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Study on the Structure and Performance of R23 Supercritical Heat Pump Water Boiler
Song Xinyu Xie Jihong Guo Zirui Liu Mingquan Wen Xin
( College of Mechanical Engineering, Tianjin University of Science & Technology, Tianjin, 300222 )

[ Abstract] A study was conducted on the structure and performance of R23 supercritical heat pump water boiler to address the
issues of high power consumption of electric water boiler and high working pressure of R744 (carbon dioxide) supercritical heat
pump water boiler. Taking the ambient air temperature of 0°C, the cold water temperature of 15°C, the boiling water temperature of
100°C, and boiling water rate of 130L/h (0.036kg/s) as the background, the R23 supercritical heat pump water boiler can meet the
requirements by using a single stage compression cycle, with a working pressure of only 10.0MPa. The minimum heat transfer
temperature difference between the heat pump working medium and water in the heater can be above 5 °C, the coefficient of
performance can reach 2.68, and the power consumption is about 37% of that of the electric water boiler. Under the above
conditions, when R744 is used as the working medium for the supercritical heat pump water boiler, the coefficient of performance
is similar to that of R23 supercritical heat pump water boiler, but a two-stage compression cycle with interstage cooling is required,
and the working pressure needs to be 14.0MPa. In summary, compared with the electric water boiler, R23 supercritical heat pump
water boiler can significantly reduce power consumption, and the working pressure and system complexity are significantly lower
than that of R744 supercritical heat pump water boiler, which has significant application advantages.
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Fig.1 Basic structure of R23 supercritical heat pump

water boiler
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Fig.2 Working cycle of R23 supercritical heat pump
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Table 2 Operating parameters of R744 supercritical heat

pump water boiler
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Fig.3 Basic structure of two-stage compression R744

supercritical heat pump boiler with interstage cooler
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Fig.4 Two-stage compression R744 supercritical heat

pump boiler with interstage cooler working cycle
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Table 3 Coefficients of Equation Expressions for

(3)

Enthalpy and Entropy
i Ni ni i Ni n;
1 27957.00  113.1200 9 —-0.041800 —0.000171
2 28.70000  0.223000 10 —9.440000 —0.032840
3 —6468.000 -27.35000 11  0.000034 —0.000004
4 -0.86000 —0.006590 12 —0.230000 0.000081
5 574.0000  2.722000 13 —0.001238  0.000743
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7 0.000710  0.000032 15  0.196800 B
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Table 5 Operating parameters of two-stage compression

R744 supercritical heat pump boiler with interstage cooler
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Table 5 Operating parameters of two-stage compression

R744 supercritical heat pump boiler with interstage cooler
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