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ABSTRACT: 
Modeling two-phase trickle flows in packed beds of particles of relatively large sizes (diameter around 1 mm) is a challenging task because of the complexity of the flow related with a high permeability of the porous medium and quite high Reynolds number (between 1 to  100), connected to relatively large capillary and Bond numbers. Usual approaches in this domain are mainly empirical and do not provide any local information of the flow, such as the different interface configurations that can occur in such situations. In this work, we develop a dynamic pore-network model in order to simulate two-phase flows at scales larger than the pore-scale, while taking into account the local pore-scale specificities of the flow and the geometry. Local laws of the pore-network model are provided by pore-scale direct numerical simulations. This mixed approach is first validated, in a two-dimensional case, by a comparison with experimental flow visualizations over a micro-model containing about 50 pores and also by a comparison with direct numerical simulations over the same 2D structure. Once validated, the numerical approach is used to simulate two-phase flow in a network built from a real array of particles (structure of about 1000 pores obtained from X-ray tomography) and results in terms of pressure drop and liquid hold up are compared with reference values.
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