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ANALYSIS OF PARAMETRIC INFLUENCE OF A COUPLED WATER
HAMMER ON THE VIBRATION CHARACTERISTICS OF
GAS-LIQUID-SOLID THREE-PHASE FLOW IN PIPELINES

CHEN Ming , WU Jian-lin , WANG Jian-hua
(Department of Petroleum Supply Engineering, Logistical Engineering University of PLA, Chongging 401311, China)

Abstract: With gas-liquid-solid three-phase flow as a research subject, the vibration responses induced by a
coupled water hammer in a slurry reservoir-pipeline-valve system are obtained by combining the flux vector
splitting method with a Lax-Wendroff scheme and an upwind Warming-Beam scheme. The influences of void
fraction, density ratio, and elastic modulus ratio between the solid phase and liquid phase on vibration
characteristics of the system are analyzed. The numerical results show that the velocities of pressure waves and
stress waves decrease with the increase of void fraction, and the intensity of pressure fluctuation and pipe
vibration fall simultaneously. As the density ratio between solid phase and liquid phase increases, the vibration of
pipeline system becomes stronger, and additional vibration energy of the pipeline system mostly concentrates in
the fluid, thus the pressure energy in the fluid rises rapidly. With increased elastic modulus ratio between solid
phase and liquid phase, both pressure energy and vibration intensity in the pipeline system increase slightly. When
the elastic modulus ratio between solid phase and liquid phase increases past a certain extent, its influence on the
pressure energy and vibration intensity of the pipeline system can be neglected.
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Fig.2 Variation of pressure wave velocity with void fraction

X TGRS

5280
5260
5240

e AR A

5220
5200
5180

5160 {

0 0.2 0.4 0.6 0.8

EREs

B3 N Ay b R AR A 2

Fig.3 Variation of stress wave velocity with void fraction
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Fig.9 Vibration velocity responses of pipe at valve
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