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Transcritical CO, heat pump system with an ejector
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Abstract: An optimized design of the ejector was presented, which was applied to a transcritical CO, heat pump
as an experimental water heater system. Experiments were carried out not only to investigate the effects of flow
rate and outlet temperature of hot water and the high-side pressure on the system and the ejector performance,
such as the heating coefficient of performance (COPy), entrainment ratio, pressure lift and ejector efficiency, but
also to reflect the ejector influence on system performance. The experimental results show that though the ejector
efficiency was related to the entrainment ratio, their change with the hot water flow rate or the outlet temperature
were different. In the other word, the entrainment ratio was decreased while the ejector efficiency was increased
with the decrease of the cooling water flow rate or the increase of the outlet temperature. Under the experimental
working conditions, pressure lift was kept constant and the COPy, reached about 3.5. With this ejector, high side
optimal pressure decreased dramatically, which results in safer operation for this system. However when the COPy,
reached the highest value, the ejector efficiency was not the best one. The experimental results also showed that
there existed an optimal operation pressure for the transcritical CO, heat pump with the ejector. What should be
noted was under optimal hide side pressure, hot water outlet temperature was not the highest value but still more
than 55°C. Therefore stable operation in the optimal high side pressure for the heat pump system is of great
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significance. It can not only greatly improve system performance, but also ensure attain higher water temperature

of the hot water.

Key words: ejector; optimal design; thermodynamics; CO,; transcritical cycle; heat pump; COPy
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Fig.1 Schematic diagram of transcritical CO, heat pump

water heater system with ejector
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Table1 Some experimental data
Q.u/L « min™ Tomin/'C Qgow/L * min™* T,/ C Tewo/ C T/ C Pe/MPa COP, & u e

10 21 9 18 41.03 34.11 7.46 3.190 1.0402 03904  0.0444
10 21 9 21 43.12 35.53 7.71 3.048 1.0408 0.3883 0.0435
8 24 8 18 42.87 34.54 7475 3.202 1.0399 0.4183 0.0411
10 24 8 18 44.86 35.81 78 3.491 1.0463 0.4000  0.0553
10 24 9 18 41.15 3433 7.555 3.100 1.0403 04259  0.0516
11 24 9 21 43.86 36.32 7.83 3.104 1.0458 0.5270  0.0697
9 25 8 19 45.33 36.10 7.835 3.115 1.0431 0.4193 0.0818
9 25 8 19 4431 35.71 776 3.013 1.0400 0.4090  0.0444

Note: T.win—chilled water inlet temperature; Ty ., c—hot water outlet temperature; p,.—gas cooler pressure; T —gas cooler outlet temperature.
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