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SUIRLRY

For any given pressure distribution across a finite thin wing
at low spoed the ving surfacc can bo obtained by dircct doublo intogration.
Thereforo thoe pressure distribution across a given wing surface may be
obtained by the super position of a nuiber of solutions in which the wing
surfacc is known for o prescribed pressurce distribution.

The mothod has boen applicd for the deternination of the
pressure distribution across a thin uncaribered delta wing.

1. Introduction

In the riotion of a thin flinito wing at a steady low gpeod two
fundanmental problong are presentod, namoly,

(i) to detorminc tho load distribution of a pgiven wing

(11) to deternino the shape of the contral surface of the
wing for a prescriboed pressure distribution.

The design problom (ii) was considered in the author's provious
papor1. Horo the rvlationship which was ostablished boetween the downwash
volocity (defining the wing's contral surfeco) and tho prossure
discontinuities over tho wing surface and the trailing vortex shect
involved only a dirceect double intogrations This avoids the difficulty
of the formal potontial approach which loads to a result containing an
avkword liniting procuss.

By oxtondiny the ideas prosonted abowve an approach uay be

rade to obtain tho solution of problom (f). The method of desicn is to
assuic & load distribution p across the wing surfaco, obtaining the
downwash veloelty w by integration. This ostablishes the shape of tho
wing's comtral surfaca. It is sugrostod that the solution of problom (i)
nay bo obtaincd by substituting a scries of pressurcs p,, P, «+s Py ant
celeulating the corresponling valucs of W,, W, ess Wne Thorofore if the
contral surfaco of tho wing dofinos a dowvmash velocity v such that

Vo= KEw, + KW, + esee + Kpin

whe m/
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w::hore K,y K;y +es K are constants, the appropriate pressurc solution
is

P = Kp, +Xp, + ees +K,py.

This nmcthod 1s sinmilar to the solutlon prescnted by Garner?
vho used the formal wvelocity potential epproach. Since the method
sugiested here avoids the difficulty in the repgion of tho integral
singularity in Garner's solution, the nunerical vwork is reduced.

The paper conds with a qualitetive investipation of the
particular problen solved by Garner, namely, the determination of the
load distribution over a thin uncarbored 45° svopt-back ving at & small
angle of incidonce. Comparisons are made betwoen the results cbteined
fron the tio ricthods.

2. Genoral Thoory

Since we are to consider only the part of the prossure ]
distribution corrcsponding to the cauber, twist and incidence of a thin

finite scrofoil, nanely tho part which is antisyumetrical about the
plane of tho wing, we arg only intorested in the shape of the contral
wing surfacos Henco the problon reduces to an investisotion of the
steady flow past the central wing surfaco, detormining the pressure
{iscontinuitics across this surfaco sheoct.

Taking Cartesion co-ordinates of roferoncc, with tho origin
fixcd on tho contre linc of the wing surface so that the planc of the
ving is idontical to the plene z = 0, and assualng that tho steady
velocity V of the strean at infinity is in the diroction of x increasing,
the central wing surface is denoted by

z = flx,y)

The projection of the wing surface on tho planc of the ving (z = 0)
is denoted by Sy, whilst the projection of the trailing vortox sheot
on this planc is denoted by Sp.

All discontinuities in pressure and velocity are assumed to
occur across the surface 5y and Sp, The boundary conditions of
adjucont flow over tho wing surface z = f£(x,y) is satisfied on S,
also the condition of smooth flow over the treiling edge of the aerofoll
is satisfiod on the trailing edge of S,

If the disturbance volocities (u,v,w} duo to tho prescnco
of the wing in the air stream, arc small conparcd with V, thon the
lincarizod equations of motion roduce to

du
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It is noted that since pressure discontinuitics occur across
Sy; only, then u 1is discontinuous only, whilst v is discontinuous
across Sy and Sp. Outsido of Sy + Sp on the plane z = O,
u = v = 0 vhilst w ronains finite tending to zcro at inf'inity

The condition of adjacent flow over the wing surface is

b § e————— eve(2)

agsuaing that tho ratos of chengo of the surface z = L(xy) in both
the x and y directions are srnll.

It has boon shown! that the integrel formula, rolating the
dowvmash velocity w  to the welocity discontinuitics, is

2% \':(}(’Y’O) - f] U(xay: + 0) (x -X) + v(x,y’ + 0) (y Y)

e 0-0(3)
s‘ﬁST _x)n + (y Y) ]a/:a

whore P donotes the usual principal valuc to be taken.

3. Investigation of the Mow Past a Thin Uncarbered 45° Delta VWing

This wing posscgsocs a flat central wing surfaco at a small
angle of incidence o to the main streanm, therefore tho central wing

surTace 1ig

The/
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The planc form 8y of the flat surface on the planc 2z = O
is defined by

(1) the cquation of tho leading edge x = =6 + |y|
(11) the equation of the trailinz ocdge x = 1
(111) Somi-spen, s = 6,

and tho treiling surface Sp is the semi-infinite strip (=1 ¢ x,
6< Iy, 2 = 0), as shown in Fig.1.

This wing has boen choson so that any rosults vhich are
obtained may be compared with Garner's solution of the same problar,

It vas oxplaincd in the introduction that a sorios of pressure
discontinuities DP;s Pyy ses Pn 2Yo to be assuaod, The first quest:l.on
that ariscs concerns a° suitable function for tho First terms in a scries
expansion of the pressurc distribution, correspondin- to tho leading
tom of the Birmbawun series in the two-dinensional theory. Obviously the
first torm, multiplied by an appropriste spanwise function cannot bo takon
as it stands sinco this would involve & discontinuity in the pressurc
derivatives givin:, rise to an infinitec dowmwash along this lins., It was
shovn by Ursell’ that this irplics a steep ridze on the contre lino vhich
violates tho assuaptions of the linearized theory. Sincc this is concorned
with o flat surface the lines of constant pressure should be continuous,
with continuous derivativoes, across tho centre line, deponding on the
goonetry of the wing surface and not on a local rounding off offcct.

The first cxpression for the pressuro distribution is takon
to be the first torm of the Bilrmbaun cxpansion multiplied by a simple
function vhich onsures that the prossure derivatives are continuous.
Asawning

(1-x)(1-:i> :

x+ 6 = %y 36
P, = =pVa - -
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The, dovrwash velocity has beon computed fron (3) and is tebulated bolow
for discrete points on the wing

W,

1
Tablc of ==
av

———— g g s

"‘l[. "‘1 .26
-2 -1.50 -1.0l
0 -1.68 -1, 11 -0.53
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It is soon that this wing is in fact considerably cambered,
and therefore, the next termas in the serious expension for the pressure
distribution, corresponding to y"’pi, XD, s :c;y”p:L are taken to counter-
act the twist in tho spanwisc direction and the camber in the chordwisc
dircection.

Taking
ys P
p, = ==
2 36 i
X+ 6
Pa = --;-- Pi
y2 x4+ 6
P = -, TaS—sn p .
4 36 7 i

The corresponding dowrwash distributions are indicated as follows: -

W, W
Table of = Table of ==
oV oV
X|ly = 0|y = 2!y = & x|y = 0}y = 2|3y =&
—--L——-——-.—--] pinwmbaes.
4 | +0.15 | | =0.50
=2 1 +0,22 0,09 -2 0,85 ~0,73
0 +0,31 0,07 =0,55 0 -1,05 -0,90 0,41
LA
Tallo of ==
aV

=4 ~0.16
-2 -0,03 ~0,15
O +Ou05 *0-10 ”O-hﬂ

Superduposing/
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Superimposing these four solutions in such a way that the
dovnwash condition is satisfied at the six discretc points with a minirun
orror, thon the solution is

O.2p, - 0.5132 + 07p, + 243p,

vhon the corresponding downwash distribution is

A S W i Y el b sk ol e e | e e e . e e . gy

|
x|y = 0 ' y = 2|y = L

<4 | =0.95
-2 "0-97 -0096
-1.00 ~0,96 =1.00

The valuc of the 1ift coofficiont of this distribution is

a0y,
we— = 2,70
ga

This should be comparcd to Garner's solution

== = 3,04,

The graph of tho circulation distribution (which is scon to bo

approxinatoly elliptic) is shown in Fig,2, and the pressure distributions
ot various scctions ere shovn in Figfd3e.

In order to obtain a bottor result than the one deduced above
rore temis in the expansion for the pressurc distribution than four
oxprossions Dy, Py Dyy and p, rmust be toakon so that tho downwash
conditions arc satisf'ied more accuretcly. Howover, the investisation
showvis that this nmothod is quite practicable, since tho accuracy dopends
only on o doublo intogration,

It is suggested thet, in the application of this nethod
to any othor swept-back wing of small aspeect ratio, the first tem for
the pressurce distribution should incorporate tho characteristics of the
solution obtained above. That 1s, it should satisfy the conditions,
(1) avproxiretely on clliptic circulation distribution
(11) zero loeal 1ift on the treiling edpe
(11i) infinite local 1if't on tho leading odge

(1v) continuous prossuro derivatives across the centre lingc.

only/
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Only (i) is not satisfiod by p, sobove, whilst p, satisfies
(1), (3ii) end (iv). The choice of a first tern satisfying all these
four conditions should reduce the mmerical work oven furthor.
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