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Predicting the Effective Thermal Conductivity of Some Sand-Water Mixtures
Used for Backfilling Materials of Ground Heat Exchanger
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ABSTRACT: This paper presents the results of a laboratory study on the thermal conduc-—
tivity of sand(silica, quartzite, limestone, sandstone, granite and two masonry sands)-water
mixtures used for ground heat exchanger backfilling materials. Nearly 260 tests were perfor-
med in a thermal conductivity measuring system to characterize the relationships between the
thermal conductivity of mixtures and the water content. The experimental results show that
the thermal conductivity of mixtures increases with increasing dry density and with increa—
sing water content. The most widely used empirical prediction models for thermal conductivity
of soils were found inappropriate to estimate the thermal conductivity of unsaturated sand-
water mixtures. An improved model using an exponential relationship to compute the thermal
conductivity of dry sands and empirical relationship to assess the normalized thermal con-
ductivity of unsaturated sand-water mixtures is presented.
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Reference - Error
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value value
Glycerin 0.286 0.281 +2.10
Water 0.600 0.608 + 167
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Table 2 Mass-volume properties of the materials tested and conditions of the tests

Material Ps kes Pa o) Range of water | Number of
atenials [kg/m’] [W/mK] [kg/m’] [-] content, w [%] tests

1985.5 0.25 0~1262 8
- (10 1875.9 0.29 0~15.56 8
Silica sand 2650.0 6.95 17643 033 0~18.93 9
1652.8 0.38 0~22.76 10
1933.4 0.27 0~13.98 9
. 10 1862.8 0.30 0~15.94 9
Quartzite sand 2650.0 5.38 1759.3 0.34 0~19.10 9
1634.3 0.38 0~23.44 10
1993.7 0.27 0~13.59 9
. (10) 1878.5 0.31 0~16.66 3
Limestone sand 2735.0 3.09 1763.4 0.36 0~20.14 9
1678.7 0.39 0~22.99 10
1987.6 0.29 0~14.63 9
1866.2 0.33 0~17.90 3
Sandstone sand 2803.0 2.72 17682 037 0~20.87 9
1689.2 0.40 0~2351 10
2033.6 0.26 0~12.31 8
Granite sand 2750.0 2.53 1859.9 0.32 0~17.40 8
1686.2 0.39 0~2293 10
1931.7 0.27 0~14.03 9
a0 1792.2 0.32 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 3
1903.8 0.28 0~14.78 9
1852.3 0.30 0~16.24 8
Masonry sand B 2650.0 2.31 1809.3 0.32 0~17.53 3
17024 0.36 0~21.00 9
1601.9 0.40 0~24.68 10
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Fig. 2 Thermal conductivity of dry and saturated mixtures with respect to porosity.
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