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Free Vibration Analysis of Fluid Vessel with Annular and Circular Plates
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ABSTRACT

An analytical method for the hydroelastic vibration of a vessel composed of an upper annular plate and a lower
circular plate is developed by the Rayleigh—Ritz method. The two plates 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 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 result.
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Fig. 2 Finite element model for the fluid contained
vessel with an annular plate and a circular plate
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Fig.3 Theoretical mode shapes of an annular plate and
a circular plate coupled with water (dashed line = upper
annular plate, solid line = lower circular plate)
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aluminum plate (R = 200 mm, a
=3 mm, d = 100 mm).

Table 1. Comparison of FEM (ANSYS) and theoretical
natural frequencies water—filled vessel composed of an
upper annular aluminum plate and a bottom circular

=50 mm, h; =2 mm, hy

Mode. Natural frequency (Hz) Error (%)
n|m ANSYS Theory
1 113.6 113.7 0.09
2 283.3 283.7 0.14 .
0 3 499.8 - 500.6 0.16
4 772.2 774.7 0.32
5 1176.8 1181.8 0.42
1 88.2 88.3 0.11
2 165.2 165.2 0.19
1|3 466.5 467.4 0.05
4 545.7 546.0 0.42
5 1107.2 1111.9 0.23 .
1 165.3 165.3 0.00
2 258.1 2583 0.08
2|3 589.6 590.4 0.14
4 739.8 741.2 0.19
5 1309.7 1313.3 0.27
1 2435 243.6 0.04
2 -406.9 407.3 0.10
313 698.6 699.3 0.10
4 1033.5 1036.4 0.28
5 14459 1449.2 0.23
1 344.8 344.9 0.03
2 598.5 599.4 0.15
41 3 848.1 849.1 0.12
4 13749 1379.7 0.35
5 1629.8 1633.4 0.22
1 4733 4737 0.08
2 828.4 830.0 0.19
513 1042.9 1044 .4 0.14
4 1759.9 1767.4 0.42
5 1869.1 1873.5 0.23
n = number of nodal diameters,
m’'= number of radial mode,
Error (%) = (theoretical result — FEM result) <100

theoretical result




