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Abstract. Nowadays, at production facilities with paint-spraying booths 

that use paint and varnish materials to cover the surfaces of product, the 

problem of gas flow contamination with finely dispersed solid particles of 

dust and rubbish, which negatively affect the quality of products, is 

increasingly being raised. In order to minimize the content of solid 

particles in the gas flow, coarse and fine filters are installed in the paint-

spraying booths, which prevent dust particles from entering the surface of 

products. However, the existing purification devices have a number of 

disadvantages that affect the efficiency of collecting finely dispersed 

particles from the gas flow with a size of 0.5-5 microns. The authors of 

article developed a square separator to increase the efficiency of collecting 

finely dispersed particles from gas flows in the paint-spraying booths. The 

installation of proposed separation device in the paint-spraying booths 

affects not only the quality of collecting solid particles, but also increases 

the service life of fine and coarse filters In the course of numerical studies, 

the results of impact of structural and technological parameters, namely, 

the impact of inlet rate and scale of separation device on the efficiency of 

collecting solid particles from the gas flow, were obtained.  

1 Introduction 

The problem of low efficiency of collecting finely dispersed solid particles in the paint-

spraying industrial booths is gaining large scale, entailing significant energy and economic 

costs. Paint-spraying booths are special equipment, designed to perform paint and varnish 

works. Absolutely all paint-spraying booths are fully automated and sealed, as well as 

equipped with drying devices. Therefore, they are used not only for painting, but also for 

drying painted products. Often, paint-spraying booths are used for painting car bodies and 

its parts, as well as for furniture products (doors, facades), wood products of various 

treatment, etc. Usually, for the formation of glossy coatings, suspension paints with a 

particle diameter of 0.5 to 5 microns are used [1]. Therefore, the use of efficient equipment 

allows you to avoid defects that appear due to the faulty sealing of room, thereby 

preventing dust particles from entering it. 

The process of painting products in the paint-spraying booths is carried out as follows: 

during the painting process, air, entering the booth from the outside, passes through the 
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filters, is heated to the required temperature, then fed to the ceiling part of booth and 

filtered again. Due to the uniform distribution of air, the products are fully painted. A filter 

is installed in the floor of booth, through which air, contaminated with solid particles, 

passes, and the cycle starts again. Upon completion of painting process, the booth is 

cleaned of paint and vapors, and the equipment goes to the drying stage. At this stage, 

heated air circulates inside the booth, which is constantly updated. Then, paint-spraying 

booth goes to the cooling stage. As production output, there is an item with a paint coating 

that meets the modern standards of paint quality. However, during manufacturing of paint 

products, the quality of paint is significantly affected by the filtration efficiency of paint-

spraying booth. When using paint and varnish materials at manufacturing plants, filters 

solve a number of important tasks, such as obtaining high-quality products, ensuring 

sanitary and hygienic working conditions for personnel, and reducing harmful emissions 

into the environment. Directly in the paint-spraying booths, filters are used both for pre-

purification of incoming air, as well as for reduction of solid dust particles and debris in the 

air, which are removed by the ventilation hood [2-4]. Air purification in the paint-spraying 

booths is carried out in two stages: first, pre-filtration by means of floor filters of coarse 

purification, then - ceiling filters of fine purification. At the preliminary stage, coarse filters 

collect large particles, and fine filters free the heated air from smaller dust particles [5,6]. 

Thus, the appearance and durability of products depend on the efficiency of collecting 

solid particles by filters in the paint-spraying booths. However, the significant 

disadvantages of such filters are the following: low service life, high cost and complexity of 

their disposal after contamination. The recommended service life of floor filters of coarse 

purification is 70-120 hours of operation, and of ceiling filters of fine purification is 1000-

1200 hours. Thus, there is a need for frequent replacement of filter material, which requires 

significant economic costs. In order to solve this problem, various separation devices for 

collecting small solid particles of different diameters have been proposed [7-13]. Therefore, 

the development of new devices to improve the efficiency of collecting finely dispersed 

particles in paint-spraying booths is currently an urgent task. 

2 Description of developed square separation device 

The authors developed a design of square separator, shown in Figure 1, which is proposed 

to be used in paint-spraying booths for purifying gas flow from finely dispersed particles of 

0.5 to 5 microns in size, installing it after the coarse filters, or replacing them as the first 

stage of purification. This device shall be installed before the fine filters, which will 

significantly increase service life of them. The separator is a square-shaped casing, which 

includes separation elements, consisting of square section pipes with round holes on the 

side faces, and the holes, adjacent to the corners, are 2 times smaller than the holes located 

at some distance from them, and the space for sediment deposition. In this case, the 

separation elements of structure are closed on the one side, and open on the other side. The 

advantage of this device is simplicity of design, low energy consumption, easy removal of 

the sediment, as well as full restoration of its operability. 
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Fig. 1. Square separator for collecting finely dispersed particles from the gas flow. 

The process of collecting finely dispersed particles occurs due to the formation of 

vortex structure inside the device. When passing through the holes, located on the 

separation elements of device, the gas flow begins to swirl, forming a certain number of 

vortices over the entire area. According to the condition of equal flow, 4 vortices are 

formed on the side of each outlet, and the inlet area is equal to the outlet area, i.e. Fin = Fout. 

However, in the center of four square section pipes, a vortex is created that is slightly larger 

than the others. The peculiarity of developed design is the location of holes, i.e. quantity of 

them and diameter on the side faces of pipes. Two holes with a diameter of 20 mm on the 

side face of one pipe are placed opposite three holes of other pipe with dimensions of 20 

mm and 8 mm, respectively, in such a way that such an arrangement provides twisting of 

vortices on both sides of side faces of separation elements. Similar arrangement of outlet 

holes is found on the remaining side faces of square pipes. Due to this arrangement of holes 

in the device, a stable vortex structure is created that allows to increase the efficiency of 

collecting finely dispersed particles from gas flows in the paint-spraying booths. The 

settling of small solid particles down occurs in the "dead" zones of the separator, i.e. the 

sediment is formed between the vortices and the walls of device. Therefore, during normal 

operation, the hydraulic resistance practically does not change. However, when the 

sediment layer is close to the limit value, the resistance begins to increase, as the space, in 

which the vortex formation occurs, decreases. A device, similar in principle of operation, 

was installed at the facility of "KAMATEK", which produces products with paint coatings. 

Numerical simulations were performed by means of ANSYS Fluent software package, 

designed for solving problems of fluid mechanics, using the finite element method in the 

form of unstructured grid technology, which allows you to get an accurate solution for areas 

with large flow gradients. Transition SST, one of the latest modifications of Menter's SST 

models, was used as a turbulence model, in which two additional transport equations are 

introduced; one is for the intermittency of turbulence, and the second one is for the criterion 

of transition start in thickness units of momentum loss of the Reynolds numbers [14-21]. 

The number of cells when creating the grid was approximately 785,000. 

In the course of numerical studies, a three-dimensional model of square separator was 

designed, with the following geometric parameters: the diameter of holes is 8 and 20 mm, 

the height, width and length of square pipes are 80 mm, the distance between the separation 

elements is 20 mm (Fig.2). 
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Fig. 2. Three-dimensional model of square separation device: 1 - casing, 2 - separation elements, 

3, 4 – holes. 

During the numerical simulation, the rate range from 1 to 7 m/s was set for the solver 

settings at the inlet to the separation device. The scale of structure was also changed in the 

ratios 1:1, 1:2, 2:1 accordingly. At the outlet 2, pressure equal to atmospheric one i.e. 

101325 Pa was set, and the air density ρ was taken as equal to 1,2 kg/m3. 

In the course of research, the efficiency of collecting finely dispersed particles from the 

gas flow in a square separation device was determined by the following formula: 

1 out

in

n
E ,

n
= −        (1) 

where 
inn  – the number of particles in the gas flow, entering the device; 

outn  – the 

number of particles, collected by the device from the gas flow. 

The pressure loss ∆p in the square separation device was calculated as follows: 

1 2p p p , = −        (2) 

where 
1p  – pressure at the inlet 1 of separation device, Pа; 

2p  – pressure at the outlet 

2 of separation device. 

3 Research results and description of them 

The results of research showed that the efficiency of collecting finely dispersed solid 

particles from the gas flow in a square separator is affected by the change in the inlet rate 

and the geometric parameters of device, namely, the set scale. When changing these 

parameters, it is possible to establish a certain vortex structure that positively affects the 

efficiency of collecting solid particles by the separator being developed. Stable vortex 

formation increases the efficiency of collecting with minimal pressure losses in the 

separation device. 

In the course of numerical simulations, an impact of inlet rate on the efficiency of 

collecting finely dispersed particles in a square separator was studied. For this purpose, the 

gas flow rate equal to 1, 3, 5 and 7 m/s was set at the inlet of device, respectively. It was 

found that for the particles smaller than 3 microns, an increase in the rate from 1 to 7 m/s 

leads to a slight decrease in the collecting efficiency. However, it is worth noting that an 

increase in the particle diameter within the range from 0.5 up to 5 microns has little impact 

on the collecting efficiency, which increases from 40-43% (Fig.3). Since preliminary tests 

in the paint-spraying booths of KAMATEK LLC show that the particles stick, and do not 

bounce, the condition for the particles to stick to the walls of device was set. 
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Fig. 3. Dependency of efficiency of collecting finely dispersed particles in the separation device on 

their diameter within the range of 0.5 – 5 microns at the following gas flow rates, m/s: 1 – 1; 2 – 3; 

3 – 5; 4 – 7. 

As a result of numerical studies of impact of changing in the square separator scale on 

the efficiency of collecting finely dispersed particles from the gas flow, when an inlet rate 

is equal to 5 m/s, it is observed that a decrease in the geometric dimensions of device leads 

to the efficiency increase. Thus, for the particles smaller than 2 microns, the efficiency 

increases by 2%, and for the particles larger than 5 microns, the efficiency increases from 

42 to 48% (Fig. 4). The maximum collecting efficiency is observed at a scale of 1:2 for the 

entire particle range from 0.5 to 5 microns. 

 

Fig. 4. Dependency of efficiency of collecting finely dispersed particles when W = 5 m/s on the scale 

of separation device: 1 – 1:1, 2 – 1:2, 3 – 2:1. 

For the studied size range of apparatus and particles, and the rates of dusty gas flow, 

when the Stokes numbers are within range from 0.00084 to 0.84, the efficiency of 

collecting finely dispersed particles increases from 42 to 48% (Fig. 5). At the same time, 

this dependency within this range of the Stokes numbers is almost linear. The Stokes 

number for the obtained dependency was determined by the following formula: 

Stk
2

v

v

а w
=

d




,       (3) 

where   – particle density, kg/m3; a  – particle diameter, m; 
vw  – gas rate in holes, 

m/s;   – dynamic gas viscosity, Pa∙s; 
vd  – distance between separation elements, m. 
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Fig. 5. Dependency of change in the efficiency of collecting finely dispersed particles when the 

Stokes numbers are equal to 0.00084–0.84. 

The pressure loss in the square separation device is not more than 60 Pa when the inlet 

gas flow rate is within the range from 1 to 7 m/s and the diameter of square sectional pipe 

holes is 8 mm and 20 mm. When the inlet gas flow rate is equal to 1, 3, 5, and 7 m/s, then 

the pressure loss is equal to 2.2, 11.4, 29.7, and 57.3 Pa, respectively (Fig.6). Thus, the 

pressure loss in the square separator has low values, which is due to the design simplicity. 

The exponent, when determining the hydraulic resistance, is less than 2, and this indicates 

the availability of areas where the inside movement has a flow regime close to laminar. 

 

Fig. 6. Dependency of pressure loss Δp in the separation device on the gas flow rate within the 

range of W = 1 – 7 m/s. 

4 Conclusion 

At the specified gas inlet rates within the range from 1 to 7 m/s for the particles smaller 

than 3 microns, the collecting efficiency decreases, but the particle size in this case 

practically does not affect its value. This scientific paper shows a developed square 

separator for purifying gas flow from finely dispersed particles with sizes from 0.5 to 5 

microns in the paint-spraying booths. The results obtained by numerical study demonstrate 

that the geometric parameters of structure and the inlet gas rate significantly affect the 

efficiency of collecting finely dispersed particles from the dusty gas in the paint-spraying 

booths. The efficiency of collecting solid particles at different scales of square separator`s 

design i.e. 1:1, 1:2 and 2:1, respectively, increases with a decrease in the geometric 

dimensions of device. Thus, the maximum value of collecting efficiency is observed at a 

scale of 1:2. The pressure loss in this device is not more than 60 Pa, which is due to the 

formation of stable vortex flow structure in the space between the separation elements. The 
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resulting low-pressure losses in the developed square separator have a positive effect on the 

economic costs of production. 

Thus, if the geometric parameters of structure and the inlet rate are chosen correctly, it 

is possible to create a stable vortex flow structure in the space between the separation 

elements, which contributes to the effective collecting of finely dispersed particles of 0.5 – 

5 microns in size from the dusty gas flow. The installation of proposed square separator in 

the paint-spraying booths can solve the problem of deposition of solid paint particles on the 

surface of product with high efficiency, which leads to its unsuitability, as well as increase 

the operational life of existing equipment. 

 
The research was conducted with funding from the RF President`s grant project No. MK-

2710.2021.4. 
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