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Temperature responsive characteristics of soil to intermittent heat
emission of a single heat exchanger with groundwater advection

Zhang Linlin'®, Zhao Lei'®, Yang Liu'®, Hu Songtao'®"*
( 1a. School of Environmental and Municipal Engineering;1b. School of Architecture, Xian University of
Architecture and Technology,Xian 710055, P. R. China;2. School of Environmental and Municipal Engineering,
Qingdao Technological University, Qingdao 266033, Shandong, P. R. China)

Abstract:n order to estimate the impact of groundwater advection on the performance of borehole heat
exchangers under the intermittent operational mode, the solution of soil temperature response were
programmed on the basis of the moving line heat source model and superposition principle by using
MATLAB. The heat transfer processes of single borehole in the soil under the intermittent operational and
continuous operational modes under the influence of groundwater advection were analyzed. Results show
that the temperature change in the soil around borehole is influenced by the coupling of pipe heat flux, the
soil thermal physical properties and the real advection velocity andespecially under the intermittent
operation, the effect was significant.
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Fig.1 Temperature change in the middle plane of borehole
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Fig.3 Temperature cloud numerically in the middle

plane of borehole
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x-axis direction in the middle plane of borehole
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downstream of 0. 5 m without groundwater advection
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Fig. 7 Soil temperature responses to intermittent and
continuous heat rejection in the soil with different

groundwater advection velocities
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Tablel Typical soils thermal physical parameters

am LB/ % BE/ (gem ) B/ T ket KD

X

FHAE/(Wem™ - KD B HRE/ (m « 57D

SEPRBFEE/(m e s D)

fictant 47 1 500 2 200
i+ 20 2 000 700
b 10 2 500 1430

0.9 2.72X10°7 7.07X10°7
1.9 1.35X10°6 3xX10°7
3.0 8.39X10°7 7.67X10°7




B9 45 T BRI T B9 AN [) 3t o 45 4 9 1 3
Hh B S AR 0 B B R BRI L R 2 =0.5 my
=0 m.,x=30 m &b /Y2 A0 B fh 2.l L. gk
BIRESE Ja 0 BR P AR T B R B IR D A Y
TR T w0y« 1k B AG E BT o 2500 I (R A e . X R
ERIE NS AT & NER. SN VST BUR RPN
MR, R FE A BN S50 Bt B 10+ P i TR
Tha R A0 Bk P RS 5 P B 0 500 2 TR - A9l T
/e X TP A9 R BN AR D i AR
YRR RO BB WA 92 bR FOE AR /N 515
SRR UG AR AR P T B B R W A 5 BT
VAT AS HIC ) R 2 o AR R I ) Ay o S A% 1% 2
(0.5,0,300 4k . TIRD A FURG L A A 35 T S s U S A8
R« A R TR T M 92 AL 14 3 A% A AE L TR I B )
T e T B0 B B T e O I T HG A S A A
14 9 v A I R AL A X BN . (H R i TR
SRR T R KB A B A TR R Y R T A
ik 2 E AL, UL B R HERS . AR
BB R B R BB M e B S B2 HE
U AE DR BB B A AR 2 A R 2 T v A
B TP BRE S8R AR D T B R BB A 2
TRK 3L BOR AR A 1% md 3 BUR I A 1 3 2 T e 3
B s I EUE T RSO P R B R

45

4.0

35 @%
/ i

3.0
1%
W 25 /@i
]
& 20t
pa

15 SE

=
=}
T

S
n

0 5 10 i5 20 5 30
Il /d
B9 R EEAIEE E BB NI E AL

Fig. 9 Soil temperature responses to intermittent heat

rejection in different soils
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