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An Experimental Analysis of Effective Thermal Conductivity
of Porous Materials Using Structural Models

Jang-Hwan Cha * Min-Ho Koo* * Young-Seuk Keehm

Department of Geoenvironmental Sciences, Kongju National University

ABSTRACT

The effective thermal conductivity of porous materials is usually determined by porosity, water content, and the
conductivity of the matrix. In addition, it is also affected by the internal structure of the materials such as the size,
arrangement, and connectivity of the matrix-forming grains. Based on the structural models for multi-phase materials,
thermal conductivities of soils and sands measured with varying the water content were analyzed. Thermal conductivities
of dry samples were likely to fall in the region between the Maxwell-Eucken model with air as the continuous phase and
the matrix as the dispersed phase (ME,;) and the co-continuous (CC) model. However, water-saturated samples moved
down to the region between the ME,,,, model and the series model. The predictive inconsistency of the structural models
for dry and water-saturated samples may be caused by the increase of porosity for water-saturated samples, which leads to
decrease of connectivity among the grains of matrix. In cases of variably saturated samples with a uniform grain size, the
thermal conductivity showed progressive changes of the structural models from the ME,;; model to the ME,, model
depending on the water content. Especially, an abrupt increase found in 0-20% of the water content, showing transition
from the ME,;; model to the CC model, can be attributed to change of water from the dispersed to continuous phase. On
the contrary, the undisturbed soil samples with various sizes of grains showed a gradual increase of conductivity during the
transition from the ME,;; model to the CC model.
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Table 1. Several fundamental structural effective thermal
conductivity models for multi-phase materials
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Fig. 1. Fundamental structural effective thermal conductivity
models for two-phase materials (Wang et al., 2008): (a) serial, (b)
parallel, (c) ME, and (d) EMT models.
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Fig. 2. Soil texture triangle showing the USDA classification
system based on grain size for 19 soil samples.
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Table 2. Mineralogical compositions of the soils determined from X-ray diffraction (volume fraction, v%o)

ID Albite Orthoclase  Microcline  Muscovite  Chlorite Illite Kaoline Quartz  Hornblende
S1 10.66 4.97 - 7.18 23.99 2.49 1.30 46.35 3.06
S2 19.59 6.31 - 3.27 22.69 1.29 - 43.48 3.38
S3 22.20 5.07 - 3.73 29.58 1.97 0.20 35.22 2.02
S4 17.34 5.17 - 4.03 30.97 1.38 0.07 38.52 2.53
S5 10.01 - 30.01 247 1.79 6.21 11.05 38.35 -
S6 9.52 8.75 - 8.95 3.80 8.39 5.35 55.24 -
S7 4.02 1.08 9.83 5.09 477 431 9.88 61.04 -
S8 14.45 11.65 - 4.89 2.86 6.88 5.72 53.55 -
S9 5.51 - 5.81 11.17 6.08 5.01 - 66.42 -
S10 9.85 6.95 - 9.85 2.46 6.62 8.11 56.16 -
S11 3.52 2.46 - 19.30 3.22 7.16 3.05 61.29 -
S12 24.96 11.14 - 429 5.70 5.42 2.35 46.14 -
S13 5.81 227 - 9.99 7.21 7.29 - 66.50 -
S14 10.49 - 24.59 5.16 2.58 5.21 6.96 45.01 -
S15 14.92 8.06 - 8.77 4.50 5.17 4.12 54.46 -
S16 - - 19.33 10.45 0.00 5.68 7.60 56.94 -
S17 8.00 - 8.79 8.22 421 6.47 3.35 60.95 -
S18 3.75 6.98 - 6.49 2.61 6.28 3.48 70.41 -
S19 - - 33.52 11.42 11.72 1.96 2.15 30.42 -
TC* 2.14 2.31 2.49 2.28 5.15 1.80 2.60 7.69 2.81
TC* : Thermal conductivity(W/mK), Clauser et al.(1995), Vassueur et al.(1995)
Table 3. Measured porosity and thermal conductivity of samples
Measured Calculated Measured Calculated
ID Porosity ID Porosity
TCou TClry TC, TCn TClry TCy,
S1 0.59 1.04 0.33 5.66 S14 0.44 1.34 0.26 427
S2 0.61 1.01 0.17 4.82 S15 0.52 1.05 0.18 481
S3 0.60 0.91 0.15 5.10 S16 0.47 1.37 0.49 5.74
S4 0.55 0.95 0.14 4.88 S17 0.55 1.17 0.20 5.22
S5 0.59 0.92 0.17 4.63 S18 0.52 1.17 0.27 4.86
S6 0.58 0.95 0.17 4.88 S19 0.51 1.10 0.50 425
S7 0.53 1.04 0.36 3.90 SD1 0.42 1.70 0.19 5.34
S8 0.53 1.35 0.31 4.68 SD2 0.42 1.67 0.19 5.25
S9 0.50 1.19 0.34 4.82 SD3 0.44 1.75 0.19 5.31
S10 0.48 1.28 0.40 5.24 SD4 0.45 1.66 0.19 5.29
S11 0.44 1.17 0.44 5.19 SD5 0.45 1.49 0.18 4.59
S12 0.45 1.18 0.14 4.36 SD6 0.42 1.56 0.27 439
S13 0.58 0.85 0.14 5.76
Unit of TC: W/mK
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