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Abstract

Driven by the global energy crisis and the goal of carbon neutrality, heat pump air conditioning systems have become a key
technology in the field of building heating and cooling due to their highly efficient and energy-saving characteristics. However,
the traditional heat exchange structure is limited by problems such as low heat transfer efficiency, large flow resistance and poor
adaptability to working conditions, which makes it difficult to break through the energy efficiency of the system. According to
statistics, a 10% improvement in the performance of heat exchangers can increase the overall energy efficiency of heat pumps by 5%
to 8%. Therefore, optimizing the heat exchange structure has become the core path to enhance system efficiency. Most of the existing
research focuses on single-parameter optimization or experimental verification, lacking systematic solutions for multi-physics field
collaboration and full life cycle engineering adaptation. This paper first conducts a detailed analysis of the theory of heat pump
air conditioning heat exchange systems, then specifically proposes an optimization method for efficient heat exchange structures.
Subsequently, it elaborates on the research on engineering application adaptability. Finally, it specifically lists case analyses and
application prospects, with the aim of providing useful references and inspirations for related research.
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