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Abstract

A conventional approach for modeling permeability of multifilament fabrics is to consider their warps and wefts to be individual thick
filament made of homogeneous porous media and solve the flow equations for such monofilament fabrics. In this work, for the first time, the full
3-D geometry of an idealized multifilament woven fabric, wherein the filaments are packed in hexagonal arrangement, is generated to compute
its permeability and compare with the homogeneous anisotropic lumped model of Gebart (1992. Permeability of unidirectional reinforcements
for RTM. Journal of Composite Materials 26(8), 1100–1133). While a relatively good agreement is obtained, our results indicate that Gebart’s
model slightly underestimate the permeability of multifilament fabrics even at high yarn’s solid volume fractions.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Because of their strength, flexibility, and high permeability,
woven materials have found enormous applications in our daily
life and industry. Permeability of multifilament woven fabrics
has been vastly studied in the past. Most of these works, how-
ever, are experimental and many of them are designed for spe-
cific applications (Sadiq et al., 1995; Brasquet and Le Cloirec,
2000; Wassink et al., 2003; Bijeljic et al., 2004; Moholkar
and Warmoeskerken, 2004; Benesse et al., 2006). This, in part,
is due to the complexity of the geometries of such fabrics. As
will be discussed later in this note, conducting a computational
study on multifilament woven fabrics requires considerable
computing power even for idealized geometries. For this rea-
son, all previously published simulations of the multifilament
fabrics are based on monofilament geometries made of porous
materials (Bruschke and Advani, 1993; Papathanasiou, 1996,
1997; Phelan and Wise, 1996; Ngo and Tamma, 2001; Nedanov
and Advani, 2002; Song et al., 2003; Wong et al., 2006). In
such studies, the flow field is divided into two zones of intra-
yarn and inter-yarn and solved separately. The intra-yarn zone is
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obtained via 2-D simulations whereas the inter-yarn zone is of-
ten calculated in 3-D space. Assuming the yarn to be a porous
filament greatly reduces the computational requirements, but
instead, requires accurate information regarding the yarn’s per-
meability. Gebart in 1992 conducted 2-D simulations for the
flow of Newtonian fluid perpendicular to and parallel with the
unidirectional filaments in a yarn. Gebart obtained the follow-
ing permeabilities for a yarn made up of hexagonally packed
continuous filaments. Permeability along the filaments
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Here �y and df are the yarn solid volume fraction (SVF) and
the filament diameter, respectively. It can be seen that the yarns
permeabilities are different in different direction. Except for
the work of Tung et al. (2002), who studied the permeability of
multifilament woven cloths for different weave patterns, almost
all other published simulations have recognized the anisotropy
of the yarn’s permeability.
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