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Thermal Diffusivity Evaluation of Backfilling Materials for Horizontal
Ground Heat Exchanger Using Single-Probe Method
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ABSTRACT: Storage and transfer heat in soils is governed by the soil thermal properties and
these properties are therefore needed in many engineering applications, including horizontal ground
heat exchanger for ground-coupled heat pumps. This paper presents the evaluation results of the
thermal diffusivity of soils (silica, quartzite, limestone, sandstone, granite, and two masonry soils)
used for the trench backfilling materials of the horizontal ground heat exchanger. To assess this
thermal property, we (i) measure the soil thermal conductivities using single-probe method and (ii)
use the de Vries method of summing the heat capacities of the soil constituents. The results show
that the thermal diffusivity tends to increase as dry scil begins to wet, but it approaches a constant
value or even decreases as the soil continues to wet. Combined algorithm with an improved model
for the thermal conductivity of soils and the constituent equation provides accurate estimates of the
soil thermal diffusivity.

Key words: Thermal diffusivity(¥ #4415, Backfilling materials(¥ 4% #), Horizontal ground
heat exchanger(3¥ #%433L7)), Single-probe method(%hd 3H)
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Table 1 Mass-volume properties of the materials tested and conditions of the tests

o)
: Ps Ks 04 ) Water content | Number PaCs
M al , 3
atertals [kg/ m’] | [W/mK] [kg/m’] [-] range, w{%] | of tests | [kJ/m’K]
19855 0.25 0~12.62 8
.. 18759 0.29 0~1556 8
Silica sand 2650.0 6.95 17643 0.33 0~1893 9 2396.6
1652.8 0.38 0~22.76 10
19334 0.27 0~13.98 9
. 1862.8 0.30 0~15.94 9
. [y o
Quartzite sand 2660.0 5.38 17593 0.34 0~1910 9 1805.9
16343 0.38 0~23.44 10
1993.7 0.27 0~13.59 9
. 18785 0.31 0~16.66 8
Limestone sand 27350 3.09 17634 0.36 0~90.14 9 1359.7
16787 0.39 0~22.99 10
19876 0.29 0~14.63 9
- e , 1866.2 0.33 0~17.90 8
. N D) o e ¢
Sandstone sand 2803.0 272 17682 037 0~20.87 9 1258.5
1689.2 0.40 0~2351 10
20336 0.26 0~12.81 8
Granite sand 2750.0 253 1859.9 0.32 0~17.40 8 1306.8
1686.2 0.39 0~22.93 10
1931.7 0.27 0~14.03 9
1792.2 0.32 0~18.05 8
) B N _
Masonry sand-A 26500 501 17086 0.36 0~20.78 9 1764.7
15970 | 040 0~24.87 . 10
2008.2 0.24 0~12.05 8
1903.8 0.28 0~14.78 9
1852.3 0.30 0~16.24 8
_ 9 ~
Masonry sand-B 2650.0 2.31 1809.3 0.32 0~1753 ] 12975
17024 0.36 0~21.00 9
1601.9 0.40 0~24.68 10
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