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SOLUTION OF AN INVERSE PROBLEM OF CAVITATIONAL FLOW AROUND A CURVILINEAR ARC
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ABSTRACT; The problem of the structure of the cavitational flow
around a curvilinear arc in accordance with the Ryabushinskii scheme
with a given velocity distribution is considered. The inverse problem
was formulated and solved for the first time for the case of separated
flow in accordance with the Kirchhoff scheme in an unbounded stream
by G. G, Tumashev[1], and by G. N. Pykhteev [2] for an arc in a
channel, It was also the latter who solved the inverse problem of flow
around an arc in accordance with the scheme of Gil'berg and Efros [3].

The function F(£) is real and continuous on the imaginary n-axis
of the {-plane. We shall extend it to the entire upper half -plane. Now,
F(¢) is defined and analytic over the entire upper half-plane and satis-
fies the following boundary conditions:

0 for

1
ReF(E):{lnf for M

lgI<<t .

As is well known, the problem of reconstructing the real part of

. o ) . a function which is analytical in the upper Half-plane and given on
1, Let us consider cavitational flow of a plane stream of anideal in- fe s .
. . ) ¥ . the real axis is solved by a Cauchy type integral (refer, for example,
compressible fluid around a symmetric curvilinear arc L in accordance [41)
with the Ryabushinskii scheme with a mirror, as shown in Fig, 1.
1

1 ¢ Infe
F(Q):ES ;‘i(g di. (2.5)

—1

The function z(¢) is now determined from the relationships (2.1),
(2.4), and (2.5):

2

Q= Vitay s —exp [— F (0)] & -+ const. (2.6)

e

Separating the real and imaginary parts of (2.6), and passing to
the limit with { = &, we obtain:

the equation for the contour,

Fig. 1

We shall use the letters V, Vg, 2S5;, and ¢, to denote the velocity
of the undisturbed flow, the free-jet velocity, the length of the arc
L, and the value of the velocity potential at the separation points,
respectively. £

Let the distribution of the modulus of the velocity be given on e Viia S 3 cos I (2) de
the arc in the form of a function of the arc abscissa, Vo J TIs@))(E+ a?)fe :
&
V= Vof (s) (s=8/8, 0<s<1), y_‘Po‘“—!—aZS £ a1 (5)a
The function f (s) is assumed to be single-valued, positive, and Vo J @] (E+a? i
satisfies a Holder condition and the conditions f(0) = 0, f(1) = 1. ‘ 1 .
It is required to construct the form of the contour L and the form (1 (E) = — S z.n_fF d, lE]< 1) . @1
of the free jets, also to find the resistance of the arc. On the strength ] >
of symmetry, we shall consider only the flow in the second quadrant . )
of the physical z-plane. the equation for the jets,
2. We shall consider the complex velocity potential W = ¢ + iy at i £
point C, and also the stream function ¥ on the streamline AOBCB'O'A, o=y 22 Vite S s () e
to be equal to zero. Then the region of variation W will be the second Vo ¢ B+ ) te !
quadrant of the plane. The function W(£) mapping the region of va- Vi 5 5
riation W onto the first quadrant of the auxiliary variable £ = £ +in y=1yo+ o V+ e S . 2 - sin @ () d%
with correspondence of the points shown in Figs. 1, 2, and 3 is easily 0 ¢ (B
found L
d . , 1 ¢ Inf
R — (ew= 5\ =g 1z1>1), 248
W{l)==— "= (2.1) ]
vete
On the arc L Here xy, yg are the coordinates of the separation point of a jet.
5
i i+ a (W) Aly
Q=—i+ VoaoSf(sws, wm B VIEE o

0

From (2.1) and (2.2), we find the relationship S(£) establishing the

AR [
correspondence between points of the arc L and the points of the seg- ! 0
ment [—1, 1] of the E-axis of the {-plane: Fig. 2
— e 8
1 1 2 . » . - s .
% Vit _a = g1+ VeSo S fs)ds . (2.3) ' 3. Now, we shall define tl:le pararrﬁters mclud‘ecl‘ in Fhe solution.
Va L€ 5 It is necessary that the following conditions be satisfied in the solu-
tion of the problem:
We introduce the Zhukovskii function
1 dw v dW \ B
F )=l (To 7;)—1111?;—“‘*- @4 (dz Joear = Voor [® ()]s = — o
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it can be shown that they are transformed to the form

VO:)
In Vo = G (a). (3.1
Here
1 1
Ga)= —?!-3 —;,%’7&, —%=——%+Vm905!(s)ds. (3.2)
—1 1]

These equalities are the equations for determining the parameters
a and @ for the given cavitation number Q = Vo?/Vel — 1 and the
given length of the arc §,.

4. Making use of the Bernoulli integral, the expression for the
resistance can be written in the form of

1
R=pVeSo { [1— () sin 8 (s) ds
/]

or, going from the variable s to the variable §,

—pISEE
R """"S"S TEET @+ ah

sin I (§) df . (4.1)

§, Let us consider a special case, Let the function f(s) be of the
form

R As
f(ﬂ)=VB—-—,—__-—;,

On substituting this expression in (2.3) and (3.2), we obtain

(A4, B =const).

14 at 11 a? S
- %V‘;—:_a: -2 L a+ . +VoSs-4 (B— VBg.— 53),
— Qo= 7—{_%_—“/1 (B—VB-1).

Let A= aq, B=(1+d2)1/zv Then

EVITa

Vearm o  E@I=8 6D

Po = a'WeS,, 2(E)=

The values of the integrals J(£), ®(£), and (a) are found in [3],

1 1 T

I i
I(E)=—21 - —;:«N(g) CD({): arc sin - 3 +TN(_§—)’ (5.2)

1 1 -1 1 1
mlf—-*_?—‘i‘-;(arctg—;)lna-{-

G (a) =
1 1 1
+=L {arc tg —a—) + - L(arctga), (5.3)
201 1 ¢
N(T)=?S—t-ln-—i-j-_—;d1, L(r):—glncosrdr. (5.4
0 0
¢
7 “@
all A
c 8 o 8¢
4 [
Fig. 3

Substituting (5.1) in (2.7) and (4.1) and (5.2) in (2.8), we obtain:
the equation of the contour

g ab Vmsos sm[%mg)]da,

0

(a 2+ &)

cos [—E—N (E)]a’i, 15

y=a VIt ai5, 3,
§ (a =+ &)
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. the equation of the jets

T = Ty 4
E ,
pyTFEs | o bt + T ()]s

y=w%+

|4
+a2 Vit a SOSW sin [% arcsin% +

+7 ()] 12151
the resistance of the arc

R—=pV3Soe® VI a2 S 1—g cos [-{Z—N (E)] dg,

J @+
Bearing (5.4) in mind, we rewrite Eq. (3.1),

14 1 14 at—1 i

In —_® = 71,1 K_%:_——{- 71‘- (arctg T) lna+

1
+—L (arc tg %—) + ln L(arctga).

H

-

0 2 4 ] & a

Fig. 4
The length and width of 2 cavity are found by the following formulas:

l=z{xo+ a? V—i-}-aﬂSoS —(a"TEE.)—'—’—X
1

X €08 [—;—arcsin-% + 4 N < 3 )]d&}

o0

T £
h=2 -+ a2 V1 3S\ ——=—
{yo a 4+ a o§ (@ £y X

x sin [—%—arcsin% + - 4 N ( 3 )]dﬁ}

Figure 4 shows the curve of the cavitation number Q versus the

parameter a,
6. We shall now give the dependence of the velocity on the arc

in parametric form,

V=VoF, (w), § = 8F, (u),

where Fy(u) and Fy(u) are single-valued positive functions u € [4,, u; ]
satisfying a Holder condition and the conditions

Fylu) = Fy(u) =0, Fy(ug) = Fy(uy) =1,

The given problem can be reduced to the preceding one in the
following manner:

f)=f [s(®)] = Fy [u(®l
The relationship u(£) is found from the equation

_wVifae _

u
Vera 1+ VoSo S Fy{u) Fy (u)du. (6.1)

1
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The equation for finding ¢, is rewritten as

U
Qo = — P1 4 V5o Q Fy(u) Fy (u)du. (6.2)
o
For example, let
1y (0= 1) ud
. 1— w2 i N ¢ 1w 1) udu
Filu) = (—1+u) , Fo(u) =—% ;——~————(u_g+ﬁ2)ﬁ T

(u+1) udu

(4=} (" Vi— e

0

, o, m, B— const).

Substituting the expression for Fi(u) and Fp(u) in formulas (6.1) and
(6.2), we obtain the equations for finding the relationships u(€) and
@g, respectively:

Po_ -Vi 44t Qe V1 4+ a? + 2V So i ‘__ 1 )
VEF o - a A ( VE—e VE=1/
( V1+a2>_ WeSo (1 1
Po \1 - a - A (E -VBT_—1 ).

We set B= (1 + &)'/%. Then

zv()‘s’l)  — V]
P= T w(E)=VI—8, [[s(E)=

<14V1_E‘z>‘/s
tpyi—e¢

we shall write the values of the integrals [3] I(£) and (&) in this
case,

1 (8) = Yym (sign E), D(E) =2arctg(E— VE—1).(63

Substituting (6.3) in (2.7), we obtain the equation for the contous:

/1 :3-1* T— =2
2 =0, y=¢01V°4 a 3 vV
0

(82 -

Thus, we have obtained the flow around a plate arranged normal
to the flow.

The equation for the jet and the resistance of the contour are
found from formuias (2.8) and (4.1), respectively. On computing the
value of G(ad) for the given case and substituting it in formula (3.1),
we obtain an equation for determining the parameter a.

The author thanks G, N, Pykhteev for advice on solving this
problem.
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