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A Model for Predicting Effective Thermal Conductivity
of 2- or 3- Component Sand System
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Abstract

A theoretical model to predict the effective thermal conductivity of sands is developed by considering
the participating heat transfer mechanisms and their relationship to the model geometry. Comparison
between the calculations and the measurements indicates that the assumptions to introduce two model
constants ( ¢, and & ) for model development were justified. As a results, the model was proved to
predict the effective thermal conductivities of 2- and 3-component systems of two silica sands saturated
with fluids or bonded with liquid binders in a reasonable accuracy.
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Fig. 1 Modifled model for 2- or 3-component
sand system.
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Table 1 Comparison between model predictions and measured results for unbonded silica sands,

Volume fraction Efffective thermal conductivity (W/mK)
Sand type of sand particles Air Water
measured calculated measured calculated
0.58 0.2839 0.2821(0.6%6) 2.925 2.9212(0.1%5)
Ottawa sand 0.62 0.3281 0.3293(0.4%6) 3.153 3.1556(0.194)
0.66 0.3918 0.3897(0.5%) 3.406 3.3983(0.2%)
0.50 0.2528 0.2543(0.6%) 2.652 2.5836(2.6%)
Masonry sand 0.54 0.2957 0.2946(0.4%) 2.821 2.8079(0.5%)
0.58 0.3429 0.3417(0.4%5) 3.012 3.0395(0.9%)
0.62 0.3945 0.3981(0.9%) 3.226 3.2769(1.6%)
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Table 2 Effect of thermal conductivity of saturating fluid.

. Effective thermal conductivity (W/mK
Sand type Volume ﬁ'ac.non - Transformer oil ' tYll‘x'e-s;’oone)I[
of sand particles measured calculated measured calculated

0.60 1.0473 276(1.9%) 1.8505 1.8784(1.5%)
Ottawa sand 0.62 1.0935 1.0903(0.3%6) 1.9385 1.9707(1.7%)
\ 0.64 1.1467 1.1571(0.9%6) 2.0024 2.0667(3.2%)

Masonry sand 0.534 0.9562 0.9464(1.0%) - -
0.56 ~ - 1.7973 1.8267(1.696)
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Table 3 Thermal conductivity of saturating fluids.

. . . Thermal conductivity
Saturating fhid| o\ o5 o0 (W/mK)
air : 0.0254
transformer oil 0.11
Prestone I | 0.263
water 0.609

Table 4 Thermal conductivity of binders.

Binder Thermal conductivity(W/mK)
Dow therm-A 0.142
Kerosene , 0145
Epoxy 0.188
Ethylene glycol 0.260
Gulf wax 0.270
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Fig. 2 Comparison of predictions with méasurements
at various binder volume fractions.
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Fig. 3 Comparison of predictions with measurements
for varlous binder types.
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Fig. 4 Effect of normalized thermal conductivity of
saturating fluid.
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Fig. 8 Effect of binder content.
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