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HucepratiitHa po0oTa NPUCBAYECHA JOCTIMKEHHSM IIPOIIECIB CIIAIFOBAHHS
BUKOPHCTAHHS B TONIKOBUX KaMepax KOTEJIbHUX YCTaHOBOK.

06 ’ekmom Oocniodcents € (PI3UKO-XIMIUHI MPOILECH, 110 BIIOYBAIOTHCA MpPHU
CHaJIFOBaHH1 BOJIONAJIMBHUX €MYJIbCIH B TOTIKOBUX KaMepax KOTEJIbHUX YCTaHOBOK.
Ilpeomemom Oocniddcennsi € 3aKOHOMIPHOCTI, IMO XapaKTEpHU3yIOTh MPOLEC
CHAIIOBaHHS BOJOMNAJIMBHUX €MYJIbCIM Ta iX BIUIMB HAa €(DEKTUBHICTh, €KOJOTTYHICTh
Ta HaJIIMHICTh POOOTH KOTEJIBHUX YCTaHOBOK.

Memoro Oucepmayiiinoi pobomu € HayKOBe OOIPDYHTYBAaHHSI TEOPETUUHHUX
MOJIOKEHb 1 po3poOKa TMPAaKTHYHUX PIlIeHb IOJA0 TMIABUIIECHHS TEXHIKO-
EKOHOMIYHHMX, €KOJOTIYHUX T[MOKa3HUKIB poOOTH Ta HAAIMHOCTI eKCIuTyaTalii
KOTEJIbHUX YCTAaHOBOK IIPH CIIAIOBaHHI BOJAOMATHBHUX €MYIbCIiH.

Y e6cmyni OOTPYHTOBAaHO aKTyaJIbHICTh TEMH pOOOTH, IO TIOB’S3aHA 3
npo0JIeMOI0  BHKOPUCTaHHS  BOJONAIMBHHUX  €MYNbCIA U1l TiABUIICHHS
€HEProeKoJIOrIYHOT €(EeKTUBHOCTI Ta HAMIMHOCTI eKCIUTyartaiii KOTEJIbHOIO
oOnamHaHHS. AHANI3yIOUM CyY4YacHMM CTaH MpoOjeMH, MOKa3aHO, IO ICHYIOYl
JOCTIIPKEHHSI HE BPaXOBYIOTh BECh KOMILJICKC TTapaMeTpiB, IO BIUIMBAE Ha MPOIECH
CHAIFOBaHHS BOJIOMAIMBHOI eMylnbcii. Bu3Haueni merta Ta 3amadi JOCTIIHKCHHS,
HaBEJCHO JaHl Npo 11 HAYKOBY HOBU3HY, MpAKTUYHE 3HAYEHHA, ampooarliro
pe3yJbTaTiB Ta My0JIiKallii 32 TEMOI pOOOTH.

V' nepwomy po3oini mipeAcTaBICHWM aHami3 pKepen iH(opmarlli 3 muTaHb
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BUKOPHUCTAHHS BOJIOMAJMBHUX €MYJbCI B ABUTYHAaX, ra30TypOIHHHMX Ta KOTEIbHHUX
ycTaHoBKkax. [IpoanamizoBaHi (akTopu, MO BIUIMBAIOTH HAa TMPOIEC 3TOPSHHS
BOJIONAJIMBHUX €MYJIbCIA B TOPIBHSIHHI 3 TPaAUIIMHUMHU CHOCOOAMH ITiABUIIECHHS
SIKOCTI1 TOPIHHS — YIOPCKYBaHHSM BOJSIHOI napu a0 BBEJCHSIM BOJAU B 30HY TOPIHHSL.
[IpoaHaai3oBHO BIUIMB SIKOCTI BOJAM Ha €(EKTUBHICTb POOOTH EHEPreTHYHHX
YCTAaHOBOK Ta METOAM 11 MIATOTOBKH, TIOKAa3aHO HEOOXITHICTh 3aCTOCYBaHHS
JOJJTATKOBUX 3aXOJIB JIJIsl aKTHBallli poOOYMX MPOIIECiB, y TOMY YHCII KaBiTaI[liHOT
00poOku Ha ctajii miarotropku BIIE. 33anavaerhcst HemocTaTHs MOBHOTA 1H(OpMaIIii
10J10 BU3HAYEHHA BUMOT 10 saxocTi Boau Juist BITE Ta mapameTpiB pobouux npouecis
IIPU CHIAJIFOBAHHI EMYJIbCIT 32 YMOB PI13HOTO BOJIOBMICTY.

Y opyeomy po3oini po3risiHyTO MpoliecH BIOpaIiitHOTO TOPIHHSA Ta iX BIUIMB Ha
CHAJIOBAHHS BOJOMAJIMBHOI eMyJibCli. PO3rsiHyTO pi3HI BUAM BIOpaLIfHOTO TOPIHHSA
Ta iX MaTeMaTUYHUN onuc. Bu3HaueH1 yMOBH, 3a SKHX CIIOCTEPIra€ThCs MO3UTUBHUN
BIUIMB TAaKOI'O0 PEXHUMY TOPIHHS Ha IHTEHCH(IKAIIO0 TEIUIOOOMIHY Ta 3MEHIUEHHS
HIKIJJIMBUX BUKHUIIB Y AOBKULIA. [IpoananizoBaHi pi3Hi NPOLIECH MEPETBOPEHD BOAHOI
¢azu BIIE, k0keH 3 AKUX CyNPOBOJIKYETHCS PI3HUMH 3aKOHOMIPHOCTAMU APOOJIECHHS
BUXIJTHUX Kparelib MajuBa.

Tpemiti  po3din  TPUCBIYEHO  JOCIDKCHHSM  SBUINA  BHUCOKO-  Ta
HU3BKOTEMIEPATYPHOI  KOpPO3li TNpH  CHATIOBAHHI  BOJOMAJIMBHUX  €MYJIbCIM.
[IpencTBneHO OMUC EKCIEPUMEHTAIBHOT YCTAHOBKH Ta pPE3yJbTaTH JTOCIiIKEHb
BIUTMBY MIHEPAJIbHOI YaCTHHM TajauBa Ta Bojau npu cnamtoBanHdi BIIE, temneparypu
MOBEPXHI METaJll Ta KOEe(IIIEHTY HAJJIUIIKY MOBITPS MPU PI3HOMY COJIEBMICTI BOAU
st ctam 20 ta 1X18HI10T. TlpoBeneno mopiBHsuibHMM aHanmi3 ButpaT BIIE Ta
Ma3yTy, OTPUMAHO  3aJeKHOCTI  IIBUAKOCTI ~ BHCOKOTEMIIEpaTypHOi  Ta
HU3BKOTEMIIEPATYPHOI KOPO3ii MpU PI3HOMY COJIEBMICTI Ta KOEQILIEHTI HAJJIUIIKY
noBiTps. [llnsxom 00poOKM pe3ynbTaTiB €eKCIEPUMEHTATBHUX JTOCHIKEHb OTPUMaHI1
perpeciiiHi piBHSHHSA, K1 JO3BOJISIIOTH MPOTHO3YBAaTH 1HTEHCHUBHICTH KOPO31l HpH
BukopucrtanHi BIIE Ta ynctux nanuB, NpoBe/ieHa OLIHKA MOTPIIIHOCTENH OTPUMaHUX
PIBHSIHb.

YV uemeepmomy po30ini 3anpONOHOBaH1 BapiaHTH KOHCTPYKTIBHUX PIIIEHb JIs
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IPOMUCIIOBUX Ta YTHII3AIIMHUX KOTJIIB 3 YCTAHOBKOIO KOHACHCALIMHUX MOBEPXOHB
HarpiBy 3 pI3HUX MartepiaiiB. 3ampoOrOHOBAHO BUKOPUCTAHHS CKpyOepHUX
TEXHOJIOT1M 13 3aCTOYBaHHSIM KOHJCHCAIIMHUX TOBEPXOHb 13 HACAJIKOI 3 HE
KOpO3ifHUX MaTepiaiiB. /s CyIHOBUX KOTEIBHHX YCTaHOBOK OOIPYHTOBAHO
BUKOPHUCTAHS €IKTPOAIaNII3HUX TEXHOJIOT1HM MIATOTOBKM BOJM, IMOKAa3aHa MepeBara ix
BUKOpPHCTaHHA. Po3pobieHa cxema TEXHOJOTII KOMILJIEKCHOTO BHUKOPHCTAHHSA
NAJIMBHO-CHEPTeTUYHUX 1 BOJHUX PECypCiB, OCOOIUBICTIO SIKOT € BUKOPUCTAHHS Ha
eTarax IONepeJaHbOI MIATOTOBKH MPICHOI BOJM Ta IajvMBa KaBITAaIlliHOI 0OpOOKH
pi3HOI 1HTEeHCUBHOCTI. [IpoBeneHunii aHami3 BIUIMBY BIOPCKYBaHHS BOJSHOI Napu Ha
eMICIIO MIKIJIMBUX PedoBUH npu criaimtoBaHHl BIIE y mopiBHHSHI 3 YUCTUM HaJIHBOM.
3a JIOMOMOroK METOJMIB CTAaTHUCTUYHOI OOpPOOKM JaHUX OTPUMAHO PIBHSHHI
0araToBUMIpHOI ~perpecii, W0 JO3BOJII€ BU3HAYUTU IIBUJAKICTH MPUPOCTY
3a0pynHIO0YMX pedoBuH s cnaittoBanHs BIIE 3 BMicToMm cipku 10 30 %.

Y 6ucHosxkax HaBEIEHO OCHOBHI pe3yJlbTaTd HAYKOBOi pPOOOTH TIOAO
BUPIIICHHS MTOCTABICHUX HAYKOBUX 33714 TOCI1>KESHHSI.

3a pe3ynomamamu 00CniOHCEHHS OMPUMAHO MAKL HAYKOBL Pe3YIbmamu.

— Ha OCHOBI MPOBEJIECHUX EKCIEPUMEHTAIBHUX JOCIIIKEHb OTPUMaH1 HOBI
alpOKCHUMAIlIHI ~ 3aJIe)KHOCTI Ui  BU3HAYCHHS IHTCGHCHUBHOCTI BHCOKO- Ta
HU3BKOTEMIIEPATYPHOI KOPO3il MPU BUKOPUCTaH! BOJOMAIUBHUX €MYJIbCIHA 3 PI3HUM
CIIBBITHOIIEHHSM TAJIMBO/BOJIa Ta BMICTOM CIPpKM B Jiama3oHl KOeQIIiEHTIB
Hajumky nositps 1,01-1,5;

— BIEpIIe po3poOJIEHO MPUKIAAHE PIICHHS HI00 KOMIIOHYBaHHS KOTEIbHUX
YCTAaHOBOK 3 BUKOPHUCTAHHSIM CKpYyOepiB 3 MIAITPIBOM IMOBITPS 1 MiJICYIIKOIO Ta3iB Ta
HaJaH1 peKOMEHAAIIT 00 BUOOPY MaTepialiB, AKi 3a0e3MeuyoTh HaliiHy POOOTY
oOnmagHaHHs TIpu TemmepaTypi cTiHOK Huxde /0 °C 3a yMOB BHKOPHCTaHHS
BOJIOTIAJIMBHUX €MYJIbCiH, TEMJIOTH KOHJEHCAIlli BOASHOI Mapu Ta Mapu CipyaHoi
KHUCIIOTH;

— BIIEpIIEC 3alpPOMOHOBAHO TEXHOJOTII0 KOMIUIEKCHOTO BHKOPUCTAHHS
MaJTMBHO-CHEPTETUYHHX 1 BOJIHUX PECYPCIB 3 €JIEKTPO11alI3HOI0 0OPOOKOI0 BOAM ISt

CYJTHOBUX KOTJIIB, OCOOJUBICTIO SIKOT € HAasBHICTh KaBiTalliHOT OOpPOOKH PI3HOIO
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piBHSL IHTEHCHMBHOCTI Ha BCIX €Tamax MONepeaHbOi MIATOTOBKH BOJHM, MajuBa abo
Ha(TOMACIOBMICHHUX BOJ MEpe]l 3MIITyBaHHIM Yy KaBiTaTopi;

— OTPUMAHO HOBE pIBHSHHS /IS BHU3HAYEHHS IIBUAKOCTI 3a0pyAHEHHS
MOBEPXOHb HArpiBy KOTJIIB Ta Tra30XOAiB, IO BpPaxOBYIOTh BIUIUB KOe(iIli€HTa
HAJIJTUIIKY TIOBITPS, BMICTY CIpKH Ta BOAW Y BOJONAJIMBHIN €MyJIbCii IPH HAsSBHOCTI
KOPO31MHUX MPOIIECIB IS IUPOKOTO Jiana30oHy 3a3HaUYECHUX MapaMeTpiB.

IIpakmuune 3naueHHs 00epHCanux pe3yaomamie noseac y HACMYnHOMY:

— OTPUMAHO MUISAXOM OOpOOKM EKCIEePUMEHTAbHUX JaHUX DPIBHSHHSA IS
BU3HAYECHHS 1HTEHCHUBHOCTI BHCOKO- Ta HHU3bKOTEMIIEPATypHOi KOpO3ili 103BOJISATH
3IIACHIOBATH JIOBIOCTPOKOBE MPOTHO3YBaHHS JUHAMHUKU PO3BUTKY KOPO3IMHHUX
MPOILIECIB MPHU CIATIOBAHHI BOJOMAIMBHUX €MYJIbCI PI3HOTO CKIIAY;

— HAJAHO pEKOMEHAAIlll IIOJ0 MOXJIMBOIO pIBHS TEMIEPATYPH CTIHOK
MOBEPXHEW HArpiBy KOTJIB JIJISl PI3HUX MApOK CTaJll 3 ypaxyBaHHSIM BMICTY CIpKH Ta
COJIEBMICTY BOJAH JIJIsl IPUTOTYBAHHS €MYJIbCIi,

— BUKOPCTAHHS PO3pPOOJICHUX KOHCTPYKTHBHUX DIIICHb MIOJ0 KOMITOHYBaHHS
KOTEJIbHUX YCTAHOBOK 3 BHUKOPHUCTAHHAM CKpyOepa 3 TIAIrpiBOM TIOBITPS 1
MIJCYIIKOIO Ta3iB J103BOJUTH 3abe3neuntn Maibke 100 % yTumizaniro TEmioTd
KOHJIEHCAIlli Tapu CcipyaHoi KUCJIOTH 1 BOJSHOI Mapu TMpH HaAIMHIA poOoTI
KOHJIEHCAI[IMHUX MOBEPXOHb KOTIIB 1 iX Ta30XOA1B MPU TEMIIEpaTypl CTIHOK MEHIIIE
70 °C npu cragroBaHHI BOJONAIMBHOI €MYJIbCI;

— 3aIpONOHOBAHO TEXHOJIOTII0 KOMILJIEKCHOTO BHUKOPUCTAaHHS MaJUBHO-
CHEPreTUYHUX 1 BOJHUX PECYPCIB 3 EJICKTPOAIaNTi3HOI0 OOpPOOKOK BOAM IS
orpuMannsa BIIE, sxa nepen0adaec BUKOPHCTaHHS AUTIOATY JJIS KaBITAlIMHOTO
npurotyBanHss BIIE Ta kartomity naiis 3poOIIeHHS CKpyOepiB 3 BUKOPHUCTAHHSIM
TerioTy KoHaeHcarii napu H,SO4 1 H,O Ta 3a6e3neuye migBUIIIEHHS] €KOJIOTIYHUX 1
TEXHIKO-€KOHOMIYHHX MOKa3HUKIB pOOOTH EHEPTeTHYHUX YCTAaHOBOK;

— OTpUMAaHE pIBHSHHS 0araTOBUMIpHOI perpecii J103BOJUTh MPOTHO3YBaTH
IHTEHCUBHICTh 3a0pYy/IHEHHS TTOBEPXOHb HArpiBYy Ta ra30X0/iB KOTEJIbHUX YCTAHOBOK
npu cnamoBadHi BIIE 3 ypaxyBaHHAM BIUIMBY KOMIUIEKCY [apamMeTpiB —

Koe(DILIEHTY HAJIMIIKY TOBITPS, BMICTY CIpKH Ta BOJIOTOBMICTY €MYJbCIi Y
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ABSTRACT

Kolbasenko O.V. Improving the technical, economic, environmental efficiency
and reliability of boiler installations by means of activating the combustion of water-
fuel emulsions. — Qualifying scientific work on manuscript rights.

Dissertation for the degree of Doctor of Philosophy (PhD) in specialty 144 —
Thermal power engineering (14 — Electrical engineering). — National Technical
University «Kharkiv Polytechnic Institute», Kharkiv, 2025.

The results of research into the combustion of water-fuel emulsion are
presented in the dissertation, as well as practical recommendations for improving the
technology of its use in combustion chambers of boiler installations that have been
developed.

The object of the study is the physicochemical processes that occur during the
combustion of water-fuel emulsions in the combustion chambers of boiler
installations.

The subject of the study is the patterns that characterize the process of burning
water-fuel emulsions and their influence on the efficiency, environmental friendliness
and reliability of the operation of boiler installations.

The objective of the dissertation is scientific development of the theoretical
basis and practical solutions to improve the technical, economic, environmental
performance and reliability of boiler installations when using water-fuel emulsions.

The introduction demonstrates the relevance of the topic of the dissertation,
defines the research objectives, provides data on its scientific originality, practical
significance, testing of the results, and publications made on the topic of the work.

The first chapter presents an analysis of sources of information on the use of
water-fuel emulsions in engines, gas turbines, and boiler installations. Factors
affecting the combustion process of water-fuel emulsions are analyzed in comparison
with traditional methods of improving the quality of combustion, sach as injecting
steam or introducing water into the combustion zone. The influence of water quality

on the efficiency of power generating installations and methods of its preparation are
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analyzed, and the need for additional measures to activate work processes, including
cavitation processing at the stage of preparation of the water-fuel emulsions, is
shown. The lack of complete information on determining water quality requirements
for water-fuel emulsions and work processes parameters when burning emulsion
under conditions of different water content is pointed out.

In the second chapter, the processes of vibrational combustion and their
influence on the combustion of water-fuel emulsion are examined. Different types of
vibrational combustion and their mathematical description are considered. The
conditions under which a positive effect of such combustion mode on the
intensification of heat transfer and the reduction of harmful emissions into the
environment is observed are determined. Various processes of transformation of the
water phase of the water-fuel emulsions are analyzed, each of which is accompanied
by different patterns of fragmentation of the initial fuel droplets.

The third chapter is devoted to the study of the phenomenon of high- and low-
temperature corrosion during the combustion of water-fuel emulsions. A description
of the experimental setup and the results of studies of the influence of the mineral
part of the fuel and water during the combustion of water-fuel emulsions, as well as
of the metal surface temperature and the excess air coefficient at different water
salinity for steel 20 and 1X18N10T, are presented. A comparative analysis of the
consumption of water-fuel emulsions and heavy fuel oil was conducted, and the
dependences of the rate of high-temperature and low-temperature corrosion at
different salt content and excess air coefficient were obtained. On the basis of
processing the results of experimental studies, regression equations were obtained
that allow predicting the intensity of corrosion when using water-fuel emulsions and
pure fuels, and an assessment of the errors of the obtained equations was carried out.

In the fourth chapter design solutions for industrial and waste-to-energy boilers
equipped with the condensing heating surfaces made of various materials are
proposed. The use of scrubber technologies that envision condensation surfaces with
a nozzle made of non-corrosive materials is proposed. For ship boiler installations,

the use of electrodialysis technologies for water preparation is substantiated, and the
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advantage of their use is shown. A scheme of the technology for the integrated use of
fuel, energy and water resources has been developed, the feature of which is the use
of cavitation processing of various levels of intensity at all stages of preliminary
preparation of fresh water and fuel. An analysis of the influence of water vapor
injection on the emission of harmful substances during the combustion of water-fuel
emulsions in comparison with pure fuel was carried out. Using statistical data
processing methods, multivariate regression equations were obtained, which allows
determining the rate of increase in pollutants for the combustion of water-fuel
emulsions with a sulfur content of up to 30%.

In the conclusions, the main results of the scientific work regarding the
solution of the scientific problems set in the research are presented.

The scientific originality of the conducted research is attested by the following
outcomes achieved for the first time:

- based on the conducted experimental studies, new approximation equations
were obtained for determining the intensity of high- and low-temperature corrosion
when using water-fuel emulsions with different fuel to water ratios and sulfur content
in the range of excess air coefficients 1,01-1,5;

- applied solutions for the layout of boiler installations that use scrubbers with
air heating and gas drying are proposed and recommendations are given for the
selection of materials that ensure reliable operation of the equipment at a wall
temperature below 70 °C under the conditions of burning water-fuel emulsions and
using steam and sulfuric acid vapor heat of condensation;

- a technology for the integrated use of fuel, energy and water resources with
electrodialysis water preparation for ship boilers has been proposed, a feature of
which is the presence of cavitation processing of various levels of intensity at all
stages of preliminary preparation of water, fuel or waters containing petroleum oil
before mixing in a cavitator,

- a new equation was obtained to determine the rate of contamination of
heating surfaces of boilers and gas ducts, which takes into account the influence of

the excess air coefficient, sulfur and water content in the water-fuel emulsion in the



presence of corrosion processes for a wide range of these parameters.

The practical significance of the results obtained is as follows:

— the equations for determining the intensity of high- and low-temperature
corrosion obtained by means of processing experimental data make possible long-
term forecasting of the dynamics of corrosion processes during the combustion of
water-fuel emulsions of various compositions;

— recommendations are provided regarding the possible temperature level of
the walls of the heating surfaces of boilers for different grades of steel, taking into
account the salt and sulfur content of the water for preparing the emulsion;

— the use of the developed design solutions for the layout of boiler installation
using a scrubber with air heating and gas drying make possible ensuring almost 100%
utilization of the condensation heat of sulfuric acid vapor and water vapor with
reliable operation of the condensing surfaces of boilers and their gas ducts at a wall
temperature of less than 70 °C during a water-fuel emulsion combustion;

— the proposed technology for the integrated use of fuel, energy and water
resources with electrodialysis water processing to obtain a water-fuel emulsion
involves the use of dilute in the scheme for cavitation preparation of water-fuel
emulsions and catholyte for scrubber bedewing, which makes possible using the heat
of condensation of H,SO, and H,O vapors and ensures an increase in the
environmental and economic indicators of power generating installations;

— the obtained multivariate regression equation makes possible predicting the
intensity of contamination of boiler installation heating surfaces and gas ducts during
the combustion of a water-fuel emulsion, taking into account the influence of the set
of the parameters composed of excess air coefficient, sulfur content, and emulsion
moisture content in a wide range that corresponds to real operating modes of the
equipment.

The practical and theoretical value of the research results are confirmed,
practical recommendations for their application are provided, and the prospects for

their further development have been considered.
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