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activating the combustion of water-fuel emulsions

Pedepar:

1. Inceprauiiina po60oTa IpUCBIYeHa JOCiIKEHHSIM IIPOLECIB CIIallOBaHHS BOJONAIMBHOI €MyJbCii Ha OCHOBI
Ma3yTy 3 METOI0 YAOCKOHAJIEHHS TEXHOJIOTI] ii BUKOPUCTaHHS B TOIIKOBUX KaMepax KOTeJIbHUX YCTaHOBOK. O6’'€KTOM
OOCTiIXeHHS € (Pi3MKOo-XiMiuHi IpOoLeCH, IO BiIOYBAIOTHCS IIPU CHATIOBAaHHI BOJONAIUBHUX €MYJIBCIN B TOIIKOBUX
KaMepax KOTEJIbHUX YCTAaHOBOK. [IpeaMeToM IOCiIKEeHHS € 3aKOHOMIPHOCTI, 110 XapaKTEePU3yIOTh IIPOLIEC
CIIaJIIOBAHHS BOJOTIAJIMBHUX €MYJIbCiil Ta iX BIIJIMB Ha €(PEKTHBHICTb, €KOJIOTIYHICTb Ta HaAIiHICTb PO6OTU
KOTEJIbHUAX YCTAaHOBOK. METO0 AucepTaliliHOl poOOTH € HayKOBE OOI'PYHTYBAaHHS TEOPETUYHMX IIOJIOXKEHB i
PO3pOoOKa MPaKTUYHUX PillleHb W00 MiJIBUIIEHHS TeXHIKO-€KOHOMIYHMX, €KOJIOTIYHUX ITOKA3HMKIB POOOTH Ta

HAZiHOCTI eKcIIyaTalii KOTeJIbHMUX YCTAaHOBOK IIPU CIIA/IIOBAHHI BOJONAIMBHUX €MYJIbCIH. Y BCTYIIi OGIPYHTOBAHO



aKTyaJbHICTb TEMU POOOTH, 11O MOB'SI3aHA 3 TPO6JIEMOIO BUKOPUCTAHHSI BOLONAIMBHUX €MYJIbCiil [J1s MiABULIEHHS
€HeproeKoJoriyHoi epeKTUBHOCTI Ta HaiMHOCTI eKCIlTyaTallii KOTeJIbHOro 06JIaiHaHHS. AHaI3yI0un Cy4acHUN
CTaH Npo6sieMH, [10Ka3aHo, 110 iCHYIOUi OCIIiI)KEHHS HE BPaxOBYIOTh BECb KOMILJIEKC I1apaMeTpiB, 10 BIJINBAE HA
[IPOLIECH CIAJIIOBAHHA BOIOINAJINBHOI €eMYJIbCii. Bu3HaueHi MeTa Ta 3aa4i JOCIiI)KEHHS, HaBEIEHO AaHi npo ii
HAyKOBY HOBU3HY, IDAaKTU4HE 3HAYEHHS, alTpo0Oallilo pe3y/bTaTiB Ta My6sliKallii 3a TEMOIO po6OTH. V Nepmomy
PO3[ii mpencTaBleHu aHali3 Jpkepes iHpopmaliii 3 TMTaHb BUKOPUCTAHHSI BOJONAJIMBHUX €MYJIbCiil B IBUTYHAX,
ra3oTypOiHHMX Ta KOTEJIbHUX YCTaHOBKax. [IpoaHasnizoBaHi pakTopy, 1110 BIVIMBAIOTh HA ITPOLIEC 3TOPSIHHS
BOJIONIAJIMBHUX €MYJIbCIill B IOPIBHSIHHI 3 TPaAULIIHMMHU CTIOCOOAMU MiJIBUIIEHHS SKOCTi TOPiHHS — YIIOPCKYBAHHSIM
BOZSIHOI Iapy ab0 BBeJ€HHSIM BOIY B 30HY ropiHHS. [IpoaHasnizoBaHO BIIMB SIKOCTi BOAU Ha ePEeKTUBHICTb pOOOTU
€HepreTMYHUX YCTAaHOBOK Ta MEeTOJU ii MiAroTOBKY, I0Ka3aHO HEOOXITHICTh 3aCTOCYBaHHS IOAATKOBUX 3aX0LiB [1JIs1
aKTyBalii po60YnX MPOLECIB, Y TOMY YMCJIi KaBiTaliliHOI 00po6Ku Ha ctafii nigrorosku BIIE. 3a3HavaeTbes
HEeJIOCTaTHS NMOBHOTA iHdopMaii o010 BUBHAYEHHS BUMOT 110 sIKOCTi Bony aJis BITE Ta mapameTpiB po6oynx
IIPOLECIB IPU CHIAJIIOBAHHI €MYJIbCi] 32 YMOB Pi3HOTO BOJOBMICTY. Y IPYrOMY PO3JiJi PO3IJISIHYTO IIPOLECH
BiOpaliliHOro ropiHHS Ta ix BIIJIUB HA CIIAJIIOBAaHHS BOLONAJIMBHOI €eMyJIbCii. PO3ryIssHyTO pi3Hi BUAM BiOpaLifiHOro
rOpiHHA Ta iX MaTeMaTUYHUI ONKC. BU3HadyeHi yMOBY, 32 SIKUX CIIOCTEPIra€ThCsl MO3UTHUBHUN BILIUB TAKOTO PEXKUMY
ropinHs Ha iHTeHcHQiKallilo Terg006MiHy Ta 3MEHIIeHHS WKiJIMBUX BUKUIB ¥ TOBKiJs. [IpoaHasnizoBaHi pi3Hi
npoliecy nepetsopeHsb BoAHOI ¢pasu BIIE, KoxKeH 3 IKMX CYIIPOBOIKYEThCS Pi3HUMM 3aKOHOMIPHOCTSIMU APOOJIEHHS
BUXiJJHMX KparleJib nanusa. TpeTiil po3zis IPUCBIY€HO AOCIIIPKEHHSIM SBUILA BUCOKO- Ta HU3bKOTEMIIEPATYPHO]
KOpO3ii [py CcranoBaHHI BOJONANMBHUX €MYJIbCii. [IpecTaBIeHo ON1Uc eKCIEPUMEHTAJILHOI YCTaHOBKY Ta
Pe3yJIbTaTU NOCIiIKEHb BIVIMBY MiHEPaJIbHOI YaCTUHY MaJIMBa Ta BOAY Npu criamoBaHHi BIIE, temneparypu
IIOBEPXHI MeTaJli Ta KoeillieHTy HaJJIMIIKY MOBITPs IpY Pi3HOMY cosieBMicTi Bogu aJs craii 20 ta 1X18H10T.
[IpoBeneno nopiBHsIbHUI aHani3 BUTpar BIIE Ta Ma3yTy, OTPUMAaHO 3a/IEXKHOCTI IIBUAKOCTI BUCOKOTEMIIEPATYPHOI
Ta HU3bKOTEMIIEPaTypPHOI KOpO3il I1py pi3HOMY cosieBMiCTi Ta KoedilieHTi HagIumKy nosiTps. lngxom 06podku
PEe3yJIbTATiB €KCIIEPUMEHTAJILHUX JOCIIII)KEHb OTPUMAaHI PErPECifiHi PiBHAHHS, SIKi JO3BOJISIIOTh [IPOTHO3yBaTH
iHTeHCHBHICTb KOPO3ii 1py BUKOprcTaHHi BIIE Ta 4nCTUX NanuB, IPOBEAEHA OLiHKA MTOrPIIHOCTEN OTPUMAHUX
PiBHSHB. Y 4ETBEPTOMY PO3Ziji 3aIIPOIIOHOBAHI BapiaHTU KOHCTPYKTUBHUX PilllEHD [J151 IPOMUCIIOBUX Ta
YTUJIi3aLiTHUX KOTJIIB 3 YCTaHOBKOIO KOHMIEHCALITHMX [I0BEPXOHb HArpiBy 3 Pi3HUX MaTepiaiB. 3alIPONIOHOBAHO
BHMKOPHCTaHHS CKPYOEpPHUX TEXHOJIOTIH i3 3aCTOCYBaHHSIM KOHJ€HCAllilHMX [IOBEPXOHb i3 HACAIKOIO 3 He
KOPO3iMHMX MaTrepiais. [I71s1 CyZHOBUX KOTE€JIbBHUX YCTaHOBOK OOI'PYHTOBAHO BUKOPHCTAHHS €JIKTPOJiali3HMX
TEXHOJIOTI! MiATOTOBKY BOIM, TIOKa3aHa MepeBara ix BUKOPUCTaHHS. Po3pobiieHa cxemMa TeXHOJIOTii KOMIIJIEKCHOTO
BHMKOPHMCTaHHS NJINBHO-E€HEPreTUYHMX i BOOHUX PECYpCiB, 0COOJIMBICTIO SIKOi € BUKOPUCTAaHHS Ha eTanax
[ONepeNHbOI MiATOTOBKM NPIiCHOI BOJY Ta N1aJIMBa KaBiTalillHOI 00p0oOKU Pi3HOI iHTEeHCUBHOCTI. [IpoBeeHnii aHani3
BIIJIUBY BIIOPCKYBaHHS BOJASAHOI Iapy Ha €MiCil0 WIKiAJMBUX peYOBUH Npu crnianoBanHi BIIE y nopiBHAHHI 3 yncTum
nasinBoM. 3a JOTIOMOTOI0 METO/IiB CTATUCTUYHOI OOPOOKU JAaHUX OTPUMAHO PiBHSIHHI 6araToBUMIipHOI perpecii, mo
II03BOJISlE BU3HAUYUTHU MIBUIKICTb IPUPOCTY 3a0pPYyIHIOIOUMX PEUYOBHUH 1151 criamosaHHs BIIE 3 BMicToM cipku fo 30
%. Y BUCHOBKaxX HaBeJIEHO OCHOBHi pe3yJIbTaTU HAYyKOBOi POOOTH MIOL0 BUPIIIEHHS IIOCTABJIEHUX HAYKOBUX 3a1a4

IOCJIiIKEHHSI.

2. 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, such 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 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 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.
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Cdepa praBJIiHHﬂZ HanjjonanbHa akageMisd HayK YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBume Im's Ilo-6aTbKOBI:

1. Pegpbko Irop OnekcanaposBuy



2. Ihor Redko

KBasigikanis: 1. 1. n., npodecop, 05.23.03
ImenTudikarop ORCID ID: 0009-0005-1556-0830
JoparkoBa iHdopmamist:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0COOH: VKpaiHChKUIi Iep>KaBHUI YHIBEPCUTET 3a/liBHUYHOTO

TPaHCIIOPTY
Kopg 3a €IPIIOY: 01116472

Micue3HaxoaKeHHS: MaiinaH deitepbaxa, 6ya. 7, XapkiB, XapKiBCbKUH p-H., 61050, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Tapacenko Onekcangp MukosnanoBmuy

2. Oleksandr M. Tarasenko

KBasigikamis: . r. u., o, 05.14.14
Imentudikarop ORCID ID: 0000-0002-7480-2917
JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: HanioHanbHUi TEXHIYHMI YHiBEpCUTET "XapKiBChKUit

MOJIITEXHIYHUN IHCTUTYT"

Kopg, 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: By Kupnuyosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayK1 YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Kpyrasikosa Osera BosogumupisHa

2. Olga V. Kruglyakova

KBasigikamis: . . u., go1., 05.14.06
ImenTudikarop ORCID ID: 0000-0003-1113-826X
JonaTkoBa iHdopmaris:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0CO0H: HanioHanbHUi TEXHIYHMI YHiBEpCUTET "XapKiBChKUiA

MOJIITEXHIYHUN IHCTUTYT"
Kopg 3a €IPIIOY: 02071180

MicneSHaxo,IpKeHHﬂ: ByJ1. Kupnudosa, 6yz. 2, Xapkis, XapKiBcbKuil p-H., 61002, YkpaiHna



dopma BiracHOCTI: JlepxasHa

Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3akar04Hi BimoMocTi
BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI
TOJIOBH paju

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBi
rOJIOBYIOYOrO Ha 3aCiflaHHi
BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZJaJIbHUM 32 PEECTpalLilo HayKoBoi

OisIIBHOCTI

[TapcapmaHosB Irop BosogumupoBuy

[TapcapmaHosB Irop Bosoaumuposuy

Kosbacenko OJier BacuiboBu4

VKpIHTEI

FOpuenko Tetsana AHaTosiiBHA



