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ABSTRACT

MThe 1ift coefficient and center of pressure of swept finite wings
are calculated. The product, Aﬂ , the aspect ratio times the Mach
perumeter ( [B- /)and the ratio, ‘/ P“ the tengent of the sweep
engle divided by the Mach perameter, are the determining veriatles of
the problem. Center of pressure and 1lift coefficient have been plotted

ageinst h/f for various values of AF .
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SYMBOLS
From Snow's paper

x = spanwise axis
y = vertical axis
s = axis in direction of flow
§ = engle leading edge makes with x axis
= Mach angle
Cosp = tan f/tan/(
q = angle of attach
CL, =4 « tanm
W = perturbution velocity

From Puckett's paper
y = spanwise axis
8 = vertical axis
x = axis in flow direction
¢ = angle leading edge makes with y axis
€ = Mach angle
p =175/

k= tano
= k/p

General
b = semi-span
¢ = chord
A= sz = aspect ratio

x ,y = oblique coordinates corresponding to x, y.
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INTRODUCTION
Snow(l) has used Busemenn's method of conical fields to determine
pressure distributions for & class of wing planforms. It is the purpose
of this paper to extend this class to finite swept wings with superso.nic
leading edges, having.neither taper nor rake. Rather then attenp£ to
bring the reader up to date, the writer has trested the work as an

eddendum to Snow's paper.

DISCUSSTON OF THE PROBLEM

The problem is first to determine the pressure distributions in
three regiciic on the wing end then to sum them over the wing to obtain
1lift 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 Much cones. Region B is inside of the tip Mach cone.
Since the pressure distributions in regions A and C have already been

calculated
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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 are

then integrated to obtain 1lift and center of pressure.

TIP REGION (B)

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

wing. Notation is that of Snow,.
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Boundery conditions
R=A(r=)

Yo —prp
W=t , 2L pPer

Want; 7P L~-p
P=2T
e

In

= O

FIGURE 2

(Note that g = 7"/,_ corresponds to the rectangular wing.) The general

solution to the potential problem is

o

. + e
w, = Z A, r” s (n+€) P,

[
* the presence of the half-odd integers being necessary to satisfy the
boundary conditions. For R = A,
[ 4

2 A, sn(r1+%) P = value of the boundary
)

where A is the Fourier coefficient for a sine series of period 47 .

Note that the boundary conditions have been extended to the region
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“
w, =/ T < |Pl ¢ 27
-2 -7 P . 1 such that « remains an odd
: ' ' ' function.
(g - 4 7 unction
Y
Then,
-p
; An ’""z‘l;,- 5/n(nf/¢)f:/f
-(zr—p)
*I
' 2r-p
!
- t 7 Sen (n+//¢}fa’r
[
. ¥ Cos(nrilg
Y '7+yz_ M
and
n+ X :
w = —75;-. Z Y © (_,os(n-”/,)F st (n+5) P

The value of

sion for ¢y,

«,

r7+;i

on the wing corresponds to ¥ = 77 « The expres-

becomes, after simplification,

237

N

-»)

——"—7"‘”, 4 78 7 2 —L"*y‘ stn ng
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Pifferentiation with respect to r yields

by

Jw, 2 = - n i
)-F! = 717’? C.OS.ZE g(. r)" 'cosnﬂ.. 5/”_5 é(-r} 3,,'”’J

o

':7'}-"2_,- 2_: [‘o,% £ {(-re"’;} ~ srall ca'{("“.’)”}]

L) ('P »
Noting that Z (— re ) is & geometric series, one obtains

o

&,

? o (o R m) - o€ & ()]

After real and imaginary parts sre separated, integration yields

G = 2 Aan” Jar(iscoss)

(=7
. /) A1 +cosp)
= = S/
“i 7 ) e £ cosp
g’
The quantity under the radical defines a new R/A (say, -—A-). It is seen
/
that forf-?,% — % °.
On the wing,
i S S S
4 2tan M
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Thus,

-& =
“y 72 sm "' |/ hang (#w")
x —
/ TSP
= & s’ V @

LIFT CORRECTION FOR FINITENESS

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

cients (to be calculated later) simpler.

Puckett Snow
Y X 2 +3tang

Y 2+ x

. = =

& é

b 7

o k +tan
£ ot pm

# cosp

"= e
- i (o

Under these transformations

U
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A second transformation

x'=x -kY

/

Y=V
further simplifies the integration. The.expression for ® now becomes

® < (s~s)x(lp &)

CLA = correction to the infinite swept wing lift coefficient.
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LIFT CORRECTION FOR LEADING EDGE DISCONTINUITY
' f=c+ 47
; - 4
¢ = -TZ"'
]
c - _dt
oJS = ik 7- PTL
(sec appendrx A,
Equation (21) of Snow's paper can be transformed to yield
Cp ‘{'(
A= gYi-ne /- t‘
Note agreement between this and Pucketts equation (35)°
Now 7
Cp,, - —1
I‘A - bc CPA JS
C
n
- ¥« <t 2 -7 ”nt-¢* J¢
T Bli~nt 2k sc T Sin ’ /I~ =gt
o
z | Y —~ (=2 n% p ]
L ?[Z”*”” (men*) suen [0
L ¥« / A(n)
T Bli~nt 2AF /+ 7
(.Sec Lppendsx 'B)
‘ »
<
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NING LIFT COEFFICIENT

C. = Y4 - ]
L = P_/;E'TE [ / Corrections from sweep and finiteness

py / / /+ 4(n)
S BTt {/_ AF I+n 2

s [ 1= £0)

CENTER OF PRESSURE FROM APEX

-/
(cl’o}g - ” ’/’:“‘ -7;'—_ co:f5
(Cro)y = =22 an )25
a/c Bliene -t

)
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"y’ {"‘ [i‘" %LCP)A] - :%‘C[///f decrement from 3/(]

i

n l><‘

c ;7 {'- a4
' A7
=3 Kt 77 /’7/ ~nt (=37

-10 -
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¥ )2 | c
bc {- ¥/(/%n) * nbp'-(/uﬁ‘

-——-I o _'f_”i;’... Vi~n* oo (’ ent )
T AP | ¥ [ TwE 7 Z )JM. n

é
+~ nli~pv + %/?.”‘J(l.‘”)é.} . (see appendix c)

g' A ' / p /~ 9(n)
Ry N K o> o
| 7+ of el 7
where Gen) 15 Abe coe/flclen AR

*he expressiorm for $LY

! g c
V= Trky - /*2-;-,-/(07) { (’ z./m

z n(t~ 3
..7:—3-[?)('0:) - ‘('*",)] 9 AF/

)“ aglFin + 7 Ap

- (-7
F f(hl

X
3
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LIMIT ON 2

The limiting value of /7 1is determined from the bo_undary condition of

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

on the wing. There are two pcssibilities;

F76.9

~/6. ¥

Awg

= 2 =

elther 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

(Fig. 4) since the solution for
the apex Mach circle yields a non-
zero value of @ in the wing
plane between E and F. Therefore,
the condition on 7 is that the
apex Mach cone must not intersect

the wing tip. Thus

é g
c + kb P
or
b/
( + k bt 4
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From which
2

ne = aF

This condition holds for my¥ o. If #», = 0, replace this by

AR,
a condition on the tip Mach cone.

RESULTS

The ratio , "-/C.h' the 1ift coefficient divided by the 1lift coeffi-
cient of an infinite wing normal to flow ( G, « %:‘} end the ratio, ‘/c )
the center of pressure divided by the chord, are plotted against # for

various values of A B in Figures 5 and 6.

=g 1=
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APPENDIX A
/!8 cvhy
X gy
.
Jds = —é—fl.scctl"d"
Set ¢ = ig? - K tan F
a/l‘ - ko//—}} =T AJCC‘#J#
Thas
S5 = -Z—%- ‘5‘0/1.‘
30'7‘
c
§ = =
F‘/ﬂe/,_/’
ct %4
‘ I @ T
4>



CORNELL AERONAUTICAL LABORATORY
Buffalo, New York .
CAL/ CM~441

APPENDIX B

n
-/ 0'._ * Jt
v
lﬂ.“(y/v//oﬂ o]{ /t/lt r I ¢ G-¢)
o

set: s = J_nt-%€ t=p: B0
rso;: B s’y

£ = 72 s
/ ~ S0V

L 4 D
(/:/1;7. = el (o2 Sl + grned + J/'tﬂf"!‘”’t”]

i~nt | YV srav

J/l‘ ﬂ

s E/ﬂo’/frﬂwsﬂdﬂl - %_"'”7._22_

’7—~.S/'t

Srn l]

= Bsinrd o = —ZL [n Ji~n* - J’/'?Jn[/° 2”')}

Scn
ZZ = B 5,08 V0 orn*? /¥
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APPENDIX C
< n=t Let t'(/l‘

054/” —/4«: sa‘s/tr‘UIL,ar)

n-¢*
s = ] - ¢

[
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¢ 15 founo’ +h et

¢ I ‘

— of St 8 cos’d> - 3(/-'7") Ssnth Cos
=97 T~ T (~ag*

’ y
2 k3 f 3
4 3 sink costd Yns~sn*d # Srot 22 (n~ S/or d) ]

-
ST #H

s ¥ 20 srst 20 cos:'vlc/zﬂ =

= - g/mn (=0 2 i (/—_n‘}'% + Y smn v Yr=0 2

. S0~
2 = 3(r-47") [8 5107 R cosB S,
[

4 i n St
) ";‘!'(/-”"][h".rm ho - s 9n o g St=n

A
/4 /:o‘.r/nt' cos 'V fn Sk &Y= —g—” ~ 1z

: o/
v/ s/dsmtﬂ(nt.mr'z’)/‘/u
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Thus

n”
-t n-e* r I
S/« /—c< (1~E3
°

% 4 e & -
(fﬁ;‘z - //_"—) ~ L (1men) sra

L 3 ” !
g(r-nyY* | ¢ ” n

F77" L

+nVi~at + F—7
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