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Homogenization Modeling of Single-Phase
Gas Local Flow in Porous Media
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(School of Science, Dalian Maritime University, Dalian, Liaoning 116026, P.R.China)

Abstract: The application of asymptotic homogenization method was investigated based on the filtration theory
for single-phase gas, and the mathematical model and numerical method for the gas flow at the pore scale were
developed. With the asymptotic homogenization method, a local problem of periodic cells was established to de-
scribe the local flow process of a single-phase gas at the pore scale of the periodic porous medium. The special
mathematical properties and physical significance of the local problem were discussed. With a simplified ap-
proach based on symmetric and antisymmetric extensions, a least squares finite element method for the local
problem was proposed, to overcome the numerical difficulties due to averaging operators and periodic boundary
conditions. The solution of the local problem was obtained with accurate local velocity and pressure distribu-
tions in a single pore, and with gas permeability evaluation of porous media only in knowledge of the pore ge-
ometry. Beyond the local problem, the analytical solution of the Poiseuille flow in microtubes was obtained
through theoretical analysis, to verify the proposed mathematical model and the numerical algorithm. Finally, a
3D periodic porous structure was considered, and numerical results of local flow in a single pore and permea-

bility coefficients in porous media were obtained.
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Fig. 1  Geometric modeling of the porous medium ( showing the porosity occupied by gas)
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Fig. 2 Symbolic changes of solutions to local problem L' in symmetric or antisymmetric extensions
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Fig. 4 The numerical solution of the Poiseuille flow in single channel structure, in comparison with the exact solution
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Table 1 Calculation results of the porosity and the permeability coefficient of porous media

local problem L local problem L(* local problem L*
permeability 0.000 232 222 744 711 0.000 231 967 234 967 0.000 232 933 436 047
porosity 0.204 745 216 893 771 0.204 745 216 893 771 0.204 745 216 893 771
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