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Abstrakt. The most important condition for obtaining high-quality soybeans is 

strict compliance with the technological requirements for each individual 

operation. Compliance with these requirements is possible only with the 

organization of on-farm quality control of soybeans during post-harvest 

processing. One of the ways to intensify the soybean aspiration process is the 

use of a grate with inclined holes in the aspiration zone and a selected fan to 

carry out the purification process from light and heavy impurities. 

Key words: Technological process of aspiration, power, reliability, gas 

dynamics, hydrodynamics, aspiration, compressible liquids, mathematical 

models, physical models. 

 

The most important condition for obtaining high-quality soybeans is strict 

compliance with the technological requirements for each individual operation. 

Compliance with these requirements is possible only with the organization of 

on-farm quality control of soybeans during post-harvest processing. 

One of the ways to intensify the soybean aspiration process is the use of a 

sieve with inclined holes in the aspiration zone and a selected fan for the 

purification process from light and heavy impurities. 

The theoretical study of the ongoing phenomena, namely the 

technological process, is presented as an object of research, which is 

characterized by input and output parameters [1; 27-38c, 2; 5-14c.]. 

The technological process of aspiration and separation of soy mixture on 

shelves as an object of research can be presented in the form of a block diagram 

[1; 27-38c, 2; 5-14c, etc.] (Fig.1). 

The group of parameters Y, Z are input and X, U are output indicators 

characterizing the aspiration process. In relation to the combined separator, these 
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will be productivity, purification from light and heavy impurities, completeness 

of separation, power consumption, reliability, etc. 

 

Fig. 1. Flowchart of the technological process. 

The group of parameters Z characterizes the properties of the soy mixture 

entering the shaking shelves: the composition of the soy mixture, size, 

configuration, humidity, particle mass, feed, etc. 

The group of parameters Y characterizes the design parameters of the 

aspiration part of the separator. These include: the dimensions and material of 

the shaking shelves, the shapes and sizes of the holes, the shape and dimensions 

of the jumpers, the suction speed of the fan, the angles of installation of the 

shaking shelves, etc. 

Parameter group X, U corresponding incoming and outgoing parameters: 

(weight, weediness, fan suction rate, etc.). 

The task of theoretical research is to establish patterns of relationships 

between the input and output parameters of the object. 

If the input effects on the object do not change in time and space and the 

output parameters are also unchanged, then the process is called stationary. If at 

least one input effect changes in time or space, then the process of 

corresponding change in the output parameters of the object is called dynamic, 

at the end of the transition time it becomes stationary [1; 27-38c.]. 

For the theoretical study of static and dynamic characteristics of the 

object, a mathematical model of the technological process is compiled. 

In general, a variety of models of hydrodynamics and gas dynamics are 

used to simulate the movement of a gas medium in aerosol mechanics. 

Aspiration problems are relevant for particles of sufficiently large sizes, which 
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are characterized by small values of the Knudsen number, therefore, the gas 

around them can be described in the framework of continuum mechanics. The 

models of potential and viscous incompressible fluid flow are used below: for 

velocities typical for most sampling tasks, without a noticeable loss of accuracy, 

where the compressibility of the gas medium can be neglected. 

Within the framework of the axisymmetric potential flow model of the 

carrier medium, a boundary value problem is posed for the current function 

satisfying the Laplace equation in cylindrical coordinates. The solution of the 

corresponding boundary value problem is found by the boundary element 

method. As is known, the essence of this method consists in converting a partial 

differential equation describing the behavior of an unknown function inside and 

on the boundary of the domain into an integral equation that determines only the 

boundary values. In the usual formulation, the unknown function is represented 

as an integral along the boundary on which sources and sinks are distributed. In 

this paper, the method of discrete vortices is used when concentrated vortices 

are distributed at the boundary. The value of the current function at the inner 

points of the region is determined through a known solution at the boundary 

obtained from the integral equation. Since all approximations due to numerical 

calculations are related only to the boundary, the dimension of the problem is 

reduced by one. 

In the framework of the viscous laminar gas flow model, the carrier 

medium is described by the Navier-Stokes equations 
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The first equation in (1) is a mass conservation equation and is suitable for 

both incompressible and compressible liquids. The second equation is the 

equation of conservation of the amount of motion, p - is the static pressure, ( ̿) - 

is the stress tensor,   ̅  and  ̅ - are the gravitational and external mass (arising, 

for example, due to interaction with the dispersed phase) forces, respectively. 

The stress tensor ( ̿) is given by the formula 
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where μ - is the coefficient of dynamic viscosity, I - is the unit tensor. The 

second term in the right part characterizes the effects of volumetric expansion. 

The equations of conservation of the amount of motion have a similar 

structure and can be written as a general transfer equation of an arbitrary 

characteristic 𝜙: 

 
   

  
   ( 𝜙 ̅)    (  𝜙),     (3) 

 

where Г - is the diffusion coefficient of the characteristic 𝜙. 

To transform equation (4) into a system of linear algebraic equations, we 

use the finite volume method. This method is based on the integration of 

equation (4) over a certain control volume V: 

 

  
 (  )

  
     𝜙 ̅    ̅     𝜙    ̅     (4) 

 

where A is a vector directed along the normal to the surface of volume V. 

During integration, volume integrals are transformed into surface integrals, 

according to the Ostrogradsky-Gauss theorem. Equation (4) expresses the law of 

conservation of characteristic φ for the control volume V. This equation is 

compiled for each cell of the computational domain. Then a discretization is 

performed, leading to a system of linear algebraic equations. The resulting 

system is solved numerically by the Gauss-Seidel method. 

Currently, physical and mathematical models and numerical methods of 

modern computational fluid dynamics have found their embodiment in a number 

of software packages united by the common name SolidWorks. The 

convenience of work and the capabilities of SolidWorks significantly expand the 

range of tasks to be solved in the field of fluid mechanics. One of the widely 

used SolidWorks is the Flow Simulation package. In Fig.2. the developed 

computer model of the soybean purification process from impurities by the Flow 

Simulation package is shown. 
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Fig. 2. Computer model of soybean purification process from 

impurities 

 

As noted, the main task of the theory of sampling of aerosol particles is to 

calculate the aspiration coefficient - the integral characteristic of the sampler. 

At the same time, for a better understanding of the aspiration process, it is 

important to know the spatial distribution of the particle concentration in the 

vicinity and inside the sampler. The need to calculate the particle concentration 

also arises when determining the aspiration coefficient in the case of 

heterogeneity in the distribution of concentration or velocity of aerosol particles 

in a medium not disturbed by the sampler, as well as in non-stationary problems. 

The main factors affecting the efficiency of the aspiration process are: the 

specific mass load of soy on the suction channel of the aspiration unit q, the air 

flow velocity    and the width of the pneumatic separation channel B. 

When modeling the operation parameters of a diametral fan in the 

SolidWorks system, the purpose of the calculation is to determine its 

aerodynamic properties for a given geometric parameters. 

At the initial stage of modeling, a volumetric model of a diametral fan 

with real dimensions is created in the SolidWorks three-dimensional modeling 

system. Then the resulting model is transferred to the Flow Simulation system 

for aerodynamic analysis. 

The study of the aerodynamic parameters of the diametral fan was carried 

out with the following parameters: the width of the fan impeller was assumed to 

be B = 0.1 m; the speed of the fan impeller   = 1000 rpm; fan performance in 

operating mode    = 0.3 m
3
/s. 
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Using the Flow Simulation SAE system, the dependences of the pressure 

drop on the volumetric flow rate are obtained (Fig. 3.) of the fan. To do this, a 

series of calculations of the fan model was performed, changing its performance 

in the range    = 0.3 m
3
/s. 

As can be seen from the graph (Fig. 3.), the simulated fan provides stable 

aerodynamic parameters over the entire operating range. 

To study the parameters of the operation of the air system of the combined 

aspiration unit, a volumetric model was created in the SolidWorks three-

dimensional modeling system with real dimensions in one projection, the width 

of the model was taken at B = 0.1 m. The aerodynamic analysis of this model 

was further carried out in the Flow Simulation system. 

 
Fig. 3. Curves of the pressure drop dependence on the volume flow of 

the fan 

 

To study and compare the parameters of the airflow flow inside the air 

system with experimental data, a sketch was created in the frontal plane of the 

model, on which a route is laid in the fairway of the airflow from the inlet 

section to the outlet section (Fig.4.). On the three-dimensional model of the air 

system of the aspiration installation, it is indicated: P - is the absolute pressure at 

the reference point, adjusted for the results of the experimental study;   - is the 
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amount of air circulating inside the closed system in operating mode;    - is the 

air taken into the aspiration nozzle;   - is the specific grain load, shown at the 

point of product entry into the suction channel of the aspiration unit, and the 

route along the the fairway of the air flow. 

 

Fig. 4. Three-dimensional model of the aspiration and fractionation 

process of local soybean seeds 

 

During the simulation, the following initial parameters were set: 

P=101370 Pa, Q=0.1 m
3
/s. During the calculations, the influence of gravity was 

also taken into account. 

The advantage of computer modeling should be considered that the model 

allows you to quickly introduce constructive or technological changes into it and 

track changes in the physical parameters of the machine. Fig. 5. shows the field 

of distribution of the total pressure, and Fig. 8. shows the air flow lines. In this 

case, the color of the lines characterizes the change of the parameter in 

magnitude. The pressure difference between the input and output sections was    = 180 Pa. 
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Fig. 5. Total pressure distribution 

field in a closed air system 

Fig. 6. Air velocity distribution field 

in a closed air system 

  

Fig. 7. Static pressure distribution 

field in a closed air system 

Fig. 8. Air flow lines in a closed air 

system 

The operability of the grain cleaning machine being developed can be 

judged by the obtained graph of the distribution of static pressures along the 

fairway of the air flow, shown in Fig. 9. 
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Fig. 9. A graph of the distribution of static pressures Ps over the time 

of the air flow 

 

On the ordinate axis, the values of static pressure Ps are indicated on the 

graph, and on the abscissa axis, the length of the air flow path. 

As can be seen from the graph (Fig. 9.), the static pressure line in the area 

of the aspiration zone is below the atmospheric pressure line, which makes it 

possible to exclude the possibility of dusty air being released into the working 

chamber, but it is necessary to reduce the static pressure to completely eliminate 

this possibility. 

Thus, the next stage of the study was the calculation of a model in which 

10% of the air is taken from the recirculation channel. Based on the law of 

conservation of mass, in order not to disrupt the balance of aerodynamic 

parameters inside the air system, we will take a 10% gap in the aspiration 

channel as the place of air intake into the system. 

It is also advisable to conduct a simulation, allowing leaks in the pipes for 

the output of soybeans and ratios, taking the size of suction and leaks, 

respectively, for 5% of the air circulating inside the system. Taking into account 

the above assumptions, the research will be carried out with the following 

parameters: P=101370 Pa,  =0.1 m/s,    = 0.01 m/s, air suction through the 

feed slot 0.01 m/s, as well as suction in the outlet for the output of 0.005 m
3
/s 

and leakage through the outlet for the output of soybeans 0.005 m
3
/s. 

Fig. 10. shows the field of distribution of total pressure, Fig. 11. the field 

of distribution of air velocities in the frontal plane of an open air system, Fig. 12. 

the static pressure distribution field is shown, and Fig. 13. the air flow lines are 

shown. In this case, the color of the lines characterizes the change of the 

parameter in magnitude. 
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The pressure difference between the inlet and outlet sections was ∆P=149 

Pa. A graph of the distribution of static pressures along the fairway of the air 

flow with an open air system is shown in Fig. 14. 

  
Fig. 10. The field of distribution of total 

pressure in a closed air system 

Fig. 11. The field of distribution of air 

velocities in a closed air system 

 

 

 

 

Fig. 12. Static pressure distribution 

field in a closed air system 

Fig. 13. Air flow lines in a closed air 

system 

 

The presented model particles are shown in the velocity field of the air 

flow (Fig. 11.), while the color of the lines corresponds to the velocity of the 

particles in this section of the trajectory. The trajectories of various fractions of 

model particles are shown (Fig. 13.), while the trajectories of blue color 

correspond to the main product - soybean grain, green - medium-natural relative, 

and red - light-natural relative. 
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Fig. 14. A graph of the distribution of static pressures    over the 

time of the air flow 

 

The values of static pressure    are indicated on the ordinate axis on the 

graph, and the length of the air flow path is indicated on the abscissa axis. As 

can be seen from the graph (Fig. 14.), the static pressure line is below the 

atmospheric pressure line, which makes it possible to completely exclude the 

possibility of the release of dusty air into the working chamber. It should be 

noted that this result was obtained with the initial parameters of the conditional 

fan operation the same as in conditions with full aerodynamic tightness of the 

model. The paper shows that the practical characteristics of the fan depend on 

the conditions, the tightness of the nozzles, and, consequently, on the tightness 

conditions of the recirculation channel. 

Based on the conducted analytical and theoretical studies, the following 

conclusions can be drawn: 

On the basis of which a computer model of the aspiration and 

fractionation process of local soybean seeds was obtained. Graphical images 

were obtained showing the characteristics of the installation, curves of the 

pressure drop dependence on the volume flow of the fan, curves of the 

distribution of static pressures    over the time of the air flow. The concept of 

the relative velocity of hovering   is also introduced, as the difference between 

the absolute velocity   of a particle and the average velocity of the air flow U. 
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