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BOUNDARY PROBLEM OF SUPPORTING SURFACE IN NONSTATIONARY LIMITED
FLOW

B. N. Belousov, V. I. Orishchenko
(Irkutsk)

In this article we examine a method of solving the boundary
problem for a wing of arbitrary aspect ratio which makes periodic
arbitrary oscillations of infinitely small amplitude in a limited
fluid flow having a veloclity at infinity of VO'

Given 1s a brief derivation of the main integro-differential
equations of the problems obtained in [1] and a method for solving
these equations and obtaining the numerical hydroaerodynamic
characteristics of the problem is developed.

The boundary problem for the potential of accelerations 6 is
formulated as [2]

sy gee }
ox-F(g) gES, ;
0+-0__—_0 gEL

0—0 - X = 00
P(0)=0 8€S,.

A

Here @ 1s the space occupled by the fluid; Sp - projection of
supporting surface in direction of undisturbed flow; L - tralling
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edge of supporting surface; P - operator whose form is determined
by the type of limiting surface SO'

The solution to the problem gives integral operator Ay,
assigned in space Ll(Sp) with values in space C2(9).

The necessary properties of operator Ay are given in [2],
and [3]. In the studied problem operator Ay takes the form of:

1 " J [1 ; 1
At =KQ 1(P) 37[_; + sign F-;:-] ds,
“n

where

r=Vx—+ =1 +E=0%
=V =+ ="+ (++4n,

—I— so0lid screen
signF=! 4+1— free surface of heavy fluid
|(F,— o).

The integral equation of the problem
Z:T"—"F(g)o gesp
by representing the solution in the form of 3 components

T=N+Ta+"

[2], [3] is reduced to the equation system:

NoAy =F +C g€S, (1)
NyA,r = — ikF, gES, (2)
NAjy=F, gEsS, ’ (3)

here: Ny, = -3 [ ] dr;
71€IC'(Sp) - regular solution related to presence of break 1n

tangential velocities during transition of surface S
72€IC'(Sp) - regular solution which describes inertial motions;
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PRy

¥y singular solution, determined from equation (3)
transferred to space of velocity potential by
operator N.

Equation (1) is not used, since it contains an indeterminant
constant C for the case of a supporting surface of arbitrary
aspect ratio.

Thus, the inertia component of the solution Yo is determined
from equation (2), which in form coincides with the equations of
the stationary theory, while the vortex components Yq and Y3 are
determined from equation (3).

The kernel equations (2) and (3)

VE=8+ @) (y—nt
X, Ev ’ o
ik » (x—=8(y—nm)

is represented by the Leydlo-Sobolev approximation for a wing of
arbltrary aspect ratio in the form of two singular kernels with

singularities with respect to (x - &) and (y - n), respectively,
which from the theoretical standpoint is incorrect, although it

does lead to satisfactory final results.

In this study the approximation for this kernel contains a
regular term in addition to the singular components, and this
makes 1t possible to preserve the main properties of the kernel

K(x, £€ ¥y, n) [11].

K(x,& y, )= () sign (y—n)[ ’ —j £ “"smk(x—i)dk]+

x—E
0

—op(L
+slgn(x—E)[ﬁ—5 ew(").slnk(y—n)dk]. (4)

where ’
PMN)=0, 1=0; P () =0, A—oo,

P(\)— o0, A= o0; P(—:->~oo, A—Q.
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The kernels of equations (2) and (3), which consider the
limited nature of the flow, are approximated by functions which
have the form of the regular terms in the kernel approximation

K(X, &y Y n.

The system of equations (2) and (3) based on approximation

(4) is reduced to the system of one-dimensional integro-differential

equations of the Prandtl type

v, )= 1 e, m _
ROV=—efat = [ =0y ~nar]s (5

_CRY M= P(k) [ Oy () b
L= et () — j! S Gy —mdn (6)

+1 +1
__ _ikPy (k) ( Ol (W L _Py(k) (Or () 3
: ( G0 —pa— Lt fl —5 - Gily—dn].

Here
w  _9p -'-) x

G(y—n)=#—$'{e Yo et
F=n

0
& sl
s z[p(l)rm} n} S

w —gp(L o 1
0y (y—n) = | {e (%) e _ g PG ] '} sin k(y—m) dk.

v

From equation (6) when k + 0 we get the stationary theory
equation.

The equation for the inertial component of the solution is
represented in the form of

+1 +1
2 (L1t O0x—ba+ 1 [ 1lem) O—mdn=—itF;
2 -1

O(x—-E)—:-l_—e-_y {e-‘”_‘_e—won_
(7)

— e 2PN gin ke (x — E) dk.

e




As an example of solving equations of this type let us
analyze the method of solving the equation of the stationary
theory

+1 +1

Ay 1 (99D (x,

5 J1en0E—ya-1 22D gy 4
-1 -—

+1

o | TR o—nd=Fry. (8)

-1
Here:

1 +1
P (x,)={ 1¢ ) = [ v e

x 1

The solution y(&, n) is sought in the form of a series

k k
1¢ )= :_L: Vi—vt Z Z A,
n=0 p=0
Using the method of moments with weight factor Vi—sV1—x,
equation (8) is reduced to a system of algebraic equations

Kok
% Z E A.,,'B,,,,,==O“, (9)
n=0 n=0

where coefficients Bnpqs are represented in the form of series
in powers of functional parameters

v =Van' 1 —2h,
"p(”= Vp2 ()‘) +1 _P(l)t

'n.P(x)=l/4[h+ ﬂ;&]z+i—2[h+!’—g)—]-

In order to solve equation system (9) a program was compiled
on the BESM-4 computer. Calculation results in the form of the
distribution of circulation ' over the wing span are shown in
Fig. 1.
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Ity) (K+0285)

The solution to an analogous equation by the Multopp method,
which did not consider the distribution of circulation over the
chord, was given in the work by I. P. Tkachenko [4]. The results
of the calculations agree.

Equation (7) for inertia component Yo is solved by the method
used to solve equation (8). The solution of y(&, n) is sought in
the form of

k&
16 D=VI—8Vi—xm ¥ ¥ A"

ne=0 ne=0

The weight factors are used in the same form. Calculation results
are shown in Fig. 2.

rey -

as, Asy
B

F v
/ = —
%Z>¢: X ] 2?’ 43’3; v
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