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MOVEMENT OF A WING WITH A SOLID PROFILE NEAR A SCREEN

Vo N. Kravets

We will consider the plane problem of the movement of a wing
with a solid profile in the potential flcw cf a perfect
incomfpressible fluid at a distance h from a solid wall or free
surface (a solid or liguid screen). We will assume that the wing only
perturbs the flow slightly. This assumgticn leads us to the
linearized theory [1-3]. In order for the theory of small
perturbations to be valid, the values of the velocity and pressure
components must not differ greatly from their ccrresponding values in

an unperturbed flow. This is only possible when

8= 3«1, : )
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vhere 6 is the thickness and b is the half chcrd of the wing profile.

We will use the acceleraticn potential method [4] to determine
the effect of the screen on the lift of a wing frofile whose

thickness satisfies condition (1).

The acceleration potential method has the same generality as the

velocity potential methcd at small perturbations. But the
acceleration potential method has the advantage over the velocity
potential method of making it possible to construct the basic

soluticn to the problem without classifying the flow first.

The linear approximation of the relaticnship between the
velocity potential ¢ and the acceleraticn pctential 6 for stationary

movement is determined by the relationship
e=—v0’n'r - @
wvhere V, is the velocity of the unperturbed flcw. According to (1),

the boundary condition on the wing surtace P = V, cos (n,, x) can be

written as

o= -V - ()
Therefore, according to (2)

F7D-ZD0S)I0034- 77
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1 - |
8y = —Vo(@uy = — Vo (@), = Vif* (»), ]
where y=1( is the wing profile equatione.
The problem of determining the acceleraticn potential can be
reduced to solving the following boundary problem: find the function
of 6(x, y) which is the solution tc the Laplace equation over the

entire plane of flow 2, with the exception cf segment S, froam -b to 4

+b, which replaces the wing profile (Fig. 1):

46-0  @EQ.

and which satisfies these boundary conditions:

O,y = sz;(x) " Fz(;‘j ,. (XES»L
O, =Vifil)=F, (0. (x€S,),

6,=0(xCL) - solid wall, :

6,=0 (x€L) - free surface

6.—-9,=181=0 at x =,

0-+0 at X -F‘oc,
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wvhere y = f,(x), v = f,(x) are the ejuations fcr the lower and upper

surfaces of the wing profile, respectively. 4

We will construct the simple formula fcr the solution to this
toundary problem by introducing inteqral operatcrs A, and A, of the
type cf potential of a binary and simple layer, respectively,
assigned in space C'(s) with values in @ (metric space

C" Q) contains functions which are continuous up to them-th
derivative in the Q-region of Euclidian space R2 occupied by the
fluid). After assigning the structure cf the operators, we will

construct the actual scluticn to the problen.
We will find the soluticn to the bcundary problem in the form

0 = Ay, + Asvs g 4

The properties of operators A; and A, are determined by the

above boundary problem

AAyy, =0 wEN),
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Auy, = ‘;»“71 + 741?1 (g€ Sop).

1 =
Ay, = —Nht+Amn (g€ Sp-),

Aprn=Av-n=A4,m @EES): ®)
Ady, =0 ~ (pEQ),
A2+‘\?a = A1y, = Aﬂ: (g€ Sp_-

y ] e
Ay, = — 2Vt Azyye (g€ Sp4),

Ay, = 71 7 + Any, €S,

where p and g are points of Fuclidian Space R2, Based on

Froperties (5), we will have

Oy = Zlv'?l = ‘%‘ Y + Zzﬂ,,

e.,= /le?, + —2"‘ v + Zﬂ‘vﬁ-

whence we will find

(4) and
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Vi=6_,—0,, = F, (x) — F,(x) = [F (), R
= 1 = £
Aiﬂx =50, + 9+ﬂ) — Ay, = ';“ 1Fy () + Fy )] — Aoy, =
1 = Fep (x) — 2214?:- ™

we will represent operators A, and A, in the form

+b .
An=ginoLoamntaa g
: s ) . ;
o : G S : '
Ay, = oa | @Gy ¢ 71) dt. : (?)

b

Here we will repres=nt Green's tuncticn Gkg y, t, ), Wwhich satisfies
the conditions on a solid wall (free surface) and on to infinity as

follows:

» 0% G(x,y.§,n)=ln;:~+slgﬁFln‘,—|‘.\ . (10 ’
vhere 7=V E—8"+ @—ns, n=V&—8"+@y+nt2np -

sign P = ? +1 - solid wall, ]

- - \;((( S face .
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According to (6)-(10) and conditicn © -0 at xX—~ + oo t he
integral equation for determining the density of the distributien of

the vertex layer is as follcws

+1
} Fo o0 i e Ko hiol.
FS?JS)[;_-‘—G(x—E)Jd$=~lf'(X)+al+

+1 :
+-% S IFG), Gy (x —5) ds, (1)
-]

G(x—5)=signF—*—%

(x—s)? 4 1648 °

G, (x— & =signF &

(x—35)+ 165 °
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is the relative distance from the screen,

h
I”TT
a is a small angle of attack,

IF@h=FEG—h &,

f'(;)--;—lfé(;).;.f,'(}n_ Integral equaticn (11) is singular with a

root which contains a regular part. The presence of the reqgular
part greatly complicates the process of finding a closed soluticn to

the equaticn. Therefore, we will find the approximate solution to

equation (11) using the small paranmeter

=V 41 —2h0< < )4l

Wwe will find the soluticn to integral equation (11) " @ in

the form
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no=30+Wm 12
where ';5" (x) and ¥ @ correspond to the solution of integral
egquation (11) at I x)=0 and |F (x)), =0.
For ' w the scluticn will te ]

=3 v (0 wn ; (13
Al
We will represent the expansion of functicn Gix—>s as [4]:

A= l)——‘ p'—‘)' 2 e
G(x—s)= Z 2 ) (x—s)y—. (19

nE==4.4, -

Substituting (13) and (14) in (11) and equating the terms with

jdentical expcnents r on the left and right, we will obtain the
+

series of integral equations S-l.@ia?'(f).
xX—85 -
whose solutions, limited at point x=—1, are determined by the

Cauchy interval transformation formula [S5]:
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n=123, ...,

where K, are the expressicns found by the exparsion of (14).

Wwe will find the scluticn for W @ as follows
-ﬂ e - - =
0= @, -9

We will represen* the expansion of functicn G (x—9

fcllows [4]:

G.G—:)- 2 (—"ﬂ_' : &
l”(u—p) G—‘)H. (17

=3 el
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Then, according to (11), (14), (16) and (17)
i-ﬂ, {
S iy i 2
Y21 (%) P l/-l—;_. ~I+; X
+ = T |
j{wpn, QU 6—=0) + 3 % () K, ,,._"._.,6—5)}45
x -] G m=0 -
r—s
n=1,23, ...),
vhere @, are the expressions determined by

we will have

ds (18)

W@ ana ™ @,

Having expressions

(12) .

the expansion of (17).

ve find % ). by
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We will determine the 1lift coefficient of the profile with the

formula

+1
C= Il;: (x) dx. (19)

We will consider the Fractically significant case when the shape

of the upper and lower sides of the rrcfile is given by the equations

W@ =f@ = 20w, g0 =, (@) = i' haaz®.

Then, with accuracy up to r#8

\ ‘.
C,-,-Zulu(l +‘t’+?l-f‘+—:-"‘.+;:-".)+Au'*‘EAl(h)"".'i'
L]

+ JT; A, gag 1Tt '. : ‘.

where coefficients A, are expressed by coefficients vb,,‘,b,,.

Example. We will find the effect cf a solid screen on £, of a

Frofile similar to profile BS - 8o/o0 [6]:
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¥ (x) = — 0,062608x* — 0,071136x* + 0,057216%* +
. + 0,025948* — 0,087347x" + 0,052883x + 0,092738,
¥a (1) = 0,035200x* + 0,034624x* — 0,022400x* — 0,025948 +
~ 4+ 0,039800x* — 0,008676x — 0,052600.

Then

* i i
Gommfa(l w4 St Loy 2 )4 0011231 4+ 0.0109630
—0,0256481° + 0,014750¢* — 0,05555v + 0,009490t% —
—0,020784%" + 0,01 :».9001'].

Figure 2 shows the curves of the change in C, of the profile at
angles of attack of a = 2.2° (curve 1); 3.5° (curve 2); 4.8° (curve
3) . Here the small circles show the values of C, of the profile at

the same angles of attack in the case of an unlimited fluid. By
analyzing these curves, we can conclude that the lift of the profile

increases considerably when it nears the screen.

B
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