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Abstract. Outdoor physical activities are essential for maintaining a healthy lifestyle, but 
they can also expose individuals to harmful air pollutants such as particulate matter. 
Particulate matter, especially those with a diameter of less than 10 µm (PM10), can penetrate 
deep into the lungs and cause adverse health effects such as respiratory diseases, 
cardiovascular diseases, and even premature deaths. Consequently, masks are essential while 
outside with high PM pollution. Additionally, the COVID-19 pandemic has made it 
necessary for people to wear masks as a protective measure against the virus while engaging 
in outdoor activities. However, not all masks provide adequate protection against both the 
virus and particulate matters. This study aimed to investigate the effect of weave patterns 
on the filtration performance of woven filter cloths using Computational Fluid Dynamics 
(CFD) simulations. A laminar-flow model was applied due to low Reynolds number of the 
face velocity. Specifically, the study focused on PM10. The filtration process was examined 
in a relation to three weave patterns: plain weave, twill weave, and satin weave, using the 
CFD model. The Discrete Phase Model (DPM) was used for simulating the particulate 
matter trajectories. The numerical model was validated with the data from Konda et al (2020) 
[19]. The results showed that the twill and satin weaves had higher filtration efficiencies than 
the plain weave. Finally, the findings of this study will be used to guide the manufacturing 
of masks that are suitable for protecting individuals from the dust and viruses while 
exercising. 
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1. Introduction 
 
Air pollution is an environmental problem that 

directly affects the respiratory system and health of all 
living organisms, humans including [1]. This can occur 
naturally or may be caused by humans, such as roadside 
pollution, open burning, factory pollution, agricultural 
activities, and some types of gas emissions. The most 
concerned pollutants at present are PM2.5 and PM10 (PM 
with an aerodynamic diameter of 2.5 µm or less and 10 µm 
or less, respectively), which are increased significantly 
from the past [2], making it necessary for people to wear 
masks that can filter these particulate matters when being 
exposed in a polluted environment.  

Since year 2019 the COVID-19 disease has caused 
global infections, illnesses, and deaths, and had a 
significant impact on daily life. In addition to the spread 
of particulate matter, it is now believed that the SARS-
CoV-2 virus can also spread through inhaled aerosols [3]. 
The Centers for Disease Control and Prevention (CDC) 
recommend wearing a respiratory mask or face covering 
in public places and practicing social distancing to prevent 
the spread of the virus [4]. Therefore, it is necessary to 
wear a mask when in a risky environment, even while 
exercising, to prevent the infection. While N95 or other 
equivalent masks are recommended, they tend to be less 
comfortable and can make it difficult to breathe during 
exercises [5, 6]. Thus, cloth masks have been considered 
as a substitute for exercising.  

Cloths come in various weaving styles which is a 
repeated pattern of the basic designs. The common 
weaving styles are Plain, Twill, and Satin, but each style 
can be further subdivided. Each style provides different 
size gaps and has different efficiency in filtering, which 
affects the strength, flexibility, and beauty of the fabric [7]. 
Additionally, the type of fabric also affects its filtering 
ability, such as Cotton, Chiffon, or Silk, which are woven 
from different thread densities. Moreover, there are non-
woven fabrics that can be made from polymers without 
weaving or knitting. Tung et al. (2002) [8] reported that 
satin weave fabrics allow for more efficient fluid flow 
compared to plain weave fabrics under the same thread 
count. The research conducted by S.I. Green (2008) [9] 
suggested that changing the position of fibers affects the 
fluid behavior and pressure drop across the fabric. Studies 
have been conducted to analyze the filtration efficiency of 
individual fibers using ANSYS CFD [10], Lattice-
Boltzmann method, or Discrete Element Method (DEM) 
[11]. However, these studies were conducted based on 
individual fibers which cannot fully represent the actual 
filtration efficiency of real fibers. Therefore, recent studies 
have focused on using real fibers to mimic the filtration 
process. Real fibers are classified into three categories 
based on their structure: unidirectional, 3-Dimention 
random, and layered [12]. 

There are five mechanisms in the filtration of aerosol 
in sub-micron size fibrous media: inertial impaction, 
gravity, direct interception, diffusion, and electrostatic 
interaction [13, 14]. When dealing with aerosols ranging 

from approximately 1 µm to 10 µm in diameter, both 
direct interception and inertial impaction [15] are the 
significant mechanisms. Direct interception happens 
when the particles encounter filter fibers and get stuck due 
to their size and shape. On the other hand, inertial 
impaction occurs when larger particles cannot follow the 
path of the gas streamlines and instead collide with filter 
fibers due to their momentum. And lastly, diffusion 
filtration is effective for capturing particles smaller than 
0.1 µm in diameter due to their susceptibility to Brownian 
motion and lower inertia [16]. Each filtration method is 
suitable for different particle sizes, types, and masses, and 
their efficiencies often overlap, leading to varying levels of 
retention efficiency. The filtration mechanism with the 
lowest efficiency is Brownian diffusion filtration, which is 
the most effective for smaller particles. In contrast, inertial 
impaction and interception filtration become dominant at 
higher particle sizes and exhibit the highest penetration for 
particles of a specific size range. The Most Penetrating 
Particle Size (MPPS) varies depending on the filter type 
[17]. Brownian diffusion is known to be dominant when 
the particle size is very small and obtaining filtering 
efficiency is difficult. As a result, this simulation attempts 
to predict the performance of filter cloth with particle 
sizes ranging from 30 nm to 10 µm. 

The objective of this research is to investigate the 
effects of weave patterns on the filtration performance of 
woven filter cloths using the CFD simulations by Ansys 
Fluent software (Ansys Inc., Pennsylvania, United States). 
The Laminar model was used due to the low Reynolds 
number of the face velocity. It is also aimed to determine 
the most efficient weaving pattern for cloth masks suitable 
for exercise. 

 

2. Methodology 
 
2.1. Model Geometry 
 

The model geometry of the fibers was created 
according to Peirce's mathematical model as shown in Fig. 
1 [18]. Peirce’s model was utilized to determine the 
parameters for the geometrical structure of a plain weave 
fabric with circular threads. The mathematical equations 
which relate the fabric structural parameters in Peirce’s 
model are as follows [18, 19]: 
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where Dj and Dw are the diameters of warp and weft; αw 

and αj  are the spacing between the adjacent weft or 

warp; cj and cw are the warp and weft shrinkage of 
fabric; hj and hw are the crimp wave heights of warp or 
weft; lj and lw are the crimp wave lengths of warp or 
weft; Lj and Lw are the lengths of warp or 
weft; Nj and Nw are the numbers of warp or 
weft; θj and θw are the contact angles of warp cover on 
weft or weft cover on warp; A is the length of the fabric; 
and B is the width of the fabric.  

However, some geometrical shapes such as tangential 
connection and partial overlap were modified to improve 
the mesh quality. Thus, the above model was slightly 
adjusted. The computational domain was generated to 
represent the fabrics area of 4.5mm x 4.5mm which 
covered the smallest repeating pattern of the fabrics in this 
study. In addition, 80 and 300 threads per inch (TPI) 
woven fabrics were simulated for model validation [20] 
and further analysis. The fibers' warp and weft diameters 
were both 0.27 mm. The distance between the warp cover 
and the weft is 0.27 mm and the contact angle is about 
29.21 degrees. The model is shown in Fig. 2. 
 
2.2. Computational Domain and Meshes 
 

To prevent any objects or surfaces from obstructing or 
disrupting the smooth and continuous movement of the 
fluid, the inlet and outlet were separated from the fibers 
approximately 10 times the diameter of the fiber [21]. 
Thus, the flow field was assumed to have no effects on the 
inlet and outlet calculation zones. The dimension of the 
computational domain was 4.5 mm x 4.5 mm x 6.12 mm 
as shown in Fig. 3. In addition, the meshes were composed 
of 3.4 million tetrahedral elements, with an overall element 
size of 0.08 mm. However, the meshes in the body of 
influence were slightly finer to capture the gradients that 
occurred in the fiber zone. This helped reduce the element 
size and improve the mesh quality for the curves and the 
overlapping parts. The average value of the skewness was 
0.21. The meshed geometry is shown in Fig. 4. 
 
2.3. Governing Equations 

 
The required governing equations included the 

conservations of mass and momentum (temperature 
gradient neglected). Based on Reynolds number 
calculation, the flow regime was laminar. Thus, Navier-
Stokes equation was applied for momentum conservation. 
It can be written as follows: 
 

 ρ
Du⃑ 

Dt
 + ∇p = µ∇2u⃑   +ρg⃗+ S⃑ add   (9) 

 

where p is the static pressure,  is the fluid density, u⃑   is 
the fluid velocity, 𝜇 is the dynamic viscosity and g⃗ is the 

gravitational acceleration and S⃑ add is for additional source 
terms. 

In addition, to simulate the gas-solid two-phase flow 
the Discrete Phase Model (DPM), which applies the 
Euler-Lagrange approach [22, 23], was used. The DPM 
tracks particles in a continuous flow regime. The particles 
are considered as separate entities that move through the 
fluid by following the fluid velocity field in this technique. 
In addition, the model is suitable for a situation in which 
the particle volume fraction is so small relative to the fluid 
volume, such that the presence of the particles has no 
major effect on the flow field [24]. The trajectory of 
particles is governed by Newton’s second law of motion, 
which includes drag and buoyancy forces. In this study, 
for sub-micron particles additional forces such as 
Brownian and Saffman’s lift force were integrated. The 
force-balance equation for the particle flow can be 
expressed as follows:  

 
∂up⃑⃑  ⃑

∂t
= FD (u⃑ - up⃑⃑  ⃑)+ 

g (p- )

p

 + Fi
⃑⃑⃑   (10) 

 

where u⃑ p is the particle velocity, 
p
 is the particle density 

which was considered as the density of sodium chloride 

(i.e., 2170 kg/m3), 𝐹𝑖⃑⃑  is additional acceleration terms. The 
expression of FD or drag force is as follows: 
 

 FD=
18

pdp
2CC

  (11) 

 CC= 1 + Knp (1.257 + 0.4e-1.1 Knp⁄ ) (12) 

 
where dp is the particle diameter, CC is the Cunningham 

correction factor [25], Knp = λ/dp is the Knudsen number, 
and λ is mean free path of the fluid molecule. For the 
submicron particles with very low Reynolds number, 
Saffman's lift force (FS) was included [26]. The expression 
of FS is as follows: 
 

 FS = 
2Kν1 2⁄ dij

pdp(dlkdkl)
1 4⁄  (u⃑ - up⃑⃑  ⃑)  (13) 

 

where K = 2.594, ν is the kinematic viscosity of fluid, and 
dij is the deformation tensor. Furthermore, Brownian 
force (FB) was also considered for the small particles. 
However, when the velocity is increased the effect of 
Brownian force may decrease. The expression of FB is as 
follows: 
 

 FB= √
216µkBT

p
2dp

5CCt
  (14) 

 
where ξ represents a random number from the standard 
normal distribution, kB is the Boltzmann constant, T is 
thermodynamic temperature, and Δt is time step.  
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For micron particles, the Spherical law of drag force 
was used, and the impact of gravity was considered [27]. 
The expression of the drag force is as follows: 
 

 FD=
3ηCDRe

4pdp
2    (15) 

 Re̅̅ ̅=
dp| up⃑⃑  ⃑ - u ⃑⃑  |

µ
   (16) 

 CD=
24

Re
 (Re   0.1)  (17) 

 CD=3.69+22.73√Re+0.0903√Re2  (0.1   Re  1) (18) 
 

where Re is the Reynolds number, 𝑅𝑒̅̅̅̅  is the relative 
Reynolds number, and CD is the drag coefficient. For the 
relative Reynolds number of less than 0.1, the drag 
coefficient CD of 24/Re and the Stokes Cunningham drag 
law were applied. Moreover, when the relative Reynolds 
number is between 0.1 and 1, the spherical drag law 
provides a more precise description of the drag coefficient 
CD.  
 
2.4. Boundary Condition 

 
This simulation was performed in steady state with the 

Laminar flow model using Ansys Fluent software. The 
boundary conditions for the inlet and outlet were set to 
‘velocity inlet’ and ‘pressure outlet’ respectively. The inlet 
and outlet boundary conditions for the DPM were set to 
‘escape’. In addition, the surfaces of the fibers were 
specified as ‘trap’ condition. This was to account for 
particle deposition onto the filter fibers. The inlet and 
outlet were positioned away from the fibers at a distance 
of 10 times the fiber diameter to avoid disturbing the fluid 
flow. As a result, the fluid may be assumed to be 
completely developed in the control domain, and the 
particles to be in an undisturbed flow field. In the study of 
Konda et al (2020) [20], the researchers evaluated the 

filtration efficiency of commonly available fabrics used in 
cloth masks. Sodium chloride aerosol particles were 
employed to replicate respiratory droplets and aerosols 
[20]. They utilized an aerosolized NaCl solution to 
generate particles in two size ranges: less than 300 nm and 
greater than 300 nm. The size dimensions and 
concentrations were measured using specialized particle 
sizers. NaCl aerosol particles were also used in this study. 

 The Discrete phase model was used in this study to 
simulate the transport of NaCl aerosols. Surface injection 
was used to introduce the particles to the control domain 
by specifying the mass flow rate. The particle distribution 
was estimated from the study done by Konda et al (2020) 
[19]. All particles were inert, and the total mass flow rate 
of NaCl aerosols was computed from ultrafine particles 
ranging in sizes from 6 to 220 nm recorded near a major 
highway [28]. To achieve the filtering mechanism, the 
Saffman’s lift force and Brownian motion function were 
activated in the DPM. Moreover, the buoyancy force was 
applied when the gravity force was enabled.  The outlet 
was set as pressure-outlet condition which equals to the 
atmospheric pressure. Additionally, the simulated fibers 
were only a portion of the filter cloth; and there was no 
substantial lateral airflow present. Consequently, the 
symmetry boundary condition was applied to the walls of 
the computational domain [29]. Since Knudsen number 
was very low, thus the flow was the stoke flow. 
When the intensity of the activity increases, so does the 
rate of breathing. The lowest and maximum breathing 
flow rates are 6 and 85 litres per minute (LPM), 
respectively [30]. In this study, the flow velocity was 
estimated for the typical mask area of 190 cm2 [31]. The 
values ranged from 0.5 to 7.5 cm/s for 6 and 85 LPM 
breathing flow rates, respectively. 
 
 

 

 
Fig. 1. Peirce geometric model of woven fabric [19].  
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Fig. 2. The geometry of the fibers model of which the weft and warp have equal diameters, i.e., 0.27 mm, to resemble 
quilter's cotton with a thread count of 80 threads per inch.

 
Fig. 3. Simulation domain and boundary conditions (solid-volume-fraction of fibers to the simulation domain of about 
0.27 and fiber diameter (df) of 270 μm). 
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Fig. 4. The meshed geometry with an overall element size of 0.08 mm and a slightly finer mesh of 0.05 mm in the body 
of influence zone. 
 
2.5. Investigation of Weave-Pattern Effects on the 

Filtration Performance 
 
Three basic weave patterns of filter cloths were 

studied. These include plain, twill, and satin weave. When 
there are changes in the interlacing or weaving pattern of 
fibers, they can have an impact on the airflow passing 
through the filter fabric. A modification to the weave 
pattern can lead to corresponding changes in the airflow 
characteristics as it moves through the fabric. 
Consequently, the movement of particles through the air 
is also affected, resulting in different filtration efficiencies. 
This study neglected the change in fiber size caused by 
particle deposition on the fibers. Despite the distinct 
patterns of satin, twill, and plain weave, to adequately 
compare the effects of weave pattern it is essential to 
maintain the same fiber diameter (i.e., 0.27 mm), contact 
angle (i.e., 29.21 degrees), and thread count (i.e., 80 or 300 
TPI). 

 
3. Results and Discussion 

 
3.1. Model Validation 

 

Pressure drop 
 
Pressure drop of the fibrous media is an important 

factor. The flow of air through the fibrous media is 
laminar. The expression of pressure drop follows the 
Darcy-Forchheimer equation which has been extensively 

used in literature to explain the pressure drop of fibrous 
media. It can be written as follows [32]: 

 

 
∆p

L
= f(α)

µv

df
2  (19) 

 

where L is the filter medium thickness, f( α ) is the 
dimensionless drag coefficient as a function of solid-

volume-fraction (SVF), α is the solid volume fraction of 

fibrous media, v is filtration velocity, and df is the fiber 

diameter. Many formulas for f( α ) based on different 
theories exist, for example: the formulas from Happel 
(1959) [33], Kuwabara (1959) [34], and others. The 
expression from the study of Happel (1959) is simply 
defined as follows: 
 

 f(α)= 
16α

-0.5lnα -0.5
1-α2

1+α2

  (20) 

 
The expression from the study by Kuwabara (1959) 

was given on the basis that the surface curl of cylinder was 
zero, more precisely if the horizontal and vertical distances 
between fibers are equal. The expression from Kuwabara 
(1959) is as follows: 

 

 f(α)= 
16α

-0.5lnα +α-0.75-0.25α2
  (21) 

 
Other two popular expressions were proposed by 

Davies (1973) [35] and Rao (1988) [36], which were 
experimental and numerical studies, respectively. Both 
studies investigated the pressure drop of fibrous medium. 
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The expressions for Davies’ and Rao’s models are written 
in Eq. (22) and (23), respectively. 

 

 f(α)= 64α1.5(1+56α3)  (22) 

 f(α)=2.653α+39.34α2+144.5α3 (23) 
 

The comparison of the simulated pressure drops at 
different filtration velocities for a plain weave model with 
the values from Happel’s and Davies’ models is illustrated 
in Fig. 5. The plain weave model was consisted of 300 TPI 
with a diameter of 0.065 mm. Equations (1)-(8) were used 
to create the model. It is shown that the simulated results 
from this study are in good agreement with the Happel’s 
and Davies’ models, which are theoretical and empirical 
models, respectively. These findings demonstrate that the 
simulated fiber model can accurately predict the filtering 
performance of real filter cloths. Overall, these results 
provide strong validation for the use of this simulation 
model to explore the impact of different weave patterns 
on the filtration efficiency of woven filter cloths. 
 

Filtration efficiency 
 
The filtration efficiency (E) of the fibers can be 

written as follows: 
  

  

 E=1-
Nout

Nin
 (24) 

 
where Nin and Nout are the total numbers of particles at 
the inlet and outlet, respectively. The simulation was 
validated by comparing its results with the data obtained 
from Konda et al (2020) [20]. The values of filtration 
efficiency of Quilter's 80 TPI cotton mask at a flow rate 
of 1.2 cubic feet per minute (CFM) were compared as 
shown in Fig. 6. In addition, Sodium Chloride (NaCl) 

aerosols were employed to create particles of varying sizes, 
i.e., 28, 37, 49, 65.5, 87.5, 116.5, 155.5 and 450 nm. 
 In this study, the behaviours of the particles were 
determined by the forces acting on the particles with 
different sizes (i.e., drag force, Brownian force, and 
Saffman lift foce.). The trajectories of the particles were 
simulated by DPM. Brownian force was applied to analyse 
the particle diffusion. Particle deposition was estimated by 
the ‘trap boundary condition’ in the DPM which traps the 
particle and terminates its trajectory after the particle hits 
the surfaces of the fibers. Figure 6 shows the validation of 
simulated filtration efficiencies with the results from the 
experiment by Konda et al (2020) [20]. From this figure, 
the simulated filtration efficiencies are higher than the 
experimental data for particles with sizes smaller than 
about 0.3 µm. It might be explained by the trap boundary 
condition which over-predict the deposition of these small 
particles. In addition, this study did not consider the 
expansion of fiber cross-section and dendrite formation 
due to particle deposition. These can occur in the 
experiment and enhance the interception [37] a major 
mechanism for larger particles (i.e., approximately 1 μm 
and larger). Moreover, the simplifications to the 
computational geometry, in which tangential connection 
and partial overlap were modified to improve the mesh 
quality, might increase inter-fiber gaps and result in 
reduced flow velocity through fiber zone, leading to lower 
inertial impact especially for larger particles. Consequently, 
the filtration efficiency for larger particles in the 
experiment is higher compared with the simulation. 
Furthermore, the micro-structures of fiber materials 
which were neglected in the simulation can also contribute 
to the deviation of the simulated results from the 
experimental data [37]. Finally, despite these limitations, 
the CFD model can follow the trend and can provide the 

prediction within the variability of the experimental data. 
 

 

 
Fig. 5. Comparison of pressure drop from the experimental studies and the simulation (plain weave model with 0.065 
mm diameter and 300 TPI). 
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Fig. 6. The filtration efficiencies of cotton plain-weave with 80 TPI and at a flow rate of 1.2 CFM. 
 

 
Fig. 7. Filtration efficiency of plain, satin, and twill weaves with 300 threads per inch at varied filtration flow velocities: 
(a) 0.05 m/s and (b) 0.27 m/s. 
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3.2. Influence of Weave-Pattern 

 
The impact of weave patterns on the filtration 

performance plays an important role in filtration system 
optimization. A modification to interlacing of fibers or 
weave pattern has a direct impact on the flow 
characteristics and filtration efficiency. This section will 
discuss the influences of three common weave patterns: 
plain weave, satin weave, and twill weave, on the filtration 
efficiency at two different flow velocity, i.e., 0.05 m/s and 
0.27 m/s, which represent resting and moderate exertion, 
respectively [30]. Higher velocities during exertion can 
lead to increased turbulence in the airflow, potentially 
causing particles to deviate from their original trajectories 
and disperse more widely. Resulting in particles that follow 
the air will also cause different filtration efficiency. 

Figure 7 illustrates the filtration efficiencies of 
different weave patterns, namely plain, satin, and twill at 
flow velocities of 0.05 m/s (Fig. 7a) and 0.27 m/s (Fig. 7b), 
all having a thread count of 300 TPI. The results are 
consistent with the characteristics of the total filter 
efficiency for particles with different sizes as illustrated by 
Hinds (1999) [32]. That is, diffusion is the only important 
mechanism for submicron particles and diminished for 
larger particles. Interception and inertial impaction are 
negligible for small particles but become the major 
mechanisms for larger particles. In addition, all filters have 
minimum efficiency at the in-between sizes, usually about 
0.05 – 0.5 µm, in which particles are too large for diffusion 
and too small for interception or inertial impaction [32]. 
The associated particle size ranges can vary depending on 
the characteristics of filter materials and face velocity. 

In addition, Fig. 7 consistently demonstrate that the 
satin weave exhibits the highest filtration efficiency, 
followed by the twill weave, while the plain weave 
consistently performs the least efficiency for both 
velocities. Interestingly, the filtration efficiencies of the 
satin and twill weaves show similar results in capturing 
very small particles in submicron range and larger particle 
of micron sizes at both tested velocities. This 
phenomenon is consistent with the study by Cao et al. 

(2020) [27]. As the particle size becomes smaller (e.g., 10 
nm) in the submicron range, Brownian diffusion has a 
particularly notable effect on filtration efficiency at both 
velocities regardless of the weave pattern. It greatly 
depends on the particle size and fluid properties [38]. 

 
4. Conclusion 
 
This study was aimed at investigating the impact of weave 
patterns on the filtration performance of woven filter 
cloths. The Computational Fluid Dynamics model was 
developed and validated with the values of pressure drop 
and filtration efficiency from empirical and theoretical 
models, as well as experimental measurements [20, 33, 35]. 
From the comparison of pressure drop, the simulated 
results indicate a good agreement with both the empirical 
model (Davies’ model [35]) and the theoretical model 

(Happel’s model [33]). Additionally, the validation of 
filtration efficiency showed slightly over-prediction for the 
submicron particles and under-prediction of larger 
particles. However, the simulation was still able to follow 
the trend and provide the prediction within the variability 
of the experimental data [20]. The findings from this study 
revealed significant variations in filtration efficiency 
among different weave patterns, namely plain, satin, and 
twill weaves. The results consistently demonstrated that 
the satin weave exhibited the highest filtration efficiency, 
followed by the twill weave, while the plain weave 
consistently performed the least effectively across all 
tested velocities. The study additionally illustrated the 
impact of particle size on filtration efficiency. For example, 
Brownian diffusion was a dominant mechanism for 
smaller particles, resulting in similar filtering efficiency 

across all weave designs at the particle size of 10 nm. In 
addition, as the particle size increased (i.e., 0.01 – 10 µm), 
the impact of the weave pattern became more evident. 
The influence of inertial and interception mechanisms 
became more dominant as the particle size was further 
increased. Consequently, the filtration efficiency was 
increased with the particle size and flow velocity. The 
research gives useful information for enhancing filtration 
in woven filter cloths for workout masks. Weave patterns 
are important in obtaining improved filtering effectiveness, 
especially for the particles within the size range of 0.01 – 
10 µm. Furthermore, this study adds to our understanding 
of the effects of weave patterns on filtration effectiveness 
of fabric masks. Satin and twill weaves surpass plain 
weaves in terms of filtration efficiency at 0.05 m/s and 
0.27 m/s. The latter represents the flow velocity for 
moderate exertion. Thus, the results can be applied for 
exercise-oriented fabric masks. Finally, for the 
simplification of the simulation, some influences such as 
reflection, elastic collisions of particles, humidity, particle 
shape, and micro-structure details of filter materials have 
been excluded. However, for a more comprehensive 
investigation, it is crucial to extend the study to consider 
these factors. Additionally, the formation of dendritic 
structures during filter operation highlights the 
importance of exploring the dynamics of particle 
deposition and its interplay with various parameters, 
contributing to a more integrated understanding of cloth 
filtration processes. 
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