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Abstract. The role of agricultural ecology in current conditions is 

important in the modern world, as it offers new methods and approaches to 

the implementation of production processes that should reduce the harmful 

effects on the environment. The paper outlines the prerequisites for the 

development of universal mechanization tools for the process of mixing dry 

and liquid components. The essence of the method is to study the motion of 

a particle with different design parameters, as well as the physical properties 

of the medium. The mathematical model of particle motion is built on the 

basis of theoretical mechanics and hydraulics. The calculation scheme of the 

impeller is performed from several iterations with a step-by-step approach 

to the simulated mixing process. In this case, differential equations of motion 

of dry material particles are applied. Based on the solutions of these 

equations, the particle motion zone within the impeller structure is 

determined. At the next stage, the calculation of velocities at different 

angular speeds and viscosity of the liquid medium is carried out. Thus, there 

is a consistent approach to the description of the process of mixing a particle 

with a liquid. According to the proposed algorithm, a program has been 

developed using MathCad V15 that provides the possibility of graphical and 

numerical control of the calculation results with a change in parameters. It 

is possible to change the structural and physical parameters of the 

environment. Examples of calculation and graphical interpretation of 

particle motion in the working chamber are presented. According to their 

results, the optimal modes of operation of the setup for the preparation of 

liquid feed are proposed. 

1 Introduction 

For a person, as well as for society as a whole, nature is the environment of life and the source 

necessary for the existence of resources. From the point of view of the agricultural production 
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mechanization, such machines and mechanisms should be created that satisfy such aspects 

as: economic, health-improving and hygienic, aesthetic, educational and scientific. 

With the development of farms, by analogy with developed Western countries with well-

established agricultural production, certain hopes are placed on solving the domestic food 

problem. 

It has been established that there are very few power tools for small-scale mechanization 

and agricultural implements for them. However, the domestic industry can provide almost 

complete mechanization of processes and bring it to a comprehensive one. It is also known 

that without solving this problem, i.e., without a high level of mechanization of production 

processes, it is impossible to achieve high performance in the functioning of the farm. The 

domestic industry has now developed and put into production various power tools for small-

scale mechanization. As new equipment is developed and put into production, both the 

quantitative and qualitative (type and structure) composition of the power equipment fleet 

and the set of agricultural machines for them change. Their quantitative and qualitative 

composition can be chosen by the farmer depending on natural conditions, specialization, the 

structure of sown areas and the level of production organization [1-10]. 

2 Materials and methods 

The authors studied information on the development and production of energy products by 

the domestic industry and analyzed the situation on the availability of these funds in farms. 

But at the same time, the approach consists in theoretical research and explanation of the 

process of mixing liquid feed in an experimental setup [11-17]. 

So, on farms and complexes for feeding young animals, liquid feeds can be used, which 

can be prepared from a dry and liquid component. This dry component can be obtained from 

food waste, so there is a possibility of formation and contamination by microorganisms of 

the premises in which animals are kept. Also, dry ingredients can cause some dusting if used 

incorrectly in feed preparation. 

The classic process of mixing (preparing) liquid feed is the combination of two 

components, liquid (water) and dry (milk replacer, food waste, etc.). At the same time, it is 

necessary to heat the water within the temperature range t from 20...40 °C, while the latter 

value must be strictly maintained. But in turn, this temperature can cause the appearance of 

undesirable microflora, so the prepared mixture must either be completely distributed or 

disposed of. Also, high-quality mixing contributes to a better dissolution of dry substances, 

thus making it possible to obtain a more stable mixture [2]. 

Calculation and modeling of the mixing process has certain specifics, taking into account 

the properties of the medium, as well as the design of the mechanization device itself. The 

developed experimental setup [3,4] combines three functions: a dispenser, a pump, and a 

mixer, while its versatility allows it to be used in the future not only for agriculture. 

The design of the impeller of the plant allows separate feeding of dry and liquid 

components into the working chamber, where, having met on the periphery with fixed blades, 

the mixing process takes place. 

Let’s consider the case when the material moves along the helical channel into the 

window on the cover disk, where it falls on the impeller blade. The model of particle motion 

considers the centrifugal field (Fig. 1) [5,7]. 

 

 

 

 

 
 E3S Web of Conferences 420, 09002 (2023) https://doi.org/10.1051/e3sconf/202342009002

EBWFF 2023

2

RETRACTED



 

Fig. 1. Scheme of external forces acting on a particle in the impeller of the experimental setup. 

Compose the sum of the projections of all external forces that act on a particle (material) 

in vector form:  

𝑚𝜔⃗⃗ = 𝑚𝑔 + 𝐹 А + 𝑅⃗ 𝑙,     (1) 

 

where m – particle mass, kg;   – particle acceleration; 𝑚𝑔  – gravity, N; 𝑅⃗ 𝑙 – particle 

drag force, N; 𝐹 А – static lift, N; 

|𝐹 𝐴| = 𝜌𝑙𝑔𝑉,        (2) 

 

where ρl – liquid density, kg/m3; V – body volume, m3. 

We transform the static lift, taking into account the fact that there is a solid body in the 

system, for this we divide equation (2) by the mass m=ρV and obtain: 

 
𝐹𝐴

𝑚
= 𝑔

𝜌𝑙

𝜌
,       (3) 

 

where ρ – body density, kg/m3.  

In projections onto the Cartesian coordinate axes x and y, we obtain the following system 

of equations: 

{
𝑚х̈ = 𝑅𝑙х

𝑚𝑦̈ = −𝑚𝑦̇ + 𝐹А + 𝑅𝑙у
,    (4) 

𝑅⃗ 𝑙 = −𝑘𝑚𝜐 𝑟,      (5) 

 

where 𝜐 𝑟 – relative particle velocity, m/s; 

 

𝜐 𝑟 = 𝜐 − 𝜐 𝑙,       (6) 

 

k – coefficient of proportionality at viscous resistance. 

where 𝜐 𝑙– fluid velocity in the channel, m/s; 𝜐 𝜌 – movement speed in the interblade 

section, m/s. 

𝜐 𝑙 = 𝜐 𝜌 + 𝜐 𝜑,      (7) 

 

Taking into account expressions (4) and (6), we obtain the system of equations: 

 

{
𝜐𝑟𝑥 = 𝜐𝑥 − 𝜐𝑙х = 𝑥̇ − 𝜐𝑙х

𝜐𝑟у = 𝜐у − 𝜐𝑙𝑦 = у̇− 𝜐𝑙у
,    (8) 
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𝜐𝜌 =
𝑄

2⋅𝜋⋅𝑟⋅ℎ
,       (9) 

 

where Q – setup supply, m3/s; r – particle radius vector, 𝑟 = √𝑥2 + 𝑦2, m; h – channel 

depth or blade height, m. 

𝜐 𝜑 = {
−𝜔𝑟 at 𝑟 < 𝑅

−𝜔𝑅
𝑅

𝑟
 at 𝑟 > 𝑅,     (10) 

 

where R – vortex core radius, m. 

 

Fig. 2. Scheme of particle motion. 

After simple transformations, we get: 

 

{
𝜐𝑙х = 𝜐𝜌 𝑐𝑜𝑠 𝜑 − 𝜐𝜑 𝑠𝑖𝑛 𝜑

𝜐𝑙𝑦 = 𝜐𝜌 𝑠𝑖𝑛 𝜑 + 𝜐𝜑 𝑐𝑜𝑠 𝜑
,     (11) 

 

At the same time 

{
𝑐𝑜𝑠 𝜑 =

𝑥

√𝑥2+𝑦2

𝑠𝑖𝑛 𝜑 =
𝑦

√𝑥2+𝑦2

,       (12) 

{
𝜐𝑟х = 𝑥̇ − (

𝑄

2𝜋𝑟ℎ
𝑐𝑜𝑠 𝜑 − 𝜐𝜑 𝑠𝑖𝑛 𝜑)

𝜐𝑟𝑦 = 𝑦̇ − (
𝑄

2𝜋𝑟ℎ
𝑠𝑖𝑛 𝜑 − 𝜐𝜑 𝑐𝑜𝑠 𝜑)

,    (13) 

 

Substituting into equation (13) the fluid velocity 𝜐𝑙 , determined by formula (7), we obtain 

the motion of a particle in the form of a system of equations:  

 

{
𝑥̈ = −𝑘 (𝑥̇ − (

𝑄

2𝜋𝑟ℎ
𝑐𝑜𝑠 𝜑 − 𝜐𝜑 𝑠𝑖𝑛 𝜑))

𝑦̈ = −𝑔 + 𝑔
𝜌𝑙

𝜌
− 𝑘 (𝑦̇ − (

𝑄

2𝜋𝑟ℎ
𝑠𝑖𝑛 𝜑 − 𝜐𝜑 𝑐𝑜𝑠 𝜑))

, (14) 

Solving the system of differential equations (14), we obtain the trajectory of a particle in 

a moving system rotating around a fixed center O until it interacts with fixed blades located 

on the periphery. The trajectory was calculated numerically on a personal computer using the 
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MathCad V15 program (Fig. 3). The study of the influence of various parameters on the 

process of particle motion was carried out using this program, which makes it possible not to 

use the laborious programming process. 

Supplementing the resulting system of differential equations (14) with initial conditions, 

we obtain the following: 

 









.yyxx

yyxx

00

00

)0(;)0(

;)0(;)0(


,     (15) 

 

Based on the obtained mathematical model, we construct the dependence of particle 

motion at different viscosity coefficients (Fig. 4…6). In this case, the dynamic viscosity takes 

into account the different temperature of the liquid. 

 

 

Fig. 3. A fragment of the Mathcad program when studying the motion of a particle before interacting 

with fixed blades. 

 

Fig. 4. Dependence of particle motion at rotation frequency n=1500 min-1. 
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Fig. 5. Dependence of particle motion at rotation frequency n=2250 min-1. 

 

Fig. 6. Dependence of particle motion at rotation frequency n=3000 min-1. 

According to the dependences obtained, we see that with an increase in resistance, the 

trajectory of the particle along the x axis will increase and, therefore, it will continue in the 

radial direction. But due to the fact that the size of the working chamber is structurally limited 

by 75 mm, it turns out that the rotation frequency equal to n=1500 min-1 will be more 

efficient, since the particle will travel a shorter distance in the radial direction. 

 

 

Fig. 7. Dependence of particle motion at rotation frequencies n=1500, 2250 and 3000 min-1. 
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If we consider all frequencies at one resistance (Fig. 7), then it can be seen that with a 

viscosity of k=1.002 Pa·s (t=20oC) and a rotation frequency of n=1500 min-1, the particle fits 

the design parameters of the working chamber, but this is only with a radial location of the 

blades. At the same time, the nature of the curve shows that with such formation of some 

turbulence, the mixing process will be better. 

According to the above theoretical studies, we can conclude that the setting parameters 

for further justification of the impeller and fixed blades will be: the rotational speed n=1500 

min-1 (angular velocity ω=78.5 s-1), the temperature of the mixture according to zootechnical 

requirements t=40 oC. 

Figure 8 shows an impeller consisting of 6 blades arranged radially. The second row of 

blades is placed so that half of the blade is located on the main disk, and the second half 

extends beyond this disk. The first row of blades is located radially for the convenience of 

fastening the power supply, so their position does not change. We change the angle of 

inclination in the second row of blades, denoting it β2 which will have values from 30 ... 150o. 

Thus, the minimum value will show that the blades are bent back from the direction of 

rotation and, accordingly, the maximum value will show that the blades are bent forward. 

To intensify the mixing process, stationary blades are required, which are located along 

the periphery of the second row of impeller blades. It is indicated by position 2 in Figure 8. 

The angle that we will also change will be designated as βН, the values of which will be from 

30...150°, but we will also change the number of fixed blades Z = 12 ... 24 pcs. 

The experimental part was carried out on a specially designed stand [2,3,4], which allows 

sampling in two modes: continuous and periodic. 

The quality of the mixture obtained by mixing the components is determined using the 

degree of homogeneity according to the methods described in the literature [7], while 

maintaining the ratio of 1:8 ... 1:10, i.e., 8 liters of water per 1 kg of milk replacer, the 

deviation is permissible Δ=± 20%. 

 

Fig. 8. Scheme of the impeller with fixed blades. 1 – impeller blades; 2 – fixed blades  

The first part of the study is to obtain quality indicators with continuous mixing of the 

components. First, we will conduct one-factor experiments on the influence of design 

parameters. Figure 9 shows the dependence of the degree of uniformity with a change in the 

angle β2, while the number of fixed blades will be different for each experiment. Figure 10 

shows the dependences when the angle of the fixed blades changes. 

Analyzing the obtained data (Fig. 9), it can be seen that the highest value of the degree of 

uniformity is Ѳ=82%, with the angle of inclination β2=300 and the number of fixed blades 

Z=18 pcs. According to Figure 10, the data are as follows: Ѳ=73.63%, with the angle of 

inclination of fixed blades βН =900 and the number of fixed blades Z=24 pcs. We can make 
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a preliminary conclusion that the number of fixed blades should be somewhere in the middle 

and should be approximately 22 pieces. 

For further optimization, it is necessary to emphasize that it is necessary to change the 

angle of inclination of the fixed blades βН and their number Z, since the angle of installation 

of the impeller blades with its increase reduces the degree of uniformity while increasing the 

number of fixed blades. And, in turn, the angle of installation of fixed blades with its increase 

has a greater degree of uniformity. Accordingly, to optimize the parameters, we highlight 

that the installation angle of the impeller will be equal to β2=300. 

 
Fig. 9. Graph of the degree of uniformity Ѳ, % when changing the angle of inclination of the impeller 

blades β2 for different values of the number of fixed blades at the base value of the angle βН=900. 

 

 

Fig. 10. Graph of the degree of uniformity Ѳ, % when changing the angle of inclination of fixed blades 

βН for different values of the number of fixed blades at the base value of the angle β2=900. 

To find the optimal parameters of the mixer operation in continuous mode, it is necessary 

to compile a planning matrix in which we distinguish three factors: the angle of inclination 

of the impeller blades, the angle of inclination of the fixed blades, and the number of fixed 

blades. Table 1 presents the planning matrix. 
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Table 1. Factors and levels of experiment design variation 32. 

Factors Normalized 
Levels of variation 

lower (–1) main (0) upper (+1) 

Number of fixed blades Z, 

pcs. 
х1 30 90 150 

Angle of inclination of 

fixed blades, βН deg 
x2 12 18 24 

 

 After the implementation of experiments according to the plan and processing of 

experimental data, a mathematical model of the workflow was obtained: 

 

𝑦1 = 80,38 − 1,58 ⋅ х1 − 3,90 ⋅ х2 − 0,68 ⋅ х1
2 + 0,63 ⋅ х1 ⋅ х2 − 6,21 ⋅ х2

2.    (16) 

 

 The analysis of the mathematical model (3) allows us to conclude that the degree of 

uniformity is most affected by the number of fixed blades Z (b1=–1.58), since it has the 

smallest value, and the angle of installation of fixed blades makes a significant contribution, 

since its increase will reduce the degree of uniformity. 

 For clarity of the obtained results, two-dimensional sections (Fig. 11) of the response 

surface were constructed. 

 

 
Fig. 11. Two-dimensional section of the response surface of the degree of uniformity Ѳ, % depending 

on the number of fixed blades Z, pcs. and their installation angle βН, deg. 

 

 It can be seen from the two-dimensional section that the highest value of the degree of 

uniformity is 81.5% at the installation angles of fixed blades βН=50…85o, and the number 

of fixed blades should be Z=12…15 pcs. 

3 Conclusions 

According to theoretical data, it can be seen that the most correct rotational speed should be 

equal to n=1500 min-1, since at this value the particle does not immediately fly out of the 

impeller. At this value the feed particle will interact more actively with fixed blades, and the 

quality of the mixture will be better. 

 Experimental data showed that it is better to set the impeller installation angle at the 

value β2=900, and the highest value of the degree of uniformity is 81.5% at the installation 

angles of fixed blades βН=50…85о, and the number of fixed blades should be Z=12…15 pcs. 
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