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heat pump system coupled with a thermal storage unit was built. Two operation modes were
compared: Mode A (main refrigerant subcooled by the thermal storage unit) and Mode B
(main refrigerant not subcooled by the thermal storage unit). Experiments were conducted at
ambient temperatures of -25°C, -15°C, and —-5°C to evaluate the heating capacity, coefficient
of performance (COP), compressor parameters, refrigerant flow distribution, exergy efficiency,
and variable-load stability. The results showed that, compared with Mode A, the heating
capacity of Mode B was increased by 2.93%, 2.14%, and 15.01%, and the COP was
increased by 9.39%, 5.60%, and 6.53% at -25°C, -15°C, and -5°C, respectively. At -25°C, the
discharge temperature and pressure were reduced by 28.5°C and 0.24 MPa, respectively.
Refrigerant distribution revealed that Mode B distributed more refrigerant to the economizer
and thermal storage unit vapor-injection branches, with flow rates increasing by 32.81%—
49.18% and 33.84%—38.76%, respectively, strengthening low-temperature vapor injection.
Exergy analysis indicated that the total exergy loss of Mode B was reduced by 10.31%,
4.89%, and 3.48%, and the exergy efficiency was improved by 5.91%, 1.90%, and 8.79%.
Mode B also remained stable under variable load at -25°C . The participation mode of the
thermal storage unit markedly affects low-temperature and thermodynamic performance.
Mode B, which does not subcool the main flow, reduces flow resistance and irreversible loss,
optimizes refrigerant distribution, and improves low-temperature adaptability and overall
performance, thereby providing experimental support and a technical reference for the optimal
design of air-source heat pumps in severe cold regions.

Keywords: thermal storage unit; air-source heat pump; low-temperature performance;

refrigerant distribution; exergy efficiency; variable load
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Fig. 1 Working flow chart of the coupled system
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