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A number of geological and industrial materials present multiscale porous structures, such as Estaillades
limestones, tight sandstones, and catalyst layers of some electrochemical devices (Gao et al., 2019; Mehmani
and Balhoff, 2015; Bultreys et al., 2016) . In the context of a digital rock of multiscale porous structures, we may
resolve macropores by the pCT imaging technique, while unresolved regions will be termed as microporosity.
Flow and transport in the macropores can be solved by either a pore-network model or a direct numerical
simulation model. A Darcy-scale model is used for the microporosity. Furthermore, material properties in the
microporosity may be obtained by the FIB-SEM technique. This sort of multiscale numerical framework has
been seen in the literature(Guo et al., 2018;Zhang et al., 2021). However, computational efforts pertaining to
the Darcy-scale modeling could be prohibitive, when tens of millions of voxels of microporosity are present
in a digital rock. In this work, we propose a convolution-based method to conduct multilevel coarsening of
microporosity, while keeping high-resolution domain interfaces between macropores and microporosity. We
have developed our in-house code, and set up test cases of compressible single-phase flow in a digital rock of
multiscale porous structures. The macropores are solved by the pore-network model, and the microporosity
is solved by the single-phase Darcy model (Qin et al., 2021) . We will show that alongside the developed
coarsening technique, our hybrid model is pretty robust, which not only considerably reduce computational
efforts, but also well predict multiscale flow and transport phenomena.
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