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Smart classrooms are a relatively confined public space for college students. SARS-COV-2 and other respiratory 

viruses have been shown to pose a more significant threat to human health in relatively confined spaces. Using nu- 

merical simulation method to simulate the transmission and concentration distribution of virus-carrying droplets 

in smart classrooms in three different seasons (summer, winter, transitional seasons: spring and autumn). The 

Realizable k- 𝜀 model is used to simulate the airflow pattern in the smart classroom, and the Lagrangian method 

is used to simulate the transmission of droplets. The transmission process of droplets produced from the teacher 

standing on the platform and the student sitting on the seat is studied. The influence of three kinds of outdoor 

temperature on droplet transmission and the body deposition fraction of people in the smart classroom is ana- 

lyzed. The results show that droplet transmission speed is maximum at the temperature of 5 degrees when the 

outdoor temperature is 5 °C, 20 °C, and 35 °C respectively. At 10 s, the transmission distance of droplets increases 

by 9.55% compared with that at 20 °C and 10.31% compared with that at 35 °C. In addition, the body deposition 

fraction is also affected by the location of the vent, with downwind contact being 6 times more likely than upwind 

contact. The research results can provide suggestions and measures for epidemic prevention and control in smart 

classrooms. 
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. Introduction 

Infectious respiratory diseases such as influenza, tuberculosis, and

evere acute respiratory syndrome (SARS) have threatened human

ealth for nearly two decades. In 2019, the Novel Coronavirus (SARS-

OV-2) spread worldwide, causing a global emergency ( World Health

rganization 2020a , World Health Organization 2020b ). Regarding

hysical properties, viruses are ultrafine particles attached to dust or

ther carriers. Theoretically predict the movement and transmission

aws of the droplets in the air ( Liu, 2007 ), and provide a sufficient basis

or the effective prevention and control of the spread of diseases. There-

ore, raising awareness of virus-carrying droplet transmission is very

mportant for understanding respiratory diseases such as SARS-COV-2

nd influenza ( Zhang et al., 2019 , G et al., 2015 ). 

At present, there are three main research methods on droplet trans-

ission characteristics at home and abroad: theoretical analysis, ex-

erimental research, and numerical simulation ( Zhao, 2006 ). Research

ocuses on droplet transmission mechanisms, factors affecting airflow,

roplet transmission in different scenarios, etc. In the study of droplets

ovement and transmission discipline, many numerical simulation
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ethods are used because the experimental research method is time-

onsuming, expensive, and dangerous (such as SARS-COV-2) and so

n. The numerical simulation method has the advantages of low cost,

ast calculation speed, comparison of various working conditions and

enchmark experiment verification, and high reliability ( Zhao, 2006 ,

ang, Zhang & Wang, 2007 ). 

In indoor environments, droplets produced by the respiratory system

ay carry pathogens that have the opportunity to spread through the air

nd invade new hosts ( Li et al., 2018 ). In a relatively confined environ-

ent exposed to high concentrations of aerosols for a long time, there

s a possibility of aerosol transmission ( National Health Commission of

he People’s Republic of China 2021 ), which will increase the risk of in-

ection ( Yu et al., 2020 , Carrillo, Rodríguez & Aranaga, 2019 ). With the

evelopment of smart education, smart classrooms are gradually popu-

arized in universities ( Wang & Yao, 2020 ). In the smart classroom, stu-

ents sit face to face at the same table, and the smart classroom is a rela-

ively confined space that adopts mechanical ventilation. In other words,

he distance between people in the classroom is shortened, thus increas-

ng the chance of droplets being inhaled and contacted, increasing the

isk of infection ( Kang et al., 2015 ). In relatively confined environments,
022 
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Fig. 1. The schematic of the simulated smart classroom 

Table 1 

Description of the simulated smart classroom. 

Name X/m Y/m Z/m notes 

Room 15 8 3 / 

Seats 0.5 0.4 0.1 0.5 m from the ground, 2 m between two 

opposite seats at the same table Seatbacks 0.5 0.5 0.1 

Platform 1.5 0.5 1 0.1 m from the left wall, 1.5 m from the 

back wall 

air-conditioners 9.5 9.5 / located on the top wall of the room 

Door1/Door2 2 1 0.4 / 

Lights 0.5 0.5 / / 
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roplets exhaled by different respiratory activities can carry infectious

iruses, which evaporate, spread, suspend in the air or lodge on walls,

nd then are inhaled, creating a potential infection risk ( G et al., 2015 ,

ang, Zhang & Wang, 2007 , Gao, Niu & Morawska, 2010 , Zhang et al.,

017 , Hang, Li & Jin, 2014 ). Therefore, it is necessary to study the trans-

ission of droplets in the relatively confined smart classroom. 

Some researchers used the computational fluid dynamics (CFD) sim-

lation method to study the evaporation and migration process of solid-

iquid mixed droplets with different initial diameters exhaled in a pas-

enger car ( Yang, Yang & Zhao, 2016 , Chao & Wan, 2006 ). They sim-

lated their experimental cases and compared the data, which showed

he vertical position trajectory of droplets in Yang et al. ( Yang, Yang &

hao, 2016 )is in good agreement with the experimental results. Many

tudies have also demonstrated the accuracy of numerical simulations in

roplet transport ( Cai, 2019 ), indoor airflow organization ( Gao, 2014 ,

ei, 2007 ), etc. Therefore, the method of numerical simulation is se-

ected in the research of this article. 

At present, the research on the droplet transmission process mainly

ocuses on the kinetic characteristics of droplets, the particle size of

roplets, temperature, and humidity. Liu ( Liu, 2007 ) has conducted an

n-depth analysis of the stress of microbial aerosols. In the process of

ransmission, its movement is affected by gravity, drag, thermophore-

is, Saffman force, Brownian force, and other forces. Meanwhile, due to

ts characteristics, droplet transmission is accompanied by evaporation,

ttenuation, settlement, and other dynamic factors, which in turn affect

ts transmission characteristics ( Liu, 2007 , Kang, Zhang & Feng, 2017 ).

hen and Zhao ( Chen & Zhao, 2010 )’s research results show that the

nfluence of temperature and relative humidity on droplet dispersion is

egligible for droplets with an initial diameter of fewer than 200 𝜇m.

ang ( Wang, 2011 ) analyzed the airborne transmission process of res-

iratory diseases through droplets and droplet nuclei..and found that

he deposition rate and evaporation rate of droplets decreased with de-

reasing droplet size. It can be seen from the above research that the in-

uence of temperature and relative humidity on the dispersion of cough

roplets can be ignored. 

Taking the relatively confined smart classroom as the research ob-

ect, the transmission and concentration distribution of virus-carrying

roplets in the smart classroom in different seasons were simulated by

LUENT software. The transmission of droplets from a cough of one

erson at a table under the podium in the smart classroom was stud-

ed and the body deposition fraction of each person at the table was

ssessed. Studies on the transmission process of droplets in smart class-

ooms under these two scenarios and the assessment of the fraction of

ody deposition can provide some reference opinions for preventing and

ontrolling COVID-19 in smart classrooms. 

. Method 

.1. Geometric model and case design 

A smart classroom with a size of 15 m × 8 m × 3 m (X × Z × Y) was

sed to study the influence of different outdoor temperatures on the

pread of indoor droplets, and a body deposition fraction assessment

as conducted for people sitting at different positions of the desk. The

ir conditioner is located above the suspended ceiling, the air outlet size

s 0.95 m × 0.95 m (X × Z), and the door size is 2 m × 1 m (Y × X). More

etails of the room can be seen in Fig. 1 and Table 1 . Two scenarios

ere studied: scenario 1 is shown in Fig. 1 (a). There are only human

odies A, B, C, D, E, F, and G in the classroom. The red human body B is

he source of infection, and the others are uninfected. Scene 2 is shown

n Fig. 1 (b). Teacher A on the podium is the source of disease, and the

thers are uninfected. 

Zhang ( Zhang, 2011 )used numerical simulation to analyze the im-

act of environmental temperature changes on the transmission process

f droplets, considering that whether it was the SARS outbreak in 2003

r the pandemic of influenza A in 2009, it all occurred in the spring and
2 
utumn. Season, not in the hot summer. In combination with reality, the

nvironment temperature is 280K (7°C) and 298K (25°C) for simulation.

he results show that the droplet transmission distance is longer when

he ambient temperature is 280K. Seasonal signals decomposed by En-

emble Empirical Mode Decomposition showed that the infectivity and

ortality of SARS-COV-2 were higher in a cold climate ( Liu, Huang & Li,

021 ). In these two scenarios, three different temperatures are set 5 °C,

5 °C, and 20 °C, representing winter, summer, and transition seasons

spring and autumn) respectively. Model validation sees supplementary

aterial. 

.2. Meshing 

The complex smart classroom model is divided by an unstructured

rid. During the division, the grids of the human mouth, the speed en-

rance of the air conditioner, and the pressure exit of the door slit were
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Fig. 2. Grid of the human body on the podium 
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ncrypted, and the model was divided into different numbers of grids.

he number of grids used in the two scenarios is 2.27 million and 3.26

illion respectively. The encrypted human body grid is shown in Fig. 2 .

esh independence verification see supplementary material. 

.3. Physical model 

.3.1. Gas flow equations 

Fluids are mainly divided into the laminar flow and turbulent flow.

urbulent flow is characterized by pulsating velocity field, which is

rimarily caused by velocity changes and appears where the velocity

hanges. For example, the flow of gases in the air generated during respi-

ation is turbulent flow ( Zhang, 2011 ). Due to a large number of people

nd the influence of air conditioning and other factors, the flow of air

n the smart classroom is turbulent. The air is a Newtonian fluid, and

he continuous flow is solved by the Reynolds average Navier-Stokes

RANS) equation, as shown below: 

Continuity equation: 

𝜕𝑢 

𝜕𝑥 
+ 

𝜕𝑣 

𝜕𝑦 
+ 

𝜕𝑤 

𝜕𝑧 
= 0 (1)

Momentum equation: 

X-axis: 

𝜕 ( 𝜌𝑢 ) 
𝜕𝑡 

+ 

𝜕 ( 𝜌𝑢𝑢 ) 
𝜕𝑥 

+ 

𝜕 ( 𝜌𝑢𝑣 ) 
𝜕𝑦 

+ 

𝜕 ( 𝜌𝑢𝑤 ) 
𝜕𝑧 

= 

𝜕 

𝜕𝑥 

(
𝜇
𝜕𝑢 

𝜕𝑥 

)
+ 

𝜕 

𝜕𝑦 

( 

𝜇
𝜕𝑢 

𝜕𝑦 

) 

+ 

𝜕 

𝜕𝑧 

(
𝜇
𝜕𝑢 

𝜕𝑧 

)
− 

𝜕𝑝 

𝜕𝑥 
(2) 

Y-axis: 

𝜕 ( 𝜌𝑣 ) 
𝜕𝑡 

+ 

𝜕 ( 𝜌𝑣𝑢 ) 
𝜕𝑥 

+ 

𝜕 ( 𝜌𝑣𝑣 ) 
𝜕𝑦 

+ 

𝜕 ( 𝜌𝑣𝑤 ) 
𝜕𝑧 

= 

𝜕 

𝜕𝑥 

(
𝜇
𝜕𝑣 

𝜕𝑥 

)
+ 

𝜕 

𝜕𝑦 

( 

𝜇
𝜕𝑣 

𝜕𝑦 

) 

+ 

𝜕 

𝜕𝑧 

(
𝜇
𝜕𝑣 

𝜕𝑧 

)
− 

𝜕𝑝 

𝜕𝑥 
− 𝜌𝑔 (3) 

Z-axis: 

𝜕 ( 𝜌𝑤 ) 
𝜕𝑡 

+ 

𝜕 ( 𝜌𝑤𝑢 ) 
𝜕𝑥 

+ 

𝜕 ( 𝜌𝑤𝑣 ) 
𝜕𝑦 

+ 

𝜕 ( 𝜌𝑤𝑤 ) 
𝜕𝑧 

= 

𝜕 

𝜕𝑥 

(
𝜇
𝜕𝑤 

𝜕𝑥 

)
+ 

𝜕 

𝜕𝑦 

( 

𝜇
𝜕𝑤 

𝜕𝑦 

) 

+ 

𝜕 

𝜕𝑧 

(
𝜇
𝜕𝑤 

𝜕𝑧 

)
− 

𝜕𝑝 

𝜕𝑥 
(4) 

here g is the acceleration due to gravity, 𝜌 is the fluid density, u is the

verage velocity of the fluid, and P is the fluid pressure; u, v, w are the

elocity components of the fluid at a specific moment; the constant 𝜇 is

he dynamic viscosity. 
3 
Energy equation: 

𝜕 ( 𝜌𝑇 ) 
𝜕𝑡 

+ 

𝜕 ( 𝜌𝑢𝑇 ) 
𝜕𝑥 

+ 

𝜕 ( 𝜌𝑣𝑇 ) 
𝜕𝑦 

+ 

𝜕 ( 𝜌𝑤𝑇 ) 
𝜕𝑧 

= 

𝜕 

𝜕𝑧 

( 

𝑘 

𝑐 𝑝 

𝜕𝑇 

𝜕𝑥 

) 

− 

𝜕 

𝜕𝑦 

( 

𝑘 

𝑐 𝑝 

𝜕𝑇 

𝜕𝑦 

) 

+ 

𝜕 

𝜕𝑧 

( 

𝑘 

𝑐 𝑝 

𝜕𝑇 

𝜕𝑧 

) 

+ 𝑆 𝑇 (5) 

here Cp is the specific heat capacity, T is the temperature (K), k is the

eat transfer coefficient of the fluid, ST is the internal heat source of the

uid and the part where the fluid’s mechanical energy is converted into

hermal energy due to viscous action. In this study, the internal heat

ource is Heat generated by Lights, Body Surfaces, Screens, and Server.

Indoor airflow is generally turbulent [( Kang et al., 2015 ),Error!

ookmark not defined.]. The standard k- 𝜀 model has a relatively simple

ituation and is only suitable for simulating a completely turbulent flow

rocess. For the simulation of indoor air distribution, the Realizable k- 𝜀

odel is based on the standard k- 𝜀 model, which imposes certain math-

matical constraints on the normal stress, reflecting the time-averaged

train rate, and its suitable flow types are relatively wide ( Abdi & Bit-

uamlak, 2014 , Rahimi, Tavakoli & Zahiri, 2014 ). Therefore, the Real-

zable k- 𝜀 turbulence model is selected for the research. 

The model transportation equation of k and 𝜀 in the achievable k- 𝜀

odel is: 

𝜕 

𝜕𝑡 
( 𝜌𝑘 ) + 

𝜕 

𝜕 𝑥 𝑗 

(
𝜌𝑘 𝑢 𝑗 

)
= 

𝜕 

𝜕 𝑥 𝑗 

[ ( 

𝜇 + 

𝜇𝑡 

𝜎𝑘 

) 

𝜕𝑘 

𝜕 𝑥 𝑗 

] 
+ 𝐺 𝑘 + 𝐺 𝑏 − 𝜌𝜀 − 𝑌 𝑀 

(6)

And 

𝜕 

𝜕𝑡 
( 𝜌𝜀 ) + 

𝜕 

𝜕 𝑥 𝑗 

(
𝜌𝜀 𝑢 𝑗 

)
= 

𝜕 

𝜕 𝑥 𝑗 

[ ( 

𝜇 + 

𝜇𝑡 

𝜎𝜀 

) 

𝜕𝜀 

𝜕 𝑥 𝑗 

] 

+ 𝜌𝐶 1 𝑆𝜀 − 𝜌𝐶 2 
𝜀 2 

𝑘 + 

√
𝑣𝜀 

+ 𝐶 1 𝜀 
𝜀 

𝑘 
𝐶 3 𝜀 𝐺 𝑏 (7) 

here 𝐶 1 = max [ 0 . 43 , 𝜂

𝜂+5 ] , 𝜂 = 𝑆 
𝑘 

𝜀 
, 𝑆 = 

√
2 𝑆 𝑖𝑗 𝑆 𝑖𝑗 . 

In the above equation, G k represents the turbulent kinetic energy due

o the average velocity gradient, as described in the turbulence genera-

ion model in the k- 𝜀 model. G b is the turbulent flow energy generated

y buoyancy, which is calculated as described in the "Effect of Buoy-

ncy on Turbulence" in the k- 𝜀 model. Y M 

represents the contribution of

uctuating expansion incompressible turbulence to the total dissipation

ate, as described in the influence of compressibility on turbulence in

he k- 𝜀 model. C 2 and C 1 𝜀 are constants. 𝜎k and 𝜎𝜀 are the turbulent

randtl numbers of turbulent kinetic energy k and dissipation rate 𝜀 ,

espectively. 

.3.2. Discrete Phase Transmission Model 

Since the transmission of droplets in the air is discrete, the La-

rangian method is used to study the transmission process of droplets.

he discrete phase model (DPM) in FLUENT assumes that the second

hase (dispersed phase) is very thin, so particle-particle interactions

nd particle volume fraction effects on the continuous phase are not

onsidered. Therefore, thermal swim force, Saffman force, and pressure

radient force were considered in this study. The Lagrangian equation

escribing the movement of droplets is ( Wang, 2004 ): 

𝑑 𝑥 𝑝 

𝑑𝑡 
= 𝑢 𝑝 (8) 

𝑑 𝑢 𝑝 

𝑑𝑡 
= 

𝑓 𝐷 

𝜏𝑝 

(
𝑢 − 𝑢 𝑝 

)
+ 𝐹 𝑝 (9)

here x p is the moving distance, t is the time, and up is the speed

f droplets. F p stands for other external forces; this study considers

affman’s lift force, thermophoresis force, and pressure gradient force.

 D is Stokes drag modification function. For large droplets Reynolds

umber (Rep). 

 𝐷 

(
Re 𝑝 

)
= 1 + 0 . 15 Re 0 . 687 

𝑝 
(10)
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Table 2 

Boundary conditions in airflow simulation. 

Boundary name Boundary conditions 

Air-conditioners velocity inlet, velocity is 0.66 m·s − 1 , the temperature is 20 °C 

Mouth velocity inlet, velocity is 22 m·s − 1 , the temperature is 36 °C, only the exhale of the respiratory system is considered 

Outlet 1/ Outlet 2 pressure outlet 

Body surface standard wall function, no slip wall, heat flux is 26 W·m 

− 2 for all the manikins 

Left and right wall standard wall function, no slip wall, heat transfer coefficient is 0.34 W·m 

− 2 ·K − 1 ) and temperature is same as outside 

Back, bottom, front, and top wall standard wall function, no-slip wall, heat flux is 0 W·m 

− 2 

Screens heat flux is 46 W·m 

− 2 

Lights heat flux is 28 W·m 

− 2 

Server heat flux is 100 W·m 

− 2 
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Droplets’ characteristic time is defined as: 

p = 

𝜌𝑝 𝐷 

2 
𝑝 
𝐶 𝑐 

18 𝜇
(11)

The Cunningham slip correction factor Cc for tiny droplets in the

ormula is: 

 c = 1 + 

2 𝜆
𝐷 𝑃 

( 

1 . 257 + 0 . 4 exp 
( 

− 

1 . 1 𝐷 𝑝 

2 𝜆

) ) 

(12)

D p is the diameter of droplets, and 𝜆 is the free path. 

.4. Boundary conditions 

The accuracy of CFD simulation results largely depends on the setting

f boundary conditions. All boundary conditions are set as shown in

able 2 . 

The human body’s cough time is 0.5 s ( Carrillo, Rodríguez &

ranaga, 2019 ), so the spraying time of droplets is set to 0.5 s, and the

peed is set to 22 m·s − 1 ( Deacon, 2001 , Zhao, Zhang & Li, 2003 ), and

he temperature of droplets is set to 36 °C ( Gao, Niu & Morawska, 2010 ,

e et al., 2011 ). The angle 𝜃 of the exhaled airflow from the source

f infection (the angle between the center of the airflow and the hor-

zontal line when viewed from the side) is taken as 19 ° ( Zhu, Kato &

ang, 2006 ). The convective heat flow on the human body surface is 26

·m 

− 2 . 

Sneezing or coughing can produce a large number of droplets with

 diameter of about 10-100 𝜇m. However, they will split into droplets

ith a diameter of 1 𝜇m in a very short time ( Deacon, 2001 , Zhao, Zhang

 Li, 2003 ). And in the case of evaporation and condensation, droplets

ith an initial diameter of 10 𝜇m will evaporate within the first 0.2 s

 Yang et al., 2020 ). The smaller the particle size of droplets, the shorter

he evaporation time of the virus-carrying droplets ( Wang et al., 2020 ),

o the time droplets are at a large particle size is very short and unstable.

herefore, the influence of evaporation on droplets is ignored during the

imulation, and droplets size is assumed to be 1 𝜇m ( Yang et al., 2020 ,

iu, Zhang & Dan, 2016 ). 

.5. Body deposition fraction assessment 

After the outbreak of the SARS-COV-2 epidemic, many studies have

hown that the transmission of the SARS-COv-2 includes respiratory

roplet transmission and close contact transmission. It can be transmit-

ed by aerosols in a relatively confined environment, and it can also

ause infection after contacting with virus-contaminated items. Some re-

earchers also study the risk of infection through the amount of pathogen

eposition ( Health Commission website 2022 , Nicas & Best, 2008 ). In

he study of droplet transmission in the smart classroom, considering

hat droplets may be transmitted through contact if it falls on the human

ody, the body deposition fraction can be characterized by quantifica-

ion of droplet deposition. 

Studies have found that under normal temperature conditions, re-

ardless of whether the SARS-COv-2 or SARS virus, it can only survive

n the air for three hours ( Sun, Huang & Zhang, 2020 ). It takes about
4 
hree days for plastics to drop below the infectivity level. Ong et al.’s

 Ong et al., 2020 )research showed that nucleic acid could be detected

n the surface of various objects in the patient’s room. It can be seen

hat the deposited droplets still have a risk of contact, and it is feasible

o judge the fraction of body deposition based on the amount of depo-

ition. A simple body deposition fraction model was established based

n it, where the fraction of body deposition P is defined as the ratio of

he number of droplets deposited on each person to the total amount of

roplets deposited, namely: 

 𝑖 = 

𝑋 𝑖 

𝑍 

(13) 

In the formula, P i represents the body deposition fraction of the un-

nfected person i, Z represents the total amount of droplets deposited,

nd X i represents the number of droplets deposited on the uninfected

erson i . 

. Results and Discussion 

.1. Scenario 1: When the source of infection is sitting students, the 

raction of body deposition of other personnel is assessed 

.1.1. The influence of environmental temperature on the spread of cough 

roplets 

It can be seen from Fig. 3 that when t = 0.5 s, droplets coughed up

y the infected person are distributed in cones. At 1 s, due to the vertical

ownward airflow, the impact of gravity and inertial force on droplets

akes droplets deposited on the Desk 2 reach 87% of the total number of

roplets. These droplets carrying infectious bacteria or viruses deposited

n the desk will pose a potential threaten to people. At 1.5 s, due to

he effect of air conditioning wind, droplets spread around. Because of

he source of infection faces in the X- direction, with the impact of the

roplets’ inertia, the movement of droplets in the negative direction of

he X direction is faster than the positive direction of the X direction.

hen t = 4.5 s, as droplets continue to spread, droplets have reached

esk 5. At this time, there are a large number of droplets around the

usceptible person E, who is opposite to the source of infection B, and the

umber of droplets on the right side of the susceptible person E is much

arger than the number of droplets on the left side. The main reason for

his is that the air outlet is located on the right side of the susceptible

erson E, and the pressure on the right side of person E is lower than that

n the left side. At 8.5 s, droplets have reached Desk 6, which gradually

pread to Desk 6 after that. According to the trajectory of droplets within

0 s, the risk of droplets spreading to the Desk 6 is very high. In short,

hen the source of infection B coughs, the susceptible person E relative

o the source of infection B has the highest body deposition fraction. 

According to the difference between the coordinates of the location

f the source of infection and the coordinates when the concentration

f droplets becomes zero during the process of spreading to the sur-

oundings, the transmission distance of droplets at different times can

e obtained. The changes of droplets’ transmission distance at different

utdoor temperatures is shown in Fig. 4 . It can be seen from Fig. 4 that

o matter in which direction, under the same transmission time, the
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Fig. 3. The spread of droplets at different 

times when the temperature is 5 °C 

Fig. 4. The propagation distance of droplets in different directions at different moments (a)The propagation distance of droplets on the Z axis at different moments, 

Z + means propagation to the left, Z + means propagation to the right (b) The propagation distance of droplets on the X-axis at different times, X + means backward 

propagation, X- means forward propagation 
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C  
ransmission distance of droplets is the largest when the outdoor tem-

erature is 5 °C (winter). At the three temperatures of 5 °C, 20 °C, and

5 °C, droplets have spread to the wall in the Z + direction at a distance

f 4.50 m at 9 s, and the distance traveled in the Z-direction in the 5

C direction is the farthest, 1.81 m. In the X + direction within 10 s, the

ransmission distance is the farthest when the temperature is 5 °C, and

he transmission distance is 4.73 m. In the X- Direction, the transmission

istance is the farthest when the temperature is 5 °C, and the transmis-

ion distance is 1.86 m. When the temperature is 20 °C, within 10 s,

he farthest forward travel distance of droplets is 1.51 m, the backward

.91 m, the left 4.50 m, and the right 1.26 m. When the temperature

s 35 °C, the farthest droplets’ transmission distance can reach 4.62 m

orward, 1.83 m backward, 4.50 m to the left, and 1.22 m to the right

ithin 10 s. The main reason for the difference in droplets transmission
n different directions is that the direction of the airflow of the exhaled 1  

5 
roplets is along the X- Direction, so droplets transmission distance is

he longest in the X- Direction at three different temperatures. In sum-

ary, at the three temperatures in this scene, the transmission distance

f droplets can reach 1.22 m at the nearest and 4.73 m at the farthest

n 10 s. The greater the temperature difference between indoor and out-

oor, the greater the pressure difference, and the greater the airflow

elocity. Therefore, the drop in temperature accelerates the spread of

roplets. In different directions, when the outdoor temperature is 5 °C,

he spread of droplets is the farthest. 

.1.2. Evaluation of body deposition fraction of personnel in Desk 2 

It can be seen from Fig. 5 that P E > P D > P C > P F > P G > P , the suscepti-

le person E has the highest body deposition fraction, followed by D,

, F, and G. The body deposition fraction of the susceptible person E is

73 times higher than that of susceptible person D, 1112 times higher
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Fig. 5. Fraction of body deposition with different human bodies in 10 s 
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1  

w  
han that of susceptible person C, and 1112 times higher than that of

usceptible person F. Susceptible person G has no droplets deposited. It

an be seen from Fig. 4 that the susceptible person E located directly

pposite the source of infection B has the highest body deposition frac-

ion, followed by D, which is adjacent to the susceptible person E. It can

e seen from Fig. 5 that it is not the susceptible person F adjacent to

 that has the greater fraction of body deposition, but the susceptible

erson D. And susceptible person D is 6 times as susceptible person F.

here is no droplets deposited on G adjacent to the source of infection

, while there are droplets deposit on C. This shows that when droplets

n the Desk 2 are spreading, they will be affected by the position of the

xhaust vent. The pressure at the exhaust vent is as small as -20 pa. And

he vent is close to the human body C, so droplet deposits on the sus-

eptible persons C and D are larger, and the body deposition fraction is

lso greater. 
6 
.2. Scenario 2: When the source of infection is a teacher on the podium, 

valuation of the body deposition fraction of other people 

Another type of people who often use smart classrooms are teachers,

ho usually stand up to teach in smart classrooms. When the source of

nfection is the teacher on the podium, the position and exhaled height

The height of the middle position of the human mouth and nose from

he ground) of the source of infection will change compared with the

itting student. Therefore, the scene where the source of infection is the

eacher on the podium was studied, and the fraction of body deposition

ith other desks was also evaluated. 

.2.1. The influence of environmental temperature on the spread of cough 

roplets 

It can be seen from Fig. 6 that at 0.5 s, droplets produced by coughing

re distributed in a cone. Since the initial direction of the cough droplets

s at an angle of 19 ° to the horizontal plane, droplets are mainly affected

y the inertial force and propagate obliquely downwards. At 2 s, droplets

radually spread to the surroundings. At 4 s, droplets had reached the

dge of Desk 2. At this time, the cough droplets reached the ground and

pread further. At 8 s, droplets have spread to Desk 3. At 13 s and 15

, it can be seen that droplet distribution has not changed much. At this

ime, almost no droplets were found near Desk 1. 

The teacher on the podium is located in the horizontal middle of the

mart classroom model. It can be seen from Fig. 6 that the cough droplets

end to spread to Desk 2 and transition to Desk 3. However, there are few

roplets in the direction of Desk 1, and they are not evenly distributed on

oth sides. It can be concluded that the direction of the pressure outlet

ill affect the direction of droplet diffusion, so three cross-sections were

ade to verify this hypothesis, as shown in Fig. 7 . 

It can be seen from Fig. 8 that the speed above Desk 3 is higher than

hat of Desk 1. The speed of Desk 3 reaches 0.16 m·s − 1 . The flow veloc-

ty above Desk 1 is 0.07 m·s − 1 , and a vortex is formed. When there are

ollutants in the room, due to the existence of eddy currents and the

igher speed above Desk 3, there may be a greater fraction of body de-

osition with people at Desk 3. There is a vortex above Desk 3 and Desk

, and the speed above Desk 3 changes rapidly. When there is airflow

ith pathogenic bacteria in the room, droplets may form on the two
Fig. 6. The spread of droplets at different 

times when the temperature is 5 °C 
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Fig. 7. Selected cross-section diagram 
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Fig. 8. Velocity and streamline distribution of section 2 
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esks, which will cause a greater fraction of body deposition with peo-

le sitting at the two desks. Comparing the three different temperatures,

t can be seen that when the temperature is 5 °C, the vortex streamlines

re denser and the speed is greater, which corresponds to the increase in

he flow rate of droplets due to the decrease in temperature mentioned

bove. 

The spread of droplets is affected by the outdoor temperature, and

he low temperature accelerates droplets’ speed. When the outdoor tem-

erature is 5 °C, droplets’ spread faster and reach the wall first, and when

he temperature is 20 °C, droplets finally reach the wall. Fig. 9 shows

he transmission distance of droplets at different times in the X direc-

ion and Z direction under different temperatures. The X direction is the

ame as the initial transmission direction of droplets produced by the

uman body coughing on the podium, and the Z direction is perpendic-

lar to the initial transmission direction of droplets. It can be seen from

ig. 9 (a) that the maximum transmission distance in the X direction at

he three temperatures is not much different. This is because the initial

elocity of droplets is large, and the air supply velocity of the air condi-

ioner is small. The initial velocity of droplets at the three temperatures

s the same, and the air supply temperature is the same, so in the X di-

ection, the transmission distance of droplets at the three temperatures

s not much different. It can also be seen from Fig. 9 (b) that the dis-
ig. 9. The propagation distance of droplets in different directions at different mome

s, forward propagation (b)The propagation distance of droplets on the Z-axis at diffe

7 
ance of droplet transmission at the three temperatures in the first 4 s is

he same, but the distance of droplet transmission in the Z direction is

ignificantly different after 4 s. 

.2.2. Analysis of the body deposition fraction of each desk in the 

lassroom 

It can be seen from the analysis of Fig. 6 that when the classroom

s full, and the person on the podium coughs, the body deposition frac-

ion of different desks is evaluated within 15 s: Desk 2 has the highest

ody deposition fraction, followed by Desk 3. The other desks did not

apture droplets within 15 s. According to the statistical data at 15 s,

o droplets were arrested on the body of the susceptible human body

xcept the source of infection in the classroom under the three working

onditions. Therefore, only the overall body deposition fraction analysis

f Desk 2 and Desk 3 is carried out here. According to the definition of

ody deposition fraction above, droplets deposited on the human body
nts (a)The propagation distance of droplets on the X-axis at different times, that 

rent times, that is, the sum of the propagation distances to the left and right 
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Fig. 10. Body deposition fraction of different desks in scenario 
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re replaced by droplets deposited on the desk. That is, the body depo-

ition fraction of a certain desk is the ratio of the number of droplets

eposited on the desk to the total number of droplets, and the body de-

osition fraction of the Desk 2 and the third desk are respectively P 2 
nd P 3 . According to the calculation of the statistical results, the body

eposition fraction of Desk 2 and Desk 3 under the three working con-

itions can be obtained as shown in Fig. 10 . It can be seen that in the

hree working conditions, the body deposition fraction of Desk 2 is 72

imes that of Desk 3. It is obvious that people sitting at the Desk 2 are

ore likely to be affected. The reason is that Desk 2 is just in the initial

praying direction of cough droplets from the source of infection, and is

he closest distance to the source of infection. At three different temper-

tures, the body deposition fraction of Desk 2 and Desk is the highest

t 5 °C, 8.96%, and 0.13%, respectively, followed by 35 °C. At 20 °C,

he body deposition fraction of the two desks is the smallest, 8.70% and

.11% respectively. 

According to the research of the above two scenes, by measuring the

verage temperature of droplets exhalation height in scene 1 and scene

, It can be found that the average temperature of droplets exhalation

eight in scene 2 is 22.72 °C, scene 1 is 21.02 °C. The average temper-

ture of scene 2 is greater than that of scene 1. Comparing the droplet

ransmission distance of working condition 2 with that of working con-

ition 1, it can be found that: when the standing teacher coughed, the

orizontal transmission distance was 5.66 m, which was 0.93 m longer

han that of the seated student. It can be found that the transmission dis-

ance of the droplet is affected by the exhalation height of the droplet.

he higher droplets’ exhalation height, the greater the transmission dis-

ance. 

. Conclusion 

The method of numerical simulation was used to study the transmis-

ion of droplets produced by coughing of the teacher and the student in

mart classrooms in different seasons, the influence of outdoor temper-

ture and droplets exhalation height on the spread of droplets caused

y coughing of people in the classroom was studied. The body depo-

ition fraction of human bodies other than the source of infection was

nalyzed, and the following conclusions were drawn: 

1) The low temperature accelerates the transmission speed of droplets.

Under the condition that the indoor temperature of the smart class-

room is 20 °C and the outdoor temperature is 5 °C, 20 °C, and 35

°C respectively, the transmission speed of droplets is the largest at

5 °C in 10s. The transmission distance at an outdoor temperature of

5°C is 9.55% longer than that at 20°C and 10.31% longer than that
8 
at 35°C. Adjusting the temperature of indoor air conditioners during

the epidemic may reduce the spread of droplets effectively. 

2) When the source of infection was a sitting student, the person op-

posite the source of infection had the greatest fraction of body de-

position compared to others in the classroom. The fraction of body

deposition in the downwind direction is 6 times higher than that in

the upwind direction. When the source of infection is the teacher

standing on the podium, the table closest to the source of infection

has the highest fraction of body deposition. It is recommended that

people in the classroom do not sit face-to-face during the epidemic.

The fraction of body deposition between people in the classroom can

be reduced by changing the ventilation method and increasing the

air outlet. 

3) The transmission distance of droplets is affected by the exhalation

height of droplets. When the standing teacher coughed, the horizon-

tal transmission distance was 5.66 m, which is 0.93 m longer than

the sitting student. Therefore, on the basis of ensuring normal teach-

ing, the exhalation height of droplets should be reduced as much

as possible. For example, on the basis of satisfying ergonomics, the

height of chairs and podiums in smart classrooms should be reduced

as much as possible. 
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