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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

*• TECHNICAL NOTE 2715 

THE THEORETICAL CHARACTERISTICS OF TRIANGULAR-TIP 

CONTROL SURFACES AT SUPERSONIC SPEEDS 

MACH LINES BEHIND TRAILING EDGES 

By Julian H. Kainer and Mary Dowd King 

SUMMARY 

By means of linearized theory, generalized expressions in closed 
form have been obtained for the characteristics due to control-surface 
deflection (CLS, CIQ,     Cm5, and Chg) and due to wing angle of 

attack (Cha) for wing plan forms having triangular-tip control surfaces 
at supersonic speeds.  The analysis considers wing trailing-edge sweep, 
control-surface geometry, and Mach number for the deflection charac- 
teristics. For Cha the effects of wing leading-edge sweep and aspect 
ratio are also included. The analysis is limited to configurations 
where the trailing edges are supersonic and where the innermost Mach 
line from the leading edge of the control-surface root chord does not 
intersect the wing root chord. 

Charts are presented for the deflection characteristics for con- 
figurations having the sweep of the wing and control-surface trailing 
edges equal and for the location of the hinge line for balanced con- 
trols.  Tables of calculations are given for configurations in which 
the wing and flap trailing edges are unequally swept. 

The results of the analysis show that the effects of wing trailing- 
edge sweep on CL&, Cj , and Cm  are more significant than the effects 

of control-surface trailing-edge sweep (c^    is not affected by the wing 
trailing-edge sweepJ.    Aileron reversal may occur for certain conditions 
when the control-surface leading edges are subsonic. Maximum rolling 
moments are obtained for control surfaces having supersonic leading edges. 

INTRODUCTION 

By means of linearized theory, generalized expressions have been 
developed for the stability derivatives of a wide variety of wing 
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configurations at supersonic speeds (references 1 to 10). With the 
rapid development of supersonic aircraft and missile configurations, 
much interest has been focused on the problem of control.  Several 
papers have been published (references 11 to Ik)  which present expres- 
sions for the theoretical control-surface characteristics of specific 
wing - control-surface configurations. By means of linearized theory, 
the present analysis extends these investigations by considering the 
effects of Mach number and geometry on the theoretical supersonic char- 
acteristics of a wide variety of configurations having triangular-tip 
control surfaces. 

The present paper considers both subsonic and supersonic wing and 
control-surface leading edges but is restricted to cases in which the 
trailing edges of the wing and control surface are supersonic. Atten- 
tion is given to configurations where the control-surface and wing 
trailing edges are swept both equal amounts (hereinafter referred to 
as the basic configuration) and unequal amounts. In addition to the 
inherent limitations of the linearized theory, the assumption is made 
that the innermost Mach line from the control-surface leading-edge apex 
does not intersect the root chord of the wing. The results are appli- 
cable to configurations having sweptforward or sweptback leading and 
trailing edges. 

The results are presented in the form of equations for the evalua- 
tion of CL&, C2&, Cjng, and Ch5, charts for the rapid estimation of 

these quantities for the basic configurations, and tabulated calcula- 
tions for configurations having unequally swept trailing edges.  In 
addition, generalized equations are given for the evaluation of Ch . 

A specific illustration is presented for a wing configuration having 
equally swept subsonic wing and control-surface leading edges. 

SYMBOLS 

Free-stream conditions: 

V velocity 

M Mach number 

H Mach angle (sin-1 - ) 
\    M/ 

{v2 
ß = VM£ - 1 

mass density of air 
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* 
q. 

A 2\ dynamic pressure ( —pV 1 

V 

Wing geometry: 

\     S 

b/2 semispan including flap span (h]_ + bf) 

*1 distance from wing root chord to control-surface 
root chord (considered as wing semispan) 

cr root chord 

A leading-edge sweep, degrees 

A3 trailing-edge sweep, degrees 

m = cot A 

mo = cot An 

a angle of attack in stream direction, radians 

Control-surface geometry: 

•V 
bf span 

■* Cfr root chord 

A]_ leading-edge sweep, degrees 

A2. trailing-edge sweep, degrees 

A^E trailing-edge sweep of basic configuration, degrees 

(ATE = A2 = A3) 

m^ = cot A]_ 

m2 = cot A2 

mjTg = cot ATE 

SJ area 

Af aspect ratio (bf /Sf) 

5 deflection angle in stream direction, radians 

x^ hinge-line location 
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fr 

(xh')B xh' for balanced control surface 

M arbitrary moment of area of control surface 

Parameters used in analysis: 

x> y Cartesian coordinates of system of axes with origin 
at leading edge of wing root chord 

xa> ya Cartesian coordinates of system of axes with origin 
at leading edge of control-surface root chord 

x> y coordinates of center of lift of infinitesimal lift 
triangle 

— 1 

x normal distance from center of lift of infinitesimal 
lift triangle to hinge line  (x - xh) 

t = ^ 
x 

+ _ ßya ta " xT~ 

S' area of integration 

0(x,y) velocity potential 

Forces and moments: 

L lift 

L' rolling moment 

M' pitching moment 

H hinge moment 

CL lift coefficient  (L/qSf) 

c2 rolling-moment coefficient (L'/qbfSf) 

cm pitching-moment coefficient  (M'/qcf Sf) 
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> 

(CL5)f~ 

Ap 

Formula parameters: 

A1} A2,   . '. •, A5 

hinge-moment coefficient \9B./2qbfCf ^j 

lift-coefficient derivative excluding lift induced 
on wing "by control surface 

pressure differential existing across surfaces of 
flat plate 

Bl> B2> 

R 

V 

•> B9 

Ql -  m2ß^) 

Subscripts: 

S and a 

f 

0 

>. functions of wing and control-surface geometry, 
defined where used 

J 

complete elliptic integral of second kind with modulus 

,«/2 
k = N/1 " ™f>   (f*2J- 1 - k sin z dz 

refer to partial derivatives of each coefficient 
with respect to 5 and a, respectively; for 

example, Ch = —- (Ch) 

refers to control surface 

refers to an origin located at root-chord leading 
edge of control surface 
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ANALYSIS 

Scope 

The present analysis, based on the solution of the linearized 
equation for steady supersonic flow, employs the methods of references 15 
to 20 to derive expressions for the control-surface characteristics due 
to deflection CL&, C2&, C^, and Ch& and due to wing angle of 

attack Cha. This investigation includes both subsonic and supersonic 

leading edges (fig. l) but is restricted to wing - control-surface con- 
figurations having supersonic trailing edges.  In addition to the funda- 
mental limitations of the linearized theory, the assumption is made that 
the innermost Mach line emanating from the root-chord leading-edge apex 
of^the control surface does not intersect the root chord of the wing 
(fig. 1). Furthermore, the gap between the deflected control surface 
and the wing is assumed to be completely free of leakage (thus effects 
beyond the scope of linear theory are not considered; see reference 19). 

Basic Considerations 

The deflection characteristics (cL  .    Cz  ,    Cm , and Ch„) and 

the characteristic due to wing angle of attack (C^  ) can be derived 

when the respective lifting-pressure distributions are known. The 
linearized lifting-pressure-coefficient distribution is given by 

where 0(x,y)  is the perturbation velocity potential on the upper sur- 
face of the control surface. This potential due to control-surface 
deflection may be determined by the use of references 15 to 17 or may 
be obtained directly from references 19 and 20.  As a consequence of 
the use of linearized theory, the wing is treated as being at zero angle 
of attack and, hence, the pressure distributions for the deflected con- 
trol surface (table I) are independent of wing geometry. 

The pressure distributions due to angle of attack in the vicinity 
of the wing tip are derived for configurations in which the control- 
surface and wing leading edges are unequally swept (fig. 1). These 
pressure distributions (table II) have been derived by means of refer- 
ences 15 to 18 for both subsonic and supersonic leading edges. The deriv- 
ations of the pressure distributions for the configurations having super- 
sonic wing and control-surface leading edges are straightforward; whereas 
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for the configurations having subsonic wing and control-surface leading 
edges, an approximation (in which the effects of the secondary Mach 
reflections are essentially neglected, reference 18) to the exact line- 
arized tip velocity potential is applied.  This approximation reduces 
the integration of the disturbances in the forecone (OBPE) of a point x,y 
(fig. 2) to an integration over the parallelogram. (APCD). Eward 
(reference 18) has shown that, for certain limiting cases, the paral- 
lelogram representation reduces to known exact linear solutions; how- 
ever, it is approximate for the cases where the Mach lines lie ahead 
of the leading.edges. As the angle between the Mach lines and the 

leading edges decreases fm-^-j, the error in the approximation approaches 

zero. More detailed information regarding the approximation may be 
found in reference 21. 

Eward (reference 18) compared the pressure distributions on a 
thin pointed wing derived by the approximate and exact linear solutions 
for the velocity potential and observed that they differed only in the 

k 
constant of proportionality. The error between the constant K = 

± n(l + mß) 
of the approximate linearized solution and  of the exact 

E(7l - m2ß2) 
linearized solution increases from 0 to about 27 percent as the com- . 
ponent of Mach number normal to the leading edge (mß) decreases from 1 
to 0. When the approximate solution for the velocity potential is 

modified by replacing K by     1  ——. the result reduces to the 
E(V1 - m2ß2j 

exact linearized solution for the limiting case m = m^ (note also 

that K and —- are identical at m = ±).    Although there 

E(/l - m
2ß2) ß/ 

is no guarantee that such good agreement may be expected for all con- 
ditions (mi j4 m), the modified solution will be used herein to obtain 
cha- For a more thorough discussion regarding the constant of propor- 

tionality, see reference 18. 

Derivation of CL&,  C2&,  C^, C^/and C^ 

The general forms of the expressions for the characteristics due 
to control-surface deflection and wing angle of attack are 
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C^-^-JsJ^^ (3) 

Cms = -TTV  f     A^' W ^ Cf Sf JgiJ       qS 

J.r 

Ch, = - ^4-? /     / *' ^ öS* (6) xa 2bf cf ^ JSf J qa 

where the integration includes the region of induced lift in addition 
to the control-surface area for equations (2) to (k)  and includes only 
the control-surface area in equations (5) and (6).  The factor by which 
the hinge-moment coefficients were made nondimensional includes the 
root-mean-square chord of the control surface. 

Since the pressure-coefficient distribution due to control-surface 
deflection Ap/q is conical (see table I), the integrations indicated 
by equations (2) to (5) may be conveniently accomplished by means of 
polar integration. The details and limits for polar integration are 
presented in figure 3, and the resulting generalized equations and 
specific cases are presented in appendix A for the subsonic and sonic 
leading edges and in appendix B for the supersonic leading edges. 

The form of the pressure coefficient due to wing angle of attack 
Ap/q is conical for the supersonic leading edges (table II), and 
hence, polar integration is also applicable in this case.  (See appen- 
dix C.) However, due to the nonconical form of Ap/q in the tip region 
for the subsonic leading edges (table II), integration is performed in 
Cartesian coordinates in appendix D. 

Control-Surface Parameters 

The rolling-moment- and pitching-moment-coefficient derivatives 
have been obtained about the axes of a Cartesian coordinate system 
located at the leading edge of the control-surface root chord (fig. 3) 
and may be transferred to any convenient reference axes by means of 
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C7 * = C7c + — Cr (7) 
*5    45  bf 

LB 

2X 
Cm '* = Cm     +   CT (8) ' m5    m5   Cfr 

L5 

where the asterisked quantities in equations (7) and (8) refer to the 
transferred quantities and X and Y represent the horizontal and 
vertical distances between the present axes and the desired ones. 

The hinge-moment coefficients were made nondimensional by dividing 
the hinge moment by the moment of area of the entire control surface 
which incorporated the control-surface root-mean-square chord. If 
these coefficients are to be referenced about another moment of area, 

2 
2bfcf * 

then the coefficients given herein are multiplied by the ratio 
9M 

where M is the new moment of area. 

Since the hinge-moment coefficients are linearly dependent upon the 
nondimensional hinge-line location x^'/the results are presented in 

terms of the hinge-moment parameter about the origin (independent of 

xh')  l^ha 5)0 
an<^ ^ae  momen"t of lift on the control surface (QT  g)*; 

where C>,    means C-u  or C>,  and (Cj        }  means /CT ^  or na,6        üa      hb \ La,bJf \ Lajf 

(^LR)-P' ^he assembled hinge-moment coefficient is 

V» = CV«Do + *»'(%>,& (9) 

For a balanced control surface, Cv,  R must be zero and hence the loca- '     lla} o 
tion of the hinge  line for this  condition is 

■  face, 5)0 

N,0f 

•kche lift referred to includes only the lift on the control sur- 
face and excludes the lift induced on the wing by the control surface. 
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It should not be assumed from equation (10) that the "balanced 
hinge-line location is identical for control-surface deflection and 
wing angle of attack.  On the contrary, this condition is difficult to 
incorporate in the design by virtue of the many geometrical variables 
affecting the quantities on the right-hand side of equation (lO). How- 
ever, the. location of the balanced hinge line for a configuration in 
which the wing is at an angle of attack a and the control surface at 
an angle a + S may be obtained by applying equation (9) for 6 and 
for a and writing the results in the form 

Ch - [(Ch&)0 + (CL5)fxh*]5 (11) 

and 

Cv, = h = |(Cha)o + (CLa)fXh! 
a (12) 

where xh* is the desired balance location.  If equations (11)- and (12) 
are added, the resulting expression gives the hinge-moment coefficient 
of a plan form in which the wing section is at an angle of attack a 
and the control is deflected at an angle of a + 5. If this result is 
set equal to zero (that is, the new configuration is balanced), 

^  (%)o + (cOo I , A xh* =   (13) 

Wf+ (cOf I 
When a/5 is zero, equation (13) yields the hinge-line balance position 
for deflection obtainable from equation (lO), and, when a/5 is infinite, 
the corresponding position for angle of attack is obtained. 

RESULTS AND DISCUSSION 

Appendixes A and B present the details and resulting expressions 
for the control-surface deflection characteristics for configurations 
having subsonic and supersonic leading edges, respectively. The formula 
numbers from appendixes A and B for the expressions developed from 
equations (2) to (6) corresponding to every possible combination of the 
control-surface parameters (mqß and m2ß) and the wing parameter (moß) 

within the scope of the present paper are presented in table III for 
convenient reference. 
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The details and formulas for C^    are presented in appendixes C 

and D for supersonic and subsonic leading edges, respectively. These 
results include the effects of wing leading-edge sweep and aspect ratio 
as well as Mach number and control-surface geometry. In addition, an 
illustrative calculation is presented in appendix D for the case where 
the control-surface and wing leading-edge sweeps are equal. 

Design charts are presented for the deflection characteristics for 
the basic configuration (a configuration having equally swept wing and 
control-surface trailing edges) in figures h  to 8. Figure 9 is a plot of 
the location of the hinge lines for balanced deflected control surfaces. 
Calculations for configurations in which the wing and control-surface 
trailing edges are unequally swept are given in table IV. 

Analysis of the calculations presented in table IV for deflected 
controls when either the wing or control-surface trailing-edge sweep 
is held fixed while'the other is varied indicates that more significant 
changes in CL5, C^, and Cm& from the basic values occur for varia- 

tions in wing trailing-edge sweep than for similar variations in the 
control-surface trailing-edge sweep. 

A study of figures k  and 5 suggests the use of slightly swept 
supersonic control-surface leading edges in order to obtain greater 

' lift and rolling-moment coefficients. When 'structural requirements 
demand the location of the hinge-line balance position (for deflection) 
in the vicinity of the midchord, the control-surface trailing edges 
should be either unswept or slightly swept forward and the leading 
edges should be swept back (fig. 9(b))*  Generally the center of pressure 
of the hinge forces for angle of attack is to the rear of the position 
for the deflection-alone case. The value of (x^1^ (fig. 9) for 
deflection may be moved rearward by decreasing the sweep of the control- 
surface trailing edge or increasing that of the control-surface leading 
edge, the latter being less critical than the former. Due to the many 
variables (wing and control-surface geometry) affecting (xh')B for 
angle of attack, it is suggested that, for a specific configuration, 
the effect of any change in the control-surface geometry on (xh')B be 
investigated and the result compared with the value for deflection. 
However, it is pointed out that for a configuration having supersonic 
wing and control-surface leading edges where the Mach wave from the wing 
root-chord apex does not intersect the wing tip, the value of (x^'k 
for angle of attack is merely a function of the sweep of the wing and 
control-surface leading edges and the control-surface trailing edge. 
For this case, a short trial-and-error method of obtaining a better 
value of the wing leading-edge sweep than the given value may be used 
to obtain a value of (xh')B for angle of attack which may be more 
satisfactory. 
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Another reason for choosing supersonic control-surface leading 
edges is to prevent the possibility of aileron reversal (see fig. 5) 
inherent under certain conditions for subsonic leading edges. 

In the preceding discussion the role of the wing trailing-edge 
sweep in the design of controls was not specifically mentioned.  Since 
the results in figures k  to 8 are for basic configurations, the wing 
trailing-edge sweep n^ß had the same value as the control-surface 

trailing-edge sweep n^ß.  In an actual design problem where the wing 

trailing-edge sweep is known, a basic configuration is not necessarily 
desired since this restriction could fix the control-surface leading- 
edge sweep at some undesirable value. . However, if the wing trailing 
edge is swept forward slightly, such a basic configuration probably 
would be desired. If the basic configuration is not the desired one, 
design would proceed as follows (consider ß = l): 

(l) For low values of sweepforward of the control-surface trailing 
edge m2, C^g does not vary much with supersonic leading-edge sweep. 

However, a few investigatory calculations with different values of m2 
and mi (constant m^) may be desirable, where 

1        1 mi =.. 
1,2       2cf 
m2  Af  ^ + 2   bf 

(2) Having obtained the control-surface geometry (wing geometry 
known), the locations for balanced hinge lines (xh')B for deflection 

and for angle of attack are obtained from equation (10). If these 
values are acceptable, no problem is anticipated in locating the hinge 
line. However, if the travel of the hinge-line balance is greater 
than desired, the method of reducing the travel should be dictated by 
the positions of (xh')B for deflection and (xh')B for angle of attack. 

If the value of (xh')B for deflection is more forward than desired, 
it may be moved rearward as previously described, and if the value 
of (xh');B for angle of attack is unreasonably rearward, a systematic 

trial-and-error method involving wing geometry is suggested. 

CONCLUSIONS 

By means of linear theory, generalized expressions in closed form 
have been obtained for the characteristics due to control-surface 
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deflection (CL§,    
cl§>    Cmg, and Ch§)  and due to wing angle of attack 

(Cft \ for wing plan forms having triangular-tip control surfaces'at 

supersonic speeds. 

Charts are presented for the deflection characteristics for basic 
configurations having the sweep of the wing and control-surface trailing 
edges equal and for the balanced control-surface hinge-line locations. 
Tables of calculations are given for configurations in which the wing 
and control-surface trailing edges are unequally swept. From these 
results the following conclusions are made.: 

1. The results of the analysis indicate that characteristics are 
not greatly affected by varying either the wing or the control-surface 
trailing-edge sweep; however, a change in sweep of the wing trailing 
edge will affect CL ,    cl^>  and- Cmp, more significantly than a corre- 

sponding change in the control-surface trailing edge (Ch*.    i-s  no't affec- 

ted by the wing trailing-edge sweepJ. 

2. The leading edges of the control surfaces should be supersonic 
in order to obtain the largest possible rolling moments and to prevent 
the possibility of aileron reversal inherent under certain conditions 
for configurations having subsonic leading edges. 

3. Unswept or slightly sweptforward control-surface trailing edges 
combined with sweptback leading edges are suggested if the hinge-line 
balance position for control deflection is to be in the midchord vicinity 
of the control-surface root chord. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va., January 25, 1952 
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APPENDIX A 

GENERALIZED AND SPECIFIC FOEMULAS FOR CL&,  CZ ,  Cm_, 

AND Ch5 FOR SUBSONIC AND SONIC LEADING EDGES 

The generalized formulas for the derivation of the characteristics 
CL5^ cl§}    Cmg, 

and- ch5 for subsonic and sonic leading edges are: 

8/m1ß(ni2 - m-Jß 
n 

s 10112(1 + m1ß) 
nw 

ta=miß   ^_^ 
2    / / 1 + t: 

dt 
a a 

ta=o    'miß - *» feß - 0! 

m- 

rta=0         
2   r        / 1 + t£ dts 

W riß - *a (m3ß _ ta)2_ 
(Al) 

2o2 

CZ? 

l6(m2 - mi) ß 

3jtm2
2|/m1ß(l + m1ß)   

ni2 
iß 

3    /    *     / 1 + *a ta 
dta 

0 [m1ß - ta (m2ß  -  ta)" 

+ 

-.0 
m33 1    +     to to.     dt; a °a u^a 

'.iV-iB-^^p.iOi 
(A2) 

Jm= 
l6|/m-|_ßnii2 - m-jjß£ 

m2 
^miß n~ 

3   /    ~     / x + ta ate 

3^2(1 + *iß)     [_     J0       Vmlß " *a (^p _ ta)3 

0 
1     +     tc dt 

m-. 
a 

-lVmlß - ^(m3ß- ta)
: 

(A3) 
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Ch? 

6^m2_ßiH2vm2 ~ ml)ß -^ß 
2m2ß 

1 + t= dt. a 
«(1 + mlß)     |_   ^0    ymiP - ta ^ _ t^3 

mi 

3 V 
1 + t= dt. a   , 

0  Vmiß - *a (m2ß _ tay 
(A4) 

For the basic configuration fni? = mo = H^E)' the formulas for the 

characteristics resulting from equations  (Al)  to   (Ak)  are: 

CH = 
kJmjmjt E- 

/("TE  - ^(^EP + 0 

CZ? 

2mTE^3m]_i&[iEß + 4m]_ - m^) 

3(mrEß + l)|/(mrE - mj^ß + l)mx 

2^m3_mTE
2(4niTEß - m1ß + 3) 

-mB 

$\(™m ~ *I)(*EE3 + lj] 
3/2 

(A5) 

(A6) 

(A7) 

% =  (Ch5)o + Xh*(CLB), 
(A8) 

(Ch5)o = - 
Sm^j;^ 

jt(l + m1ß)(mTEß + l)(mi - iipj,) 

m- 1mTEß + 2m2_ - J+mTE ß - Sm^" 
+ 

""TE 

(l + m1ß)(m1ß - lt-m^jß - 3)AI 

2/^TE " ml)(n»iEß + l)ml 

(A9) 
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where 

A^ = -K + tan" 
mlMjEß + 2ml ~ ^TE 

2y(S:E - ^(^E*
3
 + i)mi 

(A10) 

{    ^f      «(1 + mlß) 

(l + m^Ai 

"'TE 
2V(inTE " ml)(ttTE|3 +  O"1! 

(All) 

For configurations having 1 < [m2ß| < 00 and 1 < jmoß| < 00, 

1 < |m2ß| < 00 and m^ß = 1, m2ß = 1 and 1 < |moß| < 00, or m2ß = 1 

and mßß = 1, the formulas for the characteristics resulting from 
equations (Al) to (Ak)  are: 

'L& 

where 

Qmi(mi - ^2) )     m2 

■rtm2U- + miß) ml ~ m2 

(l + miß)A2 

m<- 
2/(m2 " ml)(ni2ß +  ^)ml 

m- 

ml " m^ 

l 0 + mlß)A
3 

m- ! 

2/^m3 - m^m^ß + l)mx 

(A12) 

A t J_ -1 A2 = p" + tan 
m^n^ + 2m~L - m2 

2/(m2 - ml)(^ß +  I)*]. 

(A13) 

and 

Ao = tan -1 m^moß + 2m-j_ - mo 

2v(m3 " mi)(m3^ + l)mi 

■a 

2 
(AU) 
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'lb 
Kmi - m2)' HI2- 

3rm2
2(l + miß) |^mi _ m2)

2(m2ß +  l) 

(l + m1ß^3m1m2ß + km1 - mgVg 

2/(m2 " ml)(m2ß + *)ml 

Sm^nigß + 2m1 + m^ 

mp 

m.-. 

(n^ - m3) (m3ß + l) 

Smjmoß + 2m1 + m. 
+ 

m- 

(l + m1ßV3m1m2ß + km1 - m,V, 

7(m3 ~ mi)(m3ß + l)*! 

(A15) 

jm5 

^ml(mI - ^2)   J nip^ 

3^2(1 +'miß) I . A2/    n \ 
(ml - ^J Cm2ß + U  

2m 2 + n^nigß - km2
2ß -5^ 

m^ 

(l + miß) (miß - 4m2ß - 3)A2 

2]j(m2 - m-^ß +  l)mi   _ 

m- 3 

(mx - m3) (n^ß + l) 

2m 1 + m-jm^ß - kmo ß - 5mo 

m3 

(l + m1ß)(m1ß - 4m3ß - 3)A3 

2|/(m3 " ml)(m3ß + 1)mi 

(Al6) 
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C\)o 
3m-]m2

c 

it(i + n^ß^fn^ß + lVmi - ^2) 

2m-j_ + m^n^ß - ^m2 ß - 5^ 

m2 

(l + m1ß)(m1ß _ 2im2ß - 3)A2 

2y(m2 _ i^) (m2ß + l^mjL 

(A17) 

(%)l 

l8m 1m2 

jt(l + miß) 

(l + m1ß)A2 

m2 
2^m2 - m1)(m2ß + l)m1 

(A18) 

For configurations having 1 < jin^ß | < 00 and moß = 00, the formulas 

for the characteristics resulting from equations (Al) to (A4) are: 

8m- l(ml - m2) j V 
JS  jtm2n. + miß) m-i - m2 

!       (l + m!ß)A2 
m2 

2/(m2 " mi)(m2ß + 1)ml 

+ • 

1 + 
(l + m1ß)Ai+ 

2^ß 
> (A19) 

where 

k\ =  -2 tan (A20) 
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Ch 
mg-^ k(m± - mr>y 

3nm22(1 + mlß)  I(mi - m2) (mgß + l) 

3mim2ß + 2m-]_ +' ni2 

mc 

(l + m1ß)(3m1m2ß + km± - m2)A~ 

2/(m2 - ml)(m2ß +  i)*! 

3miß + 1 + 

(1 + m1ß)(3m1ß - l)A4 

2/m1ß 
(A21) 

-m8 

kmfa - mg)   J m2- 

3jmi2(l + miß) 

2m1 + m1m2ß  -  W> ß -  5m2 

(mi - ^) (^ß + 1)L- 
L 

m2 

(l + m1ß)(m1ß  - ita^ß - 3) A 

2/(m2 ~ ml)(m2ß + Vml   — — 

2                      (l + m1ß)Ai, 
+ 22 + ^ rLt-Jt 

miß 
(A22) 

Os)o - 
3m-im, lm2 

n(l + m1ß)(m2ß + l)(mi - 11^) 

Pm 1 + m-Liiigß -  W)  ß  -  5m2 

+ 
m^ 

(l + miß) (miß - ifmgß - 3^A£ 

2^/(m2  " ml)(^ + !)^i 

(A23) 

(%): 

18m-, m, lm2 

n/l + miß) 

(l + miß)A2 

m2 
2/(m2 " m^^ß + l)m;L 

(A2+) 
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For configurations having nigß = °° and 1 < |moß | < ~ or m2ß = °° 

and rn^ß = 1, the formulas for the characteristics resulting from- 

equations (Al) to (A4) are: 

CU 
8mn 

jt(l + m-]_ß) 
1 + (l + m1ß)(A^ + n) + 

m- 

ml " m^ 

-,    C1 + miß>3   il 
mo j —   /" 

2/(m3 " ml)(m3ß + ^)mi 

(A25) 

4 
'Zfi = 

3n(l + mxß) 

m33 

3*-^ 
(l + m1ß)(3m1ß - l)(A^ +  rt) 

2/m^ß _ 

Sm^oß + 20^ + mo 

(m-^ - mo) (moß + l)'— m3 

(l + m1ß)(3m1m3ß + km± - m^   ^ 

2v(m3 " ml)(m3ß + l)ml     _ 

(A26) 

ä 

-/mR - 2 + 
3*(l + m1ß)  I    _ 

3 m- 

(l + m1ß)(Aif +  n) 

\/m1ß              _ 

m^moß + 2m-j_ - it-mo p -  5m3 

(ml - m3) (m3ß + 0 

(l + miß)(miß - km^ß - 3)A^ 

m- 

2^m3 - m-^n^ß + ^m-L 

(A27) 
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Wo = "  „(! + miß)[^ + 
(l + m1ß)(Ai); + n) 

l/miß ■ 
(A28) 

(CL5)f - - If h5) 0 (A29) 

For configurations having    m2ß = 00    and   moß = 00, the formulas for 

the characteristics resulting from equations  (Al)  to  (A4)  are: 

'LB =Vf (A30) 

C7     = 
2(3mxß - l) 

Sßl/mnß 
(A3D 

^m? 
8 Pi 
3 V ß 

(A32) 

\     ' it/1 + rn-^J 
2  + 

(l + miß) (A^ + it) 

T^ß 
(A33) 

(CLB)f -  " |(ch&)o (A34) 
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For configurations having m2,ß = 1 and moß = 00, the formulas for 

the characteristics resulting from equations (Al) to (Ak)  are: 

= ftqfr - mlß)   I       1 

n(l + m±ß\     |l - n^ß 

where 

(l + mj_ß)A^ 

2Vfem1ß(l - mxß) 2ym7ß 

A5 = ^ + tan"1 
3mxß - 1 

2|/2m1ß(l - mxß) 

(A36) 

'*6 

k(m±ß  -  l)2    J 1 

3nß(l + mxß)    2(miß -  lf 

(l + m1ß)(7m1ß - I)A= 
5mLß +  1 + , 
  2/2m1ß(l - mxß) 

3miß 
(l + m1ß)(3m1ß - I)A^ 

2/mp 
(A37) 

'IBs 
HC1 - miß) 
3*(l + miß)   *Wl - n^ß) 

< 
r              .       (l + miß) (7 - m1ß)A5 

5(3 - mxß) + i x ' v x y-2 

2^m1ß(l - n^ß) 

2 + 
(l + m1ß)AiJ. 

\ß$      _ > 

(C*o)o 
3mn 

2«(l - mi
2ß2) 

3(3 - mxß) + 
(l + mxß)(7 - m1ß)Ae 

2^miß(l - miß) _ 

(A38) 

(A39) 

(c%)1 

18m-, 

it(l + m1ß) 
1 + 

(l + mxß)A5 

2|^m1ß(l - mj_ß) 

(A40) 
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For configurations having m2ß = -1 and 1 < moßj < 00 or ^a = _i 

and moß = 1, the formulas for the characteristics resulting from equa- 

tions (Al) to (Ak)  are: 

2 m- 
CL, 5        *    jl + m1ß      mx - m^ m 3 

(l + m1ß)A3 I 

2Wm, - m^uttoß + l)m^ 

(A41) 

k(l + n^ß) löm-L m33 

3« 3(l + mxß)2      (m-L - m3)  (m3ß + l) 

3m-j_moß + 2m-]_ + m3 

m- 

(l + m1ß)(3m1m3ß + hm± - m^^A^    \ 

2/(m3 " ml) (m3ß + ^)m±    —' 

(A42) 

-ms 

4m-j 

3T" 
8(miß +3) m- 

3(l + mxß)2     (m]_ - m3)
2(m3ß + l) 

m- 2_moß + 2m-j_ - 4mo  ß  - 5m3 

m3 

(l + m1ß)(m1ß - 4m3ß - 3)A3 

21|^3 " mlXm3ß + 1)ml 

(A43) 

K)o = 
8m1(m1ß + 3) 

jt(l + mxß)2 
(kkk) 

36m1 

(  Lö)f ~  it(l + m1ß) 
(AU5) 
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For configurations having m2ß = -1 and nuß = 00, the formulas 

for the characteristics resulting from equations (Al) to (A4) are: 

CL5 
= 

8mi 
it 

2        (l + m1ß)A]+ 

1 + miß 

k(±  + n^ß) 16: >Hh 

3* 3(1 + miß)2 " ß 
3m^ + 

\f^ß 

(l + m1ß)(3m1ß 

(Ak6) 

I)A4 

jm - k  J8(mlß + 3) 
'8    3 

-<-^= % -22 + ^ J^v_ä 1 71 [3(i + *iß)2 l_      v^ß   J [ 
(l + m-^A^ 

(AVf) 

(Akö) 

(°hs)o =   ,.     N2 
8mi(miß + 3) 

n(l + m-Lß^ 
(A49) 

(C^ 

36 >mn 

it(l + mjLß) 
(A50) 
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APPENDIX B 

GENERALIZED MD SPECIFIC FORMULAS FOE CT , C,   C 
Lö'       V       m5' 

AND    Ch&    FOR SUPERSONIC LEADING EDGES 

The generalized formulas for the derivation of the characteris- 
tlcs    CL6>    CZ5>    cm&> and    ch5    for supersonic leading edges are: 

4ß(m2 - mi) 

Tm2Jm1
2ß2 - 1 

,ta^miß 

Di2     / cos 

ta=0 Vm 

_1/1 - m.jfite 
dt= 

iß - ta/feß - %)' 

ta=0 

m32 J cos" 
+a= 

1 - m,ßtH\ dt. ul^ °a 

ilß - ta/(m3ß - ta)
£ 

(Bl) 

%  = 

8ß (mg - m^Y 

2 /0 p 
310112^012 ym^ ß    - 1 _ 

mlßta\     *a dta rm±ß       f ^2     j cos"n- 
0 W - ta/(m2ß  _  t^3 

0 

m  3   r -if1 ' mlßta\     *a d*a m^   /      cos ■" l 

-1 aiß - t£ (m3ß - ta)
: 

(B2) 

Jmc 

8ß  ^ni2 - m]_J 

?l/ml 
2n2 3nmpWm-,   ß    - 1 

r
mlß 

n^-5   / cos' 
Jo 

.if1 ~ mlß"fca\ dt a 

Wß - ta /(m2ß . ta): 

0 
1 

mo3   /     cos"-'-' 
1   -   mlß^ ^6 

,mlß   "   V (m3ß - ta)- 
(B3) 
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C»5 = 

3m2ß(m2 - mi) 

rtj/m-^ß2 - 1 

,m-,ß dt 
2m2ß   / cos" 

J0 Vmlß - W(m^ 

a 

O3 

3xk'   / cos 

0 

'mlß        ^/l - mlPta\ dta 

ilß - ta/^ß . ta); 
(B4) 

For the basic configuration (n^ = to = ^TE)^  
the formulas for the 

characteristics resulting from equations  (Bl)  to  (fik)  are: 

CL* = 

+mTE 

\/*EE2ß2 " 1 

(B5) 

'*6 = 

WjTjj. nii^mrjTg ß    + nwi - 2ml) 

3m1(mTE
2ß2 - l) 

(B6) 

^      _ ^mrE
2(m1mTEß2 - 2^/ß2 + l) 

3 (mi - ^(mu/ß2 - l) 

(B7) 

Ch5 
= (Ch5)o + VN): (B8) 
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N)o = 
S^TE 

*(ml " ^TE)!/
111
! 

2 2 ß    -  1 

mi(mi  - 2nrCE)cos-1^ 

^E 

(ml - mTE)/m1
2ß2 - 1 

2nvCE
2ß2 - m1mTEß2 -  1  /m^ß2 -  1 i /       1   \ 
  /  cos"-1-!-  ] 

2.2      , l/^2ß2 -  1 V   *W mj/ß^ -  1 V ^E  ß 
(B9) 

(%)j 
^EE 

it^i^ß^ _  1 ,2o2 

m^ cos" mlß) 

nVjE 

/m1
2ß2 - 1 

mTE
2ß2 -  1 

cos 
fflrpgßj 

(BIO) 

For configurations having    1 < Jm2ß| < <»    and    1 <   W?fi\ < 00_,  the 

formulas for the characteristics resulting from equations (Bl) to (ßk) 
are: 

< 

CT     = 
4fm]_ - m2y 

ran2^m1
2ß2 -  1  r1 " m2 

.1/ 1 \         /ml2ß2 -  1 .!/      1 cos x( \ +  ,/  cos  ■L/ 
ml 
— cos~x[ 
m2 U1ß m?

2ß2 - 1 mgß 

m- 

m-^ - mo 

ml         -1/ 1   \ — cos   xf I 
m3       vpiß/ 

/ml2ß2 - 1        _i/ 1 1     cos    1  

m 2ß2 -  1 W 
(Bll) 
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h{mi - 1112V m. 

3imjm2 pi1
2ß2 - 1 

■< 

m 1 " ^ 

2 -1J mi"-cos 
1  \ 

Vmiß 3J ,\jmi 2ß2-l 

m2(ml ~ m2j m2
2ß2 -  1 

m Ä 
2ß2 + m2 - 2m1     /m1

2ß2 - 1 

(rn-L - m2Vm2
2ß2 - l)ym2

2ß2 - 1 
cos 1/   JL. 

m2ß 

mc 

m-|_ - mo 

m-i   cos"1!—-]       I    o~2 1 [m^J      fi^ - 1 
mo/m-^ - mo] 

m3
2ß2 _ 1 

2 o m-jm^ ß^ + mo 

(n^ - m3Vm32ß2 _ yfm^ 

2m±  /mi2ß2 - 1 

2ß2-l 
cos ■1/1 

r3ß, 
> 

K 
^m5 - 

(ml - m2) 

3ran2Wmi2ß2 _ 

Ws- 

m-,   - ! - mg 

(B12) 

mjfa - ^COB-^)        ^£^2—! 

&2 fmi - m2^ m2(m2
2ß2 _  l) 

m^ß2 - 1 - 2m2
2ß2    /m-^ß2 - 1 /     x v 

(mx - m2)(m2
2ß2 _ l)l/m2

2ß2 - 1 ^     (" *&}_ 

m33 

m-L - mo 

ml(ml - 2m3)cos"1(mTF)       ^i2ß2 - 1 

.3  (mi - m3) ^3(
m32ß2 "  X) 

mjm^ß2 + 1 - 2m^2ß2   /m^ß2 - 1 1/ 1   \ 

(mi - m3)(m3
2ß2 _ i)V^TT cos" feß J (B13) 
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N<> 
3^ 

Tt/in-jL - mp)^ni' 
2ß2-l 

m-Ym-,   - 2m, iri" ^2 ̂ fö) 

m2 

(*! - m2)/m1
2ß2 - 1      m^ß2 + 1 - 2m2

2ß2   L2ß2 . 1 ^ 

m^m/ß2 - l)        + m/ß2 - 1 |/m2
2ß2 - 1 ^    \ *2?) 

(B14) 

(CL5)f = 

9®r 

3r/ax2ß2 ßc - iL 

m 2n2 
1 -1/ 1 \ |mlß    -1 -l/l     COS       / (   +    •'  „„„-J-f 

m2 \^iß; m2
2ß2 

-1/    M — cos  -"-( I 
1      \ w (B15) 

For configurations having    1 < jn^ß)  < 00   and    m3ß = 00,  the formulas 

for the characteristics resulting from equations  (Bl)  to  (Bk)  are: 

2 
ju 

k(ml - m2) 

jan2Vml ß    " 
:< 

mc 

ml ~ m2 
1 cos"1/—^ +    /5lll cos"1/     X ^ 
2 \m^/ +   y m2

yßy _ 1 COS     \   m^ß) 

1 ^ßy) 2ß'    1 (B16) 

'ZR 
= 

^(ml - m2)' mp- 

SitDijmg  ^ni ß    - 1 ffll "m2 

2 m^ cos 
Wißj  ri 

2
P
2-i 

_m2(ml - *2) m2
2ß2 -  1 

2n2 .2R2 m1m2^ß^ + m2 - 2m-,       m±^ _ 1 /      -, 
 /  cos"-1-' 

(n^ - m^m^ß2 -  l^m^ß2 - 1 
m2ß 

mi2cOS'1(iIß)  - j£ ^l2ß2 -  1 + ^ f l2ß2 -  If (BIT) 
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% 
Kml - m2) m23 

2^ 
2n2 m 

3ian2Vml ß    " X 
1  " m2 

i^fa   - 2m2)             , x \         ^T 
—7T-: r COS"x|     +  

2ß2-l 

m2 fml ~ m2y Wv 
m2(m2

2ß2 -  l) 

m^ß2 + 1 - 2m22ß2     Im-fß2 - 1 /     -,_ > 

^1 cos_1(iiß) - jfN 

(Mc 
3m2

£ 

jt^m-L - nigWm^ß2 - 1 _ n^ 

^(mi - 2m2)COS"1(^ß) 

(B18) 

(ni! - m2ymi
2ß2 - 1  mim2ß

2 + 1 - 2m2
2ß2 L^TT        x 

m2(m2
2ß2 - l)   +    m2

2ß2 - 1    l/m2
2ß2 - 1 ^T VV 

/r v  _    ^    ml   -1/ 1 \   /ml2ß2 - 1 cos •1/   1 
mgß; 

(B19) 

(B20) 

For configurations having 1 < |m2ß| < 00 and m3ß = 1, the formulas 

for the characteristics resulting from equations (Bl) to (B4) are: 

'LS = 

4 (mi - m2)      J    m2
2 

ran. 

m 
-1     -V_L\    i/mi2ß2 - 1     -1 

,/m/ß2 - 1 K " m2[^ C S    UlßJ +   V m2
2ß2 - 1 C0S 

1 
m2ß 

mxß -  1 _ 
mi cos' ■%) -1 / v^2 Ttl (B21) 
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'Z*  = Kml - "g)2 ni2- 

3m1m2
2

V£^277 K   - m2 

mi COS    (m-^J      |/mi
2ß2 - 1 

_m2(ml - m2)    " m2
2ß2 - 1 

2o2 
mlm2  ß    + "2 -  gRL     L^ßg .  £ _x ,      x  ~ 

(ml - m2)(m2
2ß2 - l)^m2

2ß2 - 1 \   m2ßj 

^ß  -  ly 
2       -l/l\ II   cos      l     + 

(l - ^m1ß)/m1
2ß2 - 1 

3ß 
(B22) 

^m5 
(ml - m2)       I m2- 

3nm2l/m1
2ß2 -  1 m-j_ - m2 

m^^2m2 - m-i j 

m2  (m-]_  - m2 ) 

cos Wßj - 

^l2ß2 - 1    mim2ß
2 + 1 - 2m2

2ß2 j^~2~^ _^ 

m2(m2
2ß2 - l)  (m-L - ^(m^ß2 - l)^^ _ x °°

S  (" ^ß 

ln^ß  - 1, 

•^ 

N)o 

.(2 - .lP)co.-g.) + i
2^^?^!     (B23) 

ml(ml - 2m2)cos"1(i^) _ 

*(ml  - m2)/ml2ß2 -  1 m2 

(^1" m2)Vml2ß2      !      mlm2p2 +  1 

m2(m2
2ß2 _ 1) m2

2ß2 
mP

2ß2 -  1 
cos 

\    m2ß/ 

(B24) 
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(%)f - 

9m2 

rt^mjj 2R2 ß£ - 1 

mi     -1/1 \     ri — cos  /  +  ' m2     Uß) 
m 2ß2 - 1 

m^ß2 - 1 
cos ■If   1 

mlß, 
(B25) 

For configurations having m2ß = °° and 1 < |m3ß| < <»_, the formulas 

for the characteristics resulting from equations (Bl) to (B4) are: 

CL* q^rTt1"8"1^)^^ mfy2 - 1 + 

m- 

m-^ - mo 

ml        -if 1 — cos     ' 
m3 W" lL2ß2- I'0"    W 

(B26) 

r 

ft 3nm1l/m1
2ß2 -  1 

^Jfe + ?R* 1 + ^iÜtm-,2ß2 _ x + 

2ß  ' 

mo3 

ml " m^ 

2„    -1 mi   co w) f^ 2ß2 -1 

m3(mi - m3)        m3
2ß2 _ 1 

m m 2ß2 + m3 - är^     jm-^ß2 - 1 / 1 

(m-L - m3)(m3
2ß2 -  l)|/m3 

2ß2-l 
cos 

m3ß 
(B27) 
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'mS 
3«]/m1

2ß2 - 1 
^1 C0S"1(^F) + §h2*2 -1 

m- 

ml ~ mS 

mi(2m3 - m±)        _!/ 1  \        l/mi2ß2 - 1 

.3 (mx - m3) 
cos 

\m,ß 
m^U^ß2 - l) 

m±m3ß2  + 1 - 2m3
2ß2  L2ß2 _ ± ±  N 

   ■ 11 COS  f 

(m1-m3)(m3
2
ß
2-i)N3

2ß2-i    ^ 
(B28) 

K)( 1/1 m]_ cos 1—- ] + 

itfi2ß2 - iL      riß/   2ß 

11
 ,L 2n2 

ß" - 1 (B29) 

(Cl*)f = " I(S)o (B30) 

For configurations having m2ß = «> and m3ß = 1, the formulas for 

the characteristics resulting from equations (Bl) to (B4) are: 

CL* = 

m-,   cos 
\^J      if« 1 

^!2ß2 - iL miß -1     ßv2  miß - 
+ ^ - - m-,2ß2 -  1 (B31) 

C25 

al/ml2 3itm-||/m-,2ß2 -  1 

2„„„-l/M + ii^2Q2 
mlß/      ß 

m^ cos m- 
+ -^ybi-^ß^  _  1 + -J^j^i^ß2 _  1 _ Wfl 

m-,ß - I, 
2 m]_ cos 

!/j_\   (1 - wß)iAi2ß2 -1 
Wlßy 3ß 1 

(B32) 
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■/mc 

3^m±
2ß2 - 1       L_ 

mi C0S'1trR + <£ l/mi2ß2 - 1 Kß/       2ß 

sr^r) t<2" miß)cos"1(4) 
(2m1ß - 5)/mx

2ß2 

3ß 
(B33) 

Wo = " ^pTTlE1 C0S"1(^Iß) + ^ (B34) 

(CL5)f = " |(Ch5)0 (B35) 

For configurations having m2ß = «, and m3ß = «,, the formulas for 

the characteristics resulting from equations (Bl) to (Bk)  are: 

'Lö  ß (B36) 

c7 = — 
h    3ß (B37) 

„  _  8 
'm5 " " 3ß (B38) 

(Ch*)o 
it/m-^ 2n2 ßc - 1L_ 

m-i cos -1/ 1 
^ßj  2ßK 1 P (B39) 

(%)f - - l(S)( (BltO) 
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For configurations having m2ß = -1 and 1 < |m3ß| < «, the formulas 

for the characteristics resulting from equations (Bl)' to (B4) are: 

4(l + m±ß) 

I   p o      7 11 + in-, ß Jt^m-^ß^ . 1 1M mi C°S"1(^ß) + ^l2^ " 

m- 

m-j_ - m- 

ml        -1/1 \      ,/ml2ß2 " 1        -1/ 1 > 5cos kß) - VmTßmcos \^ (B4l) 

4(1 + m-Lß) 

3™^^ -1 i\i + vy c 
m;j_ cos -V-U + C1 + HßVmi2ß2 -1 

\miß 3ß 

m- 

ml ~ m^ 

m-,2cos"   (^ ^ßj       ^x2ß2 - 1 
_m3(mi - m3)       m32ß2 _ x 

an-L - 1113  - mim3
2ß2     L^~\ 1/ 1 \ 

(mi - m3)(m3
2ß2 -  l)Vm32ß2 _  1 

C0S     (m^ßjr 

■'me 

4(1 + miß) 

3*ffo2 -l][1 + mlßi   C 
.(mlß + 2)cos-l(-iF) 

(B42) 

2m^ + 5 

3ß 
^i2ß2 -  1 

nio-J 

m^ - io 

ml(>3 - ml)       -1/ 1 
cos 

m3 (mi - m3)      r1 nußj 

/m^ß2 -  1       ^   mini3ß2 + x _  ^^2     /    2ß2 _ 1 ^ 

m3(m3
2ß2 - l)     /m1 - n^Vm^ß2 - l)ym^2p ™° 

1        -1/1 - cos  H  
1 \m3f 

(B43) 
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(No 
n(l + m1ß)^i1

2ß2 - 1 

m- .(mlP + 2)003-^^ + ^LLlf^Tl 

(Bkk) 

C%)f = 
Tt/m^ß2 - 1 

-1/1^- 1£y7I m^ cos     j ] + 
m1ß/     ß l (B45) 

For configurations having    m£ß = -1    and   nioß = 1,  the formulas 

for the characteristics resulting from equations  (Bl)   to  (B^)  are: 

JL= 
8(l + m±ß) 

n(m±
2ß2 - ±J 

3ß\^ C0S"1(4) " ?^2ß2 " ]} {Bk6) 

r 
4(1 + miß)2 

sn/m^ß2 - 1 Ri + *ißy 
2      -i/i\    (Hß + !)/mi2ß2 - 1 

mn^ß cos H     + -^ —  1 Ußi 3ß 

-\ 

,mnß - 1 

?      -1/1 \   1 - W3 r~p~2— mißcos kß) + -ii—riß -1 (B47) 

ij-(l + m1ß)      1/     1 
-/ms 

3n^2ß2 - 1   Pß + V 
m-ifm-iß + 2)cos_1(—- 

^ + 5^ ß       -   1 
3ß 

2 — 

—7, rl    ml(2 " miß)cos-1/—- 
^ß - i;   QV \mlf 

(2mxß - 5)^2ß2 - 1 

3ß 
(B48) 
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(S)o = " 
n(l + m1ß)\/m1

2ß2 - 1 

W 

ml(mlß   +    2)C0S        (—n 1 +  —=  v /       ulßy       3ß 

jtydi^ß2 - 1 
m^ cos 

\m-^y   ß» 1 
2ß2-i 

/n1
2ß2 -  1 

(B49) 

(B50) 

For configurations having    m2ß = -1    and   nuß = «>,  the formulas for 

the characteristics resulting from equations  (Bl)  to  (ßk)  are: 

'L= 
4(l + mxß)    J       1 

«^ß2 - 1 lffllß + 1 ^ cos_1(^ß) + F^2ß2 " x 

mi   cos 
\ux^J      2ß» X 

2ß2-  1 (B51) 

k(l + m-|_ß) 

S^^ß2- 1 1 Wß + ll   D 

2|. ,2 
1      \ 2 mn   cos -|—- 1 + 

1/ !   \       (Jtoxß + l)^2ß2 - 1 
lmxß 

3ß£ 

'(4) - ^ m^cos-i'-i-l       1 .r23" -l + ^S^! (B52) 

4 
■'m? 

(l + m1ß) 

s^yt^TT lTiß + iy L- 
mi(miß + 2)cos"1t^ 

(2mxß +  5)^i1
2ß2 

3ß 
mn   cos -1/1 

lnhß J      2ß ̂f^~-^ 
(B53) 
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3 /     \   i / 1 \  ^lß + 5 / o o  

(B5"t) 

(S)f - 
jt^m^ß2 - l1— 

ml cos 
\mißy  ß' x 

2
ß2 - 1 (B55) 
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APPENDIX C 

DERIVATION AND FORMULAS FOR Cha FOR SUPERSONIC LEADING EDGES 

  Mach lines 

Za ßyfl 
ml *a = xa 

t = ßy 
X 

c - 
%) 

The generalized formula for C^    for supersonic leading edges is 

c»a - K)o+ veg, (Cl) 
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where 

(V)o " - i 
p 

3mni2 ("Wj - m-,") 

m1ym2ß2 _ 1 IHI2 - mw        m_2 
1 6mm2 (m2 - m-^BjL 

jtm1^m2ß2 _ 1 

— + 

6m22(>2 - ml>2      6mi(m2 " ml) ^ + c^{i 
hl  (^2 

lml 

T-I3 

- 1 B- 

rtj/m1
2ß2 -  1 

^ Tim1m2lfai2ß2 - 1 

y-^r/ löm(m2 - m^B^ 

Jtmlm2|/m ß     - 1 111^2ym2ß2 -  1 
(C2) 

(^ 

^ 9101112(1112 - m^Bg      ^/nig - m^B 

/m2ß2 - 1 Jim1ym2ß2 - 1 jt^m^ß2 - 1 

+ 

9m j*+^r - vj (m2 - mi)B6 9m(m2 - *ofe) 
im2 |/m 

B- 

jtm-,m0|/m ß    - 1 Ttmlm2\/m P    ~  ! 

fo^T*^1 - mi b1+feK1 - ^ 
mm1/in2ß  - l) v/m2ß2  _ 1 

(C3) 
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and 

■Bl 

^ß 

cos 
imß     -     te 

dt. a 

(m2ß " ta)
: 

1 - mm1ß£ 

ß/m - m^ 
cos 

>mß \/m2ß2 - 1 

(mg - miy m2' m^m - m2)^2
2ß2 - l) 

mm. 2ß2 - 2m2
2ß2 + 1   fcn2ß2 -  1 

 : ; _ii .   cos ■ I/ 

V^ß, 

[El    -    Mr 
'cos -1 1 - mrn-^ß2 

ß(m - mx) 
-1/1 cos     (— (Ck) 

B2=r  cos-i/i-
m^ a, dta 

riß  - W^ß  - ta)- 

mi(2ni2 - m-A 

mg  (m2 - m^) 

-1/ 1 — cos      —- 
2 lmn ß 

^m-^ß2 - 1 

m2(ml ~ m2)(m22ß2 ~  V 

m^ß2 - 2m2
2ß2 + 1     LjZß2 - 1  . /      ± 

                                  ./                     cos"x/ 

2n2 (m^m.f^V.^V^^-l m2ß. (C5) 
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B^ 
_-.fl  - mßt\     _x/l + mßtN 

cos -"-I )+ cos    
w ß - t / Vmß + t 

at 

(02 ß - t): 

x J «(m2ß2 - 2mm^2 + 2m2ß - l) 

(m2ß - l)2(m - m2V 

(mg - v)' 

-.  1 - mß v 1 1 + mß v 
cos"     + cos"      
_        ß(m - v) ß(m + v) 

1 - mß^v 
2mg\/(l - ß2v2)(m2ß2 - l) C0! 

 + — 

(m - m2)(m + ^(mg -  v)(m2
2ß2 - l) (m - ^ 

J3(m - v)_ 

cos 
1 + mßcv 

ß(m +  v) 

(m + m2V 

l/m2ß2 - 1 
1 

mm2ß2 + 2m2
2ß2 - - 1 

fe^ - if' An + m2^ 

mn^ß2 - 2m2
2ß2 + 1 

(m - m2V 
cos -1 1 - m2ß2v 

ß(v - m2) 
> (C6) 

v = 

m3     hl 

(C7) 
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H 
_-, (1 - mßt\ -> (l + mßtN 

cos x|— ) + cos x' 
biß - t \mß + t t3 

(m - v)(m + v)    I      _x 
 5T-Ö <cos 

2nf-yd 

1 - mß^V 

ß(m - v) 
+ cos -1 1 + mß^v 

ß(m + v) 

f2ß2 - 
tanh -1/ 

1        \       it(l - mß)(l + mß) 
+ 

TDf- /l - ß2^/ 2m"1 
(C8) 

Be 

nig + 
ß 

Lm2ß - ly       ynig 
Iß* --^(C9) 

B6 - 
_-,/l - mßt\ 

cos x     + cos 
\mß - t / 

.x/l + mßt\ 

\mß + t I 

dt 

Jj(m2ß - t)c 

«(mß - 1) 21112 2ß2 - 1 '        _i 
cos x 

(m2ß - l)(m - m2)      (m . ^(^ + n^)/m2
2ß2 - 1 

1 - m2ßdV 

ß (v - m2) 

s~ 

m2 - v r 1 - mrv 

ß(m - v) 
+ cos -1 1 + mß^v 

ß(m + v) 

cos -1 1 - mß^ 

ß(m - v)_ 

cos -1 1 + mß^v 

ß(m + v) 
(CIO) 
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Br 

V      I— 

.1/1 - mßt\            _i/l + mßt^ cos ■"■  —+ cos x  — 
iß - t, Vmß + t 

dt 
J2. 

jt(l - mß)      1   I       _i = _i—, 1L + _ ^cos x 

m V 

1 - mß2v 

ß(m -  v) 
+ cos -1 1 + mß v 

ß(m +  v) 

1 )       -1 — <cos 
m 

1 + mß2v 

ß(m + v)_ 
cos 

1 - mßcv 

ß(m - v) I (en) 

^nß 

B8 = cos 
_-]_/! - mßt a\ 

dt. 

0 \mß  - *a / (m2ß  - ta)' 

m cos_1( —]      fa - m-iVos" 
1 - mnin 

Km - mil  _ + .— 
2(m2 - m1) (m _ ni2)(ni2 - mi) 

/m2ß2 -  1 

m - m2 ym2
2ß2 - 1 

;cos_1 (  ) - cos-1 

V  m2ß/ 

1 - m^iri/jß^ 

ß^m-L - m^) 
(C12) 

fmiß -l/1 " mlßt 
B9 =   / cos  x' x 

dt. 

0 Vmlß  - *a / feß  - *a)' 

m, cos 
(mlßj /mi

2ß2 - 1 C0S     \-m& 
If     1 

m2(m2  " ml) 
2 2 

m, ß    - 1 
m 1 ~ m2 

(C13) 
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When the Mach waves from the wing root-chord apex do not intersect 

the wing tip chord, ' rn^ß <  5—, and equations (C2) and (C3) simplify 

1 - 
ßhx 

to 

(NX < 
3mm2 (^ " ml) 

miri ß2 -1 

2       2 

,mp - m-j. 

6mni2 (m2 ~ ml)^l + 
jtmx^ß2 - 1 

6m2 ('m2 - ^±)^>2 (C14) 

(^ 
9m 9mm2(m2 - m^Bß      9m2(m2 " m0B9 

(CI5) 

|/m2ß2 - 1        irm1/m2ß2 ,-' 1 jr/m^ß2 - 1 

If,   in addition to this  condition,    A = Ax     (that is,    m = mx),   equa- 

tions  (Cl4) and (C15)  are reduced to 

(N< 
3ui2 UH2 - mj 

l/m2ß2 - 1 \m2 

2 i 

- m]        \w-2J 
(C16) 

(C^)i 
£ 

9m 

,2Q2 m^ - 1 

(C17) 
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When the Mach waves from the wing root-chord apex intersect the 

tip chord,    m3ß >  £_,  and   A = A±,  equations  (C2)  and (C3) become 

" ßhi 

r* 

(Cha)o = " < 

3m2 (xog - mj 

ym 2ß2- 1 

1    \2     /i\2 

im2 - m m, 
+ 

5(1112 - m) mo + -±- _£ 
^      c„  \m 

xr 
B: 

>^ flnuMm ß    - 1 

^ - m>fc) 

nm2ym2ß2 - 1 

B. 

I8(m2 - m)B5 

^ 
2R2 

> 
mpl/mcßc - 1 

(C18) 

(c4 
9m ^(n^ - m) 

t2 
ß£ - 1      nm2\/m2ß2 - 1 Jn 

m2 + *1  F2. 
c.p   \ m Ir 

B, 

9(m2 - m)( ^M B7      9(m2 - M) m + hi 
(l - mß) 

jtm2ym2ß2 - 1 m (m2ß - lWm2ß2 - 1 
(C19) 
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APPENDIX D 

DERIVATION AND FORMULAS FOR C-u  FOR SUBSONIC LEADING EDGES AND 
^a 

ILLUSTRATIVE CALCULATIONS FOR CONFIGURATION HAVING A = A1 

 Mach lines 

Xo = 
nh 

'ya = 
m2(xa - cfr) 

Formulas for 0^  for Subsonic Leading Edges 

The formula for C^ for subsonic leading edges is 

ia = K)o + V(CLa (Dl) 

where 
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ya 

(Cha)o 
9(m2 - mj    /l + mß  Tbf r^2 + °fr mixa - y. a 

Cf. M^is/r^^yi+mip jo jya/mi 
mxa + ya + 2hx 

m-M/ jdxa dya 
v   mixa - ya 

(D2) 

N- 
ya + c 

9(°g  " ml) ^Ffbf   r2    Cfr(mi/   m1Xa - ya 

cfr
2
mim2E(^T^2)Vl + ^lßJ

0 
ya/mi 

^a+ ya 
+ al 

/mxa + ya + 2h±\ 
m±\    :  dx    dy 

If   mixa - ya 

(D3) 

Solutions to equations   (D2)  and (D3)  are 

(cOc 
9 ("2 " .ml)        /l + mß  /1 

mim2E(/r7^2)y 1 + *1^\2\* " mj + ^ 
,     2      klAf 
|A^    " -2H- 

2R2      R2 *-H)A7 + m + 'i + JL\t* 
1 mJ2 

v 
,2R2 

2h-, 

R1 rriffl + hi 

cfr/ ^ 
+ -    1 - 

mcf7 

|Af - 

R V        m2/2 

2hx , vAf 
-— + m +  [1 + — 4- 

m2/ 2 

kl 2hn 
+ —,1m-, /m + 

R 

(Equation continued on next page) 
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+ + 2R 1 hi 
mcf 

JL 
sin 

.l/kl " %^ 

slnA4 

Af       _      hx 
(m + mi)^_ + 2^ _ 

6(m + m-]Ynmi-j\ 

-~— tanh-V 
3/2 ^ 

/mn m + ?l+A+i\i£ cf m2/ 2 

\Cfr/ ,     .-1   /      m   tanh 

3(m + rn^^mm!) m + 5i 

Vi1 

< tanh -1 /T-^-4) 
PFDFSJ 

tanh -1 \£Fi)' 
m + 

2h1\/m1 

[l[_\.     fr/Vfe 

> - 

k2^2 p-t1-* 
LLa-glU       k2(^^l>f 

cfr    v      "W2 

U*) 
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where 

h± = - - bf (D5) 

ea 
9{^2 - mi) /l + mß 

2Q2 ai^ui - nrß 
1 + mj^ßi 

'A* - 

k-, 

E w-sr/ cf     1     m2y^ 

kl 2hi 

H irr+ or+ ^375 
_iri " Mf \      . -in 

sin           -  sin     ' (D6) 

where 

*-^i-)-s-#-g: (D7) 

*2=»l(i|+l)   "(^-1)(m+^) (D8) 

mn 

I    " m2M        mgy (D9) 
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3(m + IH-L)    - ammjLRfm + m^)2 + 32Rmm1 ^-(— - l) (m + m{) 

121 
ft,    \2/ \2 

'hl \  Pi    . A   , v2 Pa- 
ct T]  \m2 ̂

 - 1    (- ♦ ^f - 3^R -U   £ . Cf
ry vm2 

hi   pi       \ • 
12 -±J l)(m + mnY (D10) 

72 = lOn^R 
cf> 

hi  A1! g_lj    _ 3(m + mjL _ m± 
2mm-, 

m2 
(DU) 

Illustrative Example 

It is desired to calculate    C^    ■ and the travel of the hinge line 

for the following configuration: 

M = 2 

A 2 = -3CT 

m2 = 1.732 

hl 
— = O.6986 
Cfr 

A  = A1 = 70 

m1 = 0.364 

.A, = 0° 

Hinge line 

"2" = 7T 

fe-300 

O.6062 

xh' = O.582    E (yi - m
2ß2) = 1.297 
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From equations (D7) to (Dll), 

B = 0.9039 

kx = -1.832 

k2 = 2.k06 

71 =  3.688 

72 = -O.2687 

From equations (Dl), (D4), and (D6)} 

Cha = -O.235 + 0.582(0.322) = -0.0473 

where    C^      is based on    a    in degrees.    For the given configuration, 
the 

is, 
the travel (X^O-D for angle of attack is obtained when G^ = 0; that 

0.235 
(V)B =   =0'73 

0.322 

Similarly, the travel (X^O-D for deflection alone is obtained when 

C^ = 0; that is, 
5 

0.0508 

0.0857 
(xh')B =-  = 0.593 

Hence the travel of the hinge line is 13.7 percent of the control-surface 
root chord. 

4 
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TABLE I.- GENERALIZED FORMULAS FOR Ap/q. DISTRIBUTIONS FOR A 

CONTROL SURFACE AT CONSTANT STREAMWISE.DEFLECTION ANGLE 5 

Subsonic leading edges Supersonic leading edges 

Region 
(see sketch) 

Formulas for Ap/q, contributed by constant & 

Subsonic leading edges 

OAB 
OBC 

8^ «V>/2 
(miß)' &   / *a +■ ßya 

jtß(l + m1ß) ^m1ßxa - ßyg 

Supersonic leading edges 

4m15 

i^& 

OABI 
OBCJ 

^HI-LS 
cos 

jt^n-^ß2 -  1 

■i/xa - miß ys 

\m1ßxa -  ßya 
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TABLE II.- GENERALIZED FORMULAS FOR Ap/q. DISTRIBUTIONS FOR A CONTROL SURFACE 

MOUNTED ON A WING AT CONSTANT STREAMWISE ANGLE OF ATTACK a 

Subsonic leading edges Supersonic leading edges 

Region 
(see sketch) 

Formulas for Ap/q. contributed by constant a 

Subsonic leading edges 

OBC 
2ma 

E^lT^) 

/l + mß    //   mixa - ya mi jmx^ + ya + 2hx 

\jl + mip ^l/mxa + ya + 2hx 
+   m V     »i^a - ya 

Supersonic leading edges 

"wing 
1+ma 

{*&£ 

hfoia 

nfi 'm2ß2 - 1 

_i/x - mß2y\            _i/x + mß y 
cos    I I + cos    '  

mßx - ßy mßx + ßy 

"flap 
laua 

/m^ß2 - 1 

hma. 1/   a 'xa - mß2ya\ ^ ■   Jxa - m1ß2ya 

Ä\k
2ß2 . 1 \ßy& - mßxj      rt/m^ß2 - 1 Vlßxa "  ^a 

V q /region 1      v ^'region 2      V q /» wing 



8K NACA TN 2715 57 

TABLE III.- LOCATION OF FORMULAS FOR THE DEFLECTION CHARACTERISTICS FOR 

ALL GEOMETRIC CONFIGURATIONS WITHIN THE SCOPE OF THIS PAPER 

m2ß mjß 
Formulas 

(a) (a) 

Subsonic and sonic leading edg 
(see appendix A) 

es 

Mo = lo = l%nji 
b                        

m2 = m^ = nitjTg (A5)  to (All) 

1 <   |m2ß I < °° 1 <|m3ß| < co (A12)  to  (Al8) 

1 < | m2ß 1   < 00 m3ß = co (A19)  to  (A21*-) 

1 < Im^ß 1  < 00 m3ß = 1 (A12)  to  (Al8) 

m2ß = 00 1 < I1113P1   < co (A25)  to  (A29) 

n^ß = 00 mjß = 1 (A25)  to  (A29) 

Ql2ß  =   00 moß = co (A30)  to  (A34) 

m2ß = 1 1 < |m3ß|   < co (A12)  to  (A18) 

m2ß = 1 m3ß = 1 (A12)  to  (AI8) 

m2ß = 1 moß = 00 (A35)   to  (AkO) 

m2ß = -1 1 < |m,ß|  < co (A4l)  to  (A^5) 

m2ß = -1 moß = 1 (A4l)  to  (A45) 

m2ß = -1 moß = co' (Ak6)  to  (A50) 

Supersonic leading edges 
(see appendix B) 

bm2 = m3 = "TE bm2 = m3 = ""TE (B5)   to  (BIO) 

1   <  |m2ß|    < co 1 < |m3ß|   < cc (Bll)  to  (B15) 

1 < |m2ß|   < » moß = co (Bl6)   to  (B20) 

1 < |m2ß|   < » m3ß = 1 (B21)  to  (B25)      ' 

Dlgß   =   00 1 < |m3ß|  < ~ (B26)   to  (B30) 

m2ß = 00 m3ß = 1 (B31)  to  (B35) 

ni2ß =  co lEqß   =   co (B36)  to  (B^O) 

m2ß = -1 1 <   m3ß|   < °° (BÜ)  to  (B^5) 

m2ß = -1 m3ß = 1 (B46)   to  (B50) 

m2ß = -1 m3ß = 00 (B51) to (B55) 

nigß or m3ß = 1 refers to sweptback sonic trailing edges; 

m2ß or m3ß = -1 refers to sweptforward sonic trailing edges; and 

n^ß or m3ß = 00 refers to either unswept trailing edges or M = 00. 

Basic configuration. 
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TABLE IV.- CALCULATIONS OF DEFLECTION CHARACTERISTICS FOR UNEQUALLY 

SWEPT WING AND CONTROL-SURFACE TRAILING EDGES 

m1ß nigß n^ß X ßC*6 m6 (ßS)o (ßCL6)f 

0.10 2.0 a2.0 1.0596 -O.O58868 -O.67543 -0.75582 I.O949 
.10 2.0 6.0 1.1630 -.097987 -.76579 -.75582 1.0949 
.10 2.0 l6.0 1.2054 -.11687 -.80595 -.75582 I.O949 
.10 2.0 -I6.O 1.2657 -.14679 -.86640 -.75582 I.O949 
.10 2.0 -6.0 1.3265 -.18070 -.93136 -.75582 I.O949 
.10 2.0 -2.0 l.64o6 -.42404 -1.3399 -.75582 I.O949 

.10 a2.0 2.0 1.0596 -.053868 -.67543 -.75582 1.0949 

.10 6.0 2.0 1.0740 -.064936 -.67567 -.72955 1.0820 

.10 l6.0 2.0 1.0785 -.066870 -.67594 -.72177 1.0781 

.10 -I6.O 2.0 1.0840 -.069214 -.67637 -.71269 1.0735 

.10 -6.0 2.0 1.0886 -.071138 -.67682 -.70533 I.O698 

.10 -2.0 2.0 1.1036 -.077623 -.67878 -.68295 1.0581 

.20 2.0 l6.0 1.7023 -.062599 -I.1718 -1.5125 2.1096 

.20 6.0 l6.0 1.7355 -.087745 -I.1602 -1.4032 2.0568 

.20 ai6.o l6.0 1.7464 -.09588O -I.1582 -1.3726 2.o4l4 

.20 -16.0 l6.0 1.7597 -.10582 -I.1567 -1.3379 2.0237 

.20 -6.0 l6.0 1.7711 -.11425 -I.1561 -1.3105 2.0094 

.20 -2.0 l6.0 1.8088 -.14217 -I.1578 -1.2312 1.9667 

.20 16.0 2.0 I.5678 -.020518 -.99864 -1.3726 2.0414 

.20 16.0 6.0 1.6943 -.071279 -I.IO89 -1.3726 2.04l4 

.20 16.0 al6.0 1.7464 -.095880 -1.1582 -1.3726 2.0414 

.20 16.0 -I6.O 1.8208 -.13494 -I.2328 -1.3726 2.0414 

.20 16.0 -6.0 I.8961 -.17932 -I.3133 -1.3726 2.04l4 

.20 16.0 -2.0 2.2880 -.49969 -1.8249 -1.3726 2.0414 

.30 2.0 -2.0 2.5946 -.27145 -2.1092 -2.2942 3.0704 

• 30 6.0 -2.0 2.6851 -.39421 -2.1226 -2.0359 2.9484 
.30 16.0 -2.0 2.7152 -.43489 -2.1325 -1.9681 2.9144 
.30 -16.0 -2.0 2.7523 -.48518 -2.1473 -1.8933 2.8757 
• 30 -6.0 -2.0 2.7840 -.52835 -2.1618 -1.8357 2.8452 
.30 . 

a-2.0 -2.0 2.8893 -.67416 -2.2193 -1.6766 2.7566 

.30 -2.0 2.0 2.0040 .020025 -I.2015 -1.6766 2.7566 

.30 -2.0 6.0 2.1580 -.052935 -I.3356 -1.6766 2.7566 

.30 -2.0 l6.0 2.2218 -.088390 -1.3959 -1.6766 2.7566 

.30 -2.0 -I6.0 2.3130 -.14478 -1.4872 -1.6766 2.7566 

.30 -2.0 -6.0 2.4054 -.20896 -I.5861 -1.6766 2.7566 

.30. -2.0 a-2.0 2.8893 -.67416 -2.2193 -1.6766 2.7566 

.4o -I6.O 2.0 2.3036 .17373 -I.4616 -2.3916 3.6479 

.to -I6.O 6.0 2.4415 .12003 -1.5815 -2.3916 3.6479 

.4o -I6.O 16.0 2.4987 .091428 -I.6356 -2.3916 3.6479 

.40 -I6.O a-i6.o 2.5807 .045879 -I.7177 -2.3916 3.6479 

'.1*0 -I6.O -6.0 2.6639 -.0060274 -I.8068 -2.3916 3.6479 
.40 -I6.O -2.0 3.1012 -.38350 -2.3800 -2.3916 3.6479 

.40 2.0 -16.0 2.5257 .17564 -1.8999 -3.1249 3.9980 

.40 6.0 -16.0 2.5511 .10014 -I.7691 -2.6391 3.7744 

.4o l6.0 -16.0 2.5635 .075753 -1.7427 -2.5197 3.7146 

.40 a-l6.0 -16.0 2.5807 .045879 -I.7177 -2.3916 3.6479 

.40 -6.0 -16.0 2.5967 .020436 -I.7017 -2.2958 3.5962 

.40 -2.0 -16.0 2.6567 -.064688 -I.6741 -2.0420 3.4503 

aBasic configuration. 



NACA TW 2715 59 

TABLE IV.- CALCULATIONS OF DEFLECTION CHARACTERISTICS FOR UNEQUALLY 

SWEPT WING AND CONTROL-SURFACE TRAILING EDGES - Continued 

n^ß n^ß ■¥       . ßcL& eczB ßC*5 (ßS)o (ßC%)f 

O.60 -16.0 2.0 2.8710 0.49597 -I.8227 -3.2539 5.0047 
.60 -16.0 6.0 3.0054 .43733 -1.9393 -3.2539 5.0047 
.60 -16.0 16.0 3.0613 .40871 -I.992I -3.2539 5.0047 
.60 -I6.0 a-i6.o 3.l4l6 .36303 -2.O726 -3.2539 5.0047' 
.60 . -I6.0 -6.0 3.2233 .31089 -2.I60I -3.2539 5.0047 
.60 -I6.0 -2.0 3.65^9 -.070052 -2.7273 -3.2539 5.0047 

.60 2.0 -16.0 3.2063 .6ll42 -2.6644 -5.0439 5.8217 

.60 6.0 -16.0 3.1419 .46244 -2.2274 -3.7891 5.2789 

.60 '16.0 -16.0 3.1384 .41727 -2.1469 -3.5230 5.1466 

.60 a-i6.o -16.0 3.l4l6 .36303 -2.0726 -3.2539 5.0047 

.60 -6.0 -16.0 3.1496, .31751 -2.0254 -3.0629 4.8983 

.60 -2.0 -16.0 3.2000 .16755 -1.9388 -2.5963 4.6138 

.70 -2.0 2.0 3.0795 .53050 -1.7186 -2.8075 5.1072 

.70 -2.0 6.0 3.2494 .43365 -I.8659 -2.8075 5.1072 

.70 -2.0 16.0 3.3202 .38632 -I.9327 -2.8075 5.1072 
• 70 -2.0 -16.0 3.4219 .31076 -2.0346 -2.8075 5.1072 
• 70 -2.0 -6.0 3.5253 .22444 -2.1455 -2.8075 5.1072 
• 70 -2.0 a-2.0 4.0734 -.40734 -2.8665 -2.8075 5.1072 

.70 2.0 -2.0 3.8678 .72405 -3.5364 -6.2033 6.7487 
• 70 6.0 -2.0 3.8358 .37776 -2.9917 -4.3482 5.9754 
• 70 16.0 -2.0 3.8537 .26582 -2.9183 -3.9863 5.7964 
• 70 -16.0 -2.0 3.8869 .12710 -2.8653 -3.6311 5.6081 
• 70 -6.0 -2.0 3.9226 .0071831 -2.8436 -3.3855 5.4693 
.70 a-2.0 -2.0 4.0734 -.40734 -2.8665 -2.8075 5.1072 

.80 16.0 •2.0 3.3970 .96318 -2.2869 -4.4297 6.4109 

.80 16.0 6.0 3.5128- .91656 -2.3872 -4.4297 6.4109 

.80 16.0 al6.0 3.5611 .89376 -2.4328 -4.4297 6.4109 

.80 16.0 -I6.O 3.6305 .85733 -2.5024 -4.4297 6.4109 

.80 16.0 -6.0 3.7012 .81570 -2.5782 -4.4297 6.4109 

.80 16.0 -2.0 4.0762 .51053 -3.0719 -4.4297 6.4109 

.80 2.0 16.0 3.8749 1.2294 -3.6539 -7.56l8 7.7070 ' 

.80 6.0 16.0 3.6021 .96371 -2.6026 -4.9032 6.6436 

.80 al6.0 l6.0 3.5611 .89376 -2.4328 -4.4297 6.4109 

.80 -16.0 I6..O 3.5292 .81377 -2.2813 -3.9789 6.1708 

.80 -6.0 l6.0 3.5143 .74921 -2.1870 -3.6751 5.9966 

.80 -2.0 l6.0 3.5170 .54718 -2.0108 -2.9855 5.5532 

• 90 2.0 a2.0 4.1779 1.6247 -4.2623 -9.1921 8.7145 
.90 2.0 6.0 4.2427 I.6096 -4.3184 -9.1921 8.7145 
.90 2.0 l6.0 4.2698 1.6021 -4.3440 -9.1921 8.7145 
.90  • 2.0 -I6.O 4.3087 1.5903 -4.3830 -9.1921 8.7145 
• 90 2.0 -6.0 4.3484 1.5767 -4.4255 -9.1921 8.7145 
.90 2.0 -2.0 4.5591 1.4772 -4.7031 -9.1921 8.7145 

.90 a2.0 2.0 4.1779 1.6247 -4.2623 -9.1921 8.7145 
• 90 6.0 2.0 3.7104 1.2883 -2.6991 -5.4580 7.2888 
• 90 l6.0 2.0 3.6318 1.2103  ■ -2.4619 -4.8565 6.9951 
.90 -I6.O 2.0 3.5621 1.1270 -2.2513 -4.3011 6.6980 
.90 -6.0 2.0 3.5199 I.0626 -2.1193 -3.9363 6.4860 
.90 -2.0 2.0 3.4517 .87676 -I.8602 -3.1363 5.9586 

^asic configuration. 
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TABLE IV.- CALCULATIONS OF DEFLECTION CHARACTERISTICS FOR UNEQUALLY 

SWEPT WING AND CONTROL-SURFACE TRAILING EDGES - Continued 

mxß m2ß m3ß ßCL ßC, ßc„ K)o (*%)f 

1.0 ■2.0 a2.0 4. 6188 2.0528 -5.1320 -11.199 9.7930 
1.0 2.0 6.0 4. 6758 2.0407 -5.1813 -11.199 9.7930 
1.0 2.0 l6.0 4.6996 2.0347 -5.2038 -11.199 9.7930 
1.0 2.0 -I6.O 4. 7338 2.0252 -5.2381 -11.199 9.7930 
1.0 2.0 -6.0 4. 7687 2.0143 -5.2756 -11.199 9.7930 
1.0 2.0 -2.0 4.9544 1.9344 -5.5203 -11.199 9.7930 

1.0 6.0 2.0 3.9618 1.5791 -2.9314 -6.OI62 7.9151 
1.0 6.0 a6.0 I+.0567 1.5454 -3.0136 -6.OI62 7.9151 
1.0' 6.0 16.0 4.0964 1.5289 -3.0510 -6.OI62 7.9151 
1.0 6.0 -16.0 4.1535 1.5025 -3.1082 -6.OI62 7.9151 
1.0 6.0 -6.0 4.2117 1.4723 -3.1706 -6.OI62 7.9151 
1.0 6.0 -2.0 4.5211 1.2503 -3.5785 -6.OI62 7.9151 

1.0 16.0 2.0 3.8564 1.4781 -2.6316 -5.2693 7.5531 
1.0 16.0 6.0 3.9632 1.4354 -2.7241 -5.2693 7.5531 
1.0 16.0 al6.0 4.0078 1.4145 -2.7662 -5.2693 7.5531 
1.0 16.0 -16.0 4.0721 1.3811 -2.8305 -5.2693 7.5531 
1.0 16.0 -6.0 4.1375 1.3429 -2.9008 -5. 2693 7.5531 
1.0 16.0 -2.0 4.4857 I.0619 -3.3597 -5.2693 7.5531 

1.0 -16.0 2.0 3.7634 1.3715 -2.3731 -4.6007 7.1941 
1.0 -16.0 6.0 3.8845 1.3167 -2.4779 -4.6007 7.1941 
1.0 -16.0 l6.0 3-9350 I.2898 -2.5256 -4.6007 7.1941 
1.0 -16.0 a-l6.0 4.0078 1.2469 -2.5985 -4.6007 7.1941 
1.0 -16.0 -6.0 4.0820 • 1.1978 -2.6781 -4.6007 7.1941 
1.0 -16.0 -2.0 4.4766 .83691 -3.1982 -4.6007 7.1941 

1.0 -6.0 2.0 3.7069 I.2912 -2.2150 -4.1726 6.9421 
1.0 -6.0 6.0 3.8399 1.2252 -2.3301 -4.1726 6.9421 
1.0 -6.0 16.0 3.8954 1.1928 -2.3825 -4.1726 6.9421 
1.0 -6.0 -16.0 3.9753 1.1410 -2.4626 -4.1726 6.9421 
1.0 -6.0 a-6.o 4.0567 1.0818 -2.5500 -4.1726 6.9421 
1.0 -6.0 -2.0 4.4900 .64672 -3.1210 -4.1726 6.9421 

' 1.0 -2.0 2.0 3.6119 I.0654. -1.9143 -3.2643 6.3289 
1.0 -2.0 6.0 3.7829 .95619 -2.0623 -3.2643 6.3289 
1.0 -2.0 16.0 3.8543 .90267 -2.1297 -3.2643 6.3289 
1.0 -2.0 -16.0 3.9570 .81711 -2.2326 -3.2643 6.3289 
1.0 -2.0 -6.0 4.0617 .71922 -2.3450 -3.2643 6.3289 
1.0 -2.0 a-2.0 4.6188 0 -3.0792 -3-2643 6.3289 

1.75 16..O 2.0 3.9063 1.4019 -2.7510 -5.7612 8.0485 
1.75 16.0 6.0 3.9779 I.3863 -2.8129 -5.7612 8.0485 
1.75 16.0 ai6.o 4.0078 1.3786 -2.8412 -5.7612 8.0485 
1.75 16.0 -16.0 4.0510 I.3663 -2.8844 -5.7612 8.0485 
1.75 16.0 -6.0 4.0951 1.3522 -2.9317 -5.7612 8.0485 
1.75 l6.0 -2.0 4.3304 1.2484 -3.2424 -5.7612 8.0485 

1.75 2.0 16.0 4.6330 1.6125 -14.382 -32.271 10.288 
1.75 6.0 • 16.0 4.0806 1.4412 -3.3224 -6.9732 8.4105 
1.75 

al6.0 16.0 4.0078 1.3786 -2.8412 -5.7612 8.0485 
1.75 -I6.O 16.0 3.9541 1.3019 -2.4915 -4.8193 7.6894 
1.75 -6.0 16.0 3.9302 1.2366 -2.3065 -4.2736 7.4375 
1.75 -2.0 16.0 3.9398 1.0168 -2.0292 -3.2362 6.8242 

Basic configuration. 
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TABLE IV.- CALCULATIONS OF DEFLECTION CHARACTERISTICS FOR UNEQUALLY 

SWEPT WING AND CONTROL-SURFACE TRAILING EDGES - Concluded 

m-,3 m2ß m3ß f% ß% 
ßS (ßS)o (ß%)f 

4.0 -I6.O 2.0 3.8996 1.3262 -2.3102 -4.8833 8.2293 
4.0 -I6.O 6.0 3.9530 1.3190 -2.3564 -4.8833 8.2293 
4.0 -I6.O 16.O 3-9755 1.3154 -2.3775 -4.8833 8.2293 
k.O -I6.O a-i6.o k. 0078 l.3097 -2. 4099 -4.8833 8.2293 
k.O -I6.O -6.0 4.o4o'9 1.3032 . -2.4455 -4.8833 8.2293 
k.O -I6.O -2.0 4.2182 1.2548 -2.6800 -4.8833 8.2293 

k.O 2.0 ' -16.0   
k.O 6.0 -16.0 4.0713 l.3709 -5.4619 -12.146 8.9503 
k.O 16.0 -16.0 4.0273 1.3496 -3.1419 -6.7458 8.5883 
k.O a-l6.0 -16.0 4.0078 1.3097 -2.4099 -4.8833 8.2293 
k.O -6.0 -16.0 4.0126 I.2673 -2.1549 -4.1297 7.9773 
k.O -2.0 -16.0 4.1138 1.0861 -1.9178 -3.0212 7.3641 

5.0 -2.0 2.0 3.8791 1.1930 -I.6339 -2.9489 7.4681 
5.0 -2.0 6.0 4.0031 1.1553 -I.7409 -2.9489 7.4681 
.5.0 -2.0 16.0 4.0551 I.I369 -1.7900 -2.9489 7.4681 
5.0 -2.0 -16.0 4.1302 1.1072 -I.8652 -2.9489 7.4681 
5.0 -2.0 -6.0 4.2069 1.0732 -I.9477 -2.9489 7.4681 
5.0 -2.0 a-2.0 4.6188 .82112 -2.4927 -2.9489 7.4681 

5.0 2.0 -2.0 
5.0 6.0 -2.0 4.0861 . 1.3592 -9.5402 -21.339 9.0544 
5.0 l6.0 -2.0 4.1186 1.3353 -3.4224 -7.1780 8.6924 
5.0 -I6.O -2.0 4.1911 1.2737 -2.5943 -4.8399 8.3333 
5.0 -6.0 -2.0 4.2725 I.1981 -2.4l40 -4.0383 8.0814 
5.0 a-2.0 -2.0 4.6188 .82112 -2.4927 -2.9489 7.4681 

7.0 l6.0 2.0 3.9868 1.3435 -3.6975 -8.2328 8.8200 
7.0 16.0 6.0 4.0016 1. 3429 -3.7103 -8.2328 8.8200 
7.0 l6.0 al6.0 4.0078 1.3427 -3.7162 -8.2328 8.8200 
'7.0 l6.0 -I6.O 4.0168 1.3423 -3.7252 -8.2328 8.8200. 
7.0 16.0 -6.0 . 4.0260 l.3418 -3.7351 -8.2328 8.8200 
7.0 16.0 -2.0 4.0754 1.3383 -3.8004 -8.2328 8.8200 

8.0 -I6.0 2.0 3.9368 I.3267 -2.1664 -4.6696 8.5030 
8.0 -I6.O 6.0 3.9718 1.3239 -2.1966 -4.6696 8.5030 
8.0 -I6.O l6.0 3.9866 I.3225 -2.2105 -4.6696 8.5030 
8.0 -I6.O a-l6.0 4.0078 1.3202 -2.2318 -4.6696 8.5030 
8.0 -I6.O -6.0 4.0296 1.3176 -2.2552 -4.6696 8.5030 
8.0 -I6.O -2.0 4.1464 I.2985 -2.4098 -4.6696 8.5030 

9.0 -2.0 2.0 .3.9283 1.2163 -1.5306 -2.7703 7.6712 
'.9.0 -2.0 6.0 4.0438 I.1856 -1.6302 -2.7703 7.6712 

9.0 -2.0 16.0 . 4.0923 1.1705 -I.6760 -2.7703 7.6712 
9.0 -2.0 -I6.O 4.1623 1.1463 -I.7461 -2.7703 7.6712 
9.0 -2.0 -6.0 4.2339 I.II85 -1.8231 -2.7703 7.6712 
9.0 -2.0 a-2.0 4.6188 .91235 -2.3327 -2.7703 7.6712 

9.0 16.0 -2.0 4.0497 1.3384 -4.4470 -9.8086 8.8954 
9.0 -16.0 -2.0 4.1375 I.3025 -2.3628 -4.6123 8.5364 
9.0 -6.0 -2.0 4.2317 1.2453 -2.1634 -3.7412 8.2844 
9.0 a-2.0 -2.0 4.6188 .91235 -2.3327 

• 
-2.7703 7.6712 

Basic  configuration. 
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Mach line 

Figure 2.- Sketch of wing regions . S^J/Q ...M and external flow 

regions S^-^^ 
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Mach lines 
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Figure 3.- Illustrative data for polar integration. 
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