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Evaluation of Effective Thermal Conductivity and Thermal Resistance
in Ground Heat Exchanger Boreholes
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ABSTRACT: The objective of this study is to determine the effective thermal conductivity
and thermal resistance values in test boreholes with three different fill materials. To evaluate
these heat transfer properties, in-situ tests on four vertical boreholes were conducted by add-
ing a monitored amount of heat to water over various test lengths. Two parameter estimation
models, line-source and numerical one-dimensional models, for evaluation of thermal response
test data were compared when applied on the same four data sets. Results show that the
average thermal conductivity deviation between measured data and these two models is in the
range of 3.03% to 4.45%. The effect of increasing grout thermal conductivity from 1.34 to 1.82
W/mTC resulted in overall increases in effective formation thermal conductivity by 11.1% to
51.9% and reductions in borehole thermal resistance by 11.6% to 26.1%.

Key words: Effective thermal conductivity(+8& € X X%), Effective borehole thermal resis-
tance(HolE& & 9A4%), In-situ thermal response test(dF E-$H AlE), Pa-
rameter estimation model('H4* #H7} 2 d), Formation(12$-E/E¢ E83)
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Table 1 Summary of in-situ thermal response tests
Notation Site A Site B Site C Site D
(Goyang) (Goyang) (Yongin) (Cheonan)

Effective borehole depth, m L, 130 150 170 200
Borehole diameter, m D, 0.152 0.152 0.152 0.152
Rock type Granite Granite Granite Granite
Volumetric heat capacity of the

ground,” kJ/m’K ¢, 2,400 2,400 2,400 2,400
Borehole filling material™ A B C C
Thermal conductivity of the

borehole filling material,”™ W/mT| &, 1.82 1.64 135 1.34
Ground heat exchanger type Single U-pipe|Single U-pipe|Single U-pipe|Single U-pipe
Pipe material Polyethylene | Polyethylene | Polyethylene | Polyethylene
Pipe outside diameter, m D,, 0.062 0.033 0.033 0.033
Pipe thermal conductivity, W/mC k, 0.42 0.42 0.42 0.42
Heat carrier fluid Water Water Water Water
Volumetric heat capacity of the

heat carrier fluid, kJ/m’K Cu 4,182 4,182 4,182 4,182
Undisturbed ground temp.,”™ T Toe 13.9 14.1 128 129
Power injection(mean), W Q 4515 2,210 2,350 2,140
Test length, hr 182 244 418 229

- ®
* Estimated values."®

*%

B: DY-100 (Dongyang Bentonite), C: Enviroplugl6 (Wyo-Ben).

koksk

Thermally enhanced bentonite-silica sand grout. A: DY-100S (Dongyang Bentonite),

Measured values in laboratory using thermal conductivity meter (QTM-500, Kyoto Electronics).
*x+x*% Measured undisturbed borehole average temperature.
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Fig. 3 Temperature response with respect to natural logarithm of elapsed time.

A dlelH S & dojErt fA% AHE BA
. weA, o] AF du@r|t Hx 4 B4

dug $8& A= FA%E LSS of
28 A F AUk Fig.2¢9 ©AAM T2 *
2o ANg Ade= 1,267~1,280%, 181 1345~
134989 &&FAd e do] AEH
vetd Aot a2y FEFA do] Tt

FHEA @ Ad de ez IHHMUO
o, Al FE7AA - &7 xAle dAS
A FAHAT.

Fig.3& 2agoz Wdd 489 A3 +3
AZHE) da safA 97 2EWUSE U
el et 71&7)7 Hake AH# AlY F8
NE Zhzhel ad =) A BASAS. H3)~
(59 g @dibx AYS &H A HolH
Z2XH OHRLE/ES E¥FY EAEEE AF
ste o 474 H&d £ AAN, adAe 2

=]

g7
21 T T T T T T T
Site B
204 ©  Average water lemperature, Tm_x |
—_ 1461 min(24.35 hr)
2 19l 410 min(6.83 hr) |
1,’ 290 min(4.83 hr)
=2 .
g 184 60 min(1 hr) |
o
§
= 17 00 J
Estimated k= 3.16 W/mC
16 T T T T T T
0 1 2 3 4 S5 6 1 8
Inft(min)]
(b) Site B
19 T T T T T T T
Site D
18 ©  Average water temperature, ka
5) 1373 min(22.88 hr)
= 174 400 min{6.67 hr) ﬁ\ E
2 170 min(2.83 hr)
g 164 60 min(1 hr) |
=%
E
o
B 154 o© 1
14 Estimated kx_‘ =233 W/m<C
o 1 2 3 4 5 6 71 8
In[t{min)]
(d) Site D
o] 7Z1&717F g s vehd # Uk F, 60%
(Int=409)%-¥19] A#E MW, Alo]E A& 271,
a8 3 AelE B, C, DE 349 71e71E ZHe

o2 et gy BEE Ao]Ed A 3908
2 AT 3 AARE Y 287A A9 AdA
g o] FAHE 2HE B F AT

43 48 AdE 51]°]E13 g #Helis 3
Ao FHgsl7] 943 7]EE A@) FofA ot
o]7] 4, Salomone and Marlowe"®7t A Al 3t
749 (granite)?] FHAAFG HolEY WF F
& o] 71Fo Yt AL d, o gl
Hag doles HT 3728(6.24]

s BA

7H) ol el dlolgd Ao ettt wetA A
Abol] old HA VFAET 2z} AlolEdA e F
A 71EANFHAROIE A 400%; B 410%; C 370+,

D 400%) Abolel zol 7k A ).
71EA A ol RE AY FTREIAY

2

L

dj o] § of



A% du@7) BolEIMY FE AR 2 GAY 44 701

2.0 T T T T T T T T
Line-source model vs. measured data
181 o Ssite A, MAE=3.67% 1
161 © SiteB, MAE=3.03% ]
& Site C, MAE =4.45%
144 v Site D, MAE=3.72% 4

0 5 10 15 20 25 30 35 40 45
Elapsed time in hours

(a) Line-source model

2.0 T T T T 1 Y v T
Numerical model vs. measured data

181 o site A, MAE = 3.46%

o Site B, MAE=3.23%

& Site C, MAE =4.08%

v Site D, MAE =3.55% 4

0 5 10 15 20 25 30 35 40 45
Elapsed time in hours

(b) Numerical model

Fig. 4 Measured thermal conductivity values vs. calculations of models.
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Table 2 Summary of in-situ thermal response test and calculation results
Effective thermal conductivity Borehole thermal
Test Grout of grout/soil formation,” MAE" resistance,”
length. | thermal kg (W/mC) R, (mC/W)
ei]ngt »lconductivity, . g _ ‘b :
our kg(W/m"C) In-situ Line- Numerical Line- Numerical In—s}x&x ~Line-
test source source test source

Site A 1 182 1.82 351 3.56 3.54 3.67% 3.46% 0.1194 0.1175
(Goyang)

Site B o o

244 1.64 3.16 3.14 3.19 3.03% 3.23% 0.1332 0.1317

(Goyang)

Site C 0, 0 =

. 418 1.35 2.31 2.36 2.34 4.45% 4,08% 0.1491 0.1509
(Yongin)
Site D o .
229 1.34 2.33 2.35 231 3.72% 3.55% 0.1505 0.1486
(Cheonan)
*  Mean values Ik ’ |
*+ Mean absolute error MAE = Z—L—g“”—s C‘;: S x100(%)
s+t Ry=R,+R,+ R, £ e
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