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Fig. 2 Schematic diagram of simplified model

and high-resolution model
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saturated resin particles
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Fig. 12 Sedimentation of saturated resin particles after optimized design
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Fig. 13 Local aggregation phenomenon of

particles after optimized design
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Fig. 15 Contacts friction statistics comparison
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CFD-DEM Numerical Simulation of Particle Settling and Wear in a
Moving Bed Adsorption Tower
QING Tangyanting', LEI Jieheng®, LEI Lin*, DENG Jian', LEI Zeyong', YANG Yiming'
(1. School of Mechanical Engineering, University of South China, Hengyang 421001, China;
2. School of Electrical Engineering, University of South China, Hengyang 421001, China;
3. School of Resources Environment and Safety Engineering, University of South China, Hengyang 421001, China)

Abstract: To improve the extraction efficiency of uranyl ions in a moving bed adsorption tower and re-
duce the loss of saturated resin, a geometric model incorporating key internal components was estab-
lished using a coupled CFD-DEM approach, with model reliability validated against experimental data.
Systematic simulations of particle settling under varying inlet flow rates were conducted, focusing on
the kinetic behavior at the optimal flow rate. Based on these findings, structural optimizations were
implemented, and the particle flow and collision characteristics before and after optimization were
compared. The simulation results indicate that the particle settling process can be divided into three
distinct stages: initial uniform settling, accelerated directional transport, and energy dissipation depo-
sition. Local vortices induced by the liquid distribution device predominantly govern particle spatial
distribution, leading to accumulation in the bottom region of the tower. At the optimal flow rate,
over 90% of particles reside in the low-velocity range, indicating significant collective stability within
the system. Particle contact statistics reveal that wear risk primarily stems from particle-particle colli-
sions rather than particle-structure interactions. Comparative analysis of different flow rates demon-
strates that velocity markedly influences particle collision frequency and energy by altering the flow
field kinetic energy. While the optimized design improves particle distribution uniformity, it also re-
sults in a slight increase in collision energy, highlighting a trade-off between flow homogenization and
collision dynamics. This study elucidates the microscopic mechanisms of particle transport and wear in
moving bed adsorption towers, providing a theoretical basis for the optimization of devices and the
regulation of operational parameters.

Key words: moving bed adsorption tower; saturated resin particles; CFD-DEM; particle settling; nu-

merical simulation; particle wear; particle dynamics



