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OcHoBHHMI 3MicT auceprauiiiHoi po6Goru. J[lucepTalliss mnpucBsUeHA
MiJBUIICHHIO €(PEKTUBHOCTI OYMIICHHS acIipalifHUX BUKHWIIB 3 ITiJBHUIICHOIO
TEMIIEpaTypol0 Yy THJIOBJIOBIIOBaYaX IIUKIOHHOTO THUIy 3 JIUCKOBUMH
PO3MUITIOBaYaMH, Ki TPALIOIOTh 13 TOBTOPHUM BHUKOPHCTAHHSIM OOOPOTHOI BOJH,
10 MICTUTh MeXaHI4HI AOMIMKH. Y poOOTI pO3IISIHYTO MPOOJIeMU 3HETHIICHHS
MOBITPSHUX BUKHUIB y BUPOOHUITBI OydiBeNbHUX MaTepialiB, /e BUKOPUCTAHHS
TPAIUIIHHIX MOKPHUX arapaTiB CTUKAEThCSA 3 OOMEXEHHSIMU MI0A0 e(PEeKTUBHOCTI
OUMILEHHS JpIOHOJUCIIEPCHOTO NIy, €HEpProBUTPATHOCTI Ta BUMOI IO SIKOCTI

3pOIILYyBaJIbHOI PIAMHH.

Y nepmomy po3giji ucepTallii TIpenCcTaBIEHO aHali3 Cy4YacHUX
KOHCTPYKIII THWJIOBJIOBIIOBAIBHUX amapaTiB Ta OOIPYHTOBaHO JOLLIBHICTh
3aCTOCYBaHHSI MOKPHUX TMHUJIOBJIOBIIIOBAUIB ISl OYMIICHHS acIipalliiHuX BUKHU/IIB.
BcTaHoBiieHo, 110 Taki amapaTéd MarOTh HU3KY IepeBar: BOHU 3HIKYIOTh PU3HK
3aliMaHHs1 BUOYXOHeOe3MeuHOro MUy, YCYBatOTh BTOPUHHE 3a0pyIHEHHS MOBITPSI
Ta 3a0e3MeuyI0Th OJJHOYACHE BUIAJICHHS TBEPAMX, Mapo- 1 ra30Moai0HUX JOMIIIOK.
PazoM 3 TuM, okpeciieHo 0OMeKeHHSI BUKOPUCTAaHHSI MOKPHX ITHJIOBJIOBIIOBAaUiB Ha
MiANpUEMCTBaX OyaiBEeIbHUX MaTepiajiB, MOB’s3aHI 3 HEBUCOKOIK e(eKTHUBHICTIO
YJIOBJIIOBaHHS APIOHOIUCIIEPCHOTO MUY, BUMOTaMH [0 SIKOCTiI 3pOIIyBajbHOI
BOJIM Ta HEOOXITHICTIO OYMIICHHS CTIYHUX BoJ. [IpoBe/ieHO Orjis TEOPeTUUHUX 1
eKCTIepUMEHTAITbHUX TTiIXO0/IIB 0 OIKCY OCAPKeHHS aepo30J1iB KPaIuIsIMU PiUHH.

BI/IHBJ'IGHO, IO BHUKOPUCTAHHA BI’ICOKOpO3BI/IHeHO'1. Kpal'IJ'II/IHHO.l' HOBerHi Ta



BEJIMKOI BIJHOCHOI IIBUAKOCTI MK KparuisIMH 1 YacTMHKaMU MOKE€ CYTTEBO
MOKPAIIUTH e(PEeKTUBHICTh OUUILEHHS, OJIHAK OTpeOy€e BUCOKUX €HEProBUTPAT, K
y BUINAJKy cKpyOepiB Bentypi. 3a3HaueHO HEIONIKH iCHYIOUMX MOJeseil, 30KpeMa
BIICYTHICTh JIOCTATHBOI KUTBKOCTI JaHUX IPO BIUIMB MEXaHIYHUX JIOMIIIOK Yy
3pONITYBaJIbHIM piAWMHI Ta BIICYTHICTH aJeKBAaTHOTO MaTeMaTUYHOTO OTHCY
TypOYJEHTHOTO PyXy B 30HI B3a€EMOJIi1 MOTOKY 3 (paKeIoM PO3MHITY, IO 3yMOBIIOE
noTpedy y MpoBeJeHH! LIECHPsIMOBAaHUX E€KCIIepUMEHTalbHUX AOoCciikeHb. Ha
OCHOBI TNPOBENEHOTO aHalizy c(pOpMyIbOBAHO 3aBAaHHS OCIiKEHHS, 30KpeMa
BHUBUYCHHSI IUCTIEPCHOTO CKIIQy Kparelb, BILIUBY YMOB 3allMJIEHOCT] Ta JOMIIIOK Y
BOJIl HA e(DEeKTUBHICTh OYMIICHHS, a TAKOX T1APOJUHAMIYHUX MapaMeTpiB POOOTH

JUCKOBUX TTHJIOBJIOBJTFOBAYIB.

Y apyromy po3aiji MpoBeleHO TEOpeTHYHE OOIPYHTYBaHHS IPOLECIB
B3a€EMOJIii Kpamenb piIMHA 3 YacTHHKaMU TMWIYy Ta PO3MIISHYTO OCHOBHI
3aKOHOMIPHOCTI JUCTIepryBaHHS PIIWHU B po3muioBavdax. Ha OCHOBI aHamizy
GI3MYHUX TPOIECiB  OCAaHKEHHS aepo30JIbHUX YAaCTUHOK BCTAHOBJIEHO, IO
e(eKTUBHICTh MHWJIOBJIOBJIEHHS 3HAYHOIO MipOIO 3aJeXUTh BIJl AMCIEPCHOCTI
Kpariesb, sKa, y CBOIO Yepry, BU3HAYa€ThCsl KOHCTPYKLIEIO Ta pekuMaMHu poOOTH
PO3MUIIOBAILHOTO TIPHUCTPOIO, BIACTHUBOCTSIMHU PIIMHA Ta BMICTOM MEXaHIYHHUX
JIOMIIIOK. MeToaoM aHajizy po3MipHOCTel BUBeACHO (DYHKI[IOHATBHY 3aJIekKHICTh
Uit 06’ €MHO-TIOBEPXHEBOTO JlilaMeTpa Kpareib BOAU i cycreHsii, sika BpaxoBY€
BIUIMB KOHLEHTpauili TBepAuX 4acTUHOK. OneprkaHo 3aranbHy (opmyidy s
PO3paxyHKy e(EeKTUBHOCTI 3aXOIUIEHHS MWy (akeJoM AWCHeproBaHOl PiIWHMU.
BusBneHo HeOOXiIHICTh MOAANBIINX EKCIEPUMEHTANBHUX JOCHIKeHb 13
BUKOPUCTAHHSAM (D)aKTOPHOTO aHalli3y JUIs BCTAHOBJEHHS KUIbKICHOTO BIUIMBY
napaMeTpiB po3MUIy Ta BIACTUBOCTEH 3pOIIYBaJIbHOIO CEpeJOBHINA HAa CTYMiHb
OUMIIICHHSI MOBITPS MpH MiJBUIICHUX TeMIepaTypax. Pe3ynbratu po3ainy craimu
OIATPYHTSIM A7 (OPMYJIOBaHHS ~ 3arajbHOl  METOAWKHM  JOCHiJKEeHHS
MUJIOBJIOBIIEHHS! B HACTYITHUX PO3JLJIaX Ta OKPECJeHHs HalpsiMiB BJOCKOHAJICHHS

KOHCTPYKLUii MUJIOBJIOBIIOIOUNX arapaTiB 3 AUCKOBUMH PO3MIIIOBAYaMHU.



Y TperboMy po3aisli  MPOBEACHO KOMIUIEKCHI eKCIepUMEHTaNbHI
JOCIIJKEHHSI POOOTH MWIOBIOBIIOBaYa IUKIOHHOTO THUIY 3 JUCKOBUM
pO3MUIIIOBaYeM, MPU3HAYECHUM IS JTUCIIEPTYBaHHS 3BOPOTHOI BOAW 3 BMICTOM
MEXaHIYHMX JoMIImoK. JlochipkeHo BIUIMB TiAPOAMHAMIYHMX IapaMeTpiB,
KOHCTPYKTUBHUX  XapaKTEPUCTHK  JUCKOBOTO  PO3MUJIIOBaYa, a  TaKoX
BJIACTUBOCTEH piAMHU Ha POpMyBaHHs KpamnelnbHoro (akena. OTpUMaHO PiBHSHHS
B KpUTEpiaIbHOMY BUTJISI IJIsi pO3PaxyHKY CepelIHbOro 00’€MHO-TTOBEPXHEBOIO
JiaMeTpa Kparelb CyCIleH3il Ta BOJOIPOBIAHOI BOJAM, IO JAJ0 3MOTY OIlIHUTH
BIUIUB MEXaHIYHUX JOMIIIIOK Ha JucrepcHicTb. IlpoBeneni maGopatopHi
€KCIIepUMEeHTH 3a TJIAaHOM MOBHOTO (haKTOPHOTO JOCHTIAY JAO03BOJIUIN MOOYIyBaTH
MaTeMaTHYHy MOJIEJNb TPOIleCy OYMINEHHS Ta BCTAHOBUTH ONTHMAIIbHI TTapaMeTpr
GbyHKILIOHYyBaHHS arnapaTta. BcraHOBIeHO, 10 MiABUIIEHA BOJOTICTh 3aMUJIEHOTO
MOTOKY Ta BMICT JIOMIIIIOK Y BOJI 70 2,5 KI/M® TO3UTHUBHO BIUTMBAIOTH HA CTYITIHb
OYMIIEHHS, TOJl SIK TiJBHINEHHS TeMIEpaTypu 3HIKYE e(DeKTUBHICTH TpOoIecy.
OTpuMaHO 3aJIe)KHOCTI JJIi BU3HAUYEHHS KPAIUIEBUHOCY Ta TiPaBIiYHOrO OMOpPY
amapara, SKi pa3oM 3 KpUTEpialbHUMHU PIBHSHHIMH JJIs  e(pEeKTUBHOCTI
MTUAJIOBJIOBJICHHSI CTBOPIOIOTH OCHOBY IS TEPEXOIy 10 PO3POOKH MPOMUCIOBOL

KOHCTPYKLUIi ckpyOepa 3 IUCKOBUM PO3MHUIIIOBAYEM.

Y 4derBepTOMY pO31isi NpPEJCTaBICHO pe3ybTaT €KCIIEPUMEHTAIBLHOIO U
AQHANITUYHOTO JIOCHIPKEHHS HOBOTO MWJIOBJIOBIIOBaYa IUKIOHHOTO THUIY 3
JMICKOBUM PO3IUIIOBAYEM, OPIEHTOBAHOTO HA OYMIIEHHS aclipaliifiHuX BHUKHIIB
IiBUILEHOI TeMIlepaTypu. BcTaHOBIEHO, IO BBeIEHHS BHCOKOIMCIIEPrOBaHOI
piavHM B 0OepTOBMH NHWJIOra3oBUW TOTIK y LIEHTpl amaparta 3abe3nevye
IHTEeHCUBHY KiHEMaTH4Hy KOAaryJsilil0 YacTWHOK MWy Ta JO03BOJSE JOCSITH
BHUCOKOI €(QeKTUBHOCTI ouuileHHS — 10 98,5% — HaBiTb NpU BUKOPHUCTaHHI
3BOPOTHOI BOJIM 3 BMICTOM MEXaHIYHUX JOMIIIOK 710 2,5 Kr/m>. JlociKeHO BILTHB
JOMIIIIOK Ha MAMCIIEPCHICTh Kpameib Ta JOBEAeHO, IO X HasSBHICTb CIIpHsE
3MEHILIEHHIO  00’€MHO-TIOBEpXHEBOro  JiaMeTpa  Kpameib,  IiJBUIIYI0Yd

e(i)eKTI/IBHiCTB IMKXJIOBJIOBJICHH:. H06y,Z[OBaHO MaTEeMAaTUYHY MOICJIb, JKa BpaXOBYy€



OCHOBHI (akTopu mpolecy, BKIOYaroun (Ii3UYHI  BIACTUBOCTI  PIAWHH,
JUCTIEPCHICTh MUITY, BOJIOTICTD 1 TiapoauHamMiuHi ymMoBU. OnepxaHo KpuTepiaibHi
3aleKHOCTI [JIs1 BHW3HAYEHHs TiIpaBIivyHOTO OMOpY amaparta, M0 pa3oM i3
PO3pOOJIEHOI0 METOJIMKOIO PO3pPaxyHKy CTajd OCHOBOIO [UIsi MPaKTUYHOIO
3acTOCyBaHHs. Pe3ynbTraTy MiATBEpAKEHO MPOMHUCIOBHUMH BUIIPOOYBAHHIMH Ha
KuiBcrkoMy 3aBOfi CKIOBUPOOIB, e OyJlO JOCATHYTO 3HAYHOTO E€KOHOMIYHOTO
edeKTy, a TaKoXX PO3IIMPEHO BIPOBAIKEHHSI PO3POOJICHOI KOHCTPYKIIII HA HHU3ILI

IHIIUX T ITPUEMCTB.

O6csr auceprarii cknagae 180 cropinok, Bkmoyae 41 pucyHok, 19 tabmuis, 128
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ABSTRACT

Mykytenko M. Enhancement of the Efficiency of High-Temperature
Aspiration Emissions Treatment in Scrubbers with Disc Atomizers. — Qualification
Scientific Work as a Manuscript.

Dissertation for the Degree of Doctor of Philosophy in Specialty 192
"Construction and Civil Engineering" (19 — Architecture and Construction). — Kyiv
National University of Construction and Architecture, Kyiv, 2025.

The main content of the dissertation. The dissertation is devoted to
improving the efficiency of high-temperature aspiration emissions purification in
cyclone-type wet scrubbers equipped with disc atomizers operating with recycled
water containing mechanical impurities. The work addresses the challenges of air
dedusting in the production of building materials, where traditional wet scrubbers
face limitations related to the capture of fine particles, energy consumption, and
water quality requirements.

The first chapter presents an analysis of modern dust collection devices and
substantiates the feasibility of using wet scrubbers for aspiration emissions
treatment. Their advantages include reducing the risk of combustible dust ignition,
eliminating secondary air pollution, and enabling simultaneous removal of solid,
vapor, and gaseous contaminants. At the same time, the constraints of their
industrial application are identified, including low efficiency in capturing fine
particles, water quality requirements, and the need for wastewater treatment. The
chapter also reviews theoretical and experimental approaches to describing aerosol
deposition by liquid droplets. It is shown that a highly developed droplet surface
and high relative velocity between droplets and particles can enhance purification
efficiency but require significant energy input, as in the case of Venturi scrubbers.
The shortcomings of existing models are highlighted, particularly the lack of data
on the influence of mechanical impurities in irrigation water and the insufficient
description of turbulence in the droplet interaction zone, which necessitates
targeted experimental research. Based on this analysis, research objectives were

defined, including studying droplet size distribution, the influence of dustiness and
7



water impurities on efficiency, and the hydrodynamic parameters of disc-type
scrubbers.

The second chapter provides a theoretical justification of droplet—particle
interaction processes and examines the basic laws of liquid atomization in
atomizers. Analysis of the physical processes of aerosol deposition established that
purification efficiency strongly depends on droplet fineness, which in turn is
determined by the atomizer design, operating regimes, liquid properties, and
impurity content. A dimensional analysis yielded a functional dependence for the
volume—surface diameter of droplets of water and suspensions, considering the
influence of solid particle concentration. A general formula for calculating dust
capture efficiency by atomized liquid sprays was derived. The necessity of further
experimental research using factorial analysis was demonstrated to quantify the
influence of spray parameters and liquid medium properties on purification
efficiency under high-temperature conditions. These results formed the basis for
developing a comprehensive methodology for studying dust collection in the
following chapters.

The third chapter presents experimental investigations of a cyclone-type
scrubber with a disc atomizer designed to disperse recycled water containing
mechanical impurities. The influence of hydrodynamic parameters, atomizer
design, and liquid properties on droplet spray formation was studied. Equations in
dimensionless form were obtained to calculate the mean volume—surface diameter
of suspension and water droplets, which allowed for evaluating the effect of
impurities on droplet fineness. Laboratory experiments conducted under a full
factorial design enabled the construction of a mathematical model of the
purification process and the determination of optimal operating parameters. It was
found that increased humidity of the dusty stream and water impurity
concentration up to 2.5 kg/m?® improved purification efficiency, while higher
temperatures reduced it. Dependencies for droplet carryover and hydraulic
resistance were established, providing a basis for the design of an industrial

prototype scrubber.



The fourth chapter summarizes the results of experimental and analytical
studies of the novel cyclone-type scrubber with a disc atomizer intended for high-
temperature aspiration emissions. It was established that introducing highly
atomized liquid into the rotating dust—gas flow at the center of the apparatus
ensured intensive kinematic coagulation of particles and enabled high purification
efficiency—up to 98.5%—even when using recycled water with mechanical
impurities up to 2.5 kg/m?. The influence of impurities on droplet dispersion was
investigated, proving that their presence reduces the mean volume—surface
diameter of droplets and enhances dust capture efficiency. A mathematical model
was constructed, incorporating the main process parameters, including liquid
properties, dust dispersion, humidity, and hydrodynamic conditions.
Dimensionless correlations were obtained for hydraulic resistance, which, together
with the developed calculation methodology, provide the basis for practical
application. The results were confirmed by industrial tests at the Kyiv Glass
Factory, where significant economic benefits were achieved, and by further
implementation of the developed design at other enterprises.

Keywords: aspiration emissions, disc atomizer, liquid atomization, mechanical

impurities, dusty flows, dust collection efficiency, droplet deposition.



