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Abstract—The article contains a mathematical description of 
the process of mixing bulk materials in a drum aggregate using 
elements of mathematical statistics, theory of probability and 
averaging models. A random stationary process is a flow that is 
formed by means of dispensers in this case. The correlation 
function is used as its parameter. It is a measure of the stability of 
the process. The relationship between the variances of the input 
and output signals is established by means of a correlation 
analysis. It allows predicting the degree of homogeneity of the 
material flow (smoothing ability of the mixer) at the output for 
the given parameters of the input signal: the coefficients of 
recycling, the time of its presence in the mixer and the dispersion 
of the input signal. The correlation analysis of the flow of 
material allowed the development of a new design of a continuous 
drum mixer. As a result, we found that the organization of 
external and internal recycling circuits greatly affects the 
reduction of fluctuations in the input signal. This reduces the 
variance of components and increases homogeneity of the 
mixture. 

Keywords— smoothing ability, variance, drum mixer, mixing, 
recycling, bulk material 

I.  INTRODUCTION 
At present, the requirements for the quality of the product 

have risen sharply. This is due to the constantly growing level 
and pace of life of the population. Therefore, it is advisable to 
develop new designs of continuous mixers [2,11] equipped 
with suitable metering devices. 

Drum mixers produce high-quality mixtures with a 1:40 
component ratio, a vibrating ratio of 1: 100, and centrifugal in 
the range of 1: 100 to 1: 500. 

These devices are characterized by high smoothing ability, 
low specific metal and energy costs, high intensity of the 
mixing process, due to the organization of directed movement 
of thin-layer material flows in combination with the advance 

and recycling circuits. These devices are suitable as the main 
component for a continuous mixing plant, either individually 
or in any combination thereof [5,9]. If it is necessary to 
prepare mixtures, for example, with a ratio of ingredients of 1: 
1000, it is necessary to consistently install continuously 
operating drum mixers (ratio of components 1:10) and 
vibration (at a ratio of 1: 100) types. 

The use of correlation analysis is possible when simulating 
the process of mixing in vibration and centrifugal mixers [4, 
6]. We use a similar approach for a continuous drum mixer. 
The literary review made it possible to conclude that the input 
feeding material flows can be regarded as random stationary 
processes. On the basis of this, the mathematical expectation 
of the instantaneous rate of components in time can be 
considered constant with practice accuracy. In this case, the 
considered pulsations of feeding material flows have in 
addition to a random and periodic character.  

All this allows us to use the theory of time series along 
with a cybernetic approach for constructing a mathematical 
model of a mixing aggregate. For the analysis of time series, it 
is proposed to use various methods, the most common of 
which are: 

 correlation method; 

 spectral method; 

 method of smoothing and filtering; 

 autoregressive models. 

We chose a correlation analysis to mathematically simulate 
the process of mixing the bulk components within the allowed 
limits of the theory of time series. In this case, the correlation 
function is a parameter of a random stationary process. 
Correlation analysis establishes the relationship between the 
variances of the input and output signals, predicts the 
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smoothing capacity of the mixer at the output with the given 
recycling factors. 

II. OBJECTS AND METHODS OF RESEARCH  
Analysis of two flow patterns of material flows, allowed 

one to develop a new original design of a continuous drum 
mixer [8]. The peculiarity of this design is that inside the 
mixer there is a shaft with Г-shaped blades for increasing the 
smoothing ability as a result of internal recycling of the 
mixture. 

 
Fig. 1 Drum mixer: 1-drum; 2-centering supports; 3- central shaft; 4- Г-
shaped blades; 5-frame; 6-feed nozzle; 7-discharge nozzle 

The drum mixer operates as follows [3,8,9]. Bulk materials 
are fed into the mixer through the feed nozzle 6. As the drum 
1 rotates, the powdery materials are poured from the working 
surfaces of the Г-shaped blades downward, moving 
simultaneously along the two generatrixes of the drum 1. In 
addition to dividing the volume of the material into two 
unequal flows on each blade, along the length of the mixing 
drum. The main flow of the mixture will move axially towards 
the discharge side [15]. Due to the possibility of turning the Г-
shaped blades relative to each other by 360 °, they can be 
installed in staggered or spiral-like order [10,12]. As a result, 
multiple overlapping flows occur, favoring a general 
averaging of the quality of the mixture. The finished mixture 
is discharged through a discharge nozzle 7. 
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Fig. 2 A scheme of motion of material flows in the helical arrangement of Г-
shaped blades in a drum mixer 

III. RESULTS AND DISCUSSION 
First we will consider the first scheme of the flow of 

material flows with a helical arrangement of Г-shaped blades 
inside the drum, shown in Fig. 2. It recirculates material flows 
with their subsequent superposition on the main flow on each 
of the ten blades corresponding to certain cells of the mixer. 
Material flows are described by random stationary ergodic 
functions, so we can write a system of material balance 
equations for this case: 

 

10

10910

989

878

767

656

545

434

323

212

11

)1(
,)1(

,)1(
,)1(
,)1(
,)1(
,)1(
,)1(
,)1(
,)1(

,0

XBXB

XBXBX

XBXBX

XBXBX

XBXBX

XBXBX

XBXBX

XBXBX

XBXBX

XBXBX

XBXX













































                                            

(1)

 
 
where: X0 – flow of material entering the mixer; 
Xi – flow of material entering the i-stage of the mixer,  
i= 1…n; 
XBi – flow of material leaving the i-stage of the mixer, 
 i = 1…n; 
XВ – flow of material leaving the mixer; 
 coefficient of recycling; 
n – number of stages; 
 correlation interval. 
 

On the basis of expression (1), we can write a system of 
equations that determine the correlation functions of the flows 
in the absence of their mutual correlation: 
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where: KX0() – correlation function of the flow of 
material entering the mixer; 

KXi() – correlation function of the flow of material 
entering the i-stage of the mixer, i= 1…n; 

KXBi() – correlation function of the flow of material 
leaving the i-stage of the mixer, i = 1…n; 

KXB() – correlation function of the flow of material 
leaving the mixer. 

 
The assumption is that KXBi() = KXi(). Therefore, there is 

no process of averaging the fluxes. Then system (2) can be 
written in the form: 
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Solving the system (3), we obtain: 
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It is known that the  =0 is equal to the correlation function 
of a stationary process for variance of the possible values of its 

parameter at a given instant of time, KX(0) = 
2
Xσ . Then we 

can write: 
10

2
0X

2
XB 1

1












                                     (5) 

For an arbitrary number of stages, we obtain the following 
system of equations: 
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The system of equations that determine the correlation 
functions of material flows: 
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The assumption is that KXBi() = KXi(), we obtain: 
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Solving the system (8), we obtain: 
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When the numerical value of the recycling factor β was 
substituted into formula (10), the dispersion ratio and the 
numerical value of the smoothing power were obtained for 
each cell of the drum mixer. For example, for a value of β = 
0.15 (corresponding to a drum filling factor of 24%), the ratio 
of the variances on the first cell is 

22
0 / XBX   = 0.74, and on the 

fifth 
22

0 / XBX  = 0.22. Therefore, the dispersion of the outflow 
decreases significantly with the increasing number of recycles 
of material flows in the mixer. This indicates their influence 
on the smoothing ability, which is determined by the ratio 

22
0 / XBXS  , the numerical values of which are presented in 

Table 1. 

TABLE I.  VALUES OF THE SMOOTHING CAPACITY OF THE DRUM 
MIXERWITH RECYCLE ON EACH BLADE  

 
Number of 
mixer blades β 22

0 / XBX   S 

1 0.15 0.74 1.35 
2 0.15 0.54 1.83 
3 0.15 0.40 2.47 
4 0.15 0.29 3.35 
5 0.15 0.22 4.53 
6 0.15 0.16 6.13 
7 0.15 0.12 8.30 
8 0.15 0.08 11.23 
9 0.15 0.06 15.2 

10 0.15 0.04 20.57 
 
It can be seen from the table that the presence of reverse 

recirculations performed on each mixer blade significantly 
reduces the dispersion of the outflow stream[7,14]. At the 
same time, the smoothing capacity of the drum apparatus 
increases from 1.35 to 20.5.  
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Thus, the organization of directed movement of material 
flows (the presence of recirculation) [1,13], without taking 
into account the process of their averaging at the stages of the 
mixer, allows one several times to reduce the dispersion of the 
components of the mixture at the outlet from it and, as a result, 
to increase its homogeneity.  

Then we analyze the second scheme, shown in Fig. 3, in 
which the material flows are recirculated and then 
superimposed through one blade (cell) of the drum mixer. The 
material balance in this case is described by the following 
equations: 
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Fig. 2 The scheme of motion of material flows in the staggered 

arrangement of Г-shaped blades in a drum mixer 
 

 

10

910

989

78

767

56

545

34

323

12

11

XB)1(XB
,XB)1(X

,XBXB)1(X
,XB)1(X

,XBXB)1(X
,XB)1(X

,XBXB)1(X
,XB)1(X

,XBXB)1(X
,XB)1(X
,XB0XX























                                             

(11) 

 
We write down the system of equations that determine the 

correlation functions of the flows, taking into account the fact 
that KXBi() = KXi(): 
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The result of the solution of system (12) is the following 

expression: 
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We write the following system of equations for an 
arbitrary number of stages: 
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The system of equations that determine the correlation 

functions of flows under the KXBi() = KXi() will have the 
form: 

 
     

     

       

     











Xn
2

XB

Xk
2

)1k(X
2

Xk

)1k(X
2

Xk

1X
2

0X1X
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(16) 

 
Solving the system (16), we obtain (for an even number of 

blades): 

   
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0XXB 1
1KK 








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(17) 

or: 

2
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2
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2
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



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.                                                  

(18) 

For an odd number of blades: 
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or: 

2
1n

2
0X

2
XB 1

1
















.                                                  

(20) 

 
Substituting into the equation (20), the numerical value of 

the recirculation coefficient equal to 0.17 (corresponding to a 
drum filling factor of 24%), we obtain that the dispersion 
ratio, for example, in the first cell is 

22
0 / XBX  = 1, and on the 

seventh 
22

0 / XBX  = 0,357, which indicates a decrease in the 
dispersion of the outflow with an increase in the number of 
recycles in the apparatus. This confirms the fact of their effect 
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on the smoothing ability of S, the numerical values of which 
are presented in Table 2. 

It can be seen from the table that the dispersion values of 
the outflow and the smoothing capacity of the apparatus repeat 
their numerical values on each odd blade (cell). This is 
confirmed by the fact that recirculation of the mixture occurs 
through one blade, namely at each even cell. In this case, the 
smoothing capacity of the drum machine increases from the 
beginning of the mixer to its end in the range from 1 to 5.565. 

TABLE II.  VALUES OF THE SMOOTHING CAPACITY OF THE DRUM MIXER 
WITH RECYCLING THROUGH ONE BLADE 

 
Number of 
mixer blades β 22

0 / XBX   S 

1 0.17 1 1 
2 0.17 0.709 1.409 
3 0.17 0.709 1.409 
4 0.17 0.503 1.987 
5 0.17 0.503 1.987 
6 0.17 0.357 2.8 
7 0.17 0.357 2.8 
8 0.17 0.253 3.948 
9 0.17 0.253 3.948 

10 0.17 0.179 5.565 
 
Analysis of the results of the calculation of the two circuits 

shows that the best smoothing ability is possessed by a mixer 
operating according to the first scheme (in which the mixture 
is displaced longitudinally in the apparatus, undergoing 
recirculation in each of its cells). The smoothing ability of the 
drum mixer operating under this scheme is 3.68 times higher 
(S = 20.5) than the second (S = 5.565), which recirculates 
material flows through one blade. Therefore, to obtain more 
homogeneous it is expedient to carry out the process of mixing 
in a drum mixer by the installation of Г-shaped blades in a 
spiral manner (with recirculation on each blade). 

IV. CONCLUSION 
1. Theoretical analysis of a continuous drum mixer with 

various schemes of the organization of the flow of material 
flows in it, based on the theory of random processes. 

2. As a result of the correlation analysis of the two 
schemes of material movement, it is established that the 
organization of external and internal recirculation circuits in 
the apparatus has a rather strong effect on reducing the 
fluctuations of the input signal. This allows one several times 
to reduce the dispersion of the components of the mixture after 

they pass through the drum mixer and, as a result, increase its 
homogeneity. 
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