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The cyclone rotary dust collector got its name due to the fact that it embodies the principle of two-stage separation of inhomoge-
neous dust and gas systems in a centrifugal field. First, in the first stage, operating on the principle of a cyclone, and then in the second,
operating on the principle of a rotary dust collector. The apparatus differs from serial cyclones in that it has a shortened central tube
with a conical baffle and a rotating rotor. It provides gas circulation and returns fine dust from the upper rotation zone to the lower
cyclone zone. This greatly improves the efficiency of dust collection. The device is able to create a vacuum in the suction and pressure
in the discharge pipe, due to which it can work autonomously (without a fan) and treat gases that do not have an initial overpressure.
Due to the large centrifugal force acting on the particle in the rotary part of the dust collector, it effectively captures particles with
a diameter of less than 8 microns. With the help of the rotor, a fine dispersion of the liquid and an exceptionally uniform (circular)
irrigation of the walls of the apparatus are achieved, which has a positive effect on the capture of fine and sticky dust. The installation
of a shortened central pipe with a conical baffle in the dust collector made it possible to divide the apparatus into two parts and carry out
a two-stage gas purification. The rotor, mounted on the top of the dust collector, also performs a number of other functions. Working
like a centrifugal atomizer, it finely atomizes the liquid, facilitating more efficient (wet) particle capture. At the same time, it provides
an extremely uniform, circular irrigation of the walls of the first and second stages of the apparatus, which is necessary for washing
off adhering dust. This is especially important when trapping sticky particles. When cleaning gases from loose, non-sticking particles,
the apparatus can operate in dry mode without irrigation. By changing the speed of rotation of the rotor within certain limits, it is pos-
sible to change the productivity and pressure of the dust collector. Key words: cyclone-rotary dust collector, gas cleaning from dust,
fine dust.

OumuineHHs rasiB Bix nwiy B HUKJIOHHO-porauiiiHomy amaparti. Kysnemos C.I., Benrep 0.0., I'purop’esa JLI.,
Cemenuenko 0.0., besnansuenko B.M., IBkina €.C.

ITMKIIOHHO-POTALIIHHNH MHIIOBIIOBIIOBAaY OTPUMAB CBOIO HA3BY 3aBISKH TOMY, IO B HbOMY BTIICHO IPHHIHII JBOCTYIICHEBOTO
MOJITy HEOAHOPIAHMX MUJIO-Ta30BUX CHUCTEM Yy BiALEHTPOBOMY moji. CroyaTrky B MEpIIOMY CTYIIEHi, IO MPALIOE 32 MPUHIMIIOM
LIUKJIOHY, @ ITOTIM Y JIPYroMY, — IIPALIOE 3a IPUHIMIIOM POTALiIfHOrO MHMIIOBJIOBIIOBaYa. ANapaT BiIpi3HAETHCS BiJ] CEPIHHUX [IUKIIOHIB
THM, [0 B HhOMY BCT@HOBJICHA YKOPOUYCHA IICHTpaJbHA TPyOa 3 KOHYCHOO MEPErOpOKOI0 1 pOTOp, 1110 0depTaeThes. Bin 3abe3neuye
LUPKYILIO Tasy Ta HOBEepTae APiOHOMUCIICPCHUMN I 3 BEPXHBOT POTALIIHHOT 30HH B HIJKHIO LIUKJIOHHY. 3aBSIKU [[bOMY CYTTEBO IiJI-
BUIIY€ETHCS €()EKTHBHICTh IMIIOBIIOBICHHS. ATIapar, 31aTHUI CTBOPIOBATH PO3PI/UKEHHS Y BCMOKTYBAJIBHOMY Ta TUCK Y HATHITAJIbHOMY
narpyOKy, 3aBIsSKM YOMY MOXKE IPALFOBATH aBTOHOMHO (03 BEHTWJIITOpA) Ta MiJaBaTH OYMIICHHIO Tra3H, 10 HE MAIOTh [10YAaTKOBOTO
HaJUTUIIKOBOTO THCKY. 3aBASKN BEJIHKIH BIIIEHTPOBIH CHIIi, IIIO Jli€ HAa YACTHHKY B POTAUiifHiIl YaCTHHI MHJIOBIOBIIIOBAYA, BiH edek-
THBHO BJIOBJIIOE YaCTHHKH JiaMETPOM MEHIIE 8 MKM. 3a J0MOMOI0I0 POTOPA J0CATAETHCS TOHKE AUCIICPIYBaHHS PiMHH 1 BUKIIOYHO
piBHOMIpHE (KpyroBe) 3pOLICHHS CTIHOK amnapaTty, [0 MO3UTUBHO MO3HAYA€THCA MPHU BIOBIIOBAHHI IPiOHOMUCIEPCHOTO 1 MITY, IO
3IIMIIAETHCS. YCTaHOBKA B IMJIOBJIOBIIIOBAYI YKOPOUCHOT IIEHTPAIBbHOI TPYyOH 3 KOHYCHOIO NEPErOPOAKOI0 JO3BOIMIIO PO3IIIUTH arapar
Ha JIBl YaCTUHM Ta 3/IHCHUTHU JBOCTYIIIHYACTE OUUILEHH ra3iB. PoTop, BCTaHOBIICHNIT y BEpXHIH YaCTHHI ITMIIOBJIOBIIIOBAaYa BUKOHYE,
TakoX 1 psn iHmUX ¢QyHKOid. [Ipamroroun sk BieHTpoBa GOpCyHKa TOHKO PO3MOPONIYE PiANHY, CIIPHSIOUN OUIbII e(EKTHBHOMY
(Y MOKpOMY peKuMi) YIOBIIOBAaHHIO YaCTUHOK. OIHOYACHO BiH 3a0e3Medye BUKIIOUHO PIBHOMIpHE, KPYTOBE 3POILICHHS CTIHOK Iep-
IIOTO 1 IPYroro CTyINEeHs amapary, [0 HEOOXiIHO JUls 3MUBY MUY, 110 Hanumae. le 0coOIMBO BaXKJIMBO MPHU YJIOBIIOBAHHI YacTOK,
mo 3naunarThes. [Ipy ounimenHi ras3iB Bii CHIKMX YaCTHHOK, IO HE 3JIMITAIOTHCS, alapaT MOXKe MpAIIOBaTH B CyXOMY peXHMi Oe3
3pouIeHHs. 3MIHIOIOYH B IIEBHUX MEXKaX MIBUAKICTH 0OCPTaHHS pOTOPA, MOXKHA 3MIHIOBATH MPOAYKTUBHICTH 1 HaIlip MHJIOBIOBIIIOBAYA.
Kniouosi cnoéa: TAKIOHHO-POTAIHHIN MUJIOBIOBIIOBAY, OYUIICHHS ra3iB BiJ MUy, APIOHOAUCIEPCHUN MU

Formulation of the problem. Formulation of the
problem. Air pollution by technogenic dust, today, has
become one of the most pressing modern problems.
Solid particles can accumulate and travel long distances.
They adsorb harmful substances from the air, worsening
the ecological situation on a local and global scale.

Particles smaller than 10 microns do not linger in
the upper respiratory tract, accumulate in the lungs and
interfere with the gas exchange of the body with the
external environment. In industrial emissions into the

atmosphere, their countable number is huge, despite the
fact that the mass fraction is negligible. According to
WHO experts, ninety percent of the world’s population
breathes polluted air. Microscopic particles enter the
respiratory and circulatory systems, damaging the
tissues of the lungs, heart and brain and causing diseases
such as cancer, stroke, heart and lung diseases.

On the recommendation of WHO in the EU
countries in 2015, the following maximum permissible
concentrations of dust were established:
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— for particles with a size of 10 microns and less than
0,05 mg/m?;

— for particles 2,5 microns and less —
0,01 mg/m?[1].

Pollutant emissions from stationary sources are also
regulated by the order of the Ministry of Environment
and Natural Resources of Ukraine No. 309 and should
not exceed 50 mg/m? [2].

Analysis of recent research and publications. The
dust collection systems used today operate with design
efficiency in a narrow range of speeds, concentrations,
thermodynamic parameters of the carrier medium,
and with all the advantages, in some cases, their use
becomes ineffective. This applies to the capture of fine,
agglomerating dust, as well as in case of insufficient
pressure of the gas to be purified [3-7].

The developed design of the dust collector is devoid
of these disadvantages.

Formulation of research objectives. The design
and principle of operation of the two-stage cyclone-ro-
tary dust collector provides gas circulation, in which fine
dust returns from the rotation zone to the cyclone and
coagulates, as a result of which the dust collection effi-
ciency of fine particles is significantly increased.

Statement of the main material. Figure 1 shows an
axonometric view of a cyclone-rotary dust collector. It
has a shortened central tube with a conical baffle and a
rotor [8].

0,085—

Fig 1. Cyclone-rotary dust collector

A gap is provided between the conical partition
and the inner part of the cylinder, the dimensions
of which are in the range from 5 mm to 9 mm,
depending on the dimensions of the apparatus. The
installation of a conical partition on the central pipe
in the dust collector makes it possible to divide the
apparatus into two parts and carry out two-stage gas
purification. At the same time, in the second stage,
due to the installation of a rotating rotor with variable
speed in it, the centrifugal force (Pc) can be increased
by 3-5 times compared to that achieved in cyclones
of known designs. This allows you to increase the
degree of gas purification and effectively capture dust
particles with a diameter of less than 10 microns. The
cyclone rotary dust collector is capable of operating
both in dry and wet modes [9].

The rotor installed in the dust collector performs the
following functions:

— working as a gas blower, it creates a vacuum in
the inlet and excess pressure in the discharge pipe. In
this regard, the dust collector can operate autonomously
(without a fan) and purify gases that do not have an
initial overpressure;

—working like a centrifugal nozzle — it finely atomizes
the liquid, contributing to a more efficient (in wet mode)
trapping of particles. At the same time, it provides a
uniform, circular irrigation of the walls of the first and
second stages of the dust washer. This is especially
important when dealing with sticky dust. When cleaning
gases from loose, non-sticking particles, the apparatus
can operate in dry mode without irrigation, while the
purification efficiency does not significantly decrease;

— by changing the speed of rotation of the rotor within
certain limits, it is possible to change the productivity
and pressure of the dust collector.

To determine the efficiency of gas purification
in cyclone-rotary dust collectors, let us consider
some theoretical prerequisites for the separation of
inhomogeneous dust and gas systems in a centrifugal
field. As is known, during the operation of a cyclone,
three components act on a particle moving in the field of
centrifugal forces.

The first component is the centrifugal force, which
throws the particle to the periphery of the cyclone:

m-
P.= RT, (1)

where m — is the particle mass, kg; m, — is the tangential
velocity of the particle (0 = ®, ), m/s; R —is the radius
from the center to the particle, m.

The second is the force of resistance to the movement
of the particle in the radial direction:

2
where w,— particle radial velocity, m/s; d, — particle
diameter, m; p — medium viscosity, N -s/m’

The third is gravity:

P, =3n-w,-d, >

P,=m-g, 3)
where m — is the mass of the particle, kg; g —acceleration

of gravity.
The particle begins to move in the radial direction when
P.> P,. Equating (1) and (2) forms and assuming that

_md,
6

meT (4)
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The time of deposition of particles in the space of the

apparatus between R, and R, will be:

_Ry-R, _ 9“'(R§ _Rlz) ,
sz di : (’O% ’ pu ’

we get: W =

(6)

T

where R, and R, — radii of the central pipe and cyclone,
m (R = %); p,— density, kg/m’;

2
m- o,

(7

we get:

=37T"('0R'dq'M
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Assuming that the collected dust has a spherical
shape, according to formula (8), the smallest particle
diameter can be found that will be completely captured
by the apparatus during the time 7.

d_. =3 M (®)
T-n-P, -0,

From (8) it is possible to make an estimate of the
degree of dust collection of the cyclone, assuming
that fractions with particle sizes d,;, and larger will
be completely captured in the apparatus. For them, the
degree of capture of particles in fractions of a unit will
be one. The degree of particle trapping, the diameter is
d, <dp, determined from the ratio:

_ R2 - Rx _ di

min
Attitude &zFI'C called the separation factor or

)

centrifugal Froude criterion. Substituting the value P
and g we get:

Ee :m-wzT _ o’ :nz-R
““R-mg Rg 900 (10)
where n — particle rotation frequency, m'.
CompoTHBJIEHHE  IHMKIOHA  ONPEHCISCTCS W3
COOTHOIIICHHS: 0w
— T entr
AP =8 =, (11)

where o, — gas velocity in the inlet pipe, m/s; p, — gas
density, kg/m®.

Instead of ®,, the conditional gas velocity can be
used, referred to the cross-sectional area of the cylindrical
part of the cyclone — ®,,, (®,,= 3+5 m/s). Then

/. [ U‘)intr
7
where £ u £’ — cyclone hydraulic resistance coefficient.
For various designs of cyclones _ 2-5; & =50-30.
From the equation (12) can be written:

2
APLI — é (Demr (13)
P: 2

P
For each cyclone design, the ratio —< has the

r

con

AP = (12)

optimum value. The best cleaning conditions are

. AP,
provided when —— =50+75m.

Cyclone performance in m*h is determined from the
formula:

Q=0w,, -S-3600, (14)

where S — cyclone cross section, m?.

Thus, using the above equations, it is possible to
determine the main indicators of the process of sepa-
rating dust and gas systems in a centrifugal field. Table
1 shows the comparative characteristics of the opera-
tion of the cyclone TsN-15 and the cyclone-rotary dust
collector — 600, obtained by calculation under the fol-
lowing conditions: D = 0,6m; R, = 0,3m; R, = 0,15m;

R, +R

R= % =0,225m; n=1,8-10"N-s/m? p,=1500 kg/m".

The data given in the table show that cyclone rotary
dust collector-600 compares favorably with the TsN-15
cyclone of equal diameter. It has a centrifugal force
12,5 times greater than in the TsN-15 cyclone. The set-
tling rate is increased by the same factor and the set-
tling time of particles is reduced. The Froude criterion
(separation factor) for cyclone rotary dust collector-600
is 30 times higher than for cyclone TsN-15. Due to
these advantages, the minimum diameter of particles
to be captured in cyclone rotary dust collector-600 is
6,96 microns, while in cyclone TsN-I5 it is 13,1 microns,
i.e. 2 times more. Especially significant is the advantage
of cyclone rotary dust collector-600 when capturing
micron particles. Particles with a diameter of 10, 8, 6,
4 microns in the cyclone rotary dust collector-600 are
captured by 100, 100, 74 and 33%, respectively, while
in the TsN-I5 cyclone — by 58, 37, 21 and 9%. To this
it should be added that the cyclone rotary dust collec-
tor-600 operates autonomously (without a fan) and is
capable of developing a pressure of 680 Pa, while the
TsN-15 cyclone has a hydraulic resistance of ~ 400 Pa
and requires the installation of a fan.

Note: Values P., oy, T, determined for nominal
particle diameter d=10 micron.

The combination of several principles of dust
cleaning in one apparatus and the creation of controlled
additional forces that contribute to the capture of dust in
the working volume of the apparatus makes it possible
to increase the efficiency of dust collection and create
conditions for additional separation of the dust and gas
flow when passing through the apparatus. However, at
the same time, the hydraulic resistance of the apparatus
should not increase significantly.

Cyclone-rotary dust collector has a number of
advantages compared to conventional cyclones:

— acting as a gas blower, it creates a vacuum in the
suction and pressure in the discharge pipe, due to which
it can work autonomously (without a fan) and clean
gases that do not have an initial overpressure;

— due to the large centrifugal force acting on
the particle in the rotary part of the dust collector,
it effectively captures particles with a diameter of
8 microns;

— with the help of a rotating rotor, a fine dispersion
of the liquid and uniform irrigation of the walls of the
apparatus are achieved, which contributes to an increase
in the efficiency of capturing fine and sticky dust.

In cyclone rotary dust collector effectively
implemented:

— absorption processes for purification of ventilation
emissions from harmful gases (SO,, CO, NO,, etc.);

— technological processes of gas and liquid
interaction;

— wet collection of fine dust and aerosols;

— cooling, humidification (drying) of gas;
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Table 1

Comparative characteristics of cyclone TsN-15 and cyclone rotary dust collector-600

Parameter value
Ne Parameter Symbol Units T Cyclone rotary dust
sN-15
collector-600
1 Performance L m*h 4000 4000
2 Cyclone diameter D m 0,6 0,6
3 Cyclone diameter (O m/s 15 15
4 Gas velocity in free section ®on m/s 3,93 3,93
5 Centrifugal force P kg-m/s 7,85101° 98,5-10°1°
6 Particle speed in radial direction oy m/s 0,46 5,84
7 Settling time Ty S 0,324 0,026
8 Minimum particle diameter d.i m 13,1-10°¢ 6,96-10°
9 Separation factor Fr. 102 3270
10 Device resistance P, Pa 405 405
11 Hydraulic resistance coefficient & 3 3
12 Pressure P, Pa - 680
13 Ratio 47C m 3375 337.5
The degree of trapping of particles
14 with a diameter:
d, = 15micron n % 100 100
d, = 10micron n % 58 100
d, = 8micron n % 37 100
d, = 6micron n % 21 74
d, = 4micron n % 9 33
—can be used at various enterprises as absorbers — dust Table 2
collectors, effectively capturing solid particles, aerosols Characteristics cyclone rotary dust collector-600
and gaseous impurities. Cylinder diameter 0,6 m
An impqrtant task was to determine the deg.ree of 'Hei aht 1.02m
dust collecthn QGpendlng on .the speed of rotation of Central tube diameter 03m
the rotor, which in turn determines the performance and -
head of the dust collector. The studies were carried out | Central tube height 0,84 m
both in dry and wet modes at the maximum aerodynamic | Rotor diameter 0,35 m
efficiency of the dust collector (0,39-0,4). The real flow |Rotor height 0,12 m
rate of the liquid in the studies was 0,2—-0,25 dm*/m*. The | Cone height 0,9 m
dust content in the gas was determined by the gravimetric | Rotor speed 2800 min-!
method with external filtration at the inlet, after the first Inlet size 0.24%0.24 m
and after the second stage of the dust collector. In the -
cyclone rotary dust collector, the main characteristic is Outlet size 0,15%0,15m
not resistance (AP), but pressure (P). When working, | erformance 4000 m*h
both in dry and wet modes, the degree of purification | pressure 750 Pa
increases as the irrigation P/p  increases. Moreover, this | Engine power 2,5 kW
increase is initially intense, and then smooth, fading. The | Cone height 0,12 m
trgnsition region lies at P/p, = 200+3QO. Operat.ion at | Cone baffle diameter 0,582 m
higher Vglueg of P/po yvould be 1mpractlcgl, since in this [ 1 issible dust content 200 mg/m’®
case a slight increase in the degree of purification would — ; ; X :
be accompanied by a disproportionate increase in the M1n1n.1um effective particle size 8 micron
energy expended. But here it should be taken into account | €leaning degree 99,7%
that with an increase in the ratio P/po, the productivity | Specific liquid consumption per 1000 m’ 0.1-0.3 m?
of the apparatus increases. Therefore, the optimal area of | °f 838 L
operation of the cyclone rotary dust collector lies at the SgeCiﬁC electricity consumption per 1000 | ) 5 4 3 |y
maximum values of P/p,. When working in dry mode, M of gas L
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the

degree of cleaning is not significantly reduced. When possible only in wet mode, otherwise the dust collector

cleaning gases from sticking dust, effective cleaning is may become blocked.
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