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Abstract

The processing of various vibrational low-frequency and cavitation high-frequency actions by their rheological properties 

is studied. A mathematical model of the motion of particles of a technological environment is determined taking into account the 

different nature of the dissipative forces. Two kinds of frictional forces are applied: dry at the first stage of changing the constituents 
of the mixture and viscous at the second, final stage of compaction of the mixture. The obtained analytical dependencies reveal the 
physical picture of the behavior of particles and the technological environment as a whole. The key stages of compaction to account 

for dry and viscous friction between the components of materials are described. It is revealed that processing at low frequencies 

reduces energy costs. Taking into account in vibroacoustic processes the contribution of higher harmonics greatly accelerates the 

process of cavitation. This is a fundamentally new result and the idea of the possibility of obtaining an effect for creating new mate-

rials. The obtained amplitudes and frequencies of oscillations of both low-frequency and high-frequency modes open a new direction 

in technologies for improving the quality of material processing. The main modes and parameters of vibrational and acoustic action 

for effective implementation of material processing processes are determined. The obtained results are applied at definition of rhe-

ological and technological parameters at various stages of processing of materials. The basic directions of quality improvement of 

processing environments are formulated.

Keywords: technological environment, processing stages, properties, low-frequency vibrating, high-frequency cavita-

tion processes.
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1. Introduction

Modern trends in the development of technologies for processing technological environments 

(grinding, mixing, compaction, emulsification, etc.) are aimed at finding new effective solutions. 
Due to the fact that in modern conditions, there are requirements to reduce energy costs, improve 

the quality of new obtained materials, and ensure environmental compatibility of processes. These 

requirements are not fully provided by low-frequency and high-frequency processing technologies 
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common in various industries. Thus, in vibration systems operating at low frequencies, the poten-

tial for improving efficiency is exhausted. They work in a resonant mode, which is characterized by 
high energy costs. Existing methods for assessing the influence of vibration effects on the process-

ing of materials are based on taking into account their constant, unchanged characteristics. Such 

approaches do not disclose the essence of the material processing processes. The lack of refined 
models does not solve the problems of reliable evaluation of the influence of vibration actions on 
processing processes of technological environments. According to the high-frequency actions of 

environments processing using the example of cavitation, let’s have the following. Practically there 

are no studies of the interaction of the causative agent of the oscillations and the environment. A 

joint study of these technologies of the effect of parameters on processing processes is due to the 

following. This is a method of transferring energy from the pathogen to the environment and the 

wave process of propagation of energy in the environment. The difference lies in the different nu-

merical values of the amplitude-frequency spectrum of the action on the processing environment 

and the designs of the exciters of the oscillations. Therefore, the problem arises of studying the 

physics of the processing of materials on the basis of a change in their properties. So, regardless of 

the type of processing low-frequency or high-frequency action on the technological environment, 

the problem is common. Its solution is a topical task. It consists in choosing the physical and math-

ematical models and determining on this basis the parameters of the influence of the parameters of 
the working process.

2. Literature review and problem statement

Vibration processes are used in various industries to perform a wide range of different 

technological operations for processing materials. This is due to the ability of vibration to sig-

nificantly change the properties of materials. The theoretical basis for describing vibration is the 
classical theory of mechanical oscillations and the theory of continuous environments. The greatest 

application of vibrational processes is found in the processes of compaction of building mixtures 

[1]. To implement these processes, harmonious modes are predominantly used [2]. The frequency 

range of the action of exciters for compaction of construction mixtures is in the range of 15– 

200 Hz. Amplitude range in the range 0.1–1.5 mm. Such regime narrows the possibilities to com-

pact various building mixes. The physics of the process of compaction of the mixture is not con-

sidered. In work [3] it is noted that the compaction should be checked for compliance with standard 

modes and real. However, the lack of an assessment of the interaction between the causative agent 

of the oscillations and the environment does not guarantee the provision of the parameters specified 
by the technology. There is no description of the motion process of the constituents of the environ-

ment, either individual particles or the possible motion of the environment as a continuous one. In 

most modes, the amplitude of the oscillations, like the frequency, can vary. Therefore, it is possible 

to state that there is a problem of finding solutions on a new model of the notion of a process that 
is adequate to the real. The high-frequency modes of processing include the acoustic method [4]. 

Cavitation operating modes should significantly differ from the vibration values of the parameter: 
sound frequencies (f=20–20 103Hz) and ultrasonic – (f=20 103–108Hz). Amplitude range is in the 
range (0.1–1.5) 10-3 mm.

However, changes in density, viscosity, sound speed, absorption coefficient, wave re-

sistance are not taken into account. In addition, as in low-frequency systems, the process of 

processing by acoustic cavitation should take into account the interaction of the environment 

and the cavitation apparatus. It creates a cavitation region in a dispersed liquid environment 

[5]. Such technologies allow creating new substances and environments [6]. The appearance 

of intense shock waves [7] does not reveal the process of interaction. Attention is focused on 

the possible formation of pulsating gas-vapor bubbles, the size of which is less than the critical 
one. The degree of collapse of the bubbles is small and sometimes even absent [8]. It is noted 

in [9] that the process of slamming occurs without the appearance of shock waves. In [10], the 

effect of viscosity without indicating the interaction with the environment of energy sources 

is noted. Even there are considerations about the creation of a chaotic unstable motion [11]. 
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Attention is paid to the influence of two frequencies, as noted in [12]. The presence of certain 
bubbles in the cavitation area depends on the parameters and regimes in the current process 

of cavitation development. An important conclusion is that an undeniable fact of the action of 

acoustic cavitation is a significant change in the rheological properties of the cavitating envi-
ronment and parameters. At the same time, this change in properties is not taken into account 

either in certain parameters or in the calculation models. By this time there are no studies of 

the specific effect of the environment on the movement of the cavitator. There are no studies of 
the processing process with a change in the time parameters of the pathogen and changes in the 

environment. Such interaction is a new concept for evaluating not only the parameters of the 

process, but also the possible creation of fundamentally new regimes and designs of exciters. 

Based on the analysis, the problem of determining such parameters and regimes is not solved. 

The practical task is determination of the physics of the process that takes place at different 

stages of processing the technological environment.

3. The aim and objectives of research

The aim of research is studying the process of motion, both individual particles and a con-

tinuous environment, to determine the effect of low-frequency and high-frequency actions on it.

To achieve this aim, the following tasks are set:

1. To develop a mathematical model and describe the motion of particles and the environ-

ment as a whole for actions of a different nature.

2. To investigate and determine the main parameters of influence on processes of environ-

ments processing.

3. To propose a direction of purposeful use of low-frequency and high-frequency methods 

for processing environments with a given process efficiency.

4. Methodology for studying environments processing by low-frequency and high-frequency 

actions

The method of carrying out the research provides for carrying out analytical and experi-

mental studies. The idea of considering two stages of compaction is advanced, the adequacy of 

which is described by the real process of processing by discrete and continual models. The choice 

of model depends on the stage of the process. When implementing low-frequency oscillations, 

the process of compaction of a concrete mixture is considered and the following hypotheses are 

accepted. The first stage is modeled by the discrete movement of the particles, since the concrete 
mixture is a random, air-filled structure. After the completion of the first stage, the structure 
changes and at the second stage becomes a continuous environment. Therefore, its description is 

determined by the continuum model. The second hypothesis is that the difference in models at 

different stages requires different values of the parameters and an estimation of their influence 
at each stage.

The scheme of stages proposed by the authors (Fig. 1) reveals a visual representation not 

only of the essence of the process, but also reveals the physics of the process. Depending on the 

characteristics of the processes (Fig. 1), in the second stage, various rheological models, in which 

certain properties dominate, can be used. Therefore, in theoretical studies, two models are consid-

ered. The first stage of theoretical studies of the environment condensation process is the construc-

tion of a mathematical model of the motion of a particle in environment. The second stage is the 

development of a mathematical model for the motion of a continuous environment. Experimental 

studies are devoted to comparison of manufactured concrete samples according to standard and 

research parameters.

At theoretical researches of cavitational processes of processing of technological envi-

ronments the following idea is put forward. Contact pressure on the edge of the “cavitator-envi-
ronment” system is a key parameter of the evolution of gas and air bubbles in an acoustic field. 
Therefore, in assessing the influence of high-frequency actions on the processing environment, the 
evaluation of contact pressure is the basis of the carried out studies.
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Fig. 1. The stages of compaction of concrete mixture, characteristics and rheological models

5. Results of studies of environments processing by low-frequency and high-frequency actions

5. 1. Investigation of the motion of particles in environment based on a discrete model

The choice of a mathematical model for determining the motion of a particle in environment 

is based on taking into account the following parameters: m – the mass of the particle; m
m 

– the 

mass of the environment in a volume equal to the volume of the particle; ρ – the particle density; 
ρ

0
 – the density of the environment. Then, on the basis of taking into account the acting forces, the 

equation of motion of the particle will have the form:

 
 ρ

= − − + ρ 
 

p c m m

0

mx m 1 (g x ) F ,                                                  (1)

where ẍ
p
 – the particle acceleration relative to the environment; ẍ

m
 – acceleration of the environ-

ment at a point coinciding with the center of gravity of the particle; g – the acceleration due to 

gravity; F
m 

– the force with which the environment acts on the particle.

Equations (1), in contrast to the classical ones, take into account the ratio of densities 

and the effect of gravitational forces and describe the motion of a particle under the condition 

of a decrease in friction at the points of contact between the particles. Particles under the 

action of gravitational forces, freed from friction, occupy free space. Let’s believe that at the 

initial stage of consolidation, the forces of dry friction prevail. At the final stage of compac-

tion, viscous friction forces predominate. So the process of compacting the concrete mix is 

assumed. Proceeding from this, the force F
m
, with which the environment acts on the particle, 

will determine the resistance forces. In the first stage of compacting with dry friction between 
the particles, the force F

m
:

Stages and models of compaction of 

concrete mixture 

The Essence Of The Process Component approach model Compression Seal Model 

Destruction and 

reformation of the 

concrete mixture, 

significant air removal 

Sliding and small shear of coarse 

aggregate grains, redistribution of 

cement paste, air removal 

Removal of air residues, 

compacting of contacts between 

grains of aggregate, partial 

redistribution of water 

1. Discrete; 

2. Elastic-viscous; 

3. Elastic-plastic; 

4. Elastic-viscous-plastic. 

1. Elastic-viscous-plastic; 

2. Discrete-continual. 

1. Elastic; 

2. Elastic-viscous-plastic; 

3. Continuous. 

Characteristics of the processes taking place in the concrete mix

Rheological models of concrete mix behavior
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= − + 

m a pF m x F(x),   (2)

where m
a 
– the adjoint mass; F(ẋ) – the resistance force to the relative motion of the particle.

=F(x) 0  at =x 0.

The novelty (2) consists in the method of m
a 
determination. Taking into account (2) the equa-

tion of motion of the particle (1) takes the form:

                               
+ = ρ ρ − − +  

a p m 0 m(m m )x m (( / ) 1)(g x ) F(x).   (3)

Let’s accept the condition that the particle carries out its motion along circular trajectories 

in the horizontal plane. Then the projections on the axis oxyz of the absolute velocity of an unper-
turbed environment near the particle are described by the following dependences:

                     = − ω ω + β
mx 0x A sin( t );

 
= ω ω + β

my 0x A cos( t );
 

=
mzx 0,   (4)

where A
0 
– the amplitude of the circular oscillation trajectory; ω – the oscillation frequency; β – 

the initial phase. Since the most effective technique is the relative evaluation of the process, let’s 

determine the ratio of the resistance forces. Accept: F
hor

 – the modulus of the resistance force when 

moving in a horizontal position; F
ver

 – the modulus of resistance force with relative motion in the 

vertical direction. Then the condition for the motion of the particle in the projections onto the mov-

ing axes of coordinates is represented by the ratio of forces and density in the dimensionless form:

                                 (5)

Analysis of the obtained dependences on the basis of taking into account the numerical 

values entering into condition (5) is evidence of the possibility of estimating the process of particle 

motion in environment. Under the conditions (5), particles with a density ρ>ρ
0
 are immersed in 

environment, that is, they move downward. Under the conditions ρ<ρ
0
, the particles move upward. 

The practical value of the obtained results (1)–(5) consists in determining the effect of parameters 

under conditions of rational flow of the first stage of the working process of compacting a concrete 
mixture. At this stage of compaction, the frequencies f=10–15 Hz are effective, and the numerical 
values of the amplitudes of the oscillations must vary within the limits A=0.8–1.5 mm. The reduced 

dimensionless relations appearing in (5) are criteria for estimating the motion of particles based on 

the use of a discrete model.

5. 2. Study of the environment motion on the basis of the continuum model

5. 2. 1. The second stage of compacting the concrete mix

In the second stage of compaction, where viscous resistance dominates, the environment 

becomes a compact structure. The motion of the environment is described by the continuum model 

proposed by the authors (Fig. 2).

When the pulse passes, the layer of particles with the coordinate z
1
 will shift by the amount 

x, and the layer with the coordinate z
2
 by the amount:

∂
+ ∆

∂
x

x z.
z

Then the volume of the element that contains all the particles that are between z
1
 and z

2
 will be:

ρ
> − ≥

ρ    ω
+     

ver

2 22m 0
m 0 m

gor ver

F 1
1 .

m g
m A m g

F F
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( )∂ ∂ δ     + + ∆ − + = + ∆ = ∆ + δ = ∆ +          ∂ ∂ ∆2 1

x x v
ab x x z ab x x ab 1 z v v v 1 .

z z v

Fig. 2. Scheme of the selected element in the environment

The size δv/Δv is the relative deformation of the environment. Let’s accept the condition for 
continuity of the environment, that is, the continuity condition is satisfied in the form:

                                                      
δ ∂ δρ

= = −
∆ ∂ ρ0

v x
.

v z
    (6)

Let’s compose the equations of motion of the volume element Δv from the pulse action. Let’s 
suppose that the velocity and velocity gradient of particles are much less than the speed of sound, 

and instead of full acceleration, let’s take only the local acceleration ∂x/∂t=x. Due to the displace-

ment there is a force of inertia, which causes a reaction force equal to

∂ ∂
ρ∆ = ρ ∆

∂ ∂

2

2

x x
zab ab z .

t t

The external force of the external pressure acting on the element will be:

                                          
∂s ∂s s − s + ∆ = ∆  ∂ ∂

ab ab z ab z.
z z

   (7)
 

The law of deformation of the environment is represented by the Kelvin-Voigt model:

                                                        
e

s = e + η
d

E ,
dt

     (8)

where σ – the voltage; ε – the relative deformation of the element; ε=∂x/∂z; E – modulus of elastic–-
ity; η – the coefficient of viscous properties of the environment.

Substituting the values of (8) in (7) let’s obtain the expression for the total force of pressure 

on the element Δv:

 ∂s ∂ ∂
− ∆ = − ∆ + η ∂ ∂ ∂ ∂ 

2 2

2 2

E x t
ab z ab z .

z z z t
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Equations of motion taking into account all forces will take the form:

 ∂ ∂ ∂
ρ ∆ − ∆ + η = ∂ ∂ ∂ ∂ 

2 2 3

2 2 2

x E x x
al z ab z 0.

t z z t

Reducing by Δv, let’s obtain:

 ∂ ∂ ∂
ρ = + η ∂ ∂ ∂ ∂ 

2 2 3

2 2 2

x E x x

t z z t

or 

                                                
∂ η ∂ ∂

+ =
ρ ρ∂ ∂ ∂ ∂

2 3 2

2 2 2

E x x x
.

z z t t
   (9)

Equation (9) is the wave equation of an elastic-viscous environment.

Let’s consider the oscillations of the environment under the action of periodic pulses without 

allowance for dissipation. Then the wave equation can be written in the following form:

                                                        
∂ ∂

=
∂ ∂

2 2
2

2 2

x x
C ,

t z
     (10)

point z at time t with respect to the initial position. To determine the function x (z, t), it is necessary 
to specify the initial and boundary conditions. At the initial moment, the environment is at rest, and 

the velocities are zero. This condition can be written in the form:

=x(z,  0) 0;
 

=tx (z,  0) 0.

The boundary conditions at the point x=H determine the absence of normal stresses, since 

it is a condition of the free end:

=xx (H, t) 0.

 

If denote K
a
(t) of the displacement of the lower face z=0 at time t, then the boundary 

condition for x (z, t) for z = 0 will have the form:

= ax(0,  t) K (t).

Thus, we have at the following problem:

∂ ∂
=

∂ ∂

2 2
2

2 2

x x
c ;

t z
 =x(z,0) 0;  =tx (z,0) 0;

                                           
=xx (H, t) 0;  = ax(0,  t) K (t).     (11)

This problem is solved by the method of propagating waves. The general solution of equa-

tion (11) has the form:

                                           
= + + −1 2x(z,t) f (z ct) f (z ct),   (12)

where f
1
(z) and f

2
(z) – functions determined from the initial and boundary conditions.

For t<H/c, the solution (12) can be written in the form:
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 = −  a

z
x(z,t) k t ,

c
     (13)

where 

<
=  >

a

a

0   at t 0;
k (t)

k (t)  at t 0.

Expression (13) is a forward wave of the pulse propagating with a velocity c from the moving 

boundary z=0. It is easy to see that, because of the interference of the pulse wave at the free end, 
the solution (30) does not satisfy the boundary condition at z=H at t≥H/c. At this point x

x
(H, t)=0.

This boundary condition ensures the motion of the wave in the same phase. For H/c≤t<2H/c, 
the solution in the form of a sum of two functions:

                                        
+   = − + −      a a

z H z
x(z,t) k t k t .

c c
   (14)

The solution (14) satisfies the boundary condition for a given time interval H/c≤t<2H/c. In 
the section z=H at t≥2H/c, the solution (14) does not satisfy the condition at the boundary z=0. This 
is stipulated by the presence of a backward wave. Therefore, under the condition 2H/c≤t<3H/c, the 
solution of the problem is represented in the form of three functions:

                        
− +     = − + − − −          a a a

z 2H z 2H z
x(z,t) k t k t k t .

c c c
  (15)

For the condition 3H/c≤t<4H/c, let’s obtain:

           

                                     

−   = − + − −      

+ −   − − − −      

a a

a a

z 2H z
x(z,t) k t k t

c c

2H z 4H z
k t k t .

c c
 (16)

           

 −  a

z
k t

c
 – straight wave coming from a moving boundary;

− −  a

2H z
k t

c
 – a pulse wave reflected from the boundary z=H;

+ − −  a

2H z
k t

c
 – pulse wave reflected from the boundary z=0;

− − −  a

4H z
k t

c
 – wave reflected from z=0, and then reflected from the boundary z=H in 

 

the same phase. Thus, for any instant t of the solution of problem (16) has the form:

              
∞

=

 + −     = Σ − − + − + −            
n

n 1 a a a

z 2nH x 2nH z
x(z,t) k t k t ( 1) k t .

c c c
 (17)

Accordingly, for each fixed t, let’s obtain a finite sum, since K
a
(t)=0 for t <0. This is the 

sum of the displacements from the direct wave of the wave pulse reflected from the boundary x=H 
(free end) and z=0. When the wave is reflected from the lower boundary, a phase shift occurs, and 
reflection from the upper boundary z=H occurs in the same phase. This explains the presence un-

der the summation sign of the factor (1). The above dependences are valid for environment without 

allowance for dissipation. Allowance for dissipation in the passage of plane waves in an elastic 
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viscous environment leads to the following dependence for the displacement at any point of the 

environment z at time t:

    

− + − −∞
=

−

 + −   = Σ − − + ×        
 × − + −  

* *
f f

*
f

k (x 2nH) k (2nH z)

n 1 a a

k zn
a

x 2nH x 2nH
x(z,t) k t e k t e

c c

x
( 1) k t e .

c
             (18)

Expression (18) is a new relationship that determines the motion of layers in the implemen-

tation of any processing mode of the technological environment. For the approximate solution of 

problems with significant attenuation, (n>1) expression (18) is simplified to the form:

− − − − +− +     = − + + −          
* * *
f f fk z k (2nH z) k (x 2nH)

a a a

x x 2nH x 2nH
x(z,t) k t e k t e k t e .

c c c
       (19) 

The solution (19) makes it possible to determine the displacement at some point along the 

height of the column of the mixture. Analysis of the obtained dependences on the effective realiza-

tion of the second stage of compaction indicates the need for a significant increase in the frequency 
within f=35–50 Hz. At the same time, an effective condition for preventing stratification of the 
mixture is a decrease in the amplitude of the oscillations to values A=0.35–0.5 mm. The reliability 

of certain parameters is estimated by the performed experiments, which are given below.

5. 2. 2. Investigation of the influence of parameters of cavitation processing of the envi-
ronment on the basis of the continual model application

In determining the parameters of the influence of cavitation technology on the environments 
processing, the following hypothesis is accepted. It is assumed that the main parameter of influence 
on the processing process is the contact pressure at the boundary of the “cavitator-environment” 
system. This is due to the fact that pressure is a key parameter in the dependencies for the determi-

nation of energy, which is transmitted from the exciter. Calculation formulas for the determination 

of contact pressure are adopted on the basis of previous studies of one of the authors of this paper 

[13]. The contact pressure is determined by the formula:

                                                         = ρ ω2p lA x,
 

 (20)

where ρ – the density of the environment; l – the length of the environment in the direction of propaga-

tion of the longitudinal wave; A – the amplitude of the oscillations of the – contact zone of the “cavita-

tor-environment” system; χ = χ + χ2 2
1 2  – coefficients of wave action on the contact pressure:

             ( )[ ]
α α + β β

χ =
α + β α + β1 2 2

sh2 l sin2 l
;

l ch2 l cos2 l
 ( )[ ]

α β − β α
χ =

α + β α + β2 2 2

sin2 l sh2 l
;

l ch2 l cos2 l
  (21)

where α, β – coefficients of influence of the ratio ω/с and γ
 
the magnitude and rate of extinction 

of wave propagation:

 

                                  ( )
+ γ −ω

α =
+ γ

2

2

1 1
;

c 2 1
 ( )

+ γ +ω
β =

+ γ

2

2

1 1
;

c 2 1
  (22)

γ – loss factor, which estimates the level of energy dissipated in the environment in one oscillation 
cycle. An important parameter of the impact process is also the propagation velocity of waves with:

                                                           
= ρc E ,     (23)
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where E – the elasticity modulus of the environment, which has a density ρ. It is the velocity of 
wave propagation along the physical content that determines the ratio of elastic (E) and mass (ρ) 
characteristics of the environment, as a definite influence on the process of its cavitation. If the 
dependence (23) is mainly used for elastic environments, then for liquids saturated with gas, the 

formula [13] is used:

                                                          
= ρβacc 1 ,       (24)

where βac  – the adiabatic compressibility. Comparing (23) and (24), it can be noted that the pa-

rameters E  and βac  
themselves correlate:

 
β =ac 1 E.  The sign parameter is the amplitude of the 

oscillations of the contact zone A. The calculations of the pressure p as a function of the velocity c 
for the characteristic values of the amplitude of the oscillations are done (Fig.3).

Fig. 3. Graphs of the dependence of contact pressure (p) with the change in velocity (c) of the flow 
of cavitation water treatment: p1 – amplitude 4×10-6 m; p2 – 12×10-6 m; р3 – 20×10-6 m

The rate varied from the beginning of the stage of formation of cavitation process in 

the stage of scooping the bubbles in the water. The graphs are given for the first time and show 
the complicated process of the cavitation process. At values of the wave propagation velocity 

c=643 m/s resonance bursts of pressure are manifested, as well as at the stage of developed 

cavitation (c=312 m/s). The presence of such character and numerical values of pressures pri-

marily depends on the initial and boundary conditions. The value of the modulus of elasticity 

and density of the environment also affect the concrete stage of the cavitation process. To in-

tensify the course of the stages of the cavitation process, ultrasonic resonance flow cavitators 
are created [14] (Fig. 4).

Fig. 4. Ultrasonic flow cavitators: a – USS-1200, b – USS-400

These are the new developed devices, which for the first time in the practice of applying 
cavitation technology, calculated on the basis of the application of the wave theory. Cavitation 

chamber of installation is cylindrical. Ultrasonic resonant drive-emitters are placed on the gen-

  
a b
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erating surface. At the heart of the ultrasonic resonance drive-emitter is a half-wave piezoelectric 
Langevin transducer. When excitation of resonance drives, the phase of connection of the drives to 

the electric oscillator was taken into account.

6. Experimental studies of the compacting processes of the environment

The process of compaction of the concrete mixture was studied in an installation with vari-

able parameters and fixing the stage (Fig. 4). The method was intended to implement a shift mode 

of a two-stage process on a constructed installation (Fig. 5, a) and on a standard laboratory vibrat-

ing plate СМЖ-539 (Chelyabinsk plant Dormashina, Russia) with constant parameters (oscillation 

frequency f=50 Hz, amplitude A=0, 45 mm).

Fig. 5. Designed installation: a – an experimental vibration unit; b – molded concrete sample

The main task is comparison of the results of compacting the concrete mixture obtained at 

two plants. At the first stage, the compaction process at the variable-parameter plant is carried out 
at a frequency f=15 Hz. At the second stage, the frequency increased to f=48 Hz, and the amplitude 
of the oscillations decrease. On the standard vibration platform, the parameters are constant. The 

parameters are recorded on the computer display. Typical vibrograms obtained in the experimental 

vibration set are shown in Fig. 6.

 

 

 

 

 

 

a                                                      b 

 

 

 

 

 

 

 

c

Fig. 6. Vibrograms for changing the amplitude of oscillations of the system:  

a – the first stage of the process; b – transient mode; c – the second stage

The vibrations show the change in the amplitude of the oscillations during the realization of 
various stages of the mixture compaction. At the first stage (Fig. 6, a), a regime with an amplitude 

a b
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of oscillations A=1.2 mm is realized. In the future (Fig. 6, b), a transitional regime occurs, and the 

second stage of compaction is realized (Fig. 6, c) with an amplitude of oscillations A=0.45 mm. 

Due to this mode the compaction time decreased from 2 minutes to 1.2 minutes. Molded samples 

of concrete on a standard vibration platform and on the experimental with a variable mode of os-

cillation are shown in Fig. 6. Molded concrete samples on a standard vibration platform and on the 

experimental with a variable mode of oscillation are shown in Fig. 7.

a                                                           b

Fig. 7. General view of the molded concrete samples:  

a – on a standard platform; b – on the experimental installation

The molded samples are compared among themselves. On the samples (Fig. 7, a) the under-

compaction zones are visible (pores and shells, shown by red arrows). On the samples of concrete 
(Fig. 7, b) there is a significant improvement in appearance. Studies of the strength of concrete 
samples are done. The concrete samples molded in the experimental installation have strengths of 

18 % more than those of the standard site.

7. Discussion of the results of the study of the influence of low-frequency and high-frequency 
actions on the environments processing

Analytic dependencies describing the process of environments motion from discrete 

and continuum models obtained as a result of research are new. A new principle for processing 

technological environments with variable parameters and regimes at each stage with an eval-

uation of the effect of the effect is established. In the first stage, the process of compacting the 
concrete mixture is carried out at a frequency f=15 Hz. Processing at low frequencies reduces 
energy costs. In the second stage, the frequency increases to the value f=48 Hz, and the am-

plitude of the oscillations decreases by a factor of 1.5. The compaction time decreased from 

2 minutes to 1.2 minutes. The use of such modes and parameters allows to obtain concrete of 

necessary density and increased strength by 18 %. For the first time, the change in contact 
pressure at the whole stage of high-frequency cavitation processing is determined by the ex-

ample of water as a technological environment. Completed research is fundamentally new. The 

realization of the technological process of processing makes it possible to reduce the process-

ing time by 40 %. The obtained amplitudes and frequencies of oscillations at low-frequency 

modes provide an increase in the strength of the material by 18 %. Considering the techno-
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logical processes associated with the use of cavitation, one of the main tasks is obtaining the 

maximum effect by successfully combining the energies of the cavitator and the environment 

into a single optimized synergetic system. The application of high-frequency cavitation modes 
with the possibility of taking into account higher harmonics is a promising direction. Experi-

mental studies are required on environments with different viscosities. The results of research 

into the physics of environments processing are used in calculating the modes and parameters 

of exciters. The obtained results are given for environments with elastic-viscous properties. 

There are materials with other laws of changing dissipative properties. In this there is a certain 

lack of performed research. Now, further research is planned as a continuation of the topic 

under consideration for materials with other rheological properties. The obtained analytical 

dependencies are proposed to be used for the study of other technological environments.

8. Conclusions

1. The motion of particles of environment with a discrete model that takes into account 

the change in density and the influence of gravitational forces is investigated. By the contin-

uum model of motion, an analytical dependence is obtained, which makes it possible to de-

termine the amplitude of the oscillations of a layer of the environment in the direction of the 

force action.

2. Two stages of the frequency regime for compaction of concrete mixtures by a pulsed 

low-frequency load are determined. At the first stage, the frequency f=15 Hz is proposed, at the 
second stage f=48 Hz.

3. New ultrasonic flow cavitators are created for processing disperse liquid environments, 
taking into account the resonance of the oscillatory system.
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