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Evaluation of Ground Effective Thermal Conductivity and
Borehole Effective Thermal Resistance from Simple Line-Source Model
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ABSTRACT: The design of a ground-source heat pump system includes specifications for a
ground loop heat exchanger where the heat transfer rate depends on the effective thermal
conductivity of the ground and the effective thermal resistance of the borehole. To evaluate
these heat transfer properties, in-situ thermal response tests on four vertical test boreholes
with different grouting materials were conducted by adding a monitored amount of heat to
circulating water. The line-source method is applied to the temperature rise in an in-situ test
and extended to also give an estimate of borehole effective thermal resistance. The effect of
increasing thermal conductivity of the grouting materials from 0.818 to 1.104 W/m'C resulted
in overall increases in effective thermal! conductivity by 15.8 to 56.3% and reductions in effec—
tive thermal resistance by 13.0 to 31.1%.

Key words: Ground effective thermal conductivity(A % & €A EX), Borehole effective ther-
mal resistance(BolE& F& D A3, In-situ thermal response test(BF 49 A
¥), Line-source model(A ¥ <2 ¥ 2 4), Grouting materials(Z&8}-$4 A &)
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Table 1 Summary of in-situ thermal response tests
Test Test Test Test
borehole #1 borehole #2 borehole #3 | borehole #4
Effective borehole depth, L, [m] 200 200 200 200
Borehole diameter, 2} [m} 0.152 0.152 0.152 0.152
Pipe outside diameter, D, [m] 0.0254 0.0254 0.0254 0.0254
Ground type and VOhll’l’letI‘lC heat Granite Granite Granite Granite
capacity of the ground, ¢ [kj/m K] 2,400 2,400 2,400 2,400
Borehole filling material’ A B C D
Thermal conductivity of**the
borehole filling material, %, [W/m™T] 0.818 0.950 1.046 1.104
Initial ground temperature, 7; [C] 13.02 14.01 12.67 15.78
Mean power input, @ [W] 4750 4967 4912 4,939
Test length, ¢ [hour] 45 48 48 74

*

A: Silica sand and 1 wt. % of water, degree of saturation is 0.09.

B: 10% silica sand, 30% bentonite(Montigel F, Sude-Kemie Korea) and water.
C: Silica sand and 9 wt. % of water, degree of saturation is 0.40.
D: 20% silica sand, 30% bentonite(Montige! F, Sude-Kemie Korea) and water.
** Measured values in laboratory using thermal conductivity meter(QTM-500, Kyoto Electronics).
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Table 2 Coefficients for the borehole shape
factor correlation, eq. (15)
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Fig. 3 Temperature response and power input with respect to elapsed test time.
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Fig. 5 Comparison of average water temperatures.
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Fig. 6 Sequential variations of ground effective
thermal conductivity.
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Fig. 7 Sequential variations of borehole effective
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Table 3 Summary of in-situ thermal response test and calculation results
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Effective thermal Effective thermal
Test t}?er :;;l conductivity, ks [W/mT] resistance, & [mC/W]
length, conductivity,| In-situ Line- | Cylinder- . In-situ Shape
t [hour] k, [W/mT] test, source, | source, 1T test , factor,
eq.(7) eq.(4) eq.(2) eq.(11) eq.(12)
Test 45 0.818 1.947 1.950 1776 | 1951 0278 0.255
borehole #1
Test
48 0.950 2.254 2.255 2.233 2.258 0.244 0.226
borehole #2
Test
48 1.046 2.622 2.623 2.476 2.625 0.216 0.209
borehole #3
Test
74 1.104 3.043 3.047 2.950 3.048 0212 0.201
borehole #4

. . . )
* Mean values, ** Initial Ignoring Time, proposed by Lee et al.(g
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