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A Study on Vibration Characteristics with Sloshing Mode Effect
in Water Tank Structure

Sung-Yong Bae *

Dept. of Naval Architecture & Marine Engineering System, Pukyong National University”

Abstract

Liquid storage rectangular tank structures are used in many fields of airplane and marine
engineering. Fatigue damages are sometimes observed in these tanks which seem to be
caused by resonance. Therefore it is essentialy important to estimate vibration
characteristics of tank structures. Many investigators studied the vibration of cylindrical and
rectangular tank structures containing still fluid. In general, the eigenbehavior of interior
liquid is characterized by the sloshing mode while that of the structure by the bulging
mode. However, the structure deformation to the sloshing mode and the liquid free—surface
fluctuation to the bulging mode have been neglected in the classical added-mass
computation. In the present paper, we study the vibration characteristics with sloshing mode

, Sloshing

effect.
¥ Keywords: Water tank structure (24833 X&), Vibration characteristics(ZSS4d)
mode effect(&24 2& &), Added-mass{SEZ), Free-surface(MHKREM), Fatigue

damage(llZ & 4)
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Fig.1 Elastic tank structure containing
fluid and coordinates
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Fig. 2 Boundary Condition for
uncoupled Sloshing modes
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Table 1 Principal dimensions and material
properties of the model

Length L=10.0(m)
Breadth B=10.0(m)
Height H=10.0{m)
Thickness t=0.015(m)
Young's Modulus E=2.06E+11(Pa}
Poisson’s Ratio +~0.3
Density of elastic
0,=7.85K+03Ckafm?)
panel
Density of Fiuid £ o= 1.00E+03 (hefm®)
3.1 biYiE &BNRPEY NeEs
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Fig.4 Natural frequencies of the uncoupled
stoshing modes for the various water
depth
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Made No.1 0.2783(Hz} Mode No.2 0.2803(Hz)

Mode No.3 0.3328{Hz) Mode No.4 0.3964(Hz)

Mode No.5 0.4019{Hz) Mode No.6 0.4204{Hz)

Mode No.7 0.4275{(Hz} Mode No.8 0.4793{Hz)

Fig. 5 Uncoupled sloshing modes
{water depth: 10 m)
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Table 2 Numerical results of natural frequencies
with or without sloshing(water depth=23m)

(Unit : Hz)
With Without Sloshing
Mode . .
Sloshing Sloshing only

1 0.2468 0.2468

2 0.3178

3 0.3741 0.3328
4 0.3744 0.3328
5 0.4366 0.3328
6 0.4512 0.4276
7 0.4586 0.4019
8 0.4968 0.4968 0.4275
9 0.4970 0.4275
10 0.5011 0.4793

Table 3 Numerical results of natural frequencies
with or without sloshing(water depth=7m)

(Unit © Hz)
With Without Sloshing
Mode . .
Sloshing Sloshing only
1 0.1676 0.1676
2 0.1978 0.1978
3 0.219 0.219
4 0.2569 0.2569 0.2783
5 0.2994 0.2994
6 0.3268
7 0.3661 0.2839
3 0.3665 0.2839
9 0.4302 0.3328
10 0.4508 0.3964

Table2 — Table3 2 d/H=0.3, 0.7 2 ZR0
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Fig. 6 Natural frequencies of a tank with
sloshing in each cases
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