (5) . The ~~per

surface represents the linear case and shall not be discussed because of good

agreement. However , the lower surface is shaped and the agreement is good only

at the leading edge. In all cases results of C A S C A D B for the total

pressure distribution have the tendency to be considerably smaller than those

presented by S trada . There is no real progress compared to the Flatter Experi-

ments (19) but with some imagination one could say that C A S C A D E meets

the tendency of those data slightly better. It is remarkable that in spite of

significant differences in the magnitude, the phase angle between imaginary and

real part of the pressure coefficients agrees very well with Strada. The -

difference between the Strada results and those obtained here may be caused by

the different trea tment of the shock and remains a problem to be investigated more

thoroughly in the near future.

- -
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Pig. 39. Prom (15) Comparison of Linear Results Casc. B
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Cascada T N : 1.55

blade 2 lower surface

4.0 Ic : 1.5 - /4: 30,0
0

0.1 0,2 0,3 0,4
- I I I

Figure 3.10.2 Righ—k comparison of the linear
V and non—linear solutions.

Fig. 40. From (15) Comparison with S trade
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— I 

—

Cascade T Pleeter: upper surface
N: 1.55 lower surface
Ic: 0.28 • Platze r (p) & S~t ra da(S) :
~ : 

~ 4 •40 upper surface
lower surface —

• r1t8~
4 S4~.4y V

-4.0
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0
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Percent Chord •

Fig. 41. Prom (5) Comparisod~ with Strada
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• Pig. 42. From (5) Comparison with Strada
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Pig. 43. From (5) Comparison with Strada
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4.6 Updated List ing. Data and Output of C A S C A D  E

If one refers to the count eards at the beginning of C A S C A D E ,

it is obvious that this program is a derivation of W I N G

C C A 5 C ~ C~ CF C . S C I L L~ T I ~ A IRFC IL5 FOR MA C I .GT . 1
C

CC t~~L(X*~ t ,V,PSI,G ,C ’Y DXU
CC~~FL~~X*E 81~,PU El
CC~ FL~~~~16 cL,~ I,ES
Rt~~L*~ TX ,T~V ,) ) ’ , ,X 1Y14L,D1,~~2,O3,XP ,AL~~, P,C3,ALZCO A C N / ~~~, A Lp ,A~

d 2 \LL ,L1, .111?1,T 1~~, I t ~~?~~~&i .,~~ T •~~
)
~~YY

C C f r M C r ~/ E C /  T1,T2,I,1~,CYCX,C2YCX2,DYDXU,A1,:Z,Ll,I8~~CK ,1t
CO MMCN I~~P/ X S ( 2 ,~~C ) , T S ( 2 , , r) ,A (2 ,5~1,4) , R ( ~~, 1JI
C~~?~~C P~/ 3 C L /  :L ( i , ~I ) , ~~I ( 4 1 , L ~~( 4 )
C Ot ’M C t \  V ( ~~,3 ,5) ,~~C ) , X ( 2 , j ,  5 C , 2 C ) , P ( 2 , 5~) )  ,U ( 2 , 3 , b ) , 2 C )
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

c c pT ’ c r~~C LCI. =C : C OMPLETE OUTPUT
C :1 : CF~L~v FP F 5 ~~LRE C ISTR I BUTI O N

~2 ; !13P
C LC2 =C : P I T C I -
C 1 : PLUNG~C LC~ :1 : DC 1ii~ 1. ~~SSA G~C =C : CO TI~ 1. FASSAGC ‘131
C IC’. -1. ~L F F ~~C~J~ ~~~ J~N~~~Y T I C A L LY  C IVTh
C =0 : SU~~FACëS ~~~ POINTh1S~ GIVEN
C = ~~ X I~~U M N U ? ’E~~ CF POI NT S C~’4 THE SURFAC ~ .LT .20

~A~ S e L A O c , w H~~~ T~~ P~~~5~ L~~ D I $ T ~~I 5 U T I C ~ 15 GC fr~ UT~ED
C IBLA = FIRST dLI~CE OF FI~ LC — OUTPUT

IC V =5 C
!‘I~~C?FL.~iO_  .i._ )

102 R EA C ( 3 , S S ~,~ LO 1,LC2,LC~~,LO ’.,MA ,t .AX S,IBLA
IF (LCI.EC.2) CCTC IC1
~A~~~~~~ X !~~i.

~~~~ ~~~~~~~~~~~~~~~~~~~100 - (_, , Q ~ K1A 
~ ~~~~~ 

,CX (~~)I F t h i 4 .~~Q .O.)  GOlD 1C~t ~~~ . ~ € .‘C ( 3 . 1 C 2 C )  ~~~~~~

The data are set up in the same way. There are five additional input

variables . Hue and IBL& are explained above. IBLA is only meaningful for

L01 0 • Then for example IBLA—3 starts the field output only from the third

blade .
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The other three variables def ine the Cascade :

E T C  Stagger Angle

EM — Distance Between the Bladie

Phase Lag

See Fig . 32.

The rest of the input data have the same definition as those in W I N C

Dao sample data sets shall be shown:

1. Analytically Given Blades
_
~~IL . ! F i L E T C~~~~~ 1 ~ 1
1OC 1L6:30 1

C . C C ~~~~ 2 1  f) 
— -

~~

~.75~)5 4 1 .~~8 1 i .4  1.392 —~~2 ~).39~~ —C ~26.6
u. 1

~i~ 
- ,‘jj ’ j  I. ’. ~~~~~~~~~~~ ~~~~~~~~~~~~~~

22 22222222

This would cause a run as follows •

let Row : No field output , pitch motion, no computation betweeu the first blade

and the imaginary wall (firs t channel) , 16 grid points on each sur-

face, they are analytically given, the third blade shall be e~~~
{ned.

2nd Row : The blades have flat upper and thick lower sides

3rd Row : k, M, x , Dx

4th Row : p, b, c , m

5th and 6th Row : STOP
U-.
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I

2. Pointwise Given Blades

t -

~1IC ~ ~I L ’~ ~T~~3F C~~1 21 !~f~V A L

1CCQ1~~C2C 1
J.31 C . C 3  iT  I

1CC.
11.~~ 17 .C A 2’.. 14
— c. ic —~~.J5O

3~).4 5 3~~.i5  ‘.3.~~ 4~~.35 5~’ .o5
C~~~~~4 ~~~~~~~— 61.S~ ~e.2S 74.5~ EO.~3€ E 1 . Z 1O . ’~95 C . C E  ~. ‘5 16

~3.53 1C .)3 C .O C.~
C . C  ‘. .29 12.~~c 1d.9~ 2 5 . 2 1

— i . ~~ ~~~~~ ~~~~~~31.53 37 .35 ‘.4.1.~ 5ti.5~— 2 . ~~~ 
— —~ — 2 . Q7

~3.15 o c .4 7  7 S . 7€  €2 .  ~C E8.~~~—2 .6 C — 2 . 2 9  — .~~~~ ~~~~~ — 1 . 17
-~~~~~~ o.~ c.oi c .

_________________________  .4 ).544 —C3 ~ .454e~~C~—4 .4 ).5 Z.9 C.335
.4 ~.544F—)3 ~).45’.-—~ 22 c )335 -

0. 28 1.~~ ..4 ).544~ —O3 U . 4 ~ 4~ —C 253.2 C.~ 2 3 . S
CI~ IJ 1.4 J~~J 1~4 ~~! J .4 i4 !—C!

2 2 2 2 2 2 2 2 2

let Row : No field output, pitch motion, no first passage, pointwise given

blades, 16 gridpointa on the surface, 2nd blade shall be examined;

2nd Row : Identification for upper and lower side (no real importance here),

17 points given as input for each side, the geometry of the blades

shall be printed;

3rd Row : Q~ord is 100

46h to 19th Row : Input geometry of blades, according to subprogram P R 0 F I L ;

2Oth Row : k , a , , Dx

2lst Row: ~~,b ,a , e

Two other cases and STOP

The output of the pressure distribution for the first case is shown next ,

followed by a listing of C A S  C A D E  in Appendix B.

V.
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FITC H - 

~OC

— 
P I 4 5~~z — 4 •4~ / 2. EL~~C~

~*C/ ’j  0.2 8031, M =  1.5~~C, K= 1.4C, 3iC= 0.~~~, T/c= J. i13~

FR ~ SSU~~~—C CEF FIC 1ENTS Lp?:~ SUR FACE:

c f I ? ~T ‘~P S RCPU T CPU

2, 1 C.C 3.2~~~a — c 1  —C . 16 5 ,~ C l  O.~~64~ )0
3 2 :)~~~~3 i _ LU — 1 l  — ) _ ~~~ i~ ~1 ~ J J• 4, 3 1.167 O . 1 4 S — 1  —0 .164~ C l  0 .334-i C.~5 ,  4 0.251 J .995 — J 2  —3 . 1~~2~ Cl C .317~ ~)J

~~~~~ ‘ ! . 7 3 t h — ) 2  — ) . 1 6 i  ii j~ 3~ J’)7, 6 ).41S ~.41ä~T—-J j  — C . 1 5 a ~ ~l ‘ .Z52~ ))
?~ 7 3, C3~ C.325 :~~ 2 —0.157 : Ci 0.26~~’ i i

• 9, ~ J .~~63 J.870 — ...3 — 0 . 15 5’~ Cl 0 .24~~ ~iJ1), 9 C.t ~~ —~~.2 8 2 ?— ) 3  — J . l 3 ó E  1 ~.6a : 3-)
‘ - J_ b ~ .1 — i _ 1~ 2 :— ;3 — ) _ r ) a~ ~1 —~~~48’1~ J )

C.7~~Z _ 0 . 6 4 o _
~~ 2 —O .1 34 Cl C.65 :) •: 1)

• 1 3 , L~~ C . E 1 4  — C . c 5 L — C ~ — 0 .2 C2 t.l — O , 6 9 ~~ 3C
14,13 ~~~~ ~ — , . i1~~~— -31 ~~~~~~~~ ~1 ~.61i’! J)
1~~,14 c .c~ 8 — ) . l 57~:— J 1  —0 .2 ) 1~ 01 ) .11€~ ~3
16.15 1 .O) C  — 0 . 1 74~~— 0 i  —O. 12~~ Cl ~.568~ ) .i

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~

~*C/ tJ ).~~20) i .  M 1.55C. Ks L. -i~~ . B / C = ~~~~~~ 
T IC= i .)3~~~

F S SLR ~~— C C F I F ! C I . E P~T5 LC .~E~ SUR FACE :

PCIN~ RCPU IC?U
1, 2 C.C C .3CcC CC —0.148 ’ ! C l O .~~~C C3
2. 3 C _ 0 2 ~ C.39C~ C — O~~ 4l.~ Ci ~~~i48~ ) )

• 
~~, 4 C.C58 ).233 )1 —J. i 2 3~ C’ O.34 S~ ;o
4, 5 1.’~8S C . l 8 t C  fl —~~.112 •,l ~~~~~~~ 3) 

___________5, 6 C. 124 ).154’ 3-i — O . I U  Cl C 2 ~ 5.E 03
6,  7 0.1~~C C .144,  ,.. C —O .i lu . , .  Cl  0.:11: 10
~
. ~ C.2 1 .._. -.3 .1Z ,)ff V~~~~

)
~~1J~~~~kL k’57 iJ _____________—-€ ,  5 C .2 4 2  C . 5 7 S — 1  —J . 1C4 i  . 1  3.211 )0

9,13 0.263 0 .d39 ’~—01. —0 .1C2~ 01 0 .22O ~ JO
10.11 .~. 2 € C  C . 7 2 2 i — ) 1  —0 LO~~’! Ci Q.- -33~ 

-~0
11,L2 0 .3.1  0 .442~~— J L  — C .9S8~ 03 3.3.9Z~ )‘)
12, 13 C .35E C.1c2~~— 31 — U . 1 87  ~ J ~ ‘ .111’! )J
U,14 ~ .462 — O . L e & — f l  — C.~~80~ Cl ;.Sifl— M
14, 15 C.4S] . 3.48ót JC 3.157w C]. 0 .2 17T~ JO

::

4
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5. The Programs as a Working System

5.1 T E S T

• T E S T was written to examine the blade geometry if it is pointwise given.

C A S C A D E and W I N C are not prepared to handle shocks which are caused

by a changing slope over the airfoil. Therefore it has to be checked that the

surface has no turning point.

For a given set of points one has to deform the PROFIL in such a way that

the curvature of it never changes the sign. This would be indicated by a

changing sign for the second derivative of the surface function.

An a~2~ple for T E S T — Input data i. shown below:

3.C1 3.)3 1.1 ‘I
100.

~.li 1i.53~ 17.34 24.14• — ‘~.26 — .1~~ ~ C . l i  ~~~~~~
~

) .4 5 3~~.i; ~~3.J ;  ..S.j- ~~~~~~•~. ~.7 •2 . ’~ 7
C. C53 o. .; 5 c .  •:~~ i. )

~~L~ ~~. ~16
53 .53  l C C . ~~:; 

•
~~.
.

— .~~:; - .1C 1Cc . .~~~~~~~.

• 
• ~.2 i 2.~~5 13. ;~ 2~~.2l

• — 3 . 2 6  — 1 f l~ —1.6 3  — 2 .~~ 2 — 2 . 4 5
3 L . 53  31.~~5 4 4 . j~~ ) Ih; .~,i— 2 .  ~ — i . )  — ‘. ‘~ — :

—2.60 —2.25 —1.94 —i..? 7
54 .66 1O3.~) C.C 0.1 0.)

103. Ili-. 100.
—3. 10 It.). 1)1. 103.

T E S T reads from Pile 05 and writes the result x, 
~ 

y ’, y~ and y” on

File 06 and 01. File 06 can be printed and shows the original input data, the

interpolated surfaces and besides the derivatives mentioned above, the coefficients

of the cubic splines for each side. File 06 contains only x, y, y’ and y”

It is used as an input file for P L 0 T 1. which produces plots like Fig. 44

and Fig. 45 with it. Fig. 44 shows y’ of the two PROFIL sides and Fig. 45

shows y ’ . P L 0 T 1 is explained in Section 5.2.

• 
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P 
4-

H
T E S I LISTING :

C
C TEST• COMMON /$P/ XS(2 ,50),YS(~~,503 ,A (5O ,4),R (2 ,5C)

2 TEST OF THE SPL INEFUNCT ICNS FOR Tt- E PROFILSURFACES
C LC 4 = I ANALYTICALLY GPv!N

= 0 PO INTWI SE G IVE F ’

CALL PRCFIL (L 04,TI,T2 ,NX)

2 CCMPUTAT ION OF THE SPL I~ E — COEFFICIENTS
C

DC 30 1=1,2
~F(~~.gQ.fl WR~TE (6 , IQ Q2 )
iF(i.tQ.~~i WR iT E(6 , luu3)
DC 49 Kz],NX
A (K,1) VS ( I ,K)
A (K,3)-* R (1 ,K)
HzXS (I,K+1 )—XS(I K)
A (K,2)i(YS (I,K+1 —Y S (I ,K))/H—H * (R (T ,K+1)+2 .*R (1,l~~)/3.49 A (K ,4)= (R(I ,K+ ]J_R (t ,K))/(3 .*H)
W R !TE (6,l001)
DX=l./6S.
Mf’=70
W PITE (1 ,1004) MM

1004 FCRMAT (I3)

XsD~*( ~~ II~~
°

DC 5 (=2,50
J K— ].
IF (XS (!,KJ.GE .x~ GO lD 6

5 CCN TINUE
6 H X—XS (!,J)

D~DX=A (J,2)+2.*A(J,3)*M+3.*A (J ,4)*I-*I
O2YDX2=2 .*A (J ,3)+6.*A (i.4)*H
YzA (J ,1)+A(J,2)*M+A(J ,3)*H*H+A(J ,4)*I-*I’.*,..
WPITE (6,I000) X ,Y ,DYDX ,C2YOXZ ,A(J ,1),A (J ,2) ,A (J,3) ,A(J,4),J

• WP TTE (l ,10051 X ,OYOX ,C2’vCX 2
10 CCNT INL J E

MPzO
30 W PITE ( 1,1004 ) MM
1000 FCRMAT (1X ,8 (2X ,E12.5) ,I4)
1001 FCRMA T (1X ,7X , ’X’,13X,’Y’,9X,’DYDX ’ ,EX, ’D2 ’YDX2’,1OX ,

F’ .SPL IN EC C!FF I C I ENTS :‘ ,/ )
1002 FCRMAT (1H1 ,1X ,’PROFIL LPPER SURFACE : ‘,//)
1003 FCRMA T (1I- 1 IX ‘PROFIt . LChER SURFACE : ‘,//)
1005 CRMAT (3F16.5 -END
Cxxxxxx xXxxxxx xxxxxxxXxxxxx XxxxxxxXXxxx xxxxxXxxxxxxx )~xxx~~xxxxxxxxx xxxcxxxxxx x xxxxxxxxxxxxxxxxxxxxx xx xxxxx x ~xxxxxxxxxxxxx xx xxxxxxxxxx x xxxxxx

SI..BROUTINE PROFIL (L 04111,T2,N)
CCMMON /SP/ X5 (2,50).~Y~ (~~,50),A (!0 ,4),R (2,50 )2 PREPARATION OF THE PROFI t . — SURFACES

C 
READ (5,1000 ) T],T2,NT ,LC 4

1000 FCRMAT (ZF1O .5,212)
IF (L04.EC.O) READ (5 ,100l) SP
DC 8 J— l,211—0
N zNTT~1lI F f J  EQ.~) I—TitF~Lâ4.P4~.0) ijUTO 12DC 9 K 1,4

• RfAQc~,1Qc1,1 x J ,M p ,x c~ 4,M +p ,X J ,M+~ 1 ,x cc J ,~ +3 ,,x~~(J ,M +4)R~
Auj,!ivu4J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~wR;I~(o,2O~pXS(J,M),xS(J,M.1),xs (J,M+2),xs J,M+3),xs(J,P~+4

WRkT 6~ 2O~~iYS~.j ,M ),YS (J ,M+I),Y5 (J ,M+2),VS (J ,M+3),YS (J,M+ 4 )
2w~1 FC,iM~ (iX, r iO.
1001 FCRMAT (SF1O.5)
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IF(YS (J M+4).EQ.13O.) GCTO 7
9
7

DC 2 11 1,N
X~(J,LL)—XS (J,LL)/SP2 ~S (J,LL)—YS (J,LL)/SPWR IT E(1,1004 ) NT

• 1004 FCRMAT (13)
DC 16 KV 1,NT
WR ITE(1,1005) X $ ( J , K V I , Y S ( J , K V ) ,YS (J ,KV )

16 CCNTINU E
IF(L04 .EC.0) GOlD 3• 12 CX—1 .0/(N—1 )
Il (—1)**(J+1)
DC 20 K—1,N
XS (J ,K) a( K—i )*DX— 0 .25

20 VS (J,K)w4.*T*XS(J,K)*(1.—XS (J,K))*Ii

C IC ENTER THIS PART,THE SURFACES SI-CULD ALREACV BE
C GIVEN POINIWISE
C
3 CONTINUE
C
C INT ERPOLATION THRCUGH CUBIC SPLIN ES
C

tF(T.NE.0. .OR . LC4.EC.C) GOlD 51
DC 52 1=1,14

52 A (I,1)=0.
51. ~~I~~ EDC 10 I=1,NA ( ! ,3) =XS (J , I )
10 A (I,4)—YS (J,t )
C
C MATRI X CF COEFF IC IENTS AND RIGHT SICES
C

K 14—2
DC 25 1 1,K
A ( I, 1)=A ( 1+ 1,3 )~ A ( I
A ( I , 3 ) =A ( I +2 ,3 )—A ( I .1,3 )
A U ,2) =2.* (A (  I,
A ( I ,4 ) z3 . * (A ( I+2 ,4 )— A (  1+1,4) ) / A ( I  , 3 ) —

F3.* (A (  1+1,4)—A t 1,4) )/A( I,1)
25 CCNTI NUE

A (N—2,3)=0.O

C THE STEP DF GAUSS
C

K 14—3
CC 30 I=1,K
DO 35 M 3  4
A (1,M M)*A (I+1,L)/A(1 ,2)

A ( I , 2 ) A t I + 1, 3)
At 1+1,2 )aA ( I+L,2)—A (I,3)
A (I+1,4)—A (I+1,4)—A (I,4)

30 CONT INUE
C
C SCLUTION
C

A t  1,
A (N, 1 sO.
A (N— 2 ,i
1 N—1
DC 40 I~2,L• K— N—!
M K+i

40 A ( M ,1 )a ( A ( K ,41— A ( K ,3 ) *~UM+1 ,3))/A (K,2)
53 CCNTTNUE

• DC 11 M—1 ,N
11 R (J,M)aA (M,1)

IF( IZ.EQ.1) GOlD 8
KV N—1
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• DC 49 Ks 1 ,KV
A (K,1) YS (J,K)
A (K 3)— R (J,K)

~~~~~~~~~~~~~~~~~~~~~ K))/H—H*(R (J,K +I)+2.*R (J,K))/3.
49 A (K

WRI+E (6,100t)
DX=l. /49.
DC 4 M 3, 5O
X DX* (M—1)
DC 5 K 2,50

• I F (XS (J ,K) .C- E.X ) GOlD 6
5 CONT INUE
6 H X—XS (4,II

Y A (t,l)+A (t,2)*H+A(I,3)*H*H+A (t,4)*I-*I.*HR (J,MJ X
YS (J,M)aY

4 CCNTINUE
1,

1450
DC 13 1=1,50

13 X5 (J,I)—RIJ,I)
GCTO 3

8 C CNTI NUE
WR I1’E(6,1003) N
DC 15 M i,N

15 WRITE(6,1002) XS (1,MI,YS(1,M),XS (2,~~),YS(2,$)N N—).

~~ ~~~fl 1~4 ~~~~~PLETE EXTRAPOLATEC SURFACES N=’,13,//)• 1005 FCRMAT(3F10.5)
RETJRN
E?~D

~IJP~L 0 T  1

P L 0 T 1. was written to produce plots from two pointwise given functions

fl F 1 ( x )

Y2 F2(z)

The x —sta tions are for both functions identical. This is usef ul to make
I - 

diagrams for real, and imaginary part of pressure distributions (see Fig. 18

through 25) and to visualize the y’ and y” values of the blade geometry

(Fig. 44 and 45). The input is read from File 01. This was produced from the

respective program whose results shall be plotted. That is either W I N C

or T B S T in this work. 
•

The next step ii to loek in File 01 for the highest and lowest values of

the fuactions and to decide th. scale of th. diagram. Th. last line of File 01

is a zero. Behind this zero ther e has to be inserted now the coordinates of H
Points 1 to 4 from Pig . 46.
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I

3

Fi5. 46 Dimensioning of the Plot

This must be done for both expected diagrams . An example for the final

lines of File 01 is shown below.

This file produced Fig. 44 and 45.

x yl

0 .€ ç € ~~5 C .  )á626 C.2 l~~Oo).~~15H~ i._ 71~ l _ .4U1-~C . S 2 7 5 ’i C . C 7 S l ~ : . cc l ae
• 0 . cL 2 ( ’ ~ ç . C5115 ~~~~~~~

~~~~~~~~~~ ~.1 i3~~4 ~.E 3 52 9
0 . 9 71 0 1  C .11 3 ’s4 C . 54 1 2 3
0 98551  3..11~~1~ C _ 2 ~~~~0
~ .03) -~3 C.~ 2 :- c ~D . (~~:) 0.)

C
0. C.1’3

• 0. ~~~~~- 3. t• .
- • i 4a• . .•

3. 1..
— 3 _ i

0. C.
1..

One can see the inserted eight additional lines behind the zero .

P L 0 T 1 works only on the Tektronix—terminal • After unpacking and

compiling, it can be called on this device with

$$ PLOT 1.

After the first plot is done , the terminal makes a tone . Then P L 0 T 1

hits a pause—statement . By striking an arbitrary key on the keyboard and

CTP.LS , it produces the second plot.
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C
P 1 0 1 1 L I S T~~G

C
C I ~’ENSICN X ( 1 ) ,Y ( 3 0 O ) , X 1(13 ,100) ,Y],( 1O,1CO) ,Y2 ( 10,iOOJ ,

• FA(4 ) ,8(4 ) ,N 1(d  )
M=1

1 READ(1,1000 ) N1(M)
IF(Ni (M).EQ.O) GOlD 2
N2 N1IM)
DC 10 1 1  N2

10 REAO (t,306I) XUM ,I),y1(1’,I)-,Y2 (M,I)
M M+ 1
GOlD 1

2 M=M—1
DC 14 121,4

14 READ(1,1001) 4(11,8 (1)
CALL INIT
CALL NPTS( I)
CALL PLCT (B,A)
DC 3 1 1,M
N=N], (I)
CC 4 J ~~i N
X(J )=X1(1,J)

4 Y (J)=Yi (t,J)
CALL NPTS(N)
CALL CPLO1’(X,Y)

3 CCNTI NUE
CALL PAUSE
DC 15 1 1  4

15 REAO (l,1061 ) A(I),B(t)
CALL I N IT
CALL NPTS (I)
CALL P101(8,4 )
CC 5 I=1,M
N N 1  (I)

• DC 6 J=i M
X (J)=X1 (1,J)

6 Y(J)=Y2 (! J)• CALL NPTSIN )
CAL L CPLOT (X,Y)

5 CONTINU E
CALL FIN

1000 FCRMA T ( 13 )
100 1 FORMAT ( 3F10.5)

STOP
• 

END - - •

...5.3 P L O T 2

P L 0 T 2 is a special program which graphs the shock and cascade geometry

on the Tektronix terminal . It is called with

~~~PLOT

Input is read from File 01. which is prepared by C A S C A D E in each run .

The resulting plots are for example Fig . 35, 36 and 37. P L 0 T 2 asks

for the size of the diagram by SCALE :

By enterine 1.5, 1., 0.5 or any other digital nomber from the keyboard, one

may change the graph to the desired size . Each time the program has to be

started again with the $$ — command.

H 98
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P L 0 1 2 LIST ING

* ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~U99~~50’ ,Y(50)
READ (5,999) ST
C ALL I N T l

• • CALL NPT S (2 )
• X (1)= 20.Yt1 ) =20.

X(2)=1000.
- Y (2 ) =2 0 .

CALL CPLCT (X ,y3
15 CONTINUE

R EAO ( i ~~1OOO ) X ( i ) ,Y ( 1 ) , I M

-• 

IF (IK.EC.IM) GOlD 30

X (2)=X (1)+I.
Vt 2) =V( 1)
GOTO 35

30 ~~~~j00O) X(2),Y(2),IM
- DC 20 1a1,2

C X (I)=X (!)*ST*200.l.20.20 Y ( I )=V( I )* ST* 200 . +20.
• 

C A L L C P L O T (X , Y)
25 CCNT!NUE

CALL PAUSE
CALL FIN

8 ~~X~ ’G IVE SCAL E :1)

1000 ~CRMAT (2F1O .3,I33

H

• 5.4 Sample Sessions

The programs are too large to fit into the two cylinder disk space wh ich i3

available to the time sharing user. Therefore only so—called packed ver siow-

are pres ent on the private disk.

To log in an additional temporty T—Disk, execute the program S T A R I by

call ing it from the CNS—Level. The I—Disk is then logged in and eventually

files are read in which are in the virtual card reader of the system.

• The execution of one of the progra ms is prep ared by

G E T T E S T

‘I or
•1 G E T C A S

99
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This means for I B S I , W I N G or C A S C A D E to be copied to the

T—Disk, unpacked , altered to a FORTRAN f ile and compiled. After this , the

input/output files are def ined correctly . Finally the execution can be

initialized by

$ FILE NANE

If a compiled version of the desired program is already on the T—Disk,

D O T E S T

D O W I N C
or

D O C A S

will also define the input/output files. Again $ starts the execution.

See the three sample sessIons on the next pages.

COi~ ENTS OF TEE DISK:

FILENAME FILETYPE MODE NO,REC. DATE
TES T DATA P1 19 9/30
FILE4 DATA F1 3 9 / 2 9
PLQT1 PACKED P5 2 9/19
FILE FTO3FOO1 P1 1 9/30

9 F I L E F T O4F OO1 Pt - 2 9 / 2 9
DOTEST EXEC P1 1 9/ 29
START EXEC F l  1 9 / 29
DO WIN G EXEC P 1 1 9/29 •

CLOSE EXEC P1 1 t 0’/Ol
TEST PACKED P5 8 9/29
FLOT2 PACKED P5 2 9/28

~ ILE3 DATA P1 3 9/29
.WIN G PACKED P5 77 9/26
FILE FTOSFOO1 P1 2 9/29

- 
- CASCADE PACKED P5 81 9/28

- GETWING EXEC P1 1 9/29

4 GETCAS EXEC P1 1 9/29
DOCAS EXEC P1 1 9/29
G E T T E S T  E X E C  P1  1 9 / 29

100
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t h i s  is a sarn~ ei ~essior~ fo r  t e s t
eortdition : ~ ou have Just 1o~~~eri in ,

• s tar t
17 ,30.06 VSET PrYM SO OFF
17.30.07 VSET BLIP  /
17.30.08 CP DEFINE 12314 192 10
17.30.09 FORMAT T
:~* ‘FORMAT 1’ WILL ERASE ALL YOUR 1—DISK (192) FILES **
**DO YOU WISH TO CONTINUE7 ENTER ‘YES ’ OR ‘No’:
:>~ es
FORMATTING 1—DISK (2314).,.
1 192 : 010 CYL
17.30.30 OFFLINE READ *• READER EMPTY OR NOT READY .
!H E(00009) H!

17.30.33 OFFLINE READ *
READER EMPTY OR NOT READY,
H! E(00009) H!

R ;
:> ~ tt  t
17.30.42 VSET BLIP /
17,30.43 COMBINE TES PACKED 15 TEST PACKED PS
17~ 30,45 UNPACK TES
17.30,46 ALTER TES UNPACKED 15 TEST FORTRAN Ti
17.30.47 ERASE TES PACKED 15
17.30.49 F TEST
////:L7.31.02 FILEDEF FTO5FOO1 EISK
17.31.03 FILEDEF FTO1FOO1 DSK-T1
17.31.05 FILEDEF FTO6FOO1 t ISK—Ti.

:~s test
- I /EXECUTION BEGINS...

~R
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fl • • . C-J • • N • . . — U! ~~~ N

fl --4 ~~~~~~~~~~~~~~~~~~~~~~~~ O U N
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6, Critique, Conclusion and Outlook

• A systems of programs was written, which allows a systematic approach to

the problem of oscillating shaped airfoils in a staggered cascade. I B S I is

only a geometrical examination of the PROFIL. W I N G is a test for the

theoretical, behaviour of the blade , if exposed oscillating to a supersonic

stream. Finally , C A S C A D B is a computer model for a finite cascade of

airfoils which may oscillate with a phase lag f rom blade to blade in a super-

sonic flow. C A S C A D E is not yet finished. Results are available up to

now only for the inlet flow, as the wake could not be added because of lack of

time.

All three programs do not only give numerical but also graphical results.

The latter can be ob tained by the two plot codes P L 0 1 1 and P L 0 1 2

C A S C A D B — and W I N G —results are compared in this report with

• solutions of Teipel (2), Verdon (1.5,17,18) and Platzer and collaborators (3,4,5,

6,7,9,13,14). For the linear cases the agreement is considered to be very good.

The included thickness effect gives different results to those from Strada (5).

This has to be investigated more closely in the near future.

It is clearly understood that C A S C A D E is a rather expensive approach

to the problem. This is considered worth while due to the complexity of the

( problem. After the model of shaped, oscillating airfoils is better understood,

it would be desirable to write a more efficient computer code.

To finish this work , there are two more steps to do:

1. Adding the procedure of yaks computation to C A S C A D B and then

obtaining results over the whole bl ades.
I 

- 2. Optimizing the program in this form.

This will be done in the near future .
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When this is accompli shed , a rather flexible Logic structure for the problem 
-

- 
of an oscilla ting supersonic cascade is available • This could be used to examine

different systems of basic equations and their influence on the results with the

final, purpos e to substitute the potential, equations by those of Euler. Thus we

could get rid of the assumption of constan t entropy in the field which would be I

a new ~xrep forward .
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APPENDIX A

CXXXXXXXXXXXXXXX XXXXXXXXXX X )~~XXXXXXXX XXXXXX )IE*)lXEIXXXXXXXXXXXXXX
C OSCILLATING SIN GLE AIR FCIL FOR ~ACI ’.GT.1
C 

CCMPLEX*8 U,V,AI,FSI,G,CYDXU,PU
CCMPLEX*1.6 EL,RI ,ES
CCMMON/eA/ ALO,ALO,AM ,C1,AK I IE,IW
COMMON/Ed T,B,OYDX,O2YD)2,6Y6XU,fl,Il,T3
CCf’MON/SP/ XS(2,50),YSU,50 ) A(50,4hR(2,50)
CCMMON/SOL/ EL(4 4) 1- Fl j4) ES 14)
CCMNOP4 V (2,25,25hX (2,~~f,~5P,P(2,25),U(2,25,25),PSl(2,25,25),FG (2 25 25) ALL2 25,25),~~(2,25 25),C (2 ,3),OX (2),1M2,25),FPXd,2ã) ,P~ (2,26) ,PU(2,20) ,TEf(2 I ,TED (20 )

C OPIIONS :
C LOt ~O : CCI~PL ETE OU TP U T
C Si : ONLY PRESSURE CISTRIBUTIC~

LC2 :~ ~T~ CH
C ~1 : PLUNGE
C LC3 —O : NC WAK E
C s] : WAKE SH ALL 8€ COMPUTED
C LC4 ~1 : SUR FACE S ARE AI~ALYTICALLY CIVE PI
C ~2 : WEDGE (NO hAKE I
C ~O : SURFACES ARE PC INTW ISE Ct~ EN
C MA a NU1~8ER OF POINTS ON THE SURFACEC 

KVaZ5
A I~CMPLX (0.,1.)102 READ (4,cc9) LO1,L02,LC3,L04,MA
IF(LOl.EC.2) GOTO 101
IF (L04.EC.2) LO3~0‘AXa MA
CALL PRCFIL(W E,L04 ,T1,T2 ,~’X )

100 READ(4.1000) AK,AM,C,8,CX (1),OX (21
IF(AM.EG.0.) GOTO 102
A )iaA N
ANaAM*AM
ALO~AM—1.C 1-C +1
AL,O ALO**t.5
C3aC1*AM*1 • 5
IPITIAL FIELD

Xt’~1 ./SCR1 (ALQ)-• D~3.1/9. • 
-•

DC 8 N=1,l0
MaN+).• V(1,M,N) 0. •

Y(1,N,M)0.

8 X (],N,M) X (1,M,P)
0C 36 M— 2 KV
X(],M ,1)a6*(M—2)/2.--2.
X (1,1,M) X(1,M,].)
Y(1,M,1)aXM*(2.+X (l,M,1))

• 36 Y (1 1,M )~ —Y (1 ,M ,1)
DC ~7 Na2,10L N+2
DC 37 M L,K~i• K -N— i 

1 3X(1,M,N aX ( ,K,N)+0.5*C
X (1,N,M) X(1,i’~,N)Y(1,M,N) Y (1,K,N)+XM*O/2.

37 Yli N,M)~ —Y (1,M,M)Z5 Mal,KV
O 45 N 1,KV
PSI(i,M,N)s0.
AL (1,M,P)SALO
U (1,M,N) 0.
V( 1 ,M,N) 0.

45 G(1,M ,N) C.
TiE STEACY FLOW FIELD

II 
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CCNPUTATI(’N (‘F THE SPLIPE — COEFFICIENTS

I ! 0
13 0.
ISO

• 30 1— 1+1
I -Ti
IFII.EQ.2) 1—12
DC 46 K 1,NX

- A~K,3 — R 1,K
H—XS (I,K +1)—XS (I K)A ( K , 2 ) a ( Y S ( I , K + 1 J ’ Y S L I , $ ) ) / H . H * ( R ( I , K + 1) +2 . *R ( I , K ) ) / 3 .

46 A (K 4)z(R(I,K+i )—R(I,K))/(3.*H)
l

36 r4A MAX
M 2 1

C TI-E STEACY BOUNDER’Y—PFC~ERTI~~S EE l-INC Tl-E SI-Cd’
C 

CX1 I.07/(NA—1 I
DC 9 J 2,KV
K T J
X F—OX (II* (J—2)
IF(T.EQ.0.) XP—0.
l~~ 1CALL SWITCH (J,IM,MtN,I)CALL SHCCK ($V,UE,LL4,N,N,XP ,C3,MA,CX .1b

• C ALL OTHER STEPS OF ThiE STEADY FLOb FIELC
-
~~ C• Kh aK i’
- • DC 1 J 2,KV

J 1SJ

CALL 5WflCH(!~ ,J,t’,N,I)CALL RANO (WE,L04,M,N,C3 1
IF(X (2,I’,N).GT.L.) MZ—O
KB KA+ 1
DC 3 J2 J,KB

• !F(J2.EC.KB) GOTO 3
• • !~sJ—iCALL SWITC II(J2,IM,K1,K2,I)I ; IF (AL (2,Kl,K2).GT.AL (2,~ ,N)) G~~T~~ 6
• 3 CONTINUE

6 J2 J2 —1
IN(I,J—1 ) 42
L J” 2
DC 7 KaL,J2

- CALL S~ I~ CH (K,J ,M ,N,I) 
-

• 7 CALL GE~~(M,N,I,1 W)
IF(MZ.EQ.0) GOTO 15
IF(J2 .EC.K*) GOTO 1
J~—M+1
J4 p4....3
J5~M• J6— M— L• IF(I.NE.2) GOlD 12
J 3— M—i• J4 N+l4 1  J5 — M— i

12 01 (Y(2,J3,J 41—Y(2,J5,J6))/(X (2,J3,J4),’X (2,J5,J6))*I1
C’—t ./ S C P T ( I L ( Z , M , N ) )

- 1
-~~ K 2J

IF(I.NE.2) GOlD i4
K]~aJKgaN+1

14 Al~(2,K1,K2)aAL (2,M,N)4 X 2 , K i , K 2 1 ( Y ( 2 , J 5 , J 6 ) — r ( 2 , M  N ) ) * I 1
2 , K l , P 2 )  •

1 
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Yf?iK1t.K?) CZ*(X (2,K1,K2 )_X (2,N ,N))*Il+Y (2,M,N)
~~~~~~~~ J3aJ 4
DC ii KaJ3,KA
IF(K.EC.KV) GOlD 11.
IIsK+3
CALL SWITCH (IM,J,M,11,1)
I ,dSJ — i
CALL SW IICH (K,IM,K1,K2,I)
X (2,M ,N)—X (2 ,Ki,K ~ )
Y (~1M ,N )aY(27K1 ,K&)
AL~~,M ,N)aA L~2,K1,K2)ii CONTINUE
!F(KA.LT.KV ) KAaK A+1
IF(MA .GT.IN(I,J—11) MAsMA-i .1.
CCNTINUE

15 CCNTINUE
IF(T.EQ.O.) GOlD 47

C ALTOMAT IC STEP — SI ZE CCP TRCL
C 

IF(J1.GT.MA) DX (I)aDX(1)*1,.05
IF (J1.LT.MA ) DX(I) DX(I)*0.96
IF (Ji.NE .MA) GOTO 16

THE UNSTEACY FLOW FIELC
C TI-E UNSTEAD Y BOUNDERY PR OPERTIES EEl’INO SIiCCK

47 KhaKi
IF(LOi.EQ.OI WR ITE(6,1007)
DC 18 JaZ,Ki’

CALL ShITCH (J,IM,l4,P4,1)
18 CALL RANCS (KV,M,N,DX (I),LC2,M2,N2)

X(2,1,2)—O.
Y(2,i,2)=0.
X (2,2,1)—O.
V (2, 2,3 )0.
ALL OThER STEPS OP UNSTEADY FLOW FIELD •

C

DC 20 4 2,J5
I PIS.1+1
CALL SWI”CH (D,J,M,N,I)
CALL RA PDB (M,N,AM,AK,I,L02)
1—1+2• J2 1N(I,J—1)

• 
- DO 22 KaL tJ~CALL SWITCH~K,J,M,N,I)22 CALL GENU (M,N,I,AK,AM )
IP(J2.EC.KA ) GOTO 20
K1—M+ 1
K 2J
K3—Ki
IF(t.NE.2) GOTO 24
K 1J
K2—N+i
K3 K2

24 P(I,K3)—XC2,N,N)
CALL RAF4CS (KV,K1,K2,CX (I3,LC2,M2,P2)
J3 J2+1
DC 29 K J3,KA
IF(K.EC.KV ) GOlD 20
I~’—K +i
CAL L $W ITCI~( IM,J,M,P4 ,I)
“‘—4—3CALL SW ITCH(K,IM,K3,K2,I)
U (2 ,M ,N P ~J (2, Ki, K 21

29 P.I(2,M,P4)— ~I(2,K1,K2)tF(4~ .LT.KA •AND. KA .LT.KV) KA KA +i
CCN MU!

. 1 
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C CLTPUT STEACY AND UNSTEACV FIELD
C IF(LO 1.NE.O) GOlD 38

WRTTEI 6,1004)
WR ~ rg(6 ,

iFii. ~.2a WR L1’t ( 6,
J5—J 1+ i• DC 25 J 2,J5
KaJ — 1
LL IN (I,K)
WR ITE(6,1007)
WFITE(6,1008)
N K
IF(I.NE.2) GO TO 2t
I ’ K
D C 3 ~ N—J LL

31 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

26 CCNTINUE
DC 32 M—J,Lt.

32 ~iRITE (6110O9) M,N,X(2,M,fi),V(2,M,P),AL(2,M,N),U (2,P,N),FV (2,M,N,,PSI(2,M,N) ,G(~ ,M,N)17 bFIT E(6 ,iOO5)
C CNTI NUE

C CCMPUTATION OP THE PRESSURE — CCEFFICIENTS
C
38 KaJ1+1

DC 27 ,J-2,K
t M J—i -

CALL $WITCH (J,IM,M,N,t)
27 CALL PRES$(P’,N,JI)

I i IF(I.EC.1) IUSaK— i
i t !F(I.EQ.2) ILS=K—1

IF(I.EQ.i) GOTO 30

CHANGING THE FI ELDS AND WAKE — CD~ PUT AT ION
DC 48 M—3 ,KV -

CC 48 Na1,KV
X (J,,M,NITX (2,M,NI

I -
V (1,M,N)zV (2 ,M,N3

ALii,M,N)aAL,(2,M,N)
48 P5I(3,f’,N)— PSIfZ1M,N)CALL WAKE (KV,Wt,ri,T2,LC4,IUS,ILS,L03,NX ,MA )

C CCRRECIICN CF THE INDEX NUMBERS

CC 35 1—1,2
KaIuS

• IF(i.EQ.~ 3 K ILS
KA—K
DC 43 J— 1,K
IF(IN (1,J).GT.K) GOlD 35
KA—KA—i
J1 IN (I ,J)
CC 44 L 41,,KA-
N—I ll
PX ( I,L)zPX ( I ,M)
F1.(j,L) PU(I ,M)

44 P$(I ,L )— PS (I ,M)
• IF (I.EQ.I) IUS KA

4~ IF(I.EC.2) ILS—KA
3~ CCNTINUE

• OLIPUT PRESSURE DISTRIBLTION

WR ITE (6,i004)
IF (L02.EC.0) WR ITE (6,SSO
IF (L02 .EQ .lI WRITE (6,995)
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W RI T~ (6, ~01) A K ,AX ,C,B,DX(1) ,T1
WRI T~~(6 ,koio 1
W RITE (6,1011)
CC 33 1-1,2
I F ( I . E Q . 2)  WR ITE(t,10014 ) AK,AX,C,E,CX (2),T2ZF (I.EC.2) WR1TE(6,101~~)IFLI.EQ.2) WRITE (6,1011)
K IUS
IF(I.EQ.c) K*ILS
WFITE (1,1016) K
CC 34 J—1,K

CALL SWITCH (!W,J,~ N I I
WRI 1~ (6,10J.3) M,N 3~’X~ 114)2PS( I,J),PUI,J)34 WRIT~ (1,IOi7) PX (L,J),~ L (1,J)33 WFITE(6,1014)

INTEGRATION OF THE MO?’EPTUM AND FCRCES,PCINN ISE GIVEN,
C OVER THE SURF ACES OF THE AIRFOIL

CALL LIFT UU5,ILS,L02)
GCTO 100

101 t(zO
WP ZTE(1,1016) Kr

C END OF MAIN PROGRAN
995 FCR!~AT (1X,’PLUNGE — MQCE’ ,/ )
996 FORMAT (1X,’FITCH — MOCE ’,/)
999 FCRM AT (4I1,I3)
1000 FCRMAT (4F10.5 2!10.3)
1001 FCRMAT ( I X , / ,  Ix,’w*ciur ‘,F5.3, ’, ~~a ‘,F4.2,’, (a ‘ ,F4. 2,

F’ B/Ca ‘,F4,2 ‘ CX ‘,E9.3,’ T/C= ‘ , F 6 . 4 , / I)
103 2 F~ PMAT (1X ,’ tH~ PROPERTIES A~ THE ME$HPCINTS CF THE F LOW ’,F’ FIELD’,/,1X,’ FOR THE UPPER SLRFACE :’,//)
100! FCRMAT (1X, ’ THE PROPERTIES AT THE PESH~CINT S OF ThE FLOW ’,F’ FIELD’,/,lX,’ FOR THE LOWER SLR FACE:’,//)
1004 FCRMAT (1I-1)
1005 FCRMAT (1X,/)
1007 FCRMAT (LX,//)
1008 FORMAT (2X ,’PQ1NT’,1X, ’X’,lOX,’Y’,7~,’LA N8DA ’,7X,’RU’,9X,’IU’,

F9X ‘RV’~ 9X ‘IV’ 8X ‘RPST’ ,7X,’IPSI’ ,EX, ’RG’ ,9X,’XG’ ,/)
1009 FC~MAT(~ X,f2,’,,I~ ,l1(3~l,F8.5))
1010 PCRMAT (1X,’FRESSIJRE—CISTRIBUTION UPPER SLRFACE :’,//)
1011 FCRNA 1’(2X,’FOINT’,4X,’X’,8X,’CPS’ ,8X,’RCPU’ ,8),’ICPL’,/)
1012 FORMATC1X ,’ PRESSURE—DIS 1RIBUT ION LOWER SUR FAC E:’,//)

j 101! FCRMAT (i~ ,I2,’,’,I2,4X,F5.3,3( 2X,E10.3))
• 1014 FCRMAT (-//, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

F’$***** ’ , l /)
1016 FCRMAT (13)• 1011 FOR4AT (3F10.5)

END
CXXXX X X )IXXXX X XX XXXXXXXXXXXXX XXX XXXXXX )))XXXX )~XX) (X)~)CXXX X )cXXXXXXXX X
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~SIBROUTINE PROFIL (hE,LC4,T1,T2,N)

CCMMCN/ SP/ XS (2 ,50) ,Y S (2 ,50) ,A (50 ,4 ) ,R(2 , !O)
PREPARATION CF THE PRCFIL — SURFACES

C 
REAO (4,1000) T],T2,NT,IKP

-~~ I~ (LO4.EC.O) REAC (4,10011 SPIF (L04.EC.2) READI4,1CC1) WE
DC 8 .1—1,2

• 
- • 11—0

IF(J EQ.2) 1—12
- IF(L~l4.AE.01 6010 12• CC 9 K—i ,’.

K—i) *5+1
RgAo~4,~ oo1) XS (J,M),X5 (J,M+i),XS (J,M+2),XS (J,I+3),X~ (J,N +4)RtAD~4,i001 ) vS (J 1M)1Y5 (J1M+i),YS(~ ,1’+23,YS (J,M+3I,~~~(J,M+4)IF(YS (J 11+4).EQ.ii0., GC1u 7
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DC 2 LL 1,N• XC (J,LL) XS (J,LL)/SP
2 Y~ (J,LL)— YS(J,LL)/SP

• IF(L04.EC.0) GOTO 3
- ‘ 12 O X — i . 0 / ( N — 1 )

I1a(—1)**(J+1)
~-: - 0C 20 K 1,N

XC (.1, K) — (K—i) *CX 0 .25
Y~ (.J,K)aI1*4.*T*XS (J,K)*(1._XS (J,K))

IC ENTER THIS PART,THE SURFACES SI-CULD AL READ Y EE
C GIVEN POINTWISE

• E)TRAPOLATING POINTS

3 CCNTINUE

C I NTERPOLAT ION THROUC-l- CL8!C SPLINES
C 

IF(T.NE.O. .OR. L04.EC.C) GCTC 51
DC 52 I—1,N

52 A (I 1)—0.
GCTâ 53

51 CCNTINUE
DC 10 I—1,N
A (I,3)—XS (J,II

10 A (I,4)—VS(J,I)

C MATRIX CF COEFFICIENTS AND RIGHT SICES
C

K N—2
DC 25 I—i , I (
A ( 1, 1)  — A ( I + 1 , 3 ) — A ( I , 3 )
A (I,3)—A (I+2,3)—A (I+1 ,3)
AU, 2)52.*(A ( 1,1 )+A( I,!))
A (I,41 3.*(A (I+2 ,4)—AU’1 4))/A (I,3)—
F3.*(A( 141,4)—A ( I,4fl/AUd)

25 CCNTINUE
A (l,1)—C.0
A (N—2,3) 0.0

• C
THE STEP OF GAUSS

K N — 3
DC 30 1 1,K

~~ M~~1
4

• - 35 I,M )aAt ,M)*A (I+1 ,1 )/A (I,2)
A (I,1)—C.0
A (I,2I~~A (I+1,l)

V 
A (t+l ,2)’A ( I+t,2)—A (I,3)

30 A (I+j,4)—A (1+I,41—A (I,4)

SCLUT ION
C

A (1,1)~ 0.A (P4,1)—C.A (N—2,l )—0.0
L N— i
CC 40 1 2,L
K—N— I
M K+1

40 A (M,3)a1A (K,4)—A (K,3)*A(M.3,1))/A (K,2)
53 CCNTI NUE

DC 11 M-1,N
11 R (J,M)aA(M,l)

• IF(IZ.EQ.1) GCTC 8• KV N— 1
CC 49 K 1,KV
A (K,j)—Y$ (J,K)
A (K ~ ) —  R~ ‘,K

• • H.X
~
1J,K+iT_XLJ K)A (K, )— (YS 4,K+1 f—YS (J,K))/H—H* (R (J,K+l)42.*R (J,K)),3.

49 A (K 4)a(R (J,K+i)—R (J,K))/ (3.*H)
DX.1~./45.- 

~, 
DC 4 M 1,50

111

_ 
- - 

__ _  _ I

-7 ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 

-



X*DX*(M—1 )
CC 5 Ka2 ,50• I—K— i

• IF (XS(J,KI.GE .X) GOlD 6
5 CCNI!NUE
6 H X—XS (J,T)

Y A (t,j)+A (t,2)*H+A (I,3)*H*H+A (I,4)*F4*h*H
R (J,M)aX
YS (J,M)aY

4 CONTINU E

DC 13 1 1,50• 13 XS (J, I)—P(J,I I
• GCTO 3

8 CCNTINUE
IF (IKP.EQ.O) GOTO 17
DC 15 Ma1,N

15 WRITE(6,1002 1 X S ( 1,N ) , Y S ( 1 , M ) ,X 5 ( 2 , N ) , V S ( 2 , M )
17 N—N— I
1000 FCRMAT(2F1 0 .5 ,212)
1001 FCRMAT (5F10.5)
1002 FCRMAT (5X,4 (Ei2.5,2XJ

RETURN
END

C ~XXX)O(XXXXXX XXXX XXXXXXXXXXXX )~ X )CXXXX *X (X )~XXXXX XXXXXXXXXXXXXX ~ XXXXX
CX XXXXXXXXXXX ’XE * )XXX XXXXXXXX XXXXXXXXXX *XXXXX~~ ,IEuXX E (XXXXXXXXXXXXX

SLBROUTINE FtND (KV ,IW ,~ S,YS,M,N,IE,I)
CCPPLE X*8 U V A3,PSI G,C’ OXU
CCMMON/BC/ f,~~,OYCX,62YCX2,DYDXU ,~ 1,!1CCMMON V (2L25,25)IX (2,25 ,251,P(2z25),U(2125,25),
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~FC (2,3s,CX(2) ,IN (2,i5 )

C FIND LOOKS FOR THE MESI4INDEX,RE !PCNSIBEL FCR
C THE PCI NT XS;YS• C

IF (IE.EC.1, ) GOTO 19
IKK O

C IF (IW.GT.5 .ANC. XS.GE.l. .ANO . XS.LE.l.1O) IKX=l
IF (IKK.EQ.i) WRITE (6,2C13.) I,IE,I1

201 1 FCRMAT (3.X,’FINO EN-TRY: ,314)
12=0
K A O
L 1 1
L 2 1

21 19—21
IF(IKK.EQ.1) WR ITE(6,20031 19,I,IE,XS,YS
CC 22 12 L1,20
It’—12+LZ

I • CALL SW ITCH (IN,12,M,N,I)
L3 12 +L2
19—26
IF (IKK.EQ.l) WR LTE (6,2CCC) 19,M,N,X ( 1,M,NI,Y (1,P’,N)
IF(L3.GE.KV ) GOTO 13
J 1 M+ i
J2—NI’ 3

24 KPaJL—J 2I F ( I . E Q . 2)  KM aJ 2— Jl
ICz24
IF (IKK.EQ.i) WRITE (6,2OCC) 19,M,N,X(1,M N) Y(],M N)
IF (XS.GE.X (ltM,N) •ANO . XS.LT X (1,J1,J211 I~CTC 2~IF (X (],J1,Jgp .GT.i. .APC. KM.~ G.1i K A J 2
I F ( I .~~C.2 .ANO. KA.E 9 .J~ ) KAJ ], _
IF (~~.~~~4 .AND . KA.N~ .J2) GOi’O ~2
~~~~~~~~ .ANO . KA.Ne.J11 GOlD 224F(I.tQ.1) J3 J1+l

-
~ IF(I.EQ.21 J2—J 2+l

Li IF(J1.EC.KV •DR. J2.EG.K~ ) C-DID 13
GCf0 24

22 Ic522
IF(IKK.EQ.1) WR ITE (6,2CCC) 19,M,N,X(i,M,N),Y (1,I’,N)

23 15—23
I F ( I K K . E Q , 1)  WRII’E(6,2000) I9,M,N,X (1,M,N),Y (3,,M,N )
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• IF(I.EC.2) GOlD 27IF(YS .LT.Y ( 1,J i ,N1J GCT C 1
• IF(N.EC.i) GOlD 13

L2 L2+1
L1N— 1
GCTO 21

27
I F U K K . E Q . i )  WR I T E ( 6 , 2 C C O )  19 , M , N , X ( 1 , M , N )  ,‘ V(i , I’,N)
IF(VS.GT .Y(1,M,J2)) GCT C 1.

• IF (M.EQ.l) GOlD 13
L 2z12+ i
h aM— i

• GCTO 21
1 IS—).

IF( IKK.EQ.t 1 WRITE (6,2CCO) 19,M,N,X (i,M,N1 ,V(i,?’,PI
I’2aM
N 2-NGCT O 14

28 15 28
IF (IK K.EC.i) WRITE (6,200C) 19 ,M,N,X (],P,N3 ,Y(l,I~,N)lz—I z+1
IF (I Z.~~Q.5) GOlD 29M=M2
N -N2

18 15— 18
IF(IKK.EQ .i3 WR ITEL6,2CCC) 19,M,N,X(3,M,N),Y (1,M,N )
IF(IZ.EC.0) GOlD 28
I F ( IZ .f Q.1 .A ND. l.EC.11 1 N— i
~F(IZ .~ C.3. .AND. I.EQ.2) MaN— i
iF(M.EQ.O •OR . N.tC.u) C•CTO 28
IF(IZ.eQ.2 .ANC . I.EQ .-1) M*M+1
IF (IZ.EQ.2 AND. I.EQ.2) :~—N+iIF(M.E2.KV .OR . N.EQ .KV) GOTC 28
IF (IZ.tQ.3 .AND. I.~Q.i) N M+1
IF(IZ.EC.3 .AND. I.tQ.2) M—M+i
IF (IZ .NE.3) GOTC 3
IF(N.EQ.N) GOTO 28

3 IF (IZ.tC.4 .AND. 14q.1) MaN— I.
IF (IZ.EQ.4 .AIO . ~~~~~~~ N—N— i
IF (IZ.NE.4) GOTO ~I F ( M .E Q .NJ COlD 282 CCNTI NUE

• GCT O 14
29 WPITE (6,100C) KK,M,N,XS,YS,X (1,P,N),V(i,N,N)
13 IE—i

WRITE (6,1001) M,N ,XS,YS,IE

c 
GCTD 19

CCNTRCL — STEP

14 J1 M+i
J2 N+ i
K1ZM+ 1
IC ~ NK 3 M
K4aN+1
IF(I.NE.2) 6010 20
K1N
K2 N+1
1C3 M+ 1
K 4 N

20 t 5 2
IKia

- 1F (IKK.E~.1 .ANO. M.EQ.14 .AND. N.EC.13) 11(1—i
• jFqKl.g9.i) wRtr~ (6,~~ocQ) 19,M,N tX (1,M,P) ,v(1,N,N)

LF (&K1.~~ .1) ~~J.-r~(6,40uu) 19,JJ.,42,X(1,J1,J2) ,XU ,J1,J2)IF (JK1.~~ .L) WR4T~ (o,?PCo) I9,K1,K~~,X(L,K1,$2
) ,~,i1,K1,K2)IF(1K1.tQ.1) WR~T~ (6,~u0C) I9,K3 1K4,X (1,K31K4)1Y(1 ,K3,K4)iF (XS4Q.X (11M,M) .AND. Y~ .E9.Y1L,1’,P)) GCiC 3~• O1!t*~Y(1,Kj,,K2)—Y (1,r’,Ni)/iX (i,Ki,K2)—X (1,M,N))

IF (K4.EC 1(3) 6010 11I
t 

ii tFix~ . Ec .Kj  D2 0.
i~1~~~~l*.YS—Y (i,N,N))/(~IS—X (1,M,N))

I
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IF (K4.EQ.K3) GOTO 25
C3 I1*(Y(i,J1,J2)—Y (1,K 3,K4))/(Xfl,J1,J2)—X (1,K3,K4))

25 IF(K4.EQ.K3) 03—0.
C4zI1*(Y (i,J1,J2)_Y (i,Ki,K2))/(X(I,,ji,J2I_~ (1,Ki,K2))D34 11*PY (1 Ji J2 )—YS )/(X (i,J1 J2)—XS )
lF (D1.LT.Dt~ •13R. C2.GT.D].2) GdC ~.€IF (03.LT.034 .CR. 04.G1.C34) GOlD i8
IF (XS .LT.X (1,M,M) .OR. XS.c-E.X (I,J1 J2)) 6010 18

1000 FCRMAT (IX ,’NQ—FINO : • 12,’ ‘ I2,4(~X,F8.3I)1001 FCR MAT(1X, ’FINO : ‘,I2, ,’,I~ ,~~(2)c ,EIO.3),’ 1E , 1 2)
2000 FCRMAT (1X,3I4,2X,F8.3,~ X,F8.3)
19 RETURN

ENDcxx ~ x~ x~~ xxxx x xxxxxxxxxxxxxx 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
CXXXXXXXXXXXX )XX XXXXXXXXXXX XXXXXXXXXX ) (XXXXXXEXfl~E’ ~~XX E*XXXXXXXXXSIBROUT INE BOUND(WE,LC4, I,X,IW )

COMPLEX*8 L,V,AI,PSI ,G ,DYOXU
COMMON/ 8C/ T,B,DYOX,DZYCXZ,DYDXU,AI,Ii,T3
CCMMON/SP/ XS(2,50),VS(2,50),A (5C,4),R (2,5C)
IF (IW .NE.0) GCTC i

C
STEADY BCUNDE RY CONDITIONS ALONG THE A IRFCIL

IF (L04.EC.1) 6010 3
IF(L04.EC.2) 6010 4
DC 5 Ka2,50
.1—K—i
IF(XS (1,K).GE.X) 6010 6

5 CONTINUE
6 lfrX—XS (I,J)

D’YDX A (4,2)+2.*A (J,3)*I,+3.*A (J,4)*1-*l-
D2YDX2 2.*A (j, 3)+~.*A ( .1,4 )*HGCTO 2

3 D~ DXa I1*4.*T*( .—2 .*X )D2Y0X2*—I1*8.*~GC1’O Z
4 W WE*4.*ATAN (1.)/i80.

C VCX—I1*TAN(W)
02’VDX2—0.
6010 2

C
STEADY ECUNCERY CCNDITICPS ALONG ~A KE—SL IP—LINE

1 CYCX—TAN(T3 )
0 2VDX 2—0.2 R ETURNEND

C)X~ E (X )XXXXX~ XX XXXXX X X XX XX XX XXXXXX )IX X XXXXX X X XXX X )XX~~~)~X X X X X X X X
• CXXXX~ X)XXXXX )’XXXXXXXXXXXXX )’X XXXXXX XX~ X X X X X ~~~~~ XE*XXE4)iXXXXXXXX X

SLBROU1’INE SHCCK (KV tWE,LC4,M,N,XP,C!,MA,C)U )COMPLEx*a U,V,AI,PSL,G,C’IOXIJ
CCMMON/8A/ ALO,ALC,AM,C1,A K,I,IE, 1W
CCMMON/EC/ T,B 0YDX,02’vC~2 DYDXL,At Ii 14
CCM MON v(2,25,~ 5I,x (z,2s,2~ ),P(2225J,u(2,z5,25),FPSI( 2725,25),G(2,25,25) ,AL,(2, 25,~~!I ,Y(2 ,25,25 ),FQ(2,3, ,DX (.g) ,IN(2 ,25)

-CCNPUTATION OF THE FIELC NEAR BEHINC THE SHOCK
- 

C 
lIE—
I K K

C LF (IW.NE.O) IKK— 1
IF(IKK.EC.1) WRITE (6,20C0) M,N,I,!E

2000 FCRMAT (1X ,’SIsOCK ENTRY: ‘,414)
TX -0.
IFI IW.NE .0) TX—i.
4 M—i
K N
LFU.NE.2) GOlD 5
4 M
L N

5 CALL BCUI4D(WE,L34,I,XP,1h)
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AL(2,M,N)- (ALD—C3*DYDX4II)**(2./ 3.)
I - IF(L.EC.2) 6010 17

01_i /SQR T(AL(2,M,N))
X 5 X ~

’2,J,K )
Y5—Y (2 J K )  

-CALL FfN6(KV,IW,x~ ,y5,M2 ,N2,IE,I)• 9 !Ka9• IF (IK K.EQ.i) wR ITE(o,1000) IK ,IE,AL (2,M,N),X5,Y5
~La9zF (IE .EC .i .OR. M2 .GE.KV ) GOlD 16
I.1—M2 +i• L2—N2• IF(I.NE.2) 6010 7
L 1 M 2
L2 N2+i

7 X 1 —X ( i , M 2 , N 2 )
Y 1=Y(1,M2,N2)
X~ —X ( I , L I , L 2 )
Y 2 — Y ( ] , L 3 . , L 2 )
X3—X (1,~’2+1,N2+1)Y3—Y(1,M2+1,N2+ 11
12— 0

14 02— SQRT (AL (1,M2,N2))+SCPT (AL (2,J,K))
02=2.*Ii/D2
I K— i
IF (IKK.EC.1) WRITE (6 1000) IK,M2 Xi X2 X3
IF(l’.NE.O. •AND . IW.~ C.C .AND. 1iE.~~ C.b )  ECTO 2
IF(T4.NE.0. .AND. IW.NE .C .ANO . I1E.EQ.0) C-d C 2
X 4—X (2,J,K )40X1/2.• Y 4 aY (2 , J , K )+ ( X4—X (Z ,J , I ( 1)* 02
IF(IKK.EQ.i) WR ITE(-6,10C0) IK,IE,X4,Y4,X5,Y5
GCTO 13

2 x4=(D1*XP—02*X5+Y5)/(Ci—02 )
Y4= (X4—XF)*D1
IF (X 4.LE.TXI 113— i
IF (ITE.EC.i) 6010 14
IK—2
IF(IKK.EC.i) WRITE (6,iOCC) IK,IE,X4,Y4,X5,V5

13 CALL FINO (KV,IW LX4,Y4L141,N1,IEII)IF(M1.Eç.M2 .ANu. N1.tC.N2 .ANu. IE.EQ.01 6010 8
IF (IW .Ne .O .ANO . IE.EQ.1) 6010 ii
X6 (Y2—Y5)/02+X 5
IF (X6.GE.X2 ) 6310 10
03— (Y2—Y1 )/(X2—Xi i
X~= ( V1—Y 5+02*X5— 03*x 1)/(0 2—03)Y5~D3*(X5—X1)+Yi11—131- • IF(N2.EQ.1) GOT C 16
N2 N2—i
IF(I.EC.2) 6013 19

1 
- IL—132• IF (AL( ,M2,N21.NE .AL (1,N2—i ,N2)) C-CTC i6

GCTD 2~19 ILai5
IF(AL (1, ,M2,N21 .NE.AL( l,N’2,N2—l)) C-DID 16

20 CCNTINLE
!F(I.NE.2) 6010 9
N 2—N 2—i
N2-N2+1
GCTO 9

10 D3— (Y3—Y2)/(X3—X2 )
¶ X5 (Y 2—Y5+0 *X5—03*X2)/(C2—03)

V~—03*(X5—X ~ )+Y2
• • M2—M 2+1

I110
IF(M2.EQ.KV ) 6010 16
IF(I.NE.2) 6010 9• N~ -N2+

• M~aM2—• 6010 9
8 X (2,M,N)—X4

Y (2, M Pi) V 4
6010 Ii

3,15 

- 

-

_~~~~~~~~~~~

-

~~~~
. 

•

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~ __i 11.Lj IlkL -UWd _J~
I
~~iur ~ -



16

• 1K 16IFIIKK4 .i , wRt!~~o4qco) 1K I~ )F X5,Y5,X (2,M,N)tF (iKK.t~.1) WR LTtI6,LcI.01 M,I~I,~ j,C~ ,OX1!F(T.EQ.u.) GO TO 1
X (2, M,N )— (01*XP —D2*X5+~~ )/t 01—D2)
Y(2,M,N) (X(2,14,N)—XP)*Ci

H - 6010 11
1 X (2,M,P4)—XS+DXi/2.

I i  Y(2,M,N)— 02*OXi/2.+Y5
L, 

CCP’PUTATION OF THE ACCIIIONA L RCINTS FOR TH E LNSTEAOY• C FLOW FIELD

D !ai./SQRT (AL(2 ,M ,N))
04 1. /SCPT( LI (2,J ,K))
P(I,L)a(D4*X(2,J,K)-I03*XP+Y(2,J,K)*Ii)/(03+04)
IF(L.EQ.3) P(I,L)sXP
IF T.EC.O. .OR. I~~.NE.0 ) P (I ,L )—X (2 ,J ,K)
GC~O iZi7 X (2,M,N)—0.
V (2 M,N )aO .
IF(~W.EC.0) 6010 12X ( 2 M,Nlal.

i2 IF(!KK.!C.1) WRITE (6,i000) M,N,X(2,~’,N),Y(2,M,N),AL (2,N,N),FP (I,L)
1000 FCRMAI( IX ,2I4 ,4(2X ,F8 .3)I

R ETURN
END

C 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 X X X X X X X ~~~EI ))~ X~~~X X X X X X X X X
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~SIBROUTINE RAND (WE,LC4,N ,N,C].)

CCMPLEX*8 L,V,AI,P$I,G,C~vDXUCCMNON/EA/ *L0,ALC,A141C3,AK,1,IE,IWCCMMON/B / T 8 YCX D~ YtX DVOX(I,l Ii
C CMMONFG( 2 ,25,25) ,A L(2,2~ ,25,,’v(2 ,~ ,,2 ~~~~~~~~~

C BCUNOERYSTEP OF THE STEAdY FI E LC iC THE AIRFOIL• C 
IK$C—0

C IF(L04.EC.0) IKK— i
!F(IKK.EQ.1) WRITE (6,1002)

• 100 2 FCRMAT (1X,’RAND—ENTRY’)
A~~C1*I1
~~~~—i
I F ( I . N E . 2)  6010 5
.11—N —i

‘H  .12— N
5 X ( 2 ,M,N)—X (2 ,J i ,J2 )

DC 11 KX I,15
I - CALL BOIJNC(~.E,LO4 I,X(2 P N),IW )IF (IKK .EC.1 ) WR IT~ (6,10o1r M ,N,KX ,X(2 ,M,N ),O~YC~ ,D 2Y CX 2

1001 PCRI4AT (1X,3 13,3E12.5 )
AL (2 ,M,N )— (ALD+A*OYDX)** (2 ./3 .)
IF(IW.NE.0) 6010 2 

-IF(DYDX.EQ.0. AND. DiYCX2.EQ.0.) C-C-TO 2
F Z . * (X ( 2 ,M,N)—X (2 ,J 1,J2))* I i/V (2 ,J 1,J2)
Fa F— (5Q RT (A L( 2,JL,J2)),~ CRT ( AL (2,Il,N)))
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .*AL (2 ,M ,I))

• D P/FS
X (2 ,M ,N )—X (2 ,M,N)—C
IF (ABS(Ct.LE.O.00000i ) C-d C 10

11 C CNTINUE
WRITE (6 1000) N N D

1000 FCRMATdX ‘eo uNT~E~YsTEP DID NCT CCNVERGE : ‘,12,’,’,12 ,F’ 0— ‘,Ei0.3)- 
- i  10 Y(2,M,N)aO . -

CALL BOUND(hE L04 I X (2 P N) 1W)
A~. ,M ,N )a (AL +A* Y X 3*
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2 
- 

Y (2 N N)— 0.
0a4.1&I1/(SQRT (AL (2 ,J1 ,J2))+SQRT (AL (2 ,I’,N))I
X (2 ,M ,N)—X (2 ,Ji,J2)—Y (2 ,J],J2)/D

- • 1 RETURN
END

C 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 X ) ) ) X X X ) ~~X X X X X X X X X X X X X X X X X X X X
- C 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 ~~~XXXX X X X X X X X )X X E * )X X X X X X X X X

SL~8RCUT INE GEN (M,N,I,I%.)
CCMP LEX*8 U V A 1 ,PSI 6 C’VOXU
CCMMON/EC/ f & CYCX 62cCX2 ,DYDXU,AI Ii

- CCMMON V (2,2
~
,
~
5)&X ,25,2S)jP(2,2! lU(2?25,25),P5I(2,2~

,2!),
FG (2 ,2 5 ,2 5 ) ,A L (2 , 2 , , 2 , ) ,Y i 2 , 2 , , 2 5 , , C ( ~~,25,

GENERAL STEP OF STEADY FIELD
C

IK K O
IF(IKK.EQ.i) WR ITE (6,LOCC)

1000 FCRMAT (1X,’GEN — ENTRy’)
J 1 N
.12—N— i
1(1—N— i
K 2—N
IF(I.NE.2) COTO 5
J1 M— 1
J 2 N
K 1 N
K2 N— 1

5 Di—i ./SCRT(AL(2,K1,K2))
0 2 — 2 . / ( S Q R T ( A L ( 2 , J t , J 2 ) ) + S C R T ( A L ( 2 , K 1 , K 2 1 ) )
X Y D 2*X (2 ,J i ,J2 1+D1*X (2 ,K1,K2)+(Y (2 ,J i ,J2)_Y(2 ,Ki ,K2) )*IiX (2, M,N )— X Y/ ( D 1+02 )
V ( 2 , M , N ) — D i * I i * ( X ( 2 , M , N ) — X ( 2 , K i , K 2 ) ) + Y ( 2 , K 1 , K 2 )
A L ( 2 , t 4 , N ) — A L ( 2 ,K 1 ,K 2 )
IF(IKK.EC. 1) WRIIE (6,1CC1) M,N,X(2,P,N) ,Y (2,M,P) ,AL (2,M,N)

1001 FCRMAT(1X,213,3 (ZX,8i2.5))
R ETURN -

I - END
CXX 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 X X X X X X X X X ~ X )I ’XX XXXXXXXXXXXX
CXXXX X X X XXXXX )IXX X X XXX X XXXXX XX ~ X X X X X X X X X ) X ) I )IX X EE *X XXX X XXXXXXXX

St.BROUTINE RANDS (l’V,P,f’,)1,L,M2,N2)
CCPPLEX*8 I V ,AI PSI ,G ,CYOXU ,DU ,C~ ,C2,C6CCPPLEX*16 A ,RI,~~SCCMM ON /BA / LLO ,ALC ,AP 1C2AK ,I,IE ,I%’
CCI4MON /BC/ T,8,0YCX ,C~ ’VLX 2 ,DYDXU ,At ,Ii ,T4

— CCMMON/50L/ A(4 4),R!(4 ,!S14)
C CMMON V (2,25,2~ ) ,X(2,2L25),P(2,2’9,U(2125,25),FP SI (2,2f,25),G(21251253,AL (2,25,25f,Y(2,~~~,25),FG (2 ,3p ,CX(2),IN (~~,2~~)

CCMPUTAT I ON OF UNSTEADY BCUNO !P~ — FR CP ERT IE 5 ALONG SHOC K

IICKaO
C IF(IW.NE.0) TKK—i

J a M
I • IF(I.N!.2) 6010 5

J— N- 5 IF(IKK.EQ.i) WRITE(6,2000) -

- 
- 2000 FORMAT (1X, ’RAND$—ENTPY’)

CALL C0EFi (KV,I-i,M,N,M2,I~2,AM1,A ?’2,AN3,AN4,AN1,AN2,AN3 ,FAN4,5)
1K—S
IF (IKK.EQ.1) WRITE(6,lOQi) IK,N,N,U (1,M2,N2),V (1,$2,N2),

FAL(i,M2,N2 )
IXal.
D V—V (1,M2 ,N2)
DU—U(1,M2,N2)

- -  ALT—AL (1 ,M2 ,N2)
F JW .~~ .0 ) TX—Q .
F ~~~~~ A L T— AID
F ~~~~~~~~~~~ uV O.
F 11.1G.).) 01.1—0.
F(J.GT.2j GQTO 6

CALL BOteNuUjiW,TX,I,A$,L )V t~~,M,N)—0YuXU
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C2sAM1*V (2 P ~~~~~~~~~~~~~~~~~~~~~~~~~~U (2,N,N)uD~ +6V*(AN4 AN1*AN4/ANi )
KIM+ 1.
K 2 N
IF(I.NE.2) GOT’) 4
1(1-NK2 N+t

• 4 D1— ( A L ( 2 , M , N) . A L ( 2 , K i , K ~~) ) ( 2 .
IK—4
IF (IKK.EQ.1) WR ITE(6,1001) IK,M2,N2,Ci,X1,lX,S
Di— I1/SQRT (D1)
0 3— 1 1 / S Q R T (A L ( 2 , K 1 , K 2 ) 1
x X — — Y ( 2 , Kj , K 2)/ 03+X (2 ,K1,K2 ) —T X

• IF(T.3Q.0.) XXZO.
X (2,M,N)aDl*XX/ (TAN(S ) iDi )+l X

• - Y(2,M,N)a(X(2 M,N)—TX)*TAN (S)
PSI (2,M,N)—PSI(i,M2,N2)

— GCTO 9
6 .11—N—i

J 2—N
• LP—M

IF(I.NE.2) 6010 8
. 1 1 M
.12—N— i
L F N

8 CCNTINUE
!F(AL (22J1t J2).LT.AL (2,N,Pu) .OP. T.EQ.0.) C-OTC 12

• IF(1W .N~ .0i GOlD 12.12—N—i
1F(I.NE.2) 6010 12
.1

12 Dc— X ( 2 , P , N)— P ( t , LP )
OAL— AL (2,M,N)

CALL FINO (KV~ I W~X(2,.1i,~ 2) ,Y(2,J1,42) ,M3,N3,IE,I)• OU—U(i ,M2,N~ i+Uii ,M3,N3)
C’I.—V (i,M2,N~~)+V (i,M3,Fi3)
PFaI000000*(P (I , L . P) — X (  2,J1,J211
tF (MP.LT.3 ) WR).TE (6,1CC2) M,N,P (I,LP),X(2,J1,42)

1002 FCR PA1(1X,’P—X.LT.0 :‘ ,214,2(2X,E12.51)
- • IFIMP .NE.0) GGTC 3

01—0.
GCTO 2

3 Ola (AL (2,M,N)—AL (2,J1,J21)*O0
I K 3
IF(IKK.EC.i) WRITE (6,1CC1) tK,Ib,,IE,CU,CV,CAL• C1w01/(4.*OAL *(P( I,LPI—X (2,J1,J2)))

2 D2aAI*AK*AM*00/OA L
03 —0 .25*AM*( AK *0 0) ** 2/0* 1C4—1./~ QRT (AL (2,M,N))o ~a—D3 *04
D6i.*AK*A K*AD~*PSI(2,J1,J2)*D0/CALD7—Y (2,P,N)—Y (2,Ji,J2)
AU,1 )—1.+D1+02+03

• A (1,2)-—(C4+D5)*I1.
A ol 3)—C.
RId)~ uI2,J1,J2)*(2.—Au,t))—v (2,41,J2)*(o4—O5)*z1+C6A (2,3Ia 2.*AM 1/C7—A 1*At’~RI (2)——I2.*AM 1/D7—AI*AM~~)*G(2,J1,~ 2)—U( 2,J1,J2)Rt(2~~ RI(2).(AM3*CU+AP4*OV )*12,1) — 1.
A (2,2)—0.
A(3,3) —2.*AN1/07—AX*Ah2

I R1(3)—— (2 *AN 1/D7—AI*At2)*G (2,Ji,J2)—V (2,J3,,J2)
RI(3).RYd)+ (N43*CU+AN4*CV )

I 
• A (3,2)—1 .

NC.3
CALL S0LV~ (NO )- 

- - U (2,M,N)—ES (1)
V (2,M,NJ .ES(2)
G(2,M,N)ES(3)
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9 RETURN
icOl FCRMATI1X,314,5 (ZX,!1i.4))

END
C )XX XXXXX XXXXXXXX XXXXXXX XXXXX XXXXXX XE~X X~ XX X X X X X X X X X X X X X X X XX X X X X X X X
CXXXXXXXXXXXX XXX X XX XX XX XXXXXXXXXXXXXXXX XX ~~X XX ))XX XXXXXXXXXXXXXXXXXX• SLBROUTINE BOUNDU (IW,X,I,AK,L)

CCPPLEX*8 U V,A1,PSI G,CYDXU• COMMON/BC/ i,8,DYOX,62YCX2,DYOXU,AI,I1

• UNSTEACY BOUNDERY — CCNC ITION S ALC NC- THE A IRFC IL
C 

tF (L.EQ.C) 6010 10
I F (L . E Q . 1)  C-0TO 11

10 DY DXUa— i .— ( X — B ) *A K*A I
GCTO 3,3

11 DYDXUz~ AI*A K
1.3 RE TUR N

END
C~ X X XXX X XXXXX X XXXXXXXX X XXXX ) )X XXXXX X X X X X X X X X X X X X X E I~~~~X )IXXXXX• C 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 E *X X X X X X X X X X X X E X X X )~X X X X X X X X X

SLBPOUTINE RANCE (M,N,4P’,AK,I,L,)
CCMPLEX*8 t.,V,AI,PSI,G,C’YCXU,02,A,C
CCMNON/BC/ T,8,OY0~ ,D2’yCX2,DY0XL,fl,I1CCM MO N V(2,25,25)zX(2?2~~,25)lP(2,2~~1,U(2,25,25),PSI(2,2~ ,251,

• • FG(2,25,25),AL(2,2,,25j,’iL2,~,,~ fj

BCUN-OARY STEP OF THE INSTEADY FIELd TO THE AIRFOIL
- •  

CALL BCUNDU (IW,X (2,M,N),I,A K,L)
V (2,N,P1) aC’YCXU

• J1 14
J 2—N—1
IF (I.NE.2) 6010 5

5 D1—0 5*(AL(2,N N)—AL(2,J1,J2))
DCaX~ 2,M,N)—X (~ ,J1,J2 )C6V(2,M,N)+V (2,Ji,J2)
O2 A1~ AJC*AM*D0*2 .
D3a.-0.5*(AK*D0)**2*4M
04 AL (2 M,N)+AL(2 -.11 .12)

a5QRT~AL(2,M,N) +$~RT(AL(2,J1,J2))A (014029031/D4
U(2, M,N) 1J(2 ,J1,J2)*U.-~A ) — 2.* ( V ( 2 , M , N ) — V ( 2,Ji,J2))* I1/D~O—2. *PS I(2 ,J i,J2)— D0*D6* Ii/05
U ( 2 , M ,N ) a I J  (2 ,M,N)+A K*AK*AM *C0* D/ D4
U(2 ,M,N)— U(2 ,M,N)/ ( 1. +A)
P
~ I
(2,M,N) aU(2t M,N1+U(2,~~i,J2 )—2.4C6*I~ /D5P..1(2,P,N)—PSII2,J1,J2)+L0*PSI(~~,P,N)/~~.RETURN

EN D
C 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 X X X X X X X X X X X X X X X X X ~IX X X ) c XXXX X
C 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 X X X X X X X X ) ) I X ) I ) I X X X )~X X X X X X X X X

SIBROUT INE GENU (M,N,I,AK,AM)
CCPP L

~~~
*8 C1V1AI1PSI,G,CVDXU,02,Dé,82,86COMPLtX*16 A,RI ,~ SCCPMON/8C/ I B,OY CX C2YCX2 DYDXU,A1,Ii

• COMMON/SOI/ A (4 4I,~ I(4),E~ (4)

C GENERAL STEP OF UNSTEAC’! FIELD

J 1 M
J2 N—
J3 M—

~~.NE.2) GO lD 5J 1WI— L

J 4 N —l
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5 DC—X(2,M,N )—X (2,Ji,J2)
01~0.5* (AL (2 ,M,N) —AL (2 ,Ji ,J2))
02-AI*2.*AK*AM*O0
03—— 0. 5*AM*(AK*D0 )**2 -

04—AL (2 P,N)+41 (2 .11 .12)
D~a$QRT~ AL (2,M,N)hS~R1(AL (2,J1,J2))D6a( Dl +02+03)/04
A(i ,1)a l. +0 -6
AC]. 2) 2.*(i.—03/C4)*1I/D5
RI (1)iiU (2,.11,J2)*(1.—06)+V (2,J1,J2)*I1*2.*(i.+03/04)/D5
R I ( i ) = 2 . *A K *A K *A M *P S I ( 2 , J 1 ,J2 ) *C C/ D 4 4 R I ( 1)
BC X ( 2 , N ,N ) — X ( 2 , J 3 , J 4 )
8i~(AL (2,M,N)—AL (2,J3,,J2))*BO/ (2.*00)62=2.*A I*Aá(*N4*B0
B3——0 . 5*A M*(AK*80)**2
B 4—I ./SCP1(LL (2,M,N))
B5 —0.5*93*84/AL (2 N N )
86a0.5* (B1+E2-s B3) 1A112 ,P ,N)
A (2 , i )—i . +B6
A(2,2)— (84+85)*I 1
RI(2)2U(2,.13,J4)*(i.—86)+V (2,J3,J4)*11*(—844B51- s RI (2)—P5I(2,J3,J4)*AM*e0*AK*AK/AL (2,M,p4)+RI(2)

N 0 2
CALL SCLVE (NO 3
U (2,M,N) —ES (1)
V (2 ,M,N)—ES (2)
O2—V (2 , .11 ,-~2) +V (2 ,M,N) -

02 *(U (2 , J 1, J2 1+IJ (2 ,M,N )— Z1*2 .*02/05 ) *D0/2 .
D6— (V (2 ,J3 ,J4 )+V (2 ,M,N))*84
D6 ( U ( Z ,J3 ,J4 )+ 1J(2 ,M,l4)iIi*06)*B0/2.
02—PS !(2 ,J 1,J2) +P5102,J3,J4)+02+08
P~~j~~ M~ N) C2/2.
END

CXXXXXXXXXXX XX X *X X X X X X X X X X X X X X X X X X X X X ) c X X X X X Eu X X X X X X X X X X X X X X X X X X X X
CX XXXXXXXXXXXXXXXXXXXXXXXXX ~’)’fl ’XXXXXXXXXXXXXXXXXXXX XE *XXX XXXXXXXXXX

SUBR O UTINE DRE S S ( M ,N , J l )
CCMP LEX *$ U , V ,A I , P S I , G 1C’VOXU 1PL
C CMMON/BA/ ALO,ALC,AM,U,AK,i,tE,I%~CCT’NON/ BC/ I B DYCX,C2’!CX2 DYOXU,At Ii
CCMMON v (2,2~ ,~5) ,X(2 ,25,2~~),P(2,25 l,U(2,25,25hPS1(2,25,25),• FC.(2j25,25 )iAL ( 2 t25,25 ) ,Y(2 ,25 ,2~~

) ,G(2 ,3) ,D) ( 2) , IN(2 ,2~
),

• FPX (~ ,2O) ,P~ (2,2u) ,PU(2,~ C)
CCMPUTATION OF THE PRESSIRE — COEFFICIENTS ALCNG

C THE AIRFOIL
PU—CPU , PS—C PS

K N
IF (I.EG.2) K M
IF(K.EG.J1) GOlD 5
P5 ( I ,K)a—2 . * (AL (2  , M , N) — A L C ) I ( C 1 *A P)
PU( I ,K)—— 2 .*(U(2 , M,N)+A I*AK* PSI(2 ,P ,N) )

I - PX ( I,K).X (2 ,M,N )
• GCTO 6

• 5 K~ aK— 1
K~~K—202—PX (I , K l ) — P X (  1,1(2)
D~aj1.

_ PX
~~~tK11~~/U — -P .(L ,K)sP ~L ,KL + $(I ,K1) PS (I,K~~H*Oi

PU (I,K) PU (I,K II+ (PU (I,KlJ—PU ( 1,K2))*Di
PX(I,K)al.

6 RETURN
EN D

CXXXXXX ) XXXXXXXXXXX XXXXXXXXXXXXXXXXXX XXXX~~~~~~~~X X X ~ XXX )~X X X X X X X X X
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~SIBROUTINE LIFT(IUS,ILS,LC2 )

CCMPIIEX*6 I,AI,CL,CM,CCL,DCM,P lJ,Q
CCPPLEX*8 P,DYOXU,CL$!CCLS,CMSCCMNON/PC/ T,B,DYDX,0g’VC)’2,DYDXU,AI,Ti

X(21100),U (2,ICO )1Q(2,L00) ,P(2,21 ,A (128S0),FPX(2,2C),P
~~
I2,20),PIj(

~~
,gu)
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C CCMPUTAIION OF THE LIFT— AND MOMENTUM — COEFFICIENTS
C FOR BOTH OF THE SL .RFACES AND FOR THE CCMFLETE A IRFOIL •
C LIFT : CL ,CLS ; MONENIUN : CM ,CMS
C

DC 4 1—1.2
Il— C—i )**(I+1 )
K— IUS

• IF(I.EC.2) KaI~•SDC 5 Jal,t(
L—2 *J— i
X (I,L )— FX (t ,J)• U (I,L) FU (I,J)

5 Q(I,L)—P$(I,J)
N-K—i
DO 7 J—1,N
N—2*J
1141— i
L2—N+ I
X (I,N )— (X(J ,11)+X(I,L2))/2 .
U (I,N)— (tj(I,L1)+U (I,L2))#2 .

7 Q (I N)z (C (I,L11+Q(I,L2))/2 .
C L—6.
CP—0.
CLS O.
C1S 0. •

P4z2 *K— 2
OC 8 J—1,N
C 1—X( I ,~1-+1J—X (I,J)
D2a((X (I,J+l)-.X (I,J))/2.—B )*I1
DCL 0.!*0l*(U(I,.1)+U(I,J+1.))

H DCLS*0.5*O1*(Q( I,J)+Q(I,J+i))
CP —CM —DCL *02
CPS—CMS—CCLS*C2

4 CL —CL —I1*CCL
8 CLS CLS—I1*CCLS

P( I , i )— CLS
Q( I,l) —CPS
P(I,2)—CL

I I  4 U (I,1)—CM
I - CLS— (P(2 , 1)+P( i , 1 I)

CL — (P (g,2)+Pu,2)
CM — (Ij(~~,1)+UC1,1)• CPS (Q ( 2,1)+Q(i,i))
IF (L02.EC.i) CM AI*tN
IF (L02.EQ.1) CL11AI*~LWRI T E(6,1000 )
W P ITE(6,1001)
WR ITE(6,1002) CL ,CM

• W PITE (6,i003) CLS ,CMS• 1000 FCRMAT (2X,’MOMENTUM— AND LIFT — CCEFFICIENTS FCR A SINGLE.’
F,/,2X, ‘AIRFOIL WITH A SURF-ACE CESCPIBED AECVE:’,//)

1001 FCR MAT (14X,’RCL ’,6X,’ICL ’,6X,’RCM’ ,6X,’ICP’,/)
1002 FCRNATç2X,’UN~TgAQY’,4(zx,P7.4))100. FCRMA 1~ 2X,’ ~TtALY ’,4(~ X,F7.4))

- RETUR N -
END

• C X X XXXXX X X XXX X XX X XXXXXXXX X XX XX XX X XXXXXX X X X XXX XXXX )X X ~ XXXXXXXXXXXXXX
CXXX X XX X X X XX X~ XXX 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 X X X X X X X X X X X X

SIBROUTINE WA KE (KV,WE,TA,TB,L04,IUS,ILS ,L03,NX, ~A1CCPPLEX*8 L tV1AI,PSI,CL1C-,0YDXUiP1~ *UU,ALLCCMMON/BA/ ALU,ALD,AN2,tl AK,I,IE lb
CCI4NON/BC/ I Z,0Y CX,D2’!C)i,DYDXL.,~ I,I1 14
CCMMON/SP/ X~(2150I ,YS(2,50),A(5O,4),R12,~ C)COMMON V (2,25,2~~) Xi2 25 25) P(2 25) ,iJ (2 ,~ 5,25) P51 (2 25,25),

CCMPUTATION OF THE FIELC BEHIND THE AIR FCIL

111K 0 . ~21F(L.03.EC.0) 6010 1
- OXS O.5*(DX(1)+DX(2))

EX E1*AN 2I’i.5
E E1—1 .
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15 1 1.
Ib—0
11—0

CC COMPUTATION OF THE SPLINE COEFFICIENTS
C

DO 2 I 1,2
1-TA •

IF(I.EQ.2) I—TB
I1— (—1)**(I+1)
DC 46 K 1,NX
A (K ,1)—YS(t,K)
A (K,3)— R (I,K)
H XS (I,K+i)—XS (I,K)
15—46
I F ( I K K . EQ.1) WRITE(6, 20CC) 19,K,I,JX,H,XS ( I .1’)
A (K,2)a(YS (I,K+1)—Y$(I,K))/H- h*(R(I,K+1)+2.*R(I,KH/3.

6 A (K,41* (R (!,K+-1)—R(I,K11I (3 .*H)

C THE STEADY WAKEC -
-

— XXS—1.
YYS O.
CALL FINC (KV, IW,XXS,YYS,M,N,IE, I)
19—2
IF(IKK.EC.1) WRITE (6,2000) I9,IW,P,N,X(i,M,N1
TE—2.*I 1*(ALD—AL (1,M,N)**1.5)/3.
TESTE/ (AL (i ,M,N )+E*AM2+1.)

2 TET(I)—ATAN (TE)• I’—2
• I F ( I K K . E C . l )  WRITE (6,20C0) 19,Ih,P,N,DYDX

Ma2
N 1
XP1—1.
XP2=1.

4 13—0
19—4I F ( I K K . E Q . i )  W R I T E ( 6 , 2CCC )  19, IW ,M,N,TET( 1) ,TET(2)
OX1—DXS
DX2 OX S
D X (J—t. / (M*— 1)
CXL—DXU
DC 6 14—1,30H XP3 XPI+OX1
X F4—XP2+CX2
!F(IW.EQ .0 ) GOI C 36
N— I
IF(IW.LE.2) 14—TED(1)
TF (fW.LE .2) GCTC 28
fl—lw—i
DC 29 I2 1,11
IF(X (2,IZ+1,I2).GT.XP3) C-DID 30

29 15 29 •

IF (IKK.~~ .1) I~~ITE(6,20O0) 19,IW,P,N,XP320 T-4—TED ( 12—I )
15—30
IF (IK K.EQ.i) WRITE (6,2000) 19,IW ,N,N,T4

28 I—i• I5—Z8
• IF (IKK.EQ.i ) WRITE (6,2000) 19 ,1b ,P ,N ,XP3,XP4

1—TA
n—i.

1 2
h a—i
1-Ta
IF (IW .t.E.2) GOlD 35
CC 33 12 —2 II
IF (X12,12,i2+i) .GI.XP4) GOlD 34

32 15 33IF(IKK.EC.1) WR ITE (6,2OCCI 19,1W ,P,N,XP4

~~ j~:~~
0t 12—I )
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IF(IKK.EC.1) WR~ TE(6,~~~~~) IS 1W N ,N,14
IF(IKK.EC.].) WR iTE(6, I I,fi,f%i ,Id ,EX
CALL SHCC K( KV ,W E L04,N,M,XP4 ,EX ,MA, CXL )
IF( !KK.EQ.1 ) WRIIE (6,2000) I9 , IW ,M,N,X(2 ,1,P)
IF(IE.EQ.i) GOT O 17
IF(IW .GT.1) GDTC 12
I b—I W+i
M-M+iGCTO 4

12 19ai2
• IF (IKK.EQ.]) WR ITE(6,2000) 19,Ib,P,N,X(2,N,1)

IF (IW.EC.2) G0TO 7
IX IW— 1
DC 5 N—2,IX
I—i
Il—i
CALL GEN (P,N,I,IW )
1—2
Il—i

5 CALL GEN (N,M,I,IW)
5—5

-.5 £F(I’(K.~~~.t) ~~ITE(6,20OO) I9,IW ,N,N,X(2,M ,N)
DC 8 12—1 ,2
I P N +1
CALL SW ITCH(IM, N,Ll,L2,121
IS—il
IF(IKK.EC.i) bR ITE(6,2000) 19, IW,Li,L2,AL (2,Li,L2)
Il (—1)**(I2+11
IE~2.*I1*(ALD—*L(2,L1,L2)**1.5)/3.TEaTE/ (AL (2,LJ,L2)-+E*AM2+1.)

8 IET (I2)—ATAN (TE)
36 15—36

IF(IKK.EG.1) WRITE (6,2GCO) I9,Ib,~’,N,TET(1),TET(2)T1—TET (i)
T2—T EI( 2)
13 0.5*(Ti+T2 )
CC 47 IAal ,2
IN—N+i
CALL SW ITCH (IM,N,Li,L2,IA)
IF(N.GT .1) GOTO 53

I • IIa(—1)**(IA+1 )
XXS—i.
YYS O.
IE—0
CALL FIND (KV,IW,XXS,YYS ,N2,N2,IE,IA )

I 
I 

53 IF(N.EQ.1) ALT—AL (i,M2,N2)
IF(N.GT.1) AL T— AL (2 L1,L2)
X14— (1.— (ALT—AL3 )*E/~1 )**(E5/E)XM— 2.*((1.+E5~~M2/2.)/XP—i.)/E5
IF(1KK .EQ.i) WR II E(6,2 OCC) 19 ,M,N,IA,XM ,ALT
IF( IA .EQ.l 1 XPI — XN

• 47 IF(IA.EQ.2) XM2—Xt’
• PIIaO (1.+E5*XM1/2.)/(1.-s E5*XM2/2.))**(E/E5)

CALL K0NST (Q(i,i),C (1,2),Q(i,3),XM1,E13
CALL KCNST (Q (2,iI ,Q(2,2),Q(2,3 ),XP2,E1)
DC 9 (—1,20
T4—13—T1
T5—T3—12
F—E*XM1* (Q(i,i)*T4+Q(1,2)*14*T4+C(i,3)*T4**3)/2.,i.
FS E*XM2*(—Q(2, 11*15+0 (2,2)*15*T5—Q( 2,3 )*T5**3 ) I2.+i.
F— F—FS*PII

FS FS+E*XM1*(Q(i,1)+2.*G(i,2)*14+3.*C(1,3)*T4*14)/2.
D F/FS
T~ -I3—0I
~~
(ABS (0).LE.O.00000i) 6010 10

WRI T (6,1000) M,N,T3,C
9 CCNTrUE
10

• • IF(:KK.EQ.1) ~~ITEL 6,2O00) 19,IW,N,N,13IF(IW .EQ.0) 1W— i
110(1 W)—T3
IF(IW.EG.iJ GOTC 4
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7
IS—7
IF(IKK.EQ.l) WRITE (6,20C0) 19,1W,N,N,X(2,M,N)
T4 TEO (Ib)

Il—i • I
CALL RAND (WE,L 04,M,N,E1)
I 1=—i
1a2
1—TB• CALL RANC (WE,L04,N,M,E1)
DX (2,M,N)—X (2,N Ml
IF(ABS (D).LE.0.0601) GCTC 14
IF(X (2,M,N).LT.X (2,N,M) .OR. 13.EC . 1) GCTC 15

16 13—2 •

• 19—16
IF(IKK.EQ.l) WRITE (6,2CCC) 19,Ik,P,N XL 2,t4,N) D
DXi=OX1*((X (2,N,M)—i.)/(X (2,M,N)—1 .) **(i.+0.~i8*(N—2))GCTO 6

-- 5 15 IF(~ KK.EC.l ) WR IT E(6 , 2000) I9,IW ,P,N,X(2 ,N,P) ,D
IF(13.EQ.2) 6310 16
13=1
D X 2 D X 2 * ( ( X ( 2 , M , N ) — 1 . ) / ( X ( 2 , N , M ) — 1 . ) ) * * ( ] . .+ 0 . 0 8 * ( N — 2) )

6 CCNTINUE
• WR!TEC6,i000) M,N,X (2,P,N),X (2,P4,P),C
• 14 15—14

IF(IKK.EQ.1) wRITE(6,20C0) 19
X (2,M,N)= (X (2,M,N)+X (2,N,M))/ .

k
~
MtN

~
X (2

~
M ,t4)

X (2,N,M)—X02,P,N)
X F1 XP 3
X P 2 XP 4
Ib:IW+1
M M+1
GCTO 4

THE UNSTEADY WA KE
C
C THE INITIA L STE P
i7 1W— lw—I

I~~1M 2
N i
Il— i
CALL CCEF1(KV,h).,M,N,M2,N2,AM1,APZ,AM3,AM4,6N1,AM 2,AN3,

FAN4,S1)
IF(IKK.Ec.1 )wRI TE(o,iooc)M2,N2,Ap1,Apz,A143,AM4,AN1,*Nz,

FAN3,AN4,S1 •

1=2• I Il—i
CALL CC EF1(KV,I i ,N,M,M3,N3 ,AM 5,AM~ ,AM 7,AP 8,A N5 ,AN6 ,AN7,

FAN8 $2)
IF (fKK.Ec.1)wRITE (6,i0ac)M3,N3 ,AM5,AM6,As7,AM8 ,AN~ ,AN~,FANT ,AN 8,$2

• A LIJ IJ(1,M2,N2)*(A N3—A Pi*AN3/AN1) +~,(1,M2 ,N2) * (AP 4—A t’1*AN4/AN 1)
A LLaU(i ,M3 ,N3)* (A M7—A M5*A N7/A N5) +V ( i ,M3 ,N3)* (AN$— A M~ *A N8/AN 5)
PSI(2 , M ,N)— P5I(1,M2,N2 ) •

PS I(2 ,N,N)— PSI(1,M3,N3 )
T4—TED (i)

- CL— (PSI (2,N M)—PSI(2,M,N))*(1.—AM1*iAN (14),AP1l)*AI*AK
CL—AL L—AUU +~ L
V (2,N,M)—CL/(AM 1/AN 1—AP~ /AN5 )U (2,N,M)ALL.+ANS*V (2,N,M)/AN5
U (2,M,N)=U (2,N,M)+AI*AK* (PSI(2,N,P)—PSI (2,N ,N))
V (2,M,N)—V (2,N,Ml+TAN(14)*(U (2,M,Pi )—U42,N,M))

-‘ G(2,M,N) 0.
G(2,N,M)—0.
DC 24 I— i 2
Ila (— 1)**h+1)
IP—M+i
CALL SWITCH (M

~
N
~

L1,L2
&
!
~CALL SWITCH (IP,N,Ki,K

S—Si

124

Ii 
_ _  

_ _  

- 

_ _  -~~~~~~~~

I ~~
-
~~~

• ~~~~~~~~~~~~~~~~~~~~~~~~ . - ‘ - • - .

~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~~• • • • • • • • 

T~~~~~~~~ )j~~~j~ it ~~~~~~~~~~~~~~~~~~~~ --- —



IF .NE .2)  6010 27
27 I F ( I K K . E Q . 1 )  WRIT! (6 , 100 5)  L 1,L.~~r X t ~~,L 1, L 2 ) ,Y ( 2 ,L 1 ,L 2 ) ,

FX(2,Ki,K2),Y(2,K1,K2),AL( 2,K1,K21,T-4,S
Diai./SQRT (AL(2,L1,L2))
D~~ —I i*D1
D~ — Ii/SCRT ( AL (2 ,K1,K2))
XX —Y (2 ,$i,$2)/D3+X(2 ,K1,K2)
IF(14.EC.C.) XX—1.
X (2,L 1,12) — (Di*XX—TAN C 5)) / (01—TAN (S))
Y(2,L1 ,L2) (X02,L1,L 2)—1.)*TAN( SI• P( I ,3) XX
X (2,L1,L2) 1.
Y(2,L1,L2)—0.

24 PU,3) 1. -

C FLPTHER STEPS
C

1C2 0
DC 22 1—1,2
18*0
h1=(—1 ) **(I+1)
I -TA
IF ( l .EQ .2)  1T8
DO 22 .11 3,lW
IP=i
CALL SWITCH (J1,IM,M ,N~ I)22 CALL RANDS (KV ,M,N,DXU),LO2,M2,N2)

• X (2,2,1) 1.
Y(2,2,i10.

2, 1, 2) —0.
M2—3
N 2—2• CALL SLIP(M2,NZ J
DC 21 J14 , IW
K J1—2• DC 23 J2 2,K
‘1—i
CALL GENU (J1,J2,IM,AK ,AP2)
Il——i
1 P2

23 CALL GENU CJ 2,J1,IM,AK,AP2 )

2]. CALL SLIP(Ji,K)

C Ot.IPUT CF THE WAKE FIELC

DC 51 I— i 20
I i 51 WRITE (6,16i2) TED (1)

J1 IW
DC lB 1—1,2
WFITE (6, 1004)
IF (1.EC.i) WRIT!(6,iOiO)
T F(I.EQ.21 WR ITE(6, LOll?
DC 25 J—2,J i
WR ITE(6,iOOl)
W RITE (6,1008)
K J— 1
N K
IF(I.NE.2 ) GOlD 26

• M K
DC 31 N J,Jl

31 WRITE (671009) M,N ,X(21P2N),Y(2,P,N),AL (2,M,N) , U (2 ,M , t 4)
F~~~~~, r I),PSI(2,M,N),b (~~,M,N)

26 CCNTIP4UE
00 32 M J  Ji

• 32 WRIT1(6,i~09) M,N,X(2,M,N),YL2,P ,N),AL(2,M,N),IJ (2,M,N)F,~~(2,M,N) ,PSI(2,M,N),C-(2,M,N)25 C CNIINUE

~~0C ~~~~~1~I~~Pt~KE BAD: ‘,2I4,2(ZX ,F8.3),ZX,112.5)
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2000 FCRMAT (1X,4I4,2 (2X,F8.3))
1004 FCRMAT (1H1)

• 1005 FCRMAT(]X,/)
iCO? FCRMATC1X,//)
1008 FCRMAT (2X, ’POINT’ ,7X, ’X’ ,iOX ,’Y’ ,~ X,’LA t~BOA ’,7~ ,’RL’,9X, ’tL’ ,

F9X ‘RV ’t’9X ‘IV’ 8X ‘RPSI’ ,7X,’IPSI’ ,8X,’RG’,9X,’IG ’,/)LaOS FC~ MAT (~~X,12,’,1 ,Z~~,11(3X,F8.5))1010 FCPMAT (1X, ’IJPPER WAKE FIELD :1)
1011 FCRMAT (1X,’LC WER WAKE FIELD :‘)

• 1012 FCRMA T ( jX , Fj 0 .5)
• 1 R ETURN

END
• C )~X~ XXXXXXXXXXX XXXXXXXXXXXXXX XXXXXX XX )X~~~ X X X X X X X X X XX X X X X X X X XX XX XX X

CXXXXXXXXXXXX XXXX *X XX *XXX~(XXXX XXXXXXXXX XXXX XX ))IE~)’XXXXXXX)(XXXXXXXXXSLBROUTINE KONST (C1 ,C2,C3,AM2,E1)
AL C— AM 2—i.
E=El—1.
E 5— E— 1 .
E 2= E* E
53=E2*E

I 
-- . E4=E2*E2

AP4= A M2*AM 2Cl=2 ./SQRT ( ALO )
C2=UAM2—2.)**2+E*AM4)/(2.*ALO**2)C~ = E 1 * ( A M 2 — ( 5 . -..7. *E— 2. *E 2 ) / ( 2 . *E i I) * *2 / 6 .
C3 C3+ (—4. *E 4+28. *E3+11 .*82 8. *E—3. )I( 24.*E 1)
C3=C3— E1a4 (5.—3.* E)*AM4— ( 12. — 4 . *E )*A Fd2+8 . )/ 4 8
C3— (C3 *A ? .4+3.*(AM2— 4 ./3 .  )**2/4. )/ (ALO**3.5)
C3 0.
R ETURN
END

C~ XXXXE~XXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXX XXXXXXE *E*XXXXXXXXXXXXX
CX XXX XX~ X X XX X X X X X XXXXXX XXXX XX X X X X X X X X ~ X’) X~~~ X X X X~~ X XX X XX XXXXX XXX

SUBROUTINE SLIP (M3,N3 )
CCMPLEX*8 U,V,G,PSI,P1j ,AI ,OYOXI,OA
CCPPLEX*16 A,RI,ES
CCI4MON/ BA/ A LO,A LC,AM ,C1,AK,I, IE,IW

I, B,OY CX,02YCX2 ,DYDXU,AI,11,T3
CCMMON/SOL/ A (4 ,4 ) ,R I (4 ) ,ES (4 )
CC M MO N V (2 ,25 r253 tX (2 ,25 t 25) iP(2 ,25 ) ,U(2 7 25 ,25) ,PSI12 ,2~ ,2!),
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C SLIP DOES 11E SIMULTANECUS STEPS FRCM 8CT I~ SIC ES
C OF THE WAKE TO THE SLIP — LI4~C

c’2— M3—1
N2—N3—i
M4—N3
N4=M3
M 13 M 3
N13—N3— 1
M14—M4—1
N14 N4
DC3—X (2,M3,N3)—X ( 2 ,$13 ,N13)
OAL3—AL (2,M3, N3 )+AL (2,1413,P413)
D13—$QR 1(AL(2,N3,N3)l-i-SCRT (AL (2,M13,N13)I
D 23*AL (2,M3,1143)_AL( 2,Ni ,M13)
A (2,i)—1 .+O.5*D23/DAL3.~.*AI*A K*AP*CO3/DAL3A(2,1)—A (2. i)—AM*(AK*0031**2/DA 1340.5
AC2,2)*2./0l3+AM* (AK*DC3)**2/ (CAL2*Ci3)

A R I ( 2 ) — ( 2 . — A ( 2 , i ) ) * U ( 2 , M 1~~,N 13 ) + ( 4 . / D 1 3 — A ( 2 , 2 )  )*V (2 ,M13,N].2)
‘I - R I(2)~~ 1(2 )+2.*A K*A K*A M*PS 1 ( 2, Mi~~~,Ni3)*CC3 /flAL3

A ( 2 , 3 ) — O .
A (2,4) C.

H 002 X (2,M3,N31—X (2 M 2 ,N2 )
4 A (4,i)——TAPUTED (N3h

A (4,2)—1.
A(4,3~~—AC4,1)

0C4 X ( 2 , M 4 , N 4 ) — X ( 2 , M 1 4 , N 1 4 )
014—S QRT(AL (2,M4,N4)),SQRT(AL (2,Mi4,N14))

H A (i,i1 1.+AI*AK~OC3/2.
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AU,2 *—AI*AK*003/013
• A 1,3)s—1 .—AI*AK*D04/2.

A l,4)-—M*AK*004/014
R (].)=PSI(2,Mi 3,N13)—PSI(2,M].4,N14)
R (1) *RI (i)~ DO4*(U (2,M14,Ni4J+2.*~ (2,Ml4,N14l/O14)/2.R ( 1 ) * — ( P I ( i ) + D 0 3 * ( U ( 2 , P 1 3 , N 1 3 ) — 2 . *V ( 2 , t ~i 3 , N 13 ) / C 1 3 ) / 2 . )

• RI(i)aRI(1)*A I*AK
DAL.4—AL (2,144,N4)+AL (2 ,M14,N14)
A(3, 1)=0.
A (3,21—0.
A(3,3 1a1.+0.5*(AL (2,M4,N4).-AL (2,)14,N14))/DAL4
A(3 ,3) A (3,3)+2.*A1*AK *6I~*D04/DAL4—AM * (AK *CO4)**2/DAL4*C.5A ( 3 , 4 ) — (2. /01 4+AM *(A 1( *C04 ) * *2 / ( C A L 4 * 0 i 4 ) 3
RI(3) =U(2 ,M 14,Nl4)*(2. —A ( 3 , 3 )  ) - i -V (2 ,P 14 ,N i4 ) * (— 4 . /C 14—A (3 ,4 ) )
RI (3)=RI(3)+2.*AK*AK*AN*FSI (2,M14,Ni4)*C04/CAL4

FC= 4
CALL SOLVE (NO1
U(2,M3,N3)—E$ (i)
V (2,M3,N3)=E$ (2) -

•

U ( 2 , M 4 , N 4 ) = ES (3 )
V (2 M4,N4)=ES (4)
DA=6 .5 *(IJ ( 2,M3 N3)+U(2 ,t ’ 13,Ni3))
CA= (DA— (V (2,M3,N3 )+V (2 ,P 13 ,N13) )/C13)*DC3
PSI (2,M3 ,N3 )=PSI(2,M13,N13)+DA
OA=O.5* (L(2,M4 ,N4)+U (Z,P14,Ni4)) -

CA= (DA I.(V (2,M4,N4)+V (2,P14,N14J )/C141*D04
PSI(2,M4,N4)=PSI(2,N1’.,N14)+OA
R ETU RN
END

CXX XXXXXXXXXX XXXX~ XX 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 XXXX X~ XXXX XX X X X
CXXXX XXXXXXXXXXXXXXXXXXXXXXX X ))XXXXXX XX flXXXXXXXXXXXXXXX E *XXE*XXXXX

SIBR OUTINE COEFi (K~ ,I 1,P,N ,M2,N2,Ai,A2,A3,A4,Ei,E2,E3,84,S)COMPLEX*8 I,V,PSI,G
CCMMON /BA/ ALQ ALC,AM ,C AK I,IE,I~COMMON ‘1(2 ,25,~ 5) ,X(2,2~~,2~ ) ,P ( 2 , 2 5 )  ,U(2,25,25 ),PSI (2,25,25)

c 
F,G(2,25,25),AL (2,25,25 1 ,Y(2,25,2!)

C CCEF1 DETER MINES THE CCEFFICIENTS FCR THE L1~1STEAOYC TEIPEL — Ct~A0WZCK SHOCXPQLARC
1E—O
CALL FIND (KV,IW,X (2,M,t4),Y (2,M,N) ,M2,N2 ,IE,I)
C~~C— 2.A LT— AL j 1. ,M2 ,N21
IF(IE.tQ.i) AL u —ALO
ANY— (ALT—AM +1 .)/(C*AM )+i.

• AN ’!2—AN’!*ANY
L IM+ i
12— N •

IF(I.NE.2) GOlD 1
L i—N
L2~ N+1IF(L1.GT.KV .OR . L 2.GT .K’ 1)  IE= 1
IF(IE .EC.i I GOTO 2
S—(Y (2,Li,L2)—Y (2,M,N))l (X (2,L].,L2)—X (2,M,N))

2 IF(IE.EC.1 ) $aZ.*h 1/($QRT(ALT J +$QRT (AL (2,td,NI)1
S ATAN (S)
C’l flN(S)**2

f 
CZ a COS (S) **2
AN 1./ (AM *C’!*ANY2)
A 1 2.*CY*ANY*SIN (2.*S)IC

• 42—2.*AK*CY* (1.+AN)/C
A 3 CX*CY*(1.—2.*AN /CX)/C CZ

• A4 SIN (2.*S)*(i.+AN)/C
Bl _2.*C Y*A NY*(COS(2 . *S) +AN)/C
B2.—2.*A K*SIN (S)*COS (S )*(],+AN)/c
83 A4
B’i C Y +CZ*CX*( i.2. *A N/ CX )/C

• RETURNEND
• C X X X X X X 4 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 X X X X X X X X X X X X X X X XCX XXXXX X XXXXX ~ X X XX X XXXXXX EI~~~~)X XX XXXXX X X X XXX XX X X ]I X~~~X X X X~ X X X X X X X X X

SLBROUT INE SOLVE (NI
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CCMPLEX*16 G,C,X
CCMNON/SCL/ G(4,4),C(4),~ (4)

SOL VE GIVE S THE SOLUTICN FOR A CCPPLEX SYSTEM OF
LINEA R ECUAT IONS G*X-C
IK K—O
IF(IKK.NE.i) GOlD 2
WPITE(6,100i)

• CC 1 M—i,N
1 WPI TE (6,1000) (G (M,L),L—i,N),C(M)
2 MN—N— i

DC 10 M— 1,MN
K-M+i
DC 10 JaK,N
G (M,J)=C- (M,J)/G (M ,M)
IF (M.EQ.i) GOlD 14
PA—N— i
DC 13 L-1,MA

13 G (M,J)=C-(M,J)—G (M,L)*C- (L,.1)/G (M,M)
14 CCP4T I NUE

-
‘ DC 15 Lsl,M

15 G (J,K)=G(J,K)—G (L,K)*C (J,L)• 10 CCNT INUE• C (1)=C (i)/G (1,i)
CC 12 I—2,N
C ( 1 ) — C t  I)/G (I,I I
MA — I—I.
DC 12 M i,MA

12 C (I)aC ( I ) — C - ( I , M ) * C ( M ) / C . ( I , I )
X(N) — CON )
DC 11 1 1,MN
NA— N—IX (NA I — C (NA )
NE=NA+ 1
DC 1]. J NB,N

2.]. X (NA)=X (NA)—G (NA,J)*x (JI
1001 FCRMAT (1X,’SOLVE— ENTRY: ‘)-
1000 FOR M AT ( 1X , i O(2 X ,E ] .0 .3 11

RETURN
END

C X X X X X X X X XXX X
C 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 X X X X X X X X X X X X X )~~))’X)~XXXX XXX XxX

• SIBROLiTINE SWITCH (4,$,P,N,I)
• C INDE X — SWITC H
• M J

N-K
IF(I.NE.2) GOlD 1

N J
1 R ETURN

• END
CXXXXXXXXXXXXXXX X )XXX X XXXXXXXXXXXXX XXXXXXXXXXX E ~EXEII ~~~X E x~ XXXxXXXx
C 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 ~~E ’X X XXX X XXXX XXXX XXXXXXXX X XX X X

I I
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APPENDIX B

C X X XXXXX X X XXX XXX XXXXXXXXXXXXX ~(XX 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 ~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C CASCADE CF OSCILLATING AIRFOILS FCR MAC)-.GT.1
C
C 

CCPPLEXaS L,V,PSI,G,CYCXU
CCMPt EX*8 AI,PU ,Et
CCPPL EX*16 EL,R1,ES
REAL* 4 1X ,TY,XX 1YY 7 X 1Y 1*L1Di 2 D2 7 D3~ XP ,A~,C,P~ C3 ,A~~
~CNMDN/BA/ ALOlAMI*LUlCI!AK lIlIP,T ~lTY , .1b,I’4~,1C,~ T ,XX ,’!Y
c CMMON/BC/ T1? T2 ,j,B,uYL.A z D~YuX 2,CYLXU,A I,EI,1l, lBACK, IE :1

- COMNON/SP/ X Si2 ,~ OI ,YS (~~.~ O ) ,A ( 2 ,!O,4) ,R(2 ,5O 1 -i

COMMON /SCL/ EL 4 41,R j4),~ (4)
CCMMON V j 2 ,3  5& x~

O) xL,~ ~~ 2 Q) , P (~ 50) L( 3~~ C 2C )
FP5 I(2,3,~ C ,26) ,i,(2,~~,5cj 1~6 ,AL12,3,,6,2OhYiL,,53 ,20 J 1FQ( 2 ,5O) ,CX i~~),IN(2 ,5O ) , iN2 (2 ,5O ) ,PX(2 ,3O ) ,PS (2 ,3C) ,PL(~~,3O)
OPTIONS:

C LC1 =0 : COMPL ETE OUTPUT
C —i : ONLY PRESSURE CISTRIBUTICN
C =2 : STO P •

C LC2 —0 : PITCH
C —1 : PLUNGE
C LC3 =1 : CO THE 1. PASSAGE
C — O : DO TH~ I. PASSAGE NOT
C LC4 -1 : SURFAIES ARE ANA LYTICALLY GIVEN
C —0 : SURFACES ARE PCINTW !SE GIVEN
C MA — NAX IMIP NUMBER OF PC IP4T S CN THE SURFACE .11 .20
C MA XS — BLADE,WHERE THE PRESSUR E DISTRIBUTION IS COMPLIED

- C I8LA — FIRST BLADE OF FIELD — OUTPUT
C
C

• KV—50
A I—CMPLX(3.,1.)

102 READ (3,555) LO1,LC2,LC3,L04,MA,MAXS,TBL.A
IF(LO1.EQ.2) 6010 101
M A XS — M AXS +i
MAX—MA
CALL PRCFIL (L04,T1,T2,NX)

100 PEAO (3 , 1000 ) AK ,AM ,C ,CX (1),OX (2 )
IF(AM.EQ.C.) 5070 102
READ (3,1020) AMY,B,ET,EI’
P1 4.** ;AN (i.)ET ET*PI/ 180.
TXIaI.+EP/1*NIETI

- • A PY AMY*PI/i80 .
AX AM
AP AM*AN
ALD AM— i .
C1—C +1.
ALD ALO**j .5
C 3 C 1* A l’4*t.5
11—i
N T—NX +l •
DC 74 1—1,2 -

DC 74 J l  NT
I! 74 WPITE (i,i626) XS (1,J),YS (I,J),NT

INITIAL FIELD
C 

XP—I../SORT (ALO)
0 4./9.
CC 46 P4—1 ,10
N41+1

46 X(1,1,M,N) O*(N—1)—2.DC 47 M—3,K V
X (1,i,M ,1) C*(M—2)/2.—2 .

47 VO l l,M,1) XM*(2.+X (1,1,i’,l))
• DC ~8 P4—2,20

L—N+ 2
DC 48 M.L,KV

I
X (l ,I,M ,N )aX (i ,1,K,N)+0.5*D
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48 VOl 1,M,N)—Y (i,i,K,N)+Xt.*D/2.
DC 114 M—1,KV
DC 44 P4—1,20
AL(].,i,P,N)—ALO
PSI(i,1,M,N)—0.
6(1
U (1,t,M,N)—O.

44 V (l ,1,N,N)—0 .

C CCMPUTAT ION OF THE SPLI NE — COEFFICIENTS
C

DC 49 1—1,2
DC 49 K 1,NX
A (I,K,li —YS (I,K)
A (I,K,3)— R(I,K)
H XS(I,K+I )—XS (I,K)
A(I,K,2) (YS(I,K +11—Y5 (I,K))/H—I-* (R(I,K+11+2.*R (I,K))/3.

49 A (I,K,4)— (R(I,K+i)—R (I,t1)/(3.*H)

~I=COS (A MY)iAI*SIN (AMY )
55 ?X= M/TAN (ET)

TY— M
IP— i
IB=2
Ml—O
P41=0
WRITE(6,iC2i) IN
XFL— IM*TX
VP 1—1 P4* TV
WRITE (1,1026)XPL,YPL,IM
1—0
IE—O
CALL FINC(KV,IM,IB,IR,TX,TY ,Mi,Ni)

30 I=I+].
IF(I.EQ.1) 6010 67
T2Y 2.*EPDC 56 J 2 , KV
IF(Y(2,l,J,i).GT.T2Y) GCTO 57

56 CCNTINUE
57 PAX2=J

I I  THE STEADY FLOW FIELD

67 12—0
16 12—12+1• IF (12.GT.30) GOlD 101

WRITE(6 1024) 12 MA,J1 CX (I)
1024 FCRMATdX,13,’. ITERATICN ALONG THE SURFACE’,214,2X,E5.3)

MA—MA X
XX EM*(IE_1)/TAN (ET)
Y ’Y— EM * ( IB — l )• IF (I.EQ.2 .CR. IR.G1.1) P4—MAX2
IF (IR.GT.i) I—l B
I 1=(—i)**(I+l)
N Z— 1
I EACK—O
IC—i

- K C—Q
1u ( I*IM).EQ.i .ANC. 1R .GT.i) 10—C
TaT],
IFU .EQ .2) 1—12
M~~ KV
IF(I.EQ.2. OR . IR.GT.1)

• DC 5 K l,20
PC 5 J K 1 MM

- CALL SW ITCH (J ,K,M,N,1)
- 5 A~ (IB,IR ,P,N)—O .
• P2—Mi

N2—N 1
TI-I STEACY BOUNDARY—PROPERTIES BEHINC THE SHOC K

IE—0
Kb.—MM+l
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DC 9 J 2,KW
KT—J-1
X Pa~ X (  I )* (J— 2 )+TX—XX

XP— IX—XX
IP (IQ .NE.O .AND . XP.GT.1. .AND. 1.10.1) GOIC 8
IF(J.G1.PM) GOl D 8
LI—i
CALL SWTTCH (J,LI,M N,I) •

CALL SHCCK (MM,LO4,~M1IR,IB,M,N,XP,P2,N2,C3)IF IR.GT.1 .AND . 18.10.1 .AND .Y (Ie ,IR ,P,N).E0 .EP) 6010 63
IF 1.10.1 .ANC .IR.E Q .1) C-Gb 9
IF IB.EQ.2 .AND. Y(I8,IR1M1N).EC.C.) GOTC 63
IF X (I8,IR,M,N).LE.1.I GuTu 9

/(1.—XOIR ,1R,P4,N))
ALO L./(ALC*ALO)
IF(ALO.G1.ALO .ANC. IM.NE.1) GOlD E
IFtXUB,IR,P,N).GT.i.) GC1O 8
GCTO 9

63 KT KT+1
GCTC 8

9 CCNTINU
8 CCNT IN U

IF (X(I8,IR,2,11 .GE.1.) C-C1O 38
IF (I.EQ.2 .AND. X (IB,IR,~~,N ).GE.i.) KC—2

ALL OTHER STEPS OF THE S1EADY FLC~ FIELD
C

KA—K1
DC 1 J 2,KA
.J 1 —J
IF(J.EQ.KA •ANO . 1.10.2 .AND. IR.EC.1I GOlD 15
IF(J.EQ .KA .AND . IR.GT.1) GOTO 15
LI J+i
CALL SWITCH (LI,J,M,N,I)
CALL RANC (LC4,ZB,IR,M,N,C3)
IF(X(IB,IR,P,N).GT.TX1) PZ—O
IF (IR.G1.]..AND.I.EQ.1.ANC.X ( IB,IR,P,N).G1.1..AtD.IC.NE.C) MZ*0
IF(MZ.EC.0 .ANC. IR.GT.1) (C—i
KE— KA +1
DC 3 J2 J,K8 -

IF(J2 .EC.KB ) 6010 3
l T J — 1
~~LL ~W1TCH (J2,LI,K1,K2,1)IF (AL (IE,TR,Ki ,K2).C•T.AL (IB,IR,P,N1I GOlD 6

3 CCNT1NUE
6 J2—J2— 1

!N (I ,J—1)—J2
L— J+ 2
CC 7 KaLtJ2
CALL SWITCH (K,J,M,N tI)7 CALL GEN (I8,IR,M,N,i)
IF(MZ.EC.0) GOTD 15
IF(J2.EQ.KA) GOlD 1
CHARACTERISTICS OVE RTAKE THE SHOCK

C
J 2 M +1

1 J4—N— i
i S—N

1 - 46—N—i
ii IF(!.PIE.2) GOlD 12
( 1 J3— M— I.

J4 N+1
if—N—I
JeaN

12 01—Y (I8,!R,J3,J4)—Y (I8, )R,J5,J6 1D1~D1/(X (IB,IR,J3,J4)—X (IB,IR,J5 ,b6))D2=Il/SORT (AL (18, IR ,M,N I)
K1 M+1

• K2a4
IF (i.NE .2) GOlD 14

ii
K~~N+i14 AL (IB, !R ,Ki,K2).AL (IB, IR ,M ,N)
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03=—D2*X (IB,IR,M,N)+Dl*Xt18,IR,J5,Je)
03—03—Y(IB,IR,J5,J6)+Y (IB,IR,M,N)
X (IB,IR,Ki,K2)— 03/(D].—C2 )
Y (I8,IR,K1,K21aD2* (X (IE,tR,K1,K2)—X (Iô,IR,I~,N))+Y(1B,IR,P,P4)IF(I.EC.2)
DC 11 K— J 3 K A
IF(K.EQ.MMI GOlD 11
LIaK+],
CALL SW!TCH (LI,J,M,N,I)
11—4—].
CALL 5WITCH (K,LI,Ki,K2,1)
X (I8,IR,M,NI—X (IB,IR,Kl,K2) •

Y(I~1IP1P,N)—Y (IB 2IR 2K1,KZ)AL (:
~~
,I
~
c,M,N)—AL (i 8,iR,K1,K2b

11 CCNTINUE• IF (KA .LT.MM ) KA KA+1

1 ~~~~~~~~~~~~~~~~~~~~~ 
MA— PA -. . i

C
C AUTOMATIC STEP—SIZE CONTROL

• C
15 J2=J i

IF(KC.E C.1)
6010 28

• IF(J2.EQ.MA ) GOlD 28
• IF(J2.GT.MA ) GOTO 68

DIF— (J2*1.)/(MA*1.)
IF(DIF.C-E.O.85) GOTO 65
GCTO 72

68 DIF (J2*1.)/(MA*1.)
• IF(DIF.LE.i.15) GOTO 65• 72 DX (I)SDX(I)*OIF

GCTD 72
69 IFOJ2.~T.MA)• IF(J2.LT.MA )
73• IF(J2.NE.MA ) GOTO 16
C
28 CCNTINUE

IF(IR.EQ.i .AND. I.EC.i) GOTO 55
IF(KC.NE.0) GOTO 59

ACDITIDNAL POINTS FOR THE FIELDS IN THE PASSAGE
C

DC 33 LY—2,20
LI LY—i
CALL $WITC H (LY,LI,P,N,I)

V • IF (A (18 IR M,N).EQ.0.) GOlD 35
C WRIT~(6,j00~) M,N ,X (I8,IR ,M,N),V(1 8,IR ,M,N),AL(IF,IR ,N,N )
33 CONTINUE
35 KC LV

L1 K0—L
CALL SWITCH (LI,L.Z,P,N,1)

• 
• LE—l

CALL SWI1CH (KD,LE,Li,L2,1)
- I X (IB,IRj~],,c21—XjI8,IR iP,N)CALL ~W1n,H~LL,Lt,P,N-,1)LZ KO—2

CALL SWITCH (LI,LZ,L3 L4 )
Yi*I~ *tX (I8,~ R,4,L21—X1Ie,tR,M,NP&,SQRT (AUl8,IR,l’,t~fl+EM*1Ie—2Xi*X%Ib, LR,L~ ,L21VOlE , R I L2) yi
D1— (Yh~ 1I~ ,L3,L4)—Y ( 18,IR,M,N))/(X (IB,I~ ,I!,L’s)—X (IB,1R,P ,N))01—01/1.,
DC 43 JY 2,LZ
CALL SWITCH (KD,JV,P,N,I)
CALL. ShflCH (LI,JY,L1,L2,I)
D2 11/SCRTLAL (IB,IR,L ,L ))
X21sO1*X1—Yi+Y(I8,~ R,LLL1)—O2*X (IE,lR,L1,L2)X (IB,IR,I4,N)—X21( 1—02)

43 Y (IB,IR,M,N)—D1*(X(IB,IR,M,N)—X1)4Y1
CALL. ~WITCIuKg.u,~ ,N ,II
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-~~ . .  :..,-c aqfl -~~. • 
• 

—

X(I8,IR,P,N)~~(Y (1B,IR,t’,N)—Yi)/C1iX1CC 65 JY 1,LZ
CALL SWITCH (LI,JY ,~ 1N,i)
CALL SW!TCH (KD,JY,Li,L~ ,I)C WPITE (6,1009) JY,KD,X(IE,IR,M,N),~ (I8,IR,P,N),X(IB,IR,L1,L2I

* C PY (IB,IR,Li,L21
65 CCNTINUE

CALL. SWITCH (KC,LI,N,N,1J
C WPITE(6,1CCS) N,N,X(IB,1R,M,N),V (18,IR,1,N)

- TIE UI4STEACY FLOW FIELC- C THE UNSTEADY 8OUNDAR Y FPCPERTIES ElI-INC TIE SHCCK

KA K1
L Z 2  -

~LII
CALL SWITCHILZ,LI.17,IE.I)
XPL X (jB,IR,17,I8)+ (IM—1)*EM/TAN (ET )
YFL V (Ie,IR,17,181+(IM—1)*EN
wPITE (1,1026) XPL,YPL,IP
CALL SWITCH (KT,LI,17,IE,II
XFL=X (1B,IR,17,I3)+(1P—i)*EM/TAN (ET )
YPL—Y (IB IR,17,18)+(IP—1)*EM

- 

I U’I8~~1 ~~L,YPL,IP
1025 FCRMAT (iX,13,’. UNSTEA CY FIELC’)• IE—0

DC 18 ~l 2,KA
CALL SWIICHLJ,LI,N,N,I)
IF(X (I8,IR,~~,N1.LT.O.I ECTO 18
CALL RANCS (NM,I8,IR,M,N,LD2,AMY ,P2,N2)

18 CCNIINUE
IF(1.EC.2) X (18,IR,1,2)—TX
1F(I.EQ.2) Y (IB,IR,i,2)—1Y
IF(I.EC.1I X (ZB,L.R,2,1I—TX
IF(I.EQ.1) Y(I8,IR,2,1)—TY

ALL OTHER STEPS OF THE INSTEADY FIELD
C

IF(J1.EC.2) 5010 38
J!—J1—i

• DC 20 J 2,J5
L IJ +1
CALL SWIICI- (LI2J,M,N,I)CALL RANC8(IB,iR,M,N1LC~ )IF~J.~Q.J5 .ANO . ~~~~~~ .ANO IR.EC.1J GCT~ 2ç1FiJ.~ C.J5 •ANO . iR.~sT.1 •ANÔ. MZ.NE.O) C-DuO ~CL J +2
JZ IN( 1,4—I
DC 22 K 1,J• CALL SWITCH K,J,M,N, Ib

22 CALL GEP t~(IM,I 8,IR,M,N,1,AK,AN I
IF(J2.EC.KA) GOlD 20
11—0
K 1 M+1
K 2 J

- K~~K1
I~ (I.NE.2) GOlD 24K 1 J

4 K2 N+1
K1 K2• 24 P(I,K3)aX (IB,IR,M ,N)
CALL PANDS (MM,IB,IR,K1,K2,LO2,AMY,M2,N2)
J3 J2+i• 0C29 K 43 KA
IF(K.EQ.I’M~ GOlD 20
LI—K+1

• 
• CALL W ITCH(LI,J ,M,N,I)

• 
• L1 4—

CALL. WITCH (K,LI,K1,K2,I)
U(4~ , R,M,N )—U (I3,IR,Ic1,$2)V 4 ’~ , R,M,N)aV (t8 , IR,K1,$2)
SUB, R,P,P4)—5(f3,IR,K1,$2)

29 PSI(I ,IR,P,NI— P5i( I$,ZR,K1,K21
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IF(42.LT.KA .AND. KA .LT.14M) KA—KA+1CCNT INUE
CIjTPUT STEADY AND UNSTEACY FIELD

IF(IM.LT .IBLA) GOlD 38IF(LO .11.0 ) GOTO 38
IR.EQ.1) WRITE fl iC~2) IPIF(I. 0.2 .OR. IR.C•T.1) WRITE (7,ICC..) IR,1M

WRITE(?,10C7)
WPITE(7,1001) AK,AX,C ,8,CX(I),T
DC 25 4—2,41
K— J— 1

C LL—IN (I,KI+1
LL IN(I ,K)
WR ITE ( 1,1007)
WRI T E(7, 1008)
N aK

• 
-
~~ IF(I.NE.2) GOlD 26

M K
DC 31 N’J LL

31 URITE(1,iO~0SI M,N lX (IB,IR rM,NI ,Y (I8,IR,P’,N1!AL (IE,IP,P,f~).F,L(IB, IR,P,N) ,V ( I~ ,IR,M-,Ni,PSI( IB,IR,M,Ni,GiIB,IR,M,N)
26 I~9I~~ E

DC 32 P4—4 LI
32 WRITE (721~ OS) M,N,xu8,IR ,N1N),Y(IE1IR,P 1N ),ALqE,IP,P,N)

17 W R ITE(7 1005)
25 CCNTINU ~WFITE(7,1004)
38 CCNTINUE

IF(IR.GT.1) GOlD 60
IF(I.EQ.1J IUS—K—1
IF(I.EQ.2) ILS—K— 1
lF(I.EQ.1) GOTO 30
IFiIM.tC.i .AN0. LC3.EC.C) GOlD 6~C

C CHANGING THE COUNTERS FCR THE COMPIlATI ON CF
C THE FIELCS BEHIND THE REFLECTED SFCCKS
C
60 IP— IR+i

IF(IR.GE.4) GOlD 62
IP(KC.NE.0) GOTO 62• W PITE(6,i023) IR
LI—I. •
CALL SWITCH (KT,LZ,P,N,I)L.,ALL ~ WIT CH ( K T , L I , ~’j , N 1,1) •
TX X(.iB,IR—1,M,N3• l’Y—Y (IB,IR—1,M,N)
IF(IR.EC.2 .OR. IR.EC.4) 18—i
IF IR. 0.3 .OR. IR.EG.!) IB—2GC~O 6!62 CCNTINUE
IF (KC 10.0) GOTO 77

I 
• 

C CCNPUfATION OF THE BLACE — WAKE IN
C SLEROUTINE *WAKE *

-
~~~~~~ CALL WA KE

4 C N EXT BLAD E
77 IP.IM+1

IF(IN.LE.PAXS) GOlD 58
ZP IR— ]

I -  PRESS (ANY,IR,EM,LC2,AX,CI

WR?IEO1,1026) XPL ,YPL,IP
GCT0 100
TRANSFORMATION To PROF IL 1

58 XX— M/ IA1s(ET)
CC 11*1,3 *

• P411—20
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IF(IL.EC.i) MM KV
DC 51 M 1,MP
DC Si Nal,20
X(1,IL,P,N)—X (2,IL,M,N)-XX

• V i i  IL. M , N)—Y ( 2 IL P N I—E M
PS1f1,1L,M,N)— P~~ d,j L ,f” ,N)
U( 1,IL,11,Np— U(2 ,iL,p,Np
V(1,IL,P,N)—V (2,IL,P,P)
G(1, I~~,P,N)— G( 2 IL 14 ,NI

• 51 ALihtL,P,N )—ALt2,fL,P,N1
- 70 CCNTINUE

GCTO 55• 101 IP—1
WPITE (1,1026) XPL.,YPL,IP

999 FCRMATL4I1,312 )
LCOC FCRMA1(3F10.5,2E].G.3)
1001 FCRMAT (1X,//, 1X,’W*C/U* ‘,F5.3,’, 11— ‘,F4.2,’, $ ‘,F4.2,

F’ B/C ‘,F4.2 • CX • ES 3,’ T/C ‘ F6.4 II)
1002 F~RMAT- (1X,’ ~H& PROPE4IIk A+ TIE )“E%HFCI~ T S CF TI- f FLOW FIELC’ ,

F/ ,1X,’ FCR THE UPPER SURFACE CF THE ‘,12, . BLAOE’,//)
1003 FCRMAI (1X,’ THE PROPERTIES Al THE PESI-PC1NTS CF THE FLOW FIELC’,

F/ 1X,’ BEHIND THE ,12, ’ . SHOCK IN THE ,12,’. PASSAGE’,//)
1004 FI!PMAT (iI-i)
1005 FCR MA 1(i~~,/)1007 FCRMA1 (1X,//)
iOos FCRPAT (2X, FOINT’ lx ‘X’ 10X,’V’ 7X,’LAMeOA’ 7X ‘RU ’,SX,’ILi ’,

F9X,1RV I,5X,SIV1 ,8f(,1I~p5I l,7X,1I ph1 ,8X,IRC.1 ,4X, IG,,/)
1005 FCPMAT (2X,12,’, ,12,11(3X,F8.5))• 1020 FCRMAT (4 F 10.5)
1021 FCRMA T (2X, I2 , ’. BLADE’)
1023 PCRNAT (1X,I2,’. REFLECIICN ’,/)
1026 FCRMAT (2F10.3,13)

END
C 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 X X X X X X X X X X X X X ~ X XX ) t ~ X X X X X X X X X X X
C 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 E ( ) ) ) X ) I 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

SLBROUTINE PRCFIL.(LC4,T1,T2,N)
CCNMON/SP/ XS(2,50),YS(2,50),A (2,SC,4),R(2,50)

PFEPARAT IDN CF THE PRCF1L — SURFACES
I I  C

READ (3,1000 ) Ti,T2,NT,IKP
IF(L04.EC.0) REAO (3,iOOl) SP
DC 8 J—1,2
12—0
N—NT
b—Ti
IF (J.EQ.2) T*T2
IF(LC-4.NE.O) GOTO 12

REAO (3,100].) X$(J,M),XS (J,M+1),XS(.,P+2),XS(J,P+3),XS (J,M+4)
READ (3,100i) YS(J,M),’fC (J,M+1),Y5 (J,P+2),Y5(J,P+3),Y5(J,P+41 3IF(YS(J 1’+4).EQ.100.) ~CT0 7

5 CCNT!NIi
7 CCNT INUE

DC 2 LL—t,N
XHJ,LL) XS (J,LL)/$P -

2 YC(J ,LL)aY$ (J ,LL)/SP
I~ OLC4.EC.0) GOTO 3

12 DX—1.0/ (N—l)
I1—(—1)** (J+ 1)

20 K~~ ,N 
—4 ’  X (J ,K)— K 1)*OX 0.25

Y~ (J,K)—I1$4.*l*X5(J,K)*(1.—XS (J,K))
• 

IC ENTER THIS PART,TIif SL.RFACES SI-CLLD ALREAD Y El
C GIVEN PCINTWISE

-

~~ 
CCNTINUE

j INTERPOLATIGN THROUGI- CLEIC SPLINES

1F(T.N5.0. .OR. 104.10.0) GOlD 51

52 J~~,1)~6~ •
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51
• DC 10

A (J , I , 3 )— X S (J , I )
10 A (J,I,4)—VSLJ,I)

C MATRIX CF CCEFF!CIENTS AND RIGHT— HANC SIDES
C

KaN— 2
CC 25 Ial,K
A (J,I,1) A (J,I41,31—A (J,I,31
A (J , I,3 1—A (J 1+2 ,3 )—A (J  j +1,3)
A (J ,1, 2 1— 2 .* IA (J ,  1,1)4114, 1,3))
A ( J  I 4) 3. * IACJ I+? ,4 )—A IJ , I+ i  4))i*(J,I,3)—

F3.* IA IJ  I+ i ,4 ) — A I J ,  i,4 )/A (J,I,I)
25 CCIETINU~A (4, 1, 1 J 0  .0

C 
A (J,N—2,3)—0.0

THE STEP OF GAUSS
I

DC 30 I—1,K
00 3 M 3 ~435 A (J ,  ,M)aA IJ,I,M) *A (4 ,I+1,i)/A (J ,I,2)
A (J , , ] )a O.0A (J ,  ,2 ) aA (J ,I+J , i )
A (J ,  •J ,~~)aA ~ J ,& +1,2~ — A ( ,I,3)

30 A (J ,  +j , 4 ) A (J , I+1,4 1-.-A 14, I,4)
SCLUT ICIi

C
*04, 1,1)—C.
A (J,N,11 0.
A (J,N—2,])0.O
L P4—1
DC 40 1—2,1

$— K+1
40 A (JtM ,i )a(A (J,K,4)~ A (J ,$ ,3 )*A (J ,M41,1))/A (J ,K,2)
53 CCNTINUE

• DC ii N 1,N
ii R (J,M)—A (J,P,i)

IFOIZ.E0.1) GOlD 8
KV N—1
D C 49 Kzl,KV
A OJ,K,1) VS (J,K)

• A O J , K , 3 )  R(J ,K )
H’XS(J K+1)—X5 (J,K)
A (J,K,~~)I.(YS(J,K+1)—YSI4,K))/H—4-* (P(J,K+1l+2.*R(J,K)1/3.49 A O J , K ,4 ) ( P(J , K + 1 ) — R ( J , K ) ) / ( 3 . *I- )
DX 1./49.
DC 4 M 1,50
X DX*(M—1)
DC 5 K~ 2,50

IP(X (J,K).CE.X) GOlD 6
5 CONTINUE
6 H X—XS (J I)

• Y A (J I,i)+A(J, I,2)*H+A (J,I,3)*H*H+A (J, t,4)*h*H*I-
R (J,MI—X
YS(J,M)—V

4 CCNTINUE
u—i
N-50• DC 13 1—1,50

13 X~ (J,IJ— R (J,I)
GCTO 3

8 CONTINUE
• IF(IKP.E0.0) GO TO il

DC 15 Pal N
WRIrE (6,1602) XS (1,M),Y5(i,M),X5(2,P),YS (2,P)

ii N—N— i
1000 FCRMAT (2F10.5,212)
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1001 FCRMAT (5F10.5)
1002 FCRMAT (5X,4 (E12.5,2X))

RETURN
ENDCX XX XXX X XXX XX XXX XXX XXXX XXX XX X XXXXX XXXXX ~ X)(XXX~ X X X X XX X X X X X X X X X XX X XXX XX XC XX XXXXXXXXXXX XX 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 u X X X E ~XXE,XXXXXXXXXXX X• SIBROUTINE FIND (KV,IM,IE,IR ,XS,Y5,P,N)
CCMPLEX*8 U,V,PSI ,G,OYCXt.
CCM PLEX*8 AI,1I
REAL*4 X Y,AL,XS,YS P XS

- CCMNON/ Bt~/ T1,T21T,~~,I1VCX,D2YDX2,CVCXU1AI,EI,IY1IBAC K,IECCMMON V (2,3150,~ 0I ,X(2,3l5O,2O),P(2I5o)!u(2l3,,0l~ C3 !PPSI(2 3,S0,~u) 5(2,350 2u) AL (?,2,5~~
,20J,Y(z,3,5u,20J,

FQ (2,56),CX (2),fN (2,56),1N2(~~,5O ,

C FIND LOOKS FOR THE ME5P’IND~ X,RE5PCN$IBEL FCP
C TI-f POINT xS;YS

NX7=10000*XS
NVT*10000*YS

IF(IR.EC.i) GCTO 26
1C 1R— iIF( IB.EC.2) 1C 1
!F(IB.EQ.1) 1C2

26 I1= (—1 )**(IC+1)
IF(IE.EQ.1) GOTO 19
IKK O

C IF(I.EQ.2) IKK— 1
IF (IKK.EQ.1) WRITE (6,i0O4)

1004 FCRMAT(1X, ’FINO—ENTRY’)
K A O

I I L 1 1
L~ =iI

I 21 IK=Z1
IF(IKK.EC.1) WRITE (6,1003) IK,M,N,NXT,piY7,NX9,PIYS
DC 22 12—11,20
L3 I2+L2
CALL $WI1CH (L3,I2,P,N,IC)
IK—22
IF(IKK.EG.1) WRITE (6,1003) IK,N,N,NX8,NY8,NX9,NY5
IF(IC.EQ.i .AND. L3.GE.KV) GOlD 13
IF(IC.EC.2 .ANO. L3.GT.19) GOTO 1.~• J1 Mu. j  -

J2=N+i
24 KP—J i—J2

t Ka24
IF( !KK. EQ.i) WR !TE(6 ,1003) IK,M ,N,NX8, P4’v8 ,NX 9,NVS
IF (IC.EC.2) KM—J2—J i
NX 8—i0000*X (IC,ID,M,N)
NXSa10000*X (IC, ID,J1 , J2)

• NV8—10000*Y(IC,tD,P,N)
NY9.I0000*Y(IC,ID,J1,42)

• XSaX (IC,ID,J1,JZ)
• ~9NX7.~ E.NX8 .AND. NX741.NX9) G~T~ 23iF~X9.~~ .i. .AND. KM ~~ •& .AND . Ii.~ G.i) KA J2
• ~Fi~C.~ç4 .ANO . KA.~ ç.J~ ) KA— Ji •

LF( 1C .t ~~ .J .AND . KA.Nt.J~) GOTO 2~• IF(IC.E0.2 .AND. KA.NE .J1) GOlD 22
IF ( t C . E C . i )  J 1—Ji+i
IF ( I C .E C .2 )  J2 J2i 1

A IF(Ji.EC.KV .OR. J2.EQ.201 6010 13
¶ GCTO 24

• 22 CCNTINUE
23 CCNTINUE

IF(IC.EQ.2) 5010 28
1K 23

• ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
IK,M,N,NXS, NY8, NXS,N YS

IF(NY7.LT.NY8) GOfO I
t~~(N.EG.i) GOTO 13
L2 L2+1
Li—N—i
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GCTO 21
28 1 K 2 8

IF (IKK.EC.1) WRITE (6,10C3) IK,P,N,NX8,NYE,NXS,NVS
NVS—i0300*Y (IC,ID,M,J2)
IF(NY7.GT.NY8) 5010 1
IF (M.EQ.1) SOlO 13
L2 L2+1
L 1—M— 1
GCTO 21
1K— i
IF(IKK.EQ.1) WR IT E(6, 1003) IK,M,N,r08 ,NV8,P4X 9,NY9
IF (M.GE.KV ) 6010 13
J-Mu 1
K N+1
NX8aI0000*X (IC, ID, Il,N )
NV 8—j0000*Y(tC,ID M,N)
IFcNX7.eO.NX8 ANâ. NY7.EQ.NY8) GC1C 14
iFiI R .Gu.1) GOfO 29

C ORIENTATION TN THE FI ELC OVER THE UPPER ELADE
C 

IF(NX7.NE.NX8) 5010 5
IF (NY7.Gl.NY8 .AND. N.EC.1) GOTO 13
IF(MY7.GT.NY8) N-N—i
IV(NY7.Ll.NY8) N—N— I
G CTO 1

5 1K— S
IF(IKK.EQ.i) WR ITE (6,1CC3) IK,M,N,NX8,N’v8,NX9,NYS
1 M+2
IF (t.GT.KV) 6010 7
NX8—13000*X (IC,ID,J,N)
NXS I0000*X(IC,IO,I,K)
NY8 10000*Y (IC, ID,J ,N)
NY9 10000*Y (IC,-ID,I,K)
IF (NX 8.EQ.NX9 •AND . NY8.EQ.NVS) GCTC 6
6010 7

6 t K 6
• IF(IKK.EQ.1) WRITE(6,1003) IK,M,N,N~ 8,P4V8,NX9,NY9O1z(Y (IC,1V,J,NI—Y (IC,IC,M ,N))/(X (IC,ID,J,N )—X (IC,IC,P,N))

02a(Y(IC,101M1K 1—Y (IC,IC 1M ,N))/(X (IC,!D,M,K)—X (IC,IC,M,N))I - Di2— (Y~ —Y
(Ic,

~ DtM,N))/(~~’—X (IC,IO ,
P,N))

05= (Y (LC,ID,J,K!—YS)/(XIIC,LD,J,Kp—XS ID~ a(Y ( IC11D,J,K,—Y(IC,Iu.,M ,K) ,/ (X ( IC , ID,J ,K)—X ( IC , IC ,M ,K) )
fF(D12.L~ .D1.ANO.D12.GE .02.AN0.D5.GE.D1.ANC.D5.LI.C3) GOlD 14
N-N+1
GCTO 1

7 lKa7
IF(IKK.E0 1) WRITE (6 1003) 1K M,N,NX8 NY8,NX9,NYS- 

- D1— (YjtC,!D,J~N)—Y (I~~,IC,M,N)J/(X (IC,1O,J,N)— X (IC,IC,P,N))
IF(K.tQ.M) C-DiD 4
D2— (Y(IC ,ID,N,K )—Y (IC, IC ,M ,N))I (X (IC ,I0 ,M ,K)—X (IC ,IC ,M, N ))

• 4 IF(K.EQ.M) 02—0.
D5z(Y(],C,ICjJzK)—Y (IC,1C tM,N11/jX (IC,I0,J,K)~ X (IC,ID,M,N))D~~— 1Y~—X (Ic,i0,M,NI1/(X~—X (Lc £O,P,NU
Ir~ DL2.L~ .u1 .AND. u1~~.G~ .D2 .AND. X5.bT.X(IC,IC,N,N)’) SOlO 8• NX 8~1000C*X (IC,ID,M,N)• IF(NX7.GT.NX8) GOTO 2
IF(N.EC.i) GOlD 13
N N—i
M*M— 1

4 .  GCTO 3
2 IF(D12.GT.Di •ANO. N.EC.1) GOIC 13

I Ka2
IF (IKK4~ .1) WRITE (6, 1003) lK,M,N ,NX~~,NVE,NX9,NY9IF(012.bT.Di) N—N—
IF(0l2.LT.D2) MaN—• 3 IBACK— IBACK +1
4 —P4 +1
IF (*L (IC,lC,M,N).NE.AL (IC,ID,J,N)) GCTO 13
GCTO 1

8 1K 8
NX 8 10000*X (IC, ID,J,K)
NVSaiOOCC*Y(IC,ID,J,K)
IF(IKK.EG.i) WRITE (6,1003) IK,M,N,NXE,NYE,NX9,NVS
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• IF (NX7.EQ .NX8 .AND. NY7.EQ.NY8) GCTC 12
IF (NX7.NE.NX8 ) GOTO 15
IF (MV7.GT.NY8) N-N-s i
IF(NY7.LT.NY8) N=N+1
GOb 1

12 IK— 12
* IF(IKK.EQ.1) WRITE (6,10C3) TX,M,N,N~ S,N’v8,NX9,NYSM J

N -K
GCTO 14• 15 1K 15

• IF(IKK .EQ.1) WRITE (6,10C3) IK,M,N,N)~8,N’y8,NX9,N’fSIF (NXT.GE.NXS I GOTD 16
IF (K.EQ.M) 6010 10
03— (Y(IC t ID,J1K )—Y (IC,IC,M ,K) )/(X(IC,ID,J,K)—XOIC,ID,M,K ) I

10 IF (K.EQ.Mi 03—u.
o~ — Y (Iç1IQ1J,K — YUC1 IC,J 1N )/()(Iç,!c,J,K)—x (1c,ID,J,N) I
034— (Y(ii.,iu,J,K)—Y5 s/ (X (LC,!C~ J ,K 1—XSP
IF (03.GE.034 .AND. 04.11.034) GC IC 17
GCTD 16

17 IF(D4.EC.D34) M M+1
IF (03.EQ.O. .AND . 034.10.0.) G01014
IF (D3.EC.D34) N—N+1
II( ].7
IF(IKK.EQ.1) WRITE(6,10C3) IK,P,N,NXB,NVE ,NX9,NVS
6010 14

16 11(=16
IF(IKK.EC.i) WRITE (6,1003) IK,M,N,N~~~,NY8,NX 9,i%Y9IF (D12.CT.D5) N~ M+11F (D12.L’.D5) M—N+1
IF (012.EQ.05) 5010 9
SCID 1

9 M=M+ i -1K_ S
IF( IKK.EC.1 ) W RITE (6 ,1003) IK,M ,N,NX E,NV E,NXS ,NV5
N N+ 1
GOlD 1

13 Il—i
6010 iS

C
0RIENTA,ITCN IN THE PASSA C-E

29 IK 29
IF (IKK.EC.1) WRITE (6,1003) IK,M,N,NXB ,NY8,NX9,NY9
L1 M+1

• L 2 M  4
L3M
L4 N+i
IF(IC.NE.2) GOTO 30
Li—N
L2—N+1
L 3 M +i
L 4aN- 30 LS M+i
L~~N+1NX8 1QQQQ*x(Ic, ID,L5,L6)
MX 9a1uuuu*X~~c,1D,Li,L2)NY8 iQQQQ*Y(~c,ID,L5,L~ )~~~~~~~~~~~~~~~~~~~~~~~IKa3O

F~ IKK.~ 9.1) W R1T~ (6, i20~~
) 1K P,N N)18 NV8 , I X 9 ,NYS

iFiNX 7.i~~.NX8 .~ Nu. NY.~.çQ.NYê) G&C 3i.IF(NX7,L1.NX8 .AND. NV7.~ Q.NY8) GC TC 14
IF(NX7.tQ.NX9 .AND. NY7.~Q.NY9) GCTC 36IF(NX7.GT NXS) GOlD 32

-
~~ 0]_ t i* jV ( fC~ IO1~ ]~, L 2 ) _ Y ( t C ,j D , M , N ) ) , ( x ( I C , I C , L 1 , L 2 ) _ X ( I C , I D ,~~, N ) ,

I - (L 3 .e C . ç 4i  Guw 33
Q?ali*P(LC r lDiL~ ,L4)_v (IC,ID,M,N) )/(X( IC, IC,L3,L4)—X ( IC, ID, M,NI)33 LP (13.tC.L41 0~~ u.
Di2aIi*(V (IC,ID,M,N)—YS )/(X (IC,ID,P,N)—XS)
IF (Oi2 11.01 .ANO. 012.61.02) GCTC 14
NV 8i.t0bCC*V (IC,ID,M,N)
1F(NVZ.GI.NY~ P NaN—
L F (NYI .LI.NY5J MaN—
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32 g
~~ ?YI1C ,1C,L5,L6)—Y( IC, IO,L1,L2) )/ (X ( 1C,ID,L!  , L6 J — * ( IC , ID,L1,L2)

03—03* 11
1K 32
IF (IKK.EC.1 ) WRITE (6,1003) IK,M,N ,NX6,NY€ ,N~ 5,N’ySIF (L3.EC.L4) 6010 34
D4— (Y(IC,ID,L5,L6)~~Y( IC ,ID,L3,L4) )/(X(IC,IC,L5 ,L6)—X (IC ,IC,L3,L4)
04=04*11

34 IF( L3 .EC.L4 ) D4 0.
D34=I1*(YS—V (IC,I0,L5,I..6))/(XS—X (IC,ID,L5,L61)
IF(D34.GT.C3 .ANO. 034.11.04) GCTC 14
N’Ye lOOCC*Y (IC, ID ,L5,L6)
1F(NY7.G1 .MY8) M=M+1
IF (NY7.Ll.NY8I N—N+ 1
GCTO I

31 P4=15
NL6
1K=31
IF (IKK.EC.1 ) WRITE(6,1003) TK,M,N,P,X8,NY€ ,NXS,NYS
GOT O 14

36 M=L3
N=L4
IK=35
IF (IKK.EQ.1) WRITE (6,10C3) IK,P ,N,NX8,NVE,NX 9,NV5

14 IK~~,4IF(LKK.EQ.1) WRITE(6,1003) IK,P,N,NX8,NV E ,NX 9,NYS

C CONTROL — STEP
C

K1—M+1
K2*N
1(3—N
K4 N+l
IF (IC.NE.2) 6010 35
K 1—M
K2 N+1

• K3—M +1
1(4—N

35 J1 M+3.
J2—N+1
01 99~02 —99.
03 a99.

I f  04— 99.
• I 012—99.

• 1 034—99.
MX8a10000*X(IC,ID,M,N)

• NX5 10000*X(IC,ID,J 1,J2)
N’V8~ 10OOO*Y(IC,ID,M,N)NV9~1O000*Y(IC,ID Ji 42)IF(NX7 .EC.NX8 .AM6. f4Y7.N!.NY8) C-d C 18

I I IF(NX7.EQ.NX8 .AND. NV1.EQ.NY8) 6010 19
P CCTO 2O

18 WP4TE(6,1000) M,N,NX7,N~ 7,NX8,NY8 ,C1,D2,C3 ,C4,C12,C34

20 01 11*jY (IC ,ID1K1,K2)—Y (IC,!D,M ,N))/ (X (IC,IC,Kj,K2)—X (jC,!D,M,N))IF(K4.tC.K~~) QuID 11
O2aI1*(Y(I~..,1u1K3,K4)—y (IC,ID,M ,N ))/(X(IC,ID,K3,K4)—x (IC,ID,M,N))

11 IF (K4.EQ.K3j Q
~~O.D12 I1*(’fS—YI IC,ID,M,N))/(XS—X (IC,ID,M,N))

IF (K4.EC.K3) 5010 25
D~ —I]~*(V (Iç,TD,JJ,J2)—vçIç,ID,K3,Ii4))D~ —0~ /(X(Ic 71D,J L,J2)—~~IIu..,ID,K3,Jc4))25 IF (1(4.EC.K3, D3—0.
04a11*(Y(IC,I0,JL,J2)—V (tC,I0,K1,$2))
D4—04/ (X (IC,IO,J1,J2)—x (IC,ID,Ki,$c2I)
024 1t* (Y(TC,I0,Ji,J2)—V5 )/(X (IC,IC,J1,J2)—XS )
IF(01.LT.D12 .OR . 02.GT.D12) GOIC 18
IF (D3 LI 034 .OR. D4.gT .~ 34) GOIc 18iF(NX?.Lf.NX8 .DR. NX~ .Gt.NX9 ) GLTL ~8

1000 FCRMAT ( iX , ‘FIND : ‘,!2, ’,’,I2,4 (1X, I~~), iC( 1X,F8.3)  I
1003 FCRMAI ( 1X ,313 ,4 (2X , I8) )
100 5 FCR MAT ( iX , ’F IND— EXIT ’)
19 IF(IKK.EQ.1 ) W RITE(6 ,1005)
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RETURNEND
CXX XXXX XXXXXX XXXXXXXX XXXXX XXXE *XX XXXXX X~I~ E*XX~ )IXXX XXXXXXX XXXLXX XXXXXXX
CXXXXXXXXXXXXXXX XXXXXXXXXXXXX X XXXXXXXXX XXXXXXX XX XX XX XX XXX E *XXXXXXXXXXX

SLBRO TINE BOUND (L04,IB,IR,IM,I,X)CCMPL~ X*8 DYOXU• CCNPLEX*8 AI,EI
REAL*4 X
CCMMON/EC/ Ti,T2 I 8,CVCX.02Y0X2,CVCXU,AI II
CCMI4OP4/SP/ XS(2,~ OI,YS(2,5O),A (2,!O,4),R(~~,50)

C STEADY ECUNCERY CDNCIIICNS ALONG ECCY
C

13—Ti
IF (I.EQ.2) T3—T2
IF((1*IM).EQ.1 .ANO . IR.GT.i) GCTC 2
IF(L04.EC.1) GOlD 3
DC 5 Ka2 ,50
J K— 1
I F(X S ( I , K) . C-E.X ) GOlD 6

5 CCNTINUE
6 H=X—XSU,J ) •

D YDX=A (T,J,2)+2.*A (I,J,3)*H+3 .*A (I,J,4)*I-*I-
02YDX2=2.*A (1,J,3)+6.*A (I,J,4)*I4
GCTO 1

3 I1:(—1 )**(I-I.1 )
DY DX—Ii *4 . *T3* ( i. —2 . *X )
02Y0X2=—1I*8.*T3
GCTO 1

2 DVDX—O.
D2V DX2—0 .

1 RETURN
END

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C ~X XX XX XX XXX X X XX X X X X X X X X X X X X X X X XX XX XXXX XX 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
SUBROUTINE $HOCK (KV,LO4,EM,IR,IB,N,N,X0,P2,N2,C3)
CCNPLEX*8 U V PSI,G,OYCXU
CCMPLEX*8
REAL*4 X,Y AL,Oi,03,D,X1,X2,X3 X4,X!,Yj,Y2,Y3 Y4,V5,Y6,X6
REAL*4 lX,+Y,XX YY XP,~~~,ALD D~ ,P C3 X0 Xl,AL~ Dxi
~CMM0N/BA/ A~3~AM L D 1C4,4K211TM,fX 2iY,h.,MA,I~~4T,XX ,YYcCMMON/BC/ TL 1r2,1 7B,uVLX ,D~Yl~X2,C’ftXU1AI,EI,Ii1LBAC K,IE

4 CCMMON V (2,3 ~O 20P,X(2,3 50,20),F(2 5u) U (2,3,i0 SC),• FPSI(2,3,50,~6)14~(2,315C 12~) ,AL (2,3,56,201,Y(2,3,56,20),FQ(2,50),CX (2),tN (2,5g),jNZ (2,50)

C CCNPUTAIION OF THE FIELC NEAR BEHIND THE SHCCK
C

IKK—0
C IF (I.EC.2) IKK— j.

IF(IKK.EC.i) WRITE(6,1003)
MAX— i• IC—i
IF(iR.EC.1) GOlD 19
IC— TR— 1
IF(134c.1) Ic—2IP(LB.t~ .2) ii. 1

19 D~ 1—D X (t)IF(T.EQ.0. .OR. IG.EG.0) GOTO 17
GCTO 21

4 
17 

~~~~~~~~~~~~~~~~~~~ •A NO. 1.10.1) C l.05
OX1—O/0 MA—i )

• 21 IK—Z1
• IF (IKK.EQ.1) WRITE (6,1000) M,N,I!,IK,D,DXi,XO,TX,TY

J— M—i
KzN
~aM• iF (I.NE .2) GOTO 5
J-M
K aN— i

5 cALL CCNSfl(104,TR,Ie,ALZ,C3,x0 )
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CALL BCUND (L04,IB,IR,jP,I,X0)
AL (IB,1R 1fr,N)=(ALZ—C3*CYCX*I1)**(2./3.)• IF(L.NE.~ ) GOlD 3WRITE (6,lOOi) M,N,AL (IC,ID,M2,N2 I ,M2,N2
GCTO 6• 3 1 K 3
IF(IKK.EC.1) WRITE(6, 1000) M2 ,N2,IR,IK,CYCX,XO,AL(IE, IR,M,N)
D1—ti/SCRT (AL (IB,IR,M,N))
XP—X0+XX

XS X (T8,IR,J,K)
YS Y(IB,IR,J,K)

-~ 9 IK— 9
IF (IKK.EQ.1) WRITE(6L1CCC) JLK,Ii,IK,D1,XP,YP,x!,Y!IF(IE.EC.1 .OR. M2.Gt.KV ) GOiD 16
1 1—N 2+1
12—142
L!=M 2+i
L4—N2+i
IF(I.NE.2) GOlD 7
L1 M2L2 N2+1

7 CCNTTNUE -

IF(IR.EC.i) GOTO 22
11 M2
L2—N2+1IF( IC.NE.2) GOTO 22

3 L i=M2+ I.
L2—N2

22 X1=X (IC,ID,M2,N2)
Y1a(( IC,ID,P2,N2)
X2=X (IC,ID,LI,L2)
Y2=Y(~ ç,~D,L~ ,L2• X3—X (p.,1D,L.~,L4Y3Y (iC,ID,L3,L4)
I Z=0
XTaXO

• 1K 22
IF (IKK.EC.1) WRITE (6,1OCO) MZtM2,1Z,1K,X5,Y5,X1,Vi,X2,y214 02=SQST(AL (1C,ID,M2,N2)).SQRTsAL (I9,IR,J,K ) )

• D2a2.*li/02 
-IFR.Nt.0. .ANO. IQ.NE.0) GOlD ~

I 
- X4 (L—2)*DX1/2.+TX

• V4=02*(X4—TX)+TY
GCTD 1

2 X4— (Di*XP—02*X5+Y5—YP)/ (C1—02)
I I  Y4 (X4—XP)*O1+Y P

3. I’—
IF (lK K.EQ.1) WRITE(6ziCcO) lr ,ID,11,IK,X 4,V4,XF,XX,C2IF(t.EQ.1 .ANC. IR.Gi .i, GQt-~ 20
IF(Y4.LE.0.0001. .AND. Y4.Gt.0.) GçTc 8• IF (Y4 .GT .O .  .ANO. IZ.EQ.C) GOlD 1.

I IF(T.NE.0.) GOTD 4
~‘4aØ
X4 4M/02+IX

• GCTO 8
20 CONTINU~JF(Y4.Lç.gM .ANO. y4.cE.j9.992*EN)) GOlD 8

iF (Y4.L .~ M .ANC. iZ.tC.ui GOiD 13
IF(!.NE.0. .AND . IQ.P41.C) GOlD 4
Y4s€M
X4 1X+EM/02
GCTO 8

4 X!—X(IB,TR ,J,K)
Y!aY(IB,IR,J,K)Xt a( EM* ( 2—IB J — Y 5 )/ 02 +X!
X T — ( X P — X 4 ) *E M / ( 1 1 a v 4 + E P s ( I 8 — 1 ) ) + x 6 — x x
1K— 4IF( IKK . EQ.1 ) WR ITE(6, i000 P I C , IC , I E , I K ,X 6 ,X T , D 1 ,X 5 ,V 5
CALL CONSTi (LO4,IR,18,AtZ,C~ ,XT)CALL BOUNO (L.04,IB,IR,IP,I,XTJ
AL (I8 ,IR,M,N) (ALZ—C3*OVCX*I1 )**(2./3,)
D1—Ii/SQRl(AL (IB,IR,M,I~) )
I La! 1+1

142

*_
_

,~~~~~~~~~~~~~ 4 ~~~~~
-
-

# 

_ _ _

~~~~~~~~~~~~~~~ 
-~-.*~~~~~~~~~ i~.

-IrI-. — -—  — ‘-~~~~~~~~~ - • ~~~~~~~
_ 

~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
• • ••



X Pa Xl +X X
IFUZ.LT.30P GOlD ~4
iF (iKK.EC.ij WRITEt6,1000) M,N,IZ,IE,X4,Y4,x5,Y5
X4 X6
Y4*EM* (2—Ie)

• AL (IB,IR,M ,N)—AL.(I8,IR,4,K)
GCTO 8

13 CALL FINC (KV,IM,IB,IR,X4,Y4,Mi,Ni)
1K 13
IF(IKK.EC.1) WRITE (6,1000) Mi~Ni,IE,!K,X4,Y4• F X (!C,1D,Ml,N1) Y I I C  iD 2P1,Ni~!F(IE .EC.i) WRI~ E(6,~ OOg) M,N,Mj,N1,X4,V4,X (IC,ID,P1,Ni)

F1Y( IC , ~1D , N~. I1F(M1.e0.M~ .*NO. N1.~~C.N2 .ANO. IE.EQ.C) GCTC 8LF(T.NE.O. .AND. IQ.Nt.C) 6010 15
!F(I!.EC.1) GCTO 16
M2—Mi
P42—NiGCTO 8

15 X6a(Y2—Y5)/D2+X5
T F(X6 .G E.X2 ) GOlD 10
03— ( Y 2 — Y i ) / ( X 2 — X 1 I
X5 (Y1—Y5+02*X5—03**1) / (C2—03)
Y5 0 3 *(X5—X 3 )+Y 1• IK—15
IF(IKK.EC.I) WRITE (6, 1000) M1,Ni,TE,tK,X5,Y!,X6,03
IF(IC.EC.2) GOlD 23
N2 112—i
IF (IR . GT .1 ) GOTO 26I F (N 2 . E Q .0 )  GOTO 16
IF(AL (IC,!D,M2,N2).NE.AL (IC,ID,P2—1,N2) .ANC.  IP.EC.i) 5010 16
IFII.NE.2 ) GOTO 9

26 M2 M2—1
N2 N2+1.
GCTO 9

23 N2—N2— 1
GCTO 9

10 03— (Y3—Y2)/(X3—X21
X5*(Y2—YS+D 2*X5—03*X2)/(C2—03)
Y5~O3*(X5—X2I+Y21K 10
IF (TKK.EQ.1) WRITE(6,1000I Mi,Ni,IE,IK,X5,V5,X6,C3
IF(IC.EQ.2 )• 6010 24
M2—M2+1

a IF (IR .GT.1) GOl D 25
IF (M2.EC.KV ) GOlD 16 4

IF (I.NE .2) GOlD 9• 25 N2—I12+i
• 

- P4 2— 142—i
• GCID 9

24 M 2 M 2+i
GCJO 9

8 Xi B,IR,M,N)—X4
I • vi ie  IR P N)ay4

IF (YLL~ .6.O0O1 .ANO . Y4.GE.3. .ANC. IB.EC.2) Y12,IR,P1N)—0.• IF(Y4 .L E.EM .AND. Y4.C.E.(0.999*EN) .AND. 18.10.1) ‘f(i,iR,M,N) EM
IK—8

• 1Fj~!KK.EQ.1) WRITE (6,l000) M,N,IE,!K,X4,V4,X1,Yi

6 X (IB,IR,M,M)—TX
Y(IB,IR,M,NI—TY

16 
12

02—SORT(AL (IB,IR,J,K) )+SORT (AL (1B,IR,M,1$))• 02 4.*I1/(2.*SQRI(ALO)+t2) -
IF(T.NE.0. .AND. IQ.NE.9) GOTO 18
X ( I 8 , I R , M , N ) a ( L 2 ) * C X 1/ g . +TX

• Y (IB,IR ,M,N )—02*(X (Ie,!F,M,N)—IX)+lY
H 6 1

18 X I , ,M,N)a (Dt*XP—02*X5+Y5—YP)/(Cj—O2)
V (IB, R,~ ,N)a (X(18,IR,P,NP—XP)*CI.YF

CF THE AOCITTONAL POINTS FOR THE UNSTEADY
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11
D4ai./~ QRT~ ALiiB ,iR, J,KIi• P( I,L)a(D4*X (I8 ,IR ,J,K) +C3*XP +(V (te , IR,J ,K)—Y P)* I i)/ (03+D4 )
Q (T ,L J=C3* ( P( I ,L)—X P)$ I1+YP
IF(T.E~ .O.

) PjI,L)—X (Ie,IR,J,K)
iF(L.Ne.3) GOlO 12
P(I,L)—XP

• 

•

• 

Q (I,L)—C.
12 CCNTINUE
1000 FCRMAT (1X,4I4,2X,6 (2X,F8.3))

IN2 (1,L)—M 2
INZ(2 L )aN2• 1003, FCRMAf (1X,!2,’,’,I2,’ LAMBDA— ‘,FS.7,’ MESH: ‘,12,’,’,I2)

1002 FCRMAI (1X,’SHQCK RUN S Ol.aT: ‘,2(12,’,’,12,2X),4(F8.3,2X))
1003 FCRMAT (iX,’SHCC I( — ENTRY’)

RETURNEND
C 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 X XX X X X X X XX X X X X X XX X X X X X X X X X X X X X X X
CXXXXXXXXXXXXXXXX )IXXXXxxXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXX

SLBROUTINE RAND (L04,I9,IR,M ,N,C1)
CC MPLEX*8 L.,V,PSI,G,CYCXU
CCMPLE X*8 AI,EI
REAL*4 TX,TY,XX,YY,X,’y1AL~F,0,X2, )ii,P,ALC,Ci,A,Vi,FS,AL Z
CCMMON/BA/ ALQ1AM 1ALD 1C3,AK 1!11N,IX1TY,IW,PA,IC,ET,XX,YY

F CCMMON/8~ / Ti1T21T,8,UVCX,D~ YUX2,CYUXU 1AI,EI,1iCCMMON V I2,3 t 0zL0J,X(2 ,3 ,5 u,2O ) ,P(~ l5u) ? U(2 ,3 ,50l~~
C) ,

FPn(213,so ,gu)2~ ( 2,31SC 1~ O)1A~ (2,3,5u,20i,Y (2,3,Su,20),

C 
FQ(2,5’~),0X~~ ),tN(2,5u),aN2 (~~,,0)

C BCUNDERY STEP OF THE STEADY FIELD IC THE BODY
C

I~~~—0
F C IF(IR.GT.1) 1K— i

IF(1K.EC.I) WR!IE(6,10031
A —---C1*T1
J1N
J2 N—i
IFII.NE.2) SOlO 5 -

5 - X 1—X (I8,IR,J1,J2)—XX
Y1—Y(IB,IR,J1,J2)—YY
X2—X1
DC 11 KX 1,30
CALL CONST 1 (104 ,1R,18,A LZ,C1,X2)
CALL BCUIdD (L04,IB,IR,IP!I,X2)• IF (IK.E0.1) WRITE(6,iO0~ ) IB,IR ,P,N,DVOX,ALZ,Xi,Y1AL (IB,IR,M,N)a(AL Z+A*CVCX )**(2./3.)
IF T.Eç.C. •OR LQ. EQ Q! G~TO 2IF (IK .tC.i) WRfTt 6,16uL) iB,IR,M ,N ,DYDX,AL (I8,IR,M,N),Y1,C2YC X2

1002 FCRMAT (1X,414 4(F1O.3))

~: T L (~~~~~ ,J1,J2))+SQRT(AL (TB IR,P,N)))FSaZ ,*t1/Y1—A*OZYOX2/(3.*AL (I8,IR,P’,NJ)
D— F/FS
X2—X2-D
IF (A S(C).LE.O.00000I) C•CTO 10

ii CCNT?NUE
WRIIE (6,j000) M,N,D

10 CALL CONST1(L04,IR,IB,ALZ,C1,X2)
CALL 8OUND (LO4,I8,IR.IP~ I,X21
IF(IK.EC.i) WRITE (6,100 g,) IB,IR,M,N,CYOX,ALZ,X2,D
IF(IK.EC.1) WRITE(6,1004)
A’ ’IB IR P N)a(AL Z+A*OYCXI**(2./3.I

- X 8,IR,$,N)—X2-sXX
GCTO 1 -

2 Y (I8,IR,P,N) YY
Da—2. *I 1 / ( S Q R I ( A L ( I 8 , I R , J 1 , J 2 ) I + S C R 1 (A L ( I B , I R , P , N ) H
X (IB,IR P N)—X (I8 IR,J1 42)— (YiT8,IR,J1 J2)—YY )fDS. 1 IF(IK Ef3.I) WRITE16,]QOh IS IR,P N,X (1~ IR P,N),AL (I8,IR ,14,N)

1881 ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,‘ !a ‘,E1~ .3
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1004 FCRMAI(1X,’RAND— ITERATICN—EX IT.’)
RETURNEND

C XX XXXXX XX XXXXXXXXXXXXXXXXX X X X XXXXXXX 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
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~L SLEROUTINE c•EN (IB,IR,P,N,1)• CCMPLEX*8 I V PSI,G,CYCXU

CCM PLEX *8 A1 ,ëI
REAL*4 X Y,AL ,Di ,C2 X1 ,P
çCMMQN /8s~/ l11l2 1l7~~,O’vCX,D~YDX2 ,CYDXU 1A I,EI,I1

• cCMMuN V 2 ,31~ 0,~ Oj 1X (~~,315u 7 2 0 I , F ( 2 15u) 1L ( ~~,3 , !C ,2 C) ,
FPSI(213,50i2u)2G(2,315022u)1AL (~~,~~,5’J,20I,Y (2,3,50,20),FQ(2,5u),DX~~ ),iN(Z,5u),iN2(~~,50)

C G ENERAL STEP OF STEADY F IELD
C

J 1M
J2—N— 1
K1 M— 1
K 2 N
1F1 1.NE.2) GOlD 5
41—N—i
J 2 N
K~~MF K~~N—15 Dlai./SCRTU (lB IR 1(1 K21’ )
D~a2./(SCRT (AL (I~~,IILJ1,42))+SCPl (AL (I8,IR,K1,I(2)))X1202*X(I8,IR,J1,J21 pC1$X (18,!R,K11K2)X1aXi+(Y (1B7 IR,Jl,J2 )—Y (I3,IR,K1,I~~))*I1• X c IB, IR,M,Ns—XJ/ (oi .D2!
YIIB ,IR, N ,NI ~OL *I1 * (X (LE ,IR 1M ,N)—X(! 8,IR ,K1,K2))+ Y (IB,IR,Ki,K 2)
AL (IB,IR,M,N)—AL (I3,IR,$1,K~ )• RETURN
END

C X X X X X X X X X X X X ~IX 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 X X X X X X X X X X X X X X X X X X  FC 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 ~~U 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
SUBROUTINE EOUN CU (IM,IR,IB,X,I,AK,L )
CCMPL.EX*e DYO XU
CCMPL!X*8 AI,EI
REAL*4 X
CCMMON/BC/ Ti ,12 ,T ,B ,CVCX ,DZYDXZ ,CVCXU ,AI,EI ,Ii

C UNSTEADY BOUNDERY — CCNCITIONS ALCF4S BOCY
C

OYDXU O.
• IF((I*IPI.EG.J .ANC. IR.GT.i) GOld 13

IF(L.EQ.i) GOTO 11
D rDXU —l.— (X—8)**K*A I
GCTO L3

ii DYOXU— AI*AK
13 R ETURN —

END
CX 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 X  XXX X X X X X X X X X X )X X X X X X X X X X X X
C XXXXXXXXXXXXXXXXXXXX XX XXXXXXXXXXXXXXX XX X X XXXXX X XXXX X XXXX XX XXXXXXXXXX X

StBROUTINE RANDS (KV,18 11R,M ,N11,APY,P2,Pi2)CCMPL~ X*8 U V PS? G,DYL XU,02,u6,PII,CL,0L,OVCCP’PL~ X*8 *f ,&i,~fz
C MPL!X*16 A,RI,ES
R *1*4 X,Y,*L ANY S AMN ,AM3 AN4 AN 3 API4 C0,Ci 03,D~ 05,07 XER AL*4 P,AI.D,4~y,C!, ,Z2,W,AA1jA2, A3,AM,*A~ ,AP1,~ M2,ANj,AN2P *1*4 TX,TY .XX YY 0~ L ANYZ,51
C PMON/BA/ ALO ,AM ,ALC,~~,AK,I,TM,1X,TY,!W,P*,IC,E1,XX ,YYC M I4ON/BC/ T1 ,T2 ,T,B,DYCXtDZYDX2 ,CYOXU, *I ,EI ,Ii ,ISACK ,tE
CCMMON /SCL~ *14,4) RI(4) ES(4)

COMPUTATION OF UNSTEADY BOUNOERY—c*CPERTIES ALONG SI CCIC

PCK O
C IF (IM.EQ.4 .ANO. IR.GT 1) IKK I

100 1 ~~~~~~~~~~~~~~~~~~~~~
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• -p- . • 

-

I K IIF( KK.EQ.1.) WRIIE(6,ICC2) M,N,IK,X(I3,IR,W,N),Y (IB,IR,P,P1)
1002 FCRMAT (314,5(2X,E11.4))

IC—i
T~~ 1t~~!R.EQ.1 GOlD 1
IC— IR—J,

• IF (IB.~ C.1) JC—2
VjIB.tQ.2) iC—I

1. •~~
T
~~~

./tI
I I .E0.2) EI2 EI

• J — M
IF(I.NE.2) GOlD 5

• 4 — N
5 I E O

CALL FINO (KV,IM,IB,IR,X(IB,IR,M, 14 ),Y(IB,IR,M,N) ,P2,l421
A LT—AL(IC,ID,M2,N2)
DV—V (IC,IC,M2,N2)
CU—U(IC,!D,P2 ,N2 2
IF(IE.EQ.1) ALT —A ID
IFU~~4c.I.I OV—9.
iFtit .t~ .i) OUau. F1 K 5
IF(IKK.EC.1) WRIIE(6,10C2) IC,TC,IK,X (!C,ID,M2,1’u2) ,Y (IC,ID,M2,N2)

• C~ —C—2.ANY (ALT—AM+1..)/(C*AN)+1.
ANY2=ANY*ANY
11—14+1

• 12— N
• TF(I.NE.2) GOTO 22

I , L 1 M
L 2 N+I
~F(L~~.QT.KV .OR. L~ .GT.KV) 1E11F(It.tç.1 GOT~ 24• C ssY(IB,iP,Li,12p—YiI8,IP,M,N)

C S S/(X (IB IR L1,L2)—X (I IR M,N))
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.*I7,/ (~ QRf(ALT)+SQR1~~L(!B,IR,1s,P4)))

~—ATAN~S)CY SIN(S)**2
CZ COS(S)**2APN~1./(AP*CY*ANY2IAMi~2.*CY*ANY*SIN(2.*S)/CAP2 2.*A K*CY*(l.+AMN)/C
AM3aCX*CY *( 1. —2 . *AN N/CX ) / C +C Z
AP4aSIN(2.*S)*11.+AMP4)/C

F ANi _2.*CY*ANY*(COS (2.*C)+AMN)/C
AN2 u.—2.*AK*S1N(S)*COS (SJ*(1.+AMK)/C
AN3 AN4
AP 4—CY+CZ*CX*(1 .—2.*AMN/CX )/C
IFIJ.GT.2) 5010 6
XEaX (18,IR,P,N)—)(X
CALL BCUNOU (IM,IR,I8,XE,I,AK,L)
V (IB,IR,M,N)—OYOXU
CL AM 1*V(18 IR N N)/AN14CU* (A143—APT*AN2/AN1)*EI2
U (TB, ZR ,t4,NS.CL+6V*(AP4—IM1*AN4/AIiI )*Ef2
K IaN+1
K 2 N
IF(I.NE.2) GOTO 4
K 1 14

- • — 
• K2 N+

4 0h ’I($~RT (AL (IB,IR,M,N))+5QRT(AL(IE,TR,K1,K2I))/2.-
~ 

- D ——Ii/C3
D1’.I1/SQRT (AL (I8,ZR,X1,$2))

~~~~~~~~~~~~~~~~~~~~~~~~~~~~
X (I

~
,&R,II’,N1— (

~
3*64_TX* IP4(5))/(C~—T~N4...))IF( • 0.0. .OR . 1Q.EQ.C) X (IB,IR.I,N)— X

6 J1aM— iJ 2 N
I F—N
I F ( I . N E . 2)  5010 8
41—N
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-

I 

- 

-

J2—N— 1
IF—N

• 8 CONTINUE
IF(AL(I8,IR,Ji J2).Ll.AL (TB,IR,M,N) .OR. 1.10.0.) GCTC 12
IF(IQ.EC.0) GOtO 12 4

F 42 N— 1
• iF(I.NE.2) 5010 i2

J1—M—1
• 12 APN AM*C’Y

C AA1 a—2.*(C—i.)*SIN (2.*S)*ANN*ANY2/C
- C AA2 —4.*IC—i .)*AK*ANY*AIN/C

C AA5aLC—1. )*AM* (CX—2.*AMN*ANY2)/C
- - C 4A3 4.*(C—1.)*ANY*AMN/C,A45

C AA4 —4.*IC— 1.)*ANY*AMN*CCS (S)/(C*SIN(S))
C AA 5—AK *AA5

IF(J.EC.2) GOlD 7 -

D0—X (IB,IR P N)—P (I LP) F
C WPIlE(6~47j1I MlNlL)LX (I8? IR,M,N),X(IB,IR,Ji,J 2),P(I,LP )C4711 F0RMATi1X,3I4,~ (~ X,t12.5;)D*L—AL(I8,IR,M,N)

11—0 4

- CALL F I N D ( K V 11M 118, 1R 1X ( j B , I R , J 1, J 2 ) ,Y ( I E , I R , J i , 4 2 ) , P 3 , N 3 )
DUaU(IC,ID,M~ ,N~ )+U (Ic,IC,M2,N2)D
~
—V (IC,1D 143,N3I-i’V (IC,IC,M2,N2)

• IF(IE.EQ.if DU—0.
I ~ - IF(IE.EQ.1) DV—0.

• MP—1000000.*(P(I,LP)—X (1e,TR,Ji,J2)) F
• 

- IF(MP.LE.0 .AND . T.NE.C.) WR ITE(6,1003) P,N,P(I,LPJ,X(I9,IR,J1,J2
• 1003 FCRMAI(]X,’P—X4E.3. :‘,2!4,2 (2X,E12 .5))IF(MP.Nt.C) GOTu 3

IF(T.NE.O. .ANO. IQ.NE .C) GOTO 3
F ~

- 01=0.
H GCTO 2
I i  3 Oj= (AL(1e,IR,M,N)—AL (Ie,IR ,J1,J2))*co

01—01/(-4.*OAL*(P(I,Lp)—X (IB,IR,Ji,J2)))
IK=3
IF (TKK.EC.1) WRITE(6,i002) M2,N2,TK,00,Dl,CU,DV,DAL

2 D2—A1*AK*AM*DO/DA L
D!=—AM*(AK*D0)**2/(4.*CAL)

I •

D5—D3*D4
D6 AK*AK*AM*P$t (I8,IR,JFI,J2)*00/OAI.
D7&V(I8,TR,P,NI~ Y(I9,IR,J1,J2 )
A (1,1)—1.+D1+D2-s03

- A (i,2)—— (C4+05)*I1
*11,3)—C S

RI(i)aU(!9,IR,Ji,J2)*(1.—01—O2—031—V (IB,IR,J1,J2)*C04—05 )*t1+C6
*12,1)—i.
*12,2)—C.

F A (2,3)a—2.*AM1/07—AI**M2
- RI(2)a_ (2.*AM]/07_AI*A142 )*G (IB,IR,J1,42)_U(I8,IR,J1,J2)

RI(2)aRI(2)+ (AM3*Ou+AM4*CV)*8I2I A(3,1)—0.
I *13,2)—i.

A 1 3 , 3 )—— 2. *AN 1/0 7—AI *AN2
I RI(3)a— (2.*API1/C7—A1*AN2)*G (I5,IR,J1,J2)—V (T8,IR ,J1,42)
I RI(3)aRI(3),(AN3*DU +AP44*OV )*EI2

NC—3
CALL SOLVE (NO1

1 .  U(IB,IR,N,N)—ES(l)
A 1 V (IB,IR,P,N)—ESC2
1 G (IB,IR P N)aE$(3

C7 PII V (I& IR N,N)—AI*AN2*G (I8 IR N NJ
• CYY PIIaP!I—IAN~*U (IC,I0,P2,N2)—A N4VIIC,1D,Iui2.K2))*EI2

• CYY pII—AA1~ pTt/ANt+AI’AA2.c (IB,tR P N)+A43$t IiC,1D,M2 N2)*E12
CYY PII*PII+(AA4*V (IC,rO,M2,N2)+AA~*AT*PSI(IC,IC,P2,N2h*EI2CYY ATaAK
CYY !F(AK.EC 0 I ATai.

- 
~YY ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

P~_~(IB IR,P,N)aPSUIC,IC,M2,N2)*EI2

- 20 ~ T2(~IIe,TR,M,N).v(Ie,IR,J1,J2) *C4.T1
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- •

PII— (PII+U (tB,IR,M,N)+t (IB,Iq,Ji,~ 2))*O.5*CCP51(18, 1R,P,N) PII+PSI ( IB,IR,J1,J~ )21 RETUR N •

END
CXXXXXXX XXXXXXXXX XXXXXXXXXXXX XXXXXXX XXXXE IXXXX )IXXXXXE SXXXXXXXXXXXXX XXX
C XXXXX X XX XXXX X XXX X X X XXXX XXXXXX X XXX XXX X XX X X X X XX XXXXXXX ~ X X X X X X X X X X X X X X X

SUBROUTINE GENU (IM 1IB,IR,M ,N,I,AK,AP)CCMPLEX*8 U V PSI,Ia,CYCXu,D2,o6,8~ ,CL,B2,CMCCMPLEX*8 A1,h
CCMPLEX*16 A,RI,ES
REAL*4 X,Y,AL,Z1,Z2,Z3,P,00,D1,C3,04,05,eO,81,83j4,$4,F1,F2

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
,Et, ~i

CCMMON ‘0(2,3 50 20f xi2,~ ~0 ~0),P(2 50) U(2 3 50 2C)FPSI( 2~3, 50, 26) ~~ 
2,F~, 5C 12~l) 1AL ( 2,3,56 ,2OhY (~ j ,S6

FQ(2,5o) ,CX (2),iN (2,50), iN21~~,50)

GENERAL STEP OF UNSTEACY FIELD

I KK—0
C IF(IR .EQ.2) IKK—1 .

IF(IKK.EC.1) WRITE (6,1002)
J 1 M
42—N—i
J 3—14—1
J 4—N
IF(I.NE.2) 5010 5
J1 N—1
J2 =N
43—H
44 N—i

5 DC—X (IB,TR,P,N)—X (IB,IR,41,J2)
DiaO.5*(AL (IB,IR,P,M)—AI (IB,IR,J1,J2))
D2 AT*2.*A K*AM*O0 F
D3~—0 .5*AM*tAK*DO)**2D4—AL(I8 IR M,N1+AL(I9,IR JI J2) -

DSsSQRT (AI(I5,IR,M,N)),~ C~jjAL(IB,IP,Ji,J2))!F(IKK.E0.1) WRITE (6,1CC1) M,N,*L (IE,IR,P,N),04,C0
06— (Dl+D2+C3)/04 -

A(1,1)=1.+D6
A (i,2) 2.*(i.—D3/041*I1/D5• RI (i)—U (IB,IR,J1,J2)*(1.—06)+V (I8,IR,Jj,J2)*11*2.*(1.+D3/C4)/D5
RI(i)a2.*A K*AK*AM*PSI (Ie,IR,J1,J2)*O3/D4,RI(1)
BC—X (IB,tR,P,N)—X (IB,IR,J3,J4)
81= (AL (IB,IR,M,N)—AL (!e,IR,Ji,J2)J*eo/(2.*0o)

I • B~~2.*AI*AK *AM*B0B3a—0.5*AM*(AK*B0)**2
84—1 /SQRI(AL(IB,IR,M P4))
B5a—6.5*B3*84/AL(18,If~,P,N)- - B6—0.5*(81+82+83)/AL(Ie,IR,M,N)
A (2,1)—1 .+B6
A(2 2)—— (84+85)*I1
Rt (~ )aU (IB,IR,J3,J4)*(1.—86)+V (T8,Ip,J3,J4)*I1*(—84+85)P1(2) PSI( IS, IR,J3,J4)*AM*BO*AK*AK/*L ( LB ,IR ,P ,N )+R! (2)

N0a2
CALL SOLVEINO )
U(I8,IR,P,N )—E$(i )
V (IB,IR,M,N)—E$(2)
CL—V (TB IR 41 J2)+V (I8,IR M,N)
CL— (UII~~,I4,Ji,J2)+U(l8,I~ ,M,N)—Ii*2.*CL,C5)*CC/2.CP (V(I8,IR,J 3,J41+V (18,IR,M,N))*84
CM— (U (IE,IR,J3,J4)+u( I8,IR,M,N)-s!I*CM)*80/2.

-
~~~ CI—PSI (I8,IR,Ji,J2)+PSI(1B,IR,J3,J4)+CL+CM

PS I( IB,IR,M,P41—CL/Z. -

• 1001 FCRMAT (3X,214,3 (2X,R8.3))
1002 FCRMAT (iX, ’GENU—EN TRY ’)RETURN

F END
C ~XXXXXXXXXXXXXXX XXXXXXX XXXXXXXXX XXXXXX)XXx XXXxxXxXXXxxxxxxxxx xxxxxxxx• CXXXXXXXX XXXX XXXXXXXXXXX XXXXXXX XXXXXX XXXXXX XX~~ XXX XX XX XxX XXXX xXx XXX XX X

S%BROUTINE RANOB ( IS, IP,P,N,I.)
~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~

• 
- -  
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PEAL*4 TX,TY7XX 1YY 1X1Y2*L 100201,04,05,ALD,03,p,XI 
•

• 
~CMI4ON/8A/ At 0 *N AID C1,AK i1Ir,IX TY,.IW,MA ,IC,ET,XX,YYcCMMON/BC/ Ti iz,1 B,âY~ X,D~YuX2,C~)iXU,*I,EI,t1CCNMON V (2,3 0 201 X (2,2 50 20),F(2 50) U(2 3 50 2C)

• COMPUTAIICN OF UNSTEACY BOUNOERY— FRCPE RTIES ON BCOY

XT—X (IB,IR, P,N)—XX
CALL BCUNDU (IM,IR,I8,XT,I,AK,L)• V (IB,IR,N,N)—OYOX U
41—N
J~—N—1 FIF(I.NE.2) GOlD 5
JI M— i
J 2—N

5 Q1 O.5*(AL(IB,IR, P2N )—AL (TB,IR,J1,J2))Du—X ( IB,IR,P,N)—X (i 8,tR,J~ ,J2) FD6—V(tB,IR,P,N)+V (I8,1R,JI,J2) •

D2~AI*AK*AM*D0*2. -

D3=—0.5*(A K*OO)**2*AM FDASAL (I 8,IR,M,N)+*L (IE,IR,J1,JZ)
P D5—SQRT IAL (IB,1R,M,N)).SCRI(AL (Ie,IR,J1,J2))

A— (D1+02+C3)/04 •U (IB,IR,P,N) (VIIS 2IR,M,N)—V (I8,IR,J1,J2))*11,D5• U (TB,IR,P,N) U (LB,IR,J1,42)*(1.—A )—2.*U(I8,!R,M,N) F
D—2.*PSI( TB, IR,J3. ,J2)—CC*06*I i/OS

• IJ(IB,IR ,N,N)—U ( IS ,IR,P,N )+AK*AK*AP*CO*C/C4
U (IB,IR,P,N)aU (IB,IR,M,N)/(1.+A )
CL—U (IB IR P,N)+U (IB,IP,Ji J2)—2.*C6*11/C5
PSI(IB,iR,~~,N)—PSI(1 8,IP,Jj,J2).0C*CL/2.RETURN; t  END

CXXXXXX XXXXXX XXXXXX XXXX XXXXX XXX XXXXXX XXXX XXXX XX XXX XXXXXXXXX xXx X xxX XX Xx
I 4 CXXXXXXXXXXX XXX XXXXXXXXXXXX XXXX XXXXXX XX)XX XX XXXXXXXXX XXX X )XXXXXXXXXXXX

SUBROUTINE CCNST1(L04,IP,1B,ALZ,C3,XF)
• CCMPLEX*8 L,V,PSI ,G,DYOXU

CCMPLEX~8 A1,EI
PEAL*4 X,Y ,AI1D1,D2,D31XF ,ALD, P,C3,TX ,TY,XX,YY,ALZ,X],Y1,X2,X3
CCMMON/BA/ ALu.1AM1ALDzc1,AK 111IP,1X11Y,I%~,PA,1C,ET,XX ,YV
CCMNON/BC/ Ti i2 i 8,uYLX,Dt1I..X2,CV~XU AI,EI,ilC OMMON ~~~~~~~~ ~o1 X (2,3 50 20),F(2,56) U(2 3 50 20)Fp5I (213,5O~ 29)1&(2,315o~ 26)1AL j2,3,fo,zc1,

-,(~~~~,5$3,2c ,

C 
FQ (2,5o),0Xi2,,i14 (2,5u),iN2 (~ ,5u)

F C DETERMINATION OF THE CONSTANT VALLE ALONG ThE CHARACTERISTIC
C

IF(IR.EQ.i .AND . jM.EC.1) GOlD 1
IF(iD .EC.1 .ANO. i.EQ.1) 5010 1
I KaO

C IF(IR.Gi.i ) 1K— i

tF (tR.EC.i) GOlD 2
IC— IR— 1

IC— I
2 CCP4TINUE

DC 3 J 3,20

IF(IC.NE.2) GOlD 4

• N J
4 X 1—X (IC,TD,M,N)

Y1 Y(IC ID M,NJ 
-

10-30- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• 01——Ii/SC~T (AL(IC,IO,N,NI)X2a(YY—Y1)/D1+X 1 S

X3aXP+XX
IF(X2.G1.X3) GOlD 5 *3 CCNTTNU!
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5 MaN— i
N—N— i
X 1~X (1C,1D ?PlN)—X (IC,1,2ti)CALL 8OtjPeDILu4,IC,IO,IP,LC,X1)
A~~~AL (IC,IC,M,NJ*.i.5.I1*C3*OyCx

I ALZ A LD
6 RETURN

END
CXXXXXX XXXXXXXXXXXXXXXX XX XXX XXX XXXXXX XX )XXXXXXX XXXXXXXXXX )XX XXX XXXXXXX
CXXXXXX XXXXXX XXXXXXXXXXXXXXXXXXXXXX XXXX XXX XXX XXX XXXXXX IXX )’XXXXXXXXXXXX

SIBROUTINE PRESS (AMY,IR,EP,LO2,AX,C)
CCMPLEX*8 U,V,PSI,G,DYCXU
CCMPLEX*8 A1,EI,PU
SEAL*4 TX, IV,XX,YY,X1Y1A L 1D11O2,D3,XP ,ALC,F 1C3,ALZCCMMON/ 8A/ AIO1AM1ALD1cI,AK 1I1IM, TXITY, I)~,PA,1Q,ET,XX,YYCCMMON/BC/ T3.,u2,t,8,I.VLX,D~YuX2,CVi~XU,AI,EI , iiCOMMON V (2,3~50,20),X(2,3,5o,20),P(2,5o),u(2,3,5c,2ç),FPSI(2t3,5O,2O),G(2,3,!0!2O)tAL(2,3,5Q,20),Y(2l3l50,~ O),FQ(2,5o),DX(~~),!M(2,50),aP42(z,5O),FX (2,30),F5(~~,~01,PU(2,3O)

CCMPUTA1TON AND OUTPUT CF THE PRESSURE — CCEFFICIEN1S
C ALONG THE CHOSEN BLADE
C P1—C PU , P5—CPS

Y N — EM
YM AMY*180./(4.*ATAN (1.))
I142—TM—2
DC 7 1=1,21( 10
DC 1 K—1 ,IR
K 3 2
TF (I.FQ.1. .AND. K.EQ.1I ((3*],
K 3 K +K 3
OC 3 J1 i,20
LI Ji+1
CALL SWITCH (LI,J1,P,N,!)
IF(K3.G7.IR) GOlD 10
L 11

I :  12—2
CALL SW ITCH(LZ,LI,Pi,N 1,I)
IF(X (i,K,M,N).GT.x(1,K3,Pi,Ni)) GCTC 6

10 D1zREAL(U(i ,K,M,N))**2.AIMAG(U (1,I(,W,N))**2
IF(Oi.E0.0.) GOTO 6

• 3 CCNIINUE
6 IF(J1.EQ.1) GOlD 1

41—41--i
1(i K1+J1
DC 4
L I—J2+1
CALL SWITCH (LI,J2,~ ,K,I)K !—J2+Ki—Ji
PS(I,K3)—2.*(AL.( 1,K,N,N)—ALO)/(C1*AM)

I , PU(I,K3)a—2.*(U(1,K,M,N )+AI*AK*P5I(i,K,M,I4))
4 PX(l K3)—X (],K,M,N)
1 CCNI!NUE -

7 1N2(I,1)—K1

OUTPUT
C

WRITE(7,1015)
IF(1O2.EC.0 ) wRITE (7,996)
IF(102 EC.1) WRITE (7,95!)

• w pty~ tf,ini 6~ YM,~ M2
WR!t!(7,!~ø1i A1 (,4~~~C,8,h1WRITE(7,1010
W P TIE (7, 301 3.
DC 8 1—1,2
IFII.EQ.2) WRIl~ (7,1001 ) AK,AX,C,8,T2F IF(I.E0.2) WRIT~ (7,1012IF(T.EQ.2) b~RITE (7,101iK IN2( 1,1)
DC 9 J 1,K

H 1.50

-V - -

~~‘~~~1r 
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LtaJ+1
CALL ~WIICH (LI,J,M,N 1I)9 WRITEi7,1013) N,N,PXII,J),PS(I,J),PU(I,J)

8 WRITE(7 1014)
995 FCRMAT (jX,/,1X, ’PL.UNGE — MODE’,!)
996 FCRMAT (1X,/,1X,’PITCH — MODE ’,!)• 1001 FCRMAT (1X,//,1X ,’W*C/U ‘,F7.5,’, N— ‘,F5,3,’, K— ‘,F4.2,

F’ 8/C— ‘,F4.2 ‘, T/C— ‘ F6 .4,///I)
ifl’O F~ RMA T (1X,’FR~~ cUR f—CCEP~ !CIENTS IPPER SURFACE :’ 1/)iOu FCRMAT (2X,’PO!N~ ’ 4X ‘X’ 8X,’CP~ ’,8X ‘RCPU ’ 8X,’ICPU’,/)
1012 FCRMAT (1X,’PRESSUI~E—~ OEF~ 1CIENTS LC h~R SURFkE:’,//)1013 FCRMAT (1X,12,’,’,12,4X,F5.3,3(2X,EiO.3))
1014 FORMAT (//,1X,’***************************************************F,// )
1015 FCRMAT (1h1)
1016 FORMATIIX,’PHASE— ‘, F 7 .2 ,’ / ‘,12,’. BLADE’)

~~~URN
CXXXXXXXX XXXX XXXXXXXXXXXXXX XX )XXXXXXX XXXXXXXXXXXXXXXXX XXXXX XXXXXXXXXXX
C X X X X X X X X X X X X  XXX X XXXX X X X X X X X X X  X X X X X X X X X  X X XX XXX X X X X X X X X XX X X X XXXX X XXX X X X

SUBROUTINE SWITCH (J,K,~~,N,t )C INDEX — SWITCH
• P4=4

N—K
IF (I.NE.2) GOlD 1
H—K

F ;  P4*4
1 R ETURN

ENDC X X X XXXXXXXXXXXXX XXXXXXX X X X X X X X XX XXXX X X X X X X XXXXXXXXX XX XX X X X XXXXX XXX XXX
C 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 X X X X X X X X X E C X X X X X X X X X X X X X X X X X X X X X

SIBROUTIN! SOLVE (N)
I~ CCMPLEX*16 S C X
I CCMMOP4/SCLI

C SCIVE GIVES THE SOLUTION FOR A CO~ PLEX SYSTEM OFLINEAR ECUATIONS G*X—C
T K K — 0
!F ’I K K . N E . i)  GOlD 2
WPITE(6,lOOi)
0d M—i N

1 WR1TE (6,j000) (G (P,L),L—1,N),C (P)
2 MN—N—i

DC 10 N i,MN
KaM+j
DC 10 J—K,N
Q (N,J1aC• (M,J)/G (M,N)
iF(M.~ Q.1) GOlD 14

DC 13 La1,MA
13 G (M,J)—G (N,J)—GLM,L)*G (L,J)/G(M ,N)
14 CONTINUE

DC 15 Lal ,M
15 5(4 K)—G (J,K)—G (L,K)*G (4,L)
10 CCNfINUE

C (1)—C (1)/G(1,1I
DC 2 1 2,N
CII aC( I)/ G( I , I)
NAa — 3 

-12 I C ( T  G ( I , M)* C ( M) !C( I , I )
X ( N ) — C ( N )
DC 11 I—1,M N J

• NA—N—I -

X ( NA )aC ( NA ) • •

N e-NA+i• DC 11 J NB,N -

31. X (NA)—X (NA)—G (NA,J)*X (J)• 1001 FCRMAT (1X,’SOLVE— ENTRY:’)
1000 FCRNAT( 1X , 1C(2X, EIO.3 ) )

RETURN
• END

C 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 E ’ 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 X X X

- 
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