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A NEW WAY OF COARSE MATERIAL DEHYDRATION 
The method for removing moisture from the surface of the particles of coarse material by the action 

of high-speed vortex flow is proposed. In this way, particles acquire rotational motion with high angu-
lar velocity and moisture falling from the surface is picked up by the air stream and carried out of the 
zone of separation. A construction of the apparatus for carrying out the method is worked out, and the 
results of its tests to confirm the high efficiency of the developed method of dehydration are presented. 

Introduction. In the chemical, food-processing, 
and other industries, the final or intermediate prod-
uct is often produced in the form of large crystals 
or granules. Such products should include ammo-
nium sulfate, potassium chloride, sodium chloride, 
polyethylene, polystyrene, sugar and many others. 
All these materials are first prepared as dilute sus-
pensions. To obtain a dry product, the suspension 
is condensed first and then it is passed over to the 
filter or centrifuge, and the final state dehydration 
is carried out by drying. It is known that drying is 
an expensive process requiring significant heat 
input. Therefore, when suspensions are dehydrated, 
it is desirable to remove as much as possible mois-
ture in centrifuges or filters, as mechanical or hy-
dro-mechanical processes of dehydration are al-
ways several times cheaper than the thermal drying 
process [1].  

If we analyze the humidity of the above men-
tioned materials after centrifugation, it should be 
noted that it is low and does not exceed 10%. 
However, when drying, heat is consumed not only 
for moisture evaporation, but also for heating the 
material, taking into account heat loss to the envi-
ronment. Therefore, the heat consumption in the 
drying stage is significant and, consequently, the 
cost of this process is high. Analyses of moisture 
bond with crystals and polymer granules shows 
that it is basically mechanically bound moisture on 
suitable surface particles as a result of wetting, and 
it is not strongly associated with the material [2]. 

Main part. The aim of our study was to inves-
tigate the possibility of removing surface moisture 
from crystals or polymer granules in a cheaper 
way. For this purpose, the idea of an aerodynamic 
influence on the particles with the air stream to 
bring to them to a rotational motion with a high 
angular velocity was proposed. In this case, the 
surface moisture will break away from the surface 
of the particles in the form of tiny droplets. The 
next problem to be solved is removal of fine liquid 
droplets together with the air from the zone of inte-
raction of the particles with air. To study the condi-
tions under which the solid particles can acquire 
rotational motion in the gas stream, the motion of 
two-phase flows, and in particular the movement 
of solid particles in gas flows were analyzed [3–6]. 

The results of numerous theoretical and experi-
mental studies have shown that the particles of the 
particulate material in the two-phase flow may ac-
quire the rotational motion [5–8]. The rotational 
speed of the particles can be very high and it can 
amount to tens and hundreds of thousands of revo-
lutions per minute. For example, corn, soybeans 
and wheat in pneumatic transport can be rotated at 
a velocity 7·103–20·103 rev/min [7], and fine par-
ticles of 0.06–0.40 mm size at the outflow of the 
two-phase flow pipe can make up to half a million 
revolutions per minute [6]. There are many reasons 
why the particles begin to rotate in the gas stream, 
some of them we will analyze in detail. 

To acquire rotational motion, the particle in a 
gas stream should gain impulse as a pair of forces. 
Such impulse may often occur due to asymmetric 
impact on the particle gas stream or the tangent 
hitting against the wall. Moreover, the rotation 
may be caused by mismatch of the gravity center 
with the action center of the aero-dynamic resis-
tance; it is essential for the particles of irregular 
shape. Moving in the gas stream polydispersed 
particles constantly collide with each other. After 
tangential collision particles also start to rotate. 
However, the subsequent collision with another 
particle can slow down the rotation or change its 
direction. The above mentioned factors that cause 
the particles to rotate in the moving gas stream can 
operate in any combination. Obviously, the match 
of the action direction of the impulses twisting the 
particle arising from various causes can be consi-
dered an exception.  

The exact determination of the angular veloci-
ties of particles, especially for polydispersed mate-
rials is almost impossible. This requires a thorough 
analysis of regularities of translational motion of 
some particle based on its interaction with the 
channel wall and other particles, as well as take 
into account the influence of many factors and 
combinations equally affecting the rotation of the 
particles, that is practically impossible. To assess 
the impact of each factor on the speed of rotation 
of the particles preliminary calculations with a 
number of the assumptions were carried out, which 
showed that the maximum speed of rotation of the 
particle reaches the tangent at the collision with the 
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wall , as well as when it is acted upon by the high
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ing in an exhaust in the center of the device. Wet 

, hits the conical 
and dispersing, and falls into a vortex gas 

flow. This material is dispersed into individual par-
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ference betwee
of the particle causes it to rotate. Reaching the 
wall, the particles have a fairly high speed and hit 
it at an angle; that gives an additional impulse for 
the rotation. The speed of rotation as previously 
mentioned, c
revolutions per minute. At these speeds, the moi
ture on the surface of particles, overcoming the 
surface tension forces will break away from the 
surface of the particles in the form of tiny droplets, 
and it will be ta
ing in a swirling gas flow the particles constantly 
collide with each other. Collision between wet pa
ticles and strikes against the wall contribute to the 
moisture breakdown from the surface.
particles by high spee
deceleration also facilitates the removal of moi
ture from the particle surface. It should be noted 
that the particles having reached the wall, do not 
move on it, but move along the wall by jumps [9]. 
And thus, while they fall d
on the wall. When reaching the bottom of the cone 
6, dehydrated particles are moved through pipe 
7
the gas flow at the wall a zone of high pressure is 
created. Therefore, the air with the 
reaching the perforated housing passes through the 
holes, and further to the precipitation chamber; 
moisture is separated from the gas flow through 
pipe 
the air rises up and exits through pipe 

particles deep dehydration and effectiveness of the 
apparatus for its implementation in future were 
checked experimentally. To conduct the exper
ment, a prototype device was made with a diameter 
of 0.0
into the apparatus was controlled within the speed 
change section of the cylindrical portion on the 
apparatus in the range of 5

flow velocities in the vortex m
gradient in the cross section of the apparatus, the 
measurement of the axial and tangential velocity 
profile was performed according to the known m
thod [9]. Processing of the experimental data to 
determine the axial and tangential veloc
carried out in dimensionless form:
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cross section of the device; 
locity of the gas flow
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ture on the surface of particles, overcoming the 
surface tension forces will break away from the 
surface of the particles in the form of tiny droplets, 
and it will be ta
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moisture breakdown from the surface.
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deceleration also facilitates the removal of moi
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Effectiveness of the developed method of wet 
particles deep dehydration and effectiveness of the 
apparatus for its implementation in future were 
checked experimentally. To conduct the exper
ment, a prototype device was made with a diameter 
of 0.08
into the apparatus was controlled within the speed 
change section of the cylindrical portion on the 
apparatus in the range of 5

To confirm the assumption that the field of gas 
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and it will be ta
ing in a swirling gas flow the particles constantly 
collide with each other. Collision between wet pa
ticles and strikes against the wall contribute to the 
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6, dehydrated particles are moved through pipe 

out of the device. During the vortex motion of 
the gas flow at the wall a zone of high pressure is 
created. Therefore, the air with the 
reaching the perforated housing passes through the 
holes, and further to the precipitation chamber; 
moisture is separated from the gas flow through 

, and it is removed from the apparatus, and 
the air rises up and exits through pipe 

Effectiveness of the developed method of wet 
particles deep dehydration and effectiveness of the 
apparatus for its implementation in future were 
checked experimentally. To conduct the exper
ment, a prototype device was made with a diameter 

the cylindrical portion. The air supply 
into the apparatus was controlled within the speed 
change section of the cylindrical portion on the 
apparatus in the range of 5

To confirm the assumption that the field of gas 
flow velocities in the vortex m
gradient in the cross section of the apparatus, the 
measurement of the axial and tangential velocity 
profile was performed according to the known m
thod [9]. Processing of the experimental data to 
determine the axial and tangential veloc
carried out in dimensionless form:

= ; =z

av av

u
u u

u u

the axial velocity of the gas flow; 
the average expendable gas flow velocity on the 

cross section of the device; 
. 

The radius of the apparatus is also presented in 

 

n the velocities of gas on both sides 
of the particle causes it to rotate. Reaching the 
wall, the particles have a fairly high speed and hit 
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ken away by gas flow. When mo
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ture on the surface of particles, overcoming the 
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ken away by gas flow. When mo
ing in a swirling gas flow the particles constantly 
collide with each other. Collision between wet pa
ticles and strikes against the wall contribute to the 
moisture breakdown from the surface.

d flow, especially at shock 
deceleration also facilitates the removal of moi
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d flow, especially at shock 
deceleration also facilitates the removal of moi
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creased at gas velocity 20 m/s to 0.04%. It should 
be noted that such humidity in the production is 
achieved after prolonged drying. At this gas ve-
locity humidity of polystyrene reached 0.8%, 
and sand – 1.6%. From the diagram it can be as-
sumed that with increasing gas velocity up to 
30 m/s, the humidity of polystyrene and sand 
drops to a minimum, and there will no longer be 
need for drying. 

Conclusion. The study of theoretical and ex-
perimental research allowed us to develop a new 
method and apparatus for coarse material deep 
dehydration. This method allows us to reduce 
significantly the cost of drying such materials, 
and in many cases the drying process can be 
omitted. 
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