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We study the dynamics of pore-scale gas and liquid flow through a horizontal quasi-two dimensional milliflu-
idic device. The multiphase flow dynamics is controlled by the physical properties of the fluid phases and
their initial spatial distribution; it govern their spatial distribution at subsequent times, through the interplay
between capillary and viscous forces. In turn, this spatial configuration of fluid phases significantly affects the
relative hydraulic properties of the domain, such as conductance and tortuosity. During flow in multiphase
systems, the flow rates and the phases saturation are strongly coupled. Disentangling the decoupled effect
of each of these mechanisms on the phases’configuration is a major step towards the prediction of complex
multiphase flow and capillary non-equilibrium conditions.

Here, we use experimental data gathered from several multiphase flow experiments conducted in a millifluidic
device and using different flow dynamics (flow rates, air/liquid injection duty cycles, initial saturation degree,
etc.). This data is analyzed in terms of criteria such as the water-filled pore size distribution, coordination
number distribution, and air mobility. This analysis draws from a newly developed image analysis method,
using the distance map curvatures to locate the critical points of pore throats and bodies from binary 2D or
3D images. Moreover, direct numerical simulation of single-phase flow is used to evaluate the velocity distri-
butions in the percolating (imbibing) liquid phase.

In this study, we show that the phases saturation is the major driver determining the spatial distribution of
fluid phases. However, capillary non-equilibrium distribution prevails even at relatively low capillary num-
ber (low velocity) conditions. The divergence from capillary equilibrium phase distribution, in terms of water
filled pore size distribution and coordination number, is related to the flow dynamics. In addition, we relate
quantitatively the magnitudes of capillary and viscous forces to the air clusters’shape and size probability
density functions, and how the liquid preferential flow evolves through the most conducting (larger pores)

paths.
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