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 In the field of aerosol filtration, electrostatic 

effects are relatively unexplored but absolutely 

decisive in many applications (Rengasamy, 2009). It 

is possible to adjust and improve the particle 

deposition for synthetic filter materials to increase 

the initial filtration efficiency. E.g. it is used in 

respiratory protective devices, cabin air filters or air 

conditioning systems. The measurement and 

simulation techniques for electrostatic forces 

respectively charges still need to be investigated.  

 To determine the influence of the charged 

fibres for the filtration efficiency three different 

methods can be obtained, measurements, empirical 

formula and 3D modeling. The general setup for the 

experiments is shown in figure 1. 

 
Figure 1. Scheme of the experimental setup. 

 

 The filtration efficiency experiments have 

been carried out with a sodium chloride aerosol. In 

order to quantify the influence of the electric effect 

the electret fibers were tested with and without 

charges. Hence, a suitable 3D model has been 

generated to simulate and compare the filtration 

experiment which is shown in figure 2. 

 
Figure 2. 3D model of microfibers with random 

spotted charged areas on the fibers surface. 

 

 In this work measurements and simulations 

have been performed and compared. Usage of 

empirical formulas considers not an adequate result 

for charged fibers. On the other hand the 3D 

simulation allows a good fit with the measured 

results of the filtration efficiency of charged fibers as 

shown in figure 3. 

 
Figure 3. Comparison of measured and simulated 

filtration efficiencies. 
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 Inertial deposition (with concurrent 

interception) is the dominant and highly relevant 

deposition mechanism in air filtration of coarse 

particles (»1 µm) and/or at high filtration velocities. 

Despite many years of research and the availability of 

quite a few, mostly empirical expressions for inertial 

collision and adhesion probabilities, the available 

models are far from reliable, and discrepancies with 

accurate measurements remain to be explained (e.g. 

Kasper et al. 2010 [1]).  

 

 We have therefore calculated the collection 

efficiency 𝜑 of fibers positioned in a single layer of 

parallel fibers over a wide range of all relevant 

parameters (Stokes number St, Reynolds number Re, 

dimensionless fiber distance s/dF and interception 

parameter R = dP/dF). 

 

Analytical flow fields were used in the 

Stokes flow regime (Re → 0, Miyagi 1958), whereas 

CFD was employed in order to cover the technically 

relevant range of Re ≤ 10. Using the resulting data 

base we have developed new and simple empirical 

laws for the impaction probability, which are 

expressed as functions of a modified Stokes number. 

This modified Stokes number allows for the 

quantification of the influence of neighboring fibers 

and fluid inertia. 

 

 
 

Figure 1. Collision efficiency vs. Reynolds number for 

various Stokes numbers at R = 0.1 and dF/s = 0.2. 

 
 

 
 
Figure 2. Collision efficiency vs. Stokes number (top) and 

vs. the modified Stokes number (bottom) for various fiber 

offsets at R = 0.1 and infinitesimal Re. 
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 Pleated filters are widely used in many 
industrial applications in air treatments due to their 
high effective surface area for a low overall 
dimension. Experimentally, Del Fabbro et al. (2002) 
observed that pleated filter pressure drop evolution 
with solid particles could be described by 3 periods. 
Among these is a period of depth filtration when 
particles are mostly collected within the fibrous 
medium. A quite innovative method is implemented 
in GeoDict in order to characterize the depth 
filtration in a pleat. It is characterized by the 
combination of flow and trajectory calculations in 
GeoDict and particle-media interactions simulations 
thanks to a MatLab routine. 

 
Figure 1. Phases of pleated filter clogging 

  
The flow field is computed by solving Stokes-
Brinkman equations with periodic boundary 
conditions. Each voxel of the domain is characterized 
by its porosity and permeability. Once the flow is 
established, particles are launched in the domain and 
their motion is calculated thanks to a force balance 
taking into account drag effects, Brownian diffusion 
and electrostatic effects.  The travel paths inside the 
media are known and Matlab allows determining the 
interactions inside the media thanks to a flexible 
capture probability model. 
The particle deposition inside the media induces 
changes in voxel porosity and permeability. 
Based on these new properties, the flow is computed 
again. Loops can be simulated until the desired 
number of batches is reached.  

 
 The first results with a simplified capture 
probability model (constant probability) that have 
been obtained are quite encouraging. A good 
agreement is found for the evolution of the overall 
pressure drop across the filter element (Fig. 2). 
 

       
Figure 2. Experimental/Simulated pressure drop 

during clogging 
 
Except the top and bottom of the pleat, the deposition 
distribution of particles from the simulation is in the 
reasonable range compared to the data available in 
the literature (Gervais, 2013). However, the 
simulation had more particles deposited.  
At present, the attention is focused on the 
development of capture probability models in which 
the influence of the fibre type, the velocity and 
particle diameter are taken into account. 
  
Del Fabbro, L., (2002). Filt. Sep., 39(1) :35-40 
Gervais, P.C., (2013). PhD Thesis Université de 
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1. Introduction 

In automotive applications, pleated filter elements are 

commonly used for protecting the engine by cleaning 

of engine oil, fuel and intake air (Durst et al., 2007). 

A preferred way to rank a filter medium is by the 

evolution of the pressure drop over the collected 

mass. Besides the performance of the filter medium a 

key factor is the flow and local particle size 

distribution on the dirt side of the filter medium. 

Simulation methods are used for better understanding 

of the loading kinetics of filter element and to serve 

as a base for further optimization. Thereby, for a 

virtual product development numerical simulations 

have to be fast and reliable. Due to the different 

length scales in filter elements – ranging from the 

scale of the fibers in the filter media to the 

dimensions of the housing – it is not possible to 

simulate all geometrical details. Thus, in the past the 

bellow of the filter element was modelled as a 

homogenous porous block without resolving the 

geometry of the pleats, see e.g. Huurdeman and 

Banzhaf (2006). 

Recently, Hettkamp et al. (2012) showed the 

correlation between the pressure drop and the dust 

loading for perfect U- and V-shaped pleats. This 

offers a new way for a simplified model of the filter 

element to enhance simulation of its loading kinetics. 

 

2. Methodology 

In this contribution we focus on fast and enhanced 

simulation of the loading kinetics of pleated media. 

The filter bellow is modeled as porous block but in a 

sub-model the detailed loading of a single pleat is 

accounted for. We extend the work of Hettkamp et al. 

(2012) to a more general class of pleats which differ 

from the ideal shapes due to manufacturing reasons. 

As in Hettkamp et al. (2012) it is assumed that dust is 

distributed evenly along the filter media of the pleats, 

i.e. no separation based on inertia on the pleat scale. 

But on the macro scale inertia is taken into account 

and particles can be uneven distributed on the surface 

of the filter bellow. As pleat clogging is a major 

factor for the increase of the pressure drop, we 

limited ourselves for this study to cake filtration. 

The CFD simulations are carried out with the 

software ANSYS FLUENT which has been extended 

by using UDFs. To enhance the computational time 

which is needed for efficient simulations, parcels are 

used instead of particles. 

3. Results 

The simulation results are compared and validated by 

experiments using ISO fine dust. Figure 1 shows the 

evolution of the pressure drop increase over the 

deposited mass for simulation (dots) and experiments 

(line). The simulation is carried out for a bellow in a 

channel flow with homogenous inflow. A good 

correlation between experiments and simulations is 

obtained with the enhanced sub-model for loading 

kinetics of pleated media. 

 

 

 
 

Figure 1. Comparison between simulation (dots) and 

experiments (line) of the pressure drop increase of a 

rectangular filter element under homogenous flow 

conditions.  
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 When it comes to aerosol filtration, fibrous 

media are so far the most efficient filters among the 

different devices. Since they are easy to use and 

maintain, they are widely used in areas related to air 

treatment such as nuclear containment. The main 

objective of our researches is to improve the 

knowledge on the performances of filters used in the 

nuclear industry to contain radioactive particles in 

normal operation or accident situation. The initial 

performances of such media are characterized by two 

important parameters: the filtration efficiency and the 

pressure drop. The air flow and particle transport 

modeling is hardly achievable due to the wide range 

of operating conditions and characteristics of aerosol 

and media. Numerical approaches, consisting in 

designing fibrous micro-geometries together with 

solving transport equations, seem to be relevant tools 

to investigate this problem even if they require an 

experimental validation step, which is discussed in 

this work.  

To cover a wide range of geometric characteristics 

and especially the solid volume fraction α and the 

filter thickness Z, experimental results from two 

types of fibrous media are compared to the 

simulations. Gougeon et al. (1996) provide spectral 

efficiencies for two monomodal media manufactured 

by Bernard Dumas (Bergerac, France). A Differential 

Mobility Analyser was used to select the precise 

diameter of a DEHS aerosol. The concentration was 

measured downstream and upstream of the filter with 

a continuous flow Condensation Nuclei Counter. The 

characteristics of both filters, made with glass fibers, 

are shown in Table 1.  

Table 1. Characteristics of monomodal media  

Ref. d  (µm) α (%) Z (µm) 

110x475 2.7 9.87 300±10 

106x475 0.65 3.72 780±20 

Five bimodal media, which are blends of fine and 

coarse fibers (diameters df and dc respectively) are 

also studied. The characteristics of these filters, made 

with polyethylene terephthalate (PET) fibers, are 

shown in Table 2. 

Table 2. Characteristics of bimodal fibrous media 

and mass proportions (Y) of fiber blends 

Ref. df  

(µm) 

Yf 

(%) 

dc 

(µm) 

α  

(%) 

Z  

(µm) 

H 10.9 55 28.2 19.3 860±20 

I 10.9 10 28.2 17.7 1010±30 

J 10.9 15 28.2 18.3 930±20 

K 10.9 58 45.1 17.4 920±20 

L 10.9 23 45.1 13.8 1130±20 

They are manufactured by the GEMTEX laboratory 

(Roubaix, France). Efficiency measurements are 

currently in progress using a liquid monodispersed 

aerosol generator and a Scanning Mobility Particle 

Sizer.  

Virtual 3-D microstructures are generated 

using GeoDict2013 (www.geodict.com). Simulation 

domains considered in this work are at least 

25k
1/2

×25k
1/2

×Z where k is the experimental 

permeability. Inside the microstructure, each fiber is 

designed with an infinite cylinder length. The 

diameter of the fine fibers should be represented by 

at least 10 voxels. The fiber orientation is controlled. 

The airflow through the microstructure is governed 

by the Stokes and continuity equations. Filtration 

simulation is performed thanks to a Lagrangian 

description of the particle motion. Efficiency results 

from the balance between the upstream and 

downstream particle numbers. To be representative, 

averaged results obtained with microstructures 

generated using three random seeds as well as three 

particles initial positions are presented. The results 

are obtained using a cluster with 512 GB of RAM 

and a 4-hexa-core AMD CPU with a speed of 3.0 

GHz.  

 
Figure 1. 110x475 filter experimental confrontation 

for 3 filtrations velocities. 

 

The comparison between simulated and 

experimental data shows that GeoDict gives a quite 

good estimation of filtration efficiency in laminar 

flows, especially for low velocities. Parametric 

simulations are in progress in order to develop 

predictive models for efficiency as well as pressure 

drop and penetration profiles. 
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