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Abstract

In response to the global demand for energy efficiency improvement and low-carbon transformation of refrigeration systems, this
study addresses the bottleneck problems of insufficient component coordination and imbalanced parameter matching in traditional
vapor compression refrigeration cycles, and constructs a three-dimensional optimization framework of “thermodynamic analysis
multi parameter coordination system integration”. By analyzing the coupling mechanism between compressor efticiency, heat
transfer performance of heat exchangers, and physical properties of working fluids, a multi-objective optimization strategy based
on non dominated sorting genetic algorithm is proposed to achieve synergistic optimization of energy efficiency improvement
and environmental indicators. Engineering verification shows that the optimized system significantly improves the performance
coefficient under typical operating conditions and has good adaptability to variable loads, providing theoretical support and technical
path for the green upgrade of the refrigeration industry.
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