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Estimation of Heat Removal Potential of Medium-Deep U-shaped
Buried Pipe Based on Uniform Design
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Abstract: In order to estimate the heat extraction potential of the U-shaped underground heat exchange
system in the middle and deep layers, a simulation verification was carried out using a U-shaped buried
pipe heat exchange model programming in the middle and deep layers. Taking into account six factors
including the soil thermal conductivity, vertical pipe length, ground temperature gradient, horizontal
pipe length, soil density, and constant temperature layer temperature, a uniform experimental design
method was used to design a simulation test plan. Multiple linear regression method was used to analyze
the relationship between the six factors and the heat extraction, and a prediction equation for the heat
extraction was established. The results shows that the maximum stable heat transfer of the U-shaped bu-
ried pipe heat exchanger in the middle and deep layers can be predicted using five factors including the
soil thermal conductivity, vertical pipe length, ground temperature gradient, horizontal pipe length, and
constant temperature layer temperature. The maximum stable heat transfer prediction value is obtained.
The average error compared to the simulated value is 6.76%, and the maximum relative error is
-9. 88%.

Key words: medium-deep U-shaped buried pipe; estimation of heat extraction potential ; uniform ex-
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Tab. 1 Geotechnical layering and geotechnical properties
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Fig. 1 Comparison between simulated and measured

outlet water temperature
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Fig. 2 Variation curve of 2 880 h outlet water temperature
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Tab. 2 Settings of simulation parameters

T BEHEK/m KPEK/m

HURBSEE/(C - m™)
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0. 500 1500
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Fig. 3 Variation of heat extraction with flow rate
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Fig. 4 Variation of heat extraction with the temperature

of the constant temperature layer

U A b3S J P 45 R i B 2 3 K 858 s
TE IR Z R H 5.0 CHEKF] 25,0 C et 43 5l
BT 350,409,470,530,538 kW ;16 i )2 IR
KT 400% GO T , et 7 554 T 108. 36%,
62.68% ,39.54% ,27.01%,19. 38% , 53 < W 6 &
JZIREEXT AR B ECR A U B - (10 5% 0 R/
AN, WA SR 2 R X — 2 BV ik g I
rZ—,
g5 b ARG L 6 NMHREENIIHE, 4
PR 2 B B Rl an 2 3 B

=3 EHEBELER

Tab. 3 Range of factor values
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Tab. 4 Table of uniform experimental design

R BEHERK, KEER/ Hi TR TR R TR/ ER =3 Y 4
m m (C-m™’ (W-m'-K" (kg + m™) C
1 2 000 386 1.276 1.979 2 380 21.6
2 2 052 634 2. 138 3.572 1707 17.5
3 2 103 882 3.000 1. 638 2 638 13.3
4 2 155 1131 1. 190 3.231 1 966 9.2
5 2 207 1379 2.052 1.296 2 897 5.0
6 2 259 1627 2.914 2.890 2224 22.3
7 2 310 1 875 1. 104 0.955 1552 18.2
8 2 362 200 1. 966 2.548 2483 14.0
9 2 414 448 2. 828 0.614 1811 9.9
10 2 466 696 1.018 2.207 2742 5.7
11 2517 944 1. 830 3. 800 2 069 23.0
12 2 569 1193 2.742 1. 865 3 000 18. 8
13 2 621 1 441 0.931 3.459 2 328 14.7
14 2 672 1 689 1.793 1.524 1 656 10. 6
15 2724 1937 2. 655 3.117 2 587 6.4
16 2776 262 0. 845 1.183 1914 23.7
17 2 828 510 1.707 2.776 2 845 19.5
18 2 879 758 2.569 0. 841 2173 15.4
19 2931 1 006 0.759 2.434 1 500 11.3
20 2 983 1255 1. 621 0. 500 2 431 7.1
21 3034 1503 2.483 2.093 1759 24. 4
22 3 086 1751 0. 673 3. 686 2 690 20.2
23 3138 2 000 1.535 1.752 2018 16. 1
24 3190 324 2.397 3.345 2 949 11.9
25 3241 572 0.587 1.410 2276 7.8
26 3293 820 1.449 3.003 1 604 25.0
27 3 345 1 068 2.311 1. 069 2 535 20.9
28 3397 1317 0. 500 2.662 1 862 16.8
29 3 448 1 565 1.362 0.728 2793 12.6
30 3 500 1 813 2.224 2.321 2121 8.5
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Tab. 5 Simulation results of outlet water temperature and heat extraction

Fe ) KR/ et/ iﬂéﬂéiﬁe%i/ Rl KR/ S5 v i@?ﬁﬁém%/
C kW (W-m") C kW (W-m)
1 6.01 597 136. 16 16 5.65 490 84.24
2 8.48 1332 281. 18 17 9.17 1537 249. 39
3 7.08 917 180. 16 18 6.37 705 108. 18
4 6.82 840 154. 38 19 6.38 708 103. 06
5 5.98 588 101. 54 20 5.11 331 45. 86
6 11. 60 2262 368. 17 21 11.18 2137 282.21
7 5.44 429 66. 00 22 9.89 1752 221.06
8 7.12 928 188. 46 23 8.51 1 342 162. 14
9 5.18 352 66.75 24 11.75 2 307 344. 12
10 5.62 481 85.50 25 5.12 334 47.37
11 11.24 2 155 360. 39 26 10.90 2 052 277.06
12 9.20 1 547 244. 39 27 8.07 1210 155.95
13 8.36 1297 194. 14 28 7.34 994 122. 56
14 6.98 886 126. 00 29 6.03 604 71.42
15 12. 83 2 627 355. 62 30 11.88 2 344 265. 94
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0. 05, WL HA [] A A [ A A2 4k A e B A 2 4l 2%
Durbin-Watson {H 5 2. 268 ,Uﬁ@%ﬁ%lﬂxﬁﬁ A #H
SN TRl A RS AT & 5 18]9S 7 R K T 5k 25 O
0, UL AL 0

xR 6 [@IFEEE

Tab. 6 Regression model
WiE R F BEME Durbin-Watson

R R

0.991 0.982  0.978 215 0.000 2.268
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Tab.7 Analysis of variance of regression model

il RN ¥or
EVE 13 487 945 6 2 247 990
Gk 240 282 23 10 447
Hit 13 728 227 29 —

e PR Il B R R AR AN 3R 8 B, AR
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Tab. 8 Coefficients of regression model
A ﬂiﬁ‘(’ﬂtﬁ;ﬁ? ‘ bR E . e _ PG
B B K2 VIF
(FiE) -1 499. 781 138. 383 — -10. 838 0. 000 — —
exXA 195. 827 12. 878 0. 676 15.207 0. 000 0.385 2.597
a 0.390 0. 059 0.258 6. 637 0. 000 0.503 1.989
bXA 0.135 0.014 0.332 9. 653 0. 000 0. 645 1.551
A2 1.539 0. 236 0. 415 6.528 0. 000 0. 188 5.309
axc 0.111 0.023 0.333 4. 846 0. 000 0. 161 6.222
cxd —-14.204 3.790 -0. 335 -3.748 0. 001 0. 101 9.901
F9 BERBMIRE
Tab. 9 Fitting error of model
P BEEHERK, KPEEK,  WEME,  HHESRRERR HRZRRE, e FE/ R2E/
m m (C-hm™") (W-m'-K") C kW kW %
1 2618 624 164.7 1. 665 10.9 669 603 -9. 88
2 2 706 941 238.2 3.218 23.8 2 378 2 246 -5.57
3 2 794 1259 311.8 1. 082 19.1 1143 1115 -2.48
4 2 882 1576 385.3 2.635 14.4 3243 2933 -9.56
5 2971 1894 179. 4 0. 500 9.7 424 450 6.28
y, = —1499.781 + 195.827¢ x A + 0.39 + 0. 135h x B AR LA R (8) o,
A+ 1.539A% + 0. 11la x ¢ — 14.204¢ x d (6) a= (—1499.781 + (195.827¢ + 0.1356 + 1.391) X
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