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Effect of Some Parameters on Ground Effective Thermal Conductivity

Jae-Ho Choi, Hyo-Jae Lim', Hyoung Jin Kong®, Byonghu Sohn"*

ABSTRACT: A ground-loop heat exchanger in a ground source heat pump system is an
important unit that determines the thermal performance of a system and its initial cost. The
Size and performance of this heat exchanger is highly dependent on ground thermal properties.
A proper design requires certain site—specific parameters, most importantly the ground effective
thermal conductivity, 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. In this study, thermal response tests were conducted using a testing device with
9-different ground-loop heat exchangers. From the experimental results, the length of
ground-loop heat exchanger affects to the effective thermal conductivity. Among the various
grouting materials, the bentonite-based grout with silica sand shows the largest thermal

conductivity value.
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Fig. 1 Schematic of an in-situ thermal response
test apparatus.



Table 1 Measurement standard for in-situ thermal response test.
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Table 2 Test conditions and results.
Test |Length Grouting Power Flow AT gl k
ope, m
Borehole| (m) Materials Input(kW) |Rate(LPM)| (EWT-LWT) P (W/mK)
#1 70 Bentonite 25 kg/Water 100 L 5.232 17.72 4.43 2.05 3.22
#2 60 Bentonite 25 kg/Water 100 L 2.90 9.95 3.90 1.32 2.92
#3 150 Bentonite 25 kg/Water 150 L 8.81 28.76 3.90 2.21 2.11
Bentonite 25 kg/Water 100 L/
#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 L 2.93 9.27 4.38 1.72 3.39
Bentonite 25 kg/Water 100 L/
#6 150 Silica sand 30 kg 8.47 26.53 3.88 1.53 2.94
Spacer(1 m)
#7 150 Silica sand 100% 8.80 31.00 3.60 1.67 2.79
#8 150 Coarse sand(10 mm) 100% 8.64 26.04 443 1.70 2.69
Bentonite 25 kg/Water 100 L
49 150 | Dentonite 25 ke/Water 8.80 26.03 4.40 181 958
/Silica sand 30 kg
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Table 3 Thermal conductivity of grouting

materials.
Test Grouting
Borehole Materials k (W/mK)
43 Coarse sand 0.38 for dry
(10 mm) 13.20 for saturated
. 0.29 for dry
i Silica sand 17.90 for saturated
Bentonite 25 kg/
#9 Silica sand 30 kg/ 1.61
Water 100 L
Bentonite 25 kg/
"3 Water 150 L 116
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