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Abstract. With the help of FLUENT software, the flow characteristics of fine particles in the upper air supply 

room with different air supply parameters were studied. The particle trajectory model was established to 

calculate the concentration distribution characteristics of fine particles in the upper air supply room, and the 

optimal air supply parameters in the working area of the personnel were researched to reduce the impact of 

the particles on the human health. By calculating the distribution of air flow field and particle concentration 

under four different air supply parameters, the optimal operating conditions were obtained by comparative 

analysis, that is, the air supply temperature was 20°C and the air supply speed was 3m/s, which provided a 

theoretical basis for the setting of the air supply parameters of the upper air supply room in the future. 

1 Foreword 
With the emergence of the new coronavirus pneumonia 

epidemic in 2020, everyone will be isolated at home as far 

as possible. Therefore, the quality of indoor air will 

directly affect our body construction. Under the condition 

of effective control of indoor air flow organization, 

improve indoor Air quality, reducing the impact of indoor 

pollutants on people [1], and improving people's comfort 

become particularly important. Computing and analyzing 

the air flow field and particle concentration distribution 

under four different air supply parameters and comparing 

and analyzing to obtain the optimal working conditions, 

which provides a certain theoretical basis for the setting of 

air supply parameters for the upper air supply room in 

future projects. 

2 Calculation model  

2.1 Physical models and computational grids 

The geometric model created in this simulation is 

4000mm×3900mm×2500mm, by creating a three-

dimensional physical model.A computer and a human are 

established. The geometric model and physical model are 

shown in Fig1 

2.2 Mathematical Model 

The interior of the upper air supply room is unsteady 

turbulent flow. so the turbulence model in the calculation 

is selected as the k-e two equation turbulence model. This 

simulation uses the Euler-Lagrangian model (k-e model) 

to perform numerical simulation on the discrete phases. 

Tracking particle trajectories simulates discrete phase 

motion.  

Fig 1 Physical model 

 

The governing equation is as follows: 

Energy conservation equation : 
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Momentum conservation equation: 
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Mass conservation equation: 

           3

 

Where: k  -Fluid turbulent flow energy, J; P  -Hourly 

�
�

�
�

�
�

�
�

�
�

�
�

zyx
u )()()()( �	
��	�		
�
�

xF
x
u

z
v

zy
u

x
v

yx
udivu

xx
�			
�

�
�
�

�
�
�

�
�

�
�
�

�
�
�

�
�

�
�
�

�
�
�

�
�
�

� )]([)]([)2(

0)( ���
�
� v

t
��

E3S Web of Conferences 248, 01012 (2021)
CAES 2021

https://doi.org/10.1051/e3sconf/202124801012

   © The Authors,  published  by EDP Sciences.  This  is  an open  access  article distributed under the  terms of the Creative Commons Attribution License 4.0
 (http://creativecommons.org/licenses/by/4.0/). 



pressure, Pa; rp -Prandtl number; � —Time constant, s; 

iu —Speed component, 3,2,1�i represents the x, y, and 

z directions respectively; �  -Turbulent energy 

dissipation,%; �  -Fluid density, kg / m3; �  -Fluid 

volume expansion coefficient. 

2.3 Boundary Conditions 

The boundary conditions of the air inlet are set to velocity 

inlet-inlet. The boundary conditions of the return air outlet 

are set to the free flow boundary condition outflow. The 

initial parameters was set : the heat flux of each person is 

50 w/m2, and the heat flux of each computer is 100 w/m2. 

The indoor air density is 1.225 kg/m3. Air viscosity 

coefficient is smkge �� /5789.1 . 

The time of the particle source releases is 300s. The 

time step size is set to 0.05s. The number of time steps is 

set to 10000, and the number of time step iterations is set 

to 10. The Reporting Interval is set to 1, and the Profile 

Update Iterval is set to the default value of 1. 

 
Working 

condition

Supply air 

temperature (k)

Air supply 

speed (m / s)

A1 293 2.6

A2 297 2.6

A3 293 3

A4 297 3

2.4 Temperature field simulation 

A1 working condition: when the air supply temperature is 

293K and the air supply speed is 2.6m/s. The temperature 

fields obtained are shown in Fig. 4.1 and Fig. 4.2 

respectively. 

When the supply air velocity of 2.6 m/s, supply air 

temperature is 293 k, y = 1.5 m height in temperature field 

distribution range is 303 k, 308 k, because computers and 

personnel of the heat flux is larger, so the highest 

temperature appears around the computer, about 308 k, 

findings and the personnel area is about 307 k, the wall 

around the lowest temperature, the temperature of the 

temperature field distribution in cascade centered on 

computers and personnel to decline gradually. At the 

height of y=1m, the temperature field distribution ranges 

from 303K to 317K. The highest temperature appears 

around the computer (about 317K), followed by the area 

where the personnel are located (about 308K). The 

temperature around the wall is the lowest. 

Fig 2 Temperature distribution at the height of y=1.5m 

 

Fig 3 Temperature distribution at the height of y=1m 

Fig 4 Temperature distribution at the height of y=1.5m 

Fig 5 Temperature distribution at the height of y=1m 

 

When the supply air velocity of 2.6 m/s, supply air 

temperature is 297 k, y = 1.5 m height in temperature field 

distribution range is 302 k, 307 k, because computers and 

personnel of the heat flux is larger, so the highest 

temperature appears around the computer, about 307 k, 

findings and the personnel area is about 306 k, the wall 

around the lowest temperature, the temperature of the 
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temperature field distribution in cascade centered on 

computers and personnel to decline gradually. At the 

height of y=1m, the temperature field distribution ranges 

from 303K to 312K. The highest temperature appears 

around the computer (about 312K), followed by the area 

where the personnel are located (about 308K). The 

temperature around the wall is the lowest. 

2.5 Velocity field simulation 

In the office area, the sitting time of the personnel is 

relatively long. The sitting height is about 1m. Therefore, 

this paper mainly calculates the distribution of the speed 

field at the height of y = 1m as shown in Fig 6, Fig 7, Fig 

8 and Fig 9. 

At the height of y=1m, the flow velocity is 

0.081m/s~0.128m/s and 0.985m/s~0.144m/s under the 

conditions of A1 and A2 .The human body feels uncom -

fortable and there will be a feeling of stagnant air when 

the minimum velocity is lower than 0.127m/s. Under A3 

condition, the flow velocity is 0.166/s—0.23m/s. The 

interval value meets the range of human comfort 

0.127—0.25m/s . The flow velocity is 0.137/s—

0.202m/s under the A4 condition, which also meets the 

human body's requirements. Therefore, the A3 and A4 

conditio-ns meet the human body's comfort for wind 

speed.. 

2.6 Particle concentration simulation 

At the height of y=1m, the particle concentration 

distribution under the four working conditions is shown in 

Fig 10, Fig 11, Fig 12 and Fig 13. The average particle 

concentration around the person is highest at A1, which is 

2.82e-07kg/m3. A2 conditions is 2.62e-07kg/m3. average 

particle concentration around personnel under  

A3 conditions is 2.08e-07kg/m3. A4 conditions is the 

lowest of the four working conditions, which is 2.26e-

07kg/m3. So for human health considerations, the A3 

working condition was finally determined. Which supply 

air temperature is 20 , and the supply air speed is 3m/s 

are the optimal working condition. 

  
 Fig 6 A1 working condition Fig 7 A2 working condition 

 
 

Fig 8 A3 working condition Fig 9 A4 working condition 

Velocity field distribution at y = 1m height 

 

  
Fig 10 A1 working condition             Fig11 A2 working condition 
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Fig 12 A3 working condition                     Fig 13 A4 working condition 

Particle concentration distribution under four conditions at y=1m 
 

Combining the velocity field and the particle 

concentration distribution, A3 operating condition (supply 

air temperature of 20 and air velocity of 3m/s) was  the 

optimal operating condition. 

3 Conclusion: 
This paper numerically simulates different air supply 

parameters of the upper air supply room, analyzes and 

compares the indoor flow field of different air supply 

parameters and the cloud diagram of particle 

concentration distribution, and finds the optimal working 

conditions. After numerical analysis and comparison, the 

following conclusions are obtained:  

1. Speed simulation. At the height of y=1m, the speed 

around people under the A1 and A2 working conditions is 

low. A3 and A4 working conditions meet the range of 

human comfort;  

2. Particle concentration simulation. At the height of 

y=1m, the particle concentration around the human body 

under the A3 condition is the lowest of the four conditions, 

which has the least impact on human health. 
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