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Abstract: Refrigerated warehouses can achieve peak shaving on the user side through the
integration of phase change material (PCM) modules, thereby improving operational
economics. However, the low heat transfer performance of phase change cold storage plates
limits the charging rate, posing a key challenge. While reducing plate thickness can enhance
heat transfer, it significantly decreases the cold storage capacity of individual plates. This
study aims to optimize module storage capacity and the thermal charging process. The effects
of plate thickness and perforated structures on PCM solidification were analyzed via
numerical simulations. Based on these results, an optimized cold storage plate design was
developed and experimentally validated. Results indicate that reducing thickness substantially
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shortens solidification time and improves cold storage efficiency: A 33 mm plate required
11.68 h, whereas a 25 mm plate required only 8.3 h, a reduction of 28.9%, with a 6.6%
increase in cold storage capacity per unit time. Introducing perforations with an 18 mm
diameter further reduced solidification time to 7.9 h (a 4.8% decrease) and increased cold
storage capacity per unit time by 453.58 J, while maintaining essentially the same single-plate
capacity. Experimental validation using a 25 mm plate with 18 mm perforations in a constant
temperature environment at —24°C demonstrated complete solidification in 7.71 h, a relative
error of only 2.46% compared to simulations. Through the combined effects of thickness
optimization and perforated surfaces to increase heat transfer area, this study successfully
designed a cold storage plate capable of meeting the 8h cold charging requirement during off-
peak electricity periods, providing an efficient technical solution for energy conservation in
refrigerated warehouse applications.

Keywords: refrigerator warehouse; phase change cold storage plate; -collaborative

optimization; heat transfer enhancement; CFD numerical simulation
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