XIMIYHA THMEHEPIA:
—

EKOMOrIA TA TEXHOMOrII 3AXHCTY HABKOMHIHLOTO CEPEJOBHILA

Pitak I,
Briankin S.,
Pitak 0.,
Shaporev V,,
Petrukhin S.

OF WORK

I55N 2226-3780

UDC 621.928.9(043.3)
DOI: 10.15587/2312-8372.2017.112786

INFLUENCE OF THE INLET FLOW
SWIRLER CONSTRUCTION ON
HYDRODYNAMICS AND EFFICIENCY

Jocnionceno enius KoHCmpyKkyii 3a6uxpiosaua i Micys 10zo ycmanosku 6 2a30x00i 01 nooaui 2a3o-
NUL08020 NOMOKY HA ehekmusHicmo podomu 6Uxpo8ozo anapama. /[06edeno, wo KOHCMPYKYis 3a6uUx-
prosaua npu 8i0N0GIOHUX YMOBAX D0380SI0Mb 3AKPYUEHOMY NOMOKY 00CSI2aMU MAKCUMATLHO MONCIUBOT
0nst 0anoi Koncmpyxkuyii Kymoeoi weuoxocmi obepmanms 2a308020 nomoxy. Pospobrena npunyunosa
KOHCMPYKYis BUXPOB0O20 NUNLOBLOBIIOBAUA, SKA 00380SAE NIOBUWUMU ePEeKMUBHICTD OUUCTKU 3a 00~

nomM02010 UxXposozo anapamy 0o 98—99 %.

KmoueBi cnosa: xoncmpyKuis 3asuxprosaua, aziomepayis nuy, KYmosa weuokicmns obepmanisi

2a306020 NOMOKY.

1. Introduction

The eastern region of Ukraine, as the most saturated
with industrial enterprises of the chemical, metallurgical
and construction industries, is a large industrial region of
the country where ecologically dangerous areas of modern
industrial production are densely concentrated. The volume
of dust emissions to the atmosphere from such enterprises
is growing every year due to the growth of sources, where
dusty streams are formed, requiring cleaning.

The creation and development of new highly effec-
tive and more advanced types of environmental protection
equipment is topical on the basis of theoretical justifica-
tion and investigation of the phase separation process, in
particular, the release of dust particles in systems with
rotating flows. In particular, vortex devices with counter-
twisted flows need to be improved, as well as techno-
logical equipment with active hydrodynamics for another
purpose.

2. The ohject of research
and its technological audit

The object of research is construction of a vortex dust
collector.

Typical constructions of vortex dust collectors with
a cylindrical separation chamber are shown for example
in Fig. 1 and 2.

The first typical model [1] is a cylindrical separa-
tion chamber 1, in the upper part of which a secondary
flow channel 4 (L,) is provided, an outlet nozzle 3 for
removing purified air (Ly). And in the lower part — the
feed channel of the primary flow 5 (L), which is twisted
into the swirler 6 and enters the separation chamber in
the axial direction to meet the secondary flow. In the
middle of the cylinder-conical dust collector 2 there is
a swirler of the primary flow 6 from the washer 7 and
axial piston pump 8, and the conical part of the bunker
at the bottom is provided with a nozzle for removing
the accumulated dust.

ust

Fig. 1. Construction of the vortex apparatus: 1 — cylindrical separation
chamber; 2 — dust collector; 3 — outlet nozzle; 4 — secondary flow
channel; 5 — primary flow channel; 6 — primary flow swirler; 7 — washer;
8 — axial piston pump

Operation of the apparatus as a dust collector con-
sists in the fact that a dusty flow in the form of an
aerosol supplied from a dust generation source is fed to
the separation chamber 1 by means of a traction fan 1.
Simultaneously, through two channels — primary 5 (L)
and secondary 4 (L,), in which they are twisted in one
direction they move towards each other. As a result of
their interaction with the height of the separation cham-
ber 1, the resultant swirling flow is formed. A rotating
flow, from which, under the action of a complex system
of forces, mainly centrifugal forces and drag forces, dust
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particles separate from the air. The flow moves radially
from the axis of rotation to the side surface of the separa-
tion chamber, and then reaches the wall. In this case, the
dust captured by the near-wall fraction of the secondary
flow is transported down to the level of the washer 7
and enters through the annular gap formed between the
washer 7 and the separation chamber 1 into the dust
collector 2. The downstream secondary flow (Ly) at the
level of the washer 7 is rotated by 180° and, gradually
merging with the rising flow, in the form of a resultant
vortex (Lp) with remnants of fine particles, moves up-
ward, where through the outlet nozzle 3 is vented to the
atmosphere or, if necessary, is directed to an additional
treatment.

The second type of vortex dust collector is shown
in Fig. 2 [2].

Additional gas
flow V,

Clean gas
outlet

Fig. 2. Diagram of the vortex dust collector

The dust collector contains a gas duct of contami-
nated gas 1, a divider 2, swirler of the main gas flow 3
with a fairing 4, the body 5. The supply of an addi-
tional gas flow is performed by means of the device 6,
and the clean gas outlet through the branch nozzle 7.
In the conical part of the apparatus 8 dust is collected
and discharged through the feeder 9. The structural fea-
ture of the vortex apparatus is that the two-phase flow,
twisted by means of two swirlers, keeps rotation in the
separation zone of the apparatus. In the central part of
the apparatus in the mode of twisted in one direction
flows, an effective dust separation is provided with a mini-
mum hydraulic resistance of the used methods of the flow
swirling.

The vortex dust collector is studied in the range
3-106<Re<7-108 which corresponds to an average ve-
locity in the apparatus of 8—15 m/s. Range of factors
variation — concentration of products in gases, the incli-
nation angle of the blades of the swirling main flow is
selected according to the results of previous experiments
and analysis of literature sources. During the experiments,

the influence of the flux ratio in the radial direction is
studied in two sections of the apparatus: immediately
after the swirling and in the central part of the appa-
ratus. The existence of critical regimes is established in
which the efficiency of the separation process is low and
is considered unacceptable and depends on the coefficient
k=Vi/(Vi+V5), which for this case is approximately equal
to k=0.5.

Due to the technological complexity of the process of
collection of polydisperse dust, the mathematical modeling
of the separation of dust particles in a system of counter-
swirled flows is not sufficiently considered. Also, the influ-
ence of the physical and chemical properties of the dust
on the separation process is not thoroughly considered,
and as a result, there is no reliable engineering model
for the selection and calculation of vortex dust collectors
with a cylindrical separation chamber. The issues of the
directions of constructive improvement and the arrange-
ment of a rational technological scheme of the collection
process have not been fully considered.

3. The aim and ohjectives of research

The aim of research is development of an improved
(new) construction of a vortex dust collector.

To achieve this aim, it is necessary:

1. To investigate the effect of the swirler construction
and the location of its installation in the gas duct on the
efficiency of the vortex apparatus.

2. To investigate the aerodynamic processes, which are
determined the particular nature of the flow rotation and
its flow in the gas duct after the swirler, as well as the
swirler construction.

3. To establish the characteristic flow regimes of the
gas-dust flow in the duct after the swirler.

4. Research of existing solutions
of the prohlem

An analysis of hydrodynamic studies of dust collection
processes in typical constructions of dust collectors [1, 3]
has shown that the main attention in the research of the
process is given to determining the components of flow
velocities in the separation chamber after the swirler, the
influence on these parameters of the ratio of structural
dimensions and the definition of hydraulic resistance.
Undoubtedly, these research results are the basis for up-
grading the main functional units of vortex devices with
a cylindrical separation chamber and improving other per-
formance parameters. In works [1, 3], with the coefficient
k=V,/(V;+V5)=0.8, which is considered the most rational
for dust removal for various dust components (input dust
concentration >5 g/nm?):

— burden of glass production d,=(18+20) um;

— dolomite powder d,=(10+16) um;

— ground chalk d,=(6+12) pm;

— quartz test dust d,=(6+10) pm, dust collection ef-

ficiency is determined that within the particle size

range from 6 to 10 pm does not exceed 90 %, and
in the range from 12 to 20 pum is 91-92 %.

When using cyclones as dust collectors for such con-
ditions, the dust collection efficiency is 75-80 % [1-3].
Thus, known studies confirm the advantage of the use of
vortex devices for the process of «dry» cleaning of the
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dust-gas flow from dust before other types of apparatus
for dry cleaning of the gas-dust flow. However, typical
constructions of vortex dust collectors do not allow for
dedusting gases with an efficiency of up to 99 % for
dust particles smaller than 20 pm, in practice it is ne-
cessary to install additional wet cleaners after the dust
catcher.

Analysis of the results of the studies given in [1, 3]
shows that the distribution of the components of the
flow velocity in the separation chamber depends on the
swirling angle of the flow in the swirler. The swirling
angle of the flow, in turn, depends not only on the angle
of the blades, but mainly on the hydrodynamics and the
nature of the rotation of the flow in the swirler itself
and the zone close to it. In these zones, according to
the theoretical foundations and practice [4], in almost
all cases, the non-uniform distribution of velocities in
a viscous gas is observed in flows of rotating, especially
at high velocities at the entrance to the swirler. The
non-uniform distribution of velocities along the radius
leads to intensive dissipation of mechanical energy in
the internal heat removal and to an uneven distribu-
tion of the inhibition temperature. The attainment of
the latter conditions, depending on the physicochemical
properties of the dust particles, can promote simultaneous
coagulation of fine dust particles with the formation of
larger dust agglomerates, precipitate quite rapidly. The
latter is more or less observed when processing a gas
flow that retained up to 10 g/nm? of fine-dispersed coal
dust (<5 pm) [5-11]. The use of the features of the
hydrodynamic regime of the gas-dust flow rotation in
the swirled zone and immediately after it, in order to
solve the problem of increasing the efficiency of the dust
removal in the vortex apparatus, revealing the features of
the mechanism and the destructive forces of the process
is a promising task.

5. Methods of research

Let’s consider the process of dry cleaning of the dust-
gas flow in a vortex dust collector with a concentrated
vane gas inlet for various constructions of vane swirlers.

Diagram of investigated vortex dust collector with
a vane swirler is shown in Fig. 3.

Ducted gas flows into gas duct 1 and is swirled by
blade vortex 2. Fairing 3 slightly pushes the flow to the
wall of the apparatus and favors the smooth flow of the
bladed vortex by the gas flow.

Under the action of centrifugal force, dust particles
in a swirled gas flow move to the walls of the body 4.
Simultaneously, the same dust, or the gas purified after
the apparatus, is fed into the dispensing chamber 5 and,
using a swirler 6 (made in the form of six nozzles with
a slope of 45°), enters the working cavity of the apparatus.

The additional gas flow from the swirler 6 twists the
main stream in the same direction as the swirler 2 and
simultaneously blows dust particles from the walls into
the bunker 7. The additional gas flow during the spiral
flow around the main stream gradually penetrates into it.
The annular space around the inlet duct can be equipped
with a dust separating washer 9, which is designed to
ensure the irreversible release of dust into the discharge
device (conveyor). From the bunker, dust enters the capaci-
ty of the finished product, and the purified gas through
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the exhaust duct 10 into the atmosphere. The diagram of
the stand for determining the aerodynamic characteristics
is shown in Fig. 4.
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flow
?Vd 7 Additional

gas flow

Vv,
:qu

]
om-

D

— ,DW< /4

Separation zone

Gas inlet

l———
Vi

Fig. 3. Diagram of a vortex dust collector with concentrated
vane gas injection
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Fig. 4. Scheme of the stand for determination of aerodynamic
characteristics: 1 — model Fig. 3; 2 — micromanometers with an inclined
scale; 3 — liquid micromanometers; 4 — pneumometric tube
of the Research Institute of Industrial and Sanitary Gas Purification
construction

The diagram of the stand for determination of the
overall efficiency of dust collection is shown in Fig. 5.

When constructing the model in Fig. 3, sizes of the
vortex dust collector are chosen on the basis of the most
rational parameters known from practice: L/D=2.5+3.5;
D,/D=0.6+0.8; Dy,/Ds=0.3+0.5; D,,/D=0.5+0.8. The incli-
nation angle of the vortex blades is f=30-60°, the incli-
nation angle of the secondary flow nozzles is a=30+45°.
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It is chosen Dg=5-10"2 2 m; D=8-10"2 m; Dj,=1.5-102 m;
D,=6.5-10"2 m; L=24-10"2 m.

Compressed air

9 10 —‘11
e
[

Fig. 5. Diagram of the stand for determination of the overall efficiency
of dust collection: 1 — model Fig 3; 2 - high-pressure fan BBT-5;

3 — dosing system; 4 — diffuser; 5 — compressed air nozzle; 6 — dust
collector; 7 — air flow regulator (throttle valve) 8 — slide valve of the
common collector; 9 — drying cabinet; 10 — control panel;

11 - laboratory scales

Swirler diagram is shown in Fig. 6.

Fig. 6. Swirler diagram: a — made of sheet brass; b — for the organization
of coaxial turbulent flows swirling in opposite directions

The swirler is made of sheet brass 0.5-1073 m thick-
ness, the number of blades is 8. The second type of
swirler (Fig. 6, b is the projection from above) provided
for the organization of coaxial turbulent flows swirling in
opposite directions due to the blades. The ratio of the
cross sections of the external swirler A and internal B
is approximately A/B=1. In the gas duct 1 Fig. 3 the
swirler is installed both at the end of the gas duct at the
level of the washer 9 and below the end at distances that
are selected on the basis of investigations of the relative
velocities along the length of the cylindrical part of the
gas duct at the level of the end. Fig. 7 shows the dia-
gram of measurements of the vortex gas flow parameters
in the gas duct 1.
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Fig. 7. Diagram of measurements of the vortex gas flow parameters
in the gas duct 1, depending on the swirling position:

B4 — swirler is installed at the end of the inlet gas duct at the level
of the washer 9; Bg — one of the possible positions of the swirler B,
installed below the end of the inlet branch duct.

Positions 1, 17; 27; 27, 2”7, 3", 3”7, 3", where
the sensors are installed

The parameters of the vortex flow are measured with the
aid of three sensors: a two-tube sensor with a tube slope
angle of 70° to measure a two-dimensional velocity field;
most of the measurements are carried out using a cylindrical
sensor, which is the simplest during calibration and operation.
The diameter of the working part of the sensor is 3-107 m.
A five-channel sensor with a ball diameter of 5-10 m
is used to measure the three-dimensional velocity field. The
calibration of all sensors is carried out in accordance with
the procedures given in [6]. As is known [1, 4], the swirled
gas flow after the swirler is a complex three-dimensional one.
The velocity vector of a flow is decomposed in a cylindrical
coordinate system into three components: a base, tangen-
tial (rotational) and radial. The presence of a rotational
component just leads to the appearance in the flow of
centrifugal forces and the formation of a radial gradient
of static pressure. To perform construction calculations, it
is necessary to know the angular velocity of the flow in
an arbitrary section of the separation chamber at a certain
height in the inner layer. The equation of the angular mo-
mentum of the gas is determined by the dependence [1, 4]:

M1(Z):jp-V‘1-21t-r-dr-w1(L)-r2. €))

After integration and the corresponding transforma-
tions, the extracted equation for determining the angular
velocity of flow rotation in the separation chamber:

2M )y 12

) ST ny @

where Ly, Ly — flow rate of primary and secondary flows,
3 /e
m°/s;

k1
z
L(Z)=L+1, 1-[1-HJ ;
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L(2)=L, [1_(1-2)M];

My =Oy5'n'P'Vz‘V¢‘7’0»

where K — the empirical coefficient (for K=0, the radial
velocity is distributed as described in the theory [1-4],
for K=0 the radial velocity grows down the chambers,
and at K<0 the radial velocity decreases to the bottom
of the chamber); ry — radius of separation chamber, sepa-
ration of flows; V,, V,, V, — axial, tangential, radial flow
velocity, m/s.

In this case, it should be noted that in the formula
for determining My, the velocity V, corresponds to the
tangential component that swirled flow, which is observed
immediately behind the swirler and in the section close to
it. Thus, other things being equal, the value of w(Z) depends
on the component V,, which in turn uniquely depends on
the hydrodynamic conditions in the swirler zone and im-
mediately after it. The latter further justifies the relevance
and purpose of the study. When conducting a study during
cold purges with clean air of the gas duct (which is a duct
made of plexiglas from the straight section from the end
to the bend and equal to 0.6 m), the measurement is car-
ried out after the swirler in three sections:

I -16 hi/DS; I -3 /’l,‘/DS; 111 - 4,5 ]’l,‘/Ds,

where h; — the distance from the swirler to the end of the
gas duct. In studies of a two-phase flow in the dust col-
lector model (Fig. 3), the following assumptions are made:
— the dust particles are solid, they can interact with
each other due to the intensive collision and the de-
veloped specific surface of the particles only in the
swirler zone, where the maximum values V, and V; are
observed and quasi-solidity of rotation of the dust-gas
flow is observed;
— after the region (zone) of the swirler, the particles
do not interact with each other;
— a particle that touched the wall of the separation
chamber case, is considered to be caught;
— at the entrance to the dust collector the stream of
the gas-gas flow has a uniform velocity field;
— distribution of dust particles along the section of
the inlet duct of the dust collector is uniform;
— the resistance to movement of particles in a gaseous
medium is described by the Stokes law;
— the tangential component of the velocity of particles
coincides with the tangential and axial components of
the velocity of the gas flow rotation, radial velocities
due to the action of inertia forces are different.
Two dimensionless parameters are distinguished:
— the degree of initial flow swirling:

n = V(DO/Zq)v

where V4o — the tangential velocity at the outlet from
the swirler (Vy0>0), while in the core of the flow
leaving the swirler (B, Fig. 6, b) o=V, and at the
exit from the swirler (A, Fig. 6, a) o=-Vy;

— the degree of loading of the channel @=Dyp/D.
Initial conditions are the characteristics of the air
and dust: air temperature 293 K, average diameter of

I55N 2226-3780

dust particles: lime (CaO) — 2+20 pm; calcium oxide
hydrate [Ca(OH)5] — 0.5+10 um; zinc oxide (ZnO) —
0.5+15 pm. Density: air — 1.205 kg/m3, CaO — 3360 kg,/m?,
Ca(OH) — 2240 kg/m? ZnO — 2850 kg/m?.
Boundary conditions: the average velocity Vi, the dust-
air flow at the inlet to the dust collector is stable and
maintained in the interval 40+80 m/s, which corresponded
to the air flow rates respectively: G=13.4-10"% kg/s and
G=55.0-10" kg/s. At the indicated costs and velocities,
the Reynolds number (Re) was Re=10°=106.
Comparing swirlers with different blade inclination an-
gles (Fig. 6), it should be noted that in the Vjy study the
velocity Ve(r)ma stratifies for different inclination angles of
the blades and reaches a maximum when Vjy is the largest.
Fig. 8, b shows the distribution of Vy(7), Vi(7), Ps(r)
for various gas flow rates while storing the entry velocity
into the swirler. From Fig. 8, b, it is clearly seen that
the aerodynamic flow characteristics with an inclination
angle of B—45° improve. So the ratio for the angle p—45°
is o(Mmax/Vin=0.73, and for B=30° this ratio is equal to
V(M max/ Vin = 0.46, the center negative pressure is 0.87-10°
and 0.97-10° Pa, respectively.

Py x10°Pa
1.1

1.05

1.0

Intersection 11
0.85

Pg;x10°Pa

1.2
25

1.1

1.0

1.0

0.9

Intersection 11

b

Fig. 8. Distribution Vy(r), V{r), Py(r) as a function of the inclination
angle of the vortex blades for the air flow rate:
a— 6=40-10"% kg/s; x — B=6B0% o — B=45°% a — B=30°
b - G=135-10"% kg/s; * — p=45° o — B=30°
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Fig. 9 shows the typical distributions Ve(7), Vo(7), Ps(r)
for the gas flow rate G=40-10"2 kg/s for different inter-
sections along the length of the channel.

An analysis of the distribution curves is given in Fig. 8, 9,
it can be argued that, after the swirler in the duct, almost
to II, the intersection of the rotation of the flow passes
as a quasi-solid. That is, the law Vo= Cr is satisfied, and
only a very thin boundary layer develops near the wall
of the gas duct. Areas of inverse flows are also observed,
and they are annular in the cross section close to the
swirler. Further along the flow, the distribution V,(7) be-
comes different, the zone of quasi-solid rotation is reduced,
the absolute value of Vy(r) decreases due to friction of
the gas flow into the walls and internal friction between
the gas layers, the boundary layer grows. The character
of the distribution of the axial velocity V.(») also va-
ries somewhat. The axial flow in the sections after the

V, m/st
100

II Intersection

Py x107Pa

1.1

1.05

swirler is pressed against the wall, and the bulk of the
gas flows by 1/3 of the radius. Further the flow expands,
occupying already 2/3 of the radius. The static pressure
distribution Pg(7) in intersection II differs significantly
from the distribution Pg(r) in intersection III. At the
same time, intersection II shows a fairly large zone of
constant pressure reduction, which occupies almost half
the diameter. Further in section III, this zone narrows and
occupies 1/5 of the diameter. Such narrowing, as well as
a small longitudinal gradient along the negative pressure
at the center, is probably the cause of the appearance
of backward currents. The transition Py (7) through the
zero line always corresponds to the point where V, has
the maximum value.

Fig. 10 shows the distribution of V(7), V.(r), VA7), Ps(7)
in two sections for extending the gas duct after the swirler,
as measured by the ball sensor.

Vv, m/s]
100

III Intersection

Py x10°Pa

11| S0

1.0

0.95

1.0

PST

0.95

Fig. 9. Distribution of Vi,(r), V,(r), Ps7(r) for in different sections G=40-10"% kg/s; x — B=45°% o — B=30°
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Fig. 10. Distribution of Vy(r), V,{r), V,{r), Ps(r) by extending the duct channel after the swirler: G=40-107% kg/s, Viy=80 m/s, sensor layers, B =45°
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In Fig. 11 as an example, the results of measurements
of the averaged axial and tangential components of the
velocity and the pulsating component are given, using
a swirler (Fig. 6, b) with the installation of vortex blades
along the inner and outer contours, respectively, at angles
Bi=45° and By=45° The average swirling angles of the
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To compare the efficiency of the considered swirlers
(Fig. 6, a, b) from the point of view of generating the
maximum value of the turbulence energy K, which is
determined by:

z Kma 1

: K, =0,04—; < (3)
flows at the entrance to the working part are at the same o’ Ky 4-(1-0)
time by 10-15 % more.
where a=F;/F,, F; — the total
' plane of the holes between the
Ve /o Vol Vo Al blades.
1.0 5 Analyzing formula (3), it is
0.6 possible to state that at B=45°
(0<0.5) and the same losses, the
0.8 0 maximum value of the turbulence
0.4 . . .
energy is higher when using a
swirler (Fig. 6, b).
0.6 -2 02
6. Research results
0'40 1.6 3.3 _40 1.6 33 0 1.6 33 Z/Dy The presented experimental
0-1 02 a-3 0-1 02 a3 0-1 02 a3 data on hydrodynamics with
, the use of two types of swirlers
a

Fig. 11. Experimental profiles:

a — axial V,; b - tangential V,,; ¢ — pulsating V” velocity components in sections I-III, Vg = Vi

The measurements are carried out according to the
cross-sections:

I section Z/Dg=0 (that is, immediately behind the swirler);

IT section Z/Ds=1.6, Z=0.08 m;

[T section Z/Ds=3.3, Z=0.165 m.

The speed Viy=50 m/s, G=26-10"2 kg/s, Re~10°.

From Fig. 11 it can be seen that at a distance of about
Z/Dg=3.3 (0.165) from the swirler, the flows are almost
completely mixed, which is reflected by the alignment
of the profile of the axial velocity component and the
significant weakening of the tangential component. Gene-
ration of turbulent pulsations passes near the interface of
flows that can be explained by the presence of a radial
gradient of the tangential component, the averaged velo-
city. The maximum value of turbulent velocity pulsations
is achieved at a distance Z/D;=2.5 from the swirler and
is approximately 20 % of the maximum difference of the
tangential velocity component.

¢ (Fig. 6, a, b) suggest that in the
zone of maximum velocities V,
and V,, after the swirlers, the ag-
glomeration of dust particles may
occur due to an intensive collision.

In addition, in order to obtain the maximum value
of the angular velocity of the gas flow rotation in the
separation chamber of the vortex dust collector (2), it is
necessary to use the swirlers with f=45° and install it at
a distance Z/Ds=1.6 below the duct end (or washer 9,
Fig. 3) Z=0.08 m. This zone of quasi-solid flow rotation,
that is, the zone where the maximum value of Vi (7), Vi(r)
and the maximum velocity coefficient K= V@.x/Vax are
reached. It is at these parameters on the model (Fig. 3)
using the stand (Fig. 5) that the overall efficiency of dust
collection is determined using the above substances as
dust. The dosage of these substances in the air flow is
approximately constant and equaled the concentration of
dust particles in the flow at the level of 7+8 g/nm?.

Table 1 shows the averaged results of studies on the
efficiency of dust collection by a vortex apparatus, mo-
dernized in accordance with the recommendations given
above.

Tahle 1
Dust collection efficiency by a vortex apparatus with a swirler (Fig. 6, a, b)
Gas-dust flaw Dust type and Characteristics of dust at the inlet Indicators at the outlet from the apparatus
No. S:Ei;:: inlet cuncent;‘a- Density, | Specific sur- | Dispersion, pm, AVEFEQE Dus.t concen- | MPC of the sani- | 1yet callector
kg/s wfz tion, g/nm kg/m® face, m%/g | (average size, pm) Pg_lrzliﬁ;’m:;t Lr;tll;tl ;/tntr}rll% ta:zngf'ljstﬁ::‘lzn efficiency, %
Swirler (Fig. 6, a)
1 40.0 Ca(0H),, 7 g/m®| 2240 8.0 0.5-10.0 (5.0) 35+2 0.21 0.43 97.0
2 40.0 Ca0, 7 g/m® 3360 3.0 2.0-20.0 (10.0) 2045 0.30 0.62 96.0
3 40.0 Zn0, 7 g/m® 2850 10.0 0.5-15.0 (5.0) 5045 0.14 0.29 98.0
Swirler (Fig. 6, b)
1 40.0 Ca(0H),, 7 g/m®| 2240 8.0 0.5-10.0 (5.0) 4243 0.10 0.2 98.5
2 40.0 Ca0, 7 g/m® 3360 3.0 2.0-20.0 (10.0) 22+1 0.07 0.14 99.0
3 40.0 Zn0, 7 g/m® 2850 10.0 0.5-15.0 (5.0) 55+2 0.08 0.1 99.2
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As can be seen from the data given in Table 1, the
results are predicted concerning the increase in the efficiency
of the vortex dust collector due to the agglomeration of
dust particles. The attainment of the maximum values of
the velocity components Vy(7), Vi(r) at the outlet from
the swirler is confirmed by the operation of the moder-
nized vortex apparatus.

7. SWOT analysis of research resulis

Strengths. The creation and development of new highly
efficient and improved types of gas cleaning equipment
is promising, based on the theoretical justification and
investigation of the phase separation process, the separa-
tion of dust particles in systems with rotating flows. The
analysis of the obtained results of the swirler construc-
tion of the incoming flow on the hydrodynamics and the
efficiency of the apparatus and the process of dust col-
lection testify to the advisability of using vortex devices
as highly efficient dust collectors for dry gas purification.
It is shown that in the implementation of the exhaust
gas purification process for a conventional blade vane fan
with one-side swirling, the most effective blade angle is
45°. The swirler should be installed in the duct from the
end outlet to the separation chamber below by 1.4+1.6
of the swirler diameter.

Weaknesses. In this work, hydrodynamics and the ef-
ficiency of the vortex apparatus and the dust collection
process are investigated. Due to the technological com-
plexity of the process of polydisperse dust collection, the
mathematical modeling of the separation of dust particles
in a system of counter-swirled flows is not sufficiently
considered. Also, the influence of the physical and chemical
properties of the dust on the separation process is not
thoroughly considered, and as a result, there is no reliable
engineering model for selection and calculation of vortex
dust collectors with a cylindrical separation chamber. The
issues of the directions of constructive improvement and
the arrangement of a rational technological scheme of the
collection process have not been fully considered. The
dust collector contains a gas pipeline of contaminated
gas and, as a result of operation, significant volumes of
fine dust are formed, which must be disposed of using
additional equipment.

Opportunities. The introduction of vortex devices as
a cleaning equipment in industrial enterprises will reduce
the industrial negative impact on the environment, namely,
the atmosphere. An important issue is the reduction of
the threat of global consequences through the introduc-
tion of engineering solutions for the purification of fine
aerosol emissions.

Threats. The proposed basic construction of the vortex
dust collector, which allows to increase the efficiency of
cleaning with a vortex device to 98-99 %, will contain
the capital costs for development, mathematical analysis
and materials for the apparatus, but the capital costs for
the enterprise will be one-time.

1. The influence of the swirler construction and the
location of its installation in the flue gas flow duct on the
efficiency of the vortex apparatus for vortex dust collec-
tors with a cylindrical separation chamber is studied. It is

shown that the aerodynamic processes that determine the
nature of the flow rotation and its flow in the duct after
the swirler achieve the maximum possible angular veloc-
ity of rotation of the gas flow in the separation chamber
for this construction. This velocity is uniquely related to
the maximum possible values of the velocity components
Vo(r), Vi(r), which are reached in the swirler zone.

2. It is found that the blade vortex, which provides
for the organization of coaxial turbulent flows in the duct,
twisted in opposite directions, will allow more efficient
agglomeration of dust particles. Based on the results of
the research, a basic construction of the vortex dust col-
lector is developed, which makes it possible to increase
the cleaning efficiency with a vortex device to 98-99 %.

3. Characteristic flow regimes of the gas-dust flow in
the duct are established immediately after the swirler,
depending on its construction. It is shown that for a tra-
ditional vane swirler with one-side swirling, the most ef-
fective blade inclination angle corresponds to 45°, and its
installation in the duct is necessary from the end outlet
to the separation chamber lower by 1.4+ 1.6 of the swirler
diameter. Under these conditions, before the exit of the
gas-dust flow into the separator, agglomeration of the dust
particles takes place and at the exit of the gas-dust flow
from the end of the duct into the separation space, which
should maximize the possible components V() and V,(r),
which ensure the maximum value of the angular velocity
of the flow in the separator.
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BNIMAHHE KOHCTPYKLHH 3ABUXPHTENA BXOAHOr0 MOTOKA
HA THAPOAHHAMHMKY K 3PPEKTHEHOCTD PAEOTBI

UccnenoBano BinsiHie KOHCTPYKIIMK 3aBUXPUTENST U MeCTa
€ro yCTaHOBKU B ra30Xojle /IS TIO/Ia4l Ta30IblJIEBOTO TOTOKA Ha
addekTuBHOCTH PabOTHI BUXPEBOIO amiapara. Jlokasano, 4To KOH-
CTPYKIIUSL 3aBUXPUTEJISE TIPU COOTBETCTBYIOIUX YCIOBUAX T103BO-
JIIET 3aKPYYEHHOMY MOTOKY J0OUBATHCS MAKCUMATIBHO BO3MOKHOM
JUISL IAHHOM KOHCTPYKIIMU YTJIOBOI CKOPOCTH BpAIeHHs ra30BOTO
noroka. Paspaborana MpUHIMITHAIbHAS KOHCTPYKIIUST BUXPEBOTO
MBLIEYJIOBUTESI, KOTOPAsi TTO3BOJISIET TOBBICUTH 3(h(HERTHBHOCTD
OUNCTKHU C MOMOIIbI0 BUXpeBOro ammapara 10 98-99 %.

Kmouvessie cmoBa: KOHCTPYKIUS 3aBUXPUTENIsS, arjiOMeparust
B, YIJIOBasi CKOPOCTh BPAIIEHHsS] Ta30BOTO ITOTOKA.
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INVESTIGATION OF THE TREATMENT
EFFICIENCY OF FINE-DISPERSED SLIME
OF A WATER ROTATION CYCLE OF

A METALLURGICAL ENTERPRISE

Jlocnioaceni 0cobaus0cmi ouuyenHs uiamis 6000000pOMHO20 UUKILY MeMANYP2itinozo 6UPOOHULMEA.

Busisneno, wjo nadxooxcenis 3a6UcIux Yacmox 6 uLamosi 600u i00Yyeacmuvcs nepioouuHo i HepieHOMIPHO.
Bcmanosneno, wo wnamu 2azoouumenis memaiypzitnozo nionpuemcmea micmsamo 0o 93 % Opibno-
oucnepcnoi gppaxuyii meepdoi pasu kaacy menwe 20 mxm. Pexomendosano sacmocysanis 1abopamopnux
mecmie skocmi wiamy i egpexmusnocmi Gaokyrsyii. B x00i npomuciosux eunpodysans 6cmanosiena
MONCIUBICMY OUUWeHHS waamy 3 epexmuesnicmio 0o 99 % paokyrsayiino-eiduenmposum cnocobom i3
3acmocys8annam Memoouxu 1abopamopHux mecmie.

Kmouosi cnoBa: zasoouuwenis memanypeziinozo nionpuemcmea, 0pioHoouUcnepcHi uiamu, wWiamu

2a3004UUEHHS, MOOYTb OUUUEHHS.

1. Introduction

According to various sources, more than 70 million
tons of slimes have been accumulated at metallurgical
enterprises in Ukraine, of which about a third are suitable
for reuse [1]. At the metallurgical industry, the greatest
amount of water is used as a cooler for steelmaking fur-
naces and converters, as well as for wet gas treatment
systems. The wastewater that is formed is contaminated
with solid suspended particles and has dissolved chemicals,
for example, hardness salts. For example, the volume of
sewage discharged by enterprises of ferrous and nonfer-
rous metallurgy in Ukraine reaches 500 million m?3/year.

In industrial processes and technologies, the greatest
amount of water is used as a coolant, solvent, transport

agent. In metallurgy, wastewater is formed mainly after
cooling of steel-smelting converters and after wet treat-
ment of gases.

The amount of sewage and slime of wet gas treatment
is up to 10 m® per 1000 m? of gas, which corresponds to
approximately 4-5 m? per 1 m of melted steel.

The use of sewage in the water cycle system of en-
terprises because of the high content of chemical com-
pounds in concentrations unacceptable by existing norms
for circulating water requires their treatment. In order to
reuse slime in gas treatment, they must be clarified to
a residual suspended matter content of 150-200 mg/dm3.

The discharge of contaminated sewage into the external
slime collectors of metallurgical enterprises leads to secon-
dary contamination of soils and groundwater with heavy
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