
HAL Id: hal-01394561
https://hal.science/hal-01394561

Submitted on 9 Nov 2016

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Development of an analytical model to predict the
permeability of fibrous media for air filtration

Félicie Theron, Sonia Woudberg, Laurence Le Coq

To cite this version:
Félicie Theron, Sonia Woudberg, Laurence Le Coq. Development of an analytical model to predict
the permeability of fibrous media for air filtration. 13èmes Journéess d’études des Milieux Poreux
2016, Oct 2016, Anglet, France. �hal-01394561�

https://hal.science/hal-01394561
https://hal.archives-ouvertes.fr


______________________________________________________________________________________________________ 
JEMP 2016 - Anglet, France - 12–14 Octobre 2016. 

 

Development of an analytical model to predict the permeability of 
fibrous media for air filtration 

 
F. Therona, S. Woudbergb, L. Le Coqa 

aGEPEA, CNRS, UMR 6144, Ecole des Mines de Nantes, BP 20722, 44307 Nantes, France 
bApplied Mathematics, Department of Mathematical Sciences, Stellenbosch University, Private Bag X1, Matieland 7602, South Africa 

Keywords : Fibrous media, Permeability, Mathematical modeling 

1 Introduction  

The determination of the permeability of fibrous media used for aerosol filtration is important as it 
influences the filter performances (pressure drop and collection efficiency). This is the reason why many 
models have been developed especially to predict the permeability of these soft non-woven materials. The 
permeability depends on the media structural properties: thickness, porosity, fiber material, size distribution 
and arrangement. Due to their processing history fibrous porous media are generally rather anisotropic, and 
in-plane and through-plane components of the permeability can be distinguished. The aim of this study is 
thus to propose an analytical model taking into consideration the anisotropic character of fibrous media, 
based on a mathematical weighted average procedure. This model is applied to determine the through-plane 
permeability of two different fibrous media used for particle filtration, and compared to experimental values 
obtained in this study as well as to eight models of the literature among which the classical ones of Davies 
[1] and Jackson and James [2] are presented here. 
 

2 The Representative Unit Cell models tested 

The manufacturing of non-woven fibrous media generally leads to 3D anisotropic structures yielding 
different in-plane and through-plane permeability components. Concerning fibrous media used for particle 
filtration, the flow mostly penetrates the filter through pathlines normal to the media. That is why for this 
kind of media the permeability is generally determined thanks to pressure drop measurements in flat 
configuration normal to the flow leading to the determination of the through-plane permeability. Here the 
permeability predicted by two rectangular Representative Unit Cell (RUC) models are compared to the 
experimental permeability values. They are based on determining the contribution of the resistance to the 
flow generated by fibers depending on their orientation with respect to the flow. In the first model, named 
3D isotropic and which is represented on the left hand side in Figure 1, the flow is always parallel to one 
fiber and perpendicular to two fibers. A weight of 1/3 is thus assigned to parallel flow and a weight of 2/3 
to transverse flow, to give the following expression for the permeability B, with ε and Df being respectively 
the porosity and the fiber diameter: 
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Regarding these non-woven fibrous media as random distribution of fibers in parallel planes the second 
model, named 2D anisotropic, consists of two fibers (although connected) with respect to which the flow is 
perpendicular and no fiber with respect to which the flow is parallel. The through plane permeability of 
such representation is thus calculated by attributing a weight of 2/3 to flow perpendicular to the fibers and 
a weight of 0/3 to parallel flow: 
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Figure 1: 3D isotropic RUC (left) and 2D anisotropic RUC (right). 

 

3 Experimental determination of the permeability of two fibrous media 

Two different fibrous media were considered. Their properties are given in Table 1. The mean fiber 
diameter was measured from analysis of pictures obtained by SEM observations (JEOL 5800-LV), and the 
porosity was determined by mercury porosimetry (Micromeritics Autoport IV). In Table 1 t is the media 
thickness. In order to determine the permeability of both media pressure drop measurements were carried 
out in flat configuration. The permeability was derived from the linear part of the curve representing the 
pressure drop versus the air velocity using the Darcy relationship. 

 

Media Fibers material t (mm) Df (µm) ε (%) B (m²) 

G4 Cotton/Polyester 2.8±0.07 13.8±4.4 0.92±0.01 2.02.10-9 
Fibrous support  Polyester 0.5±0.05 17.8±1.1 0.85±0.01 4.45.10-10 

Table 1: Properties of the fibrous media studied. 
 

4 Comparison between experimental permeabilities and predicted ones 

The application of the models of Davies [1] and Jackson and James [2] under-predicts the permeability of 
the media by a factor of 15 for the G4 media, and 6 for the fibrous support. The 3D isotropic RUC model 
also leads to an under-prediction of the permeability for both media, but with a lower order of magnitude: 
the Bexperimental/Bmodeled ratio is respectively 8 and 5 for the G4 media and the fibrous support. The through-
plane permeability calculation obtained with the 2D anisotropic model gives the best results: 
Bexperimental/Bmodeled ratios of 5 and 3 are obtained respectively for the G4 media and the fibrous support. 
This deviation is however not so important when regarding the sensitivity of the models to the porosity, 
and the experimental permeability based on the media thickness. 
 

Conclusion 

A new analytical 2D anistropic model has been developed to predict the through-plane permeability of non-
woven fibrous media used for particle filtration, based on the assumption of random distribution of fibers 
in parallel planes. This model better predicts the permeability compared to other classical approaches, but 
there is still a discrepancy between measured and predicted permeability. This deviation is analysed 
regarding the sensitivity of both values to the media structural properties which must be determined with 
accuracy. 
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