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1 . INTRODUCTION

A scattering problem of sound wave. which falls normally to
infinite thin cylindrical shell with arbitrary contour of cross-
section is considered. The sistem of shell equations may be
obtained from the equations or elastic equilibrium of thin shell
by V.Z.V1asov. The analitical expression for Green function of
shell is found with help of simply layer potential. The density
or simply sources is defined from the system of boundary integral
equations. In partial cases (absolutely rigid and. absolutely soft
boundary. elastic shell with circular contour) the known expres-
sions are followed.

2. TO THE THEORY OF SOUND SCATTERING

There are many papers devoted to the scattering problem when
the cylindrical shell has a circular contour of cross- section
(see. tor example, [1]) and the definition or scattering ampli-
tude in this case is not a difficult problem. But when the
cross—sectional contour is an arbitrary plane curve the equations
of shell elastic oscillations are every complicated system ofthree differential equations or high order with alternative
coefficients. because the radius of curvature 3(a)) and thecoefficient of quadratic :orm 3&0) are arbitrary functions ofangle o . This system may be obtained from the equations cf
elastic equilibrium of thin shell by V.Z.Vlasov {2]. When ncmalincidence of plane wave on infinite cyl'n'irical shell occnres
oscillations depend only Ire-m (p and the vector of elastic demati-Jn has two components: tangential uI and normal u3 . In

4»
case the equations or shell oscillations are obtained in
( l"Jr-.nulae ’8)):   
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Here: p2=phmzt1—vz)/Eh : p - the density or material; h — shell
thickness: (d -circuler frequency; E=En(1—m) : v — Young's

modulus and Poisson ratio; T] — damping coerrioient: P. and P8 —

amplitudes of incident and scattering sound waves (Inside the

shell there is no medium); Bin/(141:) ; q(cp)=1/H(tp) : dz=Rde .
-We (suppese that the time dependence or all quantities is
exp -lu)t .

In the system (1) the only quantity which depends on x is
curvature q .

Last years the problem or sound scattering on cylindrical

area with arbitrary contour or cross—section the method or simply

sources (monopoles) is used [4]. which density 0 may be round by
means of integral equations solved on computers.

For absolutely sort boundary we have:

P=P.+P5=0. (2)

and the integral equation is:
1
-— Psir) = §o(r' >9(r.r’ >ie' . (3)
zpw 5

And when the boundary is absolutely rigid:

v = v +'v = o . (4)—. a s
1 3? 1. :3?

..V. = —— ——‘] .V, = — . <5":
{pm on 4.. W an,

and the integral'equation is:

o rfigrirm’ )
- - m1“) is = VD . (c)
‘2 L @n

reen function for Helm-I C‘
:where g::r,r' J=41ltezp({klr-r' l )/lr—r‘l

tz equation in three dimension 93-5: k=w/c - wave number
ound medium. In two dimensmn case the Green function is
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g(r.r'>=(¢/4)H:“(mr-r’r) . where Hinuelr-r'l) - is a Hanhel
function of the first kind.

In paper-s [4.5] the eIIiciency or the boundary elements
method for culculative definition 0! 0(1') is proved.

In this report the method. or boundary integral equations is
derived for the case when the contour 8 is thin elastic shell
described by equations (1). It is necessary to find -een func—
tion uSEKUnE) or system (1). It means their solution when in.

right part we change (P.+Ps) by Dirac's function 5(z-E) . When (.0
is arbitrary the problem has no analitical solution. But in the
asimptotical (WKB) case K(z,§) can be obtained by method de—
scribed in [3]-

Let us take the solution in form:

ul'shz) '- esz‘I’HH u (7)

where ¢D(z)=zK(z)dx ; K(z)=27c/Mx) .

 

The conditions or applicability are:
A v 1 6R
-«1.7\.——«1. (s)
R R 0::

’Ijhe substitution or (7) into (1) gives a dispersion equation
(see :3]. Iormulae (10)). which’has six roots. The point source
6(1—5) generates waves which run in directions xix—5| and are or

‘

following types: flexible uniform waves ( K‘(z)=sz/(hz/12) ).
flexible nonuniform waves ( K2(z)=’K.(z) ) and icgngitudinal

waves ( K‘(z)=sz-qz(z) ). Note, that roots K"2
x only if the parameters E , p , h. depend on
model only curvature q=q(zJ and. hence, only no

tion of x .
The ccx-rectic-ns to the roots K (x) are

1.2.3

W13 - method:
= 3 5K” V 1 51»:a _ _
when) =gi at” , can? :3 5;]nqa . w)

By integrating the equation (1) on c: in limits [-E—E.E+s]
when 540 we have:
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[“fi. - ML] — [quaé _ qu3—] : 0 '

hz @3113. 5311.3- 1 <10)
- q[u. - u _] + — — — — ] = - .

H A 12 5x3 52! B
In addition, the conditions or continuity are ruiriled in thepoint x=€ :

u“ =u‘_', us.=us_ , (11)
and me rotation angle or section is zero:

ans. 5u3_
_ = o _ _ = o _ (12)
0:: 01

We seek 512,5) in form:
when x>§ : I .

i{[K‘(z' J+6K‘(z' Hd-r’
K(z,§) = up = A e +

1 I
-{[Kz(=' )+6Kz(z' )sz' {{[Kau' )+5K.(z' )sz’+ 42‘s + Ape . (13)

when z<E :' z

-t£[K‘(z')+5K‘(1')]d1-"K(:,§) = u3_ = Ave +
I Z

+£[Kz(z' )+6Kz(z‘ )sz’ -i£[K3(z' )+6K3(z’ )sz’+ Abe + Abe . (14)
The wave u‘2 is bound with every wave :43: and its amplitude

is BJ:={3(IKJ.)AJ: , J=1.2,3 . where 5mg): =(1Kl)q/(Kf-pz) is
cgetined by substitution (7_) into the first squrtion c-f system1).

U
) ix quantities A): we fined after substituting expressions

(13) and (14) in six conditicns (10). (11) and (12). Then wehave:
I

- 312 l _

mas) - --‘— [ Aim] 6-H .(Emal -

)

 

  

- 4min) xlm
, 3/2 x. ,~ __1 13(5) e-lgxgmg] +

4min) x‘rz)
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cq’m Km) ]"”‘e*|:g(e>a§| . (15)
2

331’ VDz-thr) ‘8‘“
where D=Eh3/[12(1-1’z)]=17(h.2/12) . 3,2 1 2

Note, the multipliers (K‘(§)/K‘(:)]' and [K3(E)/K3(z)l'
appear from ( 9 ). and when -=E they turn to one. In the case
when only parameter :1 depends on x in (15) only multiplier

[l\.'3(E)/'Ka(az)]“z differs from one when FE .
with the help or analitical expression for Green function

(15)we obtain the relation on the contour S :

as = vum + vice) = —(tm)§K(1.§)[P_(E)+Ps(§)]dE . (16)
It now we introduce the density 0(2) accor‘ing to the

integral equation:

they) = §o(:)g<x.§)ae . (17)
S

then using (5) the system of integral equations (15). (17) is
sufficient to solve the scatteri problem.

The system of equations (16 , (17) may be perromed to one
integral equation on the contour 8 :

—(£w)§K(z.€) p,+cw(§’)g<g.§'>az']at -
S S

§g(x.§) 1 027°
— §0<€>——a§ = —[ —] (1a)
5 an tow an

Net , that the case of absolutely soft tumiary Uni/Mm
we have the roblem (3). and in the case of ans.lute1y r111
boundary K(x. )—0 we have the problem (‘5).

When the contour b is a circle of radius PV it 1 : t
'1)

to use an expantion for Po . v° , P , u : P :2 P:91p(tmi9) and5 5 a _.I.
so on. -

Using the relations:
END 5%

u=-_—,P=cpmil,: =—-:po—-—

 

."1. .v x
and lee/an; - field potential and it

radiation impedance) we have:

Prpc.l.0_.A. vol 13pm 2 (1991) 11s

 



  

Proceedlngs of the Institute of Acoustics

SOUND SCATTERING ON SHELLS

v': = -P':‘/z': , v': = 42/2: . (19)
and from (16): 1

v': + v': = —m [#3 + Pf] . (20)
ZY

1 n. ‘
where —m=-(£w)§K(:,i)e:p[¢-(z-§)]dE . and d§=Rd(p .

Z S R
Y

Note. that expressions z'j‘ and z: have a sense of impedance
of incident wave and. mechanical impedance or elastic vibration or
shell correspondingly [1 1-

For the awn—component of Fourier transient: or PE we have from
(19) and (20):

z'" ZT‘Z:
p'“ = —p"‘ -° 1 + . (21)
3 “ Zl: [ .

The last expression is identical to the formulae (13) from
[1]. Note. that for circular contour it is not necessary to find
the density or simply sources 0 . '
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