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It was revealed that the separation of minerals in an air­friction separator is due to the difference in the velocities 
of the particles’ spinning, which depend on the density, shape and size of the pieces. A mathematical model of 
the movement of rock particles after its descent from a curved trampoline and motion with free fall in the air is 
developed. Equations of motion of the particle along the horizontal and vertical coordinate axes in the horizontal 
airflow created by the fan are compiled. It is shown that these equations of motion can be simplified and integrat­
ed. As a result of the integration of the equations of motion, the trajectories of the motion of the rock particles are 
obtained after their descent from the curved trampoline and the motion under the action of gravity and the force 
of the air pressure coming from the fan. Based on the mathematical model of particle motion, an imitation model 
has been developed that takes into account the random nature of the particle density variation, the sail factor, the 
air velocity of the fan being fed, and the velocity of the particle’s escape from the curved springboard. Trajectories 
of the motion of particles are shown after the withdrawal of the air­friction separator from the curved trampoline. 
It is shown that for the size of the rock mass + 2 ... 50 mm, the speed of air supplied by the fan should be greater 
than 20 m / s

Key words: equations of motion; air speed; particle sailing; apparatuses; air­friction separator; springboard; rocks; fan; 
particle velocity; air environment

Âûÿâëåíî, ÷òî ðàçäåëåíèå ìèíåðàëîâ â âîçäóøíî­ôðèêöèîííîì ñåïàðàòîðå îñóùåñòâëÿåòñÿ çà ñ÷åò ðàç­
ëè÷èÿ ñêîðîñòåé âèòàíèÿ ÷àñòèö, êîòîðûå çàâèñÿò îò ïëîòíîñòè, ôîðìû è ðàçìåðîâ êóñêîâ. Ðàçðàáîòàíà 
ìàòåìàòè÷åñêàÿ ìîäåëü äâèæåíèÿ ÷àñòèö ãîðíîé ïîðîäû ïîñëå ñõîäà å¸ ñ êðèâîëèíåéíîãî òðàìïëèíà è äâè­
æåíèÿ ïðè ñâîáîäíîì ïàäåíèè â âîçäóõå. Ñîñòàâëåíû óðàâíåíèÿ äâèæåíèÿ ÷àñòèöû ïî ãîðèçîíòàëüíîé è 
âåðòèêàëüíîé îñÿì êîîðäèíàò â ãîðèçîíòàëüíîì âîçäóøíîì ïîòîêå, ñîçäàâàåì âåíòèëÿòîðîì. Ïîêàçàíî, ÷òî 
ýòè óðàâíåíèÿ äâèæåíèÿ ìîãóò áûòü óïðîùåíû è ïðîèíòåãðèðîâàíû. Â ðåçóëüòàòå èíòåãðèðîâàíèÿ óðàâ­
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íåíèé äâèæåíèÿ ïîëó÷åíû òðàåêòîðèè äâèæåíèÿ ÷àñòèö ãîðíîé ïîðîäû ïîñëå ñõîäà èõ ñ êðèâîëèíåéíîãî 
òðàìïëèíà è äâèæåíèÿ ïîä äåéñòâèåì ñèëû òÿæåñòè è ñèëû äàâëåíèÿ âîçäóõà, ïîñòóïàþùåãî îò âåíòè­
ëÿòîðà. Íà îñíîâå ìàòåìàòè÷åñêîé ìîäåëè äâèæåíèÿ ÷àñòèöû ðàçðàáîòàíà èìèòàöèîííàÿ ìîäåëü, ó÷èòû­
âàþùàÿ ñëó÷àéíûé õàðàêòåð èçìåíåíèÿ ïëîòíîñòè ÷àñòèö, êîýôôèöèåíòà ïàðóñíîñòè, ñêîðîñòè âîçäóõà 
ïîäàâàåìûì âåíòèëÿòîðîì, ñêîðîñòè ñõîäà ÷àñòèöû ñ êðèâîëèíåéíîãî òðàìïëèíà. Ïðèâåäåíû òðàåêòîðèè 
äâèæåíèÿ ÷àñòèö ïîñëå ñõîäà ñ êðèâîëèíåéíîãî òðàìïëèíà âîçäóøíî­ôðèêöèîííîãî ñåïàðàòîðà. Ïîêàçà­
íî, ÷òî äëÿ êðóïíîñòè ãîðíîé ìàññû +2…50 ìì ñêîðîñòü âîçäóõà, ïîäàâàåìîãî âåíòèëÿòîðîì, äîëæíà áûòü 
áîëüøå 20 ì/ñ

Êëþ÷åâûå ñëîâà: óðàâíåíèÿ äâèæåíèÿ; ñêîðîñòü âîçäóõà; ïàðóñíîñòü ÷àñòèö; àïïàðàòû; âîçäóøíî­ôðèêöè­
îííûé ñåïàðàòîð;  òðàìïëèí; ãîðíûå ïîðîäû; âåíòèëÿòîð; ñêîðîñòü ÷àñòèöû; âîçäóøíàÿ ñðåäà

The improvement of equipment for 
classification and separation of rocks 

is impossible without knowledge of their 
physical properties, which enable to determine 
behavior of particles in the separation zone. 
Finally, it will allow to develop equipment 
for effective separation of rocks taking into 
account their complex physical characteristics, 
in particular, frictional: static and kinetic 
friction coefficients, density, «sailage» [1–7]. 
The rocks, capable to splitting in the process of 
crushing, and thereby increasing the surface 
area acquire new properties – «sailage» for 
example, which may be effectively used for 
separation process. The separation of such 
minerals is carried out at the expense of the 
difference in their rates of spinning, depending 
on the density, shape and size of pieces.

Figure 1 shows the calculated scheme 
of a particle motion in the air flow when it 
leaves the curved springboard of the friction 
separator.

If the particle moves in a movable air 
medium, then the gravity force ( gm

r
) and air 

pressure force CF
r

 act on it.
Taking the nonlinear dependence of 

the force on the speed motion of a particle 
(according to Newton’s law), the vector force 
of pressure can be presented in the form

,                                      (1)

Where À = πd2/4 is the area of the particle 
projection, m2;

  X& – particle speed vector,
  d  – particle diameter, m; 
  C – coefficient of streamlining (sailage);
  ρ

в
– air density (at normal temperature and 

atmospheric pressure, ρ
в 
= 1,22 kg/m3);

α – angle of the particle speed at the de­
scent from the springboard to the OX axis, 
deg;

V
â
 – speed of air coming from the fan, m/s.
The motion of a particle in a moving air 

medium under the action of these forces in 
Cartesian coordinates is described by a system 
of differential equations

                           (2)

where à = AC ρв
, m is the mass of the particle, kg.

The x – axis is horizontal, y – axis is 
directed vertically downward, (see Figure 1).

In the first approximation, we assume 
that a particle has a spherical shape. The mass 
of the spherical particle is

6

3

×

d
m Ч= ,                                                               (3)

where ρ
м
 is the density of the material particle, 

kg/m3.
Since the rate of descent of the particle 

from the springboard is much less than the 
speed of the air supplied by the fan, a system 
of the equations 2 takes the form:

 
,                                                       (4)

where:

Integrating the first equation of the 
system 4, we obtain

                                                   (5)



Âåñòíèê ÇàáÃÓ. 2017. Ò. 23. ¹ 7

26

Fig. 1. Scheme of the forces’ action on the particle:
1 – accelerating plane; 2 – springboard; 3 – particle / Ðèñ. 1. Ñõåìà äåéñòâèÿ ñèë íà ÷àñòèöó: 

1 – ðàçãîííàÿ ïëîñêîñòü; 2 –  òðàìïëèí; 3 –  ÷àñòèöà

Where A
1
 and A

2 
are the integration constants 

determined from the initial conditions:  0=t

xVx 0=& = V
í
 and x = 0. .

Having distinguished  from the 
equation (4), taking into account the initial 
conditions, we obtain

                                               (6)

 .                                             (7)

After integration the system of the 
equations 4, taking into account the equations 
6 and 7, we obtain the expression for the 
abscissa and ordinates of the particle:

                                                                       (8)

For simplification of calculations it is pos­
sible to determine coefficients values, enter­

ing the obtained dependences, according to 
the above values of the parameters: k

2
/k

1
=V

â
/

(2 cos α).
An increase of particles separation effi­

ciency in the air may be achieved if the hori­
zontal speed of light particles (having sailage) 
is «extinguished» to zero during their ascent to 
their maximum height and lowering to their 
original height at the moment of their descent 
from the springboard.

The time (t
0
), necessary to reduce the 

horizontal speed to zero, may be found from 
the system of equations 8.

0 = (2V
í
(cos α)2 +V

â
)exp(­k

1
t) ­ V

â    
(9)

t
0
 =ln[V

â
/(2V

í
(cos α)2 +V

â
)]/(­k

1
).             (10)

The time of raising and lowering of 
particles to the level of the X axis is determined 
from a system of the equations 10.

t
ï
 = 2V

í
sinα/g.                                               (11)

This time should be greater or equal to 
the time determined by the equation 10. Thus, 

it is possible to find the relationship between 
physical and mechanical characteristics of the 
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rock (density, size and shape of pieces, friction 
coefficient determining the rate of descent of 
pieces from the springboard) and speed of 
the air supplied by the fan into the separation 
zone and springboard parameters.

Figures 2 ­ 5 show the trajectories of the 
rock particles, having density ρ

м
 = 1000 ... 

4000 kg / m3, particles size –54 + 2mm, co­
efficient of friction 0.3 ... 0.5. The angle of 
the plane inclination is 40 degrees, the spring­
board radius is 0,12 meters.

On the horizontal axis, each cell presents 
a separate container with the size (along this 
axis) of 0.1 m.

Figures 2­5 show that the separation of 
the material begins at an air speed of more 
than 20 m/s. At lower air speed, practically all 
particles will fall into one collector. Thus, by 
regulating the air speed, depending on the size 
of the rock mass and its density, it is possible 
to separate materials with the required 
efficiency.

Fig. 2. Particle trajectory at an air speed of 0 m/s
Ðèñ. 2. Òðàåêòîðèÿ äâèæåíèÿ ÷àñòèöû 

ïðè ñêîðîñòè âîçäóõà ðàâíà 0 ì/ñ/ 

Fig. 3.Particle trajectory at an air speed of 10 m/s
Ðèñ. 3. Òðàåêòîðèÿ äâèæåíèÿ ÷àñòèöû ïðè 

ñêîðîñòè âîçäóõà ðàâíà 10 ì/ñ

Fig. 4. Trajectory of particle motion 
at an air speed of 20 m/s

Ðèñ. 4. Òðàåêòîðèÿ äâèæåíèÿ ÷àñòèöû 
ïðè ñêîðîñòè âîçäóõà ðàâíà 20 ì/ñ

Fig. 5. Particle trajectory at an air speed of 30 m/s
Ðèñ. 5. Òðàåêòîðèÿ äâèæåíèÿ ÷àñòèöû ïðè 

ñêîðîñòè âîçäóõà ðàâíà 30 ì/ñ
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