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1. Introduction. Modern production places high
demands on the quality of powdered materials, at the 
same time the imperfection of crushing processes 
does not always allow to obtain a product with desired 
properties. Therefore, in technological processes for 
preparation of bulk materials, especially in crushing 

to divide the material passing through it into two or 
more fractions with the predominant content in each 
fraction of particles of the required size or density 
range.

More progressive are dry methods of separation, 

The tendency of transition to the dry methods of 
production in many branches of domestic and foreign 

To obtain dry powders of a given granulometric 

composition with a particle size of about 1 mm or 

sorting methods. Currently, various designs of air 

product from polydisperse powder. The low degree 
of extraction of the target product often adversely 

when crushing the material in mills operating in a 

leads to decrease in productivity and high energy 
consumption of the mill unit. 

Therefore, the establishment of regularities in 
the process of separation of bulk materials in the air 

calculating their technological and design parameters 
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Abstract.

have been established, reliable methods have been developed for calculating their technological and design 

possible to determine the main design parameters of the apparatus based on the technological requirements 

and, ultimately, to determine the boundary size separation and particle size range of the resulting fractions 

theoretically determined.
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industrial installations is a very urgent task for many 
industries. 

Currently, the most common are air gravitational 

Fig. 1. Schemes of multistage gravitational 

Many researchers were engaged in the creation 

presents experimental data and results of industrial 
operation of many structures of this type, indicating 

results of theoretical studies do not allow to fully 
calculate such devices. As a rule, calculation 

or a product of the same type [4, 5]. This hinders the 

technologies and indicates the relevance of research 
in this direction. 

Deterministic and stochastic models are among 
the main approaches to modeling and calculating the 

The stochastic models are based on the use 
of probability theory to calculate the dynamics of 

direction were obtained by M.D. Barsky [1] and 
S.G. Ushakov [6] in the study of gravitational and 

were further developed in the works of many scientists 
[5, 7, 8], and various approaches to modeling the 

One of the promising approaches is an approach 
based on the theory of Markov chains, which was 

now widely used in modeling many physicochemical 
processes [7]. The main advantage of the stochastic 
models is to obtain formulas for constructing a 

probability of a particle of a certain size falling into a 
large or small product and is the main technological 

The deterministic models are based on 

direction unpromising due to the many assumptions 

of not only deterministic, but also numerous random 

to take into account even in a generalized form, and 
secondly, the constraint of particle motion is not taken 
into account [7]. However, many believe that these 
assumptions are not critical in creating engineering 
methods for calculating real structures, when the 
model is presented not only with requirements for 
accuracy and reliability, but also for availability of 
use for a wide range of specialists of the relevant 

it can be concluded that particles are quite separate 

performance. In addition, the deterministic models 
allow, based on the analysis of the results of solving 
the equations of motion, to determine many design 
parameters of the devices, based on the technological 
requirements for performance and dispersion 

methods of deterministic modeling are common and 
evolving at present, the same approach was used in 

design. 
3. Research objectives and tasks. The objective 

of the work is to study the process of fractionation of 

To achieve this objective, it is necessary to solve 

- simulate the motion of a continuous carrying 

- based on the obtained data, determine the 
patterns of motion of these particles and the possibility 
of their falling into a small or large fraction.

4. Methods of modeling the process of 
fractionation of crushed material in the gravitational 

the Navier – Stokes equation was used for viscous 
media, which is written in the vector form as

 
3

Laplace operator. 
The Navier – Stokes equation was supplemented 
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and the equation of state 

where R – universal 
 – absolute temperature, .

Since direct numerical simulation in solving 
equations (1) - (3) requires substantial time resources 

Navier – Stokes equation is transformed into a 

viscosity (dissipation) are added.
In the adopted model, the viscous shear stress 

k – turbulent kinetic energy. 

by the dependence [10]

dissipation. 

where R
y
, R

T

volume to the wall of the computational domain, m.
The turbulent kinetic energy k and the dissipation 

where S
k
, S - characteristics of the kinetic energy 

pulsations and dissipation of this energy, calculated 

where C =1,44, C
k
=1 – 

 – variables depending on 

Using the above equations allows to simulate the 

5. The results of computer experiment based on 
mathematical models. The equations obtained were 
solved using computational hydrodynamics in the 
SWFlowSimulation software [18]. One of the typical 

To study the motion of particles of the material 

was drawn up (Fig. 3).
The following basic forces act on the particle 

moving along the inclined shelf.
The force of gravity 

acceleration, m/s2.
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Fig. 3. Scheme of forces acting on the particle 

The force of friction

The supporting force N is equal in our case, 
based on the condition of non-motion with respect to 
the axis y (Fig. 4), to the expression

The force of aerodynamic resistance to the 
motion of the particle from the medium is determined 
by the dependence

velocity (ambient velocity of the particle with the 

accuracy is described by the dependence

R – conditional radius of the channel, m.
The maximum velocity along the channel axis, 

i.e. with y=R is determined by the expression

channel section, m/s, is calculated as the ratio of the 

Thus, the equation for the particle motion along 
the inclined shelf surface relative to the axis x can be 
written as 

The equation (20) was solved by the numerical 
method in the mathematical package Matlab 6.0 [20]. 
The obtained data on the velocity of the material 
particles’ falling from the inclined shelf, depending 
on their properties, size, shelf length, were used as 
initial conditions for subsequent equations of motion.

At the second stage of calculations using the 
scheme shown in Fig. 4, the material particles’ 

The material’s particle after its separation from 

force of gravity, constant in magnitude and direction, 
and the air resistance force. 

on the material particle

In the course of the air motion between the 
inclined shelves, two characteristic sections can be 

where the average velocity and direction of the air 

velocity constantly changes, since the free section 
area changes.

study, the working columns have a square shape, 
and the inclined shelves overlap a half of the cross 
section. Such a design allows to obtain the highest 
quality separation, as evidenced by the experimental 
studies [1].

of the particle motion can be written as
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the air resistance force on the coordinate axis. 
The projections of the air resistance force on the 

coordinate axis are determined from the expressions 

Based on this equation of motion, the material 
particles in section I (Fig. 3, a) will be written as

will be equal

The full magnitude of the relative velocity

If the material particle is carried away by the 

equations (23), which are supplemented by the 

The empiric relationship was used to calculate 

entire range of Reynolds numbers [10]

The solution of the obtained equations by the 
numerical methods using previously established 

allows to simulate the material particles’ motion 

technological and design parameters. This, in turn, 

size or density and makes it possible to estimate the 
boundary size of the separation. 

6. Discussion of the research results. Based on 
the performed modeling, it was possible to determine 

allows to make a conclusion about a diverse cross-

a higher intensity of impact on the incoming material.
The initial polydisperse material is fed, as a rule, 

shelf. In this case, the material particles move along 

and, depending on various factors, either fall onto 
the underlying shelf or are carried up with the air. 
Thus, the material particles’ motion was studied in 

along the inclined shelf was studied, and at the 

contact with the next shelf (according to the scheme 

were the initial conditions for the next stage and so 

with the material particles to be divided and 
determination of the regularity of motion of these 

fraction, carried out by the calculation hydrodynamics 
methods, based on the results obtained on the 

into account various technological and design 
parameters. The data obtained allow to determine 

size and density, which, in turn, makes it possible to 
estimate the boundary size of the separation.

It should be noted that the research results will 

interaction with the material particles is similar to 

6. Conclusions. 1. The study of the process 
of fractionation of the crushed material in the 

design and technological parameters. 
2. In the course of the research, the equations 

with the transfer shelves were developed, which 
solution using computer numerical methods 

with the material to be divided in a wide range of 

and, ultimately, to determine the boundary size of the 

product’s resulting fractions. 

air moves in a zigzag manner, therefore, there is a 

4. Solving the obtained equations of the material 

velocities, allows to simulate the material particles’ 

various technological and design parameters. The 
information obtained makes it possible to determine 

or density, as well as to estimate the boundary size of 
the separation.
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