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DEVELOPMENT OF DOUBLE-CIRCUIT CLOSED-LOOP
DEDUSTING SYSTEM FOR INCREASING
THE ATMOSPHERE SAFETY LEVEL

O.I" bBymenxko K.A. Baciomunceka, C.FO. Cumux. Po3podjeHHsI ABYXKOHTYPHOI 3aMKHYTOI CHCTEMH 3HENWJIIOBAHHSA I
MiABMILEHHSI PiBHS €KOJIOriYHOI Oe3neku aTMocdepHoro mopirpsi. TeXHOJNOTIYHI MPOLECH YHUCICHHUX BHPOOHHLTB € JOKEpelIaMu
BUKHIIB MOMIAUCIEPCHOrO My Y BUPOOHHYI NPUMILICHHS Ta HABKOJMIIHIN MOBiTpstHMKA mpoctip. Jupextusa 2008/50/€C BcTaHOBIIOE
JIOCUTB JKOPCTKI BUMOTH JI0 BMicTy TBepaux uyactok TU10 m TU2,5, a came Taki ¢pakiii ckiafaloTh OCHOBHY YaCTHHY MacH HPOCKOKY
TPagULIHUX MUIOBJIOBIIOBaYiB. TOX, IMiJBUILCHHS €(QEKTHBHOCTI BHIAJICHHS ApiOHOMUCIIEpCHUX (pakwiii cUCTeMaMy 3HETUITIOBAHHS
acmipauiifHOro MoBIiTPS € CyYaCHUM i aKTyaJIbHHM 3aBIAHHSIM. METOIO CTAaTTi € MiJBUIIECHHS PIBHS EKOJIONiYHOI Oe3rneku aTMocdepHoro
MOBITPsL B paifoHax OJM3BKOr0 PO3MILLEHHS MPOMUCIOBHX BUPOOHHMIITB 1 JKMTJIOBOI 3a0yJOBH LIIIXOM MOJEPHI3aLil CHCTEMH OYHMILCHHS
acmipauiifHoro moitps. B cTaTTi mpomoHyeThCcs 3amMiHa TPaAMIIHHOI MPSIMOTOYHOI CUCTEMHM Ha JBYXKOHTYPHY 3aMKHYTY. Exoioridunwii
e(eKT HOcAracThesl 3a PaxyHOK PO3AIIBHOI OYMCTKU IMUJIOBHX Mac 3 Pi3HMM (pakuiiHUM CKJIaJoM 1 IOBHOI i30JiiLii CHCTEMH BiX
HaBKOJIMITHBOTO CEPEIOBHINA. 3acCTOCYBaHHSA pO3POOJICHOI METOAMKM pO3paxyHKy ii ITOKa3HHKIB JO3BOJNHMJIO OI[HHTH BEIHYUHH
EKCIUTyaTallifHMX IOKAa3HUKIB KOHKPETHOI CHCTEMH, 30KpeMa, €(PEKTHBHOCTI YJOBJIEHHS OCHOBHOTO 1 HHPKYJSLIHHOTO amaparis,
¢dpakuifiHuid CKJIa] MAJIOBOI MacH Ha PI3HHMX MUISHKAX CHCTEMHU. EQEKTHBHICTH OCHOBHOTO YJOBIIOBa4Ya CTAHOBHUTH 92 %. Meronuka
OIIHIOBaHHS MOKA3HMKIB 3aCTOCOBAHA JUIS PO3PAXyHKY AacIHipallifHOl CHCTEMM OYHMINCHHS IIOBITPS 3 POOOYHMX NMPHUMIIIEHb MOJPiOHEHHS
OyzamarepianiB. MeTomoM CHUTOBOTrO aHaiizy moOyqoBaHa JuQepeHIliliHa KpuBa PO3IMOJTY MUY, IO BXOJUTh B CHCTEMY OYHILCHHS.
Mertonuka n03BoNMIA OOYIyBaTH KPHBI PO3MOIITY (GpakIifHOrO CKiIamy Uil BCIX IOTOKIB CHCTEMH, a TaKOXX IWHAMIKY e()eKTHBHOCTI
OCHOBHHUX 1 IUPKYJIALIHOTO YJIOBIIOBAYiB 32 PO3MVIAHYTHH Iepiof poOoTH. 3anmporoHOBaHI reOMETpUYHI NapaMeTpu CyXHX IHEpIiHHUX
YJIOBJIIOBAYiB JUIi OCHOBHOI'O Ta LMPKYJSILIHHOTO KOHTYpIB. 3poOJieHi BUCHOBKM, IO HAJ3BMYaWHO BHUCOKA E(EKTHUBHICTH CYXOro
iHepLifiHOTO amapaTy, Ha BiIMiHYy BiJl TpaJMLIHHMX HMPSMOTOYHMX ITMJIOBJIOBIIFOBAYIB, JOCATAETHCS 3a PaXyHOK KepyBaHHS (pakumiiiHUM
CKJIaJIOM IHJIOBOI MAacH, 1[0 PYXA€ThCS 10 CHCTEMi OUHILCHHS.

Knouosi cnosa: exonoriuHa Ge3neka, CHCTEMa OYHMLICHHS acHipauiiiHOro noBiTps, GppakuidHuil ckinay nuiy, qudepeHiuiaipHa KprBa
PO3IOIIIEHHS, KOS(ILIEHT YIOBIIOBAHHS

O. Butenko, K. Vasiutynska, S. Smyk. Development of double-circuit closed-loop dedusting system for increasing the atmosphere
safety level. Technological processes of numerous industries are sources of polydisperse dust emissions into the working areas and the
environmental air. Directive 2008/50/EC establishes strong enough requirements for the content of PM10 and PM2.5 solids, but namely such
fractions constitute the main of the dust slippage of traditional dust collectors. Therefore, efficiency increase of fine particles removal in the
dedusting aspiration systems is an extremely valuable and timely task. The purpose of this article is to increase the level of environmental
safety of atmospheric air in areas of close placement of industrial and residential areas by the modernization of the aspiration system. The
article proposes the replacement of a traditional direct-flow system with a dual-circuit closed-loop. The ecological effect is achieved due to
separate cleaning of dust with different grain-size distribution and complete isolation of the system from the environment. Applying the
developed method of calculating it is possible to estimate the values of exploitable parameters for certain system, particularly, capture
efficiency of dust in the main and recirculation devices, the grain-size distribution of the dust on different units of system. The effectiveness
of the main catcher is 92 %. Method of parameters assessment was used to calculate the aspiration system for cleaning air from the working
rooms of crushing building materials. Differential distribution curve based on the dispersed analysis was drawn for dust entering the cleaning
system. Method had allowed us to draw distribution curves of the grain-size dispersed composition for all flows of the system, as well as the
dynamics of efficiency of the main devices and circulation catcher during the described period of work. The geometrical parameters of dry
inertial devices for the main and circulation circuits are proposed. It is concluded that the extremely high efficiency of the dry inertial device,
unlike traditional dry dust collectors, is achieved by controlling the dispersed composition of the dust moving along the cleaning system.

Keywords: environmental safety, aspiration cleaning system, dispersed composition of dust, differential distribution curve,
catching factor

DOI: 10.15276/0pu.3.56.2018.11

© 2018 The Authors. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

EKOJIOI'TYHA BE3IIEKA



ISSN 2076-2429 (print) 103

ISSN 2223-3814 (online) Proceedings of Odessa Polytechnic University, Issue 3(56), 2018

Introduction. Active urban fringe development leads to placement of residential areas near the
existing industrial enterprises. It is possible to give functioning of powerful cement plant within the
Suvorov district of Odessa as an example. On the one hand, approach of production of construction
materials to the site is economically proved. But environmental impacts which relate to emissions of
cement dust lead to escalation of the environmental hazard of urban atmospheric air.

According to the requirements of Directive 2008/50/EC [1], in order to prevent harmful industrial
dust impacts on human health and the environment, it is necessary to set pollution limits for particulate
matter PM, and PM,s. In compliance with the pan-European standards, highly dispersed particles
constitute the most dangerous part of dust-gas-aerosol emissions. Such fractions remain in dust emis-
sions after mechanical treatment.

Technological processes of many industries placed in the city, accompanied by the large amounts
of polydisperse dust exhausting into the air of industrial premises, and then into the environment. Some-
times the physical or chemical parameters of the dust mass are such that it is necessary to limit their ex-
hausting to the environment as much as possible; sometimes the dust mass is a useful substance (for ex-
ample, cement dust) and it is not economically feasible to divert it into the environment. Existing dedust-
ing system of aspiration air, as a rule, are direct-flow and therefore part of the dust slippage dissipated
into the environment. The relative part of dust emissions depends on the capture efficiency of devices
used, but a common drawback of these systems is the inability to eliminate leakage.

Major energy, chemical and metallurgical plants are currently investing heavily in environmental
protection actions, including ash and dust separation. The situation is different for small enterprises
located mainly in or near settlements. These enterprises are not able to invest in high-performance
equipment and are still often used dry inertial separators. The efficiency of their work does not accord
to today environmental safety requirements.

Analysis of recent research and publications. The main problem of most common dust precipi-
tators, especially inertia, is the low efficiency of separation of fine dust particles. Therefore, most of
the current research in this area is focused on improving this aspect of equipment [2]. However, the
ways to increase the efficiency of separating fines fractions by changing the design of common precip-
itators are almost exhausted.

Therefore, most of the research is aimed to solving this problem by acting on the dispersed com-
position of dust. For example, in articles [3 — 5] an acoustic coagulation method is proposed. In arti-
cles [6, 7] a combined cleansing system (CCS) was offered. According this, polydisperse dust is first
divided in a separating apparatus into fractions. Then the stream with coarse dust enters the main pre-
cipitator, and the stream with fine particles is purified by repeated passage of the capture of the circu-
lation circuit. Since the efficiency of coarse-dust capturing is high (even in dry inertial devices), the
leakage to the environment is minimal. This ensures the ecological effect.

The purpose of this article is to increase the level of environmental safety of atmospheric air in
areas of close placement of industrial and residential areas by the modernization of the aspiration system.

Within the framework of this goal, the tasks of theoretical analysis of the effectiveness of CCS
and evaluation of application experience were solved. The application of such dust cleaning device did
not require significant capital investments but provided a significant improvement in dedusting thanks
to a separate cleaning scheme.

However, despite its effectiveness, CCS itself does not completely isolate the environment from
pollution. Therefore, to solve this problem, in this article to modernize CCS so that it retains its main
advantage — separate cleaning of large and small particles and isolates the dust flow from the environ-
ment is propose.

Presentation of the main material.

The schematic diagram of the double-circuit closed-loop cleaning system (DCCLS) is presented
in Fig. 1. According to the scheme, the primary air flow with the dust mass (M., per second), which
captured by the collection-return unit (CR) (1), does not flow directly into the capture. It mixed with
pre-cleaned flow of the circulation circuit in central ejector (2), and then enters to the separator (3) in
which is separating into two parts in compliance with fractional composition. Flow with fine dust par-
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ticles M55 mass directed to the catcher of circula-
tion circuit (5), and the flow with large dust parti-
cles M3, mass — to the main capture (4). Since the
capture efficiency of large particles is high, the dust
slippage (M,.1) in the device is insignificant. This
dust is returned into the CR work zone and again
after capture falls on cleaning. The flow of the cir-
culation Ms., mass after cleaning is mixed in the
ejector (2) with the primary flow and again through
the separator directed to cleaning.

Thus, firstly, the removal of fine particles is
Fig. 1. Scheme of the double-circuit closed-loop ~ ensured due to repeated passage of dusty flow

cleaning system: 1 — collecting — return unit; through the capture, and, secondly, the system is

2 —mixing device; 3 - separating device; 4 - main  loop-closed, so air pollution is excluded.
circuit capture; 5 — capture of the circulation circuit; The system can be configured with various
6 — circulation fan; 7 —main circuit fan standard injections and cleaning equipment depend-

ing on physical properties and the dispersed dust
composition. A central ejector is used as a mixing device. The separating device is constructed accord-
ing to the results of [8].

The collecting and returning stage are proposed to be designed using the scheme in which the
dust and gas flow is collected through a cylindrical pipe, and the cleaned gas is returned to the work
room through an annular coaxial channel (Fig. 2). The inlet of supply gas flow is tangentially connect-
ed to the device. This design provides a twist flow and high compactness of a free jet at the unit CR.
This, in turn, improves the secondary capture of dust leakage in the main catcher.

The CR includes volumetric flow rate of aspiration air Q;,, which contains a dust from the
sources of emissions M, and the dust leakage of the main catcher My ;.

M, =Mo+ My =012Co +Masq,
where M,.; — mass per second of returning dust, kg/s;

C, — concentration of dust in primary stream, kg/m?®.
The Differential Curve of Distribution (DCD) of the weight taken thus (as a percentage):

(M$ +M1)100
12 =",
Cleaned stream ﬂ- (Mo +M44)10
where M¢ — mass per second of i-th particles of dust leakage;

M1 — mass per second of i-th dust particles, from the source of

dusting (dust mass of the entire range of particle sizes is divided into
10 equal segments).
The mass enters the mixing device:

Moz =M+ Ms.,.

DCD of which:

N - (M 12+ M$.5)100
2-3 = .
(Ml_z + M5_2 )10

Mass per second of dust slippage in the catcher of the circulation
circuit, kg/s:

Cleaned stream

Dusty stream

Ms., =M3-5(1—T]c) )
Fig. 2. The design of unit . . . L .
“collecting — return” where n; — capture coefficient of the circulation circuit device.

DCD of this mass:
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i Msi-s (1—112 )100
Nsp =—-—"——,
M3_5(1—1‘|c)10
where n’. — partial capture coefficient of the circulation circuit device.
The volumetric flow rate of air entering the separator:
Q3 =Qu2+Qs2.
Mass is supplied into the main catcher:

M3 = M3,

where 1 — the part of dust, which falling from the separator into the main catcher (separation ratio) [6].
DCD of which:

M35 s 100
M2.31s 10
Mass is supplied into the circulation circuit catcher:
Mss=M>3(1-ns).

Ni, =

DCD of which:
i Mas(1-1$)100
N3.5 -
M2.3(1—T]5)10
The volumetric flow rate of air:
Q34 =Q2:30m , Qa5 =Q23 (1— Qm) ,

where gy, — the part of volumetric flow rate from the separator to the main catcher [8].
Capture coefficient of the main device:

Z ﬂm N3 410
= 100
where n, — partial capture coefficient of the main device.
Capture coefficient of the circulation circuit device:

Z ﬂc N3 510
= 100

where n. — partial capture coefficient of the circulation circuit device.
Mass, which captured in the main device:
My =Msmn.
Mass, which captured in the circulation circuit device:
Ms = M3 ..
Mass of dust slippage of the main catcher:
My =M3-4(1—T]c) .
The evaluation method of indicators was applied to calculate the system developed for cleaning
the aspiration air at the processes of building materials crushing. Dispersed analysis of samples col-

lected dust allowed us to obtain a differential distribution curve (DDC) Ny, =f(A) (curve 1 in Fig. 4).
Dust density determined pycnometric method, was 2046 kg/m®. The relative slit thickness of selection
of the base flow in separator taken equal to a=0.1. In this case, 4.77 % of gas flow rate enters to the
main channel, and 95.23 % — to the circulation circuit.

The volume flow of dusty air at the entrance to the system should be equal to that of the main
channel Q;,=Q,. It was equal 3.8 107 m®/s. This condition corresponds to the flow rate of the circu-
lation circuit Q3.5=0.762 m®/s and the flow rate at the outlet of the ejector to the separating device
Q,.5=0.8 m%s. Cyclones (which to be manufactured) geometric parameters were calculated from these
data, and as a prototype battery element had taken BCU cyclone type “Energougol”.
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The dependencies for the partial coefficients of cyclone capture were calculated also my, =f(A)

and n. =f(A), which needed to evaluate the effectiveness of the system.

Since the customer’s technical task did not indicate the mass per second of dust emitted by the
crusher, M, conditionally accepted taken equal to one and the calculations were carried out in propor-
tion of this value.

A specific feature of DCCLS is that after the dust emission finished (stopping of the crushing
plant), a short period of work is required to capture the dust of the circulation circuit — the run-out
time. Therefore, the calculation of the system was carried out for system standard (regular) mode and
mode run-out (My=0).

Fig. 3 shows the curves of efficiency changes of different units of DCCL. Here, the first 35 cy-
cles are the time of the standard cleaning mode, the next 25 are the run—out time (the cycle time is the
time during which the flow makes a complete turn along the circulation circuit).
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Fig. 3. Dynamics of changes of 1, (1), 75 (2) and 7, (3) during the operation of the cleaning system

The differential distribution curves (DDC) of all dusty gas flows were calculated also. The distri-
bution curves for M, 3 u M35 given as an example mn Fig. 4 and 5.
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Fig. 4. Dynamics of DDC changes of dust mass M,._3, standard mode: 1 — n=1, 2 - n=5, 3 - n=10, 4 — n=15,
5 - n=30, 6 — n=35; mode run-out: 7 — n=40, 8 — n=45, 9 — n=60
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Fig. 5. Dynamics of DDC changes of dust mass Ms s, standard mode: 1 - n=1, 2 - n=5, 3-n=10, 4 — n=15,
5 -n=30, 6 — n=35; mode run-out: 7 — n=40, 8 — n=45, 9 — n=60

Fig. 3 demonstrates that, either in the standard operation mode or in the coasting mode, both
characteristic periods can be distinguished: the period of the variables and the period of their almost
constant values. As can be seen from Fig. 4 and 5, this is explained by the fact that at the beginning of
both modes the fractional composition of the dust mass changes significantly, and with time this
change becomes insignificant.

The main DCCL integral indicator is the relative mass of dust, which for the entire period of

work emissioned from the main circuit device to the workroom Mz, / My =2.902 (1.911 falls on 35

cycles of standard mode and 0.991 per 25 run-out cycles). Therefore, the value Mz; /M, can be re-
duced to 1.911, if to block access of dusty air into the main channel. A relative disadvantage of such
operation is it will lead to a slight increase in run-out time.

Conclusions.

The research allowed offering environmentally safety system for cleaning aspiration air from pol-
ydisperse dust.

The system provides a separate cleaning principle and is loop-closed. The developed method of
calculating the system parameters allows to determine the mass of dust per second and its DDC for all
elements of the system in the mode of cleaning and running out.

Calculations by this method showed that the effectiveness of the main capture is 92 %. This value
is untypically high for dry inertia catchers. It is achieved by controlling the dispersed composition of the
dust mass. Thus, the system can significantly increase the level of environmental air safety in the areas
of co-location of industrial and residential areas.
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