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Abstract: Harnessing the supercooling behavior of phase change materials to achieve long-
term stable thermal energy storage represents an effective approach to overcoming the
significant heat loss inherent in conventional latent heat storage during seasonal thermal
energy storage (TES). At present, systematic investigations into the dynamic heat release
characteristics of helical coil-type supercooled phase change thermal storage units remain
scarce, particularly concerning the recalescence effect and the latent heat release response
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mechanisms triggered by supercooled crystallization. To address this gap, this study
investigates a helical coil-type thermal storage unit by establishing a dynamic numerical
model coupled with crystallization kinetics criteria. It accurately simulates the supercooled
phase change recalescence process through User-Defined Functions. Based on experimental
validation, this study systematically examines the evolution of the internal temperature field,
liquid fraction, and heat release power during the heat release process. Furthermore, it
explores the influence mechanisms of phase change material thermal conductivity and heat
transfer fluid inlet velocity on the dynamic heat release characteristics. The results
demonstrate that the heat release process of the helical coil-type supercooled phase change
thermal storage unit exhibits pronounced stage-wise evolution, which can be divided into
three successive stages: liquid sensible heat cooling, recalescence-induced latent heat
release, and solid sensible heat cooling. The temperature rise induced by recalescence
instantaneously reduces the liquid fraction to 0.82, and the latent heat-dominated stage
exhibits favorable long-duration performance. Increasing the material's thermal conductivity
accelerates the solidification process. When the thermal conductivity reaches 1.2 W/(m-K),
the peak outlet temperature and peak heat release power during recalescence increase by
17.8% and 35.7%, respectively. The inlet flow velocity produces contrasting effects on heat
release power and outlet temperature: higher velocities enhance heat release power but
shorten the supercooling trigger time and the duration of the temperature plateau by 26.9%

and 30%, respectively.
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(b) The grid division diagram of physical model
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