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Pedepar/anoTamis:

1. Y po6ori: 1. Buepuie o6rpyHTOBaHO €(eKTUBHICTb CIIAIIOBAHHS YACTOrO BOJHIO B Ta30TypOiHHUX arperarax
KOHTAaKTHOTO TUILy BiTYM3HSIHOTO BUDOOHUIITBA 3 BIIOPCKYBAHHSIM [I€PErpiTOi Mapy B KaMePy 3TOPSIHHS HAa OCHOBI
BIJOCKOHaJIEHOI TPMBUMIipHOI MaTeMaTHYHOI MOJIeJIi ITPOLieciB TypOYyI€HTHOTO rOPiHHY, sIKa BiIPi3HSIETHCS Bif,
BiZJOMMX HasIBHICTIO I€TaJIbHOI'O KIHETUYHOI'O MEXaHi3My OKMCHEHHSI BOJHIO 3 YpaXyBaHHSIM CTYIIiHYacTOro
niiBeJeHHS Napy 0 JOBXWHI XXapoBoi Tpyo6u. 2. Briepiie oTpuMaHo (i3sMKO-XiMiuHi 3aKOHOMIPHOCTI pearyBaHHsI
BOJHIO B BUCOKo(dopcosaniit kamepi saropsiHHs ['T]] npu nifiBeieHHi eKoJI0rivHoi i eHepreTYHOi Iapu BiJMIOBiAHO B
IIepBUHHY 30HY KaMepy Ta 30HY po36aBJIeHHs [J1s1 3MEHIIIEHHS BUKUTiB OKCUiB a30Ty i MiJBUIIEHHS TUTOMO]
IOTY>KHOCTi €HepreTUYHOoI cucTteMu. 3. Brieple TeOpeTUYHMM IIJIIXOM OTPUMAHO, IO B KAMEPi 3rOpsSIHHSA
ra3oTyp6iHHOro arperaTy KOHTaKTHOTO TUITy 3i CTyNiHYaCTAM BIIOPCKYBAHHSIM N1apy palliOHaJIbHi 3HAYEHHS

BiZJHOIIEHHS MAaCOBUX BUTPAT IEPBUHHOTO Ta BTOPUHHOTO MOBITPS IIPU CTaJlill IX CyMapHill BUTpPaTi CTAHOBJIATD



0.8-0,9, a BifHOLIEHHS MaCOBUX BAUTPAT €KOJIOTIYHOI Ta EHEPreTUYHOI IIapy NP CTajliil iX CyMapHill BUTpaTi
cTaHoBATh 1,0-1,1, o 3a6e3neyye emicio OKcuIiB a30Ty MeHIIe 25 ppmvd y IepepaxyHKy Ha cyxXy cymint 3 15 %
BMiCTOM KHUCHIO. 4. BIOCKOHaJIEHO MiJXiJ 4O aHasli3y OCHOBHUX ITApAMETPIB, 4Ki BIZIMBAIOTh HA XapaKT€PUCTUKHU
BUTOPSIHHS CyMilllell BOOHIO 3 MOBITPSIM i IeperpiTolo napolo, sIKUil IPYHTYEThCSI HA BUKOPUCTAaHHI peaKTOPHOI
mogeni kamepu 3ropsiaast [T, 5. [Togansmoro po3BUTKy HabyB METO], YMCIOBOTO TPMBUMIPHOTO IPOTHO3YBAHHS
€HEepPreTUYHUX i eKOJIOTIYHUX XapaKTEPUCTUK Kamep 3ropsHHS ['T]], 1o npauoTh Ha BOHI, HA OCHOBI Je€TaJbHUX
XiMIYHMX ME€XaHi3MiB pearyBaHHs, sIKi BpaXOBYIOTb YTBOPEHHS [IPOMIKHMX HECTabIbHUX 3'€JHaHb, @ TAKOXK
YTBOPEHHS! i PO3KJIaJIJaHHsI OKCU/IIB a30Ty. 3a pO3TallyBaHHSIM MaTepiasy po6oTa nobynoBaHa HACTYITHUM YMHOM:
BerynHa yacTuHa NpUCBsSYeHa O6IPYHTYBaHHIO TEMATUKU JOCIIIIPKEHHS, il akTyasbHOCTI, BijlIOBIIHOCTI CBITOBUM
TEHJIeHIIisIM, [TOKa3aHOo 3B'SI30K 3 iCHYI0OUMMU JOCJIiIPKEHHSIMY, BUBHAUEHO 00'€KT Ta MpeJMeT JOCIiIKEHHS, 10ro
METY i 3aJja4i, ONIMCaHO METO Y, BUCBITJIEHO TOJIOBHI aCIIEKTH METOMOJIOTII JOCiI)KeHHS Ta Bepu@ikauii
OTPMMAaHUX JIAHUX, BU3HAYE€HO HAyKOBY HOBU3HY 11 TPaKTUYHE 3HAYEHHS pOOOTHU, IPECTaBIEHO MOCIiJOBHICTb
BUKJIQJIEHHS! pe3yJIbTaTiB OCIiIPKEeHHS y [y6JIiKallisix Ta CTyMiHb anpobalii Ha KoHdepeHLisX. Y nepiomy po3zini
IIPOaHai30BaHO Cy4YaCHUM CTaH JOCiIKEHb HA TEMY BUKOPUCTAaHHS YMCTOrO BOJHIO B IKOCTI [1aJIMBAa KOHTaKTHUX
ra3oTypOiHHMX JBUTYHIB, JOCIiIKEHO MiAXOOU 10 CTBOPEHHS BUCOKOE(PEKTUBHUX KaMeP 3rOPSHHS, PO3IJISHYTO
MOYKJIMBICTb 3aCTOCYBAaHHSI KOHTAaKTHUX ra3oTypOiHHUX OBUTYHIB Ha cypax tumy FPSO Ta o6rpyHTOBaHO
HEeOOXiJIHICTh IPOBEEHHS AMCEePTALifHOTO NOCiI>)KEHHS 3 JaHOi TEMATHKU. Y IpyroMy po3zisi onucaHa
METOJI0JIOTisI IOCTIiIKEHHS] pOO0YMX NPOLECIB B KAMEPax 3rOPsIHHS ra30TypOiHHUX ABUTYHIB KOHTAKTHOTO THUILY, 1O
[IPALIOIOTh HA BOAHI. 32 JOIIOMOrOI0 MaTeéMaTUYHOIO anapary OMMCAHO IIPOLLECH TOPiHHS BOJHEBOTO MaJnBa,
0Cco6MBOCTI TypOyli3aliii i Ternso06MiHy IOTOKIB, MOKJIMBOCT] YMCJIOBOT'O PO3B’S13aHHS CUCTEM IHU(epeHLiTHUX
piBHsHB 3a gonomoroio CFD-kommnekcis (Computational Fluid Dynamics). TpeTiit po3ais IpUCBIYEHO ONUCY
PO3p06JIeHOI cxeMU ribpruaHOI ra30-NapoTypOiHHOI yCTAaHOBKY, SIKA CKJIafaeThes 3 6asoBoro ['TIl npocToi cxemu 3
TEIJIOYTUJII3YI0OYMM KOHTYPOM Ta KOHTaKTHOTO ra30TypOiHHOTO arperary 3 BIIOPCKYBaHHSIM BOJSIHOI ITapy B KaMepy
3ropsiHHS. [IpefcTaBieHo po3pobyieHy MaTeMaTUYHY MOJI€sIb TEPMOJMHAMIYHUX TIPOLIECIB B €/leMeHTax 1iiei
€HEePreTUYHOi CUCTEMHU Ta Pe3YJIbTaT TEOPETUYHMX JOCIiI)KEHb 3aKOHOMIPHOCTE! 3MiHM TapameTpiB riopuaHoi
ra3o-napoTyp6iHHOI yCTaHOBKY B 3aJI€5KHOCTI BiJ] IIOTY>KHOCTI. Y 4eTBepTOMY PO37iJi eTalbHO PO3IJISIIA€ThCS
METOJ0JI0Tisl JOCJiI)KeHHS pOO0YUX [IPOLeCiB B KaMepi 3TOPSIHHS KOHTaKTHOTO ra3oTypOiHHOro IBUrYHA 3
IBOCTYIIHYaCTUM BIIOPCKYBaHHSM BOJSIHOI IapU i YMCTUM BOJHEM B SIKOCTi OCHOBHOTO 11aJINBa, JAaHO OIMC
PO3p06JIeHOI FeOMETPUYHOI Ta KiHLIeBO-€JIEMEHTHOI TeTpaeipanbHOI Mogeseil Kamepu. [IpoBeieHO TPUBUMIpHI
PO3paxyHKU po60YOro Mpolecy KaMepH 3ropsiHHS 3 BIIOPCKYBAaHHSM I1apy, 11O [TPAL0€ Ha BOJHI, 3 BUKOPUCTAHHIM
OJHOCTYIIIHYACTOI CXEMHU FOPiHHS, IO JO3BOJIUJIO BUSIBUTU PALliOHAJIbHI CIIBBiZHOIEHHS BUTPAT €KOJIOTIYHOI Tapu
i oOBiTPS Yepe3 KOMIIPECOP IBUTYHA. Y II'SITOMY PO3[ii po3p06JI€HO peaKTOPHY MOJIeJIb KAMEPU 3TOPSIHHS 3
BIIOPCKYBAaHHSIM IapH, L0 IIPaLIOe HA BOJHI, IPOBEIEHO ONTHUMI3aliliHI pO3paxyHKY NaJIMBOCIAIIOYOr0o
IIPUCTPOIO 3 METOIO NTOKPAIlEHHS €KOJIOTIYHMX [TOKa3HUKIB. BusiBieHO, 110 e peKTUBHUM CIIOCOOOM 3HUKEHHSI
BMKU/IiB OKCHUJIiB 30Ty € 3MEHIUIEHHS [IPOXiIHOTO Nepepidy 3aBUXPIOBaya, 3MEHIIEHHS BilHOIIEHHS BUTPAT
IIEPBAHHOTO Ta BTOPMHHOTIO MOBITPsI Ta 30i/IbIIE€HHS BilHOIIEHHS BUTPAT €KOJIOTIYHOI Ta €HepreTUYHOI apHu.
3HalleHO palioHaJbHi 3HaY€HHS BiJHOMIEHb BUTPAT [IEPBUHHOTrO Ta BTOPUHHOTO MOBITPS, 4 TAKOX BUTPAT
€KOJIOTiYHOI Ta eHepreTUYHoi Iapu yepes3 Kamepy IJ1s1 3abe3leueHHs! €BpoNeiCbKUX HOPM Ha BUKUAU TOKCUYHUX
KOMIIOHEHTIB ra3oTypOiHHMMU ABUTyHaMU. PO3p06s1eHO peKOMeHallii o0 BIOCKOHAIEHHS! KOHCTPYKTUBHOI
CX€MU KaMepu 3ropsiHHS 711 ii po60TH Ha BOJHI B CKJIa/li BITYU3HSIHOTO ra30TypOiHHOTO arperaTy KOHTaKTHOTO
TUILY.

2. In this work: 1. For the first time, the efficiency of pure hydrogen combustion in domestically produced hybrid
contact-type gas-steam turbine installations with superheated steam injection into the combustion chamber has
been substantiated. This is based on a developed three-dimensional mathematical model of turbulent combustion
processes, which differs from existing models by incorporating a detailed kinetic mechanism of hydrogen
oxidation with consideration of staged steam injection along the length of the combustor. 2. For the first time,
physicochemical regularities of hydrogen reactivity have been obtained for a highly boosted gas turbine
combustion chamber with the injection of ecological steam to the primary zone and power steam to the dilution



zone, aimed at reducing nitrogen oxide emissions and increasing the specific power of the energy system. 3. For
the first time, theoretical studies have established that in a contact-type gas turbine combustion chamber with
staged steam injection, the rational mass-flow ratio of primary to secondary air at a constant total air flow ranges
from 0.8 to 0.9. The rational mass-flow ratio of ecological to power steam at a constant total steam flow ranges
from 1.0 to 1.1. These ratios ensure nitrogen oxide emissions below 25 ppmvd when recalculated to a dry mixture
with 15% oxygen content. 4. The approach to analyzing key parameters affecting the burnout characteristics of
hydrogen-air-superheated-steam mixtures has been improved. This approach is based on the use of a reactor
model of a gas turbine combustion chamber. 5. The method of three-dimensional numerical prediction of the
energy and environmental performance of hydrogen-fueled gas turbine combustion chambers has been further
developed. The thesis is structured as follows: The introductory part provides a rationale for the research topic, its
relevance, and alignment with global trends. It demonstrates the connection to existing studies, defines the
research object and subject, outlines the goals and tasks, describes the employed methods, and highlights key
aspects of the research methodology and data verification. The scientific novelty and practical significance of the
work are identified. The sequence of research results presentation in publications and the degree of their approval
at conferences are also presented. Chapter 1 analyzes the current state of research on the use of pure hydrogen as
a fuel for contact-type gas turbine engines, examines approaches to the development of high efficiency
combustion chambers, considers the potential application of contact gas-turbine engines on FPSO vessels, and
substantiates the need for conducting a dissertation study on this topic. Chapter 2 describes the research
methodology for analyzing the working processes in combustion chambers of contact-type gas turbine engines
operating on hydrogen. Using mathematical tools, the chapter outlines the hydrogen fuel combustion processes,
the specific features of flow turbulization and heat transfer, and the capabilities of numerically solving systems of
differential equations using CFD packages. Chapter 3 is dedicated to the description of the developed hybrid
gas-steam installation. The chapter presents the developed mathematical model of the thermodynamic processes
in the components of this power system, as well as the results of theoretical studies on the regularities of
parameter changes in the hybrid gas-steam installation depending on its power output. Chapter 4 provides a
detailed examination of the research methodology for analyzing the working processes in the combustion chamber
of a contact-type gas turbine engine with two-stage steam injection and pure hydrogen as the main fuel. It
includes a description of the developed geometric and tetrahedral finite-element models of the chamber. Three-
dimensional calculations of the combustion chamber operation with steam injection using hydrogen as fuel were
performed based on a single-stage combustion scheme. Chapter 5 presents the development of a reactor model of
a combustion chamber with steam injection operating on hydrogen, and optimization calculations of the fuel-
combustion device aimed at improving environmental performance. It was determined that an effective way to
reduce nitrogen oxide emissions is to decrease the throat area of the swirler, reduce the mass-flow ratio of
primary to secondary air, and increase the mass-flow ratio of ecological to power steam. Rational values of the
mass-flow ratios of primary to secondary air, as well as ecological to power steam through the chamber, were
identified to ensure compliance with European emission standards for toxic components from gas-turbine
engines. Recommendations were developed for improving the design of the combustion chamber for hydrogen
operation within a domestically produced contact-type gas turbine unit.
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