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Abstract

Generally, ground-source heat pump (GSHP) systems have a higher performance than conventional air-source

systems. However, the major fault of GSHP systems is their expensive boring costs. Therefore, it is important issue

that to reduce initial cost and ensure stability of system through accurate prediction of the heat extraction and injection

rates of the ground heat exchanger. Conventional analysis methods employed by line source theory are used to predict

heat transfer rate between ground heat exchanger and soil. Shape of ground heat exchanger was simplified by

equivalent diameter model, but these methods do not accurately reflect the heat transfer characteristics according to the

heat exchanger geometry. In this study, a numerical model that combines a user subroutine module that calculates

circulation water conditions in the ground heat exchanger and FEFLOW program which can simulate heat/moisture

transfer in the soil, is developed. Heat transfer performance was evaluated for 3 different types ground heat

exchanger(U-tube, Double U-tube, Coaxial).
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Double U-tube
heat exchanger

Coaxial (concentric) U-tube
heat exchanger heatexchanger
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4 year

5 year

Heat extraction (MJ/m (W/m))

399.36 (25.33)

456.45 (28.95)

476.47 (30.22)

485.03 (30.76)

488.66 (30.99)

Coaxial
(concentric) | Heat injection (MJ/m (W/m)) 544.38 (34.52) | 514.09 (32.60) 501.02 (31.77) 495.46 (31.42) | 493.09 (31.27)
Extraction/injection rate 0.73 0.89 0.95 0.98 0.99
Heat extraction (MJ/m (W/m)) | 341.13 (21.63) | 377.53 (23.94) 392.13 (24.87) 399.37 (25.33) | 402.93 (25.55)
U-tube Heat injection (MJ/m (W/m))) 447.42 (28.38) | 426.62 (27.06) 416.38 (26.41) 411.32 (26.09) | 408.87 (25.93)
Extraction/injection rate 0.76 0.88 0.94 0.97 0.99
Heat extraction (MJ/m (W/m)) | 379.21 (24.05) | 428.37 (27.17) 446.45 (28.31) 454.63 (28.83) | 458.28 (29.06)
30?3:)6 Heat injection (MJ/m (W/m)) 510.33 (32.36) | 483.25 (30.65) 471.11 (29.88) 465.66 (29.53) | 463.24 (29.38)
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