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Therefore, the fluid flow across the filtration layer is simulated using ANSYS Fluent,
part of Computational Fluid Dynamics (CFD) solver software. This study anticipates the
fluid flow across the N95 by using the porous media approach, in which inertial
resistance and viscous resistance are introduced in the simulation by obtaining the
pressure drop coefficient of the actual 3M N95 filtration. The fluid passed through the
filtration layer with some velocity range based on the MS 2323:2010 standard. The
pressure and velocity distribution of fluid through the filtration layer are analyzed by
simulation illustration of the contour and streamline of the fluid. For most conditions,
as fluid flowed across the filter, the flow gradually began to retard and diverge around
the filtration layer. Besides, different flow rates across the filtration layer also result in

Keywords: different pressure distributions on the N95 layer. To sum up, this study is beneficial in
N95 facepiece; COVID-19 virus droplets; forecasting the fluid behavior across the filtration layer by applying the porous zone
fluid flow analysis; filtration layers approach in the ANSYS simulation.

1. Introduction

The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) virus, which caused the
Corona Virus Disease (COVID-19) pandemic, has shaken the world for the previous few years. This
epidemic substantially influences the global community, affecting people's health and lives. This
disease originated in Wuhan City, Hubei Province, Republic of China, and has spread worldwide,
including Malaysia [1]. According to the weekly update of newly confirmed cases, this virus is highly
contagious and deadly. As of the 215t Mac 2021, the cumulative issues of 122,536,880 and 2,703,780
die around the world [2]. Without a doubt, each country affected by the pandemic must adapt its
strategy for dealing with virus transmission. However, WHO guidelines require that all humankind
should be dealt with the airborne and contact precautions [3].
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The SARS-CoV-2 virus spreads by direct transmission (droplet and human-to-human) and indirect
transmission when smaller droplets and particles can stay in the air for a long time from the droplet
with the deadly virus [4]. In addition, people need to practice social distancing and wear masks to
keep respiratory viral diseases to keep the COVID-19 disease from spreading. The masks help
decrease virus transmission within the population by preventing anyone from spreading the infection
to others, including those unknowingly infected [5]. Additionally, a well design ventilation will also
help to improve air distribution thus preventing the virus spread [6].

The principle of liquid filtration may apply to airborne particle filtering as well. The fluid-particle
behaves differently than the airborne particle since it is considerably larger. It may also be seen when
water, as a representation of a liquid, cannot pass through the filtration layer, which works on the
concept of airborne particle filtration. The user should be given breathable filtration of the surgical
mask and respirator material during intake and exhale. Past research has shown that the filtration
components mechanism consisting of electrostatic attraction, diffusion, interception, and inertial
impaction are represented by the porous zone condition from the simulation [7].

A porous medium simulation studies the behaviour and movements of molecules and particles
through packed beds, perforated plates, and filter sheets. The porous medium simulation by ANSYS
Fluent involves the velocity, viscous, and inertial resistance from the Navier-Stokes equation with an
additional pressure drop applied to the flow through the porous material [8]. The porous medium
represents the filtration layer in this study so that the air streamline is utilized in a particular direction,
i where the Darcy-Forcheimer equation is used in the ANSYS Fluent as the external body force term,
as shown in Eq. (1).

f—iz—gvi+0.5-C2-p-|v|-vi (1)
The 1/a and C, variables represent the viscous resistance and inertial resistance coefficient
following the specific direction, i (direction of the air streamline through the filtration layer), based
on the pressure drop of the porous medium. A pressure drop versus velocity parabolic graph should
be constructed, and the function can be written by comparing two equations: Eq. (1) and Eq. (2).
While the viscous resistance, 1/0( and inertial resistance, C, coefficient (Eq. (3) and Eq. (4)) can be
calculated. Where the Ax is the filtration layer (porous material) parallel to the direction of the air
streamline, p, and u represent the density and the viscosity of the fluid flow.

Ap = av? + bv; + ¢ (2)

1 b

o= i (3)
2a

After all, the misunderstanding over the mask's effectiveness against COVID-19 virus droplets
may make it difficult for professionals and the public to stop the virus from spreading. While the
present method of studying and investigating the filter layer's efficiency is mostly through powered
randomized controlled trials (RCTs) and experimental techniques, this is time-consuming and must
be carried out in a controlled setting [9]. In this study, the fluid flow behaviour across the filter layer
of the respirator against the Covid-19 droplet virus or aerosol is investigated. Besides, Solidworks is
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used to generate the geometrical representation of the filtration layer for the simulation and
findings, and the ANSYS Fluent is the simulation platform.

2. Methodology

This study used the ANSYS Fluent as the Computational Fluid Dynamics (CFD) Solver to predict
the fluid flow behaviour across the N95 filtration layer. The simulation setup is based on the MS
2323:2010 standard that replicates the user's breathing condition while wearing the face mask [10].
The simulation study consists of the porous medium geometry design using Solidworks software and
the fluid flow simulation using ANSYS Workbench. Before running the simulation, Solidworks defines
the fluid domain and filtration layer. In Solidworks, each part is modeled independently and
assembled, consisting of several layers based on the patent designed by the United States Patent
[11]. In addition, opened and closed conditions of the fluid flow are introduced for the simulation to
differentiate the flow of air during experimental and open surroundings. Before proceeding to the
ANSYS Fluent simulation, the analysis of the porous zone, including the inertial and viscous
resistance, should be considered at the beginning by using the filter pressure drop coefficient and
Eqg. (3) and Eq. (4). The simulation consists of three parts: pre-processing, processing, and post-
processing.

The geometry, including the filtration layer and the fluid domain geometry, is then saved to the
ACIS, STEP, or Parasolid file before being imported to the ANSYS Fluent platform. If any mistakes were
made during the drawing in SolidWorks, ANSYS Design Modeler is used to verify that they were fixed
before mesh generation and FLUENT settings could be applied.

Next, the meshing of the modified geometry takes place, which can only be done once the
geometric input is complete. The Finite Element Method, or in this case, ANSYS, may solve a
persistent problem through a process known as meshing. Meshing was used to divide the domain
into pieces, representing an element [12]. The focal area at the meshing configuration is the porous
zone component, and the surrounding fluid domain is then selected using the sizing approach for
meshing mode analysis.

For the system to recognize default boundary conditions, named selections are required. The
inlet, outlet, wall, and filtration layer as the porous zone are then identified for the study's boundary
condition, as shown in Figure 1. The FLUENT settings utilized in this study are shown in Table 1. For
this simulation, only the highest and lowest inlet velocity were used by comparing with open and
closed conditions. The flowrate was chosen for simulation was referred to TSI Automated Filter Tester
80130A based on a normal person’s activity.

Outlet

Porous domain

Inlet

0.000 0350 0.700(m) Z/L-
[ — —]

0175 0.525

Fig. 1. Inlet, Outlet, Porous and non-porous domain
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Table 1
ANSYS Fluent configuration setting
Solver setting

Dimension 3-Dimensional

Processing option Parallel (8 processes local machine)
General analysis solver

Solver type Pressure-based

Velocity formulation Absolute

Time Steady

Model Setup

Viscous model K-epsilon (K-€), 2 equations
K-epsilon model Standard

Cell Zone Conditions (Filter Domain)

Porous Zone Direction-1 vector

(x=1,y=0,z=0)
Direction-2 vector
(x=1y=0,z=0)

Fluid Material Air
Boundary Conditions
Inlet Velocity Magnitude: 0.035 m/s and 0.011 m/s

Initial Gauge pressure: 0 Pa
Turbulence Specification method: Intensity and
Viscosity Ratio
Turbulence Intensity: 5%
Outlet Gauge pressure: 0 Pa
Turbulence Specification method: Intensity and
Viscosity Ratio
Turbulence Intensity: 5%
Turbulence Ratio: 10
Wall Wall motion: Stationary wall
Shear condition: No-slip
Wall roughness: Standard model
Prevent backflow

Another vital part of the study is knowing the pressure drop across the N95 filtration layer using
the TSI Automated Filter Tester 80130A. The equipment is among the most acceptable options for
evaluating particle respirator filters, disposable filtering facepieces, and various filter media.
Materials involved in this experiment are the N95 as the sample, a hot glue gun to provide the
adhesive to the sample, and the steel plate to hold the sample. All previously provided parameters
were put into action on the setup during the processing steps. This stage is required to be perfect for
the results to be significant.

3. Results and Discussion
3.1 Grid Independence Test

The mesh size had to be adjusted four times before velocity measurements could be taken to
obtain the correct elements. Re-meshing pieces can determine the correct mesh size into smaller
sizes. The measure was re-meshed throughout the fluid domain by altering the element size. An
element size of 25 mm is the most suitable size for the study's geometry. This could be proven that
the average velocity across the filtration layer shows the lowest relative error at 0.409% and confirm
that it was an excellent meshing. The meshing quality of the geometry shows in the range of the
acceptance for the skewness and the orthogonal quality, as shown in Table 2.
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Table 2

Results of Grid Independence Test

Test Element No. of No. of Average Average Average Relative error
size (mm) nodes elements  skewness orthogonal velocity (m/s) %

1 29 14462 74242 0.24428 0.75489 0.012055 0.937

2 27 15305 78732 0.24344 0.75577 0.011942 1.407

3 25 16634 85731 0.2427 0.75649 0.011774 0.409

4 23 18513 95102 0.24198 0.75714 0.011726 0.506

3.2 Cell Zone Condition

Before introducing the input to the cell zone condition, or more specifically, the filter domain,
some analysis was carried out, particularly for the viscous and inertial resistance of the cell zone.
Nevertheless, the filter pressure drop coefficient parameter was obtained from the TSI Automated
Filter Tester. The N95 filter's pressure drop coefficient is critical for determining the N95's viscous
and inertial resistance. The results of the pressure drop were in mmH;0 unit and then converted to
Pascals by using Eq. (5), where the density of water, p = 997 kg/m? and the gravitational force, g =
9.81 m/s, as shown in Table 3. The pressure drop coefficient could be calculated from the pressure
drop using the polynomial graph, as shown in Figure 2. Different materials, fluids, dimensions, and
conditions result in different pressure drop coefficients and viscous and inertial resistance based on
the heat sink study [13]. Based on the graph obtained, the pressure drop coefficient of the N95
filtration layeris AP = 50352v? + 188.05v + 20.055.

P = pgh (5)

The results of viscous and inertial resistance are summarized in Table 4. Once those values have
been acquired, the cell zone condition includes the viscous and inertial resistance obtained, which
are 39205670.80 (1/m?) and 31020408.16 (1/m), which were put in the simulation. Only the z-axis,
or the third direction for the simulation, must be included in the cell zone condition.

Table 3

The pressure drops across the N95 filtration layer

Flowrate (L/min) Velocity (m/s) TSI result, (mmh,0) Pressure drop, AP (Pa)
30 0.0111 2.87 28.07

55 0.02 4.60 44.99

68 0.025 5.72 55.94

82 0.03 7.16 70.03

95 0.035 9.09 88.91
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Fig. 2. N95 Filter Pressure Drop Coefficient

Table 4

Inertial and Viscous Resistance of the N95 respirator
Ap = av? + bv; + ¢

AP = 50352v? + 188.05v + 20.055

a coefficient 50350

b coefficient 188.05

Filter thickness (m) 0.00265
Density(kg/m3) 1.225
Viscosity (kg/m.s) 0.00181
Inertial resistance (1/m) 31020408.16
Viscous resistance (1/m?) 39205670.80

3.3 Velocity and Pressure Distribution Across the Filtration Layer

For most conditions, as fluid flowed across the filter, the velocity at 0.035 m/s of the flow
gradually began to retard and diverge around the filtration layer. The reason is that the inertial and
viscous resistance of the filter is high enough to prevent the air passed through, whereas Figure 3(a)
and (b) illustrate the fluid behavior. For the closed condition, although there is a wall presence around
the filtration layer, the air could pass through as shown in Figure 3(b) and Figure 3(d) of the velocity
streamline because of the porous zone, which is the filtration layer. When the velocity is at 0.011
m/s, the velocity contour is the same as the 0.035 m/s, but the only difference is the flow's distance
could travel.
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(c) (d)
Fig. 3. Velocity distribution across the filtration layer; (a) Open condition at V = 0.035 m/s, (b) Closed

condition at V = 0.035 m/s, (c) Open condition at V =0.011 m/s, (d) Closed condition at V = 0.011 m/s

Figure 4 shows that pressure distribution was affected by the velocity. From the simulation,
different velocity ranges might result in various locations for the filtration location. For instance, in
the pressure distribution at the 0.035 m/s velocity condition, fluid flow pressure is focused on the
top left of the filtration layer, as illustrated in Figure 4(a). The pressure distribution did not occur
toward the centre of the respirator but was significant around the tip of the respirator. This may be
caused by the leakage around the respirator. In comparison, the pressure distribution at 0.011 m/s
shows that the air focused on the middle of the N95 filtration layer, as shown in Figure 4(b). A uniform
pressure distribution was found for inlet velocity at 0.011 m/s, and the pressure decreased when the
air moved away from the nose. Previous research also confirmed that as the air flows around the tip
of the respirator, separation will occur toward the center of the channel [14].
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Fig. 4. Pressure Contour on the filtration layer; Contour of
filtration layer at (a) 0.035 m/s, (b) 0.011 m/s

4. Conclusions

The fluid flow behavior across the filter layer of the respirator against the Covid-19 droplet virus
or aerosol has been investigated. From the results of pressure simulation on the filtration layer, they
have shown the specific region where the droplets accumulate. The lower velocity simulation
resulted in the pressure focused on the middle of the N95 filtration layer. In contrast, at the high
velocity, the pressure contour concentrates at the tip of the N95 mask. This simulation helps to add
knowledge on the velocity and pressure distribution for the N95, and different geometry might result
in various pressure contours on the filtration layer. This simulation also proves that the N95
particulate respirator with an exhalation valve in the center is not suitable to protect from virus
COVID-19 especially.
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