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Effect of rock—soil stratification on the heat transfer performance of U-shaped butted well
in medium-deep layers

GAO Xiaorong', LI Hongyan'?, REN Xiaoqing'?, SUN Caixia', LU Xingchen', LIU Lin', LYU Qianggiang', XU Yong',
DONG Wenbin', WANG Zemu', WANG Rongkang', MIAO Ruican'

(1. Sinopec Green Energy Geothermal Development Co., Ltd., Baoding, Hebei 071800, China;
2. School of Energy and Power Engineering, Xi’ an Jiaotong University, Xi 'an, Shaanxi 710049, China;
3. College of Energy, China University of Geosciences, Beijing 100083, China)

Abstract: The medium—deep geothermal exchanger featuring a U-shaped pipe configuration presents an optimal solution for
geothermal energy heat exchange due to its capability to deliver higher temperature water, achieve greater heat extraction rates, and
maintain minimal flow resistance. A layered analytical model for such exchanger is established based on the theory of thermal
resistance in series methods. Experimental results are employed to validate the accuracy of this layered analytical model. By
focusing on the Guanzhong Basin in Shaanxi Province as the focal point of research, the model investigates the influence of
subterranean stratification in thermal conductivity and volumetric specific heat on the outlet water temperature and heat extraction
rate throughout an entire heating period for a 3 000 m deep geothermal exchanger with U-shaped pipe. The findings reveal that the
underground thermal conductivity stratification has a significant impact on the heat transfer performance. A simplistic approach
using average thermal conductivity, as opposed to a detailed accounting of layered conductivities, results in an overestimation of
outlet water temperature and heat extraction rate by approximately 6 % to 15 % . However, specific heat stratification exerts

minimal influence on the subterranean heat transfer dynamics. This underscores the importance of considering the effects of
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underground thermal property stratification in the design and analysis of the heat transfer performance of a medium—-deep

geothermal exchanger with U-shaped pipe. For precise modeling and results, it is recommended to segment the underground area

into at least eight distinct layers.

Keywords: medium—deep geothermal; U-shaped heat transfer butted well; thermal performance; rock—soil stratification; analytical

model
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Fig. 1  Schematic diagram of medium—deep geothermal exchanger with U-shaped pipe

800 m or
— [k
- " . 200 —— KPR
X 1000 | — PRI AELRIEED
B HEKIE (R BD
o T 1500 F
ﬂ
. B 2000 |
g o 2500 |
]
ok
Eis g s 3000
S =
% S %3wm
Pis
T 4000 |
fr
n 4500 F
&
5000 |
5500 |
I 6 000 1 1 1 1 1
10 12 14 16 18 20
FEPIKIR/ C
° °
e BEIRKIR ORIEE
a. PR U BIHE R I R 25 8 b. IR KR AE AL

K2 PeiiRrpiR)2 U B O RO K IRAE 1E
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Table 1 Variations of geothermal temperature gradient with depth for each tectonic unit in Guanzhong Basin
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1 000 36.5 45.1 323 28.1 27.1
1500 30.6 35.2 24.6 28.2 39.2 25.7 26.3
2000 332 33.0 21.8 23.2 38.8 26.0
2500 31.2 30.5 29.2 29.0 37.6 25.9
3000 29.7 27.9 25.8 35.9 25.8
4000 26.5 25.6 31.0 25.6
5000 25.0 28.0

F2 X@tE T AMESH

Table 2 Geothermal properties in Guanzhong Basin
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