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The paper describes the development of an effective method and technology for hydrovortex classification of technogenic mineral
formation (TMF) nanoparticles in a fluidized bed. In addition, it deals with designing a mathematical apparatus to calculate the
geometry and energy characteristics necessary to implement the method. Numerous studies have shown that effective recycling of
technogenic mineral formations is limited by stringent requirements to fractional composition, median size and dispersity of TMF
particles. Insufficiently advanced equipment, technology and TMF classification restrain the ability to use the TMF. The rigid
requirements to the TMF classification by median size dispersion necessitate searching for the methods and technical aids, which
would allow for meeting these requirements in the conditions of probabilistic distribution of physical and mechanical, geometrical,
and kinematic parameters of the microparticles. The mathematical model for the hydrovortex classification of TMF micro and
nanoparticles has been built using the Boussinesq hydrodynamic equations and dimension theory. The motion equations for a ‘liquid
drop — TMF microparticle’ dispersed system have been obtained in the conditions of unsteady hydrodynamic inertial supra-Stokes
motion during the classification, as a function of the Euler and Reynolds criteria. It has been confirmed that the diameter of the
completely absorbed particles comprising free-flowing TMF components depends on the liquid drop rotation rate in the hydrovortex
classification. It has been established that, in the hydrovortex classification, the relaxation time of liquid drops with integrated TMF
micro and nanoparticles depends on the particle median size. Based on the required performance and energy characteristics of a
hydrovortex aerator, we obtained an equation for calculating geometric parameters of a Venturi classifier. Feasibility of separating
TMF microparticles in the range of (0.5-5.0)10"° with a dispersion of maximum 20 % was confirmed by testing a pilot industrial
model of the Venturi GKV-200 hydrovortex classifier in a certification procedure.

OcgetieHbl co3aanne 3GEeKTUBHOTO Croco0a U TEXHOIOTUH THAPOBHUXPEBOH KIIACCU(UKAIMI B KUILIIIEM CJI0€ HAaHOYACTHIL
TEXHOTCHHBIX MHUHEpaJIbHbIX oOpasoBanuii (TMO) u paspaboTka MaTeMaTHYEeCKOro armapara Juisi pacdera ero
TEOMETPUYECKUX M DHEPreTHYEeCKUX XapaKTePUCTHK. MHOTOYHMCICHHbIC HMCCICAOBAHUS MOKA3bIBAIOT, 4TO J((HEKTHBHOCTH
YTHIM3ALMH TEXHOTEHHBIX MHHEPAIbHBIX 00pa30BaHHUil OrpaHHYECHa BBICOKMMHU TPEOOBAaHHSAMH K (PAKIMOHHOMY COCTaBy,
MEJIMaHHBIM pa3MepaM © JucrepcHocTd ux dvactuil. CaepkuBaromuM (akrtopom wucmois3oBanus TMO  siBisiercst
HEI0CTATOYHOE COBEPILICHCTBO TEXHHKH M TEXHOJIOTHH M nx kiaccupukaiwmy. JKectkue TpeGoBanus KiacCH(HKALMM MO
ucriepcn MeauaHHbIX pasMepoB TMO 00ycioBIMBalOT HEOOXOAMMOCTH MOWCKA CHOCOGOB M TEXHHYECKUX CPEACTB MX
peanu3auyy, KOTOPHIE B  YCJIOBHSX  BEPOSTHOCTHOTO  pacmpeneneHus —(U3UKO-MEXaHHIECKHX, I'€OMETPHYCCKHUX,
KHHEMATHYECKHUX apaMeTPOB MHKPOYACTHI[ MOTYT 3((eKTHBHO NX peann30oBbBaTh. C HCIOIB30BAHUEM THAPOAHHAMUYCCKUX
ypaBHeHH#t ByccmHecka M Teopum pa3MEepHOCTEH MOCTPOEHA MaTeMaTHyYecKas MOAEIb THAPOBHXPEBOH KIaCCH(pUKALIN
mukpo- u HaHodactury TMO. TlomydeHs! ypaBHEHHS! JBIKCHUS AUCICPCHOI CHCTEMbI «KAIUISL XKUIKOCTH — MHKPOYACTHIA
TMO» B ycIOBHAX HEYCTaHOBMBIIETOCS THAPOAMHAMUYECKOTO HMHEPIMOHHOTO HAJCTOKCOBCKOTO JBIDKEHHS B Ipolecce
knaccudukaimu B (GyHKIMH KpuTepueB Oiiiepa W PeiiHonbaca. IMoArBepskaeHa 3aBHCHMOCTH JMAMETpa IMOJHOCTHIO
TMOTJIOMAEMBIX YaCTHIl KOMIIOHEHTOB ChITydnx TMO oOT yrioBoi CKOpOCTH BpalleHHsl Kareib XHIKOCTH B Ipolecce
TUPOBUXPEBOM KJIACCH(UKALMK. YCTAHOBICHO, YTO BPeMsl PelaKcaliy Karlellb JKMIKOCTH C MHTEIPHPOBAHHBIMH B HHX
MHKpO- 1 HaHouacTuamu TMO B nporiecce THAPOBUXPEBOH KIaccH(UKAIIMH 3aBHCHUT OT MX MEAHAaHHOTO pazmepa. ITomyueHo
YpaBHEHHE JUIS pacyera IeOMETPUUECKUX IapaMeTpoB KiaccudukaTopa BeHTypu oT moTpeOGHON NpOM3BOIUTENBHOCTH M
JHEPreTHYECKUX XapaKTepPUCTUK THAPOBHXpEBOro adparopa. CepTH(UKALMOHHBIE MHCIBITAHHUS ONBITHO-IIPOMBIILIEHHOTO
obpasiua THIPOBUXPEBOTO Knaccn(anaTopa Bentypu I'KB-200 noxrBepaim Bo3MOKHOCTb pasjienenus Mukpodactury TMO B
nmanasore (0,5-5,0)10° ¢ mucnepeueii He Gonee 20 %.
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Introduction

Competitiveness of the Russian mining and
metals industry is based on adoption of state-of-
the-art hi-tech equipment for manufacturing
products and materials with unique functional
properties. To a large extent, it concerns
technological preparation and classification of
source raw materials. These processes significantly
influence finished product quality.

One way to improve the classification
effectiveness is to design less energy intensive
separation devices and to improve the structure and
technology of preparing and separating source raw
materials [1-5].

Nanoparticles as modifying additives and as
individual materials reveal some new opportunities.
For instance, the method of using nanopowders to
obtain a new set of functional properties has no
alternatives in production of hard-melting disperse-
reinforced composite materials [6—10].

The return nano-containing alumina dust in this
instance is recirculating ballast with a weight fraction of
7-14 % of the total amount of the produced alumina.
Taking into account that the annual production volume
of alumina in the Russian Federation is estimated as
11.5 million tons, the recirculating alumina dust makes
up a substantial volume [7, 11, 12].

In the course of commercial alumina
manufacturing, the nano-containing alumina dust
collected in gas cleaning plants is subjected to
intensive thermal treatment and mechanical impact.
From this point of view, the alumina dust can also be
considered as a commercial product with a certain
consumer value. Consequently, development of
rational methods for using the alumina dust can have
practical benefits [13—-20].

The market of composite materials and alloys is
not less important, as manufacturing of these products
need the alloying materials that also have to meet
stringent requirements in terms of median size and
dispersion. According to the forecast, the annual
demand for the composite materials widely used in the
Russian mining and metals industry will grow at least
8 % until 2025. However, their quality directly
depends on the quality of their ingredients, alloying
additives and first of all their fractional composition
dispersion [21-28].

A considerable drawback of these classification
means is their poor ability to form an effective

narrow range of collectible micro and nanoparticle
fractions.

Object and methods of research

To design a mathematical model for hydrovortex
classification of the TMF component particles by
fractions with a predetermined dispersion, the
authors used a tabular analytic model for hydrovortex
inertial orthokinetic heterocoagulation. This model
was proposed in [29, 30] and confirmed significant
difference in the interaction mechanism of a solid
particle and a liquid drop in the collision process.
Moreover, the model proved the impact of a liquid
drop rotation rate on kinematic parameters of the
interaction and energy characteristics.

The research hypothesis stated a direct
correlation  between minimum  diameter of
completely absorbed solid particles and rotation rate
of liquid drops during the hydrovortex inertial
kinematic heterocoagulation. This hypothesis was
mathematically and experimentally confirmed for
completely  hydrophobic  particles such as
nanoparticles, including the TMF with particle
diameter of 6:10°m. Along with that, physical,
mechanical and chemical properties of the particles
do not influence the wetting result within the
diameters of the absorbed solid particles dpe min < dp <
dpmin, 1.6. at such kinetic energy when the
translational motion of liquid drops exceeds the
aerodynamic barrier threshold [31].

Taking into account the papers [32-36], an
equation for minimum diameter of the absorbed
hydrophobic particle can be presented as

S,
dyymin = 24— X%
P, =PIV (1)

x(cosG,/l—Ki -] —sin®- K ~mf),

where dj, min — minimum diameter of the absorbed solid
particle in the classical coagulation condition at «; = 0,
m; py, P, — particle density and gas density, respectively,
kg/m’; ¥, Ve = V, — liquid drop velocity and gas
velocity equal to the particle velocity, m/s; 8, — surface
tension coefficient at the liquid-gas interface, J/m’;
0 — contact wetting angle at the liquid-gas interface, rad;
o min sin* 0

_ np,d’
®  83,,cosO

; p1 — liquid drop density, kg/m’.
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Based on the results of the experimental studies,
relative rotation rate of a liquid drop is K, < o> < 0.3.
The critical diameter variation coefficient for the
absorbed TMF nanoparticles from the rotation rate of
liquid drops to the minimum diameter variation of
completely absorbed nanoparticles is obtained as

ki — 45— O
0] 2
(P, =PIV ()

xKicosG(mi —Ki-(o;)—Km-sine-ml.

Figure 1 shows a dependency curve of the
critical diameter variation coefficient for the
absorbed TMF nanoparticles with various wetting
angles on the rotation rate during the hydrovortex
coagulation.

An analysis of the curves shown in Figure 1
suggests that an increase in the rotation rate of liquid
drops across the entire considered range of the
minimum diameter variation coefficient for the
component particles from the rotation rate during the

hydrovortex heterocoagulation, the K has a

negative value. This means that the hydrovortex
heterocoagulation reduces the diameter of completely
absorbed component particles, whereas the derivative

from K! decreases as ® grows. The monotony and
of the

dynamics pattern for various TMF components
confirm the hypothesis about correlation of the
minimum absorbed particle diameter with the liquid
drop rotation rate during the hydrovortex
coagulation. Along with that, the liquid drop rotation
rate more effectively reduce the minimum diameter
of the absorbed particles, when the specific energy of
TMF particle surface tension is the less, in other
words, when the contact wetting angle is larger.

In order to solve the practical task of TMF
nanoparticles recycling, the paper proposes a universal
device for hydrovortex classification, enabling
nanoparticles separation into fractions by their
predetermined median size and dispersion.

By design, the Venturi hydrovortex -classifier
includes a pneumatic pipeline for vertical
transportation of the TMF free-flowing particles and
a device for hydrovortex separation of the particles
into fractions by way of their inertial
heterocoagulation with rotating liquid drops. The
device consists of a Venturi pipe and an aerator with

equivalence variation coefficient K¢

vortex nozzles. The aerator is installed on the pipe
axis in the critical section. On the pipe perimeter
there is a receiving ring bin.
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Fig. 1. The dependency of the minimum diameter
variation coefficient for the absorbed component
particles on the rotation rate during the hydrovortex
heterocoagulation: / — coal, 2 — silicone oxide, 3 — alumina
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Fig. 2. Basic scheme of the Venturi hydrovortex classifier

Figure 2 shows a basic diagram of the Venturi
hydrovortex classifier.

The Venturi classifier includes intake feeder /
installed above collector 2 of the classifier. Mixing
chamber 3 accommodates a porous gas distribution
partition 4 and pipe branch 5 supplying compressed
air and forming a fluidized bed of free-flowing TMF
material on the input to collector 2. Immediately
before the input to Venturi pipe 7, there is a
honeycomb to even the velocity of the free-flowing
material particles across the entire section of the
pneumatic pipeline. Hydrovortex aerator with
nozzles § is located in the critical section of the
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Venturi pipe, along its axis. The hydrovortex aerator
perimeter is fitted with classification collector 9 with
bins /0 for collection of TMF component particles by
fractions. The Venturi pipe discharge is equipped
with bin /7 for waste particles, which size does not
fit the classification parameters.

The Venturi classifier operates as follows. Feeder /
continuously deliver the free-flowing TMF particles
into mixing chamber 3. Pipe branch 5 and porous gas
distribution partition 4 supply the compressed gas
below the TMF bed. The free-flowing material is
aerated by the compressed gas to the fluidized-bed
condition and is then fed via input collector 2 and
through evening honeycomb 6 to Venturi pipe 7
inlet. Liquid drops swirled on themselves in the
hydrovortex nozzles of aerator § wet the fluidized
free-flowing material. Kinematic energy and rotation
rate of the Iliquid drops ensure guaranteed
coagulation of the TMF particles with the pre-
determined minimum diameter.

The aerator diameter d,, Venturi pipe diameter
(in the critical section) d;, and liquid drop energy are
selected the way to enable the coagulation of liquid
drops and TMF particles with the predetermined
minimum median diameter in a zone up to 80 % of the
Venturi pipe diameter. This way, in the perimeter ring
zone occupying 20 % of the Venturi pipe diameter, the
fluidized TMF component particles rise to the waste
bin. They are not being wetted the liquid drop energy is
insufficient to overcome the aerodynamic energy
barrier. This is necessary to ensure guaranteed
effectiveness of the particle classification by fractions
with the predetermined dispersion, as the unsteady
coagulation zone near the entrance to the classification
bin is excluded from the classification process. Being
calculated according to the proposed mathematical
model, the trajectories of liquid drops with integrated
TMEF particles in the inertial hydrovortex heterocoagu-
lation process determine the position of classification
collector 9 and classification bin 0 in regard to the
plane of hydrovortex aerator § nozzles.

The TMF nanoparticle trajectory is determined
by the inertial interaction between nanoparticles,
rotating liquid drops and fluidized bed energy flow.

Research findings
In order to build a mathematical model of the

unsteady hydrodynamic interaction between a liquid
drop and component particles in conditions of high

Reynolds numbers, let us assume that in its motion a
liquid drop preserves spherical shape ¢ with a
density of the drop liquid. In addition, the drop
aerodynamic characteristic of motion in gas
corresponds to the actual characteristic of the drop
motion at the same Reynolds numbers. Diameter d,
of the assumed spherical particle will be considered
the aerodynamic diameter of the drop.

Taking into account the proposed hypothesis, to
ensure a unique and definite solution, let us assume a
condition at which the energy of the liquid drop
translation motion is sufficient to overcome the
aecrodynamic energy barrier across the entire
fluidized bed of the TMF alloying component
particles. In other words, Stk. > Stk in the fluidized
bed diameter of maximum 80 % of the Venturi
classifier diameter, in particular the diameter of the
classification bin inlet. Thus, in the perimeter ring
zone occupying 20 % of the Venturi pipe diameter, the
fluidized TMF particles rise to the waste bin. They are
not being wetted the liquid drop energy is insufficient to
overcome the aerodynamic energy barrier.

Taking into account homogeneous distribution
of the component nanoparticles in the fluidized bed,
the discreteness of identical particle trajectories will
be determined by the particle absorption in end
points of the Venturi pipe, i.e. along the perimeters
of aerator diameter d, and diameter d = 0.8dy.
Taking into account the proposed hypothesis, in
order to build a system of equations for the
nanoparticle motion, let us introduce the notions of
reduced aerodynamic diameter and reduced
nanoparticle density and let us present them as [31]

d =6'3%(d13+d3).p :d13'p1+ds'pp (3)
> T T rE d’+d,

According to the classical Newton equation,
the motion equation for the ith particle given its
complete absorption by a liquid drop as projected to
axis Or, in the plane of hydrovortex aerator nozzles,
can be put down as [37]

m; % =F,, (4)
ot

where F, — drag force of the TMF particle motion in
the Venturi classifier, F =k, %d;pg ~szl. ; k; — ith par-

ticle drag coefficient; dy; — ith particle diameter, m;
p, — gas density, kg/m?®; Vy,; — ith particle velocity, m/s.
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The ith particle motion equation as projected to
axis 0z is presented as

mi%:_FAi_FSi-i-FPi’ ()
ot
where F,; — Archimedes force directed downwards
and effecting the ith particle, being an analog
: 1
to the force of gravity, F|, :gnd; (ps—p,)g:
Fg; — Stokes drag force caused by air viscosity and
physical properties of the source raw material,

FSi:%ugndZini; Fp; — pressure force of the

fluidizing air, F,, =C.p,V; %d;; Cj; — pressure force

coefficient of the fluidizing air, affecting the ith
particle; V,, V.; — fluidizing air velocity, and vertical
component of the ith particle velocity, m/s;
g — acceleration of gravity, m/s*; ¢, — particle
drag coefficient in Stokes law; p — air dynamic
viscosity coefficient, kg/ms.

2 Y

VYEA;

¢

Fig. 3. Basic diagram for liquid drop motion with
integrated TMF particle and forces effecting it in
conditions of hydrovortex classification: / — Venturi
classifier axis; 2 — location coordinate of hydrovortex
aerator nozzle; 3 — lower and upper boundary coordinates
of the classification collector; 4 — fluidized bed plane;
5 — liquid drop with integrated TMF particle; 6 — motion
trajectory of the liquid drop with integrated TMF particle

Thus, the vertical motion equation as projected
to axis Oz for the ith particle of the source raw
material components under the effect of a
controlled directional air flow, taking into account
the effects of Stokes and Archimedes forces and
pressure force of the fluidizing air, can be
presented as

1

%Ccpgl/g?dzi _gdﬁzl (pzi _pg)g
Vzi = . (6)
¢ U,

Equation (4) is a hydrodynamically unsteady
behavior equation describing the inertial movement
of a liquid drop before and after the TMF
nanoparticle coagulation.

w, _V,

- 7
ot 1 ™

pi

2+3n d22i<p2i_pg) _ W

i — s ="
3+3n 18u, U,

The Boussinesq equation helps determine the
relaxation time for both a liquid drop and of a
nanoparticle, and relates it to the drag coefficient. The
drag coefficient in the Boussinesq equation
corresponds to &;in equation (4).

Until present, numerous studies of coagulation
interaction between component particles and liquid
drops have been unable to fully resolve the
absorption mechanism. An effective method for this
process control has not been developed so far. Due to
this reason, the aerohydrodynamic behavior of the
unsteady inertial interaction between liquid drops and
solid particles in the supra-Stokes region, i.e. at Re >
1, in the dynamically active region of high-pressure
liquid atomization, require serious theoretical and
experimental research in part of relation and mutual
influence of the inertial and viscous drag forces. The
dynamically active area of coagulation interaction
between liquid drops and component particles
manifests continuous, and, most importantly,
significant variation of Reynolds and Euler numbers
from values exceeding 10°, to values less than 1 in
the area of their inertial path in the gas medium.
Experimental research has shown that the drag force
grows highly unlinearly with the growth of Reynolds
number in the area of supra-Stokes motion, contrary
to its linear growth at numbers Re < 1 and at
simultaneous reduction of relaxation time t. This
significantly complicates finding its actual value, and
thus impedes using the classical Stokes motion
equations for the coagulation [31, 38].

Since the drag coefficient of liquid drop in gas
medium £; is the significant variable in equation (4) of
the liquid drop aerohydrodynamic behavior in the
horizontal plane of the Venturi classifier, let us
calculate its dependency on the physical values

where T, =1, =k
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describing the hydrodynamic process of the liquid drop
inertial motion under the effect of acceleration with the
initial velocity Vp, in form of a dimensionless simplex
in conditions of steady motion.

The dependency equation of k; coefficient on
independent variables in form of a dimensionless
power law can be expressed as [39]

k= Cus-pP V2 +0,25d2 sin 0 - x

¢ 8
Xde.' aVri‘pl_pr ‘VW. ( )
Zi at pg 0

To determine similarity indicators, let us use a
dimension independent matrix with a rank of three [39].

Taking into account the system of homogenous
linear equations made of equation power indexes (8),
the similarity indicator matrix will appear as follows

W, | P, |V +0,2505 -2, | d &, PP %
a p,
m 2|2 2 2 0 0 (9)
n|0]0 0 1 1 2
T | 2] 2 0 2 0 +2

Expanding the matrix determinants (9), we obtain
three similarity indicators of steady aerohydro-
dynamic motion for the liquid drop in gas medium at
high Reynolds numbers.

(V7 +0,250; - d2, )d;
nl:pg( li _ li CMI) li :Relzmi; (10)
H,
Wy
P fl.di —
S B | L TS
pg.K)i pg.V;)i
p2d?
T, =pg—0;":Refm. (12)
My

Thus, equation (8) in criterial form will look like
k =C-(Rep,) -Eu(Rep,) . (13)

The numerical values of proportionality coefficient C
and power indexes a, b, ¢ in equation (13) shall be
determined from the equation of steady motion that
describes the liquid drop in gas medium:

mial/ri nd;z

o =Bue, V=R (14)

Taking into account the aforementioned, we obtain
an equation relating Euler, Reynolds criteria and
aerodynamic drag coefficient %; for the liquid drop
motion in gas medium:

2 Eu,
k= (15)
3 Rey,-Rey,

After transformations with respect to Reynolds
number, the equation to determine the relaxation time
of a ‘liquid drop — TMF microparticle’ disperse
system will appear as

2 d)%i (pZi —P, ) Re(z)i

T, =—" . 16
“ 9  Eu -p, Re; (16)

Taking into account that Reynolds and Euler
criteria are functionally related, and, most
importantly, continuously and significantly change
along the liquid drop inertial path in conditions of
supra-Stokes motion, let us consider a possibility to
solve the task by averaging the kinematic parameters.
The classical hydrodynamic motion theory in steady
conditions can help obtain quadrature expressions for
the time of liquid drop and component particle
relaxation depending on the kinematic flow
parameters. In works [31, 38] the expression was
obtained for the relaxation time variation at high
Reynolds numbers by way of averaging their values.

Taking into account the aforementioned, the
expression for average drag coefficient value in
equation (4) will appear as:

72
o =——(1+0,07557). (17)
eOi
After the necessary transformations, the

expression for average relaxation time of a ‘liquid
drop — TMF microparticle’ disperse system will
appear as

(Ps —p, )(1+0,07°7)(3+3m)
Re,,- (2+3M)y,

TZcpi = 4d§l . (18)

Equation (18) suggests that average relaxation time
of liquid drops with integrated TMF paarticles is a
function of the liquid drop squared diameter. This can
be used to develop a technology for -effective
classification of the finely dispersed free-flowing TMF.

The proposed model for staged averaging of the
relaxation time and liquid drop drag coefficients in
gas medium provides reasonable accuracy for using
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the classical aerohydrodynamic equation of the liquid
drop steady motion in the range of Reynolds numbers
to 10" at the length of free inertial path of the liquid
drops in gas medium.

Taking into account the mathematical model
proposed in [30], an equation for calculating the
Venturi classifier diameter in the critical section,
where the input classification collector and
hydrovortex aerator nozzles are positioned, will
appear as

d =2(V0—1,6 i-wjr +d. (19
y 2 pXdEm Zep a

Provided that the terms of reference for the
Venturi hydrovortex classifier stipulate a requirement
for the recycling performance identified by mass of
the TMF free-flowing materials Q, t/h, the design
determinant will be the liquid drop velocity on exit
from the hydrovortex aerator nozzles V5.

In this case, the Venturi classifier diameter d, is
determined by formula

d, =2, /ﬁ, (20)

whereas the liquid drop velocity on exit from the
hydrovortex aerator nozzles when the classification
procedure is active, describes energy parameters, and
can be found using an expression

8]—g cosO d _da
V,=3,2 /%. :);{Zm +2 ) 21

TZcp

The coordinates of input classification collector
with bins for collecting TMF particles with the
predefined parameters of median diameter and its
dispersion d,,, c,, for the upper and lower boundaries
can be calculated using the formulas

1
Z5 = Tsepmin X(% Ccng/gdemin _g(p):min _pg)x
ngzzmm _51040)0(00 pl p;nm dj X (22)

Vo

d
Xdg [1 - *‘B ou, In ;
: dK ’ \/6 : 8l—g Cos ep;mmdgrlmn

2
2 = Ty pmax (qul/gzd):max _g(pZmax _pg)gx

min

Xy, 5107 @) 0, Py P i X (23)
xdg, (1+daD 10¢u, In d :
d, J6-8., c06ps, . don,

d -10°, m,

m
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Fig. 4. Depencency: a — median wetting diameter of TMF
component particles on liquid drops rotation rate during
hydrovortex classification; b — average relaxation time of
liquid drop with integrated TMF component particle on
median diameter (Rey = 40); ¢ — input classification
collector coordinates on median diameter of classification
particles; d — width of input classification collector on
dispersion of particle median size (d,, = 2- 10°° m); I — coal;
2 —silicon oxide; 3 — aluminum oxide
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Figure 4 shows the results of experi-
mental studies and their comparison to the
calculation results based on the proposed
mathematical model.

According to Figure 4, the experimental
research data compared to the calculation based on
the proposed mathematical model confirm an
effective control over the minimum diameter of the
absorbed hydrophobic TMF particles using the
liquid drop rotation rate in the process of
hydrovortex classification.

The experimental research data, compared to
the calculation based on the proposed
mathematical model, shown in Figure 4, b, confirm
an increased relaxation time in the process of
hydrovortex classification of particles with large
median size, which is one of the key factors
enabling the classification of micro and
nanoparticles by dispersion of their median
diameters.

The result shown in Figure 4, ¢, d suggests that
the position and size of the input classification
collector depend on median diameter and
dispersion of the TMF micro and nanoparticles
being classified. An increased median diameter
monotonously lowers the input classification
collector along the plane of the hydrovortex
aerator nozzles and reduces its length. Therefore,
the less is the median diameter of micro and
nanoparticles to be classified, the closer is the

input classification collector position in the plane
of hydrovortex nozzles. Smaller median
size dispersion of the target micro and
nanoparticles requires reducing the length of one
classification collector.

The experimental studies of the Venturi
hydrovortex classifier performed in SMK-TEST
have confirmed repeatability with the proposed
mathematical model to the extent sufficient for
engineering calculations.

Conclusion

1. Controlling the liquid drop rotation rate in
the process of hydrovortex classification enables
effective separation of microparticles with nominal
diameter from (0.5-5.0)-10 ° m into fractions with
predetermined dispersion.

2. In the hydrovortex classification, the time of
relaxation for liquid drops with integrated TMF
micro and nanoparticles depends on median size.
This is the main determinant factor in achieving
high classification effectiveness by controlling the
inertial force dynamics of the unsteady
hydrovortex motion of the ‘liquid drop — TMF
microparticle’ disperse system.

3. The Venturi classifier geometrical
parameters are determined by the necessary
performance and energy characteristics of the
hydrovortex aerator.
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