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Abstract: SARS-COV-19 is a serious respiratory infection created by a devastating coronavirus fam-

ily (2019-nCoV) that has become the first global epidemic of the last one hundred years. It is a highly 

transmissible virus transmitted by inhalation or contact with the droplet core produced by infected 

people when they sneeze, cough, and speak. SARS-COV-2 transmission in the air is possible even 

in a confined space near the infected person. This study aimed to evaluate the effectiveness of using 

a shield or mask as a barrier to a patient’s face against the spread of virus particles. For the present 

simulation, the discrete phase model (DPM) is used; Because this model allows us to study the par-

ticle’s mass discretely in a fluid space with the continuous phase. Due to the choice of this model, 

the virus particles secreted from the patient’s mouth are considered a discrete phase, and the open 

airflow in the computational area is considered a continuous phase. The present study uses fluent 

2019R3 software to simulate the virus transmission to model the transient flows numerically. The 

analysis found that the masks or shields can be an effective method of protecting the participants of 

a conversation in the presence of an infected person. 
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1. Introduction 

The new coronavirus is raging around the world, causing huge losses to countries 

worldwide, and has attracted the widespread attention of all humankind. To understand 

the transmission mechanism of such infectious diseases, people studied how the droplets 

exhaled by the human body spread the virus. Recently, researchers from the USA Na-

tional Institutes of Health and the University of Pennsylvania used lasers and cameras to 

visualize the droplets produced by speech. The results showed that when people speak, 

they release a large amount of particle size. Droplet particles in the range of 20-500 µm[1,2]. 

Besides, in a closed, stagnant air environment, droplet cores with a particle size of 4 µm 

(corresponding to droplet particles about 12-21 µm at the exit) Can stay in the air for more 

than 8~14 min. These results are helpful to explain the phenomenon that the new corona-

virus is more likely to spread in enclosed spaces. Therefore, understanding the production 

process of droplets and droplet nuclei (aerosols) in respiratory activities, particle size dis-

tribution, and transmission distance are of great significance and help to study disease 

transmission. 

The atomization process is the main reason for the formation of droplets in respira-

tory activities[3]. Airflow atomization is the result of the interaction of high-speed airflow 

and relatively slow fluid. It is controlled by surface tension, viscosity, and aerodynamics 

and can occur in the respiratory tract. Atomization The size of the droplets formed in the 

process largely depends on different breathing patterns. For human breathing activities, 

different breathing patterns have significantly different biodynamic mechanisms [4]. 
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Common breathing patterns, such as normal speaking, coughing is different from the air-

flow velocity exhaled during sneezing[5-7], the intensity of the turbulence caused by the 

airflow in the respiratory tract is different, resulting in a difference in the atomization 

process of the exhaled droplets, resulting in different numbers and particle size distribu-

tions. Foam. 

According to statistics, the number and particle size of droplets produced by sneez-

ing are much larger than those of talking and coughing[8-12]. Studies have shown that 

droplets undergo different degrees of evaporation after exiting until they are completely 

dried or evaporate and condense in the air environment. When the effect reaches a balance, 

it becomes a “droplet nucleus” [13], and the droplet nucleus has a strong ability to carry 

viruses [14,15]. There are also some different opinions on the size of the droplet nucleus, 

which is different from the droplet nucleus. The composition, initial size, and environ-

mental conditions of the product are closely related [16,17]. 

The evaporation process of droplets and the size of droplet nuclei determine their 

movement and spread in the room[18-24]. Larger droplet particles settle quickly and are 

inhaled or touched by susceptible people within a short distance, namely It is “droplet 

propagation”; smaller droplet particles evaporate into “droplet nuclei” and move long 

distances with the airflow, which is called “aerosol propagation” (sometimes called “air 

propagation”). Understanding these modes of propagation is helpful To formulate tar-

geted infectious disease prevention measures to guide engineering control and public 

health prevention. 

This article aims to study the human body’s exhaled droplets and droplet nuclei in 

virus transmission and supplements the real-time research on the virus particle size, drop-

let nucleus particle size, and possible transmission distance of the new coronavirus in real-

time talking between two people with and without protection[25-27]. 

2. Theoretical Framework 

2.1. Particle size distribution 

The size of the particle size has an important impact on the movement and spread of 

droplets and further affects infectious diseases. Therefore, accurate measurement of the 

particle size distribution of droplets is very important for designing the ventilation system 

and controlling infection control. Many documents provide relevant data, but the results 

are not completely consistent due to different measurement methods. It is believed that 

droplets with a diameter of less than 5 µm are small droplets, and droplets with a diameter 

greater than 5 µm are large droplets[16]. This paper selects documents with detailed par-

ticle size distribution [8-12] to compare the results.  

2.1.1. Talking and coughing 

Studies have found that there is no significant difference in the particle size distribu-

tion between talking and coughing. Among the droplets produced by talking, about 82% 

have a particle size smaller than 100 µm, 37% smaller than 50 µm, and 3% smaller than 20 

µm. Droplets from coughing Among the particles, the proportions of the corresponding 

sizes are 64%, 20%, 2.5%, and 1.4% smaller than 10 µm, and the proportion of droplets 

larger than 500 µm is higher when talking. This is due to the droplets generated by speech 

and cough. The mechanism is different; the droplet size produced by coughing is larger 

than the droplet size produced by speaking[27-33]. 

Besides, the collection method, the intensity of breathing activity, and different types 

of food dyes will affect the secretion of saliva, affecting the droplet size. For example, for 

the droplets produced when speaking, Duguid[8] and In the study of ref. 9, there are a lot 

of small droplets. This is due to differences in the collection methods of different docu-

ments. Their sampling points are not located at the origin (mouth) of droplets generation. 

Vaporization of varying degrees; Ref. 10 researched that there are more large-size droplets. 
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This is because the edible dyes taken by the subjects when the droplets are collected will 

greatly slow down the evaporation of droplets. For coughing, The results of different stud-

ies are different because the health status of the subjects and the intensity of respiratory 

activity are different. If it is a healthy person, it is difficult to produce a violent cough. 

Generally speaking, these factors are difficult to control and quantify[33-41]. 

2.1.2. Sneezes 

Ref. 11 collected the droplets produced by 44 sneezes from 20 subjects and found two 

distinct particle size distributions through measurement: unimodal and bimodal. The bi-

modal particle size The distribution is similar to the previous study by Duguid [8]. The 

peak value is in the 74-86 µm particle size range, accounting for 30%; however, the uni-

modal particle size distribution peaks in the 340~400 µm particle size range, higher than 

the particle size range 340-400 µm. Duguid[8] ’s research results are much larger. This is 

because the biodynamic mechanism of sneezing is significantly different from other res-

piratory activities. The initial velocity of the airflow exhaled during sneezing is about 

30~100 m/s[5-7], which is far away. It is much larger than the initial air velocity of talking 

and coughing. Therefore, according to the atomization mechanism of droplets in the res-

piratory tract, the number and particle size of the droplets produced by sneezing will be 

much larger than the droplets produced by talking and coughing. Moreover, Ref. 8 The 

research time is relatively long, and the possibility that the data is not comprehensive due 

to limited measurement technology cannot be ruled out. Therefore, the existence of uni-

modal size distribution is reasonable[42-48]. 

Based on the above analysis, we summarized the number and main particle size 

range of droplet particles under different respiratory activities, and the results are shown 

in Table 1. 

Table 1. Size of droplets under different respiratory activities  

Breathing activity Initial speed (m/s) Total particle size Main particle size range 

(µm) 

speak ~5 95-755 15-55 

cough 9-18 1105-2005 70-105 

sneeze 27-102 2995-4995 75-350 

2.2. Critical dimensions 

The concept that respiratory infectious diseases are spread by droplet particles con-

taining a certain viral load originated from ref. 18. The pathogen is released from the in-

fected person’s body, attached to the droplet particles, and discharged with the exhaled 

air flow and different respiratory activities. The initial velocities of the droplets are differ-

ent, resulting in different propagation laws of droplets. In the study of air propagation, 

Ref. 13 used a simple calculation method to obtain a classic evaporation-sedimentation 

curve, revealing the droplet evaporation and particle size The relationship between size 

and sedimentation velocity, and for the first time identified the two main ways for the 

virus to spread by droplets. Larger droplets settle in the air quickly and move shorter 

horizontal distances when they land. Infections caused by inhalation or contact by sus-

ceptible people within a short distance are commonly referred to as “droplet transmission.” 

Surgical masks significantly affect filtering large droplets [28], so you can prevent flying 

by wearing a mask. Spreading[49-54]. Smaller droplet particles evaporate quickly until 

they are completely dried, or the evaporation and condensation in the air environment 

reach a balance, which becomes a “droplet nucleus.” In the process of droplet particle 

dispersion, pathogens are deposited After the droplet particles become droplet nuclei, 

they can stay in the air for a long period and be widely dispersed by the airflow movement. 
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This is the so-called “aerosol.” This virus-carrying droplet After the long-distance move-

ment of nuclear aerosol spreads, the infection caused by inhalation or contact by suscep-

tible people is commonly referred to as “aerosol transmission” (also known as “air trans-

mission”). Therefore, the two cores related to disease transmission are the particle size of 

the larger droplet and the smaller droplet? How far can the larger droplet move horizon-

tally? 

Ref. 13 first defined “larger droplets” as droplets with a particle size greater than 100 

μm, which settle within a horizontal distance of 2 m; that is, droplets cause droplet prop-

agation with a particle size greater than 100 μm. But Wells’ classic research is based on 

simple predictions based on various physical assumptions, without considering environ-

mental conditions and droplet composition. In the following decades, the concept of large 

droplets and air transmission has been extended; the particle size that distinguishes drop-

let transmission and air transmission is defined as the “critical size.” Research has found 

that the critical size is a function of many physical parameters, such as environmental 

humidity, air velocity, and ambient temperature. This article will cause droplet transmis-

sion to cause infection. The farthest horizontal distance is called “critical distance.” Both 

critical size and critical distance are closely related to the evaporation process of drop-

lets[55-61]. 

3. Materials and Methods 

The computational fluid dynamics method is used to solve the non-steady incom-

pressible Reynolds average N-S equation [22], and the flow field of the face-to-face breath-

ing droplet propagation area of the patient and the healthy person is obtained. The finite 

volume method is used to discretize the control equations, the second-order upwind-style 

discrete momentum equation, turbulent kinetic energy, and turbulent dissipation rate 

terms are used, the pressure equation is discretized in a second-order center scheme, and 

the coupling of velocity and pressure is coupled with the SIMPLE method[29]. The Euler 

model of multiphase flow [30-34] describes the two-phase flow of breathing droplets fol-

lowing air. The continuity equation of air and droplets is expressed by equation (1): 

𝜕(𝛼𝑘𝜌𝑘)

𝜕𝑡
+ 𝛻 ⋅ (𝛼𝑘𝜌𝑘𝑈𝑘) = 0      (1) 

Among them, α is the volume fraction; U is the velocity vector, m/s; the subscript k 

represents a certain phase, the air phase is represented by the subscript a, and the sub-

script d represents the droplet phase; ρ is the density, kg/m3, air and The density and vis-

cosity of droplets are kept constant. The momentum equation of air is expressed by equa-

tion (2)[35-37]: 

𝜕(𝛼𝑎𝜌𝑎𝑈𝑎)

𝜕𝑡
+ 𝛻 ⋅ (𝛼𝑎𝜌𝑎𝑈𝑎𝑈𝑎) = −𝛼𝑎𝛻𝑝 + 𝛻. 𝜏𝑎 + 𝛼𝑎𝜌𝑎𝑔 + 𝐾(𝑈𝑑 − 𝑈𝑎)  (2) 

The momentum equation of droplets is expressed by equation (3): 

𝜕(𝛼𝑑𝜌𝑑𝑈𝑑)

𝜕𝑡
+ 𝛻 ⋅ (𝛼𝑑𝜌𝑑𝑈𝑑𝑈𝑑) = −𝛼𝑑𝛻𝑝 + 𝛻 ⋅ 𝜏𝑑 + 𝛼𝑑𝜌𝑑𝑔 + 𝐾(𝑈𝑎 − 𝑈𝑑)  (3) 

Among them, p is the pressure of the flow field, Pa; τ is the stress tensor; g is the 

acceleration of gravity, m/s2; K is the momentum exchange coefficient between the air and 

droplet phases. 

The RNG k-ε turbulence model has a wide range of adaptability. It can simulate high 

Reynolds number flow and the viscosity analytical formula of low Reynolds number flow 

in the turbulence model. Literature [38] shows that the turbulence model can simulate 

indoor airflow organization. Has a good effect. Therefore, this paper uses the RNG k-ε 
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turbulence model to describe the turbulent flow [39, 61-65] and uses the wall function 

method to connect the physical quantities near the wall with the unknown quantities in 

the turbulent core area. The dimensionless distance between the node closest to the wall 

and the wall satisfies 30≤ y+≤300[27-29]. Use the following form to describe the turbulence 

model equation: 

𝜕(𝜌𝜙𝑘)

𝜕𝑡
+ 𝛻 ⋅ (𝜌𝑈𝑘𝜙𝑘 − 𝛤𝜙𝑘𝑔𝑟𝑎𝑑𝜙𝑘) = 𝑆𝜙𝑘, 𝑘 = 1, . . . , 𝑁   (4) 

Where ϕk is a scalar; Γϕk is the diffusion coefficient; Sϕk is the source term of the 

Nth scalar equation. The structural grid technology and the H-shaped grid topology are 

used to divide the calculation area. Right-angle grids are used throughout the venue to 

ensure the orthogonality of the near-wall grids and the accuracy of the calculation results. 

The droplet inlet adopts the given velocity inlet condition; not only the jet velocity is given, 

but also the turbulence parameters, including turbulence intensity and turbulence viscos-

ity ratio, are described by the following equations [40-42]: 

𝑢 = 𝑉𝑐𝑜𝑠𝜃, 𝑣 = 𝑉𝑠𝑖𝑛𝜃      (5) 

𝐶𝑑 = 𝐶𝑠𝑖𝑛(2𝜋𝑡)       (6) 

𝐼 =
𝑢′

𝑉
= 3%       (7) 

𝜎 =
𝜇𝑡

𝜇
= 10        (8) 

Among them, V is the droplet ejection velocity at the inlet, u and v are the velocity 

components in the X and Y directions respectively, m/s; θ is the droplet ejection angle, °; 

C is the peak droplet concentration at the inlet; Cd is the flow field Droplet concentration 

in mg/m3; t is the flow time, s; u’ is the root mean square of the velocity fluctuation, m/s; 

I is the turbulence intensity; σ is the turbulence viscosity ratio; turbulence intensity, tur-

bulence viscosity ratio They are given as 3% and 10 respectively, and medium turbulence 

intensity values are used[41]. 

The exit boundary adopts the condition that the normal gradient of the flow variable 

is zero. At the same time, the turbulence intensity of the outlet, the turbulence viscosity 

ratio, and other parameters all adopt the given value of the inlet boundary. The boundary 

conditions are based on the ref. [16]. Since this article is studying the flow and propagation 

of face-to-face droplets in an open space, the outlets are set above the heads of healthy 

people and patients and The top of the entire calculation area. If the calculation area is a 

narrow space in the elevator, the top of the calculation area should be set as a fixed wall, 

and the top of the head of healthy people and patients should still be set as an exit. The 

patient, healthy person, anti-droplet mask, and the ground all adopt solid-wall boundary 

conditions. The anti-droplet mask is divided into the inner, outer surface, and top, and 

the fixed-wall boundary adopts speed and non-slip conditions. The initial conditions use 

static flow parameter values; that is, all flow parameters in the initial field are zero. The 

relationship between the peak spray concentration of the inlet droplets and the number 

of droplets is expressed by the following equation [23]: 

𝑀 =
𝐶

𝜌
1

6
𝜋𝑑3

        (9) 

C is the peak droplet concentration at the inlet, mg/m3; M is the number of droplets 

per unit volume of the inlet, 1/m3; ρ is the droplet density, kg/m3; d is the droplet diameter, 

m. The relationship between the peak droplet concentration at the entrance and the vol-

ume fraction [23] is as follows: 
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𝛼𝑑 = 𝐶𝜌        (10) 

Among them, αd is the droplet volume fraction, representing the volume ratio of 

droplets per unit volume; the subscript d represents droplets. This article focuses on hor-

izontal transmission lines (0≤X≤2 m, Y = 1.5 m), vertical transmission lines (X = 1.95 m, 

0≤Y≤2.8 m), and a healthy human nose and mouth (X = 2 m, 1.5 m≤ Y≤1.52 m) droplet 

concentration analysis. This article ignores the phase transition problem of breathing 

droplets. 

4. Results 

4.1. Unprotected case scenario 

Coronavirus (covid 19) is the biggest human challenge today, and the high transmis-

sion rate of this disease is very problematic. One of the important advice of doctors re-

garding preventing the transmission of the disease between people is to maintain social 

distance between people when talking to each other. In this project, based on the CFD 

method and using Ansys fluent software, an attempt has been made to simulate the re-

lease of virus particles from the mouth of a coronary carrier patient while talking and 

transmitting it to another person in a certain space. This study investigates the ability of 

virus particles to propagate and transmit at a distance less than social distance. For the 

present simulation, the discrete phase model (DPM) is used; Because this model allows us 

to study a mass of particles discretely or bit by bit in a continuously fluid space. Due to 

the choice of this model, the virus particles secreted from the patient’s mouth are consid-

ered a discrete phase, and the open airflow in the computational area is considered a con-

tinuous phase. The type of discrete phase behavior will be time-dependent and with a 

time step of 0.001 s (activating the unsteady particle tracking mode). After activating the 

discrete phase model, the injection process must be defined, determining the type and 

quality of discrete particles injected into the model. In this model, the emitted particles are 

defined as the inert type, and the injection type is the surface and is done through the 

surface of the patient’s mouth. These virus particles have a constant diameter of 0.000001 

m and a temperature of 310 K, which are spread between 0 s and 20 s. A specific profile 

has been used to define the velocity and discharge of virus particles exiting the corona 

mouth. This profile shows the amount of velocity and flow of particles emitted when 

speaking; Thus, these virus particles are removed from the patient’s mouth in a time-de-

pendent manner. The particle velocity profile is defined as a sinusoidal function with a 

maximum velocity of 0.33 m.s-1, and the particle flow rate is defined by a specific ratio to 

the particle velocity. Also, the boundary conditions related to the discrete phase model 

have been defined in such a way that particles at the boundary of the patient’s mouth have 

an escaped state, meaning particles pass through this boundary and at the boundaries of 

both the body and the floor have a trap state meaning Particles are trapped and accumu-

late at these boundaries. The present simulation process has been performed unstable for 

40 s with a time step equal to 0.05 s. The present model is designed in three dimensions 

using design modeler software. The model’s geometry includes a computational space 

with dimensions of 1.6 meters * 2 meters * 2.6 meters in which two people are facing each 

other at a distance of 80 cm from each other. One of these two people is designed as a 

patient; So that the patient’s mouth is defined as the source of the spread of the virus 

caused by talking. Hence, the patient’s human mouth level is differentiated by the Mouth 

boundary condition; Because this level is assumed as the reference level of discrete phase 

virus release in this model(See Figure 1). 
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Figure 1. Schematics of system 

Networking is done in three dimensions using Ansys meshing software. Networking 

is done without organization, and the number of cells produced in this modeling is equal 

to 724076(See Figure 2). 

 

Figure 2. Meshing schematics 

To simulate the present model, several assumptions have been considered, which are: 

• Pressure-based simulation has been performed. 

• Simulations have been performed in both fluid and heat transfer modes. 

• The present model is temporally unsteady; Because the purpose of the problem 

is to follow the particles related to the discrete phase over time. 

• The effect of gravity on the fluid is 9.81m.s-2 and is considered along the z-axis. 

At the end of the resolution process, particle tracking of the virus particles at different 

time intervals was obtained from the simulation process. This particle sequence is based 

on the residence time of the particles and the amount of velocity of the particles. As can 

be seen from the images, and according to the defined simulation process, the virus par-

ticles are expelled from the carrier’s mouth in waves for the first 20 seconds, and only the 

particles in the space between the second 20 seconds. The carrier and healthy person con-

tinue to move. According to the results, it can be concluded that by talking to the patient 

https://www.ansysfluent.ir/wp-content/uploads/2021/02/geometry-1.png
https://www.ansysfluent.ir/wp-content/uploads/2021/02/mesh-1.png
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for 20 seconds, these virus particles are transmitted to a healthy person after 40 seconds 

and expose to receiving virus particles (See Figure 3 and Figure 4). 

 

Figure 3. Particle reside in first 40s after the starting conversation 

 

Figure 4. Particle velocity in first 40s after the starting conversation 

4.2 protected case scenario 

Coronavirus (covid 19) is the biggest human challenge today, and the high transmis-

sion rate of this disease is very problematic. One of the important doctors’ recommenda-

tions regarding preventing disease transmission between people is using special masks or 

shields at low social distances. In this project, based on the CFD method and using Ansys 

fluent software, an attempt has been made to simulate the release of virus particles from 

the mouth of a coronary carrier patient while talking and to prevent their transmission to 

another person using a shield. . this study aimed to evaluate the effectiveness of using a 

shield or mask as a barrier on the face of a virus carrier against the spread of virus particles. 

For the present simulation, the discrete phase model (DPM) is used; Because this model 

allows us to study a mass of particles discretely or bit by bit in a continuously fluid space. 

Due to the choice of this model, the virus particles secreted from the patient’s mouth are 

considered a discrete phase, and the open airflow in the computational area is considered 

a continuous phase. The type of discrete phase behavior will be time-dependent and with 

a time step of 0.001 s (activating the unsteady particle tracking mode). After activating the 

discrete phase model, the injection process must be defined, determining the type and 

quality of discrete particles injected into the model. In this model, the emitted particles are 

defined as the inert type, and the injection type is the surface and is done through the 

surface of the patient’s mouth. These virus particles have a fixed diameter of 0.000001 

meters and a temperature of 310 Kelvin, which propagate throughout 0 to 20 seconds. A 

https://www.ansysfluent.ir/wp-content/uploads/2021/02/particle-residence-0-to-20.png
https://www.ansysfluent.ir/wp-content/uploads/2021/02/particle-residence-20-to-40.png
https://www.ansysfluent.ir/wp-content/uploads/2021/02/particle-velocity-0-to-20.png
https://www.ansysfluent.ir/wp-content/uploads/2021/02/particle-velocity-20-to-40.png
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specific profile has been used to define the velocity and discharge of virus particles exiting 

the corona mouth. This profile shows the amount of velocity and flow of particles emitted 

when speaking; Thus, these virus particles are removed from the patient’s mouth in a 

time-dependent manner. The particle velocity profile is defined as a sinusoidal function 

with a maximum velocity of 0.33 m / s, and the particle flow rate is defined by a specific 

ratio to the particle velocity. Also, the boundary conditions related to the discrete phase 

model are defined in such a way that particles at the boundary of the patient’s mouth have 

an escaped state, meaning that the particles cross this boundary, and at the boundaries of 

both the body and the floor, as well as the surface. Masks or shields mounted on the pa-

tient’s face have a trap mode, which means that particles are trapped and accumulate in 

these borders. The present simulation process is performed unstable and in a time interval 

of 40 seconds with a time step equal to 0.05 seconds. 

The present model is designed in three dimensions using design modeler software. 

The model’s geometry includes a computational space with dimensions of 1.6 meters * 2 

meters * 2.6 meters in which two humans are facing each other at a distance of 80 cm from 

each other. One of these two people is designed as a patient; So that the patient’s mouth 

is defined as the source of the spread of the virus caused by talking. Hence, the patient’s 

human mouth level is differentiated by the Mouth boundary condition; Because this level 

is assumed as the reference level of discrete phase virus release in this model. On the other 

hand, a shield number is depicted as a barrier on the face of the same person carrying the 

virus(See Figure 5). 

 

 Figure 5. Schematics of case 2 

Networking is done in three dimensions using Ansys meshing software. Networking 

is done without organization, and the number of cells produced in this modeling is equal 

to 724043(See Figure 6). 

https://www.ansysfluent.ir/wp-content/uploads/2021/02/geometry-6.png
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Figure 6. The meshing network of case 2 

At the end of the resolution process, particle tracking of the virus particles at different 

time intervals was obtained from the simulation process. This particle sequence is based 

on the residence time of the particles and the amount of velocity of the particles. As can 

be seen from the images, and according to the simulation process defined, the virus par-

ticles are expelled in waves from the carrier’s mouth in 20 s. According to the pictures, it 

can be concluded that the presence of a shield causes the virus particles to come out of the 

patient’s mouth to accumulate on the shield and not be transmitted to a healthy per-

son(See Figure 7 and Figure 8). 

 

Figure 7. Particle reside in first 40s after the starting conversation in the presence of a shield 

https://www.ansysfluent.ir/wp-content/uploads/2021/02/mesh-6.png
https://www.ansysfluent.ir/wp-content/uploads/2021/02/particle-time.png
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 Figure 8. Particle velocity in first 40s after the starting conversation in the presence of a shield 

4. Discussion 

4.1. Droplet evaporation and its influencing factors 

In the process of droplet particles evaporating into droplet nuclei, especially when they 

are close to the dry state, the mortality of pathogens in the particles increases greatly, and 

the degree of increase depends on the type of pathogens[14,15]. Although large droplets 

carry pathogens Has a stronger ability, their ability to penetrate the respiratory tract is 

lower than that of small droplets. In general, small droplets (diameter <5 µm) are more 

infectious than large droplets[16,17,29]. It is generally believed that The particle size of the 

droplet nucleus is 1~3 µm[19,20], mainly concentrated in the range of less than 1 µm. Ref. 

30 measured the influenza virus concentration in a health center and on an airplane and 

found that it was carrying the virus 64% of the droplet nuclei have a particle size of fewer 

than 2.5 μm. Therefore, the evaporation process is a key factor in the spread of the virus, 

which is significantly related to the relative humidity (RH) of the ambient air and the initial 

size of the droplet. 

4.2. Relative air humidity 

Due to the different concentrations of organic polymers such as proteins, lipids, and 

carbohydrates contained in the droplets, it is generally believed that the diameter (dr) of 

the droplet core is approximately 0.25 to 0.5 times the initial droplet diameter (di)[16]. Ref. 

22 established a respiratory droplet equilibrium model based on the Kelvin effect. The 

study found that droplet particles with low protein content (3 mg/mL) have a droplet 

nucleus size under environmental conditions where the RH is lower than 64%. The 

relationship with the initial particle size remains unchanged (dr=0.2di), the relationship 

https://www.ansysfluent.ir/wp-content/uploads/2021/02/particle-velocity.png
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between the droplet core particle size and the initial particle size of droplet particles with 

high protein content (76 mg/mL) under environmental conditions where the RH is lower 

than 42% No change (dr=0.4di). When the relative air humidity of the environment is 

higher than these two RH values, the dr/di of the droplet particles with two kinds of 

protein content increase with the increase of RH. This is due to the relative humidity Air 

with high humidity has a lower ability to absorb water vapor, which can significantly delay 

the evaporation process of droplets. 

4.3. Initial dimensions 

The initial size is another important factor that affects the size of the droplet nucleus during 

the evaporation of droplets [17]. 10 µm droplets evaporate quickly (<0.1 s) and are not 

affected much by RH. 50 µm droplets It can completely evaporate to become a droplet 

nucleus before landing, and the evaporation time gradually increases with the increase of 

RH (about 1-10 s). The evaporation process of 100 µm droplet particles slows down 

significantly with the increase of RH and low RH (<30 %); most of the droplets can 

completely evaporate before landing and become droplet nuclei and move with the 

airflow. Still, at high RH (>60%), the evaporation rate is greatly reduced, and most of the 

droplets fall to the ground before completely evaporating. The 200 µm droplet particles 

settle rapidly, and the settling time increases slightly with the decrease of RH (about 1-5 

s). It is worth noting that the premise of this study is to simplify the droplets produced by 

normal breathing to pure Water droplets. In fact, in addition to the insoluble core, droplet 

particles also contain sodium-potassium cations, chloride anions, lactate, glycoprotein, 

and other components, considering that other respiratory activities such as speaking, 

coughing, etc., the airflow velocity is higher than normal breathing. Therefore, the actual 

evaporation rate should increase, and the sedimentation rate should decrease. 

To sum up, the critical size should be a range, which characterizes the transition section of 

droplets from completely evaporating first to falling to the ground: droplets within this 

particle size range can be completely evaporated in a relatively dry air environment. The 

droplet nucleus with a small enough particle size can cause long-distance air propagation 

with the movement of the airflow; it can also evaporate slowly in a relatively humid air 

environment and settle within a critical distance because the volume and mass are not 

enough to be suspended in the air Cause droplets to spread. 

4.4. The role of protection 

Shields, Surgical masks, and N95 masks play an important role in preventing airborne 

viruses [28], effectively reducing the range of exhaled jets. The effectiveness of masks to 

block aerosol particles depends on several factors: air velocity through the mask, droplets, 

particle size distribution, and the degree of air leakage around the mask. Ref. 37 visualized 

the airflow process of coughing droplets by the optical schlieren method. The results 

showed that no matter what kind of mask is worn, there is air leakage: wear In general 

surgical masks, the air leakage is mainly concentrated on the top and bottom of the mask; 

when wearing an N95 mask, although the edge leakage is significantly reduced, due to the 
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large pressure inside the mask, a small number of droplets are forced to pass directly 

through the mask and form a forward direction. After wearing a mask, the droplet 

momentum generated by coughing is greatly reduced, causing the horizontal distance of 

droplet movement to be shortened to less than 0.5 m, and the movement of these droplets 

mainly follows the human body. The heat plume rises instead of being deposited on the 

surface of susceptible people or inhaled by them. Therefore, masks still play a great role in 

blocking and reducing the spread of the virus. 

4.5. Effects of resuspension 

Ref. 21 measured the viral RNA in aerosols in different areas of two hospitals in Wuhan, 

and found that the aerosols containing the new coronavirus are mainly distributed in two-

particle size ranges: 0.25~0.5 and 0.5~1 μm, and proposed The surface deposition and 

resuspension of protective clothing for medical personnel and toilets may be a way of 

transmission of virus aerosols. Ref. 22 measured people wearing clothes of different 

materials in closed spaces (cleanroom coveralls, polyester sportswear, cotton clothes), the 

emission of particles when performing activities of different intensities (sitting, light 

activities, vigorous activities), it is found that for particles with a diameter of 0.3~5 μm, the 

incidence of particles when wearing polyester sportswear is the highest; for those with a 

particle size of less than two μm For particulate matter, the activity intensity has no 

significant effect on the particle occurrence rate; for particles with a particle size greater 

than two μm, the particle occurrence rate is positively correlated with the activity intensity; 

moreover, the resuspension of particles from the deposition surface requires a very large 

momentum (wind speed).  Ref. 23 and 24 summarized the deposition and resuspension of 

indoor particles. The study found that for particles with diameters of 0.5 and 1 μm, the 

average indoor sedimentation rate is 2.2×10–5 and 9.72×10–5 m/s, respectively, The 

corresponding resuspension rates are 2.0×10–10 and 50×10–10 s–1. It can be seen that the 

magnitude of the resuspension rate is much smaller than the magnitude of the 

corresponding average sedimentation rate. This result further confirms that there are 

relatively few particles resuspended on the deposition surface. Therefore, it can be 

considered that in the non-specialized treatment and care of infectious patients, it is 

impossible to deposit a large amount of virus aerosol on the surface of human clothes, and 

the virus aerosol is not easy to resuspend. When the ventilation conditions are good, 

transmission by the resuspension of droplets or droplet nuclei deposited on the surface of 

the human body as a medium is not the main way of air transmission. Ref. 25 observed the 

particle size of the novel coronavirus by a transmission electron microscope to be 0.06-0.14 

µm; Bar-On et al. [26] preliminary believed that the new coronavirus is a virus with a 

particle size of fewer than 0.1 μm. Ref. 21 measured the viral RNA in aerosols and found 

that the droplet nuclei containing the new coronavirus are mainly distributed in two-

particle size ranges: 0.25-0.5 and 0.5-1 µm. Ref. 27 considered the high-momentum 

turbulence effect when sneezing or coughing and proposed that the virus spread as far as 

7-8 m. However, these conclusions are still in the discussion stage. There are still many 
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uncertainties. Determining the particle size range and transmission distance of the droplets 

carrying the new coronavirus requires more detailed research. 

5. Conclusions 

This paper combs and summarizes the research results of the particle size distribu-

tion, evaporation law, and transmission law of human body exhaled droplets. The main 

conclusions are as the main particle size ranges of droplets exhaled by normal speaking, 

coughing, and sneezing are 10-50, 73-100, and 80-340 μm, respectively. The critical dis-

tance between droplet propagation and air propagation is about 2.5 m. The particle size 

of droplet nuclei varies according to environmental conditions, droplet composition, and 

initial size. It is generally believed that the particle size of droplet nuclei, which greatly 

contributes to air transmission, is 1-3 μm, mainly Concentrated in the range of less than 1 

µm. Droplets larger than 110 µm can land before moving a horizontal distance of 2.5 m, 

which is the prerequisite for droplet propagation; droplets smaller than 30 µm completely 

evaporate into droplet nuclei before landing and stay in the air for a long time It is the 

prerequisite for air propagation (aerosol propagation) to neutralize and move with the 

airflow. The movement and propagation laws of 30-110 µm droplet particles vary accord-

ing to environmental conditions and initial speed. 
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