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THE ASYMPTOTIC ANALYSIS OF
EIGENFREQUENCIES OF OSCILLATIONS OF THE
CYLINDRICAL ENVELOPES, STRENGTHENED BY

TRANSVERSE RIBS AND FILLED WITH FLUID

Abstract

In the present work the asymptotic analysis of eigenfrequencies of oscilla-
tions of the envelope, strengthened by transverse ribs, filled with fluid has been
done. The motion of envelope is described on base of the theory of constructively-
orthotropic envelopes. The partial equations are obtained and with the help of
asymptotic method the simple formulae for getting eigenfrequencies of the con-
sidered constructions have been deduced.

In the modern constructions and devices the ribbed cylindrical envelopes, filled
with fluid are found. The given work is devoted to definition of the eigenfrequencies
of oscillations of such constructions.

It is supposed that the envelope is simply supported on butt-ends. The theory of
constructively-orthotropic envelopes is used for description of its motion. The fluid
is designed as ideal and compressible.

On the base of asymptotic method the simplified formulae for calculation of
eigenfrequencies of oscillations of constructively-orthotropic envelopes, filled with
fluid are obtained.

The simultaneous equations of constructively-orthotropic envelope’s motion, un-
der the action of hydrodynamic load, according to [1] has the form:
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where p; =1, py = 14+ py, = p3, V2 = i3 sh (1 4+ k1) (Ly is the length of envelope,
1
Fj is an area of cross-section of ribs, k1 is the number of transverse ribs), p, = Ps
Po

(pg, ps is the density of materials of envelope and ribs, respectively)
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of the material of envelope, respectively, R, h are radius and thickness of envelope,
h? 0? 0?

E, (1 -2
M'ﬁ, E, v are elasticity modulus and Poisson coefficient

E is an elasticity modulus of the ribs material, a? = PR A= 8752 + 902’ Jys 18
a moment of inertia of cross-section of the rib with regard to the axis OX, 0 = %,

u, ¥, w are components of displacements of middle surface of envelope, ¢t = wgt,

/ E
w= m, q» is a pressure of fluid on envelope.
— V)P

The linearized wave equation describing propagation of small perturbations in
the ideal compressible fluid, has the form [2]:
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where @ is potential, and c is a speed of sound distribution in fluid.

Equation of envelope motion (1) and fluid (2) is complemented by the contact

conditions, which have the form:

gw
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The hydrodynamic pressure P and radial speed ¥ in fluid are defined by the
following way [2]:

9y = q. = —P. (3)
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where p is density of fluid.

Supplementing by contact conditions (3) the motion equation of envelope and
fluid, we come to problem on eigen oscillations of supported envelope, filled with
fluid. So, the problem on eigen oscillations of supported cylindrical envelope with
fluid is reduced to joined integrating of the equations of the theory of envelopes and
fluid at execution of indicated conditions on the surface of their contact.

The displacement of envelope we’ll search in the form:

u = ug sin x& cos né cos wity,
¥ = 9¢ cos x& sinnb cos w1ty (5)
w = wp cos x& cosnb coswit.

mm
Here ug, ¥, wo are the unknown constants; x = — (m =1,2,...), m,n are

wave numbers in lengthwise and circular directions, respectively, L is the length of
envelope.
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The potential of speeds ® has the form:

® = Acos x&Jy, (yr) cosnb sinwyty, (6)
2
where 72 = —x? + %, Jy, are first kind n-th order Bessel’s functions, A is an
c
integration constant.
Using formulae (4) and contact conditions (3) for ¢, it is possible to obtain:

g, = pEwiJn (VR)
© (1=v) poy (YR)
After substituting (5) in (1), taking into account (7), the problem is reduced to
the third order homogeneous system of the linear algebraic equation, whose non-
trivial solution is possible in case, when its determinant is equal to zero. In this case

the equation with respect to w; is transcendental, since it contains Bessel’s fucntion.
It can be written in the form:

wg cos x& cos nf cos wity. (7)

a1 (wl) w? + a2 (wl) wéll + agw% + a4 = 0. (8)

The coefficients a; (w1) (i =1,2,...,5) have cumbrous view, therefore we don’t
write out them here. Let us note, that they depend on above-stated geometrical and
physical parameters, characterizing the system.

For next analysis in equation (8) it is necessary to distinguish the parameters,
which substantially influence on the coefficients a; (w1) (i = 1,2,...,4). Such param-
eters for the considered constructively-orthotropic envelope are: dimensionless bend
rigidities of lengthwise supposed ribs, a?,n, x, and also dimensionless eccentricities
of lengthwise ribs §.. Inasmuch as 6} < \/ni, by analyzing the order of the coeffi-
cients a; (w1) it is taken, that 0! =~ \/nl. besides, for simplification of the partial
equation it is taken the formulae for logarithmic derivatives of the Bessel’s functions
Jy, for large n (z << n) [2, 4]:

Jy(r) n =

Jo(z) x 2n )

Using formula (9), for w? we’ll obtain
! X
n? (pan® + py + 1) (1 +73)

{[1 4% — 1/2] x* + 2un? (n2 — 1) 82\ + n? (n2 — 1)2 [17324-

WP =

+(a® +05) (1+79)]} (10)
PR
pohnt’

We'll remark, that as p = 0 formula for w? coincides with formula for w?, cor-
responding to oscillation of envelope without fluid [1]. From (10) it is clear, that
account of influence of the fluid leads to decrease of the values of eigenfrequency of
oscillations of supported envelope, in comparison with eigenfrequency of oscillations
of supported envelope without fluid.

where ¢ =
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