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Fig.1 The model of a tube supported at two ends
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Fig.2 Fluid force coefficients vs. flow velocity U
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Fig.3 The tube’s vibration amplitude versus U,
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Fig.4 Predicted results of the harmonic fluid force-beam model
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Fig.5 Fully coupling results of fluid-structure interaction simulation*
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Fig.8 Phase portrait of transverse displacement at U, = 5
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Theoretical Model and Numerical Simulation of
Vortex Induced Flexible Tube Vibration

FENG Zhi-peng, ZANG Feng-gang, ZHANG Yi-xiong, YU Xiao-fei, YE Xian-hui
(National Key Laboratory of Science and Technology on Reactor System Design Technology ,
Nuclear Power Institute of China, Chengdu 610041, P.R.China)

Abstract: In order to predict vortex induced vibration ( VIV) of flexible tubes, the flexible tube
was modeled as an Euler-Bernoulli type beam and the equations of motion for the tube under
VIV were derived based on the fluid force coefficients obtained through fluid-structure interac-
tion simulation and the wake oscillator model respectively. Two theoretical models for predic-
ting VIV of the flexible tube were presented. Firstly, the infinite-dimensional model was dis-
cretized with the 4-order Galerkin technique. The tube vibration responses induced by cross
flow was predicted successfully with the fluid force coefficients obtained through fully fluid-
structure coupling simulation. Then, the results predicted by the wake oscillator model were
compared with those by the fluid-structure interaction simulation. The research shows that, the
vibration amplitudes predicted by the harmonic fluid force model is smaller than that predicted
by the fluid-structure interaction simulation. However, the wake oscillator model properly simu-
lates the vortex induced vibration characteristics of the tube, which agrees well with the fluid-
structure interaction numerical results. That indicates the wake oscillator model is a feasible

way to predict the vortex induced flexible tube vibration.

Key words: vortex induced vibration (VIV) ; wake oscillator model; lock-in; fluid-structure in-

teraction



