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ABSTRACT 

• 

•- xThe lift coefficient and center of pressure of swept finite wings 
) I 

are calculated.    The product, Aß , the aspect ratio times the Mach 

parameter Aj#« f^f^/^and the ratio,    /B,f the tangent of the sweep 

angle divided by the Mach parameter,  are the determining variables of 

the problem.    Center of pressure and lift coefficient have been plotted 

against   /f   for various values of    A/&' 
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r~) SYMBOLS 
From Snow's paper 

x s spanwlse axis 

y = vertical axis 

« a axis in direction of flow 

I ■ angle leading edge makes with x axis 

ju a Mach angle 

tOSß = tan i/ tan/< 

H a angle of attach 

CL^,    - U   <    tan/K 

*** = perturbation velocity 

From Fuckett's paper 

y = spanwise axis 

a - vertical axis 

x a axis in flow direction 
o 

f = angle leading edge makes with y axis 

♦ a Mach angle 

fc a tan T 

General 

b s semi-span 

c s chord 

A a  U   = aspect ratio 

x*,y' a oblique coordinates corresponding to x, y. 

v  - 
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INTRODUCTION 

Snow   has used Busemann's method of conical fields to detemine 

pressure distributions for a class of wing planforms. It is the purpose 

of this paper to extend this class to finite swept wings with supersonic 

leading edges, having.neither taper nor rake.  Rather than attempt to 

bring the reader up to date, the writer has treoted the work as an 

addendum to Snow's paper. 

DISCUSSION OF THE PROBLEM 

The problem is first to determine the pressure distributions in 

three »•«•gicr.c on the wing and then to sum them over the wing to obtain 

lift and center of pressure (see Fig. 1). Region C is inside of the 

Mach cone originating at the apex of the wing. Region A is outside of 

apex and tip Mach cones. Region B is inside of the tip Mach cone. 

Since the pressure distributions in regions A end C have already been 

calculated 

-1- 
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O 

FIGURE 1 

by Snow, his results are used» It remains to find the pressure distribu- 

tion In region B. This is done first, and the pressure distributions ere 

then integrated to obtain lift and center of pressure. 

TIP REGION (B) 

The work here will be developed analogous to that for the rectangular 

wing.    Notation is that of Snow» 
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Boundary condltlone 

U/,    m '/ = o ; - /* t-r <p 
W, mf i   /* *. f err 

f = t TT 

FIGURE 2 

(Note that ^B a 77/^ corresponds to the rectangular wing.)  The general 

solution to the potential problem is 

the presence of the half-odd integere being necessary to satisfy the 

boundary conditions. For R = A, 

21 Ah3/M(n*j() f  s value of the boundary 

where An is the Fourier coefficient for a sine series of period UlT, 

Note that the boundary conditions have been extended to the region 

- 3 - 
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TT -:   If I ^   2,7r 

such that   W/   remains an odd 

function. 

Then, 

*»    - -  JL 5(* (n+'A) r Jf 

C 

and 

zrr-ß 

r 

Jt  c*5(**'/t.} a 

".-  £ -L H+'A. 

"*%. 

C*9 (* + *)?    S'* (**%}* 

The value of  W/  on the wing corresponds to  "f = 77      , The expres- 

sion for Uff    becomes, after simplification, 

- u - 
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Differentiation with respect to r yields 

Noting that   ^ /- r<     ) is a geometric series, one obtains 
a" 

After real and imaginary parts ere separated, integration yields 

". = £+*„''I/iriiimH 
or. 

eu,     =     ~:    2/*c 
'J-*-('+'**?) 

The quantity under the radical defines a new 9jk (say    ~-).    It is seen 
A 

that for M.f  -** 

On the wing. 

^ t+IK/A. 
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LIFT CORRECTION FOR FINITENESS 

The notation of Puckett makes the integration of the pressure coeff- 

cients (to be calculated later) simpler 

Puckett Snow    i 

|         A > +f ^*«f 1 
\         i/ f   f . 

e- TT-yK         \ 

<r- s          \ 
6 fi 
k -t*~.f          \ 

P CO*/*           \ 

*r tojß          \ 

»•% 1 
**//• I a-     ! 

Under these transformations 

e ' 

:. 
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A second transformation 

y = y 

fvirther simplifies the Integration.    The.expression for   @    now becomes 

e   ,       (U^flfk) 

C
LA = correction to the infinite swept wing lift coefficient. 

S* 
JyjzT.  //  C- ".)<'* 

'f® ay' 

Pit/ -*v   T /*+* *'</*'/cor~'/e' c/e> 
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UFT CORRECTION FOR LEADING EDGE DISCONTINUITY 

i* c +6t 

9 

^cc are***'*   ^) 

Equation (21) of Snow's paper can be transformed to yield 

Note agreement between this and Pucketts equation (35) 

Now 

'1* be cp. <Ss 

H 

- Pfl^rf*-  *■*     *c TT S/*7 

fT^T   2. Zip Z^'; 

:; 

v^ /  ^(^ 
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WING LIFT COEFFICIENT 

c   « ^ 'L  S ;.    j, / / ~ Corrections from sweep and finlteness/ 

"    2  / 

^['-^H 

CENTER OF PRESSURE FROM APEX 

(Cf) f/A 
* * 

• t- 
(^;. 

'/^r ^ - jfej?**'/£< 

Mu'   - A'C^ OO" 

^sc 
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M, Y    ,    ■!•[•'   %^)A]    - -SC [/'/f  S€€r<m€**   /"-o*   -B/CJ 

J 

X .  _J: -  X gg ^ 
/ - Tftcv 

O 
^ 9 ^ 

w* 
t ^Vtyy 

I        C 
1     z /-< 

J    i^ ^ ^7v^ 
i/st. 

:: 
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+   * TT^iß     +   -p-   ""Ji/TZp.  f       (aee appendix C) 

c     t-ifr**" 
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LIMIT CM n 

The limiting value of n 1B determined from the boundary condition of 

the problem. Consider the case where the apex and tip Mach cones intersect 

on the wing. There are two possibilities; either the apex Mach cone cuts 

the wing tip or it does not. Com- 

parison of Figs. 3 and 4 show 

that the boundary conditions are 

not fulfilled for the former 

(Flg. U)  since the solution for 

the apex Hach circle yields a non- 

zero value of &  in the wing 

plane between E and F. Therefore, 

the condition on ft   is that the 

apex Mach cone must not intersect 

the wing tip. Thus 

/7«J 

( 

*»c 

C + fe b 

or 

- 12 - 
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This condition holds for   n 7t o.    If    /? = 0, replace this by 

a condition on the tip Mach cone. 

RESULTS 

The ratio , e*-/c±t 
the lift coefficient divided by the lift coeffi- 

cient of an infinite wing normal to flow (Ci.„ • lÜfj    end the ratio, y^ 

the center of pressure divided by the chord, are plotted against n    for 

various values of A f?   in Figures 5 and 6, 

- 13 - 
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APPENDIX   A 

| « c * by 

«•^Jf 

o 
</^   -   f J^cc^o" 

-Thus 

J5 - ^5v. 

3o/* 

1 - '-t 

:. 

fr*?«//} 

Js * JE*   ^ 
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APPENDIX B 

5C^ :  j/zti^ c   yjEzJl t**:  * 

c/^ 
-*«•;«. r/-«y i-n*-   L//7^ tf^«^ ' J 

-/ 

JZ: ~    I fj/n t* 0 </&   -s j-fn/T^pf  ^ s/^'nC-zn*)} 

ff*"* 

3Z    ?      /   ■* jy-rtf   Yn^^F* <S* 
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r n + /7=ra - (i-t 

rtu* 
r? 

s/t. 

— (/- i^ ) *       J 

:: 
lEEHKUt 

n+t^rn-hien     o/ 

^ 

ö/^t 
t^t*        f /7-t </t 

T^t*-    k-v 

:; 
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0~*J3  ~    u 

S/x'h 

■JT S       /   /  t*   S'll* eos3*«/*     ~ 

2r s sCs-i*) Afl s"7 -A oos ■* G/** 

-a^-^V^V/^'/?   -  fjdlr   + -£• f?**! 

*&*** cos*** in**. TOIFSm* 72— ^  * 

5    I**"**(**-ss***)^* 
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n 

-h n t/-**     + ^f-* 'S 
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