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Abstract

Full Text
PHYSICS
L. M. LYAMSHEV

SCATTERING OF SOUND BY A CYLINDRI-
CAL SHELL IN A MOVING MEDIUM

(Presented by Academician N. N. Andreev on 17 V 1963)

Consider the scattering of a plane sound wave p;, = explik, cos pr + ik,,] by a
thin finite cylindrical shell.* Tt is assumed that the shell, whose axis coincides
with the z-axis of the cylindrical coordinate system r, ¢, z, is hinged at the
points z = 0, d into a cylindrical absolutely rigid screen, and that the vibrations
of the shell are described by the system of equations (1).

Using Green’ s formula, taking into account the radiation condition and the
boundary condition
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the solution of the equation
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will be represented in the form
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Here s is the surface of the shell; p.(r,p,2) is the known part of the solu-
tion describing the scattering field of an absolutely rigid infinite cylinder; and

G(a,r,p—@, 21 —x), r > 1] = a, is the Green’ s function, which is the solution
of the equation
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for Imk > 0, bounded everywhere except the point (r, ¢, x), and satisfying on
the surface of the cylinder the condition
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= /k2—(1— M2)e2 — 2kME.

By substituting the solution (1) into the system of equations for the vibrations
of the shell (1), the problem is reduced to solving a system of integro-differential
equations—

* The factor exp(—iwt) is omitted everywhere.

relative to w(a, p, x)
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After determining w(a, ¢, z) from equations (3)—(5) and substituting w(a, ¢, )
into (1), we obtain the desired solution p(r, ¢, z).

In expressions (1)—(5): p is the sound pressure; ¢ is the speed of sound in the
medium; M is the Mach number; k = w/c¢; p is the density of the medium; a is
the radius; h is the shell thickness; £, = E/(1—v?); E is Young’ s modulus; v is
Poisson’s ratio; p; is the density of the shell material; n is the normal to the shell
surface; u,v,w are the displacement velocities of the shell surface in the axial,
circumferential, and radial directions; Hr(,}b)(a) is the Hankel function of the
first kind, and the prime denotes differentiation with respect to the argument;
g=11¢,=2,..; m=12,...

We shall seek the solution of the system of equations (3)—(5) by expanding u, v, w
and p; + p, in series in eigenfunctions satisfying the homogeneous differential
equations of shell vibration and the self-adjoint boundary conditions at the
points x = 0, d:

o0 o0
u(a,p,x) = Z Cypm COS TP SINL %m; v(a, p,x) = Z b,,.,, Sinmyp sin %
m,n m,n
(6)
- ™mx T
w(a,p,x) = Zamn cos myp sin wE pitol_, ZGmn €os mp sin i
m,n

Substituting (6) into (3)—(5), we obtain for a,,,, the infinite system
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We seek the solution of (7) by the method of successive approximations. Re-
stricting ourselves, for simplicity, to the first approximation, substituting the
a,,, found in (6), then into (1), and using the saddle-point method in integra-
tion, we obtain

_ped(1 — M?)
p(r,p,x) = p;(r,0,2) +p,.(r,0,2) — me

2
€5, COS MY

kR =
X exp ii(l—MSil’l’(/J] - X
L= ) BT

mnmn
2,2

1 T™n ™
= ) 14+ M? e _OM (P
X H,’/?(ll)(k;a) ( 7n){< + k2d2> (/(/)7/”) kd ( 777,)},
(8)

where

expli(k,d —mn)| —1  expli(k,qg +mn)] —1
N kyg—mn kyq+71n

E+) 0 — exp[—i(k,; —mn)] —1 N exp[—i(k; +mn)] —1

k., —mn kl, +mn
k k
ky = ——=5(sinf — M); k, = —=cos0;
=)' ) iie
/ . . / k .
kx:m(sln'l/)*]\/[), kT:mCOS’IZJ7
x?+ (1 — M?)r?; 6 is the angle of incidence, 1 is the angle of scattering,
Zmnmn = Zmnml|l:n;

Z W/d/d/+oo€ i (pa)
T owd o dy S ose " pHY (1) k Oz, d d

sovietrxiv.org/items/ru-196301.23756 Machine Translation

2
1 l
(1 + iMa> sin T 1 sin 1 exp|—i{(z,—x)] d§ dx dxy;



https://sovietrxiv.org/items/ru-196301.23756

E\h D
= 177;
mrewa? Dy

mnh v 1+v mna pw?a®  wa’n? 1-v
—— m— - . m
2d 1—v 2 d E, d? 2
D, = mh v prw?a? 24 1 —vn2a®n? 14+v T :
20 1—v E, 2 d? 2 d
14 1—=2v | h ™ma
_ |z —-m y—_
20—-v)] a d
™
v—a
d
1h? v 9
D= —eré?l_Vm(m —1)
2.2 2.2 4,4 2 2,2 4 2
pLwa hea® 1 T™n m* mn m m 24v
ar = - 2(1 —v) x 2= ) (d—v)
E, 24 11/[( V) <a4 TEE e +d4> A=v)Gr+ =5
Zmmny Lmn are, respectively, the radiation impedance and the mechanical

impedance of the shell undergoing oscillations of mode number mn. If the
frequency of the incident wave coincides with one of the natural frequencies of
the shell in a moving medium, Im(Z,,,, + Z,,,mn) = 0, considerable scattering
is observed not only in the specular direction (6 = ¢), but also in the direction
opposite to that of the incident wave. However, unlike the stationary medium,
where considerable scattering is observed in the direction exactly coinciding with
the direction opposite to the incident wave (nonspecular reflection), in the case
under consideration the direction of nonspecular reflection does not coincide

with the direction opposite to the incident wave.

Let us note in conclusion that expression (8), for M = 0, passes into the analo-
gous solution for a stationary medium (?).
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Note: Figure translations are in progress. See original paper for figures.
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