
 

 

66 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 5 Issue 11, 2019 

DOI: 10.6919/ICJE.201910_5(11).0011 

Air purifier flow field simulation and structural optimization 

Haichao Liu 

School of Shanghai Maritime University, Shanghai 201306, China 

18792490238@163.com 

 

Abstract 

Air purifiers are being adopted by more and more homes to provide fresh air to improve 
indoor air quality. However, the current research on air purifiers mainly focuses on the 
purification part, and few results have been published in the form of air supply to the 
purifier and the indoor air flow caused. The numerical simulation method is used to 
analyze the airflow organization of the air purifier under different wind speeds and inlet 
and outlet distances to achieve structural optimization and improve purification 
efficiency. According to the results of the simulation analysis, in the laboratory with a 
height of 2.5 m, the vertical airflow of the air purifier is 0.8 m and the wind speed is 6 
m/s, and the airflow organization in the room is optimal, which can effectively avoid the 
vortex to eliminate the dead angle. 
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1. Introduction 

As the working environment and housing change, people spend more and more time indoors. 

According to statistics, the vast majority of people spend 70% to 90% of their time indoors [1,5]. 

Therefore, the indoor environment directly affects people's comfort and health, and people pay more 

attention to indoor air quality than before. 

The numerical simulation method has the characteristics of short cycle and low cost, and can be 

carried out in advance, so it has been greatly developed in the past 10 years [2]. With the rapid increase 

of computer operation speed and the perfection of computational fluid model, numerical simulation 

method has been used as a very useful tool to predict indoor air flow, and this method has been more 

and more widely used in industrial flow calculation. 

In general, indoor air purifiers play a major role in purifying parts and fans. At present, there are 

dozens of indoor air purifiers that can be purified according to different mechanisms and different 

means on the market. Generally, they can be classified into mechanical type, electrostatic type, 

negative oxygen ion type, physical adsorption type, and chemical adsorption type. Or a combination 

of two or more of the first few forms. Most of them focus on the research of the purification part, and 

there is little research on the air supply mode of the purifier and the airflow organization caused. 

Good airflow organization helps to avoid vortexing and eliminate dead spots to improve purifier 

performance. On the contrary, the pathological import and export layout is prone to circulating 
airflow, and the concentration of pollutants causes the concentration of pollution in the human 

respiratory region to increase. 
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2. Model selection 

2.1 Geometric model 

The geometric model uses a standard laboratory structure [7] 3.5m X 3.4m X 2.5m = 30m2. 

According to the survey results, users are accustomed to placing the air purifier in the corner of the 

wall, so they are placed on the wall when the model is built. The relevant dimensions of the air purifier 

are shown in Figure 2. The vertical distance H of the inlet and outlet is 40cm, 50cm, 60cm, 70cm, 

80cm and 90cm respectively. 

                    

Fig. 1 Laboratory structure diagram                    Fig. 2 Air purifier structure diagram 

2.2  Physical model 

The indoor air satisfies the ideal gas state equation, the pressure is constant, the low velocity flows 

and is incompressible, and the temperature and density change are small, in line with the theory of 
viscous fluid mechanics. The physical model of indoor air flow is summarized as [3]: consistent with 

the isobaric flow law of the gas state equation; air is an ideal gas at normal temperature, low speed, 

and incompressibility. 

2.3 Mathematical model 

Using the standard k - ε  model[8], the transport equations for the turbulent energy k and turbulent 

dissipation are shown in equations (1) and (2): 
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In the equation, Gk represents the turbulent energy term produced by the laminar velocity gradient, 

Gb is the turbulent energy term generated by buoyancy, and YM represents the contribution of the 

turbulent pulsation expansion to the dissipation rate in the global flow in the compressible flow, C1, 

C2, C3 are constants, σk and σε are the turbulent Prandtl numbers of the k and ε equations, and Sk and 

Sε are user-defined kinetic energy terms and turbulent dissipative source terms. 
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3. Calculation results and analysis 

The air flow distribution of the air purifier was evaluated by selecting the air flow distribution of X=0, 

X=1, and Y=1.75. The X=0 section is located in the purifier, which can analyze the enthusiasm of the 

air supply [7]; the Y=1.75 section is located directly in front of the purifier and at the center of the 

chamber combined with the X=1 section to show the airflow structure on both sides; Maximum 

analysis of airflow throughout the room. 

3.1 Calculation results and analysis 

The air flow distribution of the air purifier was evaluated by selecting the air flow distribution of X=0, 

X=1, and Y=1.75. The X=0 section is located in the purifier, which can analyze the enthusiasm of the 

air supply [4]; the Y=1.75 section is located directly in front of the purifier and at the center of the 

chamber combined with the X=1 section to show the airflow structure on both sides; Maximum 

analysis of airflow throughout the room. 

   

V=4m/s V=6m/s V=8m/s 

Fig. 3 H=40cm X=0 Speed distribution 

   

V=4m/s V=6m/s V=8m/s 

Fig. 4 H=50cm X=0 speed distribution 

   

V=4m/s V=6m/s V=8m/s 

Fig. 5 H=60cm X=0 Speed distribution 
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V=4m/s V=6m/s V=8m/s 

Fig. 6 H=70cm X=0 Speed distribution 

   

V=4m/s V=6m/s V=8m/s 

Fig. 7 H=80cm X=0 Speed distribution 

   

V=4m/s V=6m/s V=8m/s 

Fig. 8 H=90cm X=0 Speed distribution 

When the air purifier flow rate changes, the indoor air velocity distribution is shown in Figure 3. 

When the air supply speed is lower than 4 m/s, the air flow velocity in most areas of the room is less 

than 0.3 m/s, which cannot effectively suck up the pollutants. When the flow rate does not change H, 

the indoor air velocity distribution is as shown in the longitudinal comparison of Figures 3-8. It can 

be seen that increasing the vertical distance H of the inlet and outlet cannot effectively reduce the 

area where the speed is less than 0.3 m/s. However, when the H value is too large (0.9 m), the indoor 

air flow rate is greatly disturbed. This is because the indoor height is constant. As the value of H 

increases, the distance from the exit of the purifier to the roof decreases, causing the air pressure 

above the purifier to increase and the flow rate to decay too fast. Therefore, when designing the air 

purifier, the vertical distance of the inlet and outlet should not be too large or too small, otherwise the 

airflow organization effect will be worse, which will affect the purification efficiency of the purifier. 

3.2 Calculation results and analysis 

By analyzing the X=1 section velocity vector diagram, we can see the general trend of the indoor 

airflow in the case of the air purifier operation. In the previous velocity cloud analysis, the speed is 

4m/s, and only the speed is 6m/s and 8m/s. From Fig. 9 to Fig. 14, it is found that H = 40 cm V = 6 
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m / s, H = 50 cm V = 6 m / s, H = 50 cm V = 8 m / s, H = 70 cm V = 6 m / s, H = 70 cm V = 8 m In 

the five cases, the airflow effect is the best, the area of the vortex area is relatively small, and the 

clean air is diffused and mixed throughout the space. 

   

V=4m/s V=6m/s V=8m/s 

Fig. 9 H=40cm X=1 Speed vector 

   

V=4m/s V=6m/s V=8m/s 

Fig. 10 H=50cm X=1 Speed vector 

   

V=4m/s V=6m/s V=8m/s 

Fig. 11 H=60cm X=1 Speed vector 

   

V=4m/s V=6m/s V=8m/s 

Fig. 12 H=70cm X=1 Speed vector 
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V=4m/s V=6m/s V=8m/s 

Fig. 13 H=80cm X=1 Speed vector 

   

V=4m/s V=6m/s V=8m/s 

Fig. 14 H=90cm X=1 Speed vector 

3.3 Calculation results and analysis 

Streamline: A spatial curve of a moment in a flow field where the velocity of the fluid mass at each 

point coincides with the tangent of the curve at that point. 

   

V=4m/s V=6m/s V=8m/s 

Fig.15 H=40cm Y=1.75 Streamline 

   

V=4m/s V=6m/s V=8m/s 

Fig.16 H=50cm Y=1.75 Streamline 
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V=4m/s V=6m/s V=8m/s 

Fig.16 H=60cm Y=1.75 Streamline 

   

V=4m/s V=6m/s V=8m/s 

Fig.17 H=70cm Y=1.75 Streamline 

   

V=4m/s V=6m/s V=8m/s 

Fig.18 H=80cm Y=1.75 Streamline 

   

V=4m/s V=6m/s V=8m/s 

Fig.19 H=90cm Y=1.75 Streamline 

As can be seen from Fig. 15 to Fig. 20, an isolated annular vortex is formed on the left and right in 

the Y plane. The presence of such an independent annular vortex in the room will restrict the entry of 

pollutants into the purifier, which will easily cause accumulation of nearby pollutants, high 

concentration of pollutants, and poor air quality. The results show that by changing the vertical 

distance or the air supply speed, the vortex cannot be avoided, and the dead angle can be eliminated, 

but the position of the center of the vortex can be changed. When the air supply speed is constant, the 

vertical increase of the vertical distance of the inlet and outlet is obvious; when the vertical distance 

of the net outlet is constant, the center of the scroll has an increasing trend with the increase of the 

speed. Therefore, the air purifier import and export arrangement is very important, the diseased 

structure is easy to produce a circular vortex in the human respiratory zone, where the air age is large, 
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the local ventilation efficiency is very poor, and the imbalance of small space is caused, so that the 

air quality in the breathing zone is changed. Bad, ventilation efficiency is reduced, impairing air 

purifier performance. 

4. Conclusion 

By calculating the vertical distance H of the inlet and outlet of the air purifier is 40cm, 50cm, 60cm, 

70cm, 80cm, 90cm, the flow velocity of the indoor flow velocity is 4m/s, 6m/s, 8 /s, respectively. 

Analysis of the airflow in the room shows that the air supply speed should be moderate, too small 

pollutants can not be discharged with the airflow, especially the pollutants of larger particles, and the 

wind speed is too large to cause human discomfort. At the same time, the air purifier import and 

export arrangement is very important. Different vertical distances of inlet and outlet and different air 

supply speeds are different in the center of the circular vortex. The vertical distance of the inlet and 
outlet H must be appropriate. Too large and too small are not conducive to Improve the purification 

efficiency of the air purifier. Therefore, when designing the air purifier, the size of the indoor space 

should be comprehensively considered, and the structure and air supply speed should be reasonably 

designed to prevent the center of the vortex caused by the air purifier from being located in the human 

respiratory region. In the laboratory environment, the vertical distance H of the net outlet of the air 

purifier is 80cm, and the wind speed is 6m/s. 
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