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Abstract

Air-source heat pumps face practical challenges when deployed for heating systems in cold regions. Key issues include reduced
heating efficiency in low-temperature environments, operational stability compromised by frosting and defrosting cycles, difficulties
in equipment selection matching building loads, and relatively high initial investment costs. Based on climatic characteristics
and heating demands of cold regions, this study proposes engineering solutions through equipment technology upgrades, system
optimization design, load calculation methodologies, and auxiliary heat source configurations. Key recommendations include
adopting jet-injection compressors, optimizing defrost control strategies, conducting specialized load analysis and equipment
selection evaluations, and strategically configuring auxiliary heat sources. Research demonstrates that systematic technical selection
and design optimization enable air-source heat pumps to deliver stable, efficient, and cost-effective heating performance in cold
climates, providing a viable approach for clean energy heating projects.
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