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Today experimental and computational resources allow visualizing transport phenomena in idealized or more
realistic pore geometries and modeling these processes starting from the first principles of continuum me-
chanics (i.e., solving momentum- and mass-conservation equations by means of tools borrowed from classic
Computational Fluid Dynamics).

We briefly introduce these computational methods, which have become increasingly popular over the last
decade, and focus on the Volume Of Fluid method, which has been validated against multiphase-flow exper-
iment in pseudo two dimensional porous media [1] and has been used to elucidate the relationship between
capillary pressure and the total surface energy of the system [2].

Then, we investigate the role of local inertial effects in influencing the morphology of the invading front [3].
We pay particular attention to the characterization of abrupt events, to collective pore filling, and to the ef-
fects of geometries of increasing complexity [4]. We discuss how local inertial effects, resulting from surface
energy instabilities and subsequent spontaneous reconfiguration of the interface, cannot be avoided and how
these processes are at the basis of hysteresis.
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