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Numerical Simulation of Fluid-Elastic Instability in
Heat Exchanger Tube Bundles

CHENG Ruijia,ZHANG Yanan, XIAO Qing, CHEN Xiaoge, LIU Baoqing
(Institute of Process Equipment,Zhejiang University , Hangzhou 310027 , China)

Abstract; Aiming at frequently occurred vibration damage problems of conventional heat exchangers, based on dynamic
mesh technique and two-way fluid-structure interaction, a three-dimension numerical model of flow-induced vibration was
established. The vibration trajectory of tube bundles, which were obtained difficultly in the experiment, were
supplemented by numerical simulation. The change of the main vibration direction in the fluid-elastic instability of the
tube bundle was studied. The influence of tube position on vibration was analyzed. The effects of configuration and
pitch-to-diameter ratio of tube bundles on fluid-elastic instability were investigated. The results show that the fluid-elastic
instability first occurs in the drag direction, and then occurs in the lift direction. The amplitude of the tube located at the
edge is larger than that of the middle tube. In the four kinds of arrangements of the tube bundles, the occurrence of
fluid-elastic instability from difficult to easy as follows; normal square, normal triangular, rotated square and rotated
triangular. In a certain range, the fluid-elastic instability is more prone to occur with the decrease of pitch-to-diameter
ratio. The study on the simulation of heat exchanger tube bundles plays a certain guiding role in engineering application.
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Figure 1  Bundle models of four

kinds of arrangements
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Figure 3 Deformation of bundles at different time
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Figure 4 Motion trajectory of bundles at different velocity
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Figure 5 Waveform of amplitude-time
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Figure 6 Influence of arrangement mode on
fluid elastic instability
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Figure 7 Influence of pitch-to-diameter
ratio on fluid elastic instability
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