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Research on Energy Consumption of
R290 Variable Frequency Compressor in Air-Cooled Kitchen Refrigerator
Deng Ni LiuYan XuYang GaoZhongyong MengLe Sun Haibing
( Qingdao Wanbao Compressor Co., Ltd, Qingdao, 266510 )

[ Abstract]  With the upgrading of the national standard GB 26920 Energy Efficiency Limits and Energy Efficiency Grades for
Commercial Refrigeration Equipment, the energy consumption constraints for commercial refrigeration appliances have been
progressively tightened. Taking a specific model of air-cooled kitchen refrigerator as the research subject, this study conducted
systematic energy consumption tests to compare the discrepancies between its theoretical refrigeration cycle characteristics and
actual power consumption cycle performance. Test results indicated four key energy inefficiency issues in the original system: the
evaporation temperature is too low; insufficient degree of subcooling; and frosting on the suction pipe. To address these problems,
multi-dimensional optimizations were implemented for the refrigeration system: structural optimization of heat exchangers to
enhance heat transfer efficiency; replacement of the original compressor with a high-efficiency R290 variable-frequency
compressor; modification of the middle beam anti-condensation heating method from electric heating to compressor exhaust
waste heat recovery; replacement of evaporator electric defrosting with compressor hot gas defrosting. Post-optimization tests
verified that the energy consumption of the prototype was reduced by 60.4%: the 24-hour power consumption decreased from
10.38kWh to 4.11kWh, which fully meets the Level 1 energy efficiency requirements specified in GB 26920-2024. This study
provides a feasible technical reference for the energy-saving design and optimization of commercial air-cooled kitchen
refrigerators.
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Fig.1 Physical images of air-cooled kitchen refrigerator
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Fig.2 Electrical control diagram of air-cooled kitchen
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Table 1 Power of the components in the air-cooled

kitchen refrigerator
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Fig.3 Test schematic diagram of air-cooled kitchen
refrigerator
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Fig.4 The electricity consumption of air-cooled kitchen

refrigerator
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Fig.5 Actual cycle temperature diagram of air-cooled

kitchen refrigerator
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Fig.6 Actual cycle intake and exhaust pressure diagram

of refrigerator
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Table 2 Configuration table of air-cooled kitchen refrigerator before and after improvement
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Fig.7 Compressor thermal defrosting cycle diagram Fig.8 Reheat cycle diagram air-cooled kitchen
refrigerator
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Table 3 Performance comparison of fixed-frequency compressor and variable-frequency compressor
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Fig.9 Improved prototype actual cycle temperature
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