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Performance Analysis of Ejector Subcooling Transcritical CO, Heat Pump
System Driven by the Discharge Waste Heat
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(Tianjin Key Laboratory of Refrigeration Technology, Tianjin University of Commerce, Tianjin, 300134, China)

Abstract To resolve the issues of significant throttling loss and performance degradation of a baseline transcritical CO, air-source heat
pump system (Base) for building space heating, an ejector subcooling transcritical CO, air-source heat pump system (ESH) driven by
the waste heat of the compressor discharge gas is proposed in this paper. The thermodynamic performance of the ESH system was
optimized and analyzed using four working fluids. Five typical cities were selected for comparison, and the heating season performance
factor (HSPF) was analyzed. The results reveal that the coefficient of performance (COP) of the ESH system first increased and then
decreased with the increase of discharge pressure, and an optimal discharge pressure exists. Compared with the Base system, the ESH
system using R1234ze (Z) displayed the most remarkable improvement in COP (with the highest increase of 20. 64%). The discharge
pressure of the ESH system reduced by up to 9. 20% compared with that of the Base system, and the exergy efficiency increased by 7. 13%
—18.61%. The HSPF of the ESH system was 9. 68% to 14. 21% higher than that of the Base system. The performance improvement was
higher when it was used in severely cold regions.

Keywords transcritical CO,; ejector subcooling; waste heat of discharge gas; air-source heat pump; heating season performance factor
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Fig.1 Transcritical CO, air-source heat pump system
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Fig.2 T-s diagram of CO, system
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Fig.3 T-s diagram of ejector subcooling subsystem
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Tab.2 Typical operating parameters of the ESH system

R TREE/C J£J1/MPa ek (kdikg) et/ [k (kg K) ] it/ (kg/s) TR
1 1.00 2.50 452.99 1.973 4 0.0457
2 135.28 11.63 543.92 2.009 8 0.0457
3 80.55 11.63 453.34 1.770 4 0.0457
4 45.00 11.63 317.97 1.363 8 0.0457
5 36.69 11.63 286.75 1.264 4 0.0457
6 -12.00 2.50 286.75 1.338 4 0.0457 0.44
7 -9.00 2.50 439.92 1.924 9 0.0457
8 92.07 1.30 439.13 1.743 1 0.226 7 0
9 92.07 1.30 712.05 2.490 4 0.226 7 1.00
10 49.02 0.32 662.11 2.5179 0.3215
11 52.18 0.32 668.13 2.5365 0.3215
12 66.96 0.49 690.48 2.546 4 0.3215
13 45.00 0.49 309.61 1.368 7 0.3215 0
14 46.01 1.30 312.57 1.373 4 0.226 7
15 33.69 0.32 309.61 1.371 4 0.094 8 0.08
16 36.69 0.32 638.90 2.444 5 0.094 8

3 AT EFIRE A

Tab.3 Physical and environmental performance of

refrigerants
- ﬁ‘(&;@% PV (2 s T 5’?{1%&*“/ CWP
C MPa C
R1234ze(Z) 9.7 3.53 150.1 6
R600 -0.5 3.79 151.9 20
R134a -26.2 4.07 101.1 1300
R290 -42.2 4.25 96.7 20
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Tab.4 Energy analysis equations of ESH system
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TR Oy = Mo, (hy = hg)
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31428 u:i
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W 2 hy3 = hs
TR V- m,v (P = pis)
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Tab.5 Exergy analysis equation of the ESH system
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Fig.4 Variation of performance parameters of ESH system

with discharge pressure
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