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Buvicokaa ypghexmusnocms unmencuenoii pabomovt MOKpwvIxX cKpyoOepos aensemcs pe-
3YAbMamom 00HOBPEMEHHO20 00pPA306aAHUA PA3TUYHBIX MEXAHU3IMOG nuvlieyaasnusanus. I1oo kon-
Jekmopamu (nolieynoeumenamu) MOHCHO HOHUMAMb KANIU PACHBLAEHHON HCUOKOCMU, RY3bIPbKU,
odpazyrougueca 6 ycioeuax UHMEHCUBGHO20 0apOOmMuposanus, HeuoKylo N0EPXHOCIb U CMOYEHHbLE
nogepxnocmu. Bce konnekmopui 06pazyiomes é npoyecce padomul YUPKYIAUUOHHOZO0 azpezama, pac-
CMOMPEHHO20 6 OaHHOU cmambe. Ocajicoenue nplieewvlX YaCmuY, U3 2a3a RPOUCX00Um 6 pe3yivmame
YEHMPOOEIHCHBIX CUIL U GMOPUYHBIX YUDKYIAUUI 6 HANPAGAAIOU|EM KAHALE, a4 MAKICe 6030€CCMEUs.
600AHOIL 3a6eChl, HCUOKO20 DapbdOmar;ca u HOMOKA Nbli1e6020 2a3a Uepe3 KaneibHo-0pbl3208blii C01.
Huckyccuu, od6ocnogvieaoujue 603M0HCHOCHb NOOMBEPHCOCHUA GIUAHUSA 6AZKOCHU CYCHEH3UU HA
ahpexkmuenocmov npoyecca nvlneynasaueaAnUs, MOZYn OblMb C6A3AHLI KAK C AHAAUIOM OCHOBHbBIX
MEXAHUIMO8, GIUAIOWUX HA 0CANCOCHUE YACMUY HA JHCUOKUE KOJIIEKMOPbl, MAK U C YC108UAMU 2e-
Hepayuu Konnekmopos. Ilpu oduieil peyupKyaayuu #euoKoCmu 60 61AHCHOM NbLIEYAACTUSAIOUIEM
060pyooeanuu nosviuiaemca KOHUCHMPAUUA Meepovix eeulecma 6 ycuokocmu. B makux ycnoeusax
603MOMNCHO HOCIENnEHHOe CHUMceHue IPdhekmusnocmu ux obecnviiusanusn. Ipgpexm 3asucum om
duszuxo-xumuyeckux ceoiicme nuvliiu, KUHEMU4ecKol IHEPZUL YACMUY, MUNA UCROTIbIYEMO20 000DY-
006aHUA U, 8 YACMHOCHU, OM CHOCODA OP2AHU3AUUU KOHIMAKMA HCUOKOU u 2a30601 ¢a3. Hccnedo-
6aHUA IPPeKkmuenocmu 00eCnblIUCAHUA 6 3AGUCUMOCINY OM PATUYHBIX (PAKMOPOE npueedensl 6
cneodyrouieli cmamoe mex Jce agmopos.
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The high efficiency of intensive operation of wet scrubbers is the result of a simultaneous
formation of different mechanisms of dust particle collectors. The collectors can be understood as
droplets of atomised liquid, bubbles formed in the conditions of intensive barbotage, liquid surface
and wet surfaces. All collectors are formed during the operation of the circulating unit. The depo-
sition of dust particles from gas occurs as a result of centrifugal forces and secondary circulations
in the guide duct as well as the effect of the water curtain, liquid barbotage and the flow of dusty
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gas through the droplet-splash layer. Discussions substantiating the possibility of confirming the
effect of suspension viscosity on the efficiency of the dust collection process can be related both to
the analysis of basic mechanisms affecting the deposition of particles on liquid collectors and the
conditions of generating collectors. In total liquid recirculation in wet dedusting equipment, con-
centration of solids in a liquid rises. In such conditions, a gradual decrease in their dedusting effi-
ciency is possible. The effect depends on dust physiochemical properties, kinetic energy of particles,
the type of equipment used, and specifically on the way of organization of the contact of the liquid
and gas phases. Studies of the effectiveness of dedusting depending on various factors are given in

the next article by the same authors.
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A method of predicting the particle removal ef-
ficiency of gravitational wet scrubbers and the particle
size distribution properties, that considers diffusion,
interception, and impaction, is presented to study the
particle removal mechanisms of gravitational wet
scrubbers [3].

Conventional scrubbers are typically modified
to serve the needs of modern industries [4]. For exam-
ple in literature [5] shows comprehensive analysis for
prediction of dust removal efficiency using twin-fluid
atomization in a spray scrubber. In article [6] is pre-
sented prediction for particle removal efficiency of a
reverse jet scrubber. Numerical results were compared
with the analytic results using average relative velocity
in all zones and experimental results.

A pilot plant counter-current spray-column
wet scrubber has been conceived, designed and fabri-
cated. Experimental investigations were conducted to
quantify the efficiency of a counter-current spray-col-
umn for scrubbing the particles from the gaseous waste
stream [7].

Fly-ash removal efficiency in a modified
multi-stage bubble column scrubber show in the litera-
ture [8]. It has been found that the present system
yielded very high efficiency for the scrubbing of fly-
ash. In most cases, the fly-ash removal efficiency is
more than 95% and many cases approaches 99.5%.

Recent investigations with nozzle scrubbers
show in article [9]. Different designs of scrubber will
require different types of nozzles and spray properties
to operate effectively. All parameters relevant for op-
eration such as specific water consumption, residence
time and specific energy consumption have been inves-
tigated in detail, and different pneumatic atomizing
nozzles (with internal and external mixing of both
phases) in various geometrical arrays are examined.
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This paper [10] presents results obtained from
a computer model which describes the removal of fine
particles from gas streams in a wet scrubber. The sim-
ulation results show an improvement of the collection
efficiency of submicron aerosol particles which is ex-
plained by the turbulent diffusion mechanism.

Wet scrubbing of polydisperse aerosols by
freely falling droplets show in the literature [11]. In this
study, analytical solutions for removal of a polydis-
perse aerosol by wet scrubbing were derived employ-
ing Brownian diffusion and inertial impaction as re-
moval mechanisms.

A method of predicting the particle collection
efficiency of a fixed valve tray column and the particle
size distribution properties, which considers diffusion,
interception, and impaction, is presented [12] to study
the particle removal mechanisms of a fixed valve column.

If the concentration of solid particles in dust
collection liquid reaches a critical value, over which
the efficiency of the process decreases, we can then de-
termine the maximum recirculation degree value — i.e.
the recirculation threshold [13].

Discussions substantiating the possibility of
confirming the effect of suspension viscosity on the ef-
ficiency of the dust collection process can be related
both to the analysis of basic mechanisms affecting the
deposition of particles, particle deposition on liquid
collectors and the conditions of generating collectors.

All of mentioned collectors can be observed in
a circulating scrubber unit [1], presented in Fig.1. The
operation of the unit is similar to typical Roto-Clone
Type N scrubbers [2, 14, 15-22] with one difference —
the presented solution does not contain the so-called
dirty chamber, moving it to the bottom part of the
chamber.

W3B. By30B. XumMus u xuM. TexHonorus. 2019. T. 62. Beim. 9



Fig. 1 illustrates the scheme of the most com-
mon constructions of RotoClone type of circulating
units. In these dust collectors the gas, which has been
pre-cleaned in the so-called dirty chamber, flows to-
gether with dispersed drops of liquid through the guide
duct and is then pressed under the liquid surface in the
dust collection chamber.

Dielectric type dust collectors are included in
the group of medium energy apparatus with hydraulic
flow resistance lower than 350 dPa, allowing to obtain
high dust removal efficiency. The lack of moving parts,
the relatively high gas velocities and the large surfaces
through which the gas is transported affect the high re-
liability and reliability of operation.

Fig. 2 a illustrates a scheme of the analysed
unit. The dusted gas is fed into the unit through a rec-
tangular duct (4) ending with a guide (5). It is directed
below the surface of the liquid filling in the unit, and
then it reaches the separating space in the unit (3) and
through the drop separator/ mist eliminator (2) it is re-
leased outside. The sludge is periodically removed
from the unit with the use of the outlet pipe (6).

Fig. 1. Schemes of shock-inertial dust collectors a) Roto Clone
scrubber, b), ¢) modified constructions of collectors
Puc. 1. CxeMsbl yapHO-MHEPLIHOHHBIX MbUICYJIOBUTENEl a) ckpyOoep
Poro-kiioH, b), C) MomH(pUIHPOBaHHbIE KOHCTPYKIIMH KOJUIEKTOPOB
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The analysed unit is intended to purify gas
from small emission sources in the periodic operation
system, i.e. periodic replacement of the dust collecting
liquid. The time of unit operation is affected by the ob-
tained operational efficiencies and hydraulic flow re-
sistance. The periodic replacement of the liquid in the
unit makes its operation simpler and, above all, deter-
mines a low indicator of water consumption per vol-
ume unit of a purified gas.
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Fig. 2. Experimental unit and dust collection mechanism a - dia-
gram of the tested unit, b - formation of dust collectors 1 — guide
channel, 2 — droplet and splash layer, 3 — formation of the water
curtain, 4 —water film in the guide channel, 5 — aerosol penetra-
tion into the liquid, H — fill level
Puc. 2. DxcriepuMeHTaIbHas yCTAHOBKA U MEXAHU3M 3aXBaTa
IbUIK a - CXE€Ma UCIBITBIBAEMOTI'O arperara, b-06pa30BaHI/Ie KOJI-
JIEKTOPOB-TIBIICYJIOBUTENEH |-HANPaBIAIONIMIA KaHa, 2-Karellb-
HBIIA 1 OpBI3TOBBIN CJIOH, 3-00pa3oBaHKe BOJSHON 3aBECHI, 4-BOTHAS
TUICHKA B HAIIPaBJIAIONIEM KaHaJIC, 5-Hp0HI/IKHOB€HI/Ie aspo30Jid B
KUOKOCThD, H-ypOBeHb 3aIlI0JIHECHU

Obviously, a lowered indicator of water con-
sumption cannot be accompanied by a lowered dust re-
moval efficiency, and it is justified to presume that the
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given values guarantee the achievement of maximum
efficiencies. Disregarding the fact that the indicator of
water consumption is a rather imprecise parameter tak-
ing into account at least changeable conditions of gas
humidification and its temperature, a different opera-
tional efficiency of mist eliminating devices, an influ-
ence of aerosol concentration on the amount of the
solid particles retained in the apparatus and, conse-
quently, the concentration and frequency of sludge re-
moval, the demonstrated discrepancies are too large
and indicate the need for experimental verification.

Depending on the aerosol velocity in the throat
of the guide duct, the operating ranges of the unit have
been distinguished, in which the dominant elements are:

- bubbling process at gas velocity within 8-12 m/s,

- bubbling and drip process corresponding to
the velocity of 12-18 m/s,

- drip process corresponding to the velocity of
18-25 m/s.

In the 18-25 m/s speed range in the dust extrac-
tor, the phenomenon of transferring water from the
dirty chamber to the separation part in the form of
droplets was observed. The drops are entrained into the
confusor and then into the narrowing, where the aero-
sol reaches its maximum velocity. Further shifting
from the confusor to the curvature is associated with
the reduction of the aerosol speed to 10-15 m/s. Accel-
eration of droplets in the narrowing occurs much
slower than dust particles, which promotes the for-
mation of a significant relative difference in velocity
between drops and dust particles and increases the ef-
fect of the inertia collision mechanism.

Fig. 2a presents typical cross-section planes,
resulting from the design of the unit taken from the unit
design — their correct selection may be decisive to the
correct operation of the unit.

Fig. 2b shows a schematic representation of
dust collectors formed in the guide and the separation
space of the unit [16]. The deposition of dust particles
from gas occurs as a result of centrifugal forces and
secondary circulations in the guide duct as well as the
effect of the water curtain, liquid barbotage and the
flow of dusty gas through the droplet-splash layer. It s,
therefore, obvious that the correct operation of a unit
depends on the velocity of the flowing aerosol and the
H liquid level in the unit.

In total liquid recirculation in wet dedusting
equipment, concentration of solids in a liquid rises. In
such conditions, a radual decrease of their dedusting
efficiency is possible. The effect depends on dust phys-
iochemical properties, kinetic energy of particles, the
type of equipment used, and specifically on the way
contact between liquid and gaseous phases is arranged [1].
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Studies of the effectiveness of dedusting de-

pending on various factors are given in the article: «In-
fluence of the main factors on the efficiency of wet vor-
tex dust collectors» of the same authors.

Cmambs nyoauxyemcs npu QUHAHCOB80U NOO-

Oeporcke Poccutickoeo ¢honoa ¢pynoamenmanvhvix uc-
cnedosanutl 6 pamxax peanusayuu npoekma Nol8-03-
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