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Abstract. The article presents data of experimental resoftswo-stage centrifugal dust
concentrator, describes its design, and shows évelgpment of a method of engineering
calculation and laboratory investigations. For élperiments, the authors used quartz, ceramic
dust and slag. Experimental dispersion analysifust particles was obtained by sedimentation
method. To build a mathematical model of the precdsst collection was built using central
composite rotatable design of the four factorigheximent. A sequence of experiments was
conducted in accordance with the table of randombers. Conclusion were made.

1. Introduction

A cyclone separator is the most common and easg¢oequipment for cleaning air from dust
particles, working on the principle of ejection pdrticles from the steam-and-gas mixture by the
centrifugal force [1].

One of the directions of improvement of the cycleeparator is its upgrade to ttveo-stage dust
concentratorThe source information for the development of #gsiipment was obtained through the
study and research of aerodynamics and the dustnugs system with forced recirculation of the
aspirated air.

2. Design construction of two-stage dust concentr ator

The cyclonetwo-stage dust concentrat@figure 1) consists of cylindrical body 1, equippe&dh
tangential pipe 2, which is supplied to the clegnsteam-and-gas mixture, cylindrical insert 4 with
target sleeve 5 and shutter 6; on the cover ofocyckeparator 3, there is fixed exhaust pipe 7 with
volute for detwisting moving stream. The constraetdf dust concentrator is made in the form of a
cyclone chamber with the annular selection steatheg@ms concentrate (the first stage of filtration) o
the axis, which is a counter flow cyclone (the setstage of filtration).

Through inlet pipe 2 in the cyclone part of the tdusncentrator between body 1 and cylindrical
insert 4, unclean steam-and-gas mixiQrds fed. Due to the action of centrifugal forcestparticles
impact on the wall of body 1 are carried to intércevity TSDC airflow Q, through annular cavity,
and then enter the recirculation line. The padioflow Q,, remaining after the first stage of filtration,
through the annular pit between the upper buttanzylindrical insert 4 and cover 3 is directedain
counter flow cyclone for a second stage of filtvati

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1


http://creativecommons.org/licenses/by/3.0

MEACS 2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 327 (2018) 022030 doi:10.1088/1757-899X/327/2/022030

T 0,79,

——

Figure 1.The scheme of thawo-stage dust concentratdt — body; 2 — inlet
pipe; 3 — cover; 4 — cylindrical insert; 5 — targigeve; 6 — shutter; 7 — exhaust
pipe

3. The methodology of experimental studies
The target of experimental reseaiic®DC.

1. The definition of modal, structural parametef$8DC and deducing mathematical relationships
that affect the collection efficiency of dust peldks and water resistanceT&®DC

2. Optimization of constructive and regime paramsete

3. The definition of fractional efficiency of dusbllection and water resistance of construction
TSDC

Table 1.The results of the dispersion analysis of the earpntal dusts

. Mass content, %
Size, um

QD-1 QD-2 QD-3 Ceramic Slag
<25 18.4 6.5 5.5 9.1 7.1
2.5-4 9.6 6.2 6.8 7.0 9.5
4-6.3 13.5 9.1 7.2 11.2 14.1
6.3-10 12.5 17.5 10.8 9.3 17.9
10-15 11.2 11.2 8.2 7.9 10.4
15-20 8.5 10.1 7.9 9.3 10.6
20-25 7.2 8.0 4.3 4.9 6.0
25-30 3.6 5.5 4.6 5.8 7.1
30-40 5.2 8.8 7.8 9.2 6.2
40-60 5.9 7.8 11.0 12.1 54
>60 4.2 9.6 25.5 14.0 5.5
dm, M 9 15.5 24 17 12
Ig[sigma}y 0.523 0.491 0.535 0.477

Pa, kg/m® 2620 2620 2620 2440 2350
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After processing the results [2], the research deseloped a method of engineering calculation
design cyclone of thievo-stage dust concentrator

Laboratory studies of SDC were carried out on an experimental stand, which @@en air and
dusty. The air that is sucked into the system after use went in the exhaust ventilation systeris Th
allowed us to conduct experiments in the isothenatess that enormously simplified the processing
of the results.

The time for one of experiments made 11-19 min;imméh subsample — 350 g. The subsample,
which was necessary for the experiment, was deteanby the dust concentration, airflow and time
of the experiment.

For experiments, the authors used steam-and-gas djgartz (QD-1, QD-2, QD-3), ceramic dust
and dust of blast-furnace slag. Experimental dsparanalysis of dust particles was conducted by th
sedimentation method with the help of pipette eopgipt [3, 4]. The results of the experiment are
shown in table 1.

The ceramic dust 4 (Fig. 2) was taken from the duess of construction production of Eltinskiy
Building Materials Plant and further sifted throughsieve with a mesh of 150 um. Dust of blast-
furnace slag 5 and quartz dust 1-3 (Fig. 2) wetained by grinding the source material in vibratory
ball mill VNINKSM-10.
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Figure 2. Disperse composition of experimental dusts

4. Thebasic constructive and regime parameter sthat influence the efficiency of dust collecting

When the authors were conducting major experimeifictional efficiency of dust collection and
water resistance of construction of the dust comator, the following parameters were measured:

* barometric pressure;

* temperature;

» the relative humidity in the zone of suction in gystem;

» the costs of filtrating and recirculating airflows;

» gtatic pressure in the input and output pipeli&3C,

» the weight of the dust fed palpitates and caughtéispective steps of purification;

» the time of the experiment.

The weight of the dust that was caught by the §tsp ofTSDCG, was determined as the weight of
the dust collected by the bag filter. The weightte# dust, unloaded from the hopper counter of the
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flow cyclone (Fig. 1), corresponded to the valuegspf The weighting was done on an assay balance
VLKT-500-M, the two-stage centrifugal dust concentrator withsgesity is 10 mg per 1/2 division.
Filtering efficiency of the first stagg was calculated by the formula:
G

[eta], = —-; (1)

Gy

of the second stage:
G

[eta], = G, -G, .

(2)

The water resistanc€SDC was calculated as the difference between full presin the inlet
tangential pipe of dust concentrator 2 (Figurerid & the output of the second stage.

A series of parallel experiments was carried outa@istant parameters of the atmospheric air
(temperature, barometric pressure, relative hugii.

Table 2. Table of levels of factors and effects

Code Factors The levels of factors ‘ Signifi
- 0 + cant
X1 Internal diameter of annular i, m 0.3 0.32 034 0.125 Not
The height of the cylindrical part of the
X, second stagh, m 0.2 0.275 035 0.24 Not
X Diameter of dust ventagk, m 0.05 0.065 0.08 -0.243 Not
X,  The dust concentration at the inlet, @/m 0.5 3 55 0.088 Not
Xs  The height of the hoppér, m 0.2 0.25 0.3 0.323 Not
Number of inlet pipe output of steam-and-
Xs gas concentrate, pieces. 1 0 2 0.468 Yes
The depth of immersion of the exhaust pipe
X7 oy, M 0.1 0.2 0.3 1.028 Yes
Xg  Height of bodyh,, m 0.75 0.875 1 0.153 Not

The height of the entrance pit in the |l stag®.05 0.1 0.15 1.613 Yes
X hs, m

X The flow of filtered ailQ,, m*/sec 700 850 1000 4.313 Yes
The relative flow rate of recirculated air

X =QyQa 0.3 0.4 0.5 1568 Yes

Xi»  Fictitious — — — 0.098 —

X1z Fictitious — — — 0.113 —

X, Fictitious — — — 0.158 —

Xis  Fictitious — — — 0.108 —

Factors that affect the efficiency of dust collegtiwere established as in the analysis of
mathematical and experimental research. So therfatttat influence the degree of filtration of kmw
from the dust off SDCwere deduced with plans by Plackett—Burman. Thateniiaeasy to process the
results, to calculate the effects independentlynfeach other and to vary the factors at two levels.

For the application of plan type N=16 for 15 fast@-1) to 11 valid factors, the authors added an
additional 4 dummy (Table 2), which allow them tstimate the variance of observation errors.
According to [5] for each of the factors that waslided in the plan of the experiment, the effactd
the corresponding values of coefficielatsvere determined by assessment (Tablea)yell as the
condition of importance;= 0.338. As one can see, important factorsXare, Xo, X10, X11 [4].
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This series of experiments allowed one to estallishefficiency of the dust of thHESDC andthe
predominant effect, the flow of filtered aiK{y), the relative flow rate of recirculated aiXy{), the
height of the entrance pit in the Il stag&); the depth of immersion of the exhaust pie), the
number of inlet pipe output of the steam-and-gaxentrateXe) [5].

The value of coefficientsee 0.468 of factolXsexceeds the level of significance at 38%. The exces
of the significance level for the other factors, & X; - 205,Xq - 377,X30 - 1176,Xy; - 363. Other
factorsX,, Xg, Xgwere fixed at the lower levels, factdXs, Xs — at middle; an&;, X;— at the upper
levels (Table 2).

Factor X has a minimal effect on the efficiency of dust ecling; therefore, in subsequent
experiments the authors took into account onlyoiact;, Xo, X10, X11-

The water resistance of theo-stage dust concentrataras determined by the plan of Plackett—
Burman, losses which depend on the same fad@r¥Xo, Xi0, X11. The strongest influence on the
pressure loss was exerted by the flow of filtered a

5. The construction of the mathematical model of the process dust collection
A mathematical model of the process dust colleatias built as a composite rotatable desig&RD)
of the four factorial experiment. Five levels ofriation factors were established. The new code of
factors and the variation levels are presentedbtet3.
Table 3. Region of the factor spacgCRD

Co Factors Step The variation levels
de -2 -1 0 +1 +2
X1 The height of the entrance pit at the Il

stage, mm 50 20 70 120 170 220
X, The depth of immersion of the exhaust

pipe, mm 50 0 50 100 150 200
Xz The flow of filtered air, fYhours 100 700 800 900 1000 1100
X, The relative flow rate of recirculated

air 0.1 0.2 0.3 0.4 0.5 0.6

The following was determined as the response fancti
» [etalkspc - the overall efficiency of dust collectidGrSDC,
» [eta] - the efficiency of the first stage of filteringyclone chamber);
» [eta], - the efficiency of the second stage of cleanmgdunterflow cyclone).

Water resistance of cyclon&Prspc was determined in the process of pilot experimeartd
calculated as the difference between full pressbeefirst input and the output of the second staije
the dust concentrator.

A sequence of experiments was conducted in accoedaith the table of random numbers [6] that
compensate for systematic errors in the experif@ntThe value of the coefficients in the regressio
equations was obtained in the computer programidialcheck of the obtained results of the
experiment equations was performed using F-testlangignificance of the coefficients by Student's
criterion [8]. The final form of the equations ieepented in formulas 3, 4, 5 and 6:

[eta] e = 9115— 0180X, + 026X, + 108X, + 0290X,, +
050X, - 0440X,, - 0130X,,

[eta], =890 - 074[X, + 1050 X, + 101l X, + 019[ X, [ X, +

4
037X, (X, - 044X, - 06X, - 012X, )



MEACS 2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 327 (2018) 022030 doi:10.1088/1757-899X/327/2/022030

[eta], = 5694~ 5180X, + 173X, + 4010X, + 16X, +
379X, X, -~ 160X, X, - 545X, - (5)
416X, — 137X, - 2730,

AP =1605- 641 X, +66[ X, +532[ X, — 71X, +

690X, +620X,, + 780X, ©)
6. Conclusions
The flow of filtered air X3) is having a global impact on the main part of¢hpture efficiencyf SDC,
moreover, the value of [eta}hc with increasingX; increases due to the first and second stage of
filtration. The growth efficiency of dust collectrthe first [eta]and second [etaftage of filtration
with increasing the flow of filtered air influencessitively the process of separation of dust pladi
effect t. This can be explained by the increaseetdgcities of the gas [9, 10]. The increase fadtoe,
relative flow rate of recirculated a¥, at the first stage of filtrating [etahe efficiency of air filtration
increases due to the lower velocity of the gas fldvihe second stage of filtrating [qtdhe filtrating
efficiency is reduced. The increase in geometraratieristicsX; (the height of the entrance pit in the
Il stage) andX; (the depth of immersion of the exhaust pipe) camse an erratic decrease or increase
of overall efficiency of thetwo-stage dust concentratoA decrease of flow of filtered airXg)
decreases water resistaric®DCAPrspc at the first stage and reduced at the second sfafjgrating.
Therefore, the use of factob§;, X, and Xz limits the overall effectiveness of thwo-stage dust
concentratof5].

The resulting regression equation allowed optinmzadf the dust collection process.
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