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ABSTRACT

In Liquid Composite Molding (LCM), the resin flow in the mold cavity is usually modeled by a
macroscopic model based on Darcy’s law. However, most engineering textiles are porous media
of two scale porosity, inside which capillary effects play a significant role at slow impregnation
velocity. As studied by Ruiz et al. [1], part quality is connected to capillary flows because
mesoscopic voids can be entrapped at low capillary numbers. Based on the description of dual
scale effects provided by Pillai & Advani [2], a new algorithm was devised to predict dual scale
flows through unidirectional fibrous reinforcements. A comparison with capillary rise experiments
provided a good prediction of the initial flow velocity and, when saturation is taken into account,
of the evolution of the capillary front. This opens up the possibility of predicting the optimal flow
velocity in LCM without using complex experimental setups and conducting lengthy experiments.

The first step consists of providing a detailed description of the local “fiber volume content” of the
fibrous reinforcement. Figure 1 shows the pixel-based description of porosity in the Tissa uni-
directional fibrous reinforcement investigated here. The numerical algorithm devised to predict the
dual scale flow through the fiber bed is based on the methodology proposed by Trochu et al. [3] to
solve Darcy flows, in which the analytical formulas of Gebart [4] are used to model the
longitudinal and transverse permeability of the fiber tows. The capillary pressure in the fiber bed
was evaluated from the average diameter of its porous equivalent set of capillary tubes. A series of
capillary rise experiments were carried out using the experimental setup described by LeBel et al.
[5]. As such the model provided a good prediction of the initial velocity of the capillary front.
However, afterwards the numerical flow front was much faster than in the experiments. For this
reason, saturation of the fiber bed was considered.

In a second stage, the local saturation of the fiber bed was estimated as a function of pressure by
Van Genuchten equation [6]. Following Wolfrath et al. [7], a model of relative permeability k, =
S™ with m = 2 was considered. As shown in Figure 2, not only the calculated initial flow velocity
provides a good agreement with a series of capillary rise experiments, but also the full evolution
of the capillary front is very well predicted in time. Note that the model reproduces also the
fingering effect observed in capillary flows.

This excellent comparison with experiments clearly demonstrates the key role played by saturation
in the filling of dual scale porous media. In addition to providing a novel way of modelling dual
scale flows, this first result opens up the possibility of predicting by numerical simulation the
optimal flow velocity in LCM. The same approach can be generalized to model 3D capillary flows
through complex woven reinforcements. By adding a boundary condition of specified injection
pressure or flow rate at the inlet gate, the algorithm can also be used to predict dual scale flows
through fibrous reinforcements.
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Figure 1: Image (a) is an original picture of the fibrous reinforcement. Image (b) shows the grey
level mapping obtained after processing in order to evaluate the local fiber volume content.
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Figure 1: Capillary height as a function of time modelled with a saturation model
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