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Vibration Analysis of Two Annular Plates Coupled with a Fluid
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ABSTRACT

An analytical method for the free vibration of two annular plates coupled with water was developed by the
Rayleigh—Ritz method. The two plates with unequal thickness are clamped along a rigid cylindrical vessel wall. It is
assumed that the fluid bounded by a rigid cylindrical vessel is incompressible and non-viscous. The wet mode shape of
the annular plates is assumed as a combination of the dry mode shapes of the plates. The fluid motion is described by
using the fluid displacement potential and determined by using the compatibility conditions along the fluid interface
with the plate. Minimizing the Rayleigh quotient based on the energy conservation gives an eigenvalue problem. It is
found that the theoretical results can predict well the fluid—coupled natural frequencies comparing with the finite

element analysis resuit.
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Fig. 1 Two annular plates coupled with a fluid
contained rigid cylinder.
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Fig. 2 Finite element model for the bottom screen
assembly coupled with water.
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Fig. 3 Theoretical mode shapes of two annular plates
(bottom screen assembly) coupled with water (dashed
line = lower plate, solid line = upper plate

Table 1. Comparison of FEM (ANSYS) and theoretical
natural frequencies for bottom screen assembly coupled

with coolant (R = 720 mm, a = 30 mm, h; = 45 mm, hy =
40 mm, d = 10 mm).

Mode Natural Frequency (Hz) Eror (%)
ni|m ANSYS Theory
1 308.1 318.1 3.14
o 2 4638.2 469.1 0.19
3 899.3 991.5 9.30
4 12803 1290.1 0.76
1 66.8 67.1 0.45
) 2 397.2 410.8 3.31
3 496.3 497.6 0.31
4 1053.2 1158.7 9.11
1 150.8 1523 0.98
2 2 584.9 612.2 4.46
3 681.0 684.0 0.44
4 1334.7 1494.3 10.68
1 286.6 291.7 1.74
3 2 869.9 928.5 6.31
3 986.0 992.9 0.69
4 1737.0 20054 13.38
1 469.5 482.8 275
4 2 1208.0 13183 8.37
3 1342.9 13576 1.08
4 2183.0 2610.2 16.37

m’= number of radial mode.
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