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1. INTRODUCTION

4 scatiering problem of sound wave, which falls normally to
infinite thin cylindrical shell with arbitr sontour of crsss-
section 1s considered. The sistem of shell gquations may be
obtained from the equations of elastic equilibrium of thin shell
by V.Z2.Vlasov., The analitical expressicn for Green function of
shell is found with help of simply layer pciential. The density
of eimply sources is defined from the system of boundary integral
equations. In partial cases (absolutely rigzid and sbsolutely soft
boundary, elastic shell with circular contour) the kmown gIpres—
sions are followed.

2. TO THE THEORY OF SOUND SCATTERING

There are many papeis deveoted to the scatiering problem when
the cylindrical shell has a circular contour of oross- section
(see, IZor example, {1]) and the definition of scattering ampli-
tude in this case is not a diffiecult problem. But when the
cross-sectional contour is an arbitrary plane curve the equations
of shell elastic oscillations are avery complicated system of
three cdifferential equations of high order wita alternative
ceefficients, because the radius of ocurvature R{g} and the
coeificient of quadratic form 5(p) zre arbitrary functions of
angle o . This csystem may be ¢biained frem *pe equatiors cf
elzstic equilitrium of thin shell by V.Z.Viasov i2]. When ncrmal
incidence of plane wave on infinite eylindrical skell ocoures <he
ze2illations depend cnly from @ and thz veaiir of elzstis defipo-
m2timm has twoe componente: tangential v and nermal u, . In tiis

cace the equations of chell ssaillations are cttained in [3)
(formulae (8)):
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Here: po=pnu®(1-1°)/ER 3 p - the dencity of material; h - shell
thickness: @ -circular frequency; E=E_(1-tm)} ; ¥ - Young's

modulus and Poisson ratic; M - damping coefficient; P, and P, -
amplitudes of incident and scatiering sound waves (Inside the

shell there is no medium); B=En/(1-1%) ; Q(@)=1/R(Q) ; dz=RdQ .
We suppcse that the time dependence of all quantities is
erp({-{Wt) .

In the system {1) the only quantity which depends on z is
curvature g .

last years the problem of sound scattering on cylindrical
area with arbitrary contour of cross-cection the method of simply
sources {monopoles) is used [4], which density ¢ may be found by
means of integral eguations solved on computers.

For absolutely soft boundary we have:

P=p +P =0, (2)
and the integral equaticn is:
1 .
— P {r) = $0(r" }G(T,r" jde’ . (3)
o 3
And when the boundary is absoiutely rigid:
V =V_+V =0, (4)
- e s
1 dp 1 3p
._V,=———[-—‘].V,=—[—~’], ey
ipw | 3n o L dn
znd the integral equation is:
g - agir,r’) )
- - foip )———32" =V_, o)
2 Gn
<
where Gir,T J=4;—Eerp(£k|r—r' 1)/ir-r'1 - Green function for Helm-

21tz equatisn in three dimension oage; ksw/e - wave number
Sfsound inedium. In :iwoe dimensicn case the Gresn Zuncition is
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GITr )=(t/A)H " (rir-r'|) , where H."(2IT-T" 1) - iz a Hankel
function ¢f the first kind. '

In papers (4,5] the efficiency cf the boundary elemerts
method for culculative definition of O(r) is proved.

In this report the method of boundary integral equations is
derived for the case when the contour & is shin zlastic shell
descrived by equations (1). It is necessary to find Graen func-
tion "‘SEK(IIE) of system (1). It mezns their sclution when in.

right part we change (P +P ) bty Dirac's functicn 6(z-f) . When W

is arbitrary the problem has no analitical solution. But in =zhe
asimptotical (WKB) case K(z,E) can be obtained by method de-
geribed in (3].

Let us take the sclution in form:

u  (z) ~ ezp[t®(2)] , (7)
where Q(m)=$K(dez } K{z)=2T/A(x) .

The conditions of applicability are:
A 1 3R
-’11, A==« 1. (8)

R R Oz
The substitution of (7) Into (1) gives a dispersion equation
(see i3], formulae (10)), which has $ix roots. The point sourse
O(z-f) generates waves which run in directions *!z-f] and are of
4
following types: flexible uniform waves ( K;(z)=7p2/(h2/12J Ve
flexible nonuniform waves ( E (z}=tK (z) ) and Ilcgngitudinal

waves ( K;(z)=ypz-qz(z) ). Notz, that reocts K, , =r2 Zunctisns of
z only if *the parameters E , p , k depsnd on z. In considers
model nly curvature g=z(z) and, hence, only rost K, iz a func-
tion of =z .

The cecrrecticns to the roctes K, (x) sre teing found ty.
W/E - method:

) 3 oK, 1 ZE,
K = — —_— Y ] = -1 - /y . E
°K, (x) 2{ [ - ]/nhz » 0K, (z) 5 [ o ]153 (3)

By integrating the equation (1) on z in limiiz [&-¢,8:2) |,
when £-0 we have:
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[.‘J‘;. —u._;_] - [qus‘_ - qug_] =0,

n? 351.1-3* 531.&5_ 1

o] D[ -2
! : 1z Lag? Oz B

In additicn, the conditicns of continuity are fulfiled in the

point z=§£

(10)

Yo T U, u =u o, (11)
and the rotation angle of seciion is zero:
Ou,, Gu_
= =0, —" =0, {12)

gz Oz
We seek K(z,E) in form:
when z>§

tz[xt(z’ )+0K (2" ) Jaz’
K{z,E) = U, = 4. ¢

-I[Kz(z‘ J+0K, (2" ) ]dz’ iE[KB(m' )+0K, (2° ) Jdz’
+ AR

+

+ Az.9 + (13)
when z<f ¢ z
-£{[K‘(m' J+0K (2 ) Jda’
K(z,t) = u,_ = A‘_e +
x =

+{[KZ(=' 48K, (z* ) }dz’ -i{{Ka(z' )+OK, (=" }]dz’
+ o4, e + A e . (14)

The wave u, is bound with every wave u,. and I1ts amplituge
is B,=p(=k)a, , 4=1,2,3 , where B(:K)= =(IKJ)q/(KT—pz) is

c(iefined by substitution (7) into the first aquftion ¢f system
1).
£ix guantities 4., %2 fined after substituting expressicons

-

(13} and (14) in siz conditicne (10}, (11) and (12). Then we

have: T
St £ (8) 1% «| [k (8)as
K(:.E) = 5 [ 1 & ,{ ] l —~
4DK’ (z} H'(z) \
. 3.2 = N
o E, (E) e'l{*&(ﬁhﬁl .
4DK:(=) £, (z)
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+

2 ; 1.72 z \
ta* (2) K, (£) ] o] &, (&)ag )
2

2 B *
2Bp ¥p*-q° (z) K, (z)
where D=En®/[12(1-0%)]=E(x%/12) . 2z L2

Note, the muliipliers (K (£)/K (2))7° and (X (E)/K (221"

appear Irom ( 9 ), and when z=f they turn to one. In the case
when only parameter 4 depends on 2z in (1%) conly multiplier
[, (E)/K, (2)]*"® differs from one when z=§ .

With the help of analitical expression for Sreen function
(15)we obtain the relation on the contour S :
u, =V, (z) + V (z) = -(4)§K(z,) P,(E)*-Ps(é)]dg . (18)

If now we Introduce the density O(z} accerding to the
integral equaticn:

c%upsfz) = §0(£)G(z,8)ak , 47

S
then using (5} the system of integral equations (16), (17) is
sufficient to solve the scattering problem.
The system of equatlions (16), (17) may be perfoermsd to one
integral equation on the contour & :

-G gk (z.8) [+ puffO (£7)6(E, £ dat " |at -
8 s

3G(z,k) 1 . 0p
gt (B )
3 An oW In

Note, that in the case of absolutely =oft b : ;
we have the problem (3), and in the case of abselutely rigid
boundary K{z,t)~0 we have the problem (6),

When the contour 8 is a circle cf r

is aonvenisnt

ni
2
=
j
i

o]
[

+

bl
°

> use an expantion for B, v, 4 P, , v, 8 P o= ) Plerp(imd) 2nd
S .
£9 on. .
Using the relaticne:
&P &P
v=— ,P=ApD , 2 = i

- S = =

on (50/8n )
there: & and (63/0n) - field potential and ite ncrmal derivative:
Z_ - radiation Ippedznse) we have:
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LA JPZ- 4 SIS 07 | (i9)
and from (16): 1
V': + V': = - [PT + P:] » (20)
ZY
1 n '
where —=—(1w)§K(z,{)ezplt-(2-£)]df , and at=rap .
z R
¥ 8

Note, that expressions zT and z: have a sense of impedance

¢ incident wave and mechanical impedance of elastic vibration of
ghell correspondingly [1].
For the m-componsnt of Fourier transform of P we have from

{19} and (20):

z" z':_zr:
Pl =-F" =2 11+ . (21)
a a z‘“ [ z"ﬂ _ Zm .
. v s

The last expression is identical to the formulas (13) from
[1]. Note, that for ecircular contour it is not necessary to find
the density of simply sources o . . C
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