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Ice-Crystal Evolution Mechanisms in Ultrasonic Crystallization Accelerator
Based on CFD-PBM Coupled Models
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Abstract To elucidate the phase-transition process of the supercooled water inside an ultrasonic crystallization accelerator, a coupled
computational fluid dynamics-population balance model (CFD-PBM) is established by combining a Euler-Euler multiphase flow model,
a population balance model (PBM) , and a user-defined function. This model is adopted to numerically simulate the fluid flow,
nucleation, and ice-crystal growth within a swirling ultrasonic crystallization accelerator. The simulation results reveal that the ice
volume fraction at the outlet increases firstly and then stabilizes with the increasing ultrasonic power, accompanied by a slight decline
under several high-power operational conditions. At 200—-450 W, the optimal ultrasonic power increases with the flow rate. Increasing
the ultrasonic frequency intensifies the thermal effect while reducing the volume fraction of ice at outlet: the lower frequencies between 20
and 40 kHz are more favorable for ice crystallization. The swirling structure prolongs the residence time of supercooled water, strengthens
the ice — water mixing, and accelerates the supercooling elimination. By comprehensively considering the volume fraction of ice at outlet,
heat loss, and ultrasonic transmission loss, the optimal operational parameters are determined to be an ultrasonic power of 360 W and a
frequency of 25 kHz. The findings of this study can provide theoretical guidelines for the structural design of crystallization accelerators in
dynamic ice thermal-storage systems.
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