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Hocnioxnceno ennue pisnux paxmopis na sazan-
HY ehexmuenicmv 871061106AHHS MEEPOUX UACMOK
Yy eiduenmposanomy Qirompi 1H060i KoHCMPYKUIL
i3 cucmemoro Kamanié i3 3aMKHEHUMU KOHmMYpa-
Mu. Y npoueci o0podneHHs excnepumeHmaivHux
danux 3anponoHoeano euxKopucmamu mamema-
muunuil nioxio y euznndi anpoxcumauii 3 Memoro
OMPUMAHHS MAMEMAMUMHUX 3ATEHCHOCMEL OUYi-
HI08AHHS 3A2aNbHOI e eKmuUBHOCMi 8J108J1108AH-
HA Meepoux 1acmox pizHOMAHIMHUX Mamepiaie.
Ompumani 3anexncHocmi 00ULILHO 3ACMOCOBYEAMU
AK NpuU npoexmyeanii, max i npozno3ysanii po6o-
mu eiduyenmposux inbmpie, a maxoic agmomamu-
3auii npouecy

Kmouosi crosa: edpexmusnicmo, 6iouenmposui
Qinomp, anpoxcumayis, 6J1081108AHHA UACMOK,
nuno0za3zoeuil nomix, cenapauiiina kamepa

T ]

Hccnedosano enusnue panuunolx Qaxmopos
Ha 06wyt 3¢ dexmusnocmo yraseaueanus meep-
0vlx wacmuy, 8 yeHmpoodescHom uarbmpe ¢ cucme-
MO KAHAT08 C 3aMKHYMbIMU KOHmYpamu. B npo-
uecce o6pabomrKu 3KCNEPUMEHMANLHBIX OAHHBLX
NPeoNoNHCEHO UCNONB3I0BAMb MAMEMAMUECKUT
n00x00 6 6ude annpPoOKCUMAUUU C UeIb10 NOJYHEHUS
Mamemamuveckux 3a8UCUMOCmeli OUeHKU 00wei
apexmuenocmu ynasausanus meepovix wacmuy,
pasnoobpasnvix mamepuanos. Ionyuennvie 3a6u-
CUMOCIU Ueaeco00Pa3Ho UCNOTIb308aAMb KAK NPu
nPoeKMuUposanuu, max u npozHOIUPOBAHUL pPado-
Mol YEHMPOOEIHCHBIX PUALMPO8, a Maxice agmo-
Mamuzayuu npoyecca

Knmoueevie cnosa: appexmusnocmo, yenmpo-
Oedxcnolil puavmp, annpoxcumayus, Yiaeausanue
yacmuy, novlieza3osvlii NOMOK, CenapauuoHHas
xamepa
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1. Introduction

Operation improvement and development of waste-free
closed-circuit cycles remain the main ways to reduce dust
emissions in the atmosphere. However, in those, still numer-
ous, cases where these problems cannot be solved, the most ef-
fective and cost-saving means of cleaning of air and gases from
dust before release into the atmosphere should be applied.

The fact that Ukraine has adopted the Directive
2001/80/ EU “On the limitation of emissions of certain
pollutants into the air from large combustion plants” for the
air protection from pollutants induces the reduction of par-
ticulate matter emissions in the environment to the level of
50mgm?3/h in many industrial processes.

Various dust-collecting devices with individual charac-
teristics are used to solve the above problems. The most im-
portant, which basically dictate their choice is the dust col-
lection efficiency and aerodynamic drag, which determine
the cleaning quality and energy consumption to achieve it.
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Creation of more efficient dust-collecting equipment
and development of the efficiency calculation methods is the
urgent problem today.

2. Literature review and problem statement

Cyclone dust collectors, based on the action of the cen-
trifugal force are used in many industries as the first stage
of cleaning of process gases from particulate matter [1, 2].

Hundreds of designs and thousands of modifications
have been developed in recent years. However, a sharp de-
cline in the efficiency of cleaning of gas flows from particu-
late matter in these devices [3] does not allow using them as
the only stage of cleaning in systems with high initial dust.
High-efficiency cleaning of gas flow from particulate matter
can be achieved by combining two cleaning principles in
one device: centrifugal separation and multiple filtration
through a self-regenerating dynamic dust layer. Combina-




tion of these processes is implemented in the centrifugal
filter [4, 5].

It should also be noted that to date there is no full
and accurate method for calculating the dust collection
efficiency of cyclone dust collectors, which would consid-
er all the structural features of the devices and processes
occurring in them. Currently, there are several approaches
to evaluating the efficiency of cleaning in cyclones. Known
methods for calculating cyclones [6], based on the use of
empirical probability functions, describing the parameters
of the fractional efficiency of cyclone dust collectors and
disperse structure of many types of industrial dust, are not
accurate enough. This is caused by many factors. The most
difficult-determined factor is the quantitative assessment
of the impact of transition to a widespread application of
a different dimension-type of the cyclone and changes in
process parameters on the dust collection efficiency.

In the method [7], an attempt is made to consider the
features of flows in the device, wall friction, multifraction-
ality and input concentration of solids on the characteristics
of the particulate collection in cyclone devices. The work [8]
proposes a statistical correlation for evaluating fractional
efficiency, which is satisfactory agreed with experimental
data for cyclones of different geometry.

Thus, the inefficiency of cleaning of gas flows from partic-
ulate matter in existing dust collectors necessitates research
in this area, that is the creation of a new design of the centrif-
ugal filter, and at the same time leads to the development of
mathematical tools for processing experimental data, both for
research and development of design techniques.

3. Research goal and objectives

The research is aimed at developing mathematical ap-
proaches to evaluating the collection efficiency of particulate
matter of different materials by the eight-channel centrifugal
filter of a new design [9, 10], which will allow establishing a
functional relationship between the collection efficiency of
particulates and their diameters for different materials.

To achieve this goal, the following tasks are solved:

— study of the efficiency of the centrifugal filter using the
laboratory test bench;

— analysis of the experimental data and development of a
mathematical approach for constructing functional relation-
ships between the collection efficiency of particulates and
their diameters.

4. Research materials and methods for evaluating the
collection efficiency of particulates of different materials

4. 1. Description of laboratory test bench

Centrifugal filters with a system of closed-circuit chan-
nels are widespread in different industries [11]. Centrifugal
filters are based on the system of series-connected curvi-
linear channels with equal angles of rotation and cross-sec-
tional areas. The channels are formed by two flat walls and
cylindrical half shells of different curvatures. The closed
circuit occurs in two adjacent channels in the presence of
eccentricity between the axes of rotation of odd and even
half shells.

For the aerodynamic testing of the centrifugal filter,
the laboratory test bench was mounted in the laboratory
of the Institute of Engineering Thermophysics, NAS of
Ukraine, Department of Thermal Processes in Boilers
(Fig. 1).

Operation of the laboratory setup was as follows: the
centrifugal fan 5 was turned on for testing, the material
was supplied by the screw feeder 9. The material supplied
to the feeder was delivered to the measuring flue 1, where
it was mixed with air. The resulting dust-gas flow was fed
into the centrifugal filter 2, where the particulate matter
was collected in the system of channels and distributed
among isolated bins, connected to the pairs of the system
channels, and cleaned gas flow got into the environment
through the flue 3 and centrifugal fan 5. The laboratory
setup operated under vacuum that was created by the cen-
trifugal fan.

The eight-channel centrifugal filter is shown in Fig. 2.
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Fig. 1. The scheme of laboratory setup: 1, 3 — measuring flues; 2 — centrifugal filter; 4 — gate; 5 — centrifugal fan;
6, 7 — spouts for measuring experimental data; 8 — thermometer; 9 — screw feeder



Fig. 2. Centrifugal filter: 1 — inlet; 2 — separation chamber;
3 — curvilinear channels; 4 — annular slots; 5 — recirculation
gaps; 6—9 — bins; 10 — flow straightener; 11 — outlet

Operation of the centrifugal filter lies in the collection of
particulates moving in the separation chamber 2 along the
curved path and are concentrated at the periphery of each of
the channels 3 and then removed through the gaps 5. Further,
polydisperse particulates with the part of gas flow through
the annular slots 4 to collectors 6—9, where a large amount
of particulates settles, and those fractions that continue to
soar, return to the active separation zone (channels) through
the slot and are separated again. The most coarse particula-
tes — from the first and second channels get to the bin 6, fi-
ner particulates from the third and fourth channels — to the
bin 7, from the fifth and sixth channels — to the bin 8, the
finest particulates from the seventh and eighth channels of the
separation zone of the centrifugal classifier — to the bin 9. The
gas flow cleaned from fine particulates is removed from the
device through the outlet 11 through the flow straightener 10.

Particulate matter collected in the system of channels is
removed through the annular slots of all four pairs of the
eight-channel centrifugal dust collector to separate isolated bins.

4. 2. Techniques of pilot studies

For pilot studies, the air flow with the flow rate of
100...200 m®/h and feed of particulates of 150...350 g/min
was passed through the device. The studies were conducted
at the mixture concentration of 100 g/m3. Collection of
particulates was carried out in 4 pairs of channels of dif-
ferent radius of curvature. Efficiency was determined for
3 operation modes of the device — 100, 150 and 200 m?/h by
weighing the amount of material, falling into the bin and the
total amount of material fed during the experiment.

Dust of coke, kaolin, lime, cement, sand and lignin,
whose properties are given in Table 1 were used as experi-
mental materials in the studies. The materials used in pilot
studies have a range of median diameter (dso) of 12...50 mm
and density (p,,) of 1800...3450 kg,/m?.

Based on pilot studies, particulate collection efficiency
was determined for each pair of channels (bin number) for
each type of dust. Materials of different median particulate
diameter and density were used as dust.

The overall particulate collection efficiency (%) is deter-
mined in accordance with the expression (1):

B R PPRRLUI (PR 2 I P ™
n—[1( 100)( 100)...(1 100)]100, )

where n is the overall particulate collection efficiency, %; 1y,
M2--Mn is the efficiency for each of the n bins of the device, %.

The results of experimental particulate collection effi-
ciency determination for the four bins with different par-
ticulate diameters and the calculated values of the overall
efficiency for kaolin are presented in Table 2.

Table 1
Properties of the materials used in pilot studies
Properties coke |kaolin| lime |cement| lignin | sand
Density (p,), kg/m?| 3450 | 3300 | 3260 | 3200 | 2300 | 1800

Median particulate
diameter (dsp), mm

Dispersion, (o) 2,8 2,5 3 3,1 2,2 2,9

12 15 17 20 30 50

Table 2

The results of experimental determination of kaolin
particulate collection efficiency

Particulate| Particulate collection efficiency, % | Overall partic-
diameter, (for the four bins of the device) | ulate collection
mm 1 2 3 4 efficiency, %
1 5,3 6,2 4,7 2,4 17,4
2,5 5,5 6,2 73 3,8 21
4 9 8,7 6 12,6 31,7
6,3 14,7 12,4 17,8 15,2 479
10 18 19 22,1 23 60,2
16 18,2 21,2 24,8 26 64,1
25 16 16 13,5 16 48,7
40 13,3 10,3 3,8 1 25,9

Similar studies were carried out for all materials present-
ed in Table 1. Operation parameters of the device (tempera-
ture, flow rate, etc.) were maintained at the same level for all
of the substances under study.

It can be expected from the data analysis results that the
generalized relationship for all materials cannot be obtained
at this stage, so further processing of the experimental data
was carried out for each material separately.

5. The results of mathematical processing of experimental
data for evaluating the overall particulate collection
efficiency

The pilot studies found that there is a relationship between
the overall collection efficiency of particulates and their diam-
eter. Approximation was performed based on the approach
[12], according to the specifics of the process. Verification of
various types of single-factor relationships was held, the most
promising is the functional relationship of the form (2):

X

yi_(a+bx+cxz)’ )
where y; is the overall collection efficiency of the particulates of
the i-type of material, %; x; is the diameter of the particulates
of the i-type of material, mm; a, b, ¢ are unknown coefficients.

An example of determining the approximating relation-
ship for kaolin particulates in the mathematical package
Mathcad is shown in Fig. 3.

Summarized results of the mathematical relationships
between the overall collection efficiency of particulates and
their diameter for different materials are shown in Table 3.



Evaluation of the overall collection efficiency of kaolin particulates
Particulate diameter Overall collection efficiency
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Fig. 3. Calculation of the type of the approximating relationship for evaluating the kaolin particulate collection efficiency in the

So, the mathematical relationships between the
overall collection efficiency of particulates of dif-
ferent materials and their diameters are obtained,
other properties (density, dispersion) remain fixed.

Evaluation of the correlation of parameters
of particulates collected and relationship factors
was performed (Fig. 4).

As seen from the results, there is a correlation
between the density and the factor b. This means
that the value of the overall material particulate
collection efficiency is affected primarily by the
particulate diameter, and the material density, as
reflected in the values of the factor b. Therefore,
research to establish a functional relationship be-
tween the collection efficiency of particulates and
their diameter and the material density, as well as
in collection of mixes of materials is promising. In
addition, the studies found no significant effect of
the material dispersion, which may be the result
of maintaining fixed operation conditions of the
centrifugal filter. This was also proved by calcu-
lations for evaluating the correlation between the
parameters of material particulates and factors
of approximating relationships. For final conclu-
sions, investigation of the effect of dispersion of a
wider range is advisable.

Mathcad program

Table 3

The results of constructing the mathematical relationships of collection
efficiency of particulates of different diameters

T}.Ipe of SO]id. material' and Form of the mathematical relationship for the Estimz}ted
its properties (density, fici aluation. % relative
kg/m?, dispersion) ciiciency evatuation, 7 error, %
Coke, d
p, = 3450, d)=
n(d (0.132-6.019-10°d +8.829-107d?) 11,39
c=28
Kaolin, d
p, = 3300, d)= __
3 D)= 5038 +0.024d ~1.627-10° %) 599
c=25
Lime, d
p, = 3260, d)- .
Oy D= 0024700224 -1.152- 10~ %) 886
Cement, d
p, = 3200, d)=
=31 () (0.217-7.135-10d +4.399-10*d*) 6.78
Lignin, d
p, = 2300, d)=
3 D)= 41600184 + 538110 %) 854
c=22
Sand, d
p, = 1800, d)= —
e D= G 171-0.022d - 2.182- 10~ %) 853




Evaluation of the correlation of parameters of particulates collected and relationship factors
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Fig. 4. Calculation of correlation of parameters of particulates collected and relationship factors in the Mathcad program

5. Discussion of results of the study of centrifugal filter
efficiency

The advantages of the present research is construction
of mathematical relationships, which allow calculating the
particulate collection efficiency in the centrifugal filter of a
new design for various types of dust. The downside is that
finding the factors of the proposed relationship requires
experimental tests of the types of dust that differ from the
properties of the materials considered in the work.

Experimental data processing with obtaining appropri-
ate mathematical relationships allows you to quickly deter-
mine the overall efficiency of cleaning of gas flows in the
centrifugal filter for the design and operation forecasting of
centrifugal filters.

First, the parameters affecting the efficiency of particu-
late collection by the centrifugal filter were analyzed in the
paper. For this, aerodynamic tests were conducted, the anal-
ysis of which found that efficiency is significantly affected
by a particulate size. Second, mathematical processing of
research results was performed, namely the mathematical
relationship was constructed to calculate the particulate
collection efficiency for materials with the same parameters
(diameter, density, dispersion) without conducting aerody-
namic tests. To accomplish the task, it was decided to use
built-in functions of the mathematical package Mathcad,
which actually automated the process of calculating un-
known factors of the proposed mathematical relationship
and obtaining the efficiency value.

Further studies will be conducted to expand the da-
tabase of factors of mathematical relationships for other
materials.

6. Conclusions

As aresult of the research:

1. Characteristics of the centrifugal filter for various
materials: coke, kaolin, limestone, sand, lignin, cement were
obtained. The collection efficiency of dust particulates of
these materials during the pilot studies was 84...99 %.

2. The mathematical relationships of the particulate
collection efficiency in the centrifugal filter of a new design
were constructed. The relationship has the form of a hyper-
bolic function with three unknown factors. This choice is
due to the results of acrodynamic research of the centrifugal
filter. Using the mathematical package Mathcad, a search of
unknown factors for various solid materials was carried out.
The mathematical relationships of collection efficiency allow
calculating the efficiency value with the known diameter of
particulates for the material with the same parameters (den-
sity, dispersion, etc.).

Evaluation of the correlation of parameters of particu-
lates collected and relationship factors was conducted. It
was found that the overall collection efficiency of the partic-
ulates of the material is affected primarily by the particulate
diameter, and the material density, as reflected in the values
of the factors.
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IIpogedeno ananiz npumunno-HACAIOKOBUX 36°A3Ki6 Y
cucmemi <00uUHA-NPpupooas. 3anponornosamno ma o6rpym-
moeano nioxiod 0o 6mpoeaddceHHs NON0JNCeHb KOHUenuii
CmManozo po3eumKy 3i 3IMIUEHHAM AKUeHmy HA eKO0JI02IUHY
Oesnexy. Pospaxoeano nomenuiiiny ma peanviy exosoeziu-
HY Ul eKOHOMIMNY WKO00Y 6HACHI00K HEPAUIOHAILHOZ0 BUKO-
PUCMAHHA NPUPOOHUX PecypPCié. 3anponoHoeano memoou
ouintosantsn iHOexcy exono2iunoi Gesnexu adiomuunux ma
OlomuMHUX KOMNOHENMIE eKON0IUHUX CUCMeM

Kmouosi caosa: exonoziuna Gesnexa, cmaauii po3eu-
mox, Memoou ouint0eanns, popmanizauis, exocucmemmuii
nioxio, exonoziuna wrxooa

= yu

IIpoeeden ananuz npuuunmno-ciedcmeeHHvlx césa3el 6
cucmeme <uenosex-npupooar». Ilpednoxcen u obocnosan
n00x00 K 6HEOPEHUIO NOJIONCEHUL KOHUENUUU YCMOUUUBO-
20 paszéumus co cmewjeHueM aKueHma Ha K0J102UUECKYI0
oesonacnocmo. Paccuuman nomenuyuaiohvlii U peavolii
9K0J1020-3KOHOMUMECK UL YuiepO 6Caledcmeue HepauuoHalb-
H020 UCNONb308aHUSL NPUPOOHLIX pecypcos. TIpednocennt
Memoobl OUEeHUBAHUSA UHOEKCA IKOJI02UMECKOU Ge30nacHo-
cmu abuomuuecKux u GUOMuUUECKUX KOMNOHEHMOE K010~
2unecKux cucmem

Kniouesvte cnosa: sxonoeuneckas 6esonacnocmos, yc-
motiuueoe paseumue, memoovl oueHUGAHUL, popmanusa-

U, IKOCUCMEMHBLI NO0X00, IKOTI0ZUMECKUL Yyulepd
a o
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1. Beryn

B ocranmni geximpka poxiB Ha piBHi Opramizaiii
O6’exnanux Hauiit (OOH) yce 6inbiioi akTyanbHOCTI
HabyBaOTh NUTaHHA GiHOCTI Ta MPOAOBOJIbLUOI Oesle-
ku. lle migTBepAKYETHCA MIPU AOCHIJKEHH] TEKCTY OC-
TaHHIX r106aJbHKUX JOKYMEHTIB y rajy3i 3abesneyeHHs
CTAJIOTO PO3BUTKY — «MaiibyTHE, SKOrO MU IIParHeMo»
[1] Ta «IlepeTrBOopenns Hamoro cBity: [lopsapok geHHMit B
cdepi cramoro po3suTky Ha mepion 10 2030 poxy» [2], me
BUDIIIEHHS 3a3HAYEHUX MUTAHb GAYUTHCS HAWBaKIIM-
BiNIO TI06aNbHOI0 3a4a49ei0 MiKHAPOAHOI CHIJTbHOTH
Ta OJ[HI€I0 i3 HEOOXIAHUX yMOB 3a0€3IeYeHHs CTAJNOTO
PO3BUTKY.

SIKI0 3aMUCAUTUCH Hall 3MicTOM TIpobJeM 6iHoCTI Ta
[POZOBOJIBUOL GE3eKU, OUEBUAHUM € IX TICHUN 3B’I30K:
y perioHax, Jie ZOCUThH CKJaAHO BUpOOUTH abo n00yTH
XapuyBaHHS, 4YaCTO CIIOCTEPITAEThCA TIepEeHACEJIeHHS 1, IK
HaCJiI0OK, BUHUKAIOTh TPOOJIEMU TIEPepo3moiay iki. A
TaM, jie € 6iAHICTD, 3aBK U BIACYTHI MOKJINBOCTI TOBHOTO
3a/10BOJICHHS OTPeb Jitojiell y xapuax. Buxoauts cBoepi-

He 3aMKHEHe KOJIO.

3 TOYKM 30py KaTeropiii, Buille BUusHauyeHi npobiemu
MOKHA CMiJIMBO BiJITHECTH /IO COIliaJbHUX, OJHAK IX J0-
CHIJPKEHHS TIIbKU i TAKUM KYTOM 30py OyJie BEJUKOIO
MTOMUJIKOI0. AJKe colliajibHA CYTHICTH JIOAUHU € JIUTIE
OJIHUM 13 TPOSIBIB OyTTSI JIOAMHU, SIKY MOKHA OXapak-
TepU3yBaTH 1 3 EKOHOMIYHOI, 1 3 €KOJIOTIYHOI TOUKHU 30pYy.




