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Abstract

Introduction. In the modern world, special attention is paid to the quality of atmospheric air. One of the major
contributors to air pollution is the release of harmful substances, including solid particles from industrial activities.
These particles can accumulate in high concentrations, making it difficult for even the most efficient (up to 95.0%)
cleaning devices to keep up. That is why the development and improvement of highly efficient air purification devices
from dust are very relevant. In this regard, as a scientific problem, the authors highlighted the need to improve
engineering means of air purification from dust by separating the dispersed phase (dust particles) and the dispersion
medium (air), which ultimately will lead to an increase in cleaning efficiency. The aim of this study is to improve the
environmental safety of industrial sites of construction industry enterprises and adjacent residential areas by using
highly effective means of air purification.

To achieve this goal, we have developed a physics and power-engineering concept and created a block diagram of a
physical model for reducing air pollution from construction dust. We have also developed a highly efficient and
economical device for hydrodynamic purification of ventilation air from poorly wetted clumping dust. The experiments
were conducted to identify the real range of values of the efficiency of air purification from dust.

Materials and Methods. The research is based on methods of physical modeling, mathematical description, and
statistical analysis of experimental data.

Results. As a result of the research, it was found that:

— the basis for the development of a highly efficient and economical air purification device from various types of
construction dust could be based on the physics and power-engineering scientific concept proposed by the authors,
describing the processes of pollution and reduction of air pollution;

— step-by-step consideration of the process of air pollution could be the basis for scientific justification and description
of the process of air pollution reduction in the construction industry;

— based on the analysis of the process of the reduction of air pollution by various types of construction dust, it was
possible to develop a block diagram of a physical model of this process;

— the study of the behavior and properties of dust aerosol and external force influences directed at it made it possible to
outline the main directions, technologies and engineering means to increase the efficiency of the cleaning process and
develop a highly efficient and economical device that implemented this process;

— to study the range of changes in the values of the efficiency of air purification from dust, a number of experimental
studies were conducted in laboratory conditions.

Discussion and Conclusion. The studies conducted allowed us to determine that an increase in air purification efficiency
from dust with a SiO, content of 20—-70% was achieved in the device through a series of design modifications that enhanced
wetting, bonding, and removal of particulate matter from the air. Simultaneously, high levels of integrated efficiency
(96.5-98.7%) ensured the compliance with regulatory environmental standards for atmospheric surface air quality.
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Opuzunaﬂbnoe amnupudeckoe ucciedosanue

IToBbImeHUE IKOJTOrMYECKOH 0€30MACHOCTH NMPeANPUATHI CTPOMUHIYCTPUH
HA OCHOBE COBPEMEHHOI TeXHOJIOTMH NbLICNOAABICHUS
B.H. Becniasios = 4, O.C. I'ypoBa

JloHCKOl rocytapCcTBeHHBII TeXHHUUECKHI yHUBepcUuTeT, I. PocToB-Ha-/lony, Poccuiickas @enepanus
04 izos-rgsu@mail.ru

AHHOTANUA

Beeoenue. B coBpeMeHHOM Mupe 0c000€ BHUMaHHE yJemseTcsl KauecTBY arMoc(epHoro Bo3myxa. OHIM U3 OCHOBHBIX
(haKTOpOB HEraTMBHOTO BO3ZAEHCTBHS Ha arMocdepy SBISIETCS BBIOPOC 3arps3HSIONIMX BEIIECTB, CPEIH KOTOPBIX
HanboJiee MaccoBO HAOMIONAIOTCS TBEpAble (IBUICBBIE) YacCTHIBI OT HPOMBIIUICHHBIX HCTOYHUKOB. IIpu BBICOKMX
KOHIICHTPALUIX MBbUTH yCTPOHCTBA OYMCTKH, Aake o0nasast BEICOKOH ¢ dekTuBHOCTHIO (10 95,0 %), HEe cripaBistoTcs ¢
Harpy3koil. IMeHHO 1mo3ToMy pa3paboTKa ¥ COBEPILICHCTBOBAaHUE BHICOKOI((EKTUBHBIX YCTPOMCTB OYUCTKH BO3JyXa OT
BTN ABJIAIOTCA BECbMa aKTyaJIbHBIMU. B cBsS3um ¢ 3TMM B KaudecTBe Haquoﬁ l'IpO6J'IeMBI ABTOpaMU BbIJICIICHA
HEOOXOIMMOCTh COBEPIICHCTBOBAHNS MHXEHEPHBIX CPEICTB OYMCTKH BO3yXa OT TBIIM 3a CUET Pa3ACNIeHUs AUCTICPCHON
(a3l (IBUIEBBIX YACTWI) M AWCIEPCHOHHON cpeabl (BO3OMyXa), YTO B KOHEYHOM CHYETE€ INPHBENET K MOBBIIICHUIO
s¢dexTBHOCTH OYMCTKH. Llenplo aHHOTO WCCNEeIOBaHUS SBHJIOCH IIOBBIIIEHHE SKOJIOTHYECKOH 0e30macHOCTH
TEPPUTOPHI TPOMBIIUICHHBIX IUIOMAI0K MPEINPUATHH CTPOHHMHIYCTPUHM W TPHIIETAIOMINX CEIUTEOHBIX 30H HAa OCHOBE
TIPUMEHEHHS YIOMSHYTBIX BEICOKOI(()EKTHBHBIX CPEACTB OYNCTKU BO3yXa OT IBLIH.

J71st TOCTH>KeHWsI TOCTABICHHOH 1IEJIM aBTOPAMH PEIIeHBI CIIe YOI 33/1aul: IPUMEHeHa (PU3HKO-IHEpreTHIecKast KOH-
nenys 1 pazpaborana Oyok-cxeMa (PM3MYECKOH MOENH IpoLecca CHU)KEHHUS 3arpsi3HEHMUS] BO3IYIIIHOM Cpelibl pas3iind-
HBIMU BUJIaMH CTPOMTEIBHON MBUTH, pa3paboTaHO BBHICOKOI((EKTUBHOE M IKOHOMHUYHOE YCTPOWCTBO THIPOJMHAMHYE-
CKOIM OYHMCTKH BEHTWILIMOHHOTO BO3/yXa OT IUIOX0 CMaYMBAEMON CIIMIAIOIIEHCS MTBUTH, TIPOBEICHBI SKCIIEPUMEHTAIIbHbIC
WCCIIEI0OBaHMS JUIS BBISIBJICHUS PEILHOTO TNaa30Ha 3HaueHUH 3(h)(peKTUBHOCTH OUYMCTKH BO3yXa OT IbUIH.
Mamepuanvt u mMemoovl. B OCHOBY HCCIIEIOBAaHHI aBTOpPAMH MOJIOKEHBI METOABI (PU3NYECKOTO MOACIUPOBAHUSA,
MaTEeMaTHYECKOr0 OIMCAHMUSA U CTATUCTUYCCKOM O6pa6OTKI/I OKCIICPUMECHTAJIbHBIX TaHHBIX.

Pesynomamul uccnedosanus. B pe3yapTaTe UCCIEI0BAHUN YCTAHOBIIEHO, YTO:

— B OCHOBY Pa3pa0OTKH BBICOKOI((HEKTUBHOTO M IKOHOMHYHOTO YCTPOMCTBA OYMCTKM BO3AyXa OT Pa3IMIHBIX BHIOB
CTPOUTENBHON TIBIIIM MOXKET OBITH ITOJIOKEHA MPEATIOKEHHAs: aBTopaMu (PU3UKO-3HEpreTHYecKas HaydHas KOHIICIIS,
OITMCHIBAIOMIAS TIPOLIECCHI 3arPSI3HEHHS M CHIDKCHUS 3arpsI3HEHUS BO3AYIIHOM Cpeabl;

— ITO3TAITHOE PACCMOTPEHHE TIPOLIECCa 3arpsA3HEHUS BO3LYIITHOW CPebl MOXKET OBITh OCHOBOM HAay4YHOTO OOOCHOBAaHWS U
OTHMCaHMs1 NPOLIECcCa CHIDKEHHMS 3arpsI3HCHUS BO3YILIHOW Cpe/ibl IPEATIPHATHII CTPOUTENIBEHOM HHITYCTPHH;

— Ha OCHOBAaHHUHM BHIITOJTHEHHOTO aHAJIM3a IIPOLIecca CHIKEHUS! 3arpsA3HEHUS] BO3AYIIHON Cpellbl Pa3IMYHbIMU BHJIAMU
CTPOUTENBHOM MBLUIH BO3MOXKHA pa3paboTKa 0JIOK-CXeMbI (PU3NUECKON MOJIEITH ATOTO MPOoLecca;

— U3YYCHUC OCO6eHHOCTeﬁ IIOBCACHUA U CBOMCTB IBLIEBOTO adspo30Jid U HaIllpaBJICHHBIX Ha HETO BHCIIHUX CUJIOBBIX
BOSﬂeﬂCTBHﬁ JAa€T BO3MOKXHOCTbL HAMETUTH OCHOBHBLIC HANpPAaBJICHUA, TCXHOJIOIT'MHU U MHKXCHEPHBLIC CPCACTBA IOBBILIC-
Hust 3QhexTHBHOCTH TIpoliecca OYUCTKH U pa3padboTaTh BHICOKOI(M(HEKTUBHOE U IKOHOMHYHOE YCTPOICTBO, peatn3yro-
11ee 3TOT MPOIIECC;

— IUIsl MICCIIEZIOBAHUS AMAIa30Ha M3MEHEHHs 3HAYCHUH 3()(EKTHBHOCTH OYMCTKHM BO3AyXa OT HBUIM HMPOBEICH PSII
9KCIIEPUMEHTAIIBHBIX HCCIICTOBAHUN B JJAOOPATOPHBIX YCIOBHUSX.

Oébcyycoenue u 3axniouenue. BoIOTHEHHBIE NCCIIEIOBAHHS MTO3BOJIMIIN YCTAHOBUTD, YTO HOBBIIIEHHE 3P (PEKTHBHOCTH
OYHCTKH BO3yXa OT MbUTH ¢ coaepskannem ot 20 1o 70 % SiO, obecrieunBaercst B yCTPOMCTBE 3a CUET psijia KOHCTPYK-
THUBHBIX W3MCHEHHMH, MPUBOJSIINX K MHTCHCH(DUKAIIMM CMauUBaHUs, CBS3BIBAHUS U yNAJICHHS M3 BO3QyXa IBIIEBBIX
yactun. [Ipu sTom Beicokme 3Ha4deHUs (96,5-98,7 %) mHTErpambHOM >PPEeKTHBHOCTH 00ECIEeYNBalOT HOPMATHBHBIC
9KOJIOTMYECKHE TPEOOBAHMUS K KAUECTBY BO3/AyXa IIPU3EMHOTO CJIOS aTMOC(EPHI.

KaroueBble cioBa: sKonormdeckas 0e30MacHOCTb, MBUICTIONABICHHE, YCTPOHCTBO OYHCTKH BO3IyXa, MOBBIICHUE
3¢ PeKTUBHOCTH

BaarogapHocTH. ABTOpPBHl Onaromapar JJOKTOpa TEXHHYECKHX HayK, mpodeccopa, 3aBeayromero Kadeapoi
«IIpousBoxacreennas 6e3onacHocThy C.JI. IlyireHko 3a cofeiicTBUE B OpraHU3aIluH Ja00PATOPHBIX IKCIIEPUMEHTOB.
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Introduction. Currently, dry construction mixes are in high demand among various construction-related consumers.
In particular, the production of highly dispersed binding materials such as gypsum, cement, tile adhesive, and facade
adhesive occupies a special place [1, 2]. During the preparatory stage of production, raw materials such as clinker are
sieved and crushed (ground) in accordance with standards. General manufacturing process of any dry building material
includes filling with crushed raw materials, mixing different ingredients, and packaging the mixture. However, the
specific technologies may vary depending on the recipe for the mixture, the initial product, the number and type of
ingredients used, and the corresponding equipment.

From the perspective of ensuring the required environmental standards for dust particle content in the air at
industrial sites of companies producing building materials and binders, the areas where the most intense dust formation
occurs are during the crushing of raw materials [3]. It is during this process that the main types of construction dust are
formed, including cement, gypsum, and sand, with SiO, content ranging from 20% to 70%, and with particle sizes
primarily of PM2.5 and PM10. With subsequent release, this dust leads to an excess of MPC in the air of the working
areas of construction industry enterprises and maximum single MPC (average daily MPC) in the air of the surface layer
of the atmosphere of both at the industrial sites and in adjacent residential areas. The negative effects of this dust
include its potential to enter the human body via the respiratory system, gastrointestinal tract, skin, and mucous
membranes, causing various health problems. At the same time, it is the smallest particles, with sizes of PM2.5 and
PM10 that pose the greatest danger [1, 4].

As a result, for the main types of industrial dust listed above, there is an excess of the corresponding MPC values by
5-25 times. This ranges from 10 to 300 milligrams per cubic meter (mg/m?®) without the use of engineering dust
suppression measures. This state of the air environment has a negative impact on employees of enterprises and the
population in adjacent territories [5—7]. It should be noted that while the use of modern dust suppression devices, such
as dust collection devices (exhaust hoods, umbrellas, etc.) effectively meet sanitary and hygiene requirements by
removing dust from industrial premises, it also creates high concentrations of dust that even advanced air purification
systems with high efficiency (up to 95.0%) cannot completely eliminate. Thus they do not ensure the compliance with
environmental regulations. This is a scientific problem related to improving engineering methods for removing dust
from air emitted into the atmosphere, with the aim of increasing the efficiency of dust removal (over 96.0%). Therefore,
the goal of this research is to develop highly effective and modern technologies and tools for dust suppression in order
to improve the environmental safety of construction industry sites and adjacent residential areas.

Materials and Methods. The study used an analytical method for studying accumulated experience in the
scientific and technical field, as well as methods for constructing a physical model combined with a mathematical
description of the resulting characteristics of this process. In addition, methods of statistical processing of the results
of laboratory studies obtained by the authors and comparing them with the results of similar studies by other
scientists were used.

At the same time, a device was selected as the object of research for purifying the air from dust emitted by
construction industries, which is one of the main stages in the dust suppression process. The effectiveness of this
process depended on the basic physical and chemical properties of the dispersed phase and the dispersion medium of
the dust aerosol, as well as on external factors that could destroy it. The subject of the study was to improve the
efficiency of air purification devices in order to ensure environmental safety in industrial sites and adjacent residential
areas of construction enterprises.

The most suitable approach for the development of a device for purifying air from dust with a concentration
of 20-70% SiO, was based on the use of the physical and energy concept [S]. This approach allowed for establishing
physical connections between all components of the pollution reduction process, including dust aerosol, cleaning
device, and external forces. It also allowed for outlining technologies to improve the efficiency of the cleaning process
and developing the design of an effective air purification device for specific conditions and types of dust generated by
construction industry enterprises.

Results. The development of a highly efficient and economical air purification device from construction dust was
based on the physics and power engineering scientific approach proposed by the authors. This approach allowed us to
describe the processes of pollution and air pollution reduction [5—7]. This concept was based on the consideration of the
dispersed “pollutant” system, which changed the parameters of its state in the process of air pollution and passed from
one quality (dust material) to another (dust aerosol) [5, 8]. Thus, when processing raw materials (construction materials)
on technological equipment, the formation of dust particles and the formation of dust material was observed. Then the
formed dust material was released into the air of production room and a dust aerosol was formed. And finally, the dust
aerosol, spreading in the space of the production room, was released into the air of the surface layer of the atmosphere
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of the territories of industrial sites of construction industry enterprises and adjacent residential areas with subsequent
dispersion.

At the same time, it should be noted that the stages of dust formation and internal release allowed dust particles to be
returned to the initial technological material, which was advantageous from an environmental and economic
perspective, but not always feasible in terms of the requirements of technological regulations. Other stages were
associated with the aerosol state of dust, where dust particles were suspended in air and could not be easily separated
from the aerosol for subsequent return to the technological raw material, or cause significant difficulties.

A step-by-step analysis of the air pollution process formed the basis for a scientific justification and description of
how to reduce pollution from the considered types of dust in the air surrounding construction industry facilities. At the
same time, there was a clear correlation between the stages of pollution reduction and the stages of atmospheric
pollution [8, 9]:

— the first stage: binding of dust particles formed during the processing of raw materials on technological equipment;

— the second stage: detention of unbound dust particles in the area where processed raw materials weare located,
including those formed within the internal volume of the production facility;

— the third stage: capture of dust aerosols released into the internal space of the production area in order to prevent
the spread of dust particles within a designated limited area. Removal of these particles from the zone and transportation
to a cleaning area;

— the fourth stage: purification of air (dispersion medium) from dust particles (dispersed phase) of dust aerosol
captured and released into the surface layer of the atmosphere through maximum separation;

— the fifth stage: dispersion of the remaining amount of dust particles after purification, immediately before their
release into the surface layer of the atmosphere. This was done by intensively separating dust particles during their
release and accelerating gravitational seeding in a pre-selected, strictly limited area on the industrial site. This additional
measure helped to reduce the concentration of dust particles in the atmosphere to levels below the MPC maximum
single (MPC mean daily).

The main goal of each stage in the pollution reduction process was to decrease the stability and, ultimately, the
destruction of the dust aerosol as a dispersed system by using pre-determined parameters of external influences applied
to it of various physical natures.

The analysis conducted by the authors has allowed them to examine the process of air pollution reduction, which
was implemented in two main cycles [8, 9]:

Cycle I was the reduction of pollution of technological raw materials (technological equipment), which included the
development of new or improvement of the existing basic production equipment and the organization of technological
processes that excluded the stages of formation and release of pollutants;

Cycle II was the reduction of air pollution, which included the use of additional engineering devices, structures, and
devices in the current or projected technological process that localized the spread of dust aerosol and ensure its
destruction as a dispersed system.

It should be noted that activities related to the first cycle were often not possible due to violations of requirements
for raw materials and technical processes. Therefore, the authors have laid the foundation for further research and
development of a second cycle of measures to reduce air pollution.

Thus, the main goal of the second stage of the air pollution reduction process was to eliminate dust aerosol particles
by separating them from the air. This was achieved through the consistent implementation of several stages, including
dust capture, air purification, and dispersion of the remaining dust in the atmosphere. Let us consider the physical
foundations of each of the stages of Cycle II.

As a result of the research, the authors found that the physical essence of the dust capture process consisted in
purposeful exposure to the released dust aerosol with pre-prepared parameters, or additional (JI-11.1) dispersed system,
or a force field leading to the formation of two dispersed systems [8, 10]:

—residual (O-I1.1) dispersed system, which contained a minimum amount of dust particles as a dispersed phase
(focused on compliance with the MPC maximum single), and which spatially remained and spread in the internal
volume of the production room (air of the working area);

— intermediate (IT-1I.1), which contained the maximum amount of dust particles trapped and removed from the
emission zone, and which had increased stability in the dust aerosol state.

Further research by the authors also made it possible to reveal the physical essence of the air purification process
from dust. This process involved the purposeful exposure to solid particles of dust aerosol (intermediate (IT-II.1)
dispersed system) in the active cleaning zone after capture with pre-prepared parameters or additional (/I-11.2) dispersed
system, or a force field leading to the formation of two dispersed systems [8, 10]:

— residual (O-I1.2), which contained the maximum amount of dust particles as a dispersed phase and has increased
stability after passing into the state of a dust material, accumulated in special dust collectors (accumulators);
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— intermediate (I1-11.2), which contained a minimum amount of dust particles as a dispersed phase (aiming for compliance
with the MPC maximum single or MPC mean daily). It was then released into the surface layer of the atmosphere.

Further research by the authors has also allowed them to reveal the physical nature of forced dispersion of remaining
dust particles in the atmospheric surface layer, which occurred when the purification process failed to achieve a
concentration of dust at environmentally significant points in the surface atmosphere that corresponded to the MPC
maximum single (MPC mean daily). Thus, the physical essence of the process of scattering dust particles consisted in
the purposeful effect on solid particles of a dust aerosol (intermediate (IT-11.2) dispersed system) in the active
dispersion zone after cleaning with pre-prepared parameters, or an additional (JI-I1.3) dispersed system, or a force field
leading to the formation of two dispersed systems [8, 10]:

— residual (O-I1.3), which contained the main amount of emitted dust particles as a dispersed phase, and which in
the airspace outside ecologically significant zones was subject to intensive deposition on the underlying surfaces,
having increased stability during the transition to the state of dusty material;

— residual (O-I1.4), which contained a minimum amount (aiming for compliance with the MPC maximum single or MPC
mean daily) dust particles as a dispersed phase, and which remained floating in the surface layer of the atmosphere.

Based on the analysis of the reduction of air pollution caused by various types of construction dust, the authors have
developed a block diagram of a physical model of this process, taking into account the two cycles discussed above for
the conditions of implementation of technological processes at enterprises of the construction
industry (Fig. 1) [8, 11, 12].

A visual representation of the flowchart for the physical model of air pollution reduction allowed us to draw several
conclusions. Firstly, despite the numerous advantages, the initial cycle of the pollution reduction process under real-
world conditions and the organization of technological processes at construction industry enterprises were
overwhelmingly not implemented due to violations of technical regulations.

Secondly, within the framework of Cycle II, the capture stage determined the effectiveness of ensuring sanitary and
hygiene standards in the air in work areas of industrial premises. In modern conditions, technological processes at
construction industry enterprises were provided with very efficient and economical engineering solutions, such as
exhaust hoods, panels, and other structures.

Thirdly, within the framework of Cycle II, the stage of forced dispersion of the remaining dust particles in the
surface layer of the atmosphere was auxiliary to the air purification process and was used in very rare cases.

Initial dispersed system Additional (I -1.1) dispersed system
Construction dust formation zone |« BINDING of dust particles
HC”, WS”, UI/I Hcﬂ—l.l’wsﬂ—l.l’uﬂ—l.l
v
Intermediate (IT-1.1) dispersed system Additional ([I-1.2) dispersed system
Raw material processing area € RETENTION of dust particles
Hcl'l—l.l WSH—LI UH—I,I Hcﬂ—l.z Wsll—l.z UI[—LZ
Residual (O-I.1) dispersed system K v
Returns to the technological process Intermediate (II-1.2) dispersed system Additional (JI-11.1) dispersed system
ICO-LI WgO-LI yo-LI Distributed indoors € CAPTURE of dust aerosol
. . [ICH-12 well-12 yr-12 [ICA-ILI W lA-1L1 -1l
Residual (O-1.2) dispersed system J - v - — -
- Intermediate (IT-11.1) dispersed system Additional (JI-II.2) dispersed system
Returns to the technological process -
[ICO-12, WgO-12 jO-12 Sent for cleaning «€={CLEANING the air from dust particles
» WS 2 [IC - 111 W1l yr-ILI [IC A- 112, WgA-112 yA-12
- - v
Residual (O-IL1) dispersed system Intermediate (TT-11.2) dispersed system Additional (I-II.3) dispersed system
Remains in the air of the work area Enters the surface layer of atmosphere €= SCATTERING of dust particles
[ICO- 11 WgO-ILl (jO-ILI TICT 12 Wl 12 g iz TIC A-T13, Wg A-13_(jA-1i3
v
Residual (O-11.2) dispersed system Residual (O-11.4)
Accumulates in special dust collectors Remains in the atmosphere
[ICO-12 WgO-12 [yo-12 [ICO-114 WgO-1l4 (jo-IL4
Residual (O-I1.3) dispersed system
Localized on the deposition surface
[ICO- 113, WgO- 13 (jO- 13

Fig. 1. Physical model of the process of air pollution reduction

Technosphere Safety

23



https://bps-journal.ru

24

Bespalov VI, et al. Improving the Environmental Safety of Construction Industry Enterprises ...

Thus, the authors based their practical developments on the stage of air purification from various types of
construction dust, for which the possibilities of increasing efficiency were far from exhausted. Improving the efficiency
of cleaning agents was possible on the basis of the theoretical research results presented above and, in particular, the
flowchart of the physical model for air pollution reduction [13-15].

The study of the behavior and properties of dust aerosol and external dispersed systems or force influences directed
at it during the cleaning process allowed the authors to outline the main directions, appropriate technologies and
engineering means to increase the efficiency of the cleaning process. One of the brightest representatives of such means
was a highly efficient and economical device developed by the authors, designed for hydrodynamic purification of
ventilation air (Fig. 2).

The main structural element of the developed device is its cylindrical body (1), which ends in conical section (2).
Partially inside and partially outside body (1) there is cylindrical chamber (3) with bottom (4) in the shape of a cone. In
this case, chamber (3) is divided by solid hollow bump cone (5) into two parts: the lower and the upper. Slotted air
intakes (6) are located on the inner side surfaces of these parts. Inlet tangential inclined branch pipe (7) and outlet
tangential branch pipe (8) are connected to the side surfaces of the upper and lower parts of chamber (3). Branch
pipe (7) in plan enters body (1) in its upper part “counterclockwise”, and branch pipe (8) — in its lower part
“clockwise”. In this case, branch pipes (7) and (8) face the same side.

7
10 —
Fa
/‘f / & @
/] T A7
/ - Dusty air
- -
PR
Irrigation
liquid 1
KRy,
h

e \ ]

i

| Dusty air

r Purified air

Sludge in the drainage

a) 0)

Fig. 2. Device for hydrodynamic purification of ventilation air from poorly wetted clumping dust formed at enterprises
of the construction industry: @ — front view; b — top view
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Slotted air intakes (6) mentioned above are made in the form of rectangular slotted holes. Moreover, in the upper
part of chamber (3), the edges of slotted air intakes (6) are bent inside chamber (3), and in the lower part — outwards so
that the air flow is captured in both the upper and lower parts.

The lower part of chamber (3) is equipped with cone (9), which is combined with conical section (2), and the base is
located along the lower edge of air intakes (6). Hydrodynamic cleaning system in the device includes three stages:

— two nozzles (10), which are tangentially directed along the incoming flow of dusty air;

— annular perforated pipeline (11) installed under the upper wall of body (1) in an annular cavity between the walls
of body (1) and chamber (3) with exit holes directed vertically downward,

— a hydrofilter formed by a continuous liquid film flowing from the edges of cone (9).

The principle of operation of the device is as follows. The dusty air flow from the technological equipment enters
inlet tangential pipe (7), and then go into the inner cavity of the upper part of chamber (3) and is irrigated with droplets
of liquid, which moisten, bind and remove a certain amount of dust particles from the stream (the first stage of
purification) and which are formed using nozzles (10). As a result of irrigation, the sludge moves through chamber (3)
from top to bottom onto bump cone (5). And the dust and gas-liquid mixture, thanks to air intakes (6) with inward-
curved edges and installed solid hollow cone-bump (5), is removed from the upper part of chamber (3) into the annular
cavity between it and body (1), falling into a dense annular drip-liquid curtain, which also captures a certain amount of
dust particles (the second stage of purification) formed by annular perforated pipe (11).

At the same time, flowing down from the surface of bump cone (5), the sludge forms a dense annular film curtain
(the third stage of purification), which moistens and binds a significant part of dust particles. After passing through this
curtain, the residual dusty flow is captured by the outward-bent edges of air intake (6) in the lower part of chamber (3)
and returns to its inner cavity.

Ultimately, the total sludge flow from the annular cavity between chamber (3) and body (1) flows down conical
section (2) of body (1), and then along cone (9), forming another annular film curtain with different film thicknesses
(fourth stage of purification), which increases towards the outlet The sludge is discharged from the device through
conical bottom (4). Thus, after passing four stages of purification sequentially, the air stream, as free from dust particles
as possible, is released into the atmosphere through outlet pipe (8). All the above-described design features of the
developed device determine its integral efficiency in cleaning the air from dust.

To investigate the range of variations in the efficiency values, the authors performed a series of experiments in
laboratory settings. During these experiments, the overall efficiency of air purification from dust containing from 20 to
70% SiO; (sand dust) was measured. The average median diameter of dust particles was 50 um, and the bulk density of
dust material was 1,860 kg/m*. The dust had a weak adhesion with a breaking strength of 200 Pa and an angle of natural
inclination of 57°, while the marginal wetting angle was 10°. The researchers changed the design and parameters of
bump cone (5) as well as the design and position of slit air intake (6) to study their effects on the efficiency. The results
of the research are presented in Tables 1 and 2.

Table 1
Experimental values of integral efficiency E,4, %, of air purification from dust containing from 20 to 70% SiO2,
depending on the design of bump cone (5) and the location of slit air intakes (6) with other optimal design solutions

Design of the bump cone (5)

Location of the slit
air intakes (6) in The edges of the bump cone The edges of the bump cone | The edges of the bump cone

the upper part of coincide with the walls of the protrude beyond the form a gap with the inner walls
the ciz mlf)er 3) chamber (3) chamber (3) of the chamber (3)
conic |spherical | ellipsoid | conic |spherical | ellipsoid | conic | spherical |ellipsoid
Along the entire
height of the 86.9 85.7 83.9 98.7 98.5 91.8 85.2 84.8 83.1
body (1)
On the upper and
lower parts of the
chamber (3) 841 | 838 83.5 953 | 949 88.6 83.2 89 | 826
partially along the
height of the
body (1)
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Table 2
Experimental values of integral efficiency Ead, %, of air purification from dust containing from 20 to 70% SiO2,
depending on the design of slit air intakes

At the top of the camera (3)
Design of the slit air intakes (6) in the plan
with the edges bent outward in the with the edges bent inward
direction of flow towards the flow
With (t)hc: e:;gjss bent 95.8 98.7
At the bottom of the o
camera (3) .
With the edges spread 93.4 972
outwards

Discussion and Conclusion. The analysis of the experimental results in the laboratory leads to the following
conclusions: Based on Table 1, we can see that the maximum value of integral E,y, with SiO, content between 20 and
70%, is 98.7%. This occurs when slit air intakes (6) are positioned in the upper part of chamber (3), along the entire
height of body (1).

According to Table 2, it can be seen that the same maximum value of integral E,y containing from 20 to 70% SiOs.
amounting to 98.7%, is ensured by the fact that in the design of slit air intakes (6) in the plan in the upper part of
chamber (3) the edges are bent inward towards the flow, and in the lower part of chamber (3) the edges of slit air
intakes (6) are bent outward.

In conclusion, it should be noted that an increase (up to 96.5-98.7%) of E,¢ containing from 20 to 70% SiO; is
provided in the proposed device due to a number of design changes leading to an intensification of wetting, binding and
removal of dust particles from the air.

For example, the installation of nozzles (10) and annular perforated pipe (11) increases the likelihood of meeting
and trapping dust particles by droplets of dispersed liquid. At the same time, the aerodynamic characteristics of the dust
and gas-liquid flow during irrigation are maintained constant.

In addition, cylindrical chamber (3) coaxially passed through body (1) of the device helps to maintain a uniform
distribution of the swirling air flow when it exits chamber (1) through slit air intakes (6).

The design of bump cone (5) makes it possible to evenly distribute the air coming from the volume of chamber (3), which,
in turn, contributes to the formation of a dense curtain in the form of an annular film, which acts as an additional cleaning
filter (the third stage of purification) installed in the path of a dust and gas-liquid stream swirled in the annular cavity.

The sequential movement of the dust-air flow into the cavity of the device through all air purification zones from
dust is provided by air intakes (6). At the same time, the shape and location of the edges of the slots allow to stabilize
the aerodynamics in the cavity of the device.

Moreover, an additional contribution to improving efficiency is made by cone (9), the shape and location of which
create an additional annular film curtain with different film thicknesses (the fourth stage of purification). It is created in
the path of the air flow due to the runoff of sludge from the edges of the smaller base of cone (9) and increases in
thickness towards outlet pipe (8). Also, the design of cone (9) ensures the removal of sludge from the device in the area
of removal of purified air with a significant reduction in drop entrainment into outlet pipe (8). At the same time, the
slope of outlet pipe (8) helps to reduce drop entrainment.

It should be noted that in order to ensure stable, reliable and all-season operation of the device, it is necessary to use
aqueous solutions as an irrigation liquid that do not freeze even at negative ambient temperatures. If water is used, the
device must be kept in closed, heated rooms.

In conclusion, it should be noted that the developed air purification device from dust with all the design features
described above provides the required integral efficiency, due to high values (96.5-98.7%), which, in turn, complies
with regulatory environmental requirements for the air quality of the surface layer of the atmosphere.

Thus, as a result of the research, the final goal was achieved — the possibility of improving the environmental
safety of industrial sites of construction industry enterprises and adjacent residential areas was determined by
developing and applying highly effective (at least 96.0%) modern technologies and dust suppression tools, which
included the device proposed by the authors for cleaning air from dust containing from 20 to 70% SiOs.
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