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Abstract: To address the issues of insufficient uniformity and low mixing efficiency during the preparation of

cemented carbide slurries, a coupled Volume of Fluid-Discrete Phase Model (VOF-DPM) numerical simulation

approach is employed to investigate the gas—liquid—solid three—phase flow within a stirred tank. The optimized

results are further validated through industrial experiments. The effects of key operational and structural

parameters, including impeller speed, dual-impeller spacing, upper impeller diameter, and lower impeller

inclination angle, on the mixing process are systematically examined. The results indicate that under the optimal

conditions of an impeller speed of 210 r/min, an impeller spacing of 180 mm, an upper impeller diameter of 300

mm, and a lower impeller inclination angle of 60°, a stable and continuous spiral upward flow field is established in
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the tank. This flow pattern effectively eliminates the stagnant regions commonly observed in conventional stirring

processes and significantly improves the uniformity of particle distribution. Industrial experiments further confirm

that under the optimized parameters, the fluctuation range of slurry density is substantially reduced, and process

stability is enhanced. By integrating numerical simulation with experimental validation, this study provides a solid

theoretical basis and practical engineering guidance for the optimization of complex slurry mixing processes.
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Table 1 Geometric parameters of the stirred tank
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Fig. 2

(a) Comparison of Experimental and Simulated Free Surface Vortex and Particle Distribution at Different Moments with

Impeller Speed of 200 r/min; (b) Distribution of Local Solids Holdup at x/T = 0.45
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Fig. 3 Distribution of the gas - liquid interface and vorticity field near the impeller under different rotational speeds in the stirred

tank, (a) gas — liquid interface distribution; (b) vorticity distribution around the impeller region.
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Fig. 4 Tracer Concentration Curves and Mixing Times at Different Impeller Speeds: (a) Tracer Concentration vs. Mixing Time at

Different Impeller Speeds, (b) Mixing Time at Different Impeller Speeds
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