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Fig.1 Schematic and simplified diagrams of UDBHE
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Table 1 Related parameters of UDBHE

B B
MEEEKE Li/m 1700
XPERERE Ly/m 1261
HEKE Li/m 2781
A AN PAR ra/m 0.069 9
X EE NEAR ri/m 0.0622
MHERHEINPAR ro/m 0.069 9
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Table 2 Numbers of layered ground under the condition of
different thermal conductivities and the same volumetric heat

capacity for each layer of ground

HEMFR/W- (m-K)™ AR

H5 HEm WEm  WE/m TR /m A
0~695 695~1390 1390~2 085 2085~2780 J/(m*-K)

k0 3.0 3.0 3.0 3.0 2.4x10°
kI 20 3.0 3.0 3.0 2.4x10°
k2 40 3.0 3.0 3.0 2.4x10°
k3 3.0 2.0 3.0 3.0 2.4x10°
k4 3.0 4.0 3.0 3.0 2.4x10°
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0~695 695~1390 1390~2 085 2085~2780 J/(m*-K)

k5 3.0 3.0 2.0 3.0 2.4x10°
k6 3.0 3.0 4.0 3.0 2.4x10°
k7 3.0 3.0 3.0 2.0 2.4x10°
k8 3.0 3.0 3.0 4.0 2.4x10°
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Fig.2 Influences of thermal conductivity of each layer of
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ground on the outlet fluid temperature within 120 days
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Fig.3 Influences of thermal conductivity of each layer of

ground on the fluid temperature distribution at 120 days
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Table 3 Numbers of layered ground under the condition of

different volumetric heat capacities and the same thermal

conductivity for each layer of ground
A HFREAA ) - (m-K)™! it
H5 WE/m  HE/m R /m W m Pl
0~695 695~1390 1390~2 085 2085~2780 W/(m-K)

CO 24x10° 2.4x10° 2.4x10° 2.4x10° 3.0
Cl  1.6x10° 2.4x10° 2.4x10° 2.4x10° 3.0
C2 3.2x10° 2.4x10° 2.4x10° 2.4x10° 3.0
C3  24x10° 1.6x10° 2.4x10° 2.4x10° 3.0
C4  24x10° 3.2x10° 2.4x10° 2.4x10° 3.0
C5 24x10° 2.4x10° 1.6x10° 2.4x10° 3.0
C6 2.4x10° 2.4x10° 3.2x10° 2.4x10° 3.0
C7 24x10° 2.4x10° 2.4x10° 1.6x10° 3.0
C8 2.4x10° 2.4x10° 2.4x10° 3.2x10° 3.0
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C6,C7,C8 7£ 80 h A iy H I 3t A4 v B 43 53] =i
0.11,-0.09,0.16,-0.14,-0.31,0.25,-0.78,0.63 °C,
i C1,€2,C3,C4,C5,C6,C7,C8 7 120 d B 1 H
13 AR T 3 911 5 0.02,-0.02,-0.10,0.08, -0.43,
0.35,-0.78,0.63 °C,, HH L rl LAHEWT . 5 7 2R
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Fig.4 Influences of volumetric heat capacity of each layer of

ground on the outlet fluid temperature within 120 days
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Table 4 Numbers of layered ground for heterogeneous ground

thermal conductivity

HEMFH/W- (m-K)™! AR
G5 WE/m  FE/m R /m W /m H A2

0~695 695~1390 1390~2085 2085~2780 J/(m*-K)

kO 3.0 3.0 3.0 3.0 2.4x10°
k9 22 2.6 34 3.8 2.4x10°
k10 2.0 2.0 4.0 4.0 2.4x10°
k11 3.8 34 2.6 22 2.4x10°
k12 4.0 4.0 2.0 2.0 2.4x10°
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Fig.6 Influence of heterogeneity of ground thermal
conductivity on the outlet fluid temperature of UDBHE
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Table 5 Numbers of layered ground for heterogeneous
volumetric heat capacity of ground
B - (- K) it
M5 WEm WEm  HE/m WEE/m AR
0~695 695~1390 1390~2085 2085~2780 W/(m-K)

CO 2.4x10° 2.4x10° 2.4x10° 2.4x10° 3.0
C9 1.8x10° 2.2x10° 2.6x10° 3.0x10° 3.0
C10 1.6x10° 1.6x10° 3.2x10° 3.2x10° 3.0
C11 3.0x10° 2.6x10° 2.2x10° 1.8x10° 3.0
C12 3.2x10° 3.2x10° 1.6x10° 1.6x10° 3.0
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Fig.7 Influence of heterogeneity of volumetric heat capacity
of ground on the outlet fluid temperature of UDBHE
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Study on the influence of stratified ground thermophysical
properties on the heat transfer performance of
U-bend deep borehole heat exchanger

Sun Wanyu, Jiang Tianzhuo, Fu Qiang, Wang Changlong
(School of Civil Engineering and Architecture, Anhui University of Technology, Ma’anshan 243002, China)

Abstract: U-bend Deep Borehole Heat Exchanger(UDBHE )has attracted much attention because
it can effectively exploit deep geothermal energy and has high heat transfer performance. The
thermophysical properties of medium—deep ground generally change with depth,but there is a lack
of in—depth study on the influence of thermophysical properties of stratified ground on the heat
transfer performance of U-bend deep borehole heat exchanger. Based on the UDBHE semi -
analytical heat transfer model established by the authors,the influence of thermophysical properties
(thermal conductivity and volumetric heat capacity)of stratified ground on the heat transfer
performance of UDBHE is studied. The results show that the thermal conductivity of each layer of
ground has a great influence on the heat transfer performance of UDBHE,while the volumetric
heat capacity of ground in each layer also has a certain influence,and the influence increases with
the increase of ground layer depth. With the increase of time,the influence of ground thermal
conductivity on the heat transfer performance of UDBHE gradually increases, while the influence of
ground volumetric heat capacity on the heat transfer performance of UDBHE is basically
unchanged. By keeping the weighted average values of the thermal conductivities of all ground
layers constant,the heterogeneity of ground thermal conductivity has a great influence on the heat
transfer performance of UDBHE,and the larger degree of heterogeneity of ground thermal
conductivity would promote the heat transfer performance of UDBHE,otherwise it will inhibit the
heat transfer performance of UDBHE. Similarly,the heterogeneity of volumetric heat capacity of
ground also has a certain influence on the heat transfer performance of UDBHE,but its influence
changes slightly with time. The research results provide important reference value for UDBHE
performance prediction and optimization.

Keywords: U-bend deep borehole heat exchanger; stratified ground thermophysical properties;

heat transfer performance; thermal conductivity; volumetric heat capacity
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