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Abstract: Among defrosting techniques for refrigeration systems, electric heating direct defrosting consumes
excessive energy, while conventional hot gas bypass defrosting suffers from insufficient heating supply at low
ambient temperatures, leading to deteriorated system performance and reduced energy efficiency. This study
develops thermodynamic models for different hot gas bypass defrosting cycles for refrigerators. The reliability of the
model parameter settings is verified through whole—machine refrigerator experiments. The defrosting performances
of the basic compressor outlet hot gas bypass defrosting (BCOMP_HGBD) and basic condenser outlet hot gas bypass
defrosting (BCOND_HGBD) cycles are compared under ambient temperatures of 16 ~ °C and 32  °C, with
compressor speeds ranging from 1200 to 4500  rpm. Their limitations, specifically the insufficient defrosting heat

at low ambient temperatures, are analyzed. Based on these findings, two configurations are proposed: electric
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auxiliary condenser outlet hot gas bypass defrosting (ECOND_HGBD) and thermal storage assisted compressor

outlet hot gas bypass defrosting (TCOMP_HGBD). Their application strategies and defrosting performance are

evaluated by optimizing the matching between compressor speed and bypass gas thermal compensation. The results

show that the TCOMP_HGBD cycle with C18 paraffin delivers the best performance. Under a 30—minute defrosting

limit at 16

C, its coefficient of defrosting performance is 67.1~124.6% higher than that of other HGBD cycles,

corresponding to a 40.2~55.5% reduction in energy consumption. The findings provide a basis for the optimal

design of thermal storage hot gas bypass defrosting cycles and hold significant value for engineering applications.

Keywords: thermodynamics; model; optimal design; defrosting; energy conservation; phase change material
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Fig. 1 Air—cooled refrigerator series—parallel circulation

system diagram
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Table 1 Geometric parameters of evaporators
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Table 2 Thermophysical parameters of frost layer
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results
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Fig. 6 The temperature change curve of paraffin in the

refrigeration—defrosting stage
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