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Theory and experiment for vibration analysis of

liquid-filled tank with internal pressure

LEI Yongjun, YANG Zhen, WANG Chenglong, SONG Xiancun, LI Daokui
(College of Aerospace and Materials Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; A theoretical and experimental investigation of the vibration characteristics of fluid-filled tank with internal pressure is presented.

The dynamic equations of vibration are based on the elastic mechanics and velocity potential theory. The form related to the difference of pressure

inside and outside was given by analysis of its effects on the tank. Also the form related to the solid-fluid interaction was given by analysis of its

effects. The classic boundary-value approach was used here to calculate the natural frequencies of the tank. A modal experiment about vibration

characteristics of fluid-filled tank with internal pressure was conducted, and the frequencies were measured. Results of theoretical calculation agree

with the experimental data, which indicates that the frequencies of the tank decrease when filled with liquid, but they increases with internal

pressure, compared with that of the empty tank. Further analysis of the results shows the effects of factors, such as the wave number, internal

pressure, fluid density, structural geometric parameters and flexural rigidity of the tank on the dynamical behaviors.
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Fig. 1 The sketch of fluid-filled tank with pressure
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Fig.2 The experiment instrument installation sketch map
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Tab.1 Natural frequency of tank with atmospheric pressure

W K WA SR RXRZE
(Hz) (Hz) (%)
m=1n=3 1 633.946 629.821  0.652
m=1n=2 2 643.766 645.055  0.200
m=1n=4 3 1062.980 1078.572  1.47
m=2n=3 4 1248.061 1261.510  1.08
m=2n=4 5 1305.262 — —
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Tab.2 Natural frequency of fluid-filled tank with

atmospheric pressure

T WA A HXRE
(Hz) (Hz) (%)
m=1n=2 1 274049 275.322  0.465
m=1n=3 2 299.036  293.502 1.85
=ln=4 3 547.604  524.059 4.30
m=2n=3 4 600.571 601.090  0.0864
m=1n=1 5 603.468 — —

£3 Sam RREHEEFRERITEES KREXLL
Tab.3 Natural frequency of fluid-filled tank with 5 times

atmospheric pressure

W WRAE SERE MXbRE
(Hz) (Hz) (%)
m=1n=2 1 287.020  292.365 1.86
m=1n=3 2 334369 332.040  0.697
m=1n=4 3 590.942  572.399 3.14
m=1n=1 4 604.407 — —
m=2n=3 5 621.023 — —
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