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~OVENENT OF A WING WITH A SOLID PROFILE NEAR A SCREEN

V. N. Kravets

We will consider the plane problen of the novement of a wing

with a solid profile in the pot~ ntia1 flow cf a perfect

incomçressible ului cl at a distance h from i solid wall or free

surface (a solid or li1uicl screen). We will assume that the wing only

perturbs the flow slightly. This assumFticn leads us to the

lineatized theory [1—31. In oz~d€r for the theory of small

perturbations to be va lid, the val ues of the ve locity and pressure

components ~~st not differ greatly from their ccrresponding va lues in

an unper turbed flow. This is only possible when

F 7b-ZDO’c)I*’36-~~
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where 6 is the thickness and b is the half chord of the wing profile.

We w i l l  use t h e  acce le ra t ion  p o t e n t i a l  me thod  [ L I ) to determine

the effect of the screen on the lift of a wing profile whose

thickness satisfies condition (1).

The acce le ra t ion  p o t e n t i a l m e t h o d  has the same g e n e r a l i t y  as the

velocity potent ial methcd at stvall perturbation s . But the

acceleration potential method has the advantag e over the velocity

potential metho d of making it possible to construct the basic

soluticn to the problem without classifyin .~ th€ flow first .

The linear approximation of the relaticnship between ~he

velocit y potent ial • and the acceleraticn pctential 9 for stationary

•ovement is determined by the relationship

- (2)

where V0 is the  v e l o c i t y  of t h e  u n p e r t u r b e d  f l o w . A c c o r d i n g  to (1)  ,

the boundary condition on the wing surtace ~~~~~~~~ (*.x) can be

written as

ç~a.— VJ ’ (x).

Therefore, according to (2)

-- ——-
~~

-
~~~~~~~ - — — . •— -——- — 
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0, ~ — V~ (,~~ 
— — V~ (ç,)~ = V/ ’  (4

where j = 7 ( r )  is t he  w i n g  p r o f i l e  e q u a t i o n .

The problem of determining the acceleration potential can be

reduced to solving t he  following boundary problem: find the function

of 0(x, y) which is the solution tc the Laplace equation over the

entire pla ne of flow 0, with the exception cf segment s; fro. —b to

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

Ae=o

and whic h satisfies these boundar y conditions :

0~, = v~; (x) = F, (.4 -

. 

(x 
~ S~÷),

= V20f (x) = F , (x~ 
- ‘(XE S,,.4.

°,=0(zE L~ — solid wall ,

• 0,=O (x~~f ~ — free surface

at

~~~~ ~t X -.’ +” oo.



!~~~T
1 _ 

- j
Fig. 1.
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wher e y = f 1 (x , y f2 (x) are the eluations fcr the lower and upp~ r

surfaces of the wing profile , respectively.

We will construct the simp le formula icr the solution to this

~oundar-y problem by introducing integral operatcrs A 1 and A 2 of the

type cf potential of a binary and simple layer , respectively,

assig ned in spa ce C~~s~ with values in ( m e t r i c  space

C”~ Q) con ta ins  f u n c t i o n s  wh ich  are continuou s up to t~~. m—t h

derivative in the cI—rejion of 1~uclidian space R~ occu p i e d  by the

fluid). A fter a ssignin~ the structure cf the operators , we will

construct the actual scluticn to the proble~ .

We will find the soluticn to the bcund ary problem in the form

0=A ,V ,+A ,y,. (4)

The properties of operators A 1 and A ? are determ incd !~“y the

above boundary problem

~A,y3 =O (p~~Q).

- — -
~~~ 

- - -  -
~
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Ai÷?, = —k- v, + A,y, (gE ~~~
= + ~~~~~ ( gE S D~) .

A~ ÷y1 =A,~~y, A1~y, ~g~~S~) ; (5)
• (~EQ).

= A~, (g € S,,),
— 

~~~~~~~~ + A2yy, (g€S~÷),

where p an(j g are points of Fuclidian space R2 . Rased on ( 4 )  a n d
properties (5) , we will have

• 0~~ = — -
~~
- y, + A2~,,,,

0_v = + -~~
- 

~~ ÷ ‘~~‘~

whence we will find

• ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~
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= — = F, (x~ — F, ( x) I F (x)L (6)
= —

~~
- (0~ ± 8~) — A2~y, = -h-- JF, (x) + F, (x)J — A,~,y, = -

- 

=F ~~(x~— A,~y,. (7)

we will represent operators A , a n d  A 2 in the form

t~jd~, -
‘

. . (8)

- 

(9~

Here WE’ will repre s~nt Gr e~ n ’s function G (x . y, ~~, il), which sat isfi~s

the conditions on a solid wall (free surface) and on to infini~-y as

follows:

G ~x, y, ~~, n) = In-i- + sign Fin 
~~~~~~~~ (10

where ‘V ’+ y—j r,= ( ( x_ ~) ’+(y+, 1+ 2h~i, -

Si~~fl F = +1 — solid w al l .
2 — i  —

- 
-
~
-
~~~~~

- •
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— - •~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Acco r - i i n .j  to ( 6 ) — ( 1 0 )  a n d  con l i t ic n 0— ~ 0 at  X — ~ +00 the

in te .~r d l  c~~ u at i o n  for Tht ’~’r m i n ~ r :J  ~ he  d € n s i t y  of  t h e  d i s tr i b u t i o n  of
the  v cr t ’-~x l a y e r  is ~~ t o l l c w s

+1 
-

- 

- (1 1)

where 
- -C — s) = sign F - _.-
~~~~~~ ~~~~~~~~~~

~—
,÷, 

~=+. v~(s ) i ,

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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‘1

is t h e  r e lat i v e  rlist a mce f r o m  t h €  screen ,

~ is a sil~.a ll  in g le of a t i a c k ,

r (~) =-—If (
~+f ~ )J. Tntegral equatio n (11) is singular with a

COa -t w h i c h  cont-i i~i - i t-ojular par+ . The j;resEnce of t h e  r ’~ j u l a r

par t  g r e at l y c omp l i c a t e s  t h e  p rocess of f i n 3 i n g  a close d s o lu t i c n  to

the  e q u at i c n. T h e r e f o r e , w~ w i l l  f i n d  the  a p p r o x i m a t e  s o l u t i on  to

equa t ion  ( 11)  us ing  t he  sm a l l  para inete~
t =  V4 ~’+ I — 2 ~i~0< i< 1 ) l4I.

~- w i l l  f i n d  the  s o l u t i o n  t o  i n t e g r a l  e q u a t i o n  ( 1 1 )  ~~~ in

the f o r m

• -
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~t, (~ ) = p ’ ~x)+y?’~4 
(12)

where ~j~~(i~ and ?~ x) correspond to the sol’ition of in teqral

equation (11) at ~‘(x)=0 and J F ~~) J, =O.

Fo r YP’ (x) t h e  s o l u t i o n  w i l l  Le

(13;

Wc will represent the expansion of function G ( —s ~ as [4]:

‘I

G ( —i)=~~~~ ~~—~)
‘--‘. (14)

Substituting (13) and (1 14 )  in  ( 11)  an d  E q u a t i n g  t h e  t e r m s  w i t h

identical expcn ents ~ on the left and right , we will obtain the

series of integral equations S ~~~~~
—I

whose solutions , limited at point i—— i , are determined by the

Cauchy interval transf rmation formula (5~:

_ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~ --
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~~~~~ = -~
- ~/ ~~~~~ ~~~~~~~~ (15)

~~~&) = 

~~~~~~~ ~/ -
~
-
~~~

where I(,, a re the  express ions  f o u n d by t h e  ex pa r s ion  of ( 1 1 4 ) .

We w i l l  f i nd t h e  s c l u t icn  for  Y?’~ X) as f o l low s

H Yr4~~~~ 7~~ )t~+’.

We will represen 4 the expans ion of functicn 4 ( i— i ~ as

fcllo ws [14 ]:

— S 
~~~~ 

- 

~ — i)’-~. (I~~
~~~I3... ~~~~~~ •• (— F—)’ 

- - -~~~~--~~~~ —•---•,-=---_ —•,‘-~~ -_•—-- 
•-• -•-



DOC 0036 P A G E  ~~
I,.-

The n , acco r d i n g  to ( 1 1 ) ,  (1 14 ) , ( 16)  and  ( 17 )  we w i l l  hav e

~~=o. -

- - ~~j / ~
±
~~ i/+~ ~

5 { F  (~,)J, Q,~ (i — ~) + j i2gp~ ~ ) I(~ ~~~~~~ (~ ~~)) 
d~-I 

-
- - —ds (18)

( 1 1= 1 2, 3 ... ),

where Q~, are the expressions determined by the expansion of (17).
Having expressions ~

S11(i)- and ~S’~ (4. we find j , (i). by
(12) .

_ _ _ _ _ _  
_ _ _  _ _ _ _ _ _  
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We will. determine the litt coefficient of the profile wit h the
fo rmu l a

= 5 ~, 1
1j) di (19j

We will consider the p r a c t i c a l l y  s i g n i f i c a n t  case w h e n  the  sha pe
of t h e  u p p e r  and  l o we r  s ides  of t h e  p r o f i l e  is g i v e n  by  the  eq u a t i o n s

vs (~) 1, (i~ — ~ bi.~’, y~1 (~) 11 ~~

‘Then , with accuracy up to  r~~

CV 
[~~
(i+t’++1’+ + + ‘

~
‘A

- • +--~~~As~2ii÷i1tb~+ J

where coeff icients A,, are expresse d b y coefficien ts

Example. We will find the effect of a solid screen on A of a
profil e simi lar t0 profile ~s — 8o/o ( s ] :

— ,• ‘•-
~~

•-•--.——- ~—~— .• -• . -_ •- -.—.,
~~~~ -—.——•—, ~~~~~~~~~~~~~
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vs (~) = — 0,062608? —0,071136? + 0,057216? + 
-

+ 0,025948? — 0,087347? + O,O52883~ + 0,092738,
y~ — 0,035200? + 0,034624? — 0,022400? — 0,025948? +

- - 
+ 0,039800? — 0,008676~ — 0,052600.

Then

4_ . 2*ta(I -i-t’+3.t’+ -~-1~’+-~~--r ’)+o .oJI23 1 +0,010%3~’_
— O,O2S648 r’ ± 0,014759t ’ — O,05555w~ ± O,009490t —

— O,020784r + 0.0J~ 9OOw’j .

Figure 2 shows the curves of the ch an -~c in 
~, 

of the  p r o f i l e  at

angles of attack of a = 2.20 (curve 1) ; 3•50 (curve 2); 14. ~ 0 
~~~~~~~~~~~~~~~~

3). Here the small ci rcles s h o w  t h e  v a l u e s  of ~, of the profil e at

the same angles of attack in th~ case of an unlimited fluid . By

analyzing these curv~s, we can conclude that the lift of the profile

increases considerably when it nears the screen.

-pLy

f TILIZ ’C4 ’~Tte3~. ‘2 ~2
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