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Figure 1 Thermodynamics and schematic diagram of a

single-stage transcritical CO, system
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Figure 2 Thermodynamics and schematic diagram of
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transcritical CO, heat pump system with flash-recharge
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Figure 3 Thermodynamic model flow chart of transcritical

CO, heat pump system with flash-recharge
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Table 1 Heating design parameters for typical cities
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Table 3 Heat Exchanger Parameters
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Table 6 Emission analysis of different cities
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Figure 6 Exergy analysis under different environmental temperatures
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Heating performance evaluation of Transcritical CO, Air-Source Heat Pump System with

Flash-Recharge

WANG Dingbiao"?, Chen Chen "*, YANG Yushen"?, LIU Xinxin'?, XIANG Sa"?, WANG Guanghui'’

(1. School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. Henan International Joint La-
boratory of New Energy Clean Utilization Technology and Energy saving Equipment, Zhengzhou University, Zhengzhou 450001, China)

Abstract: In order to enhance the low-temperature heating performance of the transcritical CO, air-source heat
pump system and broaden the operating range of the low-temperature operating conditions, the thermodynamic mod-
eling of flash gas-supplementing is too ideal and the actual operating conditions deviate greatly. The flash gas-sup-
plementing transcritical CO, air source heat pump heating system (CO, HPVI, FLA) was studied. Through the
non-steady-state flow energy equation, based on the new thermodynamic model of pressure dynamic adjustment in
the process of air supply, a mathematical model for comprehensive evaluation of energy saving, environmental and
economic performance of the system was established. Harbin (severe cold area) and Beijing (cold area) were se-
lected as working conditions, and coal fired boiler, gas fired wall mounted boiler and direct electric heating are se-
lected. The three traditional heating methods were analyzed and compared in terms of thermal performance, econo-
my and environmental emission performance. The results indicated that compared with the reference system, the
COP of the flash gas supplementing system can be increased by 38. 5% and the exergy loss can be reduced by more
than 20% under the same working conditions. Compared with the baseline system, the CO,, SO, and NO_ emis-
sions of the CO, HPVI, FLA system are reduced by 19.47%. At the same time, in the extremely cold region, the
life cycle cost of the CO, HPVI, FLA system in the eighth year can be reduced by 39. 73% compared with the CFB
system. Therefore, the system is significantly superior to the benchmark system in terms of comprehensive perform-
ance (energy, exergy, economic and environmental evaluation models), providing a feasible alternative to clean
heating.

Keywords: CO, HP; benchmark system; flash technology; calculation model of gas supplement process; thermo-

dynamic modeling;



