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Analysis of Sloshing Frequency Response in Rectangular Fuel-Storage Tank
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Abstract

This paper deals with the analytic and FEM analyses of sloshing frequency response of incompressible, invicid and
irrotational flow in two dimensional rectangular tank. We use Laplace equation based on potential theory as governing
equation. For small amplitude sloshing motion, the linearized free surface condition was applied and the analytic solution
was obtained by the separation of variables. To simulate the effect of the energy dissipation due to viscous damping,
artificial viscous coefficient is introduced and the divergence of response at resonance frequencies may be avoided by this
coefficient. This problem was solved by FEM using 9-node elements in order to predict the maximum amplitude of sloshing
response. Numnerical results of free surface height, fluid pressure and fluid force show good agreement with those by
analytic solution. After verifying the test FEM program, we analyze the frequency response characteristics of sloshing to
the fluid height.
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Table 2 Comparison of analytic and FEM natural

frequency(rad/s)
| Natural Analytic FEM FEM
frequency (4-node) (9-node)

1st 3.917 3.918 3.918
2nd 6.798 6.807 6.798
3rd 8.776 8.811 8.777
4th 10.384 10.466 10.388
oth 11.775 11.928 11.786
6th 13.017 13.270 13.042
7th 14.151 14.534 14.199
8th 15.201 15.748 15.282
9th 16.183 16.929 16.307
10th 17.108 18.092 17.287
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