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Coupled Simulation of Flow-induced Vibration and
Seismic Effects in Oil Pipelines

ZHANG Jiachen, GAO Jianfei, WENG Guangyuan
( Mechanical Engineering College, Xi'an Shiyou University, Xi'an, Shaanxi 710065, China)

Abstract: To reveal the coupling mechanism of flow-induced vibration and seismic response in oil pipelines, a three-
dimensional dynamic finite element model based on bidirectional fluid-structure interaction ( FSI) is developed for the
medium-pipeline structure system. The model simultaneously considers the time-varying characteristics of flow velocity,
dynamic pressure, and fluid distribution throughout the oil flow process, from entry, filling, to stable transportation.
The seismic response differences under steady-state flow conditions and the process of gradual fluid filling are analyzed.
By extracting the acceleration and dynamic pressure time histories at typical nodes in the inlet, mid-span, and outlet
sections, the impact of flow velocity, spatial location, and fluid state on pipeline vibration is revealed. The results
show that the dynamic effect of the fluid significantly amplifies the pipeline’s response under seismic excitation. The in-
let section is most sensitive to changes in flow velocity, with peak acceleration increases of up to 30% compared to the
static fluid condition under typical scenarios. The fluid filling process introduces additional transient flow-induced
effects, causing significant acceleration differences and dynamic pressure peaks at the initial stage of each measurement
point, which then gradually attenuate as the flow field stabilizes. Due to viscous dissipation and wall friction, dynamic
pressure decreases along the pipeline from the inlet to downstream, with the contribution of fluid to the structural seis-
mic response weakening significantly in the middle and downstream sections.

Keywords : oil pipeline; flow-seismic coupling; bidirectional fluid-structure interaction; transient filling effect;

dynamic pressure response
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