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Numerical Study of Transient Cosing Process of Ball Valve
and Water Hammer Phenomenon by Meshless Method

JIA Zhibo,SUN Yijie,ZHOU Ziqi,SUN Zhongguo,XI Guang
(School of Energy and Power Engineer, Xi’ an Jiaotong University, Xi’an 710049, China)

Abstract: To address the challenges of mesh distortion, numerical instability, and interface errors in
conventional mesh-based methods for simulating the transient closing process of ball valves, this study
proposes a high-accuracy and stable pressure inlet/outlet boundary model based on the Moving Particle
Semi-Implicit (MPS) method. Transient numerical simulations of the ball valve closing process is
performed. The variation patterns of the inlet/outlet pressure differential, flow coefficient and resistance
coefficient with the ball valve from fully open to fully closed are obtained. Furthermore, by analyzing
the velocity and pressure fields at different opening degrees, the mechanisms of flow separation, vortex
formation, and water hammer effects were revealed. The findings indicate that the pressure difference

across the valve exhibits a nonlinear variation pattern, initially increasing and then decreasing as the
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opening decreases. The flow coefficient remains relatively stable when the opening is greater than 70°,
and sharply drops with the opening below 70°. The resistance coefficient slowly changes when opening
is greater than 45°, and rapidly increases when the opening falls below 45°. As the opening continues to
decrease, the outlet flow tube and the spool flow tube formed vortex and expanding, leading to
intensified kinetic energy dissipation. The high-pressure region upstream and a low-pressure region
downstream coexist, the fluid within the valve core approaches stagnation, resulting in static pressure
buildup. The water hammer pressure exhibits a trend of first increasing and then decreasing. As the
valve closing time lengthens, the maximum water hammer pressure gradually reduces. The findings of

this study provide theoretical support for the design and optimization of ball valves, and have

significant engineering guiding for improving the safety and stability of pipeline systems.
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