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Multiphase fluid flow through porous media has many beneficial applications for various industries such as
oil and gas, hydrology, geothermal, medical, and manufacturing. A substantial amount of research has been
carried out at various scales (e.g., reservoir, Darcy, microscale) to further understand the fluid behavior, with
many recent studies directed towards the pore scale. This work has revolutionized our understanding of the
fundamental principles governing fluid flow in porous media and their impact on larger scale applications.
However, pore-scale investigation tools are not directly applicable to multiscale porous media (e.g., fractured,
and microporous rocks or multi-layered membranes) because it is impossible to run simulations on an image
of the domain that resolves all scales. The multiscale Darcy-Brinkman-Stokes (DBS) approach is a novel tech-
nique that has been gaining popularity in recent years that enables the inclusion of unresolved porosity in
micro-CT images through Darcy parameters (e.g., porosity, permeability). The DBS approach has been suc-
cessfully employed to investigate single-phase flow and reactive transport in multiscale porous media. DBS
models for multiphase flow exist, but their capability to represent accurately capillary effects at the interface
between scales is unclear. The main objective of this study is to evaluate the applicability of a multiphase DBS
approach to simulate multiphase fluid flow through a multiscale porous medium. Simplified 2D models con-
taining solid free regions and porous matrices are considered and the results of DBS simulations are compared
with the results of fully resolved simulations. The flow simulations are carried out using GeoChemFoam, our
open-source pore-scale modelling solver package, in which the DBS method has been implemented. A wide
range of regimes is considered and the domain of application of the DBS method is identified.
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