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Abstract. The paper presents the results of a 

theoretical study of the interaction of particles of grain 

material components with countercurrent flow of material 

into the air flow and variable flow velocity curves along 

the coordinate axes. It is established that the use of 

variable speed increases the magnitude of the splitting of 

the trajectories of motion and the efficiency of separation. 

Analyzing the results of mathematical modeling of 

the ballistics of the particles of the components of the 

grain material can be determined that the increase in the 

magnitude of splitting (branching) trajectories of the 

particle motion when using variable air velocity at the 

coordinates. The increase in the magnitude of the splitting 

of the trajectories unambiguously characterizes the 

increase of the efficiency of separation of components of 

the grain material into fractions according to the 

aerodynamic properties, which are known to tightly 

correlate with the qualitative indices of the grain material.  

The results of research of process of inertial 

fractionation indicate real opportunities to improve the 

efficiency of separating the material into fractions 

according to aerodynamic properties. The effect of the 

velocity plot of air in the air channel can be used to 

control the processes of separating the material into 

fractions. 

Key words: grain material, aerodynamic properties, 

air flow, trajectory of particle separation into fractions. 

 

 

Introduction 

 

Addressing division multi-grain material into 

separate fractions particular purpose has significant 

importance in post-harvest handling and processing of 

grain [1, 3, 5, 11]. The need to improve the efficiency of 

grain separation machines due to increased requirements 

for grain quality and intensity resource energetic balance 

grain production farms. 

Analysis of existing methods for purification and 

separation of grain material shows that the process of 

improving individual components and the working of the 

machines, optimizing operational parameters of energy 

efficiency of processes and machines in specific rates 

virtually unchanged. This situation is due to the fact that 

the improvement grain separation machine does not 

change the basic features of their operation. 

The basis of grain cleaning and separating equipment 

currently account latticework and air-sieve machine. The 

presence of the fast, oscillating or vibrating nodes causes 

more dynamic load on structural elements of the machine, 

which affects performance increases relative weight 

machines working sieves tenfold themselves sieves 

require complex mechanisms for their drive and balance 

the inertial forces. 

A promising direction is to create sieveless air 

separators [8, 9, 10]. 

Air (pnevmo inertia) separation compared to other 

methods of separation of the multi grain material is 

voluminous in nature and in the absence sieve material 

can handle any moisture and debris. 

 

 

Formulation of problem 
 

However, studies conducted [1] there is no 

consensus about the efficiency of operation at heavy 

loads. 

We consider the fundamental capabilities grain 

fractionation efficiency air flows of materials by 

analyzing mathematical models of moving grain 

component material in the air flow. 

The most common vertical pneumosupply channels 

provide high quality separation (separation into fractions) 

with minor material feed supply by increasing the quality 

of their work is reduced due to an increase in collisions 

between particles. Horizontal air streams (channels) have 

the advantage that the direction of gravity and 

aerodynamic forces are not the same, and the number of 

collisions is negligible. 

Pneumo-inertion separation is done by "stuffing" the 

grain mass in a moving layer of air where the resulting 

difference in air resistance and components introduced 

with a fairly large (3-6 m / s) speeds are split trajectories. 

The peculiarity of presenting the material in a 

counter flow of air is possible to increase the speed of 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwiR0diK5MXZAhWJIMAKHbNoBN8QFggoMAA&url=http%3A%2F%2Fwww.pdatu.edu.ua%2F&usg=AOvVaw1OOReDSEmBHyxx2ZgWYGBj
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interaction of air flow without increasing the speed of the 

latter and increasing the feed rate of the material. 

To identify the basic laws of fractionation 

mechanism pnevmo inertia the basic mathematical model 

of particles with different aerodynamic properties (speed 

greetings, drag coefficient, or distribution) in the air flow 

depending on the speed and angle of the input airflow. 

Consider moving components (trajectory) grain 

material by changing the airflow in the direction of its 

movement in the direction of gravity. It is shown that 

when air speed distributioncoordinate value increases the 

branching paths, and this is achieved by improving the 

efficiency of fractionation. 

In the mathematical model the influence of 

fluctuations in airflow character moving components of 

the grain material. 

Identified laws of motion of particles in a single 

approach that can be distributed to a plurality of particles 

each component grain material. 

 

 

Analysis of recent research results 
 

The problem of increasing the productivity and 

quality of air separation of grain cleaning machines 

working on technologies fractionation by improving the 

working bodies and their operation modes adequately 

covered in the monograph [8] and the works of individual 

authors [2-4].  

Proven efficient processes pneumonitis fractionation 

of grain materials [3-5]. 

Among a wide class of air (aerodynamic) separators 

occupy a significant place machines that use horizontal air 

flow [5, 6] with a bottom material discharge, but also 

optimization of the operating parameters: set the angle of 

the feed rate of material into the air flow and speed the 

flow of other ways to intensify the split in the literary 

sources not found. 

However, it is known [6, 7], changes in the structure 

(the velocity plot of air) flows, it is possible to achieve a 

significant improvement in the separation of grain 

materials into fractions according to technological 

purpose. 

 

 

Purpose of research 
 

The aim of the study was to determine the 

effectiveness and feasibility of the application of the 

principle changes in the flow velocity of air at the 

introduction of material into the working chamber 

(pneumococal). 

 

 

Results of research 

 

Consider the motion of the components of the grain 

material, which are different aerodynamic properties. A 

comprehensive measure of the aerodynamic properties, 

which can be adopted to quantify the ratio 𝑘𝑉 [8]: 

𝑘𝑉 =  
𝐶(𝑅𝑒)𝑆𝑀𝜌

2 𝑚
=

𝑔

𝑉В
2                                   (1) 

where: 𝐶(𝑅𝑒)𝑅𝑒 – the drag coefficient as function of 

Reynolds number (), 

𝑆𝑀 – the cross-sectional area, m2, 

𝜌 – the density of the air, m3, 

𝑚 – mass of the particle, kg, 

𝑔 – acceleration of free fall, m/sec2, 

𝑉В  – speed, m/sec. 

The aerodynamic force of resistance to air flow is 

proportional to the square of the relative velocity U 𝑅: 

𝑅 =  
𝐶(𝑅𝑒)𝑆𝑀𝜌𝑈2

2 
 .                                (2) 

The particle motion occurs in the plane rectangular 

Cartesian coordinate system OXY in the channel of 

variable cross section. The air flow is directed 

horizontally, the supply of material (introduction of 

particles of the components of the grain material) in the 

channel is at an angle (to the axis OX) with an initial 

speed relative to the schema in Fig. 1.𝛼0𝑉0  

 

 
Fig. 1. The scheme of movement of the particles in 

the air duct. 

 

The insertion of particles of the components of the 

grain material in the counter air flow and the speed of the 

initial motion of the particles and determine their 

trajectory in the working space of the separator chamber.  

After the introduction of the components in the 

horizontal flow, they begin to interact with the air flow 

moving in the horizontal direction against the axis OX.  

To describe the movement of single particles in the 

air stream defined generally accepted simplifying 

assumptions idealizing the research process:  

- Particle move "in isolation" without interacting 

with the walls of the chamber (channel) and other 

particles  

- Particle oriented in the air in a stationary position 

its rotation is not considered,  

- The air flow in the cross section perpendicular to 

the direction of the uniform,  

- The air velocity in the directions OX and OU set a 

variable with the coordinate method of implementation of 

the velocity distribution is not considered.  
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For the adopted scheme of interaction of a particle 

with a mass airflow variable speed and taking into 

account the accepted assumptions the resulting system of 

differential equations that describes the movement of 

material in a moving air environment 𝑚𝑉х 𝑉у : 

𝑑2𝑦

𝑑𝜏2 = 𝑔 − 𝑘𝑉 (
𝑑𝑦

𝑑𝜏
) √(

𝑑𝑦(𝜏)

𝑑𝜏
)

2

+ (
𝑑𝑥(𝜏)

𝑑𝜏
+ 𝑉х,у)

2

,    

(3) 

𝑑2𝑥

𝑑𝜏2 =  −𝑘𝑉 (𝑉х,у +
𝑑х

𝑑𝜏
) √(

𝑑𝑦(𝜏)

𝑑𝜏
)

2

+ (𝑉х,у +
𝑑х

𝑑𝜏
)

2

  

(4) 

The initial conditions are determined by the ratios 

 𝜏 = 0, 𝑥 = у = 0,  

𝑦0 = 𝑦0 , х0(0) = х0, х̇0 =
𝑑х

𝑑𝜏
= 𝑉0 cos 𝛼0 , у̇0 =

𝑑у

𝑑𝜏
= 𝑉0 sin 𝛼0.  

 

 
Fig. 2. The trajectory of the components of the grain material at a constant in the directions of the coordinate 

velocity of the air. 1 – 2 – 3 – 𝑉віт = 7,3
𝑚

𝑠𝑒𝑐
, 𝑉віт = 9

𝑚

𝑠𝑒𝑐
, 𝑉віт = 11

𝑚

𝑠𝑒𝑐
. 

 

 
Fig. 3. The trajectory of particle motion with increasing speed of the air flow in the direction of its motion 

according to a linear law. 1 – 2 – 3 – 𝑉віт = 7,3
𝑚

𝑠𝑒𝑐
, 𝑉віт = 9

𝑚

𝑠𝑒𝑐
, 𝑉віт = 11

𝑚

𝑠𝑒𝑐
. 

 

The results are presented in the form of trajectories 

of particles with different coefficient (different velocity 

components of the grain material) 𝑘𝑉. 

In Fig. 2 given the trajectory of the components at a 

constant in the directions of the coordinate velocity of the 

air. In Fig. 3 shows the trajectory of particle motion with 

increasing speed of the air flow in the direction of its 

motion according to a linear law 𝑉 = 𝑎 − 𝑏𝑥. 

In Fig. 4 shows the trajectories of the particles while 

increasing air velocity in the direction perpendicular to 

the movement of air according to a linear law  

𝑉 = 𝑎 − 𝑏у. 
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Fig. 4. The trajectory of the particles while increasing air velocity in the direction perpendicular to the movement 

of air according to a linear law. 1 – 2 – 3 – 𝑉віт = 7,3
𝑚

𝑠𝑒𝑐
, 𝑉віт = 9

𝑚

𝑠𝑒𝑐
, 𝑉віт = 11

𝑚

𝑠𝑒𝑐
. 

 

Analyzing the results of mathematical modeling of 

the ballistics of the particles of the components of the 

grain material can be determined that the increase in the 

magnitude of splitting (branching) trajectories of the 

particle motion when using variable air velocity at the 

coordinates. The increase in the magnitude of the splitting 

of the trajectories unambiguously characterizes the 

increase of the efficiency of separation of components of 

the grain material into fractions according to the 

aerodynamic properties, which are known to tightly 

correlate with the qualitative indices of the grain material.  

 

 

Conclusions 

 

1. The results of research of process of inertial 

fractionation indicate real opportunities to improve the 

efficiency of separating the material into fractions 

according to aerodynamic properties. 

2. The effect of the velocity plot of air in the air 

channel can be used to control the processes of separating 

the material into fractions. 
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ПНЕВМОІНЕРЦІЙНЕ ФРАКЦІОНУВАННЯ 

ЗЕРНОВИХ МАТЕРІАЛІВ В ПОВІТРЯНИХ 

ПОТОКАХ ЗМІННОЇ СТРУКТУРИ 

С. П. Степаненко, Б. І. Котов 

Анотація. У роботі наведені результати 

теоретичного дослідження взаємодії часток 

компонентів зернового матеріалу при протипотокової 

подачі матеріалу в повітряний потік і при змінних 

епюрах швидкості потоку вздовж осей координат. 

Встановлено, що використання змінної швидкості 

збільшує величину розщеплення траєкторій руху і 

ефективність розділення. 

Аналізуючи отримані результати математичного 

моделювання балістики частинок компонентів 

зернового матеріалу можна визначити, що збільшення 

величини розщеплення (розгалуження) траєкторій 

руху частинок при використанні змінної швидкості 

повітряного потоку за координатами. Збільшення 

величини розщеплення траєкторій однозначно 

характеризує збільшення ефективності поділу 

компонентів зернового матеріалу на фракції по 

аеродинамічним властивостям, які як відомо щільно 

корелюють з якісними показниками зернового 

матеріалу. 

Отримані результати досліджень процесу 

інерційного фракціонування свідчать про реальну 

можливість підвищення ефективності поділу 

матеріалу на фракції по аеродинамічних 

властивостях. Ефект епюри швидкості повітря в 

повітряному каналі може бути використано для 

управління процесами поділу матеріалу на фракції. 

Ключові слова: зерновий матеріал, 

аеродинамічні властивості, повітряний потік, 

траєкторія поділу частинок на фракції. 
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ПНЕВМОИНЕРЦИОННОЕ ФРАКЦИОНИРОВАНИЕ 

ЗЕРНОВЫХ МАТЕРИАЛОВ В ВОЗДУШНЫХ 

ПОТОКАХ ПЕРЕМЕННОЙ СТРУКТУРЫ 

С. П. Степаненко, Б. И. Котов 

Аннотация. В работе приведены результаты 

теоретического исследования взаимодействия частиц 

компонентов зернового материала при противоточной 

подаче материала в воздушный поток и при 

переменных эпюрах скорости потока вдоль осей 

координат. Установлено, что использование 

переменной скорости увеличивает величину 

расщепления траекторий движения и эффективность 

разделения. 

Анализируя полученные результаты 

математического моделирования баллистики частиц 

компонентов зернового материала можно определить, 

что увеличение величины расщепления (ветвления) 

траекторий движения частиц при использовании 

переменной скорости воздушного потока по 

координатам. Увеличение величины расщепления 

траекторий однозначно характеризует увеличение 

эффективности разделения компонентов зернового 

материала на фракции по аэродинамическим 

свойствам, которые как известно плотно коррелируют 

с качественными показателями зернового материала.  

Полученные результаты исследований процесса 

инерционного фракционирования свидетельствуют о 

реальной возможности повышения эффективности 

разделения материала на фракции по 

аэродинамическим свойствам. Эффект эпюры 

скорости воздуха в воздушном канале может быть 

использовано для управления процессами разделения 

материала на фракции. 

Ключевые слова: зерновой материал, 

аэродинамические свойства, воздушный поток, 

траектория разделения частиц на фракции. 
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