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MOVEMENT OF A SOQLID PROFILE NEAF A SOLILC BOUNCARY

Studies on aerodynamic bodies moving near a solid or fluid
boundary became very 1aportant after the djevelopment of aircraft
which use the screen effect - air cushion aircraft, vwing and ground
effect vehicleg, etc., This arca of . arch is also of interest for
creating vertical take-off and landing [VTOL] aircraft and low~-wing
aircraft, as well as for solving problems of changes in stability

during movement near the ground,

The aerodynamic characteristics of an 1solated wing with an
infinite span moving near a solid boundary are determined in this
report. Several analogous problems were considered in reports by M.

V. Keldysh, Ye. Karafol', N. F. Sakharnyy, A. N. Panchenkov, etc.

We will consider steady flow about an arbitrary contour located

near a solid rectilinear boundary.

Far in front of the contour, the flow rate is parallel to the

solid vall, constant, and equal to vge

FTD-ID(RS)I-134-77
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The problem is solved with the assumptions that the fluid is

perfect and incompressible.

The motion is potential and steady:

i

The continuity equation

dive=0

results in the Laplace equation for potential ¢

n
o

A#

with the boundary conditions of the continuous flow about contour C

”~

9, = v, cos (n, x) (162)

and the absence of overflow to the solid wall

Figure 2 shows a diagram of the problem and the coordinate
systen.

FTD-ID(RS)I-134-77
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There are no perturbations infinitely far in front of the solid:

ve -0,
X -+ +4 oo,

In the linear approximation, condition (1.62) is satisfied on

projection L c¢f contour C on the x-axis. Then L is the given line of

the velocity discontinuity.

We will introduce the complex flow potential

V() = —uve2 + w (@),
where
w(2) = @(x, ) + iV (%, y).

Then the bcundary condition on the solid boundary will be

Imw, (2) = 0. (1.64)

We will introduce function ®() with expression (1.64): ;

D (2) = iw, (2). (1.65)

. TS PP PO Pt | Peiy <o = » soncn i ASRASE R
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we will have

DoC = 134 PAGE &

0‘(1) and ®_(x) are the limiting values of the function in

question ®(2) when approaching projection L of the contour on the
X-axis from above and below, respectively. Then the boundary

conditions on projection L

Re®_(x) = —upf (%) = F (%),
Re®  (x) = —u,f, (x) = F, (x).

Using the transformatiocns

Re®_(x) 4 Re® + (0,
Re®_(x) —Re D, (x),
Re®_(x) + Red_ (x)

2
Re®_ (x) — Re D (x)=F (x)—F; (%).

= Feg,

(1.66)

We will find function @) as fcllows
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Do) = z,-',-tj oy +Kies [ +io| L+ Kueal)a
(1.67)

where K, (z, s) and K,(z, s) are the analytical functions on

projection L.

Proceeding to dimensionless values and omitting the
nondimensionality index, we will write the limiting values of
integral (1.67) when approaching segment L frcm above and below,

respectively, as follows
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D, (9) = 5[V (2) +ig ()] +
+1

tg | o

1
xX—s

1
xX—s

+Kl(x-5);+i‘7(s)[ +K,(x.s)”ds.
! i)
O_(0) = — (¥ () +ig o) -+

1 13
+2—'nj } Y (5)

;_i; + K, (x, s)} +iq(s)

1
= + K,(:,s)”ds.

Using the limitinj values of function ' d¥2), obtained in

expressions (1.66), we will obtain the integral equation of the

Proplem for finding the intensity of the vortex layer y(s) and the

expression for finding the normal velocity disccntinuity which

simulates the solidity of the profile:
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N I
ﬁj‘ {Y(s) - 1+ Re K, (x,5) | — g (s) Im K, (x, s)}ds=Fc,, (x),
i (1 68)
where g (x) = Fy(x) — Fy (%), (1.69)
Pitthe o f.(x);rf,(x) ‘

Fi(0—=F(0) = f(0 — [ (x).

We will represent the integral eguaticn oktained in a form more

convenient for solution:

41 \
51,-'5 {Y(s) [xls +ReK, (x.s)J} =Fg(x) + F, (x),

where +1

F,(x)= 'Zl_nj. q(s)Im K, (x, 5) ds.
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Functions K, and K, are determined with condition (1. 64) and are

represented as follows

AT [

(x—s)—ith '
K; T = K|- (1.70)

We will find the soluticn to the inteqral equation for y(s) as

follows

Y(S) e Y| (s) ‘F \', (s)l

wvhere 7y, corresponds to the solution to the equation at Fi(x) = 0,
and y, corresponds to the solution of the equation at Feplx) =0." In

this case, *he equation for the problem is broken down into two

independent integral equaticns:
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1
s TReKix9)|ds=N,  (j=1,2, @711

1 I
i; J y’ (S)

where
Nl o cp (x)o
N’ = FE(X).
We will tind the soluticn to ¥,() in the form of series by

a certain small parameter limited by »7:

Y[ (5) o \’m + "”T’ *' \‘"T‘ '+' Yut. '}' seny
Vo (8) = Vgt 4 Voot + Vpp® + V¥ + - . (1.72)

In this case, we use the r-parameter

Te== ]/45. + l— 25.
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obtained by A. N. panchenkov [ 25, 27) from expression

= |
okl (1.73)

First we will solve the equation tor y,(s). Using expression

(1.73), we will have

Ke=il(tv v 48 4 7 Foi)—(x—P (P + 30 4+ 6 4...) +
(X — )t (v - 5T .. ) —{x—8t 0+ .. ) + 1(x —s)(x®
428 L 30 L ) — (x—s)' (v 47* .. )+
+ (=3P +.. ). (L.74)

Using equation (1.70), this makes it possible tc express i

3
Re K, (x, s) = ‘\_: Km|72my

vhere T
Ky =—(x—5s),
' Ky = —[2(x—5) — (x —5)"]

Ko=—Bx—s)—4(x—s + (x =3,
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Thus, equation (1.71) assumes the form:

+1 3 %
\ Y, () lx—lu‘é' -+ E Kmltsz ds = — 2nF e, (%)
=

m==|\

E
et +1 el 3

5. Y, (9) )—‘—_I:; ds = — 2nF, (x) — .‘ Y, (5) Z Kmt”"ds. (1.75) ]
m=|

Using expression y,(s) from (1.72) and equating the terms at 4
identical exponents of r on the right and left sides of equation

(1.75), we will have the series of singular equations




DOC = 134 PAGE )3

'Q(S)
- gvs
5 ol ds ()o

vhose solutions, limited at point x = -1, are determined by the

Cauchy interval transform:

9 (x) = f' +“'s | [ i=s »"’(S) &, {1.76)

l+sx
+1

You ()
j x°' ds = — 2aF, (),

S
9. F
s
j L _J K., (5) Yy, (s) ds,

X—S
-]

=

+1
o J 1Ky, 9) Yy, () + Ky (5) vy, ()] s,
-1

= *‘J (K (9) vy () + Ky ()Y, 65) -+ Ky, (5) You ()1 ds.

l%+
k'-<
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The last three equations are represented by the recurrent
formula
41 + 03
| \
jxisdsz —j LKulv(u—m)l
-1 1 =
1
Representing the middle line of the profile in the form of small
arcs with a central angle of 2g, we will have
Fep(x) = a —px.
Then the computation of ¥, results in :
T+=x
vo=2)/ (i@ +p -8,
f|+x ( 1 )(3 1
21/ - a + ?ﬂ 7—-1)—-75!.
, I+x (9 5 1 5
‘“—2'/1 x|[ ¥ +i")+(~—“-ﬂ Gk
5 1 . 1 ] g
-—-(72-0-{- 72-“)1 +(G+ .—B)x,|.

Y"=2l/:+x”16 +%ﬂ)+(-§-a—%p)x— 4
—(%a+-4—ﬂ)x‘—(3a—%p)x'+

+(.;.u+-,}p)x--(a+-%.p)ai.
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We will proceed to finding the soluticn for y,. At j = 2,

equation (1.71) is writtepn as follows

+1 +1
1 1
ﬁf?d‘){xw‘&j— RQK.(X- s)]ds = 5‘; “q(s)lml(,(x.s)ds = F‘ (x).
' o .

Using expression (1.74), we will represent F; as follows 4

7
Fi (X) = 2 F;.(l) ™.

A=13,..

In this case, function (s), which 1s part of the expression for

Fr(x) - the intensity ot the sources simulating the normal

velocity discontinuity - adheres to the conditien

Sq(s)ds =0, (.77

i.e., the nonpenetrability cf the protile makes it necessary to
return the sum ot the abundances of the sources to zero. This places

a limit on the form of function q(s).
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Condition (1.77) satisfies the function

Q) =V Ii—s(as +as® +ay® + ...).

In this case, function F,  will be

Fau =0,

F~==x_1-a+_!_a 5 :
Cha T 16'+-ﬁ§a']'

i 1
Fis = =

31 17 23
Fn=-[x(m"-+2—sa'“'+m“-)"”‘
15

5 15 '3 3 15
¥ ("8‘004"6-4"1'*‘ Téé“')'*'*‘(i“'*’ Ea,-{-ma,)

Thus, we will have

1 1 1 5
X (T a, +aa| -t lﬁa')_x’(Ta'-*-ia' +6—401) )

(1.78)

et o e Sttt i i i,

|
|
|
y
|
|




DOC = 134 PAGE ”

+1 7 +1 3

flij'Y:(S)xlsds = X F (1)"'—,51;,5.\’: (S)ZKM""'-
P 2% m=t

Using the expressicn for Y2(s) from (1.72) and equating the
coefficients at identical expounents, like before, vwe will obtain a
series of singular ejuations whose solution is in the class of

functions limited at point x = -1




r : pr— PrT————
.
DOC = 134 PAGE ’8 1
s
b
le (S)d =0,
x—-.s
Yaal$)
2nj‘ 2 ds Fyy (0),
2 E
l +1 +1 i
g ads = Fy, (90— 5 “lKu(x. 9 Ver 9+ Ko (5,8 a9 s,
P —I
1T
g | bt s = Fyy 00— 5. 5 K (5, 9) Yor () + Kan (5, 9 Ven9) +
bt ]
+ Ky (x, 5) Y12 (5)] ds. ;
Using formula (1.76), we will have ;
} YII — 0. ;
| = | “+x | 1 5 :
=2(l —x) l/m(gao+ﬁan+mag). 7
;
H
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EE Y 18 "
e +xl(s"'*64“'““2.56"’)
_(%ao—%g-a,{—ﬁs—“a,)xa
».»~2u—-x>1/}j§

<lao+64al+ 01)1’4-(%0 +30|4——0) ;

17
ua B 1024 "’) )

16 128

Having the solution to Y1 (x) and y,(x), we will obtain the total

solution

YO = Yoy + V™ + Vg™ + ¥y T+ VyoT + VP Vo™ + Vot

vhich makes it possible to compute the lift of a ving with an

infinite span near a screen:

|
1
|
y
|
|
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+
P = qacf { v(x) dx.
-1

Using the fact that y = 3y + y,, we will represent the lift in
the form of the two components of a thin wing and the solidity of the

profile:
png*Pz

The calculation of P; results in
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P, = 2oav§n{(a + %ﬂ)*‘ [(“ + %5)—%3

g ooy
t’+[7-a+i-BIr‘ '

+‘% a—géﬂ} T’}, (1.79)

1 1 5 s [ L8
(F“o‘*‘ Ea’+——l28 aa)T T(l“e‘ao+T2—§-0|+

13 2 15
—— 5 e d St i
256 "’)’ +(256 %+ 513 @+ o3 %) 7. s

Proceeding to the dimensionless form, we will have

i 3 19 i
: v = l+(l— i )f'+—'—r‘ 31 B \)r' 181
: U ¥ T4, o, hawi
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i 1 5 3
o[t barbe)  (asgarta)
- i

Y= 1% Uy + i Uy o

1 29 15 3

]—-6<1300 +—2—a|+2—a,)

Tt gy i (1.82)
where

1
Q= a, “k=-2"p-

We can express function 7ﬁ as

- x‘
Y, ¢-+-;:q:;:.
where

1 3
e e e I




Characterizes the change in the angle of slcpe cf dependence C,(a)

near the boundary, while function

n,=—(%ﬂt’ “';;gﬁt'+"')'

1Sy

% = f(B, v26.10...),

Function Y,  can be expressed as

N

- e Ko
V2 a + a '

where

1| 1 5 3 3
Xg =‘l—6l(ao+ ?an‘f“mﬂa) v 4 (ao 1= gTh +"mat)f' 5=

1 29 15
+E(|3"o+‘§'al+—‘—an)"]-
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Then
P-
‘a—h=’¢+ 2 .
b Pe Ay + @
where
® =% + %K.

In the common case, e.g., of a thin ellipse,
y==6b I/ l—'?.

Proceeding to relative values, at a = 1 we will have

FTD-ID(RS)I-134-77
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for =ty = £V T a7, (1.8%)

where 8 £ | is the relative thickness of the solid.

Since

then, using (1.69) and (1.83), we will have

g (x) = Vﬁ;"g?. 1.84)

Equating (1.84) and (1.78)

20x
Vi1—x

=V 1T—x* (ag +ax® + ap2® + .. .),

we will find the relationship between the shape of the profile and
coefficients @a;: at x4 = 0, ag = 05 at x, = 0.7, a, = B8.95 6; and at

x3 = 0.95, a, = 34.6 6. Then tunction x:. assumes the form

FTD-ID(RS)I-134=77
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5 (6.345¢ + 3,135 +0.0125¢)
Ty - T3

Thus, we obtained functions V. %i(ag). %(8), making it possible

to compute the acroaynamic characteristics cf a profile moving near a

screen with consideration of i1ts geometry - curvature and thickness.

In the common case of a thin ellipse, the results of the

solution are given on the graph in the form of curves

V-'%L; l”’ with relative height Zf (Pigs 3). 1
b
FTD-ID(RS)I-134-77
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