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Pozensnymo 3acmocyeanns nuno6J06a106a4ie
H06020 Mmuny, AKi NOCOHYOMv npunyun 0ii 6i0-
UEHMPOBUX | KHCANIOIIUHUX-BUXPOBUX ANAPAMIE.
Po3zensinymo 3acmocysanus zemepozenn020 peax-
mopa 0nsa cucmem eas-meepde 3 060MaA NOMOKA-
MU, WO 3HAX00AMBCA 8 UUKJIOHI, NPAMOMAanzeyiil-
HO020 YUKJIOHY 3 KAMEPOI NONepedHb020 3iMKHEHHS
2a30NUII06UX NOMOKIE, A MAK0HC 600CKOHAJICHI KOH-
CMpYKuii 6UXposux Kamep.

Komoinosanuii nunoguosniosau npedcmaens-
emvca y euenaoi euxposuil mpyou Pamnxa 6 noeonan-
Hi 3 OYHKEPOM, 8 AKOMY BCMAHOBIEHI JHCATIOTUNI-6U -
xpoei npucmpoi. Kombinoeanuii docaiocysanui
nunoen06mMo6au 3abesneuye opeanizoeany nooauy
2a300ucnepcHoi cucmemu 3 pezyavo8anum 2iopoou-
HAMIMHUM PEHCUMOM 68 OuUCHY cnopydy (anapam),
8 AKOCMI K020 BUKOPUCHIOBYIOMBC HCATIO3TUHI-BU-
xpoei npucmpoi. Ilpu ybomy nepedéanacmocs, wo 6
6uxpoguil mpyoi 6yoyms npoxooumu npoyecu xoazy-
NAYUI HacmuHox npu 6iONoGIOHUX 210POOUHAMIMHUX
YMOBAX, A MAKOIHC LACMKOB0 OeCMPYKUIs WKIOIUBUX
2azoeux domiwox 6 cyuinoniti ¢asi. Taxum uunom
PO32NAHYMO: CMEOPEHHS 0L 3A0AHUX NOUAMKOBUX
YM08 00TpyHmosanoi Pizunnoi modeni (koncmpyx-
uitl) KoMOIN068AI020 NUNOGIOBNI06AUA; HA OCHOBL
MmeopemunHUx i eKCnepUMEeHMANbHUX NOJI0NHCEHD
00TpyHmMosana npaye30ammuicmo KOHCMpYKui.

Bcmanosneno, wo naiiGinow nepcnexmuenum
HanNpAMKOM Ol NIOBUWEHHS CMYNEHS. OMUWEHHS
2a300UCNEPCHO20 NOMOKY € CMEOPEHHA 2i0poouHa-
MIMHUX YMOB 8 8i0UueHmPOsUx anapamax i 6 mpyoo-
nposoodax. Ili ymosu nosunni zadesnewyeamu nooary
2azoducnepcHoi cucmemu 6 gidueHmposuii anapam,
w0 3a6esneuyionv aza0Mepauito OpioHUX HACMUNOK.

Taxum vunom, KOHCMPYKYUIi NULOOUUCHO20 ana-
pama, 6 saKomy nepeddauacmovCcs iHMeEHCUEHE 3i-
WMOBXYBAHHS HACMUHOK NUY 8 CNeUIaIbHIll Kamepi
i ix azn0Mmepauyis, a nomim cenapayis 6 Kamepi, aKa
npedcmasnse co06010 paxmuuno yukaon, € 0ouinb-
Hum i epexmuenum pimennam. Bono 3abesneuye
CMYninG OUWEHHS 2A30NUII08020 NOMOKY, HE3ANEHC-
HO 610 po3mipy uacmunox, na pieni 98-99 %

Kmouoei croea: euxpoea mpyoa, 2iopodunamiumi
YMOBU, epeKMUBHICMD OUUWEHHS, NUI0BT0BTH0EAH -
H31, KOMOIHOBAHUY NpuUCMpiil, NUA06UI NOMIK
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1. Introduction

product quality. In many cases, emissions cause significant

Significant amounts of dusty gases are formed in various
industries because of imperfection of manufacturing methods
of processing raw materials into target products as well as
imperfections of manufacturing and auxiliary cleaning equip-
ment. Industrial emissions cause product losses and reduce

heat losses because of lack of utilizing heat of the gases emit-
ted into atmosphere that dramatically worsens ecological
situation.

Various methods and apparatuses are used for gas dedusting
including apparatuses for dry cleaning of gas-dispersed sys-
tems: cyclones, vortex chambers, vortex tubes. These devices




are intended to extract dust possessing various physico-
chemical properties from gases. They operate in a wide range
of temperatures and pollutant concentrations. At the same
time, because of imperfection of known designs of such appa-
ratuses and insufficient development of theoretical founda-
tion of processes, gas cleaning devices are unable to separate
fine dust fractions from gas flows. For example, the TsN-15
cyclone practically does not separate dust particles smaller
than 20 um. Overall efficiency of trapping polydisperse dust
particles does not exceed 70 % while hydraulic resistance
reaches 1,000—1,100 Pa. Therefore, improvement of designs
of the dry dedusting apparatuses with the aim of increasing
their efficiency and reducing energy consumption are the
urgent tasks.

2. Literature review and problem statement

A concept which considers in aggregate the design and
processes taking place in the main apparatus was proposed
in [1]. Dedusting, hydrodynamics and processes occurring in
the gas-dispersed system moving in pipelines before entering
the main apparatus as well as in the dust-product and cleaned
gas outlet fittings were considered. However, the issues rela-
ted to physicochemical properties of gaseous systems and de-
sign of the apparatus which would not «allow» coalescence of
dust particles were left unsolved there. Development of a gas
cleaning apparatus that would solve this problem could be
an option of overcoming such challenges. A similar apparatus
is described in [2]. However, the concept of supply and dis-
charge of the gas-air flow was not taken into account in [3].
Namely such approach and a concept were considered in [4].
All this suggests that according to the concept, an integrated
«input — cleaning process — gas removal» system was consi-
dered in aggregate with mutual influence taken into account.

Based on theoretical foundations of hydrodynamics and
experimental results, it was shown in [5] that frequency of
particle collision sharply grows because of the accumulation
effect. Mathematical description of a swirling flow model
was used in [6]. The study results are based on processing
gas-dispersed systems containing various concentrations of
dust having various physicochemical properties of particles.
These can be CaO, Ca(OH),y, ZnO, BaO, SiO,; NaHCO3
with particle sizes from 6 to 7 um in fittings (pipelines) be-
fore entering the main apparatus. A developed turbulent flow
and a dominant influence of energy vortices of a larger scale
on relative velocities were considered in [7]. This statement
allows us to conclude that the study of movement of a dusty
gas stream inside the apparatus is advisable to be carried
out in more detail. Particle collision frequencies depending
on the Re number and values of the inertial parameter of
particles were considered in [8]. It was found that tangential
velocities of the carrier medium have the same structure as
the Rankine vortex. As a result, it was established in [9] that
during such processing, agglomeration processes occur with
a 5—6 times increase in particle size due to the high speeds
and intensity of collision of dust particles. Besides, it was
stated in [10] that a possibility of physicochemical transfor-
mation of gas-dispersed impurities was established in a car-
rier flow of NOy, SO,, CO, HCl or HF type in the presence of
an excess H,O vapor or sprayed HyO5 and NaOH solutions
at a sufficiently high temperature of a carrier gas-dispersed
flow. However, it was stated in [11] that an excess amount of
these substances at such a content of impurities and vapors

corresponds to the stoichiometric ratio between reactants
but the issues connected with the increase in collision fre-
quencies were not solved there. It was considered and proved
in[12] that a significant increase in frequency of particle
collision can be achieved by increasing contribution of small
dispersed vortices. These dispersed vortices are more likely
to occur during collision of intensely rotating flows in cham-
bers from which the combined flows enter the gas cleaning
apparatus. Collision of particles and occurrence of vortices
was also considered in [13] which makes it possible to state
feasibility of conducting studies in this direction.

It can be assumed that when designing an efficient ap-
paratus for dry cleaning of a dust-dispersed system, it is ad-
visable to unite flows in a chamber like one discussed in [14]
where intensely rotating flows were colliding in an apparatus
in which the well-known principle of dry cleaning (cyclone
or vortex chamber) was implemented. The process of dry
cleaning with formation of rotating flows was described in
more detail in [15]. The field of flow velocity in a vortex
chamber was experimentally studied by measuring move-
ment of particles suspended in a liquid. It was shown that the
swirling flow in the chamber is rotationally symmetric. Using
measurements of the axial velocity component, a complete
pattern of this flow lines in the axial section of the chamber
was obtained. It was shown that when entering the chamber,
the flow of liquid twists and spreads axially over the chamber
wall in a form of thin annular flows to both sides of the inlet
channel. The study of two-phase flows was continued, a new
approach to the theory and practice of two-phase systems
based on the global invariant, entropy, and other invariants
was formulated and experimentally confirmed in [16].

The study [17] focused on dust characteristics. This
work has more fully described and complemented the issue
solution with the study of physicochemical characteristics
of dusts like it was considered in [6]. Two different types
of dust were studied in [17]: cyclone aluminum dust and
aluminum dust. Dust characterization was performed using
analysis of particle size distribution, chemical analysis, X-ray
diffraction and differential thermal analysis. The results have
shown that the base of the studied dusts was different and
that both dusts should be treated as hazardous wastes. In
the case of disposal, they should be disposed after removal of
water-soluble phases at appropriate disposal tips prescribed
by regulations. The result has confirmed feasibility of deve-
lopment of a highly efficient gas cleaning apparatus that will
provide highly efficient cleaning of industrial gaseous emis-
sions. It was once again proved in [18, 19] that it is necessary
to conduct studies of dry and other technological processes
occurring in a vortex tube.

Proceeding from the analysis of methods for dry sepa-
ration of two-component gas systems, the following can be
stated. Processes of separation by mechanisms of inertial
separation are insufficiently studied in the aspect of hydro-
dynamic flows in devices with a field of centrifugal inertial
forces. The issues connected with physicochemical properties
of gaseous systems and design of the apparatus itself which
would not allow dust agglutination remain unsolved till now.

3. The study objective and tasks

The study objective was to substantiate and develop
design of a dedusting apparatus which will be a combination
of a reaction chamber enabling intensive collision of dust



particles and their agglomeration and a separation chamber
in a form of a direct-flow cyclone.

To achieve this objective, the following tasks were solved:

—to study hydrodynamic characteristics of the separa-
tion chamber of the gas-cleaning apparatus;

— to prove effectiveness of the process of cleaning the gas-
air flow and operability of the proposed design;

— to conduct an experimental study of operation of the
proposed design of the combined dedusting apparatus. Prove
that dust separation efficiency reaches 94-98 % depending
on physicochemical properties of the dust.

4. Studying the hydrodynamic characteristics
of a gas cleaning apparatus

Let us consider one of the options of such an approach to
development of an innovative design of a dust cleaning appa-
ratus. Schematic diagram of a multipurpose single-stage he-
terogeneous reactor is shown in Fig. 1, 2. The reactor shown
in Fig. 1 includes the following elements:

—reaction chamber for collision of counter rotating
gas-dispersed flows;

— section A—A of the reaction chamber;

— curvilinear channels of a half-torus shape;

— centrifugal supercharger pump for the gas-dispersed
system;

— input of the gas dispersed system;

— inlet fittings for water vapor or injected reagent solution;

— vane swirler of the outgoing flow;

— housing of the chamber for deposition of dust particles
and release of the cleaned flow which consists of a takeoff
tube for a clean gas flow with a coaxial insert;

— fittings for removal of the deposited dust.

Diameter of the tube 5 (D) is assumed to be the same as
that of ordinary cyclones and is 0.6D (diameter of item 4),
ratio of the tube (5) length to diameter D is 4+6. In the zone
of alimited height Hy, a stable swirling flow is formed around
the coaxial insert (6) having an annular volume. This volume
is saturated with dust particles and moves in the annular gap
between (4) and (5) and the axial dedusted flow moves in the
annular gap between the tube (5) and the coaxial insert (6).

A—A section view is shown in Fig, 2.

Height of the zone H; = f(Re) after item (3) and at Re>10*
was approximately taken H=(0.8+1.2)D. Diameter of the
reaction chamber (1) was taken to be Dy=0.8D, the S gap
between cylindrical surfaces (5) and (4) was taken (D—Dy)/2.
Due to the vortex motion of the gas-dust flow in the cylindri-
cal part of the reactor in the reactor volume determined by
the height Hj, the dust layer does not occupy an elementary
annular volume near the deposition surface but has a certain
thickness. This thickness depends on certain factors: local
secondary excitations, interaction of particles, change of the
particle trajectory due to collisions with the wall (item 4), etc.
The larger the S value, the more completely this value covers
the dust layer. Organization of the purified gas (axial) flow
entering tube 5 inside which the coaxial insert 6 is installed
provides protection, that is, dramatically reduces intensity
of penetration of vortices to the deposition surface (item 4).
In the zone of separation of flows (the annular flow of the
dust layer and the axial cleaned flow), occurrence of a vortex
transition flow Qs is possible with its takeoff provided by the
item 9. The Q, flow is directed to the bin for deposition. Sche-
matic diagram of the reactor connection is shown in Fig 3.
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Fig. 1. Multipurpose single-stage heterogeneous reactor:
reaction chamber for collision of gas-dispersed counter
flows (1); gas supply fittings (2); vane swirler (45° blades) (3);
housing of the deposition chamber (4); tube (5); coaxial
insert (6); cone (7); fitting (8); takeoff (partial) of the flow
disturbed during separation of the dust layer and the axial
flow (9); ® are sensors for measuring parameters of
the vortex gas flow and gas sampling

Studies have been carried out with this pilot unit to
determine aerodynamic characteristics, hydraulic resistance
and dedusting efficiency of the reactor. Distribution of
pressures and velocities directly in the reaction chamber (1)
(Fig. 1) was not studied since the well-known experimen-
tal and theoretical studies of the processes in the reaction
chamber (1) are fairly fully and reasonably given in [1-6].
When conducting studies in the separation section of the
reactor, magnitude of pressure gradient and parameters
of the vortex gas flow were measured using a cylindrical
sensor which is the simplest in calibration and operation.
Inductive (cylindrical) pressure and speed sensor has an
electromechanical design based on movement detection
with an anchor connected to the piston or membrane. The
force resulting from the pressure of a liquid or gas balanced
by a spring actuates the anchor to take a certain position.
Information is transformed into the form of an electronic
signal transmitted to the instrumentation or control system.
The pressure sensor (pressure gradient transducer) is used
to measure gas flow rate using narrowing devices, i. e. the
pressure sensor here acts as a flow meter. When operated,
the sensor transmits information as a digital signal. The
sensor measurement log was formed automatically. Sapfir
sensors produced by Manometr LLC, Russia, were used for
measurements.



Fig. 2. A—A section view:
1 — corresponds to item 1 in Fig. 1; 2 — corresponds
to item 2 in Fig. 1; 6 — corresponds to item 6 in Fig. 1;
9 — curvilinear channels of a half-torus shape; 10 — centrifugal
dust injecting pump; 11 — gas-dispersed system inlet
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Fig. 3. Schematic diagram of connection of the reactor:
heterogeneous reactor (1); dust collecting bin (2);

Qs inflow ejector (3); Qis the total flow rate into the reaction
chamber; @ is the cleaned axial flow; @, is the transitional
vortex flow; @ is the generalized purified gas flow into
atmosphere or for further consumption; Qy is the dust flow
into the bin

Dust concentration must be controlled in technological
processes, therefore ProSens dust level sensors, Russia, were
used in the studies.

Principle of operation of the dust sensor is as follows:
a sensitive element in a form of a metal rod is placed in the
pipeline. Dust particles in the air flow contacting with the
rod generate a small electric charge which, in turn, results
in appearance of an output current signal of 4-20 mA. Then,
the current signal is electronically converted to a digital sig-
nal used for tracking dust concentration. Raise of the signal
means that the filter is faulty. It was proved during the tests
that this method of measuring the dust level is the most ef-
fective, produces accurate results with a minimal error and
does not require large investments of time, effort and money
for maintenance. The obtained data are sent to the data pro-
cessing module which operates via RS-485 protocol and can
be installed remotely. The data are obtained in a digital form.

Diameter of the working part of the sensor cylinder
was 3:1073m. Dust content in flows was measured using
a sampling tube with internal filtration. Measurement of dust
particles and determination of their structure at unloading
from the conical part of the reactor were carried out using
UEMV-100 electron microscope, Sumy, Ukraine. The dust
structure is shown in Fig. 4, where it can be seen that dust
does not stick together.

In order to qualitatively confirm formation of an annular
volume of dust particles near the deposition surface (4), pho-
to and video equipment was used in time-lapse filming and
enlargement of images of movement of the swirling flows ta-
ken downstream the swirler (3) at height Hy in section Hy/2.

The gas-dust flow (continuous air phase + dispersed
phase) was cleaned at a flow rate from 0.4 to 1.1 m®/s in
the gas supply fitting (2), Fig. 1. The following materials
were used as the dispersed phase: ZnO with particle size
of 0.3-10 um, specific surface of ~8 m?/g, p=5,700 kg/m?3
and CaO with particle size of 5-30 um, specific surface of
~1m?/g, p=2,930 kg/m?. Concentration of the dispersed
phase in the stream was 10 g/m3. Air was used as the con-
tinuous phase with p=1,205 kg/m? at temperature of 303 K.
ZnO and CaO dust was used in the study because processes
of limestone burning, lime processing and production of
various fillers are common in the Ukrainian industry. Main
studies of air-dispersed systems were performed using ZnO,
CaO, etc. aerosols.

5. The results obtained in experimental studies
with the use of a combined apparatus

Qualitative pattern of the process of distribution of
dust particles and carrier medium in the gas-dispersed flow
was observed at the reactor diameter D=1.5m in flows of
a gas-dust system before entering the swirler (3). The process
was observed using photo and video equipment in front of
entrance to the separation section of the reactor (Fig. 4) at
the process speed of 0.4+1.1 m3/s. According to the results
of observations with the help of slow-motion photography,
qualitative pattern of distribution of dust particles in a gas-
dispersed flow was obtained.

The photograph in Fig. 4 demonstrates a pronounced
annular volume of the concentrated dust layer and a darke-
ned axial flow of the carrier medium almost devoid of dust
particles. The coaxial insert is also seen. Obviously, trajectory
of dust particles is displaced to the outer wall of the reactor



under the action of inertial force and then removed along the
cylindrical annular channel formed by the reactor wall (4)
and the outer surface of the tube (5). The axial flow is re-
moved along the cylindrical annular channel formed between
the inner surface of the tube (5) and the coaxial insert (6).
This pattern of movement of particles and the carrier me-
dium both in the vortex tubes and in various shaped elements
of gas reactors was theoretically substantiated and experi-
mentally confirmed. Separation capacity in the separation
section itself, that is, in the abovementioned channels and
the bin is determined by hydrodynamic features of motion of
corresponding flows in the channels [19].

Annular volume of
the concentrated
dust layer

Axial flow

of the carrier phase

Coaxial insert

Fig. 4. Qualitative pattern of distribution of dust particles
and the carrier medium in the gas-dispersed flow before
entering the separator

Pattern of distribution of the flow velocity along the an-
nular dust takeoff channel is shown in Fig. 5.
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Fig. 5. Distribution of flow velocity along the annular
dust takeoff channel: flow rate of 1 m3/s (1); flow rate
of 0.4 m3 /s (2); O—A zone: formation of a concentrated dust
layer; O: the section immediately downstream the swirler

As follows from Fig. 5, flow velocity in the conside-
red channel after formation of flows did not fall below
3.5+4.0 m/s. The obtained data met requirements of [14] and
exclude the channel blockage by depositing particles.

Distribution of static pressure in the cross section of the
separation section of the reactor is shown in Fig. 6.

A conclusion can be drawn from the above graph on the
prevailing energy costs in the central section of the channel
system, that is, in the axial flow channel. Pressure loss ex-

ceeded 300 Pa in the curve segments 0+0.375 and 1.25+1.5.
The segment 0.375+1.1 corresponds to the central section,
that is, the annular channel in which the cleaned axial flow
moves. In this zone, the axial flow had the same structure as
the Rankine vortex [1, 3, 4, 5] at assumed flow rates of the
gas-dust flow. Therefore, pressure losses in this area were
1.5-2 times greater than in other zones and measured 500 Pa.
Total aerodynamic resistance of the separation section of
the reactor was 452 Pa at a flow rate of 0.4 m®/s and 754 Pa
at a flow rate of 1.0 m®/s. Coefficient of hydraulic resis-
tance, &, varied from 16 to 25, respectively, which is a cha-
racteristic value for conventional cyclones with pressure
gradient AP=600+1,000 Pa. Main technical parameters of
reactor operation for the gas-dispersed flows under study are
given in Table 1.

Y =-11.136x" + 38.992x° -~ 45.253%" + 19.474x + 99.373
R?=0.9925

102.1
102
101.9
101.8
101.7

101.6

Pressure, kPa

101.5
101.4
101.3

0 0.5 1 1.5 Length, m

Fig. 6. Static pressure distribution in the cross-section

of the separation section of the reactor

Table 1

Main technical parameters of reactor operation when using
the gas-dispersed systems under study

Presence of Qs flow
Parameter
Yes No

Temperature of the gas-dispersed flow at the
. 30 30
inlet, °C
Gas flow rate at the inlet, m3/s 0.4 0.4
Gas flow rate at the exit, m?/s 0.41 0.41
Dust content in gas at the inlet, g/m> 10.0 10.0
Dust content in gas at the exit, g/m? 0.2-0.25 | 0.3-0.6
Aerodynamic resistance, Pa 500.0 470.0
Coefficient 1 of dust separation for various
types of the dispersed phase. Growth of ave-
rage particle size, Mo, on the exit from the
reaction chamber:
ZnO: from 0.3 to 10 um; 1, % 98.0 97.0
CaO: from 5 to 30 um; 1, % 97.5 94.0

The following materials were used as a dispersed phase:
ZnO with particle size of 0.3—10 um, specific surface of
~8m?/g, p=5700 kg/m3 and CaO with particle size of
5-30 um, specific surface of ~1m?/g, p=2930kg/m?>.
Concentration of the dispersed phase in the flow was
10 g/Nm?. Continuous phase: air, p=1205 kg/m? at tempe-
rature of 303 K.



As follows from the data given in Table 1, when organi-
zing the Qs flow, the dust separation coefficient, 1, increases
which confirms expediency of taking a part of the vortex flow
when it is distributed among channels.

6. Discussion of the results obtained in studying
the process of cleaning the gas-air flow

Proceeding from analysis of the methods used for dry
separation of two-component gas systems, the following was
found. As concerned the mechanisms of inertial separation,
separation processes are insufficiently studied in the aspect
of hydrodynamic flows in devices with a field of centrifu-
gal-inertial forces. The mechanism and conditions for separa-
tion of dust particles with sizes less than 10 um in this field
were not studied as well. This has led to the fact that the
known designs of centrifugal dust collectors (cyclones, vor-
tex chambers, rotoclones) provide cleaning below 80 % for
polydisperse systems. It has been established that creation of
such hydrodynamic conditions in centrifugal devices which
ensure supply of a gas-dispersed system to the centrifugal
apparatus is a promising way to improvement of the degree
of cleaning a gas-dispersed flow ensuring agglomeration of
small particles. Such conditions can be achieved if the dust
collector design will include a pretreatment zone in addition
to the design of conventional centrifugal devices to corre-
spond to hydrodynamic and design parameters. Then, intense
vortex flow and collision of dust particles will be observed in
the vortex zone.

A mechanism for separation of fine particles from a gas-
dispersed flow was proposed. It has been established that due
to a change in magnitude and direction of the averaged velo-
city, micro-inertial forces arise perpendicular to the separator
walls caused by small-scale vortices of high intensity. With
a decrease in the scale of pulsations and their acceleration,
sufficiently large micro-inertial forces appear. They ensure
movement of the liquid fraction to the separator walls.

Proceeding from the results of observations, a qualitative
pattern of distribution of dust particles in the gas-dispersed
flow was obtained. A pronounced annular volume of a concen-
trated dust layer and a darkened axial flow of the carrier me-
dium practically devoid of dust particles were obtained with
the use of a coaxial insert. Under the action of inertial force,
trajectory of dust particles is shifted to the outer wall of the
reactor and then taken off along the dynamic annular channel.

According to the data obtained, it was established that
the flow velocity in the channel under consideration does
not fall below 3.5+4.0 m/s after formation of flows. The data

meet requirements to the gas-air flows necessary to exclude
channel blocking by deposited particles.

Thus, the results of experimental studies have shown
that purposeful pretreatment of the gas-dispersed flow before
entering the gas cleaning apparatus (passing the gas-air flow
through the reaction chamber where flows collide and parti-
cles coarsen) significantly improves efficiency of dust particle
collection up to 97-98 % compared to the cleaning efficiency
of conventional cyclones (80-85 %). Also, pretreatment of
the gas-dispersed flow before entering the apparatus makes
it possible to expand functionality of the apparatuses for dry
cleaning of gas-dust flows. The experimental results obtained
do not contradict the well-known theoretical approaches
describing frequency of collision and agglomeration of iner-
tial particles in a developed turbulent flow. The results have
shown that the h value was in the range of 97-98 % and the
dust unloaded from the reactor bin was an agglomerate of
25-35 um particles. Also, the experimental results do not
contradict the known experimental results of kinetics of in-
teraction of gaseous impurities in a developed turbulent flow.
With an increase in gas velocity in the absence of particles in
the gas flow, turbulence increases and leads to formation of
a vortex motion. Introduction of particles into a moving gas
leads to a partial conversion of this energy into kinetic energy
of particles instead of increasing turbulence. Therefore, pres-
sure gradient in the presence of particles in the flow may be
lower than in their absence at high velocities of the gas flow.

7. Conclusions

1. Hydrodynamic characteristics of the separation cham-
ber of the gas cleaning apparatus were studied. Turbulence
increases and leads to formation of a vortex motion when
gas velocity increases in absence of particles in the gas flow.
It has been established that the flow velocity in the channel
in question did not fall below 3.5+4.0 m/s upon formation of
flows. It has been found that the dust separation coefficient
reached 97-98 % depending on physicochemical properties
of the dust.

2. Design of a dedusting apparatus which is a combina-
tion of a reaction chamber providing intense collision of dust
particles and their agglomeration and a separation chamber
in a form of a direct-flow cyclone was proposed.

3. The results have shown that the h value was in the
range of 97-98 % and the dust unloaded from the reactor bin
was an agglomerate of 25-35 um particles. Application of
the proposed design in separation systems is expedient and
requires further studies in this direction.
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