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At the end of 2019, the COVID-19 virus began to appear and quickly spread throughout 
the world. It transmits the infection to the respiratory tract by the transmission of 
pathogens within bioaerosols during speaking, coughing, and sneezing. Therefore, 
understanding the dynamics of aerosols plays an important role in developing 
mitigation strategies against droplet infections. Computational modeling, using fluid 
and computational dynamics, has become a useful feature in studying and visualizing 
the diffusion of micro-droplets that are difficult to reach using experimental methods. 
Through this study, the effects of using cloth face masks and social distancing, both 
recommended by the World Health Organization to the general public to avoid rapid 
transmission of COVID-19, were determined. This study made a comparison between 
different structural masks and the difference between social distancing with different 
porous masks at the droplet diameter during breathing from 0.5 µm to 2.5 µm. The 
results showed the effectiveness of wearing masks in reducing the risk of infection 
transmission. Also, with lower mask porosity, lower air permeability means higher 
filtration efficiency, trapping airborne particles more effectively, especially for small 
infection-carrying particle sizes, and, therefore, lowering the required social 
distancing. From the comparison, it is concluded that sample 6 has the highest 
efficiency of 82.9% compared to other samples (1, 2, 3, 4, and 5), which have 
efficiencies of 77.1%, 77.1%, 74.3%, 80.0%, and 65.7%, respectively. 

Keywords: 
Mask; Air permeability; Porosity; Aerosol 
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1. Introduction

The coronavirus (COVID-19) pandemic spread rapidly across the world at the end of 2019. A 
respirator mask forms an airtight seal around the mouth and nose to protect the person from 
exposure to microorganisms such as bacteria, viruses, and fungi, as well as harmful airborne gases, 
as the World Health Organization recommends. Therefore, the mask filter must be able to filter out 
infectious microbes. Transmission of the COVID-19 virus has been assessed through practical 
experiments. 
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It was concluded that the disease is spread by droplets during the exhalation of the patient 
through coughing, sneezing, and talking or direct communication with an infected human [1-2]. Bio-
aerosol scattering is very important in the diffusion of this virus, and droplets with small sizes are 
harmful when compared with droplets with large sizes often created [3]. The World Health 
Organization (WHO) has confirmed the risk of airborne infection transmission by inhalation or 
ingestion by people around the patient.  

Recently, COVID-19 has mutated, threatening many people with chronic diseases. Studies show 
that COVID-19 attacks males more compared to females and that the elderly from the age of 60 and 
above are mostly affected. As a result of what some studies have shown, the level of indoor air 
pollution can reach 2-5 times higher than outdoor air [4-5]. Therefore, it is recommended to wear 
medical/cloth masks and keep a social distance of about 1 m [6]. Although the surgical mask is able 
to filter bacteria and other infection particles (smaller than 0.1 μm) with an efficiency of more than 
98%, it is not tight around the nose and mouth. Except that it provides very little protection from 
infection, it works efficiently for three to eight hours, depending on indoor air conditions such as 
humidity and temperature [7]. A particle mass consists of liquid droplets and small solid particles that 
are suspended in the air and vary in size, shape, surface area, and solubility. Particles with diameters 
less than 2.5 μm are often considered more dangerous than larger-sized particles because they can 
penetrate the deeper parts of a person’s respiratory area [8]. WHO (World Health Organization) 
reports non-medical/clothes-to-mask’s minimum performance in terms of filtration (minimum 70% 
solid particle filtration or droplet filtration) and breathability (maximum pressure difference of 0.6 
mbar/cm2. The WHO uses three parameters (initial filtration efficiency, initial pressure drop (Pa), and 
filtering quality factor (FQF)) to evaluate the filtration efficiency of cloth masks [9]. 

However, most of the studies were conducted to assess risk-using populations. It is explained that 
the use of face masks at the population level could delay the COVID-19 pandemic. In addition, the 
effect of wearing masks in enclosed spaces such as airplanes and homes has been studied [10, 11]. 
In addition to the velocity and pressure distribution of fluid across the mask filtration layer N95 [12]. 
These studies provided evidence that masks can contribute to the prevention and reduction of 
infection transmission [13]. For areas where it is difficult to maintain a 6-foot social distance and that 
are frequented by people to avoid cross-infection (for example, supermarkets and pharmacies), the 
Centers for Disease Control and Prevention recommend wearing a face mask. In addition, the Centers 
for Disease Control recommend the use of simple cloth face-covering masks to slow and reduce the 
spread of the virus from personnel who may be infectious without knowing it [14]. The transmission 
of airborne infection depends on airflow distributions from the ventilation system [15]. 

Therefore, this paper describes the performance evaluation of various structural masks. The main 
goal of the solutions was to get rid of the epidemic and protect the medical staff in hospitals. In this 
study, several masks will be tested and evaluated experimentally and numerically under different 
conditions to assess factors concerning the selection of materials and related layers in the 
manufacturing of commercial fabric-cloth masks, which may help both manufacturers and health 
establishments in evaluating their efficiency. 

 
2. Experimental Work 
2.1 Room Design and Flow Measurement 

 
The experiments were carried out in a full-size room. The length and width of the room are 2.0 

m and 2.0 m, respectively, and their height is 2.0 m. It consists of one air exhaust and one air inlet 
location, as shown in Figure 1. For the room, the dimensions of the inlet grill are 0.60 (L) and 0.20 
(H), and the outlet opening is 0.35 (L), and 0.35 (H). The isolation room is illuminated by a lamp with 
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a power of 18 W/m2. The patient was lying on a bed with and without wearing a mask at a height of 
0.7 m from the floor. During the experiments, the ventilation system supplied air at 21oC± 0.035oC 
and volume flow rate at inlet 216 m3/hr. To reach stable conditions, the room was allowed to 
equilibrate for a half hour before the measurements were taken. In the experiments, the patient’s 
manikin is exhaled through the nose according to the sinusoidal velocity Eq. (1). The flow rate during 
the exhale stroke is controlled using a Rota-meter, solenoid valve, and timer, as shown in Figure 2. 
The nose consists of two holes with a diameter of 6 mm. The respiratory minute volume is (9.0 ± 0.35 
l/min) and the breathing frequency is 15 min-1. The trace gas concentration is measured continuously 
using an air quality sensor ranging from 400 ppm to 29,206 ppm at measurement locations. Two 
sampling points (P1 and P3) were installed inside the room around the patient bed at 1.0 m from 
floor level to assess the CO2 concentration. One of the sampling points (P2) was located around the 
bed, 1.4 m from floor level, at the same level as the healthcare worker [16, 17]. 
 

𝑣 = 1.99 sin (
𝜋

2
𝑡)             (1)  

 

 
(a) Without wearing a mask (b) With wearing a mask 

Fig. 1. Measuring points location 

 



CFD Letters 

Volume 15, Issue 7 (2023) 175-193 

178 
 

 
Fig. 2. Circuit of exhaled stroke 

 
2.2 Mask Specification 

 
Wearing a face mask has become an effective way to reduce the transmission of COVID-19. In 

this work, the effectiveness of the mask was tested in different structures of the face without a mask 
and the face with a mask. In this study, six samples of masks of different compositions (three layers) 
were used. Mask thickness is an important factor in calculating the porosity, the minimum, average, 
and maximum pore size, and the number of pores using a Porometer, as shown in Figure 3(a), which 
is measured using a digital thickness gauge, as shown in Figure 3(b). The air permeability of a non-
woven mask at the pressure of 104 Pa. 

This study focuses on determining the mechanical and physical properties of commercially 
available disposable 3-layer masks. 

 

  
(a) Porometer device (b) Digital thickness gauge 

Fig. 3. Porosity measuring test rig 

 
2.3 Mask structure  

 
This study uses six mask samples with 3 layers. Two samples (1 and 2) are medical masks, and 

samples (3, 4, 5, and 6) are nonwoven masks, as shown in Figure 4. Table 1 explains the lowest bubble 
pressure and bubble flow rate to open the pores with several repeated times (n=3). It is noted that 
the pores of sample 6 opened at the smallest pressure (0.01 bar) compared with sample 1 (0.05 bar). 
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This is due to the mean pore diameters of 56.7 µm and 12.5 µm, respectively. The pore diameter for 
sample 6 is four times compared that the sample 1. Thus, it takes almost four times the pressure to 
open the pores. Table 2 summarizes the basic characteristics of the masks. Mask sample 3 shows the 
highest values for thickness and total weight. Sample 2 is the thinnest and lightest mask, and Table 3 
explains the mask material description. 

 
Table 1  
The initial condition of the different masks (mean ± SD, n=3) 

Sample 1 2 3 4 5 6 

Bubble point pressure (bar) 0.0511± 
0.0026 

0.0292± 
0.00035 

0.0238± 
0.001586 

0.0178± 
0.00047 

0.0206± 
0.000601 

0.0102± 0.000033 

Bubble point flow rate (l/m) 0.0012± 
0.00062 

0.0016± 
0.00032 

0.0046± 
0.00089 

0.0029± 
0.001419 

0.0084± 
0.002136 

0.0009± 0.000754 

 
Table 2  
Specification of the masks (mean ± SD, n=3) 

Sample Minimum 
pore size 
(µm) 

Mean 
pore size 
(µm) 

Maximum 
pore size 
(µm) 

Total 
weight of 
3 layers 
(g/m2) 

Viscous 
resistance 
(inverse absolute 
permeability)  
(1/m) 

Thickness 
mask (µm) 

Pores 
Number  

1 7.9632± 
1.6583 

10.0022± 
1.8624 

12.5196± 
1.9116 

86.289 6.648 × 1010 421± 0.971 1.25
× 106 

2 13.2231± 
1.8130 

16.5387± 
1.7023 

21.9178± 
1.654 

51.908 2.727 × 1010 245± 0.971 1.37
× 105 

3 11.9649± 
1.884 

14.8978± 
2.397 

26.8569± 
3.588 

492.490 5.413 × 1010 987±0.849 2.26
× 105 

4 20.813± 
4.237 

28.265± 
1.591 

36.0563± 
2.391 

439.950 9.08 × 109 725±0.849 1.89
× 104 

5 18.2492± 
2.9114 

21.6304± 
2.0895 

31.0982± 
2.5353 

372.300 6.00 × 109 660±0.971 4.36
× 104 

6 62.9921± 
1.638 

59.2365± 
1.566 

56.7376± 
1.565 

364.256 3.10 × 109 623±0.971 2.20
× 103 
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Table 3 
Mask structures 

Sample  Description  

1  100%polypropylene nonwoven material 

 High bacteria filtration (3 layers: BFE>99% 

 Manufacture (CHEMI Pharma medical ) 
2  Polyethylene out-layer and soft inner-facing fabric gamma irradiation with a sterility assurance level of 

10-6 

 Excellent bacteria and filtration efficiency BFE: 94.1% at 3 microns and 89.3% at 0.1 microns. 

 Manufacture ( medic Egypt for medical clothes) 
3  Mask consists of 3 layer 

 Outer-layer 60% polyester fabric and 40% cotton and antimicrobial treatment. 

 Inner layer Water repellent 100% cotton. 
  The layer adjacent to the face is 100% cotton. 

 Manufacture: Mary Wei. (PTM) 
4  Mask consists of 3 layer 

 Outer-layer 60% polyester fabric and 40% cotton and antimicrobial treatment. 

 Inner layer Water repellent 100% cotton.  
 The layer adjacent to the face is 100% cotton. 

 Manufacture: Eng. Mostafa 
5  Mask consists of 3 layer 

 Outer-layer 60% polyester fabric and 40% cotton and antimicrobial treatment. 

 Inner layer Water repellent 100% cotton. 

 The layer adjacent to the face is 100% cotton. 

 Manufacture: Eng. Mostafa 
6  Mask consists of 3 layer 

 Outer-layer 60% polyester fabric and 40% cotton and antimicrobial treatment. 

 Inner layer Water repellent 100% cotton. 

 The layer adjacent to the face is 100% cotton. 

 Manufacture: Hesn Textiles 

 

     
 

(a) Sample 1 (b) Sample 2 (c) Sample 3 (d) Sample 4 (e) Sample 5 (f) Sample 6 
Fig. 4. Mask samples 

 
3. Computational Fluid Dynamics Simulation 
3.1 Design Models and Grid Independence Test 

 
This hybrid scheme has maintained a better mesh quality. The results of the grid independence 

check over three grid resolutions are presented in Figures 5 and 6. V refers to the velocity magnitude 
of room air observed at a specific line, and Y is the height of room air monitored at the specific line. 
The velocity at the monitored points in the case of 1,657,317 cells was very close to that of the 
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1,734,126 cells. Moreover, the relative error of the average room air velocity between cases 1 and 2, 
cases 1 and 3, and cases 2 and 3 reported -1.91%, -3.32%, and -1.44%, respectively. It could be 
concluded that the grid system reached an independent solution. Therefore, the grid density of 
1,989,192 cells was found to be sufficient and applied in the ongoing study. 

 

 

 
 

(a) Mask (b) Healthcare 
worker 

(c) Isolation room 

Fig. 5. Mesh configuration 
 

  

(a) Position of significant line (b) Mesh sensitivity analyses at the significant line 
from the healthcare 

Fig. 6. Grid-independent test 
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3.2 Boundary Conditions 
 
The transient simulation of airflow in the room was carried out based on the pressure. The 

simulations were carried out using ANSYS Fluent software (V-16). The two-equation k-ε RNG 
turbulence model with the standard wall functions was selected by [16] to be robust and stable for 
single-phase airflows in indoor environments. Pressure-velocity coupling was achieved using the 
coupled scheme. The second-order upwind scheme was used for the discretization of pressure, 
momentum, turbulent kinetic energy, and dissipation rate. Convergence was considered to have 
been reached when the residuals were less than 10-4 for the flow variables (continuity, x-velocity,   y-
velocity, and z-velocity, k, and ε) while the energy equation was less than 10-6. Each transient 
simulation was performed for 50 s with a time-step of 0.1 s and 27 ACH (Air Change per Hour is the 
ratio of volume flow rate at inlet grill (m3⁄hr) to room volume (m3)). The details of the boundary 
condition are shown in Table 4 [16]. 

 
Table 4 
CFD solution setup settings 

Condition  Type  Value  

Steady/transient Steady (RANS) 
Turbulence model K-ε 

Dispersed phase model DPM: Injection  

Velocity: 0 m/s 
Flow rate: 1 × 10−5𝑘𝑔/𝑠 
Particle Size: 0.5–2.5 µm, median 1 µm 
Diameter distribution: rosin-rammler logarithmic 

Supply air 
Velocity inlet 
Discrete phase: escape 

Velocity: 0.5 m/s 
Temperature: 295 oK 

Exhaust air 
Pressure outlet 
Discrete phase: escape 

Pressure: 0 Pa 
Temperature: 298 oK 

Nose patient 
Velocity inlet 
Discrete phase: escape 

V=1.99×sin((3.14/2)×t) 
Temperature: 300 oK 

Patient, healthcare worker, and bed  Wall  Adiabatic  

Coupled scheme 
Pressure-velocity 
coupling 

Convergence residuals 10-4 except energy equation 10-6 

 
4. Results and Discussion 
4.1 Validation Between Experimental Work and Numerical Model 

 
The mean of carbon dioxide CO2 concentration for the experimental results and computational 

fluid dynamic simulation is shown in Figure 7. The CFD data agree very well with experimentally 
measured concentrations of airborne particles at different measuring points from P1 to P3. The 
average error between the experimental measurement and CFD simulation is nearly 11%. The 
maximum evaluated uncertainty from the measurement is ± 2.0 ppm. 
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Fig. 7. Comparison between experimental and simulation results 

 
4.2 CO2 Concentration 

 
The mean carbon dioxide concentration inside the room was measured using three measuring 

points (P1, P2, and P3) by an air quality sensor connected to a computerized system. The average 
reference value for CO2 inside the room, before the experiment was conducted and before CO2 was 
injected as an airborne gas, was 400 ppm. The tracer gas (CO2) was used to monitor how 
concentrations were removed. Figure 8 shows the air in the indoor environment when the patient 
with and without wearing a mask. The pressure inside the room was 0.3 Pa at 27 ACH. For the patient 
without a mask and ACH 27, the exhalation spread within the room but was moving in the direction 
of the exhaust, as shown in curve P4. 

For the patient without a mask and ACH 12, indoor air was also mixed and slowly diffused into 
the room. This is due to the thermal buoyancy effects, which cause airborne contaminants to spread 
into the room and take a long time to reach the exhaust. But when wearing a patient mask, the 
exhalation spreads slowly into the room due to the resistance of the mask and the pressure drop 
around the mask. Exhalation moves slowly, with less concentration and less distance compared to 
wearing a mask incorrectly. 
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(a) Without mask and 27 ACH (b) Without mask and 12 ACH 

  
(c) With mask and 27 ACH (Sample 1) (d) With mask and 12 ACH (Sample 1) 
Fig. 8. Experimental results for CO2 concentration with  and without mask at different ACH 

 
4.3 Air Permeability with Different Masks 

 
The porosity, air permeability, and mean pore size values of various masks are given in Figure 9. 

It is observed that the air permeability of the masks in samples 3, 4, and 5 was lower than that of the 
masks in samples 1, 2, and 6. The air permeability of the mask is important in terms of providing high 
filtering capacity [18] and breathing capability. Besides, it should prevent the entry and exit of 
microorganisms during inhalation and exhalation. 

The air permeability of nonwoven fabrics is affected by several factors, such as porosity [19], 
weight, thickness, fiber diameter, and fiber distribution in the nonwoven web [20, 21]. It is revealed 
that the melt-blown layers are the most effective layers in blocking, and they have lower porosity 
than the spun-bonded layers. Also, the melt-blown layers have a compact structure compared to 
spun-bonded ones [19]. The calculated surface porosity values for mask samples 4, 5, and 6 are lower 
than those for mask samples 1, 2, and 3 due to lower air permeability. The air permeability of mask 
sample 6 is observed to be higher than that of mask sample 5, although the porosity of sample 5 is 
higher than 6. The reason is that the mean pore size of mask sample 6 is higher than that of mask 
sample 5. 
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The lower thickness and lower total weight values of sample 2 are also responsible for the highest 
air permeability. Low air permeability means high filtration efficiency as airborne particles are 
trapped more effectively [18]. 

The air permeability of samples 1 to 6 varies from 60 to 120 l/m2/s in the combination of three 
layers at an air pressure of 105 Pa. The differences in the air permeability and porosity of the samples 
may be due to the differences in the pore sizes and the number of opening pores of these samples, 
as shown in Figure 9b. Although the cumulative number of pores is greater in sample 1, the air 
permeability is higher in sample 2. This is due to the higher mean pore size in sample 2 compared to 
sample 1. 

 

  
(a) Porosity, air permeability, and mean pore size for 
different mask 

(b) Cumulative number per area vs pore 
diameter 

Fig. 9. Properties of various structure masks 

 
4.4 Aerosol Droplets Tracking Diameter 

 
The aerosol droplet tracking diameter for different structure masks is shown in Figure 10. It is 

observed that the number of aerosol droplets exiting from mask sample 6 is less than that of mask 
samples 1, 2, 3, 4, and 5 due to the low porosity and cumulative number of pores per area for the 
sample. Conversely, Sample 1 is higher than the number of aerosol droplets leaving the mask due to 
the high porosity and the cumulative number of pores per area. The number of aerosol droplets 
leaving the mask depends on the porosity of the mask and the cumulative number of pores. 

 
4.5 Droplet Residence Time and Social Distance 

 
Figure 11 presents the time residence of the dispersed aerosol droplets after 50.0 s from the 

patient at 27 ACH with different mask samples. It is noted that the velocity field for samples (a, b, 
and c) is remarkably different from the rest of samples (d) to (i). 

When the air change per hour increases from 2.7 to 27 ACH, the aerosol droplets move towards 
the exhaust opening and travel less distance due to the increased pressure difference inside the room 
and the exhaust opening. 

As the mask porosity increases, exit droplet resistance decreases. The aerosol droplets move in 
the direction of the exhaust due to the generated air flow by the mask becoming more robust. This 
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will help reduce the risk of healthcare workers’ exposure to harmful aerosol droplets. With a constant 
ACH, it is noticed that the social distance when wearing the mask is reduced to about one-third 
compared to when not wearing the mask, as shown in Table 5. Additionally, the residence time for 
large particles decreases, while for small particles it increases. 

 

 

 
  

(a) Sample 1 (b) Sample 2 (c) Sample 3 

   
(d) Sample 4 (e) Sample 5 (f) Sample 6 

Fig. 10. Aerosol droplets tracking diameter with various mask samples and 27ACH 
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(a) Without mask  ACH= 2.7 (b) Without mask  ACH= 12 (c) Without mask  ACH= 27 

 
(d) Sample 1 (e) Sample 2 (f) Sample 3 
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Sample 4 Sample 5 Sample 6 

Fig. 11. Numerical results for water droplet diameter with various strategies and 27ACH 
 
4.6 Wearing Mask Incorrectly  

 
In the case of incorrectly wearing a mask, the aerosol droplets seep through the gaps between 

the face and mask in large numbers, as shown in Figure 12. They move in the direction of gravity and 
the direction of the exhaust opening due to the difference in pressure (pressure inside room is 0.3 
Pa and pressure at the exhaust is 0 Pa). This suggests that gravity and pressure differences play an 
important role in the carriage of particles smaller than 10 nm. Thus, the risk of infection of healthcare 
workers increases because a greater number of aerosol droplets are released into the room 
compared to when wearing a mask correctly. Therefore, the mask must be worn correctly to reduce 
the risk of infection. 
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(a)  Sample 3 

 
(b) Sample 4 

Fig. 12. Water aerosol diameter and time residence in case wearing mask incorrectly 
 

4.7 Effectiveness of the Mask Samples  

 
A mask's filter efficiency is used to compare many devices that are different in structure, 

materials, and manufacturing. The efficiency of the mask 𝜇 is calculated according to Eq. (2), as shown 
in Figure 13, where 𝑢  and 𝑑 are the water droplet concentrations upstream and downstream of the 
mask, respectively. The commercial mask efficiency ranges from 65.7% to 82.9%, while the medical 
mask efficiency is 77.1%. According to Ref. [9], all samples conform except sample 5, which was out 
of range because the efficiency was lower than the recommended value of 70%. 

 

𝜇 (%) = (
𝐶𝑢−𝐶𝑑

𝐶𝑢
) × 100            (2) 
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Table 5  
Comparisons with related previous work 
Type state Droplet 

diameter (µm) 
ACH/ 
Velocity 

Social 
distance (m) 

Time residence 
(sec) 

Porosity 
%  

Ref(s). 

Exhaled 
breathing 

10 - ≤ 1 300 - [22-27] 
1 - ≥ 2 30,000 - [22-27] 

Violent exhalation ˂ 200  0.7 0.34 - [28, 29] 
Exhaled 
breath (No 
wearing mask) 

- 16 0.68 - - [30, 31] 

Exhaled 
breath (No 
wearing mask) 

0.5 - 2.5 12 1.75 50 - Present 
study 

Exhaled 
breath (No 
wearing mask) 

0.5 - 2.5 27 1 50 - Present 
study 

Exhaled 
breath (wearing 
mask) 

0.5 - 2.5 27 0.4 50 93 Present 
study 

Exhaled 
breath (wearing 
mask) 

0.5 - 2.5 27 0.4 50 29 Present 
study 

Exhaled 
breath (wearing 
mask) 

0.5 - 2.5 27 0.45 50 38 Present 
study 

Exhaled 
breath (wearing 
mask) 

0.5 - 2.5 27 0.35 50 11 Present 
study 

Exhaled 
breath (wearing 
mask) 

0.5 - 2.5 27 0.6 50 16 Present 
study 

Exhaled 
breath (wearing 
mask) 

0.5 - 2.5 27 0.3 50 6 Present 
study 

 

 
Fig. 13. Efficiency with different mask samples 
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5. Conclusion 
 
This study aims to test the commercial masks available on the market to find out the extent of 

their ability to prevent the transmission of infection from one person to another. It was concluded 
that the porosity of the mask and the number of pores in the mask play an important role in avoiding 
the transmission of infection at low social distances. In addition, the proper way of wearing the mask 
had significant effects on the results. In this study, the aerosol droplet of exhaled contaminants 
generated by human breathing in a room using different structure masks is numerically examined. 
Looking at the results obtained, the following conclusions can be drawn: 

 
i) Good agreement was achieved between the experimental and simulation results. This is 

evidence of the compatibility of the boundary conditions used in the computational work. 
ii) Wearing a mask slows down the movement of infection-carrying droplet particles. 
iii) Wearing the mask correctly greatly reduces the spread of infection with aerosol droplets. 

The number of aerosol droplets leaving the mask depends on its porosity and the 
cumulative number of pores in addition to wearing the mask correctly. 

iv) The number of droplets leaving sample 6 is less compared to sample 3 because of its lower 
air permeability and fewer pores. 

v) Social distance depends on air change per hour as the resulting contour reduces the social 
distance from 1.75 m to 1 m at 12 to 27 ACH. 

vi) Although sample 6 gives the least social distance, it is not recommended to use this type 
because of the small value of the porosity of the sample. In the case of using these 
samples, this may negatively affect the person’s health as a result of inhaling part of the 
carbon dioxide during the exhalation process due to the mask’s inability to get rid of the 
carbon dioxide. 

vii) At a constant ACH, it was observed that the social distance when wearing a mask is 
reduced to about one-third compared to when not wearing a mask. 

viii) All samples are conformant according to [9], except sample 5, where the efficiency is less 
than 70%. This is evidence that it is not suitable as a face covering to protect against any 
virus. 
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