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A universal expression of the equivalent permeability of
heterogeneous porous media

ZHANG Dong, LIU Xiaoli, WANG Enzhi
( State Key Laboratory of Hydroscience and Engineering, Tsinghua University, Beijing 100084, China)

Abstract : Flow and transport inside porous media is a common physical process, and it is related to subsurface
engineering, geothermal energy extraction, environment engineering and so on. Due to the complexity of
geological conditions, strata suffer diagenesis, compaction, weathering, biological effect, etc. The feature of
permeability is rather complex, and numerical simulation is utilized to supply data and key information for
engineering design and construction, with a larger amount of time and computation. However, the accuracy of
simulation directly relies on the key parameters such as permeability. This paper aims to study the relationship
of the equivalent permeability and permeability distribution function in the space of heterogeneous porous
media. Based on the continuum assumption, Darcy’s law and permeability distribution function, the
mathematical model of the Darcy seepage problem from 1D to 3D is established, and the theoretical solution of
the equivalent permeability is obtained by solving the partial differential equation. Besides, the theoretical
solution and the numerical solution are obtained by using finite element simulation. The results show that they
are closed to each other, and the error is quite small, indicating that the expression of the equivalent
permeability is correct and valid. The permeability distribution function can be established through multi-

points permeability measurements of media, then the seepage properties of the whole porous media can be
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simulated and evaluated rapidly. The complex geological models are simplified to reduce the computation with

the expressions. It is of great significance for the rapid simulation of engineering and the evaluation of

simulation results.

Keywords : porous medium; Darcy’s law; continuum; permeability distribution function; numerical simulation
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Fig.1 Diagram of the percolation with pressure drop
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Fig.2 Diagram of the percolation mathematic model
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Table 1 Piecewise permeability distribution function and

the calculated parameters and results
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Fig.3 Numerical and analytical solutions
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Table 2 Continuous permeability distribution function and

the calculated parameters and results
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Table 3 Binary continuous permeability distribution
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function and the calculated parameters and results

a BT/ x 1072 m® B/ x 10712 m?  MIX R 2/ %

0 8. 000 8. 000 0
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1.0 4.000 4.000 0
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Fig.4 Numerical and analytical solutions
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Table 4 Binary continuous permeability distribution

function and the calculated parameters and results

P Y g
xty+l 7.346 7.346 0. 002
oyl 23.261 22.415 3.774
P | 80. 179 76.723 4.504

ety 284.260 294. 850 3.591
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Table 5 Trinary continuous permeability distribution

function and the calculated parameters and results
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