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Influence of Initial Soil Temperature and Groundwater
Seepage on Several Supply Pipes and One
Central Return Pipe Heat Exchanger

LIU Dian, DU Zhenyu

(College of Civil Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract; In order to study the influence of groundwater seepage on the heat exchange between the several
supply pipes and one central return pipe heat exchanger and surrounding rock and soil, a three-dimensional
coupled thermo-seepage heat transfer model of several supply pipes and one central return pipe heat exchanger
and surrounding soil was established by DesignMoldeler software, based on the actual soil environment in the
Loess Plateau. The model was meshed by Meshing software, and numerically simulated by Fluent software.
Under the condition of rock and soil stratification, the effects of soil initial temperature varying along the bur-
ied depth, different groundwater seepage directions and intermittent operation modes on the heat transfer of
several supply pipes and one central return pipe heat exchanger were analyzed. The research results show that
layered soil with different initial temperatures has a greater impact that can not be ignored. Different groundw-
ater seepage directions have different influence on different types of several supply pipes and one central return
pipe heat exchangers, there is an optimal seepage direction to maximize the heat transfer efficiency. The inter-
mittent operation mode can improve operation efficiency of the heat pump, and can reduce the design length of

the buried pipe, thereby reduce the initial investment.
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Fig.1 Three-dimensional view of five supply pipes and one return buried pipe heat exchanger structure
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Tab.1 Properties parameters of rock and soil

i Ah/m o/kg e m™ c/] e« (kg+ K)™! A/W e (me+K)™! v/ X10% m? « 5! gp/%
PE % — 950. 0 2 300 0. 44 — —
Ak - 999. 1 4188 0.58 1.186 —
[ 3 4 — 1 310.0 1165 2. 40 — -
HEmW+ 11.5 1925.0 1425 2.10~2. 30 — —
B+ 12.3 1284.0 1425 0.90~1. 90 — —
Y 3.8 2 650.0 1425 2.30~3.70 — —

R AL D 5.6 2 570.0 1425 2.10~3.50 — 0.37

R 56.8 2 730. 0 1425 2.10~3. 50 — 0.32
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Tab. 2 Unit axial heat transfer of each water supply branch pipe of two supply pipes

and one return buried pipe heat exchanger along buried pipe direction

K Bk e
B Wt Bt WA hREBEERRD BB AR R S BB
inl 35.3  33.7 53.7 82.7 82. 2 41,4
* in2 35.3  33.7 53.6 82. 8 82. 1 41. 4
inl 35.3  33.8 53.8 85. 2 84. 4 10. 9
Y in2 35.4  33.7 53.4 74. 4 74.7 42.1
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Z E KR PRS2, P B R KR S A W E I AL 2 R i 0] 1 in2 AR 12 A R H
P LU TC R K2 i AR D D
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Tab. 3 Unit axial heat transfer of each water supply branch pipe of three supply pipes

and one-return buried pipe heat exchanger along buried pipe direction

JUPK ok g /W m? :
BT Bt Bt A hRUEBECEBRD R ECEBRD  mRULE S (BB T
inl 21.5 20.7 35.3 65.3 65. 6 28. 4
x in2 21.5 20. 8 35.0 54,7 56.0 29. 6
in3 21.5 20.7 35.0 54.9 56.1 29.5
inl 21.5 20.9 35.2 58.8 59.7 29.5
y in2 21.6 20.9 35.7 63.9 64. 4 28.9
in3 21.6 20. 8 35.0 50. 6 52.2 30. 4

3 KB 8o (DRIAILLT 2 5.

D M R KB R TT 00 @ 7 1 i s inl A2 53R K& 75 ) B9 L3 . 1 in2.in3 2 T4 R KB T
UF AR 285 1 T AR JZ I 3 AR K S 5 b 8 A9 0 PRI B0 B AR — B0 T 25 A 28 5 5 K I L 4 U AR
AL MR KB AR HE T inl 5 R A B (A AR I R ELRE A T K Bl Bens 2k 4
Hh G R L TR R S i e S L I B3 B R 5 K S ) e A

2) M TKBHTT A v I7 A in2 A2 FBHIT 0 0 inl . ind 20 50 Ak T A 5 A [ 7
BT KR WA AR AR R L PR 3 AR K A K SO Be e 48 S KR I S AR R B R R
AR AR AR AR AT 2250 5 H R KB« J5 Ay JF [ e R A 2 260 WL
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Tab. 4 Unit axial heat transfer of each water supply branch pipe of four supply pipes

and one return buried pipe heat exchanger along buried pipe direction

JUPKL tok prm
BT 1 Bt Bt A hRUEBECEBRD BB A CEBRD WU S (BB D
inl 16.6 16.1 27.9 18.8 50. 0 23.9
in2 16.5 16.1 27.3 37.9 10. 2 25.1
* in3 16.6 16.1 27.8 48. 8 50. 1 23.9
ind 16.6 16,1 28.1 55. 2 56. 1 23.3
inl 16.5 16.0 28.1 53.5 54.7 18.6
in2 16.5 16.0 27.4 41,9 43.8 19. 8
Y in3 16.5 16.0 27.4 42.0 44.0 19. 8
ind 16.5 16.0 28.0 54.0 55.0 18.6
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Tab.5 Unit axial heat transfer of each water supply branch pipe of five supply pipes

and one-return buried pipe heat exchanger along buried pipe direction

JUTK ok g YW m :
BT 1 Bt Bt A hRUEBECEBRD  RRLE A CEBR)  mRULEE (BB
inl 13.4 13.1 23.0 41.4 42.7 19.9
in2 13.5 13.1 22.6 31.5 33.8 21.1
x in3 13.5 13.1 23.0 35.9 37.8 20.5
in4 13.4 13.1 23.1 45.1 46. 1 19.7
in5 13.5 13.1 23.4 47.1 48.6 19.4
inl 13.4 13.1 23.3 46. 8 47.8 19.5
in2 13.4 13.1 23.1 43. 4 44.9 19.7
y in3 13.5 13.1 23.1 33.0 35.3 22.1
in4 13.4 13.1 22.6 33.6 35.3 20. 8
in5 13.5 13.1 23.2 42.9 44.6 19.8
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L ASE 80 AT ) 2 W 3k 55

T KB IT ) AN [ o3 2 AR AR 20— ] SR A e A K SO ™ AR R IR A5 A 28 L A
PR S RS S A 1 ol 1 A R /N AS T) . (A A i A ] ) 22 {3 — [l LA R 88 o ) — ftok
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i B AEE T 1) AN 2 [ B AN TR KSR B 22 i — [l RS A 2 0 R R B R T ) AR S PR T
R SR T 0 SR A AR R T 4R i LA e BARIOR L T LIRS fie FE 98 L 5 1) 28 LA AR A
2.3 HEEKEBITER

IO AR R T 0T #La AT 120 h R 3 AR SEps B o8 TRES LR pL AL s 17 To00 . 7 2
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Fig. 9 Water temperature variations in buried pipe heat exchanger

during intermittent operation of system for 120 h in cooling period
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