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ABSTRACT

The theoretical method is developed to investigate the vibration characteristics of the sloshing and
bulging mode for the circular cylindrical storage tank with an annular plate on free surface. The
cylindrical tank is filled with an inviscid and incompressible liquid. The liquid domain is limited by a
rigid cylindrical surface and a rigid flat bottom. As the effect of free surface waves is taken into
account in the analysis, the bulging and sloshing modes are studied. The solution for the velocity
potential of liquid movement is assumed as a suitable harmonic function that satisfies Laplace
equation and the relevant boundary conditions. The Rayleigh-Ritz method is used to derive the
frequency equation of the cylindrical tank. The effect of inner-to-outer radius ratio and thickness of
annular plate and liguid volume on vibration characteristics of storage tank is studied. The finite
element analysis is performed to demonstrate the validity of present theoretical method.
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Table 1 Comparison of the sloshing and bulging frequency for the first 10 modes with FEM
results (R=1m, a=07m, A=4dmm, H/L=02)

Sloshing mode Bulging rmode
Mode Theory FEM Disc.(%) Mode Theory FEM Disc. (%)
1(10) 0.6262 0.6291 —0.4631 1 (0,0 11.014 10.591 3.8406
2 (2,0) 1.0011 0.9938 0.7292 2 (1) 11518 11.231 24918
3 (0,0 1.0477 1.0554 —0.7349 3 (2,0) 13.993 13.688 2.1797
4 (3,0 12713 1.2567 1.1484 4 (30) 17970 17.248 40178
5 (1) 1.3341 1.3071 2.0238 5 (4,0) 23.008 22.104 3.9291
6 (4,0 1.4730 14535 1.3238 6 (5,0) 29558 28114 43353
7 (21) 1.5524 1.5196 2.1129 7 (6,0) 37.236 35.331 5.1160
8 (0,1} 15651 15741 —0.5750 8 (7,0 46.465 43.887 55483
9 (50) 1.6335 1.6133 1.2366 9 (8,0) 57.285 53.932 5.8532
10 (3.1) 1.7260 1.6923 1.9235 10 (9,0 69.604 65.593 5.7626

(#, m):n, m denote the number of nodal diameters and nodal circles
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