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A Fractal Model for Thermal Dispersion Coefficients of Porous Media

ZHANG Jie, ZHANG Sai, GAO Weiye, HU Shiwang, WANG Zhenyi
( Faculty of Mechanical and Electrical Engineering, Kunming University of Science and Technology,
Kunming 650500, P.R.China )

Abstract: The thermal dispersion coefficient is an important parameter to characterize heat and mass transfer in porous
media, which is related to the physical properties of fluid and the structure of porous media. The pore-throat structure model
for fractal porous media was established, and the local head loss and the velocity dispersion effect were studied for the fluid
changing from the turbulent state to the laminar state around the pore-throat structure. The thermal dispersion coefficient
formula was derived under the influences of the micropore-throat structure and the velocity dispersion effect. The results
show that, the thermal dispersion coefficient is directly proportional to the pore-throat ratio, the number of pore-throat
structures and the tortuous fractal dimension, and is inversely proportional to the porosity and the area fractal dimension.
Furthermore, in the range of 1~150, the pore-throat ratio has a significant influence on the velocity dispersion effect, and the
fluid has a local head loss around the pore-throat structure, which leads to an enhancement of the velocity dispersion effect

and an increase of the thermal dispersion coefficient.
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Fig. 1 The flow model for the pore-throat structure
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Fig.3 Comparison between the fractal model for the thermal dispersion Fig.4 Comparison between the fractal model for the thermal dispersion
coefficient and the conventional model coefficient and experimental values
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Table 1 Some parameters and values in the fractal model

parameter value
pore diameter A /m 1x107°~1x10™*
minimum pore diameter A,;,/ m 1x10°°
solid particles d, / m 1x107*
viscosityu / (Pa‘s) 1.2x107°
density p / (kg'm™) 8.9x107
1.43x10"

specific heat capacity ¢, / (J-kg "K™")
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Fig. 5 Influences of the pore-throat ratio on the velocity dispersion effect Fig. 6 Influences of the area fractal dimension on the thermal dispersion

coefficient
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