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Research on Cavitation Damage Prediction Model and Anti-Cavitation Optimization Design

Method for Centrifugal Pumps

Jianxin Sun
Shandong Qisheng Industry & Trade Co., Ltd., Zibo, Shandong, 255400, China

Abstract: This study addresses technical bottlenecks in centrifugal pump cavitation damage prediction and anti-cavitation
optimization by proposing an innovative methodology system. Firstly, a hybrid prediction model integrating LES turbulence
model and Zwart cavitation model was developed, achieving full-scale accurate simulation of flow field - temperature field
- damage field through thermodynamic correction and machine learning fusion, with prediction errors significantly reduced.
Secondly, a multi-objective cooperative optimization strategy was developed combining topology optimization, surface
modification technology and intelligent control, reducing NPSHr by 18.6% and increasing fatigue life by 2.3 times. Thirdly,
a virtual-real fusion verification and iteration mechanism was established, shortening the optimization cycle to 12 days and
reducing remaining life prediction error to 9.8% through closed-loop feedback from high-precision numerical simulation,
transparent model experiments and digital twin technology. The research provides a complete solution from mechanism
understanding to engineering implementation for centrifugal pump anti-cavitation design.
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