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Transient two-phase flows within porous media are observed in numerous applications
such as infusion-based manufacturing processes for composite materials. In this case, a
pressure drop leads a liquid resin to invade a fibrous preform where rarefied air is initially
present. As the flow occurs in a multiscale system [1], upscaling procedures have to be
considered to transpose the results computed at a microscale (i.e. fibre scale) towards an
upper industrial scale. Flow simulations are thus carried out within numerically-generated
random fibrous microstructures. The numerical method to solve the flow consists in a
stabilised finite element resolution of two coupled problems: a fluid problem that encom-
passes conservation equations (i.e. Stokes equations) and capillary effects (i.e. Laplace
law) weakly prescribed, and a level-set method used to model the liquid/vapor interface,
its displacement and the phase location.
Upscaling procedures for transient two-phase flows [2] can be complex due to unsteady
regime, computational costs, influence of boundary conditions,... Several upscaling quan-
tities have been identified. Two different methods have been first considered to derive a
resulting capillary pressure. Both approaches are consistent and show a good agreement
with experimental measurements. The dynamics of the flow have been then characterised
by liquid saturation defined at global and cross-section levels, to ensure a thorough de-
scription of the transient response. This finally allows to get the resulting porosities ratio
as well as a saturation length within which the transient effects are located. Another
approach consists in considering the position of the flow front as a random distribution
so as to model the flow stochastically at the upper scale. The results are found to be con-
sistent with the saturation approach. Similarly to monophasic steady state [1], upscaling
results will be described statistically and expressed as a function of fibre volume ratio and
capillary number.
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