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1. Introduction Fibrous media are widely used in aerosol filtration. They are characterized by two important parameters: filtration efficiency E and pressure drop ∆P . The pressure drop is of fundamental importance to many applications and has been subjected to research for many years. Many efforts have been made to develop models able to predict the pressure drop of fibrous media. In almost all of these studies, the fibrous medium is assumed to be made up of fibers with a unimodal fiber diameter distribution. However many fibrous filters consist of blends of coarse and fine fibers. In such filters, fine fibers contribute to the high filtration efficiency while coarse fibers provide mechanical rigidity. Pressure drop modeling of such fibrous media is not easy to perform. It is probably, as mentioned by Jaganathan et al [1], because there are too many independent, but coupled, variables. Geometries and flows simulations seem to be the perfect tools to investigate this problem. 2. Computer simulations 2.1. Microstructure design In order to emulate media with bimodal fiber size distribution, virtual 3-D microstructures are generated using GeoDict. GeoDict is a voxel-based code in which each voxel is either empty or filled. Volume and fiber options are controlled thanks FiberGeo module. Simulation domains considered in this paper are 900 µm × 900 µm × 300 µm with a resolution of 1,5 µm/voxel to avoid numerical artifact due to the random fibre tangle. Inside the microstructure, each fiber is designed with an infinite cylinder length. Fiber diameter is included between 7 and 30 voxels. The fiber orientation is controlled by a density fonction p(θ, ϕ) in polar coordinates. 2.2. Flow simulation Solver options are fixed with FlowDict module. The air flow through the microstructure is governed by the Stokes and continuity equations. The results presented are obtained using a workstation with 12 GB of RAM and a bi-quad-core AMD CPU with a speed of 2.1 GHz.



Microstructure generated using GeoDict. α=18.3%, β=5, domain size : 900µm×900µm×300µm. Figure 1:



Figure 2: Calculated pressure field using GeoDict. Air



flow direction according to z, U =10 cm/s.



3. Experimental validation To validate our simulations and in order to cover a large range of geometrical conditions (mass fraction Yi of fiber with di diameter, solid volume fraction α and thickness Z), two families of bimodal media were studied. Both Payen [2] and Sakano [3] media are manufactured with binary blend of polyethylene terephthalate (PET) fibers. Theirs characteristics are presented in Tab 1. Ref. H I J K L 0/100 25/75 50/50 75/25 100/0



Payen



Sakano



d1 [µm] 10, 9 10, 9 10, 9 10, 9 10, 9 12 12 12 12 12



Y1 [%] 55 10 15 58 23 0 25 50 75 100



d2 [µm] 28, 2 28, 2 28, 2 45, 1 45, 1 39 39 39 39 39



Y2 [%] 45 90 85 42 77 100 75 50 25 0



α [%] 19, 3 17, 7 18, 3 17, 4 13, 8 3 3 3 3 3



Z [µm] 860 1010 930 920 1130 10000 10000 10000 10000 10000



Table 1: Structural characteristics of fibrous media and mass proportions of binary fiber blends



4. Results Figures 3 and 4 compare simulated permeability and experimental permeability for both families of bimodal media. +20%
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Figure 3: Simulated permeability versus experimental permeability for Payen’s bimodal media.
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Figure 4: Simulated permeability versus experimental permeability for Sakano’s bimodal media.



5. Conclusion The comparison between simulated and experimental permeabilities shows that GeoDict gives a quite good estimation of permeability in laminar flows for nonwovens media with binary fiber blends. References [1] S. Jaganathan, H. V. Tafreshi, B. Pourdeyhimi, On the pressure drop prediction of filter media composed of fibers with bimodal diameter distributions, Powder Technol. 181 (1) (2008) 89–95. ´ [2] J. Payen, Etude et d´ eveloppement de structures fibreuses nontiss´ ees d´ edi´ ees a ` la filtration de particules fines dans l’air, Ph.D. thesis, Universit´ e de Valenciennes et du Hainaut-Cambr´ esis (dec. 2009). [3] T. Sakano, Y. Otani, N. Namiki, H. Emi, Particle collection of medium performance air filters consisting of binary fibers under dust loaded conditions, Sep. Purif. Technol. 19 (1-2) (2000) 145–152.
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