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Abstract
The specialized program, which realizes a numerical analysis and graphical representation of simulation 
results of changes in pulp solid phase particle size characteristics under the controlled influence of a high-
energy ultrasound radiation pressure is presented.
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One of the most important parameters, which has 

a decisive influence on the qualitative and quantita-
tive indicators of separation beneficiation technology 
is the degree of minerals disclosure at every stage of 
the process.

For operational control of this parameter during 
the technological process it is proposed to use meas-
urable redistribution of pulp solid phase particles               
under the influence of the dynamic effects of high-     
energy ultrasound.

Due to the radiation pressure of the high-energy                
ultrasound in the measurement zone there is a redistribu-
tion of crushed ore particles by size. At a constant pulp 
flow rate the characteristics of this redistribution are de-
termined by the intensity of the ultrasound field and con-
centration, and characteristics of the pulp solid phase.

Let’s consider N crushed ore particles (distributed 
by the y axis at the initial moment of time), which are 
displaced by successive steps ∆х along the х axis.

Every step of any particle is selected randomly 
and independently from other steps. However, the 
probability distribution at selecting of any step is the 
same. Let’s denote by x(k) the coordinate of a particle 
after k steps. Then [2, 3-6]

х(k + 1) = х(k) + ∆ х. (1)
By averaging this equation by the set of particles, 

we obtain

i.e. average value of          does not change from step                     
to step, and therefore, is equal to          =0. The ob-
served value          for a large number of particles
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is close to zero (xj  - is the coordinate of j-th particle ).
The bandwidth by which the particles are distributed 
after k-th step, will be characterized by the quantity                      
             .
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Due to independence x(k) and Dx we have
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Let’s introduce the notation                Then                 
from (3) follows

222 )()1( akxkx +=+ ,
ie the mean square of coordinate grows with each step 
on the value of а2. 

The observed value of
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varies approximately proportional to the number of 
steps.

The particles distribution in the band, which 
occupied by them is more detailed characterized by 
the distribution function f(x), which determines the 
particles concentration [1-3, 7, 8].

Here the probability of fact that the coordinate 
j-th particle after k-th step will be in the interval                               
x ≤ xj ≤ x + dx is given by

dW = f(x)dx .
The theory of random walks provides a Gaussian 

distribution for a sufficiently large number of steps k 
[3]

(5)

The simulated distribution function is obtained 
by dividing the x-axis on a finite intervals and by 
counting the number of particles in each of them. If to 
enlarge the time steps in l times, then the mean square 
displacement by one step a2 should be replaced by              
a2 = la2, and the number of k steps - by lkk /~

= . Thus 
х2(k) = lа2·k/l = ka ~2 .

The character of concentration and particle size 
distribution change in the field of high-energy ultra-
sound depends on the density of the particles them-
selves, the frequency and intensity of the incident 
radiation [2-4, 9-10]. Let’s estimate the influence of 
ultrasound radiation pressure to concentration change 
of particle with radius of r. Suppose that in a positive 
direction of x-axis pulp flows at a rate of V. Let’s de-
note by nr(Z,t) the concentration of the particle radius 
of r at a depth of Z at time t. Considering the above 
mentioned it can be stated:
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In this equationVr (Z,t) - is the particle displace-
ment speed with radius r and coordinate Z in ultrason-
ic field. Speed is directed along the axis z, i.e. perpen-
dicular to the flow of pulp. Generally, it depends on 
the time t, as the concentration of particles changes 
as a result of ultrasound action, and this leads to a 
change in the intensity of the ultrasound, which ulti-
mately affects the particle displacement speed. How-
ever, this greatly complicates the solution of the equa-
tion (6), therefore we will assume that speed depends 
only on the coordinate Z. Position of the particle in 
relative units is determined by the axis of ordinates, 
as well the number of its steps by the abscissa axis. 
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Considering that the intensity of ultrasonic waves 

I changes exponentially (initial value I0), its attenu-
ation coefficient a depends on the frequency of the 
sound v0 and considering the analysis carried out in 
[1], the concentration of particles ),( tZnr

 is deter-
mined by the formula

(7)

where   0),0(  ,)0,(  0 == tnnZn rr
- are the initial 

and boundary conditions;

– 

are the particle densityand velocity of ultrasound in 
the material of particle; p,c – are the density of inves-
tigated medium and ultrasound velocity in it. 

Below are the simulation results of the crushed ore 
particles concentration redistribution in the pulp un-
der the influence of high-energy ultrasound radiation 
pressure in accordance with the above expressions. 
The developed program realizes a numerical analysis 
and graphical representation of simulation results of 
changes in the pulp solid phase particle size charac-
teristics in form, which is illustrated in Fig. 2. 

The density of crushed ore particles may vary 
within a predetermined range (in model example                                                                                
1.8 - 3.2 g/cm3 is accepted). Geometry of measure-
ment, source position and intensity of the ultrasonic 
oscillations, solid phase particles concentration and 

their size distribution are set before starting the simu-
lation. The simulated measurement zone is represent-
ed by a segment of the pipeline, the length and the di-
ameter of which may vary depending on the task and 
is directly correlated with the strength of the ultraso- 
nic radiation pressure, which in turn is determined by 
the intensity of its radiation generated by the source 
(emitter). The measuring range is a defined number 
of sections of the pipeline, in which the counting of 
number of particles, which are caught in them is car-
ried out.

The y-axis (Fig. 2) shows the number of processed 
particles, moreover the deducible scale is automati-
cally extended with an increase in simulation time, 
i.e. the number of passed particles. Figure 2 shows 
the simulation results at different time points, which 
demonstrates the independence of particles size dis-
tribution law on their number and simulation time.

Figure 1. The simulation results of ore particles coordinates change in the pulp with increasing of steps number
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Figure 2. The simulation results of redistribution of crushed ore particles concentration of five size fractions in the pulp 
flow under the influence of the high-energy ultrasound radiation pressure.

Conclusions
The developed specialized program realizes a nu-

merical analysis and graphical representation of simu-
lation results of changes in pulp solid phase particle size 
characteristics under the controlled influence of high-en-
ergy ultrasound radiation pressure. The program simu-
lates the pulp solid phase particles distribution function 
by dividing the x-axis on a finite intervals and counting 
the number of particles in each of them at certain time 
points.
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