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Note: i, is the borehole No., N is the number of borehole.
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Fig.2 Calculation diagram of group drilling borehole
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Note: r. is responsive radius, rj is borehole radius, a is thermal diffusion

coefficient; 7 is time.
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Fig.3 Radius of thermal response
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Table 1 Comparison of thermal response radius between calculating results of paper model and analytical solution m
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ment this paper  solution this paper  solution this paper  solution this paper ~ solution thispaper  solution
100 328 334 181 455 461 117 553 556 062 635 636 0.5 7.08 706 026
M 120 333 338 148 461 467 123 559 563 085 641 644 048 7.14 715 0.15
B 140 339 342 098 466 472 LI2 564 569 092 647 651 067 7.19 722 041
S;g%vle 160 345 346 037 472 476 091 570 575 087 652 657  0.73 725 729 055
layout 180  3.50 349 033 478 481 062 575 580 075 658 663 070 730 735 059
200 356 352 105 483 485 025 581 584 056 664 668  0.61 736 740 058
100 378 381 088 524 528 067 637 639 034 732 732 0.05 8.15 814 023
S 120 384 385 036 531 533 054 643 646 040 738 740 020 8.22 822 0.00
# 140 390 389 028 537 538 030 649 652 033 744 746 023 8.28 829 0.1
nglvt;le 160 396 392 101 543 543 000 656 657 015 751 752 0.17 8.40 835  0.64
layout 180 403 396 178 549 547 046 662 661 009 757 757  0.00 8.40 841 0.04
200 409 398 263 556 551 093 668 666 037 763 762 016 8.47 846  0.07
Lipg 100 405 408 079 563 567 067 684 687 041 78 78 0l 8.77 876 0.8
@ 120 411 413 028 569 572 052 691 694 042 793 795 026 8.83 884  0.10
More 140 418 416 035 576 577 024 697 699 032 799 801 026 8.89 891 017
ttlﬁlgé 160 424 420 106 58 581 011 703 704 013 806 807 0.7 8.96 897  0.14
rows 180 430 423 184 588 585 051 710 7.09 011 812 812 0.0 9.02 902 0.00
layout 00 437 425 265 595 589 097 706 743 042 818 817 017 9.08 9.08  0.00
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Fig.5 Thermal response radius under different thermal diffusion coefficient ( bore diameter 135 mm)
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Abstract: At present, energy and environmental issues have become one of the most principal factors affecting the
development of modern society. Energy conservation, exploitation of green renewable energy and environment protection has
become urgent tasks in China. With the utilization of renewable energy sources and protection of environment, more and more
researchers in the world pay attentions to the thermal environment of the geotechnical engineering. Some environment
protection and energy saving technologies can cause the changes of soil temperature or even chemical contaminants diffusion,
such as the development and utilization of shallow geothermal energy, nuclear waste disposal, landfill construction, thermal
storage. Changes in the mechanical properties of the soil that caused by soil temperature field may lead to soil deformation,
falling of ground stability and bearing capacity. Therefore, the research on heat transfer characteristics of rock and soil media
has important theoretical values and practical significance in the development of geothermal resources, nuclear waste disposal,
energy storage, landfill, heating pipe design and other aspects. The ground-source heat pump (GCHP) technology, as a clean
and efficient renewable energy, has developed rapidly in recent decade. The distribution characteristics of the excess
temperature in the soil medium were studied with the infinite line source heat transfer model in this paper. The results showed
that the temperatures response at the surface of the borehole wall was the biggest in the soil medium around the ground, and
heat exchanger which decayed exponentially with distance from the wall of the borehole, increased with operating time of the
system. The heat transfer area also increased along with the thermal diffusion of medium and running time of the system. For
the group of ground heat exchangers in the engineering, the temperature on the borehole wall of the group buried pipe was
calculated according to the superposition principle, it was defined that the thermal response radius of the ground heat
exchangers was the vertical distance between the adjacent borehole center when the excess temperature impact factor caused
by other boreholes was less than or equal to 5%. With numerical analysis, the calculation method of the thermal response
radius of the vertical ground heat exchangers was proposed. The calculating results showed that this method had better
precision. The thermal response radius of the vertical ground heat exchanger increased along with the growth of the thermal
diffusivity of the ground, duration of working time, borehole row numbers and borehole diameter, and was influenced
significantly by the layout of the ground heat exchangers, and less by the borehole diameter under the same layout of the
ground heat exchangers. In the case of common borehole diameter in the engineering, such as 115 and 135 mm, the graph of
thermal response radius along with running time could be presented with different soil media of a single row, double rows and
more than three rows drilling layout in this paper. The engineering examples showed that the method was simple and
convenient for engineering design.

Key words: heat transfer; calculation; heat pump system; vertical borehole heat exchangers; theoretical model; thermal
response radius
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