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ASSESSMENT OF CLEANING EFFICIENCY OF THE
POLYDISPERSE GAS FLOW IN DOUBLE-FLOW
DEDUSTING SYSTEM

O.I'. Bymenko, C.IO. Cumux. Ouinka e()eKTHBHOCTI OYHMIIEHHSI MOJIIMCIIEPCHOI0 I'a30BOro MOTOKY Yy JBONOTOKOBiii cucremi
3HenuiieHHsl. OHUM 3 MPIOPUTETHUX 3aBIaHb NPHUPOJOOXOPOHHOI AISUIBHOCTI Ha MPOMHCIOBHX MiANPUEMCTBAX € MiJABUIIEHHS SIKOCTI
OYMIIEHHS Ta30BHX BUKHU/IIB Bijl MONIAUCIEPCHOro Muity. JIst po3B’si3aHHS NPOOIEMH YIIOBICHHS OpiOHO-(PPaKIIfHOro MUy 3alpOIIOHOBA-
HO JIBOIIOTOKOBY CHCTeMY OYHuIIeHHs. Mema: MeToro poOOTH € BU3HAUCHHS BUY 3JIKHOCTI €()eKTHBHOCTI OUYMILEHHS IOJIAUCIEPCHOTO
ra3oBOro IOTOKY BiJ KoedilieHTa po3/iyIeHHs ra3y y ABOIIOTOKOBIi cucreMi ouniueHHs. Mamepianu i memoou: IIpoBejeHO aHai3 BIUIUBY
KoedilieHTa PO3AiIEHHS Ta3y y pO3AUIIIOUOMY alapari JBOIOTOKOBOI CHCTEMH OYMINEHHS Ha i eekTuBHICTh. LIInsIxX0oM ckIagaHHs MaTepi-
aNbHOTO OaNaHCy CHCTEMH 3a Ta30M i 3a Maco0 MUy OTPHMAaHO 3arajibHy 3aJI€XKHICTB JUIS IPOCKOKY OCHOBHOTO YIIOBIIIOBAda, sIKa XapaKTe-
pusye 3aranbHy eeKkTuBHICTH cucTeMu. Pesynbmamu: IlokazaHo, 1o 3HaYeHHS KoedilieHTa TPOCKOKY OCHOBHOTO YJIOBJIIOBaYa 3aJI€KUTh
Big O€3pO3MipHUX ITOKa3HUKIB eeKTUBHOCTI oOnagHanHs. OTpUMaHa 3arajibHa 3aIeXHICTh KoedilieHTa IPOCKOKY Bix KoedimieHTa po3mi-
JICHHSI JI03BOJIsIE BU3HAYUTH ONTUMAJIbHE 3HAYEHHS KoedillieHTa po3aiieH s UL Oy 1b-sKOT 3HEIHMIIOI0Y01 KOMOIHOBAaHOT CHCTEMH.

Knouosi cnosa: koedilieHT po3AiieHHsI, JBOIIOTOKOBA CHCTEMa OYHIIECHHS, KOS(ILiEHT IPOCKOKY.

O.G. Butenko, S.Yu. Smyk. Assessment of cleaning efficiency of the polydisperse gas flow in double-flow dedusting system. One
of priority problems of nature protection activity at the industrial enterprises is upgrading the gas emissions cleaning of polydispersed dust.
To solve the problem of catching of small fraction dust the double-flow dedusting system has been offered. Aim: The aim of the work is to
determine the dependency type of the cleaning efficiency of polydisperse gas flow on gas separation factor double-flow dedusting system.
Materials and methods: The analysis of influence of gas separation factor in the dividing device of double-flow dedusting system on its
efficiency is carried out. By drawing up the mass balance of system on gas and on the mass of dust the general dependence for breakthrough
of the main catcher, characterizing overall effectiveness of system, is received. Results: It is shown that value of breakthrough factor of the
main catcher depends on dimensionless efficiency factors of the equipment. The received general dependence of breakthrough factor on
separation factor allows to define the optimum value of separation factor for any combined dedusting system.

Keywords: separation factor, double-flow dedusting system, breakthrough factor.

Introduction. One of priority problems of nature protection activity at the industrial enterprises
is upgrading the gas emissions cleaning of polydispersed dust. Large enterprises, for example, thermal
power plants or iron and steel plants, implement modern and expensive clearing devices in production
for this purpose. Small enterprises, generally for economic reasons, are not able to carry out such
modernization. Therefore, the development of rather simple and inexpensive system which would
provide considerable improvement of gas stream cleaning of polydisperse dust is important and
actual problem.

The analysis of current state of dedusting technologies shows that in the most ecologically
dangerous industry — thermal power — mainly direct-flow systems are used with some one type of
the dust arrester (battery cyclone, wet scrubber or the electric precipitator). Hybrid systems of dust
cleaner for power industry are only at development stage [1]. In metallurgy, as Stalinskiy and Shvets
note [2, 3], more complex systems are used and, nevertheless, they also are direct-flow ones. In
addition to the filters called above, cloth filters are often used there and at certain stages of cleaning —
gravitational installations [4]. The main problem of the most widespread dust collectors is low
efficiency of purification from small-fractional components of dust. Therefore, it is natural that the
most modern researches in this sphere are directed to improvement of this aspect of equipment work.
So, Peukert W. and Wadenpohl C. [5] consider question of extraction of dust particles with extreme
properties from the lump, in particular with extremely small sizes. It is shown that the mechanism of
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separation process of dust particles by the size opens perspectives of the innovation methods develop-
ment for cleaning the flow of dust nanoparticles. Dong Zhou [6] suggests to carry out acoustic coagu-
lation of small-fractional raise dust before catching. The frequencies ranges of high intensity sound
waves are received in the work and they provide the best results. The main lack of such method is
need of the additional accessories use — the acoustic waves generator.

To solve the problem of small-fractional dust catching the authors offered double-flow dedusting
system (DFDS) in works [7, 8]. Implementation of the scheme does not demand considerable capital
investments, but provides considerable improvement of gas cleaning because of separate cleaning.

The technique of DFDS design offered earlier allows calculating its constructive and production
characteristics, but does not provide the determination of flow separation factor value, that is optimum
from the point of view of cleaning efficiency. The value of this factor was chosen from the recom-
mended and rather wide interval. Dependence determination of cleaning efficiency on separation
factor will allow to design the DFDS with the greatest possible efficiency for specific conditions.

The aim of the work is to determine the dependency type of the cleaning efficiency of poly-
disperse gas flow on gas separation factor double-flow dedusting system.

Materials and Methods. The double-flow scheme of dedusting is implemented in DFDS at the
expense of dust division with fractional characteristic. The feature of such scheme is that dusty gas
divides in the division device 2 before cleaning (Fig. 1). The flow containing small fractions with vol-
ume flow of 0,3 and concentration of C,_; arrives to the main catcher 3. As efficiency of catching of
large and fractional dust is high for any traps, the dust breakthrough to the atmosphere M, is mini-
mum. This provides the ecological effect. The flow with thin fractions of volume flow of Q0,4 and
concentration of C,.4 comes to traps of circulation loop 4. Its efficiency is low and therefore this flow
with the high content of dust comes to the mixing device 1. The modified central ejector [9] is used for
this. There the flow mixes up with primary flow (flow from source), and further — through divider
gets on cleaning again. Thus, cleaning from small-fractional dust performed due to repeated passing
of flow the trap of circulation loop.

M br

Cbr

C23

0 G M,

Fig. 1. Schematic diagram of double-flow cleaning system

At design of DFDS such characteristics are set: the volume flow coming to system from source
O, the corresponding concentration of dust Cs and its disperse composition which is characterized by
differential curve of distribution N; = f{A) (N, — percentage of particles of the D size in all dust mass
[10, 11]). Using these data it is necessary to choose the pressure and clearing equipment and also to
calculate the design of the division device and its operational indicators [7, 8]. At the same time the
main characteristic which influences this calculation is separating ability on carrier gas
Q2—3 — Q2—3 , or LZI"'%, (1)
O Oy+0, 9, 0,

q, =
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which, as a rule, is in range 0.04...0.2 [12]. The method of DFDS calculation developed earlier
provides the choice of coefficient of ¢, from the given interval without possibility of its optimum
value determination. To eliminate this shortcoming, we will establish dependence of cleaning efficien-
cy of DFDS on g,.
To assess the efficiency of DFDS we will make its mass balances on carrier gas and dust mass.
The balance on carrier gas is obvious: Q,, =0, +0,, and O,; =0..

Let set k, as a dust quantity, that comes from divider to main catch mechanism, in this way
_ M2—3 — Q2’3C2—3

’ Ml—2 Ql—ZCl—Z ’

where M,; i M., — per-second dust masses, that come from divider to main catch mechanism from
and from mixing device to divider device accordingly;

C,31 Cy., — dust concentration at corresponding flows.

Then the flow balance for the dust mass:

— for the mixing device:

O.C +0,,Cy =010,
O.C +0,,C,(1-k)A-n) = 01,C 53 2
— for the divider device
01,05 =05,C 4 + 0,56, 5,
0,6, =0,C,(-k)+0:C Lk
— for the main catch mechanism
0,,C =M, +M_,

0,3C, 5 =055C Lk 0-N)+ M. =0,,C, + M,
where n, and 1, — the efficiency coefficients of main and loop catch mechanisms, depending on its
construction and distribution of dust particles, that comes to them;
Cp, — dust concentration of breakthrough;
M, — dust mass, caught in the main catch mechanism.
The common efficiency of DFDS is characterized by breakthrough factor ¢, that is the ratio of

dust mass, coming out from system to atmosphere, to dust mass, coming to system from the source.
Whereas Q,, =0,,, then

Using (1) and (2) well obtain

C.,= " " .
—(1—ko)(1—n,)[—1J
q

o 3

Then the dust concentration in flow, coming out to atmosphere, is calculated using formula
Cik,(1-m,)
1 1
—- —ko)(l—n,)(—lJ

o (4]

Cy =Ck,(1-7m,)=

and the common breakthrough factor of a system is calculated using
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1 ko(l_no) 1 ) (3)
—(l—ko)(l—n,)(—l]
q q

o

eE=

o

Let analyze the obtained dependency. When it is borderline case g, = 1 then gas with dust is not
flowed to circulating loop and €=k (1—1,). As far as having ¢, = 1 the dust quantity in main catch

mechanism ., = 1, then breakthrough factor of a system is € =(1—m,), that corresponds the case of

classic straight-through arrangement [10, 11]. In another borderline case when g, — 0, then &k, = 0, it is
uncertainty appears. That is physically means, that system cannot function at these conditions.

Results and Discussions. It is possible to argue on expediency of double-flow dedusting system
use on the basis of comparison of results of its work with work of usual direct-flow system which uses
one inertial trap. Replacement of direct-flow system by DFDS in crushing room of construction
materials — the remains of dismantle of old buildings is made [7]. The catch factor of a cyclone
direct-flow system have been operating before modernization is equal to 0.755. In the constructed sys-
tem with feedback the catching factor of the main device made 0.96. Thus, emissions of dust with
aspiration air to the atmosphere decreased approximately six times. The dividing ability on gas carrier
in the implemented DFDS were set to 0.048. Calculations using formula (3) for data of this engineer-
ing task allowed to draw a conclusion that it is possible to reach even more high-quality purification of
aspiration air due to decrease in this indicator to value 0.04.

The received dependence (3) allows to draw several conclusions. Firstly, the breakthrough factor
depends on initial concentration C; and volume flow (volume expenses) Qs only in that measure in
which the separation factor of k, and effectiveness ratio of cleaning depend on them m, and n, in

main and circulating traps respectively. Secondly, in borderline case the DFDS can theoretically work
as usual direct-flow system.

The problem of optimum g, value determination for double-flow system has no common solution
as there is implicit dependence of &, = f(g,) which is defined not only by design parameters of divider,
but also by disperse composition of dust.

As well as, n,= fiV>3) and m,= f(NV,4), and mass of dust distribution on fractions in the divider
device N,; =f(g,) and N,4 = f(q,). In turn, these functions also depend on initial disperse composition
N; =f(A), that is unique for each task. Thus, the search problem of resolution threshold optimal value
of DFDS can be solved with help of (3) only for conditions of specific task after laboratory determina-
tion of N; = f(A).

Jlitepatypa

1. Miller, B.G. Advanced flue gas dedusting systems and filters for ash and particulate emissions control
in power plants / B.G. Miller // Advanced Power Plant Materials, Design and Technology / ed. by
D. Roddy. — Cambridge: Woodhead Publishing, 2010. — PP. 217 —243.

2. CranuHckui, JI.B. AHanu3 COBPEMEHHBIX TEXHHUYECKHUX PEUICHWH CHUCTEM YJIAaBIMBAaHUS U OYUCTKU
TEXHOJIOTUYECKHX Ia30B M HEOPraHM30BAHHBIX BHIOPOCOB KPYIMHOTOHHAXKHBIX AJIEKTPOCTAJICIUIABUIIb-
weix nieuedt / J1.B. Cranmuuckuit, M.H. [llBent // Dxonorust u nmpoMeinuieHHOCTh., — 2010. — Ne 3. —
C.4—0.

3. Cramuuckuil, JI.B. UnHOBanuonHble pemenus YkpI' HTL[ «OHeprocranb» 1o OUUCTKE MBbLIETa30BblIE-
JeHnit Ha npoMbinuieHHbIX npennpusttusax / [1.B. Cranuackuid, M.H. llIBeny // Dxonorust ¥ npompI-
sgeHHoCcTh. — 2011. — Ne 2. — C. 36 —45.

4. Geometry optimisation of a gravity dust-catcher using computational fluid dynamics simulation /
D. Winfield, M. Cross, N. Croft, D. Paddison // Chemical Engineering and Processing: Process Intensi-
fication. — 2012. — Vol. 62. — PP. 137 — 144.

5. Peukert, W. Industrial separation of fine particles with difficult dust properties / W. Peukert,
C. Wadenpohl // Powder Technology. — 2001. — Vol. 118, Issues 1-2. — PP. 136 — 148.
DOI:10.1016/S0032-5910(01)00304-7

EHEPT'ETHKA. TEIIJIOTEXHIKA. EJIEKTPOTEXHIKA



ISSN 2076-2429 (print) 53

ISSN 2223-3814 (online)

Odes’kyi Politechnichnyi Universytet. Pratsi, Issue 1(48), 2016

6.

7.

8.

9.

10.

1.

12.

Experimental study on improving the efficiency of dust removers by using acoustic agglomeration as
pretreatment / D. Zhou, Z. Luo, J. Jiang, et al. // Powder Technology. — 2016. — Vol. 289. — PP. 52 —59.
Byrenko, A.I'. KomOunupoBanHas cucteMa ouncTku Bosnyxa / A.I'. Byrenko, C.}O. Cmbik // DHepro-
TeXHOJIOTHH U pecypcocodepexerne. — 2010. — Ne 6. — C. 66 — 69.

Byrenko, O.I'. T'inpaBiiuynuii po3paxyHok komOiHOBaHOi cuctemu ounuieHHs nositps / O.I'. Bytenko,
C.10. Cmuxk // Ip. Opec. momitexH. yH-Ty. — 2011, — Bum. 1(35). — C. 191 —195.

Byrenko, O.I'. [ligsumeHass koe(illieHTa KOPUCHOI il ICHTPAJbHOIO €KEKTOpa 32 HEONTUMAIbHHUX
pexumiB podotu / O.I'. Byrenko, C.1O. Cmuk // Haykoswuii Bichuk HI'Y. — 2015. — Ne 2. — C. 57 —61.
CripaBOYHUK IO TBLUTe-  3010ynaBiuBanuio / M.U. buprep [u ap.]; obmr. pen. A.A. PycaHoB. — 2-¢
u31., mepepad. u non. — M.: DHeproaromusaart, 1983. — 312 c.

7Kabo, B.B. Oxpana okpyxatomieir cpensl Ha TOC u ADC / B.B. XKabo. — M.: DHeproatromMusaar,
1992. — 240 c.

Byrenko, A.I'. Paznenenne TBepaoit (pas3pl moNMMAMCIIEPCHOTO TOTOKA MO (PpakIusiM B KOMOWHHPOBAH-
Hoit cucteme ounctku / A.I'. Byrernko, C.1O. Cmpixk, [I.A. MoBuia // IKoIOTHS ¥ IPOMBIIUIEHHOCTD. —
2009. — Ne 4. — C. 74 —76.

References

1

10.
11.
12.

. Miller, B.G. (2010). Advanced flue gas dedusting systems and filters for ash and particulate emissions

control in power plants. In D. Roddy (Ed.), Advanced Power Plant Materials, Design and Technology
(pp- 217 — 243). Cambridge: Woodhead Publishing. DOI:10.1533/9781845699468.2.217

. Stalinsky, D.V., & Shvets, M.N. (2010). Analysis of present-day technical solutions on recovery and

purification systems for process gases and non-organized emissions from large-tonnage electric steel-
melting furnaces. Ecology and Industry, 3,4 —9.

. Stalinsky, D.V., & Shvets, M.N. (2011). Innovative approaches of UkrSSEC “Energostal” in the sphere

of powder-gas emission cleaning at industrial enterprises. Ecology and Industry, 2, 36 —45.

. Winfield, D., Cross, M., Croft, N., & Paddison, D. (2012). Geometry optimisation of a gravity dust-

catcher using computational fluid dynamics simulation. Chemical Engineering and Processing: Process
Intensification, 62, 137 — 144. DOI1:10.1016/j.cep.2012.08.001

. Peukert, W., & Wadenpohl, C. (2001). Industrial separation of fine particles with difficult dust

properties. Powder Technology, 118(1-2), 136 — 148. DOI:10.1016/S0032-5910(01)00304-7

. Zhou, D., Luo, Z., Jiang, J., Chen, H., Lu, M., & Fang, M. (2016). Experimental study on improving the

efficiency of dust removers by using acoustic agglomeration as pretreatment. Powder Technology, 289,
52—59.DOI:10.1016/j.powtec.2015.11.009

. Butenko, A.G., & Smyk, S.Yu. (2010). The combined air-cleaning system. Energy Technologies & Re-

source Saving, 6, 66 — 69.

. Butenko, O.G., & Smyk, S.Yu. (2011). Hydraulic calculation of the combined system of air cleaning.

Odes’kyi Politechnichnyi Universytet. Pratsi, 1, 191 — 195.

. Butenko, A.H., Smyk, S.Yu. (2015). Improvement of the central ejector efficiency under nonoptimal

operating modes. Scientific Bulletin of National Mining University, 2, 57 —61.

Rusanov, A.A. (Ed.). (1983). Handbook of Dust- and Ash-Collection. Moscow: Energoatomizdat.
Zhabo, V.V. (1992). Environmental Protection at TPPs and NPPs. Moscow: Energoatomizdat.
Butenko, A.G., Smyk, S.Yu., & Movila, D.A. (2009). Division of solid phase of polydisperse stream in-

to fractions in the combined cleaning system. Ecology and Industry, 4, 74 — 76.

Received November 9, 2015
Accepted March 10, 2016

ENERGETICS. HEAT ENGINEERING. ELECTRICAL ENGINEERING





