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by
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SUMMLRY,

Thas note dnvestigates the lift, putcehing moment and induced drag
cocfficlents of a highly-swept delta wing attached to an elliptic cylindor
cf consiant cross-scetion. These couffacients are derwved by trcating
the changes in porturbation velocity parallcl to the free-stream
direction as small campoarcd with the velcelty changes in transversc
plancs.

Curves are gaven which cnable these coefficilents to be deteminec
for various values of the bedy width and body height.
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1 Introduction

The agrodynamic properiies of sloender delia wing + circular body
combirations have been investigated by Spreaterd using the "transversc-
gtrip" method of solutioca, This theory assumes that the ferm

2
(1-2) g—% of the linczrised couation for the potential is negligible,
x

and the solutions nre constructod on the basis of 1 potential flow in
planes norml to the stream darectuion. The method is strictly applicable
only if the apex angle of the delta~wing and the slope of the surface of
the body are vanishingly small.

The present note oxtends the work of reference 1 for a delta wing
+ body combinatlon assuming the body to be an infinite ellaiptic cylinder
and the wing bo be of zoro thickmesy.,  The results are obtalicd by a
conf'ormal transformation of the flow in transverse plancs about the dclia
wing + czroular body ccabanation.

2 Mathematieal Analysis

Congider flow in plancs normal to the stream direction about a
wing=tody combination: the transiormation

E =y +dz ="+ a X (1)

where /5! = ¥ + 1Z, trapsfoms & circular boedy + wing cambinaticn in the
Y, Z planc into an siliptlc body + wing canbinaticon in the y, z planc.
If the ecntre of the body is at ¥ = % = 0, the radins of the body is a,
and the cxtremitics of the wing are at ¥ = 40 and ¥ = +s, thon in the
v,z planc this boundary is transfumncd into:

2
Yz o4 L8

the cllipso — + = a
T M2 (-

' 2
ard the straisht iinc z = O for a{l + N <|y|lss’+ 2a”
S

Tf the cllipse is a transverse scetion of o right elliptic
cylirder with axic y = z = 0, and tho wing-plan fom is assumed
triangular (scc Pig. 1), then

2
(where b = & + lé_) Tor O<x<e,
8

2,1 Iaf%

From Bernouillits Eouation for limcorisced flow the prossurc
difference butwoeen the upger ~nd lower surfaces of the wing or body is
given by

ap

ap o (2)
1

ol

3



ard integratiog over the wing surface

v . )
Cp ==/ 22 dx dy = — d 3
Mo T PR TR ! rp Y (

wherc ¢pp is the value of the potential at the wing trailing edge,
since tEe potential at the wing leading edge 1s zero, and is the valuc

of b at the wing trailing cdge. From Ref. 1, by a transfomation of the
potential due to flow past a flat plate, it is shown that

a2 \° 822
¢ = Uy <9-+'—-) -<Y+-- (%)
\ s Y

On the wing surface where z = 0 and 2 = 0, we have from (1)

/ az?\
3
dy = | 1L = == JV
y k Yg/} (5)

Therefore on substiututing from (4) and (5) in (3).
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+ (1 - h)(sm—i-%)—l; (6)

where sp, is the valuc of s at the wing trailing cdge.

Likewise, integrating over the body surfade

8 a(l+?&)
Cr. = = - d
I8 - Ua (¢| o quzo) y (7)
)

Where qu:c andtp{x=o are the values of the potential on the surface of
the body at the planes x = ¢ and x = 0. (Sec Fig. 1).
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From Ref. 1

2\
| =T (——- by (8)
2 na_. 2 B/

Tr4+Z7=a

On the bedy surface where

) Z2 )"2
2 2 2
A% = 8% =¥ 0F —m— s AT e
(1-%2 (2
we heve from (1)
ag = (1 + %) ar (9)

Therefore, substituting from (8) and (9) in (7).

¢ c dy
\ Y +Z =a IY2+Z2=a‘a
g =

) 5= 4a

Thus frem (6) and (10), the total 1ift coefficient is

Lo 2 a %
= = o & L _— 11
Cr, L,* OLB el 2 (11)

Nl
Since b = Sy + = frem definition
m T 8p
i o 2
. by +an12 - ke
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m
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we have

o A

a
where ¢ = (1+ ¥ 5= 1is the ratio of body width %o gross wing span,

Tl
i 2

and 4 = Sm is the pross wing mapect ratio.

For particular cases we have

(1) ¢ =0 (i.e. there is no bedy) L. m
ou 2
(1) ¢ = 1 (x.e. there is no wing) %L . ¢
Ba
(iii)n =1 (i.e. %the body is a laminar strip) %(E.I:’. s (1 - 0'2)
a
(iv) » = 0 (i.e the body is eircular) _.....BOL - T (1 - 1-;2)d
o 2
(v) » =- (i.e. the bedy is replaced by two 80, mA 2
infinite wolls perpendicular to i (1-0
the wing) 2
2 a
The value of — —= from equaticon (12) is plotted in Fip, 2 as a function
Rl o
of
d h -
—— i, arnd — = L A
Zogn d 142

where & is the width of the body apd h is its height - as shown in Fig. 1.
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o0
We sec [rom Prg. 2 th&t'?ﬁ% is rcduoed by increasing, scparately,
gither the baody vadth or the body hel, ht. It is pertinent, thereforc,
to 1nvestigote whetner for a siven body fronbal aren, there iz an optunwn
ratic of body heipght to body width.

2 8o body frombal aren
In F1,. 3, ___.w_JE is plosted as a function of J - = =
7a B {(eross wing span)<
ﬂ 2/1 - A h
— ~ﬂd~—-
\l-i-?\ d

We seo that therc is no opbimum in the strict sense, since for a

body frontal area Wy
given ragio - o increcses propressively as the mtvo
(pross wing span)s Oa

EEQZ_Ekiﬁﬂi.lnorbdbbs %L, boing cqual to the wing alone value of M.
body width

in the extreme case wvhen the body 1s of wnfinite helght and zexo width.
Even thig conclusion only applies to the particular type of body con-
sudered in shis wote, namely on anlfinite oylirder. A morc realistic
body would have =« pointed nose, and Ward® hos shown that the 1ift Sn

a pointed bedy of ¢lliptic cross section duc to the nose is 1pr

The cxtra 1ift that should be odded to our results to allow for the nose

of a pointed bady may therefore be written as

A
A(icilz By 2

B/ 2

and Fig. 4 repeats the commpardson of Fig, 3, but for a body having a
pointed nosa. ~2oin there is no optamum in the strict sense, since for

hedy frontol areca aCr,
(zross wing olen)e da

2ight 8
EEE&L;E;Bi—— decreases,-—---g—'E now being equal to the wing alons valuc of
bedy widtch ot

i@ in the extreme case when the body diometer is equal to the gross wing
spen (Lee. there is no nett wing).

a given rotic inoreascs progressively as tho

ratio

These concius.cons Jdioplay the danger of meking any general deductions
as to the bencfit or otherwise of using wide or 4$all bodies. In any
case, o true appraisemcnt should inelude o discussion of the drag of the
canbination.

2.2  Pitohing Moment

If op(x) = L{x)/a3, where L(x) denotus the fotal 1ift on the wing

+ body 1heia cf the planc x,
y g
1 it

g\ gy (1___ acp(x) =/ op(x)d (35‘5,3
(G) / /o U

/

Te



But

and
pridvd D ,’/ :12 2
CL( X) = q 3 kl - -—S-Z- s

from (11).

Hence, perfrming the intogration im (13).

(1 = )2 1 -2 1/

doy o U & ba. T3 / a
— 2 1 — R 1 ——
G 35 L0 o Ty )

sley .2 _ 2o
For partlicular coscs we have
d 2
(1) o= 0 (i.c. there iu no body) Ay o
dGL 3
(i1) =1 (i.e. there is no wing) ﬁ =0
dOL
ac,; l+20
(iii) A= 1 (1.e. the body is a laminmr ctrip) Gy =2 (1=0) !
dGI.: 3 1l+q
d 2 1+30
(iv) A= 0 (i.e. the bedy 1s circular) »-% = Z {~o) "(—1252
dc, 3 4
(v) ==l (i.c. the bedy is replaced by two acy 2 (1-0)
infinite walls perpendicular %o the EnN = 3

'Ni'ﬂg)-

In Pig. 5 the position of the serodynomic centre as a fragtion of
the distance forward of the wing trailing cdge is shown as a functlon

B L~
Of‘é‘%‘i';: U, r..und“é"-—l-i_ha

243 Induced Drapg

The induced drag is equal tc the resclved component of the nomal
force in the frue otream direction, less the force due to the suobion aloug,
the wing lending cdge.

8.



Accoﬂdlﬂg to the thoorem of Slasius, the suotion feree at a sharp
point is given by

N Yllm % 1p K- dg

where w 15 the camplex potential of the flow in the (y, z) planc and ¥
a small cireloe about the sharp porot.

By by Cauchy's Thecrom,

Z‘ 2 2
lim % ip fi’é?‘-% GE = = mp Lim  (E ~ & )kd’“"’\
Y—=0 L/ i\ E;.,/, g_’_.ago

vherc E = g, is the position of 1hs sharp point.

Hopeu, the resolved component of the force at the wing leading odpe
(v = b) in the y-dircctlion is

2 S D
w o Lim (€ = 5)( 8 = = g Lim (2 w3 ) (S )28
: ) = e (F ) (B ]

i

o 13 - s 595)
ﬁoy%i (r - 2], \337/ &

Hence, fram (4) and (5), the force in the y~directicn per unit chordwice
length iz

22/ a2V (1 - a.\f / ’ 2\\2 " az\gi
']EpUzﬂ’. g 'lkl L —— l-i‘m. (S - YV t}' e eg'.... - (Y + -f" | i
s !

: |
12 J
T :

To obtain the foree porpemdzceuloer to the leading-edge per unit
chordwise longth, this cxpression must be muléaplied by sec I's  Integrating,
for all x boetween tlhe plane of the wing-body junction and the wing trailing-
edge, it follows thoat the componcot of drag forec comtributed by both sides
of the wing is

PYR 2
/ 2
1 < s+/ db g, & 22,2 [ la
maa (___p\ﬁ_ ds 7 07 % P K B
\ s?/

9s



By comparison with equation (11), it follows that,

Cpy = ooy, (15)
This simple expression may be stated 1n the more usual form:

Cny / 2 o,
xh 5 = 1) [———
o\

where the term'on the right~hard side can be obtained from Fig. Z.

LIST OF SYMBCOLS

L;:bmg/S (gross wing aspect ratio)

=
I

&

drag cooflficient of wing + boldy combination (= Cf% + AODi)

Gl
it

1ift coefficient of body 1 1ift
= qS

-t " it f
= wing |

T )
G, =G+, g
Gy

= piiching moment of wing + body cambination about wing tralling

" moment
eﬁge(= -
uxE
L(xo) = lift on wing + body abead of planc X = Xge
g . [ byC .
= g area | = w——=— |
gross wing ar \ Teo |
S
U = speed of free-stream

L3 K
l._~f_J
u

a = radius of body in ( Y, Z) plene (: d :h)

b = local wing gross semi~span in (y,z) plane

b = value of b at wing trailing edge (i.c. at x = o)

o = root chord of wing (i.e, value of x at wing trailingeedge)
& = gross wing standard mean chord = %o/(1l=0)

1o,

axes about oircular body + wing cambination (¥ = Z = 0 is body
axis, 2 = O is plane of wing)



da = width of ellipéic boiy

h = height of ellipiic hody
i = [=1
Ap = pressure difference between upper and lower surfoces of wing or
body .
q = % 3 U2 N
/ 2 2
. . " b o+4b = Lha
8 = local wing pross semi-span in (Y, Z) plane \i
2
S = value of 5 at wing trailing-edge
W = complex potential (= ¢+ iy)

= axes about elliptic wing + body combination
(y =2 =0 15 body axis, 4 = 0 1s plane of ithe wing)

. -1 dp"
= geml-apexX anyle of deltn wing (= tan =
X
=Y + 12
@ = incidence of wing to Urecw-shream
d =h
A == (a varisble parameter of the conformal transfomation)
+
. Aol
g =y + iz == o
—4
t——)
0 = alr density
d
o = e
by
9 = potential funclion
1 = gtream function.
REFERGCES
Na. Author Title etc.
1 Spreiter, J. Asrodynamic Properties of Slender wWing-Body
Gombinations at Subsonic, Transomic and
Supcrschic Speeds,  NACA TN 1662, 1948
2 Ward, G.K. Supersonlc Flow past slender FPointed Bodies

wuart. Journ. koech. and Applied Math, Vol., II,
Pt. 1 (1949).

11.

wt.2078,CP58,%¥3, Printed in Oreat Arvicin.






FIG. [

BODY CONTOUR

2 a2 1 3

O S |f
fi=2(1- N) 0 ————y

| | i
| | -
i
| le d—
l =qI1+A)a
L 2 -

FIG. NOMENCLATURE



FIG.2
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FIG.2 VARIATION OF LIFT CURVE SLOPE WITH BODY WIDTH
AND BODY HEIGHT.
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(INCLUDING THE EXTRA LIFT DUE TO THE NOSE OF A POINTED BODY.)
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