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The Effects of the Installation Conditions of Ground Loop Heat Exchanger
to the Thermal Conductivity and Borehole Resistance

Hyo Jae Limf , Hyoung Jin Kong*, Sung Jae Kang*, Jae Ho Choi

Department of Mechanical Engineering, Hoseo University, Asan, 336-795, Korea

"Geothermal Energy Education Center, Hoseo University, Asan, 336-795, Korea
"R&D Center, Kotec Engineering Co. Ltd, Anyang, 431-767, Korea

(Received May 31, 2010; revision received October 12, 2010)

ABSTRACT: A ground loop heat exchanger in a ground source heat pump system is an impor-
tant unit that determines the thermal performance of a system and its initial cost. A proper design
requires certain site specific parameters, most importantly the ground effective thermal conduc-
tivity, the borehole thermal resistance and the undisturbed ground temperature. This study was
performed to investigate the effect of some parameters such as borehole lengths, various grouting
materials and U tube configurations on ground effective thermal conductivity and borehole thermal
resistance. In this study, thermal response tests were conducted using a testing device to 9 different
ground loop heat exchangers. From the experimental results, the length of ground loop heat
exchanger affects to the effective thermal conductivity. The results of this experiment shows that
higher thermal conductivity of grouting materials leads to the increase effective thermal conduc-
tivity from 22 to 32%. Also, mounting spacers have increased by 14%.
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Fig. 3 Schematic representation of a borehole

embedded in an infinite medium.
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Table 1 Coefficients for the borehole shape
factor correlation(m)

U tube
Configurations & 5
pipe
20.10 -0.9447
borehole grout
17.44 -0.6052
21.91 -0.3796
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100 AdaA - FF2 - A4A - HA=
Table 2 Test conditions and results
Test |Length Grouting Power 1;12,;: AT Slope. m k
Borehole | (m) Materials Input(kW) (¢/min) (EWT-LWT) De, (W/mK)
#1 70 bentonite 25 kg/water 100 ¢ 5.82 17.72 443 2.05 3.22
#2 60 bentonite 25 kg/water 100 ¢ 2.90 9.95 3.90 1.32 2.92
#3 150 bentonite 25 kg/water 150 ¢ 8.81 28.76 3.90 2.21 2.11
bentonite 25 kg/water 100 ¢/
#4 150 silica sand 30 kg, 9.78 26.53 3.92 1.76 2.95
spacer(4 m)
#5 40 bentonite 25 kg/water 100 ¢ 2.93 9.27 4.38 1.72 3.39
bentonite 25 kg/water 100 ¢/
#6 150 silica sand 30 kg 8.47 26.53 3.88 1.53 2.94
spacer(l m)
#7 150 silica sand 100% 8.80 31.00 3.60 1.67 2.79
#3 150 coarse sand(10 mm) 1009 8.64 26.04 443 1.70 2.69
49 150 | bentonite 25 kg/water 100 £ | ¢ g, 26.03 4.40 1.81 258
/silica sand 30 kg
Table 20 o1 Qo 7[g} YA 210 5 of 8H A Fdudtr]e] 1gE A5Z AEH A
sHAl Folvh A7t A7 8 ddER=E 211, Y=} FAAS FFo] duHer An ¥
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Table 3 Thermal conductivity of several
grouting marerial zslolA) Aol HE AF fFE FAEES W
Test Grouting K(W/mK) st2 orous] 913 69, oWl AZA WIS U
Borehole Materials o eag e ~ o et
: y o8 AYPs FdAT 2o T
bentonite 25 k _ _ -
"3 water 150 Zg 0.62 jj ‘j:%"/fk‘ ‘iHT—O] }\1% ?éoht Zij ‘1}01% %‘ii
= =o|7 st Agzbsitt, ok e
i silica sand 0.23 for dry X 171 sistel = f} ehes A el 24
(0.02~2 mm) | 243 for saturated = ol&dte] U tube®] AR AT, 1
43 coarse sand 0.20 for dry e Ane sdsl AEstalt 68 AFda
(10 mm) 2.28 for saturated o] 274 1 m=2 AAst o, 9 A FEal
bentonite 25 kg/ )= zdolAE AASHA vt Ao A%
#9 silica sand 30 kg/ 0.81 AEEE 294, 258 W/mKeo|t}h 2 o] & A
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Table 4 Thermal resistances of grouting

materials and boreholes

Test
Borehole R, (mK/W) R,(mK/W)

#3 0.201 0.336

7 0.543 for dry 0.678
0.051 for saturated 0.186

3 0.624 for dry 0.759
0.055 for saturated 0.190

#9 0.154 0.289
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