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ASSESSMENT OF CLEANING EFFICIENCY OF THE 

POLYDISPERSE GAS FLOW IN DOUBLE-FLOW 

DEDUSTING SYSTEM 
О.Г. Бутенко, С.Ю. Смик. Оцінка ефективності очищення полідисперсного газового потоку у двопотоковій системі 

знепилення. Одним з пріоритетних завдань природоохоронної діяльності на промислових підприємствах є підвищення якості 
очищення газових викидів від полідисперсного пилу. Для розв’язання проблеми уловлення дрібно-фракційного пилу запропонова-
но двопотокову систему очищення. Мета: Метою роботи є визначення виду залежності ефективності очищення полідисперсного 
газового потоку від коефіцієнта розділення газу у двопотоковій системі очищення. Матеріали і методи: Проведено аналіз впливу 
коефіцієнта розділення газу у розділяючому апараті двопотокової системи очищення на її ефективність. Шляхом складання матері-
ального балансу системи за газом і за масою пилу отримано загальну залежність для проскоку основного уловлювача, яка характе-
ризує загальну ефективність системи. Результати: Показано, що значення коефіцієнта проскоку основного уловлювача залежить 
від безрозмірних показників ефективності обладнання. Отримана загальна залежність коефіцієнта проскоку від коефіцієнта розді-
лення дозволяє визначити оптимальне значення коефіцієнта розділення для будь-якої знепилюючої комбінованої системи. 
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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. 
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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 Q2-3 and concentration of С2-3 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 Мbr is mini-
mum. This provides the ecological effect. The flow with thin fractions of volume flow of Q2-4 and 
concentration of C2-4 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. 

 
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 
Qs, the corresponding concentration of dust Сs and its disperse composition which is characterized by 
differential curve of distribution Ns = f(Δ) (Ns ⎯ 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 
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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 qo 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 qo. 

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: 1-2 s 2-4Q Q Q= +  and 2-3 sQ Q= .  
Let set kо as a dust quantity, that comes from divider to main catch mechanism, in this way 

 2 32-32 3
o

1 2 1-2 1 2

Q CМk
М Q C

−−

− −

= = ,  

where М2-3 і М1-2 ― per-second dust masses, that come from divider to main catch mechanism from 
and from mixing device to divider device accordingly;  
 С2-3 і С1-2 ― dust concentration at corresponding flows. 

Then the flow balance for the dust mass: 
― for the mixing device:  

 s 2-4 4 1 1-2 1 2sQ C Q C Q C− −+ = ,  

 s 2-4 1 2 о 1-2 1 2(1 )(1 )s lQ C Q C k Q C− −+ − − η = ; (2) 

― for the divider device  
 1-2 1 2 2-4 2 4 2-3 2 3Q C Q C Q C− − −= + , 

 1-2 1 2 1 2 о 2-3 1 2 о(1 )
l

Q C Q C k Q C k− − −= − + ; 

― for the main catch mechanism 
 2-3 2 3 brM cQ C М− = + , 

 2-3 2 3 2-3 1 2 o o 2-3(1 ) c br cQ C Q C k М Q C М− −= − η + = + , 

where ηо and η l  ― the efficiency coefficients of main and loop catch mechanisms, depending on its 
construction and distribution of dust particles, that comes to them; 
 Сbr ― dust concentration of breakthrough; 
 Мc ― dust mass, caught in the main catch mechanism. 

The common efficiency of DFDS is characterized by breakthrough factor ε, that is the ratio of 
dust mass, coming out from system to atmosphere, to dust mass, coming to system from the source. 
Whereas 2-3 brQ Q= , then 
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Using (1) and (2) well obtain 
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Then the dust concentration in flow, coming out to atmosphere, is calculated using formula 
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and the common breakthrough factor of a system is calculated using 
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Let analyze the obtained dependency. When it is borderline case qo = 1 then gas with dust is not 
flowed to circulating loop and o o(1 )kε = − η . As far as having qo = 1 the dust quantity in main catch 
mechanism ko = 1, then breakthrough factor of a system is o(1 )ε = − η , that corresponds the case of 
classic straight-through arrangement [10, 11]. In another borderline case when qo → 0, then ko = 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 Сs and volume flow (volume expenses) Qs only in that measure in 
which the separation factor of ko and effectiveness ratio of cleaning depend on them ηо  and η l  in 
main and circulating traps respectively. Secondly, in borderline case the DFDS can theoretically work 
as usual direct-flow system. 

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

As well as, ηо = f(N2-3) and  ηl = f(N2-4), and mass of dust distribution on fractions in the divider 
device N2-3  = f(qo) and N2-4  = f(qo). In turn, these functions also depend on initial disperse composition 
Ns  = f(Δ), 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 Ns = f(Δ). 
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