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Wear Analysis of Open-design Vortex Pump Based on
CFD — DEM Coupling
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(1. Research Center of Fluid Machinery Engineering and Technology, Jiangsu University, Zhenjiang 212013, China
2. School of Mechanical Engineering, Nantong University, Nantong 226000, China
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Abstract. In order to investigate the wear patterns of the open-design vortex pump, it was based on the
computational fluid dynamics — discrete element method ( CFD — DEM) coupling method and combined
with the Archard wear model to conduct numerical simulations and experimental research, considering
three different volume fractions: 1% , 3% , and 5% . Focusing on analyzing the internal flow pattern of
the vortex pump, the particle distribution characteristics, and the wear patterns of key components,
including the impeller, volute casing, and inlet wall, the results showed that as particle concentration was
increased, the head and efficiency of the vortex pump exhibited a decreasing trend, with a more
pronounced decline when the concentration was increased from 1% to 3% compared with the increase
from 3% to 5% . The wear of key components was increased with the increase of particle concentration.
The cumulative tangential shear force exerted by the particles on the vanes was significantly higher than
the normal cumulative impact force, indicating that vane wear was primarily attributed to friction. Further

analysis revealed that the wear on the pressure side was significantly more severe than on the suction
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side. Especially at the leading edge of the pressure side, both tangential friction and normal impact were
relatively more intense than in other regions, resulting in the most severe wear. In addition, overall blade
wear was primarily concentrated near the rear cover plate, with the wear on the rear cover plate gradually
decreasing from the pressure surface to the suction surface. The wear on the volute casing was the second
only to that on the impeller, with the tongue of the volute casing experiencing the most severe wear due to
the reduced flow area, which accelerated particle velocity and increased impact frequency. Specifically,
from section I to section V, wear on the volute casing wall was primarily concentrated on the back side,
where it was more severe; while from section V to section X, due to the influence of circulating flow in
the bladeless cavity, wear gradually expanded to the front side, although the degree of abrasion was
relatively light as the particle distribution became more diffuse. Additionally, a spiral flow was observed
as moving in the reverse direction from the bladeless cavity along the inlet wall. As particle concentration
was increased, the spiral reflux length was decreased, and the inlet pipe wall exhibited a spiral wear
pattern, with wear intensity diminishing as the distance from the bladeless cavity increased. The results
can provide a theoretical reference for the optimization and structural improvement of the vortex pump.

Key words: open-design vortex pump; CFD — DEM coupling; impact and abrasive wear; particle

distribution ; helical flow
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