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Research on Structural Optimization and Performance Improvement of Wear-Resistant
Centrifugal Pumps for Coal Mines

Wang Hongkai
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Abstract: To solve problems such as rapid wear of flow-passage components, efficiency decline, and seal failure
caused by the transportation of solids-containing media by centrifugal pumps for main drainage in coal mines, this
paper proposes systematic optimization measures from several aspects, including structural improvement of the
impeller and volute chamber, high-wear-resistant materials and surface strengthening, sealing and leakage prevention,
unit alignment and vibration reduction, and operation regulation. Hard alloy surfacing is applied to the inlet edge of
the first-stage impeller blades, the fillet radius of the cutwater is increased, and a combined annular and spiral volute
chamber is adopted. High-chromium cast iron, supplemented by plasma surfacing, is used for the impeller and pump
body. An external flushing scheme is adopted for the packing seal. Laser alignment is carried out and support stiffness
is adjusted, while a variable-frequency speed regulation device is configured to avoid critical speeds and maintain
operation in the high-efficiency range. Through solid-liquid two-phase flow simulation, Finnie wear model prediction,
prototype testing, and a six-month field assessment, the service life of the optimized pump impeller increased from
2,100h to 5,800 h when the sand mass concentration was 3%. The efficiency increased by 4.5 percentage points,
vibration severity decreased by 39%, and maintenance costs were reduced. The results show that the coordinated
optimization of structure, materials, sealing, and operation mode can improve the reliability and economy of wear-

resistant centrifugal pumps for coal mines.
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