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Study on the Effect of Flow Resistance on the Stability of Spiral Separation
Flow

ZHU Hejun', LIU Huizhong’, DENG Huajun', LIU Jiahu', LIU Xixi®

1.Ganzhou Vocational and Technical College, Ganzhou 341000, Jiangxi, China;

2. School of Mechanical and Electrical Engineering, Jiangxi University of Science and Technology, Ganzhou
341000, Jiangxi, China

Abstract: The spiral concentrator is a type of gravity-based beneficiation equipment extensively utilized in the
processing of hematite, specular iron ore, chromite, and ilmenite, owing to its advantages of minimal
environmental impact, low production costs, and straightforward configuration. In industrial applications,
surface instabilities, known as roll waves, are frequently observed in spiral concentrators due to fluctuations in
the free surface, with flow resistance being a primary factor influencing flow stability. This study focuses on
three key factors affecting flow resistance: wall roughness, fluid viscosity, and trough surface grooving.Utilizing
computational fluid dynamics (CFD) technology, we investigated the influence patterns of these parameters on
the stability of separation flows in spiral concentrators. Analysis based on the liquid film evolution equation
reveals that the inertial forces within the spiral sorting stream are unstable and contribute to destabilizing the
flow. In contrast, surface tension mitigates the development of minor disturbances, thereby enhancing flow
stability. A CFD model of a spiral concentrator was employed to simulate the flow field under varying flow
resistance conditions. The simulation results indicate that an increase in wall roughness, fluid viscosity, or the

number of grooves on the surface results in a gradual increase in flow resistance, subsequently reducing the
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maximum achievable Reynolds number of the spiral separation flow. Furthermore, the increase in flow
resistance led to a decrease in both the Froude number and the Weber number, with reductions of 4.8% and
14.0% observed when the roughness was increased from 0.1 mm to 0.5 mm and 1.0 mm, respectively. Similarly,
when the viscosity was elevated from 0.010 Pa-s to 0.020 Pa-s and 0.025 Pa-s, the Froude number decreased by
8.9% and 20.7% respectively. Additionally, increasing the number of engraved grooves on the surface from 0 to
10 and 19 resulted in a reduction of the Froude number by 13.6% and 16.7%, respectively. These findings
demonstrate that increased flow resistance contributes to enhanced flow stability.

Key words: spiral concentrator; flow resistance; numerical simulation; flow stability; rolling wave
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