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Numerical Simulation of Heat Storage and Release Characteristics of
Individual Phase Change Capsules in a Stacked Bed Flow Channel

GUO Jia-min'*, MA Rui'”", WANG Zi-long'*>, WANG Feng'”
(1. College of Energy and Power Engineering, Inner Mongolia University of Technology, Hohhot 010000, China;
2. Key Laboratory of Mechanism and Optimization of Wind and Solar Energy Utilization in Inner Mongolia Autonomous Region, Hohhot 010000, China)

[ Abstract] Filling phase change capsules in a container to form a packed bed heat storage unit is a typical applica-tion of phase
change capsules. Phase change capsules are usually stacked in a specific layout in the packed bed flow channel. Studying the heat
storage and release characteristics of a single phase change capsule in a packed bed flow channel can help optimize the design of a
medium-temperature phase change heat storage system. Therefore, a two-dimensional packed bed numerical model of phase change
cap-sules was established. The heat transfer and flow characteristics of the external heat transfer fluid flowing through the phase change
capsules in the direction of gravity, counter gravity and vertical gravity were compared and studied. The effects of flow rate,
temperature and capsule diameter on the melting process of phase change capsules were studied. The results show that the heat transfer
rate of the windward side of the phase change capsule in the packed bed channel is faster. Due to the thermal resistance of the cavity
air and the natural convection, the complete solidification time is the shortest when the heat transfer fluid flows countercurrently.
Compared with the downstream flow, the complete solidification time of the up-stream flow is shortened by 8. 9% . When the diameter
of the phase change capsule is 12 mm, the melting speed of the phase change capsule with PTFE as the wall material in the center is
1.45% slower than that of the 304 stainless steel phase change capsule, and the average heat storage rate is 1. 5% lower. The melting
rate of the phase change capsule with modified PTFE as the wall material cavity in the center is 6. 9% faster than that of the 304
stainless steel phase change capsule, and the average heat storage rate is 5.8% higher. Increasing the HTF inlet velocity and

temperature can increase the average heat storage rate of the phase change capsule and shorten the melting time of the phase change
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capsule. The heat storage and release characteristics of the capsule have important guiding significance for the design optimization and

practical application of the capsule monomer and the medium temperature phase change heat storage system.
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Fig. 17 Velocity clouds of the phase change capsule melting process at the top of the cavity under the three heat transfer

fluid flow directions
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Fig. 18 Complete melting time of phase change capsules

under different heat transfer fluid flow directions
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capsules with different heat transfer fluid inlet temperatures
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