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Abstract

Introduction. The production of reinforced concrete products, being the basis of modern industrial construction, is a
very significant source of dust emissions. Traditional cleaning methods are often unable to ensure the compliance with
air quality requirements, and replacing them with more modern ones requires significant capital and operational costs.
One of the most promising ways to solve the problem is the use of a new class of inertial dust collectors with counter
swirling flows, combining constructive simplicity and low operating costs with sufficiently high work efficiency. The
aim of the work was to analyze the factors influencing the magnitude of the breakthrough coefficient of fine dust
particles, as well as the development of constructive solutions aimed at reducing it.

Materials and Methods. An analytical review of technical solutions aimed at reducing the breakthrough magnitude was
carried out, on the basis of which the designs of the lower input of dust collectors with counter swirling flows were
developed. Methods of computational experiment and field measurements were used to confirm the effectiveness of the
developed structures.

Results. By means of numerical experiments, the information about the aerodynamic flow pattern in the separation
chamber of the CSF dust collector was obtained, and the breakthrough magnitude of dust particles was estimated. The
solutions were developed for the design of the lower coaxial input of the swirling flow of dust collectors on the counter
swirling flows, taking into account the features of dust pollution generated during the operation of technological
equipment of reinforced concrete production.

Discussion and Conclusion. The presence of a displacement of the axis of the secondary swirling flow from the axis of
symmetry of the separation chamber was established. The consequence of this was the non-coaxiality of the primary
and secondary flows, which led to a decrease in the intensity of the twist, the formation of parasitic vortices, and, as a
consequence, an increase in the value of the breakthrough coefficient. This effect was especially pronounced with a
large proportion of fine dust particles, characteristic of dust pollution formed during the production of reinforced
concrete products. The proposed design of the coaxial input of the secondary swirling flow reduced the magnitude of
this eccentricity, which made it possible to achieve a significant reduction in the breakthrough magnitude of fine
particles characteristic of dust emissions of reinforced concrete industries. The results obtained can be effectively used
both in the production of reinforced concrete products and in other branches of construction production, which is
characterized by intensive formation of fine dust emissions.

Keywords: dust collector with counter swirling flows, dust particle breakthrough coefficient, enterprises for the
production of reinforced concrete products and structures
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AHHOTALUA

Bgeoenue. TIpon3BoACTBO  Kene300€TOHHBIX  M3JIENUM, OyAydyd OCHOBOH COBPEMEHHOIO HHIYCTPHAIBLHOTO
CTPOUTECIILCTBA, ABJIACTCA BECbMa CYIICCTBCHHBIM UCTOYHUKOM IIBIJIEBBIX BI)I6pOCOB. Tpa}lI/IL[I/IOHHI)Ie METOAbI OUUCTKU
3a4acTyl0 HECHOCOOHBI 00eclednTh COONMIOJeHNEe TPeOOBAaHMH K KauyecTBY BO3IYIIHOW Cpejbl, a 3aMEHa HX Ooiee
COBPEMECHHBIMU Tpe6yeT SHAYUTCIIbHBIX KalWUTAJIbHBIX MW OKCIIIyaTallMOHHBIX 3aTpart. O]IHI/IM u3 Hambolee
MEPCIEKTUBHBIX MyTeH peleHus NpoosieMBbl ABIAeTCA NPUMEHEHHE HOBOTO KJIaCCa MHEPLMOHHBIX IMBIICYIOBUTEIEH CO
BCTPEUHBIMH 3aKPYYCHHBIMH IIOTOKaMHM, COYETAIONIMMH KOHCTPYKTHBHYIO IIPOCTOTY M HH3KHE SKCIUTyaTallMOHHBIC
3aTpaThl C JOCTaTOYHO BBICOKOH 3((EKTUBHOCTBIO padoThl. Llenbio paboTel ObLT aHamu3 (GakTOPOB, OKA3BIBAOIINX
BIMSHHE Ha BENWYMHY KO3((HUIMEHTa INPOCKOKA MEIKOIMCIEPCHBIX MBUIEBBIX YacTHI, a TakXke pa3padoTKa
KOHCTPYKTHBHBIX PEIICHUH, HAITPABICHHBIX HA €T0 CHIDKCHHE.

Mamepuanvt u memoosl. IlpoBeneH aHATUTHYECKHH 0030p TEXHHUECKHX PEIICHHH, HANpPaBICHHBIX Ha CHIDKCHHE
BCJIMYMHBI MPOCKOKA, Ha OCHOBAHUM KOTOPBIX pa3pa60TaHLI KOHCTPYKIIMM HMXHCTO BBOJA HI)IJIeyJIOBI/ITeJICﬁ (¢{0)
BCTPEUHBIMHM 3aKpyYeHHbIMH TO0TOKaMu. [l moxarBepkaeHUs 3(GEeKTUBHOCTH pPa3pabOTaHHBIX KOHCTPYKLUMA
MMPUMEHAIIUCH METOAbI BBIYUCINUTEIILHOTO SKCIIEPUMEHTA U HATYPHBIC 3aMEPbI.

Pesynomamul  uccnedosanusn. 11ocpencTBOM TMPOBEACHUS YHCIEHHBIX JKCIEPUMEHTOB TOMY4YeHBbI CBEIEHUS 00
a’pOAMHAMHUYECKON KapTHHE TeUECHUs B cermapannoHHOI kamepe mbuteynoButens B3I, a takxke mpousBeseHa OleHKa
BEJIMYMHBI IIPOCKOKA MBUIEBBIX YacTHI. Pa3paboTaHbl pelIeHHs 10 KOHCTPYKTHBHOMY O(OPMIICHHIO HIKHETO
KOaKCHaJIbHOTO BBOJIa 3aKPYYEHHOTO ITOTOKA IBUICYJIOBUTENICH Ha BCTPEUHBIX 3aKPYUEHHBIX ITOTOKAX, yUHTHIBAIOIIUE
OCOOCHHOCTH  TBIJIEBBIX  3arps3HEHHMH, O0Opasylomuxcsi Tpu  paboTe  TEXHOJOTMYECKOTo  00O0pYHOBaHUS
XKeJIe300€TOHHOTO IPON3BOJICTBA.

Oébcyscoenue u 3axniouenue. bpIIo YyCTAaHOBJICHO HAIMYKME CMEIICHUS OCH BTOPHYHOI'O 3aKPYUYEHHOI'O TOTOKA OT OCH
CUMMCTPUHN CeHapaHHOHHOﬁ KaM€EpPHI. CHEI[CTBI/IeM 9TOr0 ABJIACTCA HCEKOAKCHAJIbHOCTH IMEPBUYHOIO W BTOPHUYHOI'O
TIOTOKOB, IPUBOAAINAA K CHUKXCHUIO MHTCHCUBHOCTU 3aKPYTKU, o6pa3013aHmo TapasuTHBIX anpef/i, ", KaK CJICACTBHUC,
YBEJIWYEHHUIO 3HAUCHUS KO3 PunueHTa npockoka. OCOOEHHO CHIIBHO TaHHBIHN 3((eKT mposiBaseTcs mpy OOBIION 1oIe
MEJIKOICIIEPCHBIX TBIJIEBBIX YacTHI, XapaKTEPHOW sl MBUIEBBIX 3arpsi3HEHHH, 0Opa3yIOIMXCs NMPU MTPOU3BOICTBE
Kene300eTOHHBIX n3zenuid. [IpeaoxkeHHas KOHCTPYKLHMS KOAKCHAJILHOTO BBOJIa BTOPHYHOT'O 3aKPYUEHHOTO IOTOKA
CHIDKAeT BEJIIMYMHY JAaHHOTO SKCHEHTPHCHTETA, YTO IMO3BOJSET JOCTUTaTh CYLIECTBEHHOI'O CHUXKEHUS BEIMYHHBI
MIPOCKOKA MEJKO/UCIIEPCHBIX YacTHI, XapaKTEPHBIX JUIS IBIJIEBBIX BBHIOPOCOB )KEIE300€TOHHBIX IPOM3BOACTB.
[MonydeHHsle pe3ysbTaThl MOTYT OBITH 3(Q(EKTUBHO HMCIIOIH30BaHEI KaK B MPOU3BOJICTBE XKEJIE300€TOHHBIX U3/ENNi,
TaKk W B JPYTUX OTPACiIsAX CTPOUTEIHHOTO IPOM3BOJCTBA, IS KOTOPOTO XapaKTEpPHO HMHTCHCHBHOE 00Opa3oBaHUE

MECJIIKOAUCTIEPCHBIX ITBIJIEBBIX BBI6pOCOB.

KiroueBble cji0Ba: TBUICYJIOBHTENb CO BCTPEYHBIMHM 3aKPyYEHHBIMH IOTOKaMH, KO3((HIIMEHT MpPOCKOKAa YacTHI]

NbUIH, IPEANPUATHUS 110 IIPOU3BOACTBY JK€IIe300€TOHHBIX I/I3,Z[€J'IHI>1 u KOHCprKIII/Iﬁ
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BJIaI‘OlIapHOCTI/I. ABTOpLI BbIpAXKAIOT 6HaFOL[apHOCTI) peaakuuu U PCEUCH3CHTaM 3a BHHUMATCJIBHOC OTHOLICHUEC K

CTaTbC U YKa3aHHbIC 3aMCUaHUs, KOTOPBIC IMMO3BOJIUIIN NOBBICUTH €€ Ka4€CTBO.

Jaa ourupoBanust. Mecxu b.U., Esrymenko AWM., boposkos JI.II. Texnudyeckue pemieHus MO CHUXEHHUIO BEIHUUHBI
MIPOCKOKA MBIJIEBBIX YaCTHUI[ IIPH OYUCTKE BHIOPOCOB MPOU3BOJCTBA JKEJIE300€TOHHBIX U3JENUI MBUICYJIOBUTEISIMUA CO

BCTPEUHBIMH 3aKPYYEHHBIMU TOTOKaMu. besonacnocms mexnoeennvix u npupoouvix cucmem. 2023;7(4):7-19.
https://doi.org/10.23947/2541-9129-2023-7-4-7-19

Introduction. The designs of dust-collecting devices for dust and gas cleaning are gradually becoming more
complicated [1-5], which is accompanied by an increase in the costs of their production. This circumstance makes it
difficult to widely use new types of dust collectors: wet washing devices, electric filters, fabric dust collectors of
various types. Modern requirements in the field of air cleanliness require the expansion of the use of dust collecting
devices and increasing the efficiency of their operation [6]. A promising way to resolve this contradiction is to improve
inertial methods of dust collection, characterized by constructive simplicity and low cost of operation. One of the
directions of development of inertial methods of dust collection is dust collectors on counter swirling flows (hereinafter
referred to as CSF). Their main advantage is lower values of the dust breakthrough coefficient compared to cyclones,
the stability of work and the simplicity of structures [6]. However, the spread of this type of dust collectors is
constrained by insufficient information on the effectiveness of application in specific areas of industrial production. In
addition, there is a wide variety of design schemes of such devices, each of which requires fine-tuning in the conditions
of a specific technological process. Therefore, the development of technical solutions for the adaptation of dust
collectors on counter swirling flows is an urgent task.

There are two main types of dust collectors on counter swirling flows. The first type includes devices in which
compressed air is used to create a secondary swirling flow. The inlet through which compressed air is supplied is
located on top and is called secondary. The second type includes devices created on the basis of cyclones [6-8]. The
main difference between CSF devices and cyclones is that a lower inlet is added to the usual upper inlet. A patent was
obtained by E. Schaufler and H. Zennek for the described designs in 1953 (Fig. 1) [9].
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Fig. 1. Vortex chamber for separation of solid and liquid aerosol particles by means of an auxiliary swirling gas flow:
1 — separator; 2 — primary flow inlet; 3 — nozzle for secondary flow;
4 — exhaust pipe; 5 — jack washer; 6 — dust collection hopper [10]
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In 1972, the designs of nozzle (Fig. 2 a) and vane (Fig. 2 b) types were proposed [6].

a) b)
Fig. 2. Vortex dust collectors: a — nozzle type:
1 — chamber; 2 — inlet pipe; 3 — vane swirler of the "socket" type; 4 — nozzles; 5 — outlet pipe;
6 — retaining washer; 7 — dust hopper; b — vane type: 1 — chamber; 2 — inlet pipe; 3 — vane swirler of the "socket" type;
4 — annular vane swirler; 5 — outlet pipe; 6 — retaining washer; 7 — dust hopper [10]

The exclusion of inertial dust collectors from the layout schemes of cleaning systems, as well as the use of cyclones
of outdated design as the first stage, negatively affects the resource, energy efficiency and operating costs. Dust
collectors on counter swirling flows, due to the increased efficiency of separation of medium and small fraction
particles, can significantly relieve more expensive and energy-intensive dust collecting equipment, increasing the
operational characteristics of emission purification systems and reducing the cost of their operation.

Currently, the study of CSF devices and their introduction into various productions are conducted by several
research teams of Russia. In the works of V.N. Azarov, S.A. Koshkarev, N.M. Sergina, D.P. Borovkov, etc. a number of
design changes in the CSF devices have been proposed, and various schemes of dust cleaning systems have been
developed, in which cyclones, CSF and bag filters are used [6]. For example, in order to increase the reliability of
operation of CSF devices, including at the factories of the concrete industry, it is proposed in a number of designs to
take the bottom inlet vortex generator outside the devices [6, 11]. In addition, a number of devices with several upper
inlets have been developed, for example, dust collectors (Fig. 3) [6].
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Fig. 3. Diagram of the DC-CSF dust collector:
1 — housing; 2 — inlet of the secondary dust flow; 3, 4, 5 —inlets of the primary dust flow;
6 — outlet of the purified air; 7 — dust collector;
8 — jack washer; 9 — swirler; 10 — hatch for cleaning [10]
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Works by E.I. Boguslavskiy, VV.N. Azarov and others are devoted to stochastic models for CSF calculation [6, 11]. In
works [12-15], the calculations of fractional efficiency of CSF devices using modern software systems were carried out.

As follows from the analysis of literature sources on this topic, at present, the design schemes of CSF dust collectors
differ mainly in the type of secondary flow inlet (with an external and internal vortex generators), and the main efforts
of researchers are aimed at studying aerodynamic parameters and creating calculation techniques. However, it is the
improvement of the design of the secondary inlet that allows reducing the value of the breakthrough coefficient. The
main feature characteristic of dust particles formed during the production of reinforced concrete products is their fine
dispersion [16, 17]. Particles of small fractions are more prone to slip, especially in conditions of insufficient intensity
of the secondary flow twist. One of the factors influencing the intensity of the twist is the geometric configuration of the
secondary inlet, which introduces serious distortions into the kinematic structure of the flow in the lower region of the
separation chamber of the CSF dust collectors [17]. In addition to reducing the overall intensity of the flow twist, when
it interacts with the secondary inlet pipe, undesirable idle vortices occur that can cause entrainment of already captured
dust particles [18].

The aim of this study was to analyze the factors that had a decisive influence on the value of the breakthrough
coefficient of fine dust particles of reinforced concrete production and to develop appropriate design solutions for the
design of the lower inlet of the swirling flow of CSF dust collectors.

Materials and Methods. The study of the parameters of movement of dust-air mixture in the lower part of the
separation chamber of the dust collector with counter swirling flows was carried out by means of a computational
experiment. The kinematic model of the motion of gas dust collector in the separation chamber on the counter swirling
flows, implemented using the numerical solution of Navier-Stokes equations and continuity, was closed using the k-¢
turbulence model in the COSMOSFlowWorks application for the SolidWorks software.

To solve this problem, models of CSF dust collector of several standard sizes with standard strapping were built.
The dimensions of the main elements of the vortex dust collector were accepted as typical for CSF and CIF series of
vortex dust collectors. Dust collectors with separation chamber diameters of 160, 350 and 700 mm were used as
prototypes in the construction of models. Figure 4 provides the scheme of a computational model (made with the use of
SolidWorks numerical modeling environment). At the first stage, initial and boundary conditions were set to bind the
mathematical model to a specific task and to the computational domain.

Fig. 4. Scheme of computational model of vortex dust collector

The experimental research plan included three series of experiments conducted for different values of the flow rate
supplied to the inlet section of the lower vortex generator (zone B) (Fig. 5).

Technosphere Safety
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Fig. 5. Cross section of the lower inlet pipe of the secondary dust and gas flow of the CSF dust collector

The scheme for determining the design parameters of the lower inlet is shown in Figure 6 (made with the use of
SolidWorks numerical modeling environment).

Tangential vortex /:,\
generator

a T

© J—

Outlet

Horizontal pipe
|

Fig. 6. Characteristic design dimensions of the secondary flow vortex generator:
| — length of the swirling flow pipe related to the diameter (d);
a — relative width of the tangential branch pipe related to the diameter (d);
o — angle of entry of the tangential pipe

After calculating the values of gas flow velocities characterizing the flow field in the calculated sections, the
trajectories of dust particles of fractions characterized by the values of equivalent diameters of dust particles
d, = 10-100 microns were calculated. Based on the results obtained, the fraction of the number of particles entering the
volume of the separation chamber of the vortex dust collector through the upper and lower inlets was calculated. Also,
for the aerodynamic modes specified by the range of values of the average Reynolds numbers Re = 8 700-28 000 over
the section of the separation chamber, the values of the aerodynamic drag of the dust collector and angular velocities in
the wall zone of the separation chamber, which had a determining value on the magnitude of the dust particle
breakthrough, were calculated.

Full-scale measurements of the breakthrough coefficient were carried out on the existing dust collectors in
accordance with standard measurement methods in NIIOGAZ dispersion flows using Pitot pneumatic tubes,
micromanometers MMN — 250, electric respirators, and AFA filters.

Results. Figures 7-9 (made with the use of SolidWorks numerical simulation environment) present the results of
calculations of angular velocity values obtained during the variation of design characteristics of the lower inlet at
Re =8 700-28 000 in the form of response surfaces.
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Fig. 7. Results of calculations of angular velocity values o, rad/s, at Re = 8,700:
a — dependence of angular flow velocity on the values of relative length of the branch pipe of the swirling flow of the angle of entry
of the tangential branch pipe o (lors;a); b — dependence of angular flow velocity on the values of the relative width of the tangential
branch pipe of the flow and the angle of entry of the tangential pipe ® (lors;0).
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o, Rad/S

Fig. 8. Results of calculations of tangential velocity values o, rad/s, at Re = 17,900:
a — dependence of angular flow velocity on the values of the relative length of the swirling flow branch pipe and the angle of entry
of the tangential branch pipe o (lomi;0); b — dependence of angular flow velocity on the values of the relative width of the
tangential branch pipe and the angle of entry of the tangential branch pipe @ (lomx;a)
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Fig. 9. Results of calculations of angular velocity values , rad/s, at Re = 28,000:
a — dependence of angular flow velocity on the values of the relative length of the swirling flow branch pipe and the angle of
entry of the tangential branch pipe o (lom;0); b — dependence of angular flow velocity on the values of the relative width of
the tangential branch pipe and the angle of entry of the tangential branch pipe ® (lorm;a)
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Figure 10 (made with the use of SolidWorks numerical simulation environment) shows the distribution of tangential
velocities values of the gas flow along the section of the separation chamber at the cut-off level of the secondary flow

outlet pipe.

- 16.617
- 15.430
- 14.243
- 13.056
- 11.869
- 10.682
- 9.495
- 8.308
- 7.121
- 5.935
- 4.748
- 3561
- 2.374
- 1.187

Fig. 10. Distribution of tangential velocities values of gas flow along the section of the separation chamber at the cut-off level
of the secondary flow outlet pipe (m/s)

To clean the dust emissions of reinforced concrete production, a design of a CSF dust collector with an axial
secondary flow supply for the use in reinforced concrete plants was proposed (Fig. 11) [19].

Fig. 11. Diagram of the device of a vortex dust collector with a screw-type swirler: 1 — cylindrical separation chamber;
2 — tangential inlet of the cleaned flow; 3 — coaxial exhaust pipe; 4 — axial pipe of primary inlet;
5 — screw type vortex generator; 6 — screw swirler; 7 — conical jack washer;
8 — dust collection hopper; 9 — gear wheel; 10 — gear rack [19]

At the second stage, full-scale measurements of the values of the breakthrough coefficient for fine dust of
enterprises producing reinforced concrete products were carried out on standard CSF dust collectors and on the devise

Technosphere Safety
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of the proposed design. The dependencies obtained in the course of experimental studies are shown in Figure 12. For
comparison, the figure also shows the results obtained during the tests of the CSF of the classical design (curve 4).

D(du),%
Y | 999
99.5

7

/
CIAALY
7

A

-3.72 +0.01 du, MkM
0 0.2 1 2 10 20 100 130

Fig. 12. Results of experimental studies of the breakthrough functions of the CSF dust collectors:
1 — CSF-200; 2 — CSF-400; 3 — CSF-600 with coaxial inlet; 4 — CSF-200 designs by V.D. Kononenko

Discussion and Conclusion. The results obtained during computational experiments strongly support the
assumption that there is a negative influence of the secondary inlet pipe on the kinematic structure of the flow in the
lower part of the separation chamber of dust collectors on counter swirling flows. From the data presented in Figure 10,
it follows that the axis of rotation of the flow is offset from the axis of the separation chamber. This leads to a decrease
in the useful effect of the vortex effect, which consists in increasing the intensity of the twist due to the interaction of
unidirectionally twisted flows.

The mismatch of the axis of rotation of the swirling flow with the axis of the separation chamber, which is also
the axis of rotation of the primary swirling flow formed by the upper tangential inlet, leads to a noticeable
increase in the magnitude of dust particles breakthrough. This fact is explained by the formation of idle vortices at
the confluence boundaries of non-coaxial swirling flows. The consequence of this is carrying-away of dust
particles already caught or trapped in the wall zone. Being torn out of the wall stream, or blown up by an idle
vortex, dust particles fall into the secondary stream, and, due to its opposite orientation, are carried away into the
pure gas pipe.

It should be noted that this effect is most pronounced on particles of small fractions, which are characterized
by a significant predominance of aerodynamic forces over mass ones. And it is this fact that makes the task of
eliminating the negative influence of the secondary branch pipe, which introduces undesirable distortions during
the secondary swirling flow, especially relevant in the conditions of using CSF devices in reinforced concrete
production, for which dust emissions are characterized by the presence of a large proportion of fine dust particles.

To eliminate the described problem, the use of a coaxial inlet of the secondary flow is proposed (Fig. 12). The
main feature of the proposed design of the vortex dust collector is the use of a coaxial inlet of the secondary
swirled flow, achieved through the use of screw-type twirlers. The use of such a layout scheme makes it possible
to optimize the movement of the swirling flow in the lower part of the separation chamber, as well as reduce the
likelihood of suction. The absence of a radial branch pipe of the secondary flow that overlaps a part of the live
section of the separation chamber of dust collectors of traditional design allows avoiding undesirable disruption of
the kinematic structure of the flow. The absence of idle swirls of the flow in the lower part of the separation
chamber makes it possible to significantly reduce secondary carrying-away of dust particles located in the wall
zone of the flow, which, in turn, reduces the total amount of dust particle breakthrough. In addition, the use of
coaxial inlets makes it possible to obtain some reduction in the aerodynamic drag of CSF dust collectors,
increasing their energy efficiency.
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_______________________________________________________________________________________________________________________________________________________________________________]

The proposed design of the coaxial inlet of the secondary swirling flow allows us to solve the problem. This
fact is confirmed by the results of pilot tests, the results of which are shown in Figure 12. Curve 3, which
characterizes the function of dust particles breakthrough in the device with a coaxial inlet, is located above the
others, which indicates a smaller breakthrough of particles of all fractions.

Thus, the use of dust collectors on counter swirling flows with coaxial secondary inlet at enterprises producing
reinforced concrete products makes it possible to achieve a high degree of purification of dust emissions without
resorting to expensive replacement of inertial dust collectors with devices of other types.
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3aseneHnblil 6K1AO COABMOPOE:

B.Y. Mecxu — ¢GopMupoBaHIEe OCHOBHOI KOHIIETIINH, HAYYHOE PyKOBOJCTBO.
AWM. EBTy1IEHKO — 3aJja4uM UCCIIEI0BaHUs, KOPPEKTUPOBKA BHIBOJIOB.

JI.I1. BOpoBKOB — aHaIU3 pe3yIbTATOB UCCIICIOBAHUMN.

Konghnuxm unmepecos: aBTOpPHI 3asBIAIOT 00 OTCYTCTBUN KOH(IINKTa HHTEPECOB.

Bce aBTOpBI MpounTaNy M 0J00PHUIN OKOHYIATEIBHBIM BApHAHT PYKOIINCH.
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