
International Journal of Scientific Research and Management (IJSRM)  

||Volume||10||Issue||12||Pages||CE-2022-28-45||2022||  

Website: www.ijsrm.in ISSN (e): 2321-3418 

DOI: 10.18535/ijsrm/v10i12.ce01 

Andreza Porto Moura, IJSRM Volume 10 Issue 12 December 2022 [www.ijsrm.in]             CE-2022-28 

Numerical study of the filtering barriers influence to contain 

aerated particulate systems 
1Andreza Porto Moura, 1Aureo Alves de S. Neto, 2Eduardo J. S. Fonseca, 3Vanderson B. Bernardo, 

1,3José L. S. Duarte, 2Laís F. A. M. Oliveira, 1Leonardo M. T. M. Oliveira. 

1Technology Center of Federal University of Alagoas, Av. Lourival Melo Mota, s/n, Campus A.C. Simões, 

Tabuleiro do Martins, Maceió-AL, 57072-970, Brazil. 
2Physics Institute of Federal University of Alagoas, Av. Lourival Melo Mota, s/n, Campus A.C. Simões, 

Tabuleiro do Martins, Maceió-AL, 57072-970, Brazil. 
3Chemistry and Biotechnology Institute of Federal University of Alagoas, Av. Lourival Melo Mota, s/n, 

Campus A.C. Simões, Tabuleiro do Martins, Maceió-AL, 57072-970, Brazil. 

 

Abstract 

Since the high rate of viral proliferation caused by Covid-19, it was observed that microdroplets with a 

pathogenic load can remain floating when in confined environments due to their low densities. They are 

also subject to being transported very easily when in open environments, becoming potential agents of 

infection. It has motivated several researchers in the field of particulate systems to try understand how 

particles behave in more extreme conditions. Bearing in mind that the materials currently used have a low 

retention yield for liquid droplets, and that protection barriers against pathogens are present both in daily 

use in hospital application, from diagnosis to treatment, this work simulated computationally, in a Eulerian-

Eulerian approach, fluid particle retention efficiency in filter films. The simulated results indicated the high 

degree of retention of the filtering medium and the dependence of its saturation on the particle diameter and 

flow velocity, in which the greater the initial flow velocity and larger particles, the faster the saturation and 

detachment of particles, reducing the filter medium containment capacity. However, the results indicated 

that even so, retainer materials are efficient in reducing the proliferation of pathogenic loads. 

 

Introduction 

Materials for particle filtration have been widely used in several operations of the industry for solid-solid and 

fluid-solid separation systems. [1,2]. In addition, both in this and in the public health sectors, filter media 

appear in the form of collective and individual protection equipment in the prevention of respiratory risks due 

to the different types of contaminating particles to which these professionals are subject [3]. 

Current events relating to the COVID-19 pandemic have led International Commission on the Futures of 

Education [4] to classify this period as the greatest public health crisis of the century, which has been causing 

social, economic and educational disturbances to billions of people in the world due to the high speed of spread 

of the pathogen and the ability to cause deaths in vulnerable populations. 

Insufficient scientific knowledge about the virus has generated uncertainty about what would be the best 

strategies to be used to face the pandemic in different parts of the world [5], and in this way, several agencies, 

such as the World Health Organization and the Centers for Disease Control in the United States, have 

recommended social distancing and the use of face masks as a method to contain the spread [6, 7]. 

According to Fillingham et al. [8], the use of personal protective equipment (PPE) can help reduce the viral 

load in contact with people in confined environments, in addition to other collective protection equipment, 

such as barriers, also having proven efficiency in minimizing dispersed bioaerosols [9]. Besides that, 

according to Howard et al. [10], in closed environments, it is possible to have suspended particles with a size 

smaller than or equal to 1 μm, being potential contaminants even with PPE in constant use. Currently, it is 

known that the efficiency of masks, uniforms and barriers against droplets and bioaerosols in the air is a 

function of the type of material and their constituent layers, ranging from 50±7 to 97±2% retention for particles 

up to 300 nm [11]. 
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Tcharkhtchi et al. [12] studied the filtration efficiency and penetration mechanisms of particles in different 

types of masks and indicated that surgical and cloth masks are not very efficient for particles in the nanometer 

scale, filtering only micrometers. The respiratory ones, on the other hand, showed a high efficiency of retention 

of nanometric particles, although they are not popular due to the discomfort of use. The authors also attested 

that the parameters with the greatest influence on penetration were the particle size and its flow velocity. The 

mechanisms involved in the transport of pathogens through the filter media were interception, gravity and 

inertia for particles larger than 0.5 microns, while for particles smaller than 0.2 microns, diffusion was 

dominant. At high flows interception is the most present penetration parameter and at low flows diffusion and 

electrostatic interaction. 

Other studies have already indicated that the dispersion characteristics, and possible spread of infectious 

diseases, are highly dependent on the diameter and flow velocity of the droplets [13]. Thus, using 

computational fluid dynamics (CFD) numerical simulation, the dispersion of particles in the air can be 

analyzed and predicted. 

Fluid dynamic modeling can help identify properties of these materials, such as porosity, particle containment 

capacity in the porous medium and its permeability. Tang and Guo [14] suggested that one of the best 

modeling conditions to simulate particle dispersions is based on the Euler-Euler approach considering droplets 

as dispersed and polydisperse fluids (with clusters of varying diameters), in a particle model, in addition to 

using the RANS turbulence model k-ε type. Leonard et al. [15] used CFD to simulate the flow of aerosols 

through a surgical mask on a human face, including its average permeability and porosity characteristics, as 

well as gaps between the face and the PPE. In their simulations, it was noted that the surgical masks had a 

filtration capacity of up to 88.8% in particle capture and strong dependence on the particle diameter involved, 

showing lower efficiencies when these were smaller than 0.8 microns. 

Qian et al. [16] developed a numerical simulation of the gas-solid flow inside a fibrous filter medium by CFD-

DEM coupling, and evaluated the influence of the structural parameters of the fibers in terms of pressure drop, 

filtration efficiency, particle deposition and agglomeration. The authors found that with the increase in 

filtration time, accumulation and piling of particles occurs, increasing the pressure drop, which also increases 

as a function of the morphology of the fibers, that is, the greater their diameters, the greater the pressure drop. 

More recently, and turning to the current pandemic scenario, Mariam et al. [17] simulated in CFD the 

transmission of pathogenic particles of COVID-19 under different propagation mechanisms, in a confined 

environment considering the presence of two people at 2.0 meters apart, and assuming internal air movement 

through different entrances. The authors identified that the receptor was reached by the particles even under 

the condition of lower ejection speed, and these remained suspended in the environment even after 30 minutes 

after being launched. 

Although the cited works provide enough information to believe that facial PPE is safe and has the potential 

to mitigate the effects of a pandemic where most contagions occur through the oral and respiratory routes [18], 

in some regions of the world there is still resistance on the part of the population to credit the functional effect 

of the use of this equipment. At this point, the study of the filtering behavior of thin and standardized layers 

of materials subject to the flow of particles under conditions similar to those expelled by the human body, can 

help the development of advanced filtering media formed of varied materials and with increasing retention 

potentials. 

Thus, the present work aims the numerical simulation of filtering element retention efficiency with 

characteristics of a single layer of cotton surgical masks in a wind tunnel flow, via CFD Software, analyzing 

aspects such as the absence and presence of the medium filter, influence of particle size and flow velocity on 

the filtration process. It is expected, with this, to obtain more elements capable of ratifying the positive 

influence that PPE's have in controlling the spread of pathogens among people and to contribute to government 

agencies for their decision-making when faced with pandemic and epidemic scenarios. 

 

Materials and Methods 

The manuscript required the proposition of a domain to be treated as a control volume, numerical mesh 

generation, mathematical modeling to represent the expelled system and the filter medium, and boundary 

conditions adopted for the simulations. 
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Problem Geometry 
To elaborate the domains that represent the problem, two different cases were considered. The first case, 

shown in Figure 1(a), presents a small-scale wind tunnel, where there is an inlet region where the fluids are 

inserted into the system with a predetermined velocity, followed by an area where the fluids can circulate 

freely inside until the exit face. 

 

 
Figure 1: (a) Domain representation without filter media; (b) Representation of the domain with filter 

media. 

The length between the entrance and the exit is 1.5 meter, which is the appropriate value for distancing 

between people in cases of pandemics such as COVID-19, according to Australian Government Department 

of Health [19]. The fluid entry area is 1.34 cm², a value similar to the average cross-sectional area of human 

nostrils according to Gomes et al. [20]. In the other case, according to Figure 1(b), there is the presence of the 

filter medium in the domain. The input and output regions have the same dimensions mentioned previously. 

Computational mesh 
Meshes were generated using structured hexahedral elements. Quality tests were performed on these meshes 

to verify the best choice in morphological terms based on the 'quality' criterion available in the software, which 

can vary between 0 and 1, in which Ansys ICEM CFD considers good quality values greater than 0.3. The 

closer to 1, the morphological distribution of elements with excellent quality is obtained. The results achieved 

for the two meshes developed are shown in Table 1. 

Table 1: Quality characteristics of numerical meshes. 

Quality parameters  Without filtering media With filtering media 

Nodes number 72,600 203,793 

Elements number 79,139 223,227 

Quality 1.0 1.0 

Mathematical Modeling 

Aiming to represent the relevant phenomena to the problem, a modeling based on the conservation equations 

for flows in porous media was applied and, for such, the following simplifications were adopted: 

 

• Newtonian fluids; 

• Compressible flow for the gaseous phase and incompressible for the liquid phase; 

• Homogeneous and isotropic porous medium; 

https://www.health.gov.au/news/health-alerts/novel-coronavirus-2019-ncov-health-alert/how-to-protect-yourself-and-others-from-coronavirus-covid-19/physical-distancing-for-coronavirus-covid-19
https://www.health.gov.au/news/health-alerts/novel-coronavirus-2019-ncov-health-alert/how-to-protect-yourself-and-others-from-coronavirus-covid-19/physical-distancing-for-coronavirus-covid-19
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• Flow in transient regime; 

• Absence of chemical reactions; 

• Heterogeneous modeling, with equations solved for each phase; 

• Impermeable and static wind tunnel walls; 

• Two-phase flow (liquid particles and air) with application of the multiphase particle model; 

• The possibility of coalescence between the liquid phase particles was neglected. 

 

 The definition of mass conservation in fluid and porous media was applied according to Equations (1) 

and (2) respectively: 

 

                                                     
𝜕

𝜕𝑡
(𝛾𝜌𝛼𝑟𝛼) + ∇. (𝑲. 𝜌𝛼𝑟𝛼�⃗⃗� 𝛼) = 𝑆𝑀𝛼                                 (1) 

                                                       
𝜕

𝜕𝑡
(𝜌𝛼𝑟𝛼) + ∇. (𝜌𝛼𝑟𝛼�⃗⃗� 𝛼) = 0                                          (2) 

 

In these equations, 𝜌 represents the fluid specific mass, 𝛾 is the filtering media porosity, �⃗⃗�  is the velocity 

vector, and 𝑈𝑥, 𝑈𝑦, e 𝑈𝑧 are the components of this vector, and K refers to the second order tensor of “porosity 

area” which is represented as isotropic. The indices of α represent the same properties cited for a given phase 

α flowing in the fluid medium, and the term 𝑟𝛼 indicates the volumetric fraction of this phase, where ∑ 𝑟𝛼
𝛼=𝑁
𝛼=1 =

1, where N is the total number of phases present. The first term of the equation refers to the accumulation of 

mass in the pores of the filtering material; the second to the advective term of mass transport across boundaries, 

governed by the velocity gradient [21].  

In the porous medium, a mass source term was also inserted, 𝑆𝑀, in which data from the kinetic equation of 

absorption of a cotton fabric and water based on Hamdaoui et al. [22] to represent the saturation of the material 

over time, q (mg/g), with the collision of particles as indicated by Equation (3). Thus, the source term can be 

represented by Equation (4).  

 

                                                                𝑞 = 𝑘1𝑞𝑒𝑒
−𝑘1𝑡                                                      (3) 

 

                                                         𝑆𝑀 = −(1 − 𝑉𝑝). 𝜌𝑠𝑜𝑙 . 𝑞                                               (4) 

 

 Where 𝑘1 is the kinetic adsorption constant (s-1), 𝑞𝑒 is the amount of fluid adsorbed by the material at 

equilibrium (mg/g), t is the time (s), 𝑉𝑝 is the pore volume occupied by fluid and 𝜌𝑠𝑜𝑙 is the density of filtering 

material (kg/m³). 

The momentum conservation equations were applied as described in Equations (5) and (6) for porous and 

fluid media respectively, where the first term represents the accumulation of momentum in the system, the 

second represents momentum transport, the third indicates the momentum contribution by diffusion, Where 

𝜇𝑒 represents the effective viscosity of fluids, 𝑆𝑀𝑡 is the momentum source term ∇𝑝 is the pressure gradient 

involved in the process. The term(Γ+
𝛼𝛽�⃗⃗� 𝛽 − Γ+

𝛽𝛼�⃗⃗� 𝛼) in turn, also a diffusion term, represents the mass 

transfer between the phases, considering the fraction that is transported from α to β, and from β to α.  

 
𝜕

𝜕𝑡
(𝑟𝛼𝛾𝜌𝛼�⃗⃗� 𝛼) + ∇. (𝑟𝛼𝜌𝛼 . (𝑲. �⃗⃗� 𝛼)⨂�⃗⃗� 𝛼) 

−∇. (𝑟𝛼𝜇𝑒𝑲. (∇�⃗⃗� + (∇�⃗⃗� )
𝑇
− 2

3⁄ 𝛿∇�⃗⃗� )) = −𝛾∇𝑝𝛼                                                                                                  (5) 

 

 
𝜕

𝜕𝑡
(𝑟𝛼𝜌𝛼�⃗⃗� 𝛼) + ∇. (𝑟𝛼𝜌𝛼 . �⃗⃗� 𝛼⨂�⃗⃗� 𝛼) − ∇. (𝜇𝑒𝑟𝛼 . (∇�⃗⃗� 𝛼 + (∇�⃗⃗� 𝛼)

𝑇
)) = ∑ (Γ+

𝛼𝛽�⃗⃗� 𝛽 − Γ+
𝛽𝛼�⃗⃗� 𝛼)𝑁

𝛽=1 − 𝑟𝛼∇𝑝𝛼             (6) 
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The k-ε turbulence model was also applied for the continuous air phase, a widely used two-parameter and 

two-equation model [23, 24], que resolve para k a energia cinética turbulenta e para ε a taxa de dissipação de 

energia turbulenta [21]. As for the mixture containing air and particles, as it is a multicomponent fluid, the 

dispersed phase zero equation model was applied, which is also solved for two parameters, which solves the 

turbulent kinematic viscosity of the dispersed phase relating it to the Prandlt number turbulent and the 

turbulent kinematic viscosity of the continuous phase [21]. 

In the generated multiphase system, the particle model was used, and the drag contribution suffered by the 

particles was indicated by the Ishii Zuber model, which considers that these are not necessarily spherical, but 

the drag depends on their surface format, mainly in the representation of flowing particle systems [25], being 

able to be a good representation for those released in the air in sneezing and coughing within the considerations 

made. 

 

Boundary and initial conditions 

The filtering material was inserted into the software as a solid medium containing a porosity of 9.1%, this 

value for filtering cotton surgical masks, as described in the work of Jakšić e Nikola [26]. The materials used 

in the simulated domain contain a dispersed fluid phase with similar characteristics to expiratory particles in 

phenomena such as coughing and sneezing, Table 2, and a continuous gaseous phase similar to air. From data 

obtained by Han, Weng e Huang [13] e Kotb, Khalil [28], were used, 3.4 m/s, 10 m/s, 15 m/s e 25 m/s for the 

injection velocities of the fluid particles in the domain during an interval of 0.5 seconds, observing the flow 

for a total time of 1.0 seconds. The described speed of a sneeze ranges between 10 and 50 m/s, while 10 m/s 

is the approximate value of particles expelled by coughing [13, 28]. Thus, the work also evaluated the behavior 

at an intermediate value, 15 m/s, and, to simulate the behavior of particle transport from speech, it was 

simulated at 3.2 m/s [29]. The diameter of these varied by 10 µm, 74.4 µm and 100 µm. The value of 74.4 µm 

represents the average diameter of particles expelled in the sneezing process [13], and thus, this work extended 

the evaluation range to investigate the behavior of mainly smaller particles.    

As observed by Tang et al. [28], a human sneeze can vary from 0.06 to 0.3 seconds. Thus, aiming to simulate 

only a brief period of flow of the air-particle mixture in an attempt to represent a coughing or sneezing 

phenomenon, a UDF (User Defined Function) in CEL (CFX Expression Language) was inserted to guarantee 

the representation of a fluid pulse for a short time of 0.5 s, conditioning the flow to cease after this time. Time 

was extrapolated to simulate a generic case of sneezing, coughing or short speech. For the output, an opening 

condition with a relative pressure of 0 atm was applied. 

A mixture of fluids (air + particles) was created with a proportion of 10% by mass of particles and 90% of air, 

in order to represent the input fluid in the wind tunnel. The density and viscosity of the particles considered 

were also related to fluids expelled by the human respiratory system in the form of thicker saliva [30]. The 

applied fluids properties over the simulation time are shown in Table 2. 

 

Table 2: Properties and proportions of involved fluids. 

Fluid Density 

(kg/m³) 

Viscosity 

(Pa.s) 

Phase proportions Phase type 

Pseud-air 1.29 1.81.10-5 Continuous - 1 (m/m) Gas 

pseud-fluid 1100 1.5 Disperse - 1 (m/m) liquid 

Mixture - - Continuous - pseud-air - 0.9 (m/m) 

Disperse - pseud-fluid – 0.1 (m/m) 

liquid-gas ideal 

mixture 

 

At time equal to zero, the entire domain, both the fluid and the porous part, was set with a relative pressure of 

0 atm, and 100% saturation for air, which was considered with zero velocity. A fixed proportion of pseudo-

air and mixture of 0.5 for each phase was also maintained in the input condition. 

 

Case studies 

Three specific cases were analyzed: in the first, the objective was to understand the influence of the presence 

of a porous filter medium with a thickness of 1.0 mm in a flow that represented a sneeze at 25 m/s. Thus, for 
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this analysis, the parameters of velocity similar to that of particles expelled during a sneeze and average 

particle diameter at 74.4 µm were set, and the application or not of the filter medium was varied. 

The second case studied the influence of the flow velocity with the presence of the filter medium, which varied 

in 3.4, 10, 15 and 25 m/s under constant particle size of 74.4 µm. And finally, the influence of the particle 

diameter, 1.0, 10 and 74.4 µm, was evaluated in the filtering process under two extreme speeds, 3.4 m/s, 

representing the droplets flow by speech, and 25 m/s by observing it in a sneeze. 

 

Results and Discussion 

Filter medium influence 

Figure 2 shows the fluid flow in the windpipe for considerations in a system which there is no filter (Figure 2 

- Left) and in the presence of a filter medium (Figure 2 - Right). From Figure 3a, it is possible to see that there 

is no impediment to the particles flow. In this way, all the fluid injected into the domain follows the natural 

path to exit region, making the distance of 1.5 m highly filled. The domain containing the filter is shown in 

Figure 2 - Right, where it expresses the fluid injected and subsequently retained in the filter medium, allowing 

only small amounts of material to pass through the porous barrier. 

However, even if some amount of particles crosses the porous structure, it cannot reach even 30% of the tube 

length due to the imposed deceleration and retention action, keeping the mixture with the particles 

concentrated upstream from the filter and up to 35 cm downstream, even after 1.0 second flow. In the system 

without the retaining medium, it is observed, on the other hand, that after 0.5 seconds there is a low 

concentration of particles in the initial region of the windpipe, while in intermediate zones and close to the 

outlet they are more concentrated.   

 

Figure 2: Particle gradient profiles considering the system: Left - without the filter médium; Right - with the 

filter medium. 
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In Figure 3, the volumetric percentage of dispersed fluid in the safety region (1.5 meters) with and without the 

presence of the filter during the simulation time of 1.0 second was plotted. In the system without filter media, 

a high rate of increase in the amount of particles was observed in the outlet region, reaching a maximum limit 

of 8.36% at the time of 1.0 s, with some attenuation after that due to the absence of inlet flow and occurred 

dispersion. In the filtered system, it is evident that there is no significant increase in the rate of rise in the 

concentration of particles at the outlet, remaining in the range of 0.053% in 1.0 second of flow. 

 

 
Figure 3: Numerical comparison between the system with and without filter medium as a function of time. 

 

These results are in agreement with experimental tests developed by Sankhyan et al. [31], who evaluated the 

retention capacity of several cotton matrix masks, in which they obtained 83 to 99% efficiency for N95 

respirators.  

 

Velocity influence 

For influence of the injection speed of the fluid particles in the domain analysis, the other parameters were 

fixed. Thus, only the domain containing the filter medium with particles of 74.4 µm in diameter was used. 

Figure 4 presents the particle saturation gradient advancing in time at the porous and fluid and domain for 

each tested velocity. 
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Figure 4: Particle saturation gradients crossing the pore structure and fluid domain at different speeds: (a) 

3.2 m/s; (b) 10 m/s; (c) 20 m/s; (d) 25 m/s. 
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Observing the velocity gradients in Figure 4, it is noted that at speech-related velocities, 3.4 m/s, in 1.0 second 

there is a great deceleration and accumulation of particles upstream of the filter medium, with a slight passage 

of particles after this time at only about 5.0 cm in front of the membrane. With the increase in speed to 10 m/s, 

there is a dispersion of particles downstream of the porous screen of up to 30 centimeters. At 15 m/s this 

advance reaches 65 cm, and at 25 m/s it reaches 85 cm. It was also evidenced that for the particular case of 25 

m/s, representative of a sneeze, although the filter medium generates deceleration and accumulation of 

particles upstream, it was still possible to notice a high concentration of injector fluid, around 60%, in up to 

40 cm downstream of the filter. Figure 5 represents the volumetric fraction of droplets in the event of a sneeze 

that accumulate in the filter medium over time, depending on the initial flow velocity. 

 

Figure 5: Volumetric fraction of particles in (a) filter media and (b) windpipe outlet as a function of time. 

 

Evaluating the graphs in Figure 5a, one can see how much the injection speed interferes with the volume of 

fluid accumulated in the filtering material. Up to a time of 0.4 seconds, there is a great increase in the fluid 

concentration in the filter medium, and after that time, only at 3.4 m/s does the concentration remain around 

80% stable, indicating the major retention of the fluids, behavior evidenced in the gradients of Figure 4a. For 

the other speeds, there was a slight drop in concentration in the filter, suggesting that part of the particles were 

detached due to the high drag. Figure 5b shows that, although all outflow concentrations were shown to be 

low, at the velocity of 25 m/s it still reached 0.055% in 1 second, indicating that this fluid spread in 

environments without circulation could eventually prove to be problematic, especially if the particles are 

highly transmissible pathogens. 

 

Influence of expelled particles size  

Figure 6 allowed the analysis of the volume of fluid expelled under the fixed velocity of 25 m/s considering 

the variation in the particles diameter. It was observed, as shown in Figure 6a, that for 1 µm particles there 

was increasing accumulation in the filtering medium, indicating that aerosol particles are likely to sustain and 

saturate in the presented filter, although the increasing concentration profile indicates that, for times greater 

than 1.0 second, it is possible that the system saturates and initiates a process of detachment of these particles. 

Likewise, at a size of 10 µm there is a gradual increase in the volumetric fraction of particles in the filter and, 

after a maximum of around 0.6 seconds, a slight decay begins. A similar behavior is noted for the 74.7 µm 

particles, but these reach a maximum volume fraction on the filter at an earlier time of 0.2 seconds, starting 

then their decay. These results corroborate the idea that larger diameter particles are subject to agglomeration 

more quickly, occupying the spaces available in the filter medium and, by agglutination, preventing other 

particles from occupying space in the pores of the material. At the exit of the wind tunnel, as indicated by 

Figure 6b, it is suggested that only the 74.4 µm particles arrived at higher concentrations of 0.055%, since the 

others were retained more efficiently in the time of 1.0 s, in addition to are substantially the least dense, 

suffering dissipation of their little energy in shocks in the porous system. 
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Figure 6: Volumetric fraction in terms of particle diameter in (a) filter media and (b) windpipe outlet for a 

velocity of 25 m/s. 

 

Figure 7 presents the same comparison of behavior in terms of particle diameter, but regarding to a 3.2 m/s 

and only for the filter medium. The tube outlet results for all diameters showed a zero amount of particles in 

the evaluated time of 1.0 second. 

 
 

Figure 7: Volumetric fraction in terms of particle diameter in the filter medium for a velocity of 3.2 m/s. 

 

In this case, a proportional relationship between particle diameter and retention was noted. As the particle 

diameter increases, a greater and faster saturation of the porous medium is observed, supposedly due to the 

occupation effect, both of the space upstream of the filtering medium, and of the empty spaces contained in 

the material. With the low flow velocity, it is evident that the profiles assume similar saturation behaviors, 

with a faster start until close to 0.35 s, a peak at 0.5 s, and finally a stabilized attenuation. 

Figures 8 to 11 show the inlet mixture flow plans, with emphasis on the regions immediately upstream 

and downstream of the filtering body. It can be seen from Figure 8, with the system under a speed of 3.2 m/s 

and 1 µm, the presence of high vorticity and recirculation of particles upstream from the porous medium, 

which explains the low rate of adhesion to the pores observed in evaluations previous. It is noted that as the 

particles recirculate in the entrance region, they lose energy and reduce their speed, to the point where, 

combined with the flow loss, the circulation becomes extremely slow in 1.0 second, in the range of 0.01 m/s. 
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Figure 8: Flow in the windpipe for a velocity of 3.2 m/s at 1 µm particle size. 

In Figure 9, the inlet fluid is subject to the same process of generating vortices, recirculation and deceleration, 

however, it is noted that the particles subject to agglomeration begin the process of detachment and passage 

through the porous medium, which contributes to reducing the intensity turbulence upstream of the filter 

medium.   
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Figure 9: Flow in the windpipe for a velocity of 3.2 m/s at 74.4 µm particle size. 

Figure 10 shows that under 25 m/s, 1 µm aerosol particles also generated a turbulence effect upstream, 

however, due to the high velocity, they tended to accumulate and quickly saturate the central region of the 

porous medium and initiate the early detachment process. In Figure 11, with particles of 74.4 µm at 25 m/s, it 

can be seen that two phenomena, agglomeration with detachment and dragging, are present and responsible 

for ensuring that both the upstream region has recirculation zones smaller than in the other cases analyzed, 

when the downstream region presents a greater inlet fluid saturation, mainly during the injection process.  
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Figure 10: Flow in the windpipe for a velocity of 25 m/s at 1 µm particle size. 
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Figure 11: Flow in the windpipe for a velocity of 25 m/s at 74.4 µm particle size. 

 

Comparison of model with real data 

The applied model shows that, for all applied particle velocities and sizes, the presence of the physical barrier 

reduces both the amount of droplets that permeate the wind tunnel and the distance traveled by them. These 

results are in agreement with empirical observations and experimental results, discussed below. 

Amendola and collaborators [32], using equipment that mimics the breathing process, showed that surgical 

masks are capable of retaining more than 97% of particles larger than 0.28 µm. The speed of propagation of 

air expelled during breathing, 1.4 m/s [28], approaches the lowest flow value applied in the simulation 

referring to speech, and this is translated into the close correlation between the experimental result, 97 to 100% 

[32], and that predicted by the model (above 90% ). 

Simulation data shows that increasing speed reduces the amount of material retained in the filter material. For 

the same particle size (74 µm), the volumetric fraction in the filter media is reduced by 25.1% when the 

velocity increases to 3.2 for 10 m/s, 28.3% for 20 m/s, and 40.7% to 25 m/s. This reduction in filtration 

efficiency as a function of particle flow is supported by experimental data [33, 11, 34], which confirm the high 

impact that velocity has on the particle holding capacity of the filter media. 
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As previously presented, when the speech velocity (3.4 m/s) is applied, the small number of particles that pass 

through the filter medium reach a maximum distance of 5 cm downstream of the filter medium. Radney and 

collaborators [35], using an apparatus formed by a filtering membrane and a PVC pipe on a wooden support, 

demonstrated that, at low speeds, the behavior predicted by the model presented here is the same as that 

observed in the laboratory, with no particles at distances greater than 5 cm when the filter medium is applied. 

About the protective effect of the mask when particles are expelled at higher velocity, the 40 cm limit for most 

droplets is validated both by experimental data and other simulation results. In the model proposed by Dbouk 

and Drikakis [36] it is suggested that, when the filtering membrane is used, even though some particles can 

reach distances of up to 1.2 m, most of the fluid loses speed and reaches a maximum distance of 35 cm. These 

predicted maximum distances are similar in closed box and benchtop, which demonstrated that, when surgical 

masks are used, the few particles able to pass through the membrane were concentrated up to 1 foot (~30 cm) 

downstream of the filter medium [37]. 

Table 3 shows how the results of the model applied in the present work relate to experimental data 

available in the literature. 

Table 3 - Comparison between the data generated by the model of the present work and results of real 

experiments. 

Parameters Simulation Experimental data Reference 

Adsorptive capacity at low 

propagation speed 

> 90 % 97 – 100 % [32] 

Reduction of the volumetric 

fraction in the filter medium due to 

the increase in the injection speed 

> 40 % > 50 % [33]; [11]; [34] 

Maximum distance traveled 

downstream of the filter medium at 

low injection speed 

5 cm 5 cm [35] 

Maximum distance traveled 

downstream of the filter media at 

high injection speed 

40 cm 35 cm* 

30 cm 

[36] 

[37] 

* Mimetic model based on data from real experiments 

  

Conclusions 

The Euler-Euler modeling represented the dispersion of expiratory particles in the presence and absence of a 

filter medium and allowed presenting the efficiency of the porous barrier in controlling the dissemination of 

particles, which could carry viral pathogens. It was also possible to analyze the influence of the diameter of 

fluid particles in the medium, where smaller diameters are easily carried by the air, but are subject to saturate 

the filter medium and undergo recirculation upstream of the filter and slow down, while larger particles can 

quickly saturate the pores of the material and detach, especially when subjected to high speeds, increasing the 

rate of contamination of the environment. The flow velocity proved to be another interference factor in the 

volume of fluid accumulated in the filter material, making it reach saturation faster for higher particle entry 

rates in the system. Furthermore, it was possible to observe, through comparison of computational data with 

results of experiments published in the literature, that the proposed modeling fits real situations. Therefore, 

considering the simulated model, it was possible to infer the positive influence of the use of porous filtration 

systems, including as PPE, reducing the contamination of fluid particles after the safety distance of one and a 

half meters to values close to zero, allowing to present the filter material as a potential mitigating agent of 

viral transmission. 
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