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Fig. 2 Schematic diagram for different test setups for the actively heated fiber optics based thermal response test
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Fig. 3 Schematic diagram for the numerical model

O TR AT A B Ta] B 24w 107 0 3 14 5
Wi BB T PG EE AR 5T 2 O FT O X AR B
AP PR U B I ERO6 48 (P 3Ca)) s o 1
FENMFACEAEA ] 18] 0T T3 45 R 14 52 0]+ 76 KL



160 ifé }'F\

o R

2021 4

RUh U BYAG BN A 45 rpoi 8] BE 23 5 8

6 mmOEaE I —E) . 10 mm, 20 mm, 30 mm,
40 mm.50 mm.60 mm.70 mm.80 mm [ 9 Ak
TR (& 4) s QB ey HA — A, TR
FRAR PR (B 3(b))

aT
(pc,))pff§+pcl,u e VT+V »q=Q, ()

q=—k VT, (6)

A T 2 Z LA o0 CRI 3 A F 440 B 1 247 3

JE K5 o iR % kgem 50, RAR LT AR A

AT okg KT Qe ) oy R TE TR T BYA SRR

2 Koy i AR AR Wem oK s i A

i*;»m s 5Q RN AT I A, Wem 7,
B w Ny 0 B A2 B AL S

i‘éMLL?%

6 mm 10 mm 20 mm 30 mm 40 mm

50 mm 60 mm 70 mm 80 mm

Bl 4 KRR U BDGEE 07 B B
Fig. 4 Schematic diagram for the position of U-shaped
optical cables with different spacing

SRR 45 50 53 b5 0N 45 52 Db g
TOELEAT I (e 1) o o o] ORSR 1 46 0 4 46D
FOARIIRE 2 A (B0 P A ] 0 o
2 T4 L A U — B B B 20 °C
g T AR T B FLA - P AR 24— U
PIOEA 2 A S IR T A 10 W/ T
BRI Y 20 W/ i H S ] 2
530 000 s, DU LR rh iy T B4 S5 .0
B SR FRATE]  JF 14 6 o — A o 0 3 T
B AR 9B 52 5o o JE 5 P
AR
x1 HRSHR

Table 1 Material parameters of the numerical model

28 Wi s EEDE Bk

R/ (kgem ™ ?) 8960 1500 2500 2 700
fHEMZ/Jkg 1+K1) 390 2000 2000 1 800
SHMAR/ (Wem 1K1 13 0.2 2.6 2.0

2 ZR5iE

2.1 it iz
T PRI A 45 T B ) XA D A 7R 7 A 2
IR R Hh St P A 18 I SR AN 5 s .
a7 2k 5 2 20D L (2O #iR i LA — B BEAE
AR [ A A 38R 55 IR 1) ) X 0 A T R R
Z » RV T3 A7 5K B A ) 38 it
RGUREAR . 2 1, e BCHAE 2 AR TR R P
INFAEHETE]EE 80 mmn 5L v By Ji7 0 3o i 7 ph 26
np 6 o i AR LSRR S AR B (g ) Al
LRI PRI Qs AR PIRBERL 531 St = 2
e I, BT 6 Ca) Sy BAELZR PR % A R A [R] #4
M S 4t 2R 1 o S = AN B A R T
I (] % 5 2 T 1) 5 2 i 2 R 2 DAy it P i P ] ot
AR il 2 AR A RIS )Xo R 5% AR 2. AR Ok
LRI AR E SR 2R T LR ER R R AR 00 3 AN BB -
BB T2 A IEO L4 82 i B B 6 [ D 1 46 i 4 21
RPRMZES — AR S (R 10 s B i Be
T EZZ B IO S8 & AR T 2R B 2
A Al P R ] Xk i Y S B PR O R A e
(B A I SR L 5 Ul B0 R 32 3 (0] EORL A A (A
E’Jﬁ’ﬂl’] B B 11 2 [m] SFORE S i B BE S Y 1 O B B L
LER AR MR AR E T CRZY 1100 )4 3%
[ B T T i B [l SEURE 1% 5 R R JOAS ] i {6 15
HZAH 20T » [l SFORE 3 2GR RO SR R i T
I R T X 5 ) 5 5O O 5K (EL B PR DR 2 AR AL )
2 AR AT 3 I B BeAS TR - 1A 0 A T8 ) 5 S 2k
BARIPTF » I8 R 52 3 L R B2 s B B 2
PRI B Y B2 11 B BEZS s B R 2 1k i B

BRI RIM%E (\g=2.6 Wem '« K, s =
2.0 Wem 'K DB LI L BRI 4 (g =
220 Wem 'K ',Aas=2.0 Wem '« K ), /&I 1

AT ey o700 ool A TR A S 2 A
MO LS ] BE 80 mm A5 7 o S 1) = Wk
Ao o D2 S (BT 6 (b)) e A R It 72 ]
FE AT DU AS 2 AR PRI — R0 1 3 N BrBL. AN
(8 e T T A P TR X6 25T 199 51 1 A I T A
LAY ) R HL 1L B B 25 o) o 2
LMY (R ZY 400 ), PRI ] A% H80R 1Y
P AER U B AT BT 2 A (A [l SROR) S 41
FB— SRR 14 R R i 2R A (T B B s AE AN W7 L



¥428 H2M Xk AE R AL G AEXT ATRT 1158 2R S IR L i ——EEA BT 161
Line
12 U/6 mm
U/10 mm
—— U/20 mm
10 +~ — U/30 mm
— U/40 mm
— U/50 mm
8 ——U/60 mm
—U/70 mm
o — U/80 mm
S6 L
Juc
4 -
2 -
64k L L L L
0 26 500 27 000 27 500 28 000
H‘JA ]‘HJ /s
| | | | I | |
0 5 000 10000 15000 20000 25000 30 000
NS

KSR R B R 2 Ry 7 h £

Fig. 5 Thermal response curves obtained from different numerical models
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Fig. 7 Comparison of the temperature rise curves during hydrothermal response testing (U-shaped optical cable model in-

ternally heated vs. ideal line heat source model)
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The influence of simplified line source on ATRT’s calculation of
soil thermal conductivity——Numerical simulation research

LIU Hao',GU Kai ' ,ZHANG Bo' , WEI Zhuang' ,1.UO Qi ',SHI Bin ', SU Jingwen®

(1. School of Earth Sciences and Engineering , Nanjing University, Nanjing 210023, Jiangsu , China ;
2. Nanjing Center , China Geological Survey, Nanjing 210016, Jiangsu, China)

Abstract: The thermal conductivity of soil at different depths is a key parameter for the evaluation of
shallow geothermal energy. A thermal response test based on the actively heated optical cable (ATRT) is
one of the effective ways to obtain the in-situ distributed thermal conductivity. Compared with traditional
thermal response test (TRT) and distributed thermal response test (DTRT), ATRT has better test effi-
ciency. One of the key issues that determines the error and the effect of ATRT is how to effectively lay a
heat source that satisfies the assumption in the line source model. Using the finite element numerical simu-
lation software ComsolMultiphysics, a two-dimensional finite element heat transfer model of porous media
was established, and we explored the influence of U-shaped internal heating cable’s spacing on the calcu-
lated thermal conductivity. The results show that the thermal response process of ATRT can be divided in-
to three stages, namely the cable-influence stage, the grout-influence stage, and the soil-influence stage.
U-shaped laying of the cable will increase the heating time when the soil influence stage is stable, which is
not conducive to improve the efficiency of ATRT. Due to the influence of simplified calculation, the ther-
mal conductivity calculated from the test results of the U-shaped optical cable has a peak value significantly
higher than the thermal conductivity of the soil at the initial stage of heating. With the increase of heating
duration, the temperature rise rate under the condition of U-shaped optical cable layout gradually approa-
ches the ideal line heat source temperature rise rate, the calculation result is closer to the true value, and
reducing the spacing can speed up this process. As the spacing increases, the recommended heating dura-
tion will increase rapidly in order to control the error within 10%. Therefore, to improve the test efficien-
cy, the distance between the U-shaped optical cables should be minimized in the field.

Key words: thermal response test; ATRT; numerical simulation; simplified heat source in calculation



