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Abstract. The article deals with the study of the separation of grain materials in pneumatic 
channels with an artificially formed distribution of air velocity in the cross-section of the channel, 
to determine the rational form and parameters of the material supply and the options for dividing 
the grain material into fractions. 

The patterns of grain movement were theoretically investigated and established in the form of 
mathematical models of the dynamics of solid particles in the air flow, which differ from the known 
ones in that they take into account the action of lateral forces, the concentration of the material, 
and the application of the power law and the artificially formed exponential law of air distribution 
made it possible to increase the difference ( splitting) grain movement trajectory by 20%. 

The solution of the system of nonlinear differential equations with initial conditions is 
performed in the MathCad software environment in the form of grain movement trajectories in the 
air stream, which allows you to calculate their movement trajectories, which differ by windage 
coefficients, and to determine the rational values of the parameters of pneumogravity and 
pneumoinertial separators. 

Using the obtained dependencies for the development of air separators, it is possible to 
determine the initial speed of input and the direction of entry of grains into the air flow, as well as 
determine the trajectories of material movement in air channels with the bottom discharge of 
material. 

Key words: air flow, grain, Zhukovsky and Magnus forces, trajectory, separation process, 
pneumatic separator. 

Introduction.  
Sufficient attention has been paid to the study of the fractionation of grain 
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materials in the aspiration channels of separators [1-4], but it should be noted that in 
most cases the grain material is considered as a monolayer of grains [2], which enters 
the pneumatic channels of the separator. Under these conditions, fractionation into 
separate fractions and subsequent removal of impurities from the grain material layer 
takes place along the length of the horizontal pneumatic separating channel [3-5], 
which significantly worsens the quality. Therefore, it became necessary to simulate 
the process of fractionation of grain materials in the aspiration channels of a new 
separator with a closed air cycle [6-8] and to investigate the change in the behavior 
of the movement of the air medium during the artificial loosening of grain materials 
along the length of the aspiration channel of the separator. 

The results. On the basis, a combined separator of grain materials with a closed 
air cycle was developed (Fig. 1, a), mathematical modeling of the movement of the 
air environment during artificial loosening of grain materials along the length of the 
aspiration channel of the separator was carried out (Fig. 1, b). 

  
а)      b) 

a) – 3-D model of the design of the combined separator; 
b) – a model of air movement; 

Figure 1 – Combined separator of granular materials with a closed air cycle 
SP-20 [8] 

 
The separator is simple in structure, dust-free, self-cleaning and does not injure 

the grain material. Productivity at continuous loading of 20 t/h. 
The combined separator of grain materials with a closed air cycle includes a 

frame, working and air channels, a fan, a loading hopper, a settling chamber, trays 
for the output of fractions of cleaned grain and air-separated waste, dampers, a 
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confusor, the originality of the design [8] is that the working air channel made of a 
rectangular cross-section and under it there are trays with scaly channels inclined at a 
certain angle to the discharge direction, and the air inlet to the pneumatic channel 
and under the trays with a scaly channel is separated by a control valve. 

The formation of a pneumatic channel in the form of a rectangular cross-
section, under which there are trays with a scaly channel inclined at an angle to the 
discharge direction, ensures a uniform and accelerated movement of air in the 
working air channel, in the direction of its movement to the settling chamber. As a 
result of the artificially created physical phenomenon, effective fractionation of grain 
materials is achieved, as well as the separation of impurities from the grain mixture 
and its division into fractions according to aerodynamic properties. The slope of the 
scaly channel, at an angle significantly smaller than the angle of the natural slope, 
allows to efficiently transport the separated fractions for unloading from the 
combined separator through the trays with gentle grain movement and significantly 
reduce the height of the separator. 

Installation of trays for fractions with the combined effect of the injection air 
stream, which evenly exits the working air channel from the fan, allows you to 
divide the grain mixture into several fractions: separation of metal and other foreign 
impurities (stones); grain (seeds) of the main crop; food grain; air-separated waste 
(light impurities), which helps to reduce the ingress of substandard grain into the 
main crop, and, accordingly, to increase the quality of food grain or seeds. 

By studying the fractionation process of grain materials in a combined separator 
with a closed air cycle and the separation of grain material by density in the grain 
layer, a mechano-mathematical model (1) was compiled, which made it possible to 
simulate the process of air movement in the aspiration system of the combined grain 
material separator. 

  (1) 

Where  – gravity;  – force of aerodynamic 

resistance;  - the power of Zhukovsky;                                 

 – the power of Magnus;  – relative velocity 
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(flow velocity);  – moment of inertia;  – grain mass;  – 

equivalent grain diameter;  – air density and grain substance, respectively;  – 

grain speed;  – air speed (distributed);  - coefficient of sailability (or 

"sailability"), which is determined from the ratio ; the rate of 

germination of the grain;  – free acceleration. 

The power distribution law is most widely used in the form of an expression [5-8]: 

 ,                                           (2) 

Where  – time-varying air velocity in the center of the channel;  – half the 

distance between the channel walls;  – the distance from the considered point to the 

channel wall; n – a coefficient that depends on the Reynolds number Re [n=7-10 при 
Re=2,3(103…105)]. 

Initial conditions: 

; ; ;   .      (3) 

The solution of the system of equations (1) under the initial conditions (3) was 
obtained numerically in the MathCad computer environment in the form of a grain 
movement trajectory [5, 6] with different values of the floating speed and, 
accordingly, the mass (Fig. 2). 

 

 
1 – 3 in accordance ; ;  

Figure 2 - The trajectory of movement of grains in a horizontal channel with an 
exponential distribution of air speed along the channel height 

 
 

 

х, m у, m 
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Conclusions.  
According to the results of studies of the fractionation of grain materials [6-8] 

in a combined separator with a closed air cycle, the rational design and mode 
parameters of the separator were established, as well as the coordinates of the 
position of the dividing device, which led to the need to lower the level of the 
dividing line and, accordingly, increase the number grains of the main component in 
a full-fledged fraction. 

Taking into account the conditions of the joint operation of pneumatic channels 
and the sedimentation chamber, a physical-mathematical model of the interaction of 
the components of grain material with air flows of a variable structure was also 
developed for the latter. 

When mathematically modeling the movement of grains in vertical and 
horizontal channels and the variable nature of air speed, the presence of vortex 
components and the turbulent mode of air movement, the distribution of air speed in 
the cross section was not taken into account. 

Thus, the improvement of the quality of grain cleaning from difficult-to-
separate impurities, improvement of the sanitary working conditions of service 
personnel, reduction of energy consumption and the height of the separator [5-8] is 
achieved. 

 
References 
1. Aliiev, E., Gavrilchenko, A., Tesliuk, H., Tolstenko, A., Koshul’ko, V. 

(2019) Improvement of the sunflower seed separation process efficiency on the 
vibrating surface. Acta Periodica Technologica, APTEFF, 50, 12-22. DOI: 
https://doi.org/10.2298/APT1950012A 

2. Shevchenko, I., Aliiev, E. (2018) Study of the process of calibration of 
confectionery sunflower seeds. Food Science and Technology, 12 (4), 135-142. DOI: 
http://dx.doi.org/10.15673/fst.v12i4.1209 

3. Shevchenko, I., Aliiev, E. (2022) Precise grading and sorting of sunflower 
plant materials in industrial facilities. Journal of Central European Agriculture, 2022, 
23(2), p.327-341. http://dx.doi.org/10.5513/JCEA01/23.2.3345 

4. Mohamed ABU ALI, Eid ABD EL-RAHMAN, Gamal El-Deen NASR. 
(2022) Design and assessment of a small-scale machine for cleaning wheat grains. 
Acta Technologica Agriculturae 1 Nitra, Slovaca Universitas Agriculturae Nitriae, 
2022, pp. 13–19. http://dx.doi.org/10.2478/ata-2022-0003 

https://doi.org/10.2298/APT1950012A
http://dx.doi.org/10.15673/fst.v12i4.1209
http://dx.doi.org/10.5513/JCEA01/23.2.3345
http://dx.doi.org/10.2478/ata-2022-0003


 Global science and education in the modern realities                                                                          July,  2022 

 Conference proceedings                                                                         Series «SWorld-US Conference proceedings»                                                                  42 

5. Stepanenko, S., Kotov, B., Spirin, A., Kucheruk, V. (2022) Scientific 
foundations of the movement of components of grain material with an artificially 
formed distribution of air velocity. Bulletin of Karaganda University Series 
"Physics". № 1(105)/2022. – p. 43-57. http://dx.doi.org/10.31489/2022PH1/43-57 

6. Stepanenko, S., Kotov, B., Kalinichenko, R. (2021) Study of the movement 
of grain material particles in a vertical channel under the conditions of air flow 
pulsations. Agricultural machinery. Vol. 47. LNTU, Lutsk, 2021. - pp. 25-37. 
DOI:10.36910/acm.vi47.619 

7. Stepanenko, S., Kotov, B. (2021) Mathematical modeling of the 
fractionation process of grain material in a pneumogravity separator. Bulletin of the 
Lviv National Agrarian University "Agroengineering Research". – Lviv: LNAU, 
2021. – Issue No.25 (2021). - P.12-20. 
https://doi.org/10.31734/agroengineering2021.25.012 

8. Stepanenko, S., Kotov, B. (2021) Theoretical determination of the 
regularities of the planar movement of grain in the uneven air flow of the horizontal 
pneumatic channel of the aerodynamic separator. Mechanization and electrification 
of agriculture: [National collection]. – 2021. - Issue #13 (112). / [NNC "IMESG"]. - 
Glevakha, 2021. - P. 106-115. https://doi.org/10.37204/0131-2189-2021-13-11 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://dx.doi.org/10.31489/2022PH1/43-57
https://doi.org/10.31734/agroengineering2021.25.012
https://doi.org/10.37204/0131-2189-2021-13-11

