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Simulation Research on Flow-Induced Vibration of Pipe Conveying Fluid with
Orifice Plate in Liquid Rocket Engine Fluid Test System

Shi Ruijie Song Ge FuHao MaHangyuan Zhang Dong
(Beijing Aerospace Propulsion Institute, Beijing 100076)

Abstract: The liquid rocket engine fluid test system is often regulated by throttling elements such as orifice plates,
the throttling orifice will cause sudden change in the flow field of the pipeline system, cause vortex and backflow, cause
partial pressure fluctuation, cause vibration and noise in the pipeline, and affect the safe operation of the system. Taking
the pipe conveying fluid with orifice plate as the research object, the ANSYS simulation analysis method is used to
analyze the pressure and velocity distribution characteristics of the flow field near the orifice plate. And the pressure
fluctuation characteristics and flow-induced vibration characteristics under different flow rates are analyzed. The optimal
design scheme of the orifice plate was proposed to reduce the vibration of the pipeline. The simulation results show that
the vortex shedding downstream of the orifice plate causes head loss; the pressure at the outlet of the orifice plate
fluctuates abruptly, resulting in hydraulic disturbance, and pressure fluctuation increases with the increase of the flow
velocity. Through the main frequency of fluctuation analysis, the natural frequency of the structure can be avoided,
thereby avoiding resonance. When the flow rate increases, the fluid pressure fluctuation of the orifice plate increases,
which leads to the enhancement of the fluid-induced vibration of the pipeline; the multi-stage orifice plate optimization
scheme can effectively reduce the pressure fluctuation and the pipeline vibration.

Key words: fluid test system; orifice plates; pressure fluctuation; fluid-induced vibration; multi-stage orifice plate
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