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Abstract: To address the challenge of synergistically optimizing the heating and cooling performance of
R290 heat pump systems for electric vehicles across a wide temperature range. this study proposes
a novel R290 vapor injection-regenerative coupled heat pump system. The system employs an
intermediate heat exchanger that integrates the functions of an economizer for the vapor injection
cycle and a regenerator for the regenerative cycle, allowing flexible switching between the two
cycles. Experimental and theoretical analyses under wide temperature range conditions validate
the system’s performance advantages. The results show that in heating mode, the vapor injection

cycle outperforms the regenerative cycle in both heating capacity and coefficient of performance
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(COP). At a —30°C ambient temperature, the heating capacity of the vapor injection cycle increases by
44. 4% and the COP improves by 7. 4% compared to the regenerative cycle. In cooling mode, the
At a 50 °C ambient

temperature, the COP of the regenerative cycle is 7. 6% higher. Further analysis of the intermediate heat

regenerative cycle achieves a higher COP than the vapor injection cycle.

exchanger characteristics reveals that under wide temperature range conditions, the regenerator
exhibits greater heat transfer capacity but lower exergy efficiency. Therefore, the selection of the
intermediate heat exchanger should prioritize meeting the operating conditions of the regenerative
cycle. Based on experimental data from different conditions, an evaluation method for the heat
transfer and pressure drop characteristics of the regenerator is proposed, along with corresponding
empirical correlations. This study provides theoretical and experimental references for enabling
greater energy efficiency and all-climate adaptability design in heat pump systems for electric vehicles.
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Fig. 1 Schematic diagram of the R290 injection-regenerative coupled heat pump system
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Table 1 Key component parameters of R290 heat pump system
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Table 2 Accuracy of the measuring devices
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Table 3 Test conditions of R290 heat pump system
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ambient temperature of 35°C to 50 C
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