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Analysis of temperature of underground heat exchanger and efficiency
of heat pump with combined cooling and heating
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Abstract: A thermodynamic calculation model was built for the ground source heat pump based on the
G-function theory of the underground heat exchanger. The basic performance of the underground heat
exchanger and the heat pump, and the main differences between the combined cooling and heating
mode and the single mode were studied. The thermodynamic parameters, such as the coefficient of
performance of the heat pump, and the energy consumption were analyzed comparatively by
calculating the borehole wall temperatures and the fluid temperatures at the inlet and outlet of the
underground heat exchanger. Taking the severe cold region and the hot summer and cold winter
region as examples, the effects of the combined cooling and heating, and the single cooling or heating
on the temperatures of the underground heat exchanger and the efficiency of the heat pump were
studied in combination with the cooling and heating load demands.
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Fig.2 Fluid temperature at the exit of underground

heat exchanger(SC)
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Table 1 Heat pump power consumption MWh

%14 % 20 4F
Ay

SC1 SC2 SC1 SC2
1 42.41 42. 41 47.59 46. 24
2 30. 39 30. 39 33.29 32.37
3 23.32 23.32 25.51 24.81
4 7.52 7.52 8. 20 7.98
5 0 0.52 0 0. 46
6 0 2.70 0 2.41
7 0 7.19 0 6.39
8 0 5.38 0 4. 77
9 0 0.76 0 0.67
10 6.93 6. 87 7.50 7.24
11 23.67 23.49 25.59 24.78
12 38.00 37.75 41.02 39. 80
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Fig.5 Fluid temperature at the exit of the
underground heat exchanger( HSCW)
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Table 2 Heat pump power consumption MWh
514 5 20 4F
A
HSCW1 HSCW2 HSCW3 HSCW1 HSCW2 HSCW3
1 0 10. 86 32.91 0 9.43 30. 45
2 0 7.56 23.35 0 6. 54 21. 26
3 0 4.91 15.13 0 4.26 13.78
4 0.74 0.72 0.68 1.19 1.08 0. 89
5 3.97 3.92 3.82 6.35 5.83 4. 94
6 15.56 15.37 15. 00 24.73 22.76 19. 36
7 31.33 30.96 30. 25 49.56 45.70 38.98
8 34.12 33.74 33.00 53.64 49.50 42.29
9 16.36 16.16 15.79 25.51 23.56 20. 16
10 4.55 4. 49 4. 39 7.02  6.50 5.58
11 0 1.22 3.71 0 1.08 3.42
12 0 7.29 22.22 0 6. 45 20. 54
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