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E. P. Montellà∗,†, B. Chareyre∗ and A. Gens†
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ABSTRACT

Two-phase flow through porous media can be simulated by means of the multicomponent Shan-
Chen lattice Boltzmann method (LBM) [1]. Unfortunately, such simulations require a significant
computation time. In order to optimize the computation resources, we present a hybrid model
that combines the efficiency of the Pore-Network approach and the accuracy of the LBM at the
pore scale [2].

In this work, the evolution of capillary forces, fluid morphology and water content are evaluated
during the drainage of a small granular assembly. LBM enhances a continuous description of the
complex liquid morphologies that are formed during the drainage. Results are compared with a
new model based on the decomposition of the granular assembly into small subsets (see figure
1), in which LBM direct simulations are performed to determine the entry pressure, the primary
drainage curve and the liquid morphology for each pore throat. Hydrodynamic properties are
obtained for all the subsets and assembled to the pore-network to solve the global problem [2].

This technique leads to a complete analysis with a smaller computation domain. Besides, some
areas of the granular assembly can be excluded from the simulation (empty pores and isolated
cluster with no flux). Thus, the multiscale coupling reduces the computational cost. The work
is completed with results obtained with approximations (such as the Incircle and the MS-P
method) that predict hydrostatic properties within very reduced computing time, therefore,
suitable to replace LBM simulations when the computation resources are limited.

Figure 1: Decomposition of the granular assembly (a) into small subsets (b). Each subset is made up
of 3 spheres (c). When the entry pressure is achieved, the non-wetting phase penetrates the pore body.
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