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Mesoscopic simulation of moisture permeability for nonwoven reinforcement layers in air-tight membranes

for building applications
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Abstract : To study the mesoscale moisture permeability of polyester fiber non-woven fabric materials, which are used as rein-
forcing layers for airtight membranes in buildings, a mesoscopic fiber assembly structure model with voxel grids as basic unit was
constructed using virtual generation technology. Based on computational fluid dynamics (CFD) simulation methods, a systematic
study was conducted on the influence mechanisms of porosity (¢), fiber diameter (d;), and spatial fiber distribution patterns on mois-
ture permeability, with quantitative analysis of structure-performance relationships between mesoscopic structural parameters of
material and its moisture permeability. Results show that as the ¢ of the reinforcement layer material increases, number of fibers in an
equal volume space decreases, weakening the impact of solid-phase material on distribution of water vapor concentration. There is a
linear positive correlation between material's ¢ and effective diffusion coefficient (D ;). The effects of d; variation on moisture perme-
ability presents nonlinear characteristics as follows: when d, is small, the number of fibers per unit volume is relatively large, leading
to significant blocking of water vapor diffusion pathways. As d, increases, the blocking effect of solid-phase material on water vapor
gradually weakens, and D, increases accordingly. When d; exceeds 20 wm, D . tends to stabilize and no longer changes with d.. In
addition, anisotropic characteristics of spatial fiber distribution have a significant impact on moisture permeability. When fibers are
mainly distributed along material's planar direction, water vapor transport direction is closer to direction perpendicular to fiber
normal, resulting in increased diffusion resistance and decreased D,;. This study provides the theoretical basis and the data support for
structural design and performance optimization of air-tight membrane reinforcement layer materials, which is conducive to improving
building energy efficiency.

Keywords : air-tight membrane ; reinforcement layer ; fiber material ; meso-scale ; moisture permeability ; numerical
simulation
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Fig. 1 Spunlace nonwoven material in reinforcement layer
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