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DYNAMICS OF THE GRAIN MIXTURE 
ON THE PLATE SPREADER OF A 
VIBRATING CENTRIFUGAL 
SEPARATOR 
 

The article investigates the dynamics of the grain mixture layer 
on the plate spreader of a vibratory separator used to increase the 
efficiency of grain cleaning. The peculiarities of grain particle motion in 
the field of centrifugal forces and vibration oscillations that affect the 
processes of their distribution and separation are considered. The 
regularities of changes in the trajectory of particles on a plate surface 
depending on the frequency and amplitude of vibrations, the angle of 
inclination of the spreader, and its rotation speed are analyzed. 

On the basis of mathematical modeling, the equations of 
dynamics of the grain mixture, which is considered as a two-phase 
medium, are compiled. The equations of particle motion are proposed, 
which take into account the influence of external forces, as well as the 
interaction between grain components and impurities. The kinematic 
features of grain movement, its redistribution, and separation of light 
fractions are described. The influence of the design and technological 
parameters of the plate spreader on the separator's efficiency is 
investigated. 

Studies have shown that oscillatory movements contribute to 
the uniform mixing of the components of the grain mixture, ensuring 
their homogeneous distribution. This creates favorable conditions for 
the effective separation of fractions during separation, which improves 
the quality of grain cleaning and increases the overall process 
performance. 

The results obtained can be used to optimize the operation of 
vibratory separators, improve their design characteristics, and adapt 
them to different types of grain raw materials. The proposed 
approaches can be applied in technological processes of primary grain 
processing, providing an effective combination of separation and pre-
mixing functions. 

Keywords: vibrating separator, grain mixture, plate spreader, 
vibration, surface equation, amplitude, frequency, mixing. 

  

Introduction. Modern technologies for 
cleaning and sorting grain mixtures need to be 
improved to increase the efficiency of separation 
processes. One of the most promising areas is the 
use of vibrating centrifugal separators, which 
provide a better distribution of particles by physical 
properties. An important role in this is played by 
oscillatory processes that affect the dynamics of the 
grain layer and the process of its cleaning. 

The relevance of the study is due to the 
need to develop mathematical models that describe 

the behavior of the grain mixture on a plate 
spreader under oscillatory influence. This will 
optimize the design parameters of the separators 
and improve the quality of grain cleaning from light 
impurities [1-3]. 

Formulation of the problem. One of the 
key tasks in the separation of grain mixtures is the 
efficient separation of particles by their physical and 
mechanical properties. Vibrating centrifugal 
separators used in modern production lines have a 
significant potential to improve the quality of 
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cleaning, but their operation largely depends on the 
parameters of the grain mixture movement. 

An important element of such separators is 
a plate spreader, where the grain mass is exposed 
to centrifugal and oscillatory forces. The dynamics 
of the movement of the grain mixture on the surface 
of the plate spreader determines the uniformity of 
particle distribution in the layer and the efficiency of 
their further separation. However, insufficient study 
of this process makes it difficult to optimize the 
design parameters of the equipment and its 
operating modes [1-2].  

Thus, it is necessary to develop equations 
for the dynamics of the grain mixture on a plate 
spreader under conditions of its rotation and 
oscillation. The obtained mathematical models will 
allow us to assess the influence of design and 
technological parameters on the quality of 
separation and create prerequisites for improving 
the technological process of grain cleaning [4]. 

The aim of the research. Compilation of 
the equations of dynamics of the grain mixture (GM) 
layer on the plate spreader (PS) as a two-phase 
continuous medium. Obtaining the equation of the 
rotation curve describing the inner surface of the 
PS. 

Results of the research. 
Consider a moving layer of grain V with 

impurity on the surface S2 of rotating PS (Fig.1, 2). 
Grain and impurity particles participate in a complex 
motion consisting of the translational motion of the 
rotating PS and relative motion in the coordinate 

system associated with the PS. Each component of 
the mixture (grain + impurities) moves as a 
continuous medium characterized by its own 

velocity field: 1v  - for grain and 2v
 
- for impurities. 

Both components are affected by the 
external gravity force and force of their interaction 
and the equation of motion:with each other. Due to 
the significant difference between the «true» 

densities of grain, impurity 
0 0

1 2,  and air density 

1 2( , )air air    , the influence of air on the 

dynamics of the layer at PS can be neglected. Then 
the mixture is a two-phase medium, where the grain 
acts as a dispersing (carrying) medium and the 
impurity as a dispersed phase [4-8]. For each of the 
phases we can write down the equation expressing 
the law of conservation of mass [6, 8]: 

 

( )v 0div
t


 





+ =


 (1) 

and the equation of motion: 

 

v
ˆ

d
div f g

dt


     = + +  (2) 

where α, β = 1,2; ˆ  - is stress tensor for 

the α -th component of the mixture; f  - is the 

force with which the α -th component of the medium 

acts on the β -th component. Newton's third law is 

satisfied for it 12 21f f= − .

 
Fig. 1. Calculation diagram of the disc spreader 
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Fig. 2. Schematic diagram of grain mixture layer movement on the surface of plate spreader 

 
We will assume that the density of the 

impurity ρ2 is much less than the grain density 

1 2 1( )    and the number of impurity particles n2 

per unit volume is less than the number of grain n1 

particles per unit volume. Then we can consider 
that the impurity particles do not interact with each 
other, and in this case the stress tensor for the 

impurity is identically equal to zero 2
ˆ 0  . The 

phase-to-phase interaction force for a flow moving 
over a solid surface with a large gradient velocity 
field is basically a Stokes force [5, 10-12]: 

 

( )21 1 2 1 26 v v ,Cf f an= = −  (3) 

where μ1 - dynamic viscosity of grain flow; 

α - is the equivalent radius of a grain particle (for 

grain crops having a spherical shape coincides with 

the radius of a sphere, α for crops approximated by 

an ellipsoid of rotation 3
1 2 3a a a a=   , where 

1 2 3, ,a a a  - length, width and height of the grain, 

respectively). 
Let us introduce the concept of volume 

density for phases  , which is equal to ratio of the 

volume of particles α of the phase V located in 

some volume of space ΔV to this volume:  

 

.
V

V





=


 (4) 

There are obvious correlations: 

0 0 2
1 1 1 2 2 2 2 3

3
, , .

4
n

a


     


= = =  (5) 

The true material density of the phases 
does not change in the process of motion 

( )0 const = . Then, taking into account the above, 

(1) and (2) can be represented in the form: 

 

( )v 0,div
t


 





+ =


 (6) 

( ) ( )0 01 1 1 2

1 1 1 1 1 1 2 1 12

v 9
ˆv v v v ,

2
div div g

t a

  
    

 
+ = − − + 

 

(7) 

( ) ( )2 2 1 2

2 2 2 1 2 22 0

2

v 9
v v v v .

2
div g

t a

  
 




+ = − +


 

(8) 

Here we can take additional simplifying 
assumptions about weak influence of impurity on 
the grain phase motion. Then in (7), in the right part, 
the second summand in (7) can be discarded, and 
this equation can be written in the form: 

 

0 01
1 1 1 1 1

v
ˆ .

d
div g

dt
    = +  (9) 

The area in which the layer of mixture 

moves on the surface 1 2 3 4, , ,S S S S , is bounded by 

surfaces and half-planes passing through the rotor 

axis and making an angle β1 with each other (Fig.1, 

2). The last half-planes are represented in the 
device by radial ribs preventing the medium from 
moving in the transversal direction. 

Let us introduce a cylindrical coordinate 

system (r, φ, z) with the origin at point O and axis 

Oz directed vertically downward (Fig. 3). The 
surface S2 is formed by rotating the curve OABC 

around the axis Oz by the angle β1. Let us form the 

equation of the OABC curve as a functional 
relationship between the variables r, z. 

The curve OABC consists of the arc OAB of 
the circle of radius R1 and the line segment BC, 

which forms an angle α1 with the segment CO. Let 

us denote the coordinates of points O(0,0), A(d1/2, 
h1), B(rB, zB), C(D1/2,0), radius R1 of the arc of circle 
OA, O1(d1/2 - b) is the center of this circle. 

 

 
Fig. 3. To definition of the surface rotation 

curve of a plate surface 
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From figure we can see that 

( )
2

22 21

1 1
2

d
R b h b

 
 + = + 
 

. From this ratio we have: 

 

2

1
1

1

1
.

2 4

d
b h

h

 
= − 

 
 (10) 

In its sense b, it is a positive quantity, and 
therefore, the inequality must be satisfied d1 ≥ 2h1. 

The equation of the circle passing through 
the points O, A and having the center at O1 is as 
follows: 

 

2

2 21

1 1

1

1
0.

4

d
z h z r d r

h

 
+ − + − = 
 

 (11) 

The equation of the line BC can be 

represented in the form: 

1 1

1( ) , .
2 2

C

D D
z k r k tg r r

 
= − =   

 
 (12) 

The coefficient k must satisfy the equality: 

 ,

,

B Br r z z

dz
k

dr = =

= −  (13) 

where the derivative is defined for the 
dependence z = z(r), defining the circle (11). 
Relations (11), (12), (13) represent a system of 
equations for determining the three quantities 

, ,B Br z k , whose solution can be obtained and 

written in the form:

 

(

)
( )

2 2 2 31
1 1 1 1 1 1 1

3 2 4 4 2 5 2 2 2 4 2

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1
2 2 2 4 4 2 2

1 1 1 1 1 1 1 1 1

8 32 32 8
2

8 16 32 2 8 16

32 8 16 16 ;

h
k d D d h h D d

d h D d h D d D d D d D h h D

D h d d h d h D h
−

= + − − −

− − − + − + +

+ + −



 −

                        

(14) 

 

 ( )1

2

2

2

1 1 1 1 1 1 ;
4

1

4

8

4
B

D h kd kh
z

d
k

h k

h− + −
=

+
 (15) 

 

2

1

1

11

8 2
.

2
B B

d
r

d h

h
k z k −

 
= + + 

 
 (16) 

To describe the OABC curve, we will use a 
compound formula that takes into account relations 
(11)-(16):  

2 2 4 2 2 4 2 2 2

1 1 1 1 1 1 1 1 1

1

1
1

4 8 16 64 64
, (0 ).

8

(

(

/

)

)
2

2

B

B

d h d d h h d rh r h
r r

h

D
k r r D

Z

r

z r

− − + + −
 

 
−

 + +



= =

  
 






  

(16) 

 
Fig. 4. Rotation curves describing the inner surface of the disc spreader 

 
Fig.4 shows OABC curves according to 

equation (17) for 1 10,5 , 0,07D m h m= = and 

different values of d1. 
Conclusions. The equations of dynamics 

of GM layer on PS as a two-phase continuous 
medium, taking into account the phase interaction 

and assumption of weak influence of impurities, are 
prepared.  

The rotation curve representing the surface 
of a plate spreader is mathematically described.  

The obtained dependences allow us to 
study the dynamics of the GM layer with impurities 
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with further cleaning by air flow at its descent from 
the PS. 
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ДИНАМІКА ЗЕРНОВОЇ СУМІШІ НА 

ТАРІЛЧАСТОМУ РОЗКИДАЧІ 
ВІБРОВІДЦЕНТРОВОГО СЕПАРАТОРА 

 
У статті досліджено динаміку шару 

зернової суміші на тарілчастому розкидачі 
вібраційного сепаратора, що 
використовується для підвищення 
ефективності очищення зерна. Розглянуто 
особливості руху зернових частинок у полі 
відцентрових сил та вібраційних коливань, які 
впливають на процеси їх розподілу та 
сепарації. Проаналізовано закономірності зміни 
траєкторії руху частинок на тарілчастій 
поверхні залежно від частоти та амплітуди 
коливань, кута нахилу розкидача та швидкості 
його обертання. 

На основі математичного 
моделювання складено рівняння динаміки 
зернової суміші, яка розглядається як 
двофазне середовище. Запропоновано рівняння 
руху частинок, що враховують вплив зовнішніх 
сил, а також взаємодію між зерновими 
компонентами та домішками. Описано 
кінематичні особливості переміщення зерна, 
його перерозподілу та відокремлення легких 
фракцій. Досліджено вплив конструктивних та 
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технологічних параметрів тарілчастого 
розкидача на ефективність роботи 
сепаратора. 

Дослідження показали, що коливальні 
рухи сприяють рівномірному змішуванню 
компонентів зернової суміші, забезпечуючи їх 
однорідний розподіл. Це створює сприятливі 
умови для ефективного розділення фракцій під 
час сепарації, що покращує якість очищення 
зернової маси та підвищує загальну 
продуктивність процесу. 

Отримані результати можуть бути 
використані для оптимізації роботи 

вібраційних сепараторів, покращення їх 
конструктивних характеристик та адаптації 
до різних типів зернової сировини. 
Запропоновані підходи можуть бути 
застосовані у технологічних процесах 
первинної обробки зерна, забезпечуючи 
ефективне поєднання функцій сепарації та 
попереднього змішування. 

Ключові слова: вібраційний 
сепаратор, зернова суміш, тарілчастий 
розкидач, вібрація, рівняння поверхні, 
амплітуда, частота, змішування. 
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