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Abstract: To address the performance degradation and reduced operational reliability of air-source heat pumps
under low—temperature conditions, an R454B low—temperature heat pump system based on a single—unit two—stage
rolling—rotor compressor and two—phase injection control is proposed. Through theoretical analysis and
experimental research, two—stage compression schemes with volume ratios of 0.6 and 0.7 were comparatively tested
over a wide temperature range from —30°C to 8.3°C, and the vapor—injection control strategy was systematically
optimized. The results indicate that the system with a volume ratio of 0.7 exhibits superior comprehensive

performance across the full operating range; under extremely low—temperature conditions, its COP is comparable to
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that of the 0.6 scheme, while achieving lower discharge temperature and lower operating frequency, thus

demonstrating better overall reliability; compared with the single—phase injection strategy, the two—phase injection

technique more effectively reduces discharge temperature and enhances heating capacity below —15°C, with an

optimal injection mass flow range that varies with operating conditions. Compared with the conventional single—

stage vapor—injection enthalpy—enhancement system, the two—stage compression system achieves a COP

improvement of approximately 5%-8% at —15°C and —-26°C , reduces operating frequency by 4-7Hz and

substantially improves discharge temperature control, demonstrating better low—temperature adaptability, energy

efficiency, and reliability. This study provides experimental evidence and optimization directions for the system

design and control strategy of air—source heat pumps in cold climates.

Keywords: low—temperature heat pump; two—stage compression; volume ratio; R454B; two—phase injection
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Fig. 1 Schematic diagram of the two—stage compressor structure
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Fig. 3 Principle diagram of the two—stage compression system cycle
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Fig. 8 Test comparison of different relative vapor injection mass flow
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Fig. 9 Test comparison between two—stage compression system and vapor—injection enthalpy—enhanced system
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