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Experimental study on heat transfer performance of double
U-shaped buried tube heat exchanger

LI Lei"?, ZHANG Weidong®, XU Shuanhai'?, ZHAO Yongzhe'?, DANG Dongsheng?,
WANG Qilong”, GOU Li?, LEI Yanzi®

(1. China Coal Research Institute, Beijing 100013, China; 2. CCTEG Xi’an Research Institute(Group)Co., Ltd., Xi’an 710077, China)
Abstract: Double U-shaped buried tube heat exchanger (DUBTHE) are prone to pipe crossing and thermal short-circuit-

ing in the practical applications, resulting in the reduced heat transfer performance and directly affecting the operational
efficiency of shallow geothermal heat pump system. Based on the initial line thermal average temperature, thermal con-
ductivity theory and slope method, and taking a shallow geothermal heat pump project in Xi'an as the engineering back-
ground. Then, this study investigate the effects of initial average temperature, thermal conductivity and volumetric heat
capacity of rock-soil, and tube clamp spacing on the heat transfer performance of DUBTHE through field geotechnical
thermal response testing and different temperature measurement methods. The results show that the initial average tem-
perature of rock-soil measured by the multi-point temperature measurement cable is 17.08°C, which is closer to the actu-
al formation temperature. Besides, the comprehensive thermal conductivity and volumetric heat capacity of rock-soil in
the formation are 1.65 W/(m-K) and 2.81x10° J/(m®-K), respectively. In addition, the heat exchange per linear meter of
DN25 DUBTHE in summer and winter increases with the decreasing tube clamp spacing, with the acceleration increas-
ing firstly and then decreasing with the decreasing tube clamp spacing. Definitely, the heat exchange per linear meter of
DN25 DUBTHE in summer is increased by 21.03%, 19.48%, 15.16% and 3.92% respectively compared with that
without tube clamp, and that in winter is increased by 20.83%, 19.48%, 14.94% and 3.79%, respectively, in case that the

75 B H#I: 2022-09-18; f&[E HHJ: 2023-02-08

EE&A: Poyiy mE S AT H (2021ZDLSF05-12); R T A P PG 5E e A R R RHL BIH 475 H (2021 XAYKFO1)

F—1EE: B, 1996 44, B, PvEE A, SR, WRRZEEGE & AT M. E-mail: 1332084379@qq.com

BISMESE: B, 1963 44k, B, POTOA, fit, 5T, W TR, ACCHFT. HEGE &% 5T, E-mail: xushuanhai@cctegxian.com


mailto:1332084379@qq.com
mailto:xushuanhai@cctegxian.com
https://doi.org/10.12363/issn.1001-1986.22.09.0701
https://doi.org/10.12363/issn.1001-1986.22.09.0701
https://doi.org/10.12363/issn.1001-1986.22.09.0701

- 126 - MRS

%51 %

tube clamp spacing is 1 2, 3, and 4 m. DN25 DUBTHE with a tube clamp spacing of 2 m or 3 m is the optimal arrange-

ment in the project. Therefore, the results could provide experience and data support for the optimal design of shallow

ground source heat pump systems in Guanzhong area.

Keywords: double U-shaped buried tube; geotechnical thermal response test; heat transfer performance; shallow geo-

thermal heat pump; tube clamp spacing
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Table 1 Field characteristics of site strata
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Table 2 Basic parameters of test holes
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Table 3 Parameters setting of test holes
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Fig.7 Curve of inlet and outlet water temperature of buried tube
in test holes changing with time

Te= (Tin+Touw)/2 (19)
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Table 4 Testing data of test holes

WAL PERRE BRI HUKFSIRE g

4% VAm>h") t,/°C £,/ C PIW
SY1 1.41 34.78 29.84 7789
SY2 1.41 33.08 28.16 7875
SY3 1.43 32.85 27.98 7892
SY4 1.42 33.60 28.58 7867
SY5 1.42 34.14 29.11 7989
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Fig.8 Fitting straight line of average temperature-time logarithm

x5 ALXEERIMSH
Table 5 Parameter of comprehensive thermal properties of

rock-soil
ﬁété%f EEESES ?%ﬁzﬁ/%(v%vifh(l) ﬁ@fiﬁﬁﬁ*ﬁ(‘)
SY1 y=2.24217x+15.51482 1.82 1.98x10°
SY2  y=2.52944x+11.828 21 1.63 2.79x10°
SY3  y=2.75851x+9.92116 1.50 3.91x10°
SY4 =2.457 85x+12.82124 1.68 2.84x10°
SY5 3=2.540 67x+12.743 08 1.65 2.80x10°

ZHLZ A RS Wiz )2 1S 2R T A
FEOMEE AR AL 73 58 1.65 W/(m°K) Fil 2.81x
10° J/(m*K).
3.3 HfiEX#=E

A A AT R A3 5N 1.4 m¥/h, 8 kW i
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SYS RIS FLAY I | A B JE KPP R L 6, QnfEl 9
FiR. B9 RTLAE H, BE R A1 AN, X6 R )
B AT P JE K B I ST T, L3 R B
RO N PR, 78 SERR TRE R FH Hh 46 46 4
e [E) FE W] DL & 03E DUBTHE RO iRGE 11, #5 H 2
H H 45 5855 F [ B R DUBTHE it g i 42
T, Wi A7 R A B Y 3 1, it T B ol AR 5 )
T E LATESE PR T AR Hp 2B

*6 HIMFLAMHERIRAE

Table 6 Heat exchange per linear meter of test holes

- RS XDATS S K BNTIER I
AL > ? > :
WAL 5 PO Wom ) SO/ Wom )

Syl 46.45 29.57

SY2 56.22 35.73

SY3 55.50 3533

SY4 53.49 33.99

SYS5 4827 30.69
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Fig.9 Change curve of heat exchange per linear meter of test
holes
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