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Abstract

Starage and transfer heat in soils are 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 measured results of
the thermal diffusivity of soils(silica, quartzite, limestone, sandstone, and 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 and volumetric heat
capacities using dual-probe method and (ii) compare the estimates from 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 soil begins to wet, but it approaches a constant value or
even decreases as the soil continues to wet. Measurements made by using the dual-probe
method agreed well with independent estimates obtained using the single-probe method.

Key words : Thermal diffusivity(@ &4FA14=), Backfilling materials(¥l 5§ 2 #1), Horizontal ground heat
exchanger(+3 3 A F <1 %7]), Dual-probe method(¢]F )
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Fig. 1 Typical temperature variation during thermal
diffusivity measurement.

Dual-probe with heaing wire and
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Measurement and
control unit (KD2 Pro)

Personal computer
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K-type thermocouple
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Fig. 2 Experimental apparatus for measuring
thermal diffusivity of soils.
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Table 1 Mass-volume properties of the materials tested and conditions of the tests.

. Ps k P4 ) Range of water | Number of
Material N
) ke/m’] | (WKl | Do) -] content, w [%] | tests
19855 0.25 0~12.62 8
- 18759 0.29 0~1556 8
Silica sand 2650.0 6.95 1764.3 033 0~1893 9
16528 0.38 0~22.76 10
19334 0.27 0~13.98 9
. 1862.8 0.30 0~1594 9
Quartzite sand | 26600 >3 17593 034 0~19.10 9
16343 0.38 0~23.44 10
1993.7 0.27 0~1359 9
: 18785 031 0~16.66 8
Limestone sand 271350 3.09 17634 036 0~20.14 9
1678.7 0.39 0~22.99 10
19876 0.29 0~14.63 9
1866.2 0.33 0~1790 8
Sandstone sand 2803.0 2.72 17682 037 0~20.87 9
1689.2 0.40 0~2351 10
1931.7 0.27 0~14.03 9
_ 1792.2 032 0~18.05 8
Masonry sand-A 2650.0 5.01 17086 036 0~20.78 9
1597.0 0.40 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
Masonry sand-B 2650.0 231 1809.3 032 '0~1753 8
1702.4 0.36 0~21.00 9
1601.9 0.40 0~24.68 10
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Fig. 3 Typical measurement resuits of thermal
diffusivity with respect to water content.
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Fig. 4 Thermal diffusivity of soils as a function of degree of saturation and dry density(p,).
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Fig. 5 Thermal diffusivity and conductivity of soils as a function of degree of saturation and

thermal conductivity of solid particles(k, ).
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