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Pedepar:

1. Y BcTyni 06rpyHTOBAHO aKTyaJIbHICTh TEMU JUACEPTaLii, CGOPMYJIbOBAHO METY i 3aBJJaHHS IOCIIiIKE€Hb, HABETEHO
HAYKOBY HOBU3HY Ta [IPaKTUYHY LiHHICTb Ol€P’KaHUX Pe3yJbTaTiB, BABHAYEHO OCOOUCTUI BHECOK 3400yBayva,
npencTaiieHo iHdopMaliio moo anpobdauii, cTpykTypu i 0bcsry guceprauii. [Tepmmii posnin nuceprarii
IIPUCBSYEHO aHasi3y HaxoBUX [KepeJl, 0 CTOCYIOThCS AOCIiIpKEHHS 3aKOHOMIpHOCTE! TeMJ000MiHy B KaHajax

IIPY HAAKPUTUYHUX TUCKaX. Po3rynsgHyTo ocobmuBocTi CFD MonentoBaHHS NOCiIKyBaHOi (i3sM4HOI CUTYyalLi.



HaBeneHo pe3yabTaTu aHajli3y CTaHy JOCIIIPKEHD Teyii i TenI000MiHy HQAKPUTUYHOI BOAU 32 YMOB 3MillIaHOi
KOHBeKlii. [IeBHy yBary npunisieHo po3risiny pooiT, IOBA3aHUX 3 AOCiIPKEHHSIM PO3IIOLiIiB Y IOTOKax
Te10(i3sNYHUX BIACTUBOCTEN HAAKPUTUYHUX TEIJIOHOCIIB. Ha OCHOBI BUKOHAHOTO aHasli3y CTaHy PO3IJISIHYTOl
npobseMu cpopMyIbOBAHO METY Ta OCHOBHI 3aBJIaHHS, 10 BUPIIYIOTHCS Y IUCEPTALiHI poOOTi. Y gpyromy
O3 BUCBITIIIOIOTHCS OCOOIMBOCTI METOIUKY MaTeMAaTUYHOIO i KOMITIOTEPHOTO MOJIe/IIOBAaHHS BiMIOBITHO 1O
3aBfaHb poboTu. HaBonuThcst MaTeMaTHyHa MOJIeJlb AOCJIIKyBaHOTO [IPOLeCy, 110 BiJIIOBiae 0ceCUMeTpUYHIN
HeJIiHINHIN 3a7ad4i Tedil i TenjaonepeHocy HaAKpUTUYHOI BOY Y BEPTUKAJIbHUX [VIaIKUX HarpiBaHUX Tpybax.
[IpencraBneHo gaHi mono Bepudikanii Moaesi TypOyIeHTHOTO IepeHoCy 11l AOCiIKyBaHoi (isn4HOI cuTyariii.
HaBeneHo TakoX pe3ysbTaTy aHajli3y CTOCOBHO 3aCTOCYBaHHS BUOPaHOi MofesIi TypOyIeHTHOCTI 1J1sl Pi3HUX
PEeKMMIB TENJI000MiHy 32 YMOB BUCXiAHOI Tedii HaAKPUTUYHOI BOogu B Tpy6ax. TpeTiil po3ais NpUCBIYEHO
IOCJIiIKEeHHIO 3MilllaHOi KOHBEKLii HaAKPUTUYHOI BOJY ITPY BUCXiAHIN Teuil y BepTUKaJIbHUAX HAarpiBaHUX TPyOax 3a
YMOB C€pPEeIHIX 3HaU€Hb MAaCOBUX MIBUIKOCTEN BOLY i PI3HMX BEJIMYMH MiBENEHUX [0 CTIHKY TEIJIOBUX IIOTOKIB.
HaBogsartbcs pesynbprat CFD MopesnoBaHHS 3aKOHOMIPHOCTEN Tevil HAIKPUTUYHOI BOIY 17151 JOCIiIPKyBaHO1
(disnyHOi cuTyalii. 30KpemMa 10KazaHo, 10 PEXXUM 3MillIaHOI KOHBEKIIil CIIOCTEPIraeThCsl JIMIIE Ha NEBHIN
LEHTPAaJIbHIl 110 LOBXMHI AiyIsiHLi Tpy6u. [Ipy HboMy B MeXax JIOKasli3allii 30HM 3MilIaHOi KOHBEKLI ii IposB 1o
IOBXKWHI KaHaJly 3pOCTae, NocsIrae MakCuMyMy i nasi criagae. [lpencraBieHo gaHi JocinkeHb MoL0 0cobIuBOCTeN
Teyvil HaKPUTHUYHOI BOAM IIPY BapiloBaHHi BEJIMYMHY I'YCTUHU TEIJIOBOTO IIOTOKY ( Ha CTiHLi Tpyo6u Bif 239 no 310
KBT/M2. TTokasaHo, 10 NPOTSDKHICTB MO TOBXMHI KaHaly 30HU 3MilllaHOI KOHBEKILii B 1Or0 LIeHTPaJIbHIlN AiSHIi
CYTTEBO 3POCTAE 3 MiIBULIEHHSM TEIJIOBOTO IIOTOKY (. IIpy 1bOMy UMM Oisbille 3HaYEHHS ¢, TUM OJIMK4Ye 10
BXiZTHOTO Ilepepi3y Tpyou NOYMHAETHCS JJaHa 30Ha i TUM Jaji Bifl HbOTO 3aKiHYyeThCs. Binbi sickpaBo BUpaskeHUi
JIOKaJIbHUM MaKCUMYM Ha M-Tofi6HUX NPo@isax MBUAKOCTI HAAKPUTUYHOI BOY BiATIOBia€ OifIbIIMM 3HAUYEHHSIM
MifiBeI€HOT0 [0 CTiHKM KaHaJly TENJIOBOTO MIOTOKY . Y Y€TBEPTOMY PO3[1iJli BUCBITJIIOIOTHCS PE3YJIbTaTh BUKOHAHUX
IIOCJIiIKEeHb 3 BUBHAYEHHS MPOCTOPOBUX PO3MOiTiB TerI0pi3NIHNX BIACTUBOCTEN HAAKPUTUYHOI BOJIM B KaHAJIAX
IIPY Pi3HUX 3HAYEHHSIX MiJJBE€JIEHOr0 O CTiHKU TEIJIOBOrO [TOTOKY 32 YMOB 3MilllaHOi KOHBEKIii. Ha 0CHOBi po3B’s13Ky
0CECHMMETPUYHOI HEJIIHIMHOI 3a71a4i TeIIONEPEHOCY IIPY TeYii HAIKPUTUYHOI BOIY B KaHajlaX BCTAHOBJIEHO
0CcOo6IMBOCT] il TeMIIepaTypHUX II0JIiB, 32 IKUMU 3iICHIOETHCS I0OY0Ba LIUX PO3IOLiliB. BUKOHaHO aHai3
3aKOHOMIipHOCTe! pyxy PPOHTIB IceBAo(a3oBOro nepexony, ki 3HauHO Mipolo BU3HAYAIOTh XapaKTep pPO3NOoniny
Ternso¢i3sNYHUX BIACTUBOCTEN HAAKPUTUYHOI BOAU B KaHanax. HaBopasaTecs maHi CFD MogenioBaHHS 1010
3aKOHOMIPHOCTEN CTPYKTYPHU IPOCTOPOBOTO PO3MOJiny KoedillieHTa TenJI0NPOBiIHOCTI HAAKPUTUYHOI BOJIU B
KaHasax. [TokazaHo, 1110 Mae Miclie HEeMOHOTOHHUM XapaKTep MOJIiB TeNJIOIPOBITHOCTI BHU3 32 IOTOKOM
CIIOCTEPITraeThCs JIOKAJNbHE MiiBUIIEeHHS KoedillieHTa TeryIonpoBigHOCTI, 30Ha SIKOTO TUM 6ifbila i TUM masti
PO3TalIOBaHA Bifl BXiJHOTO NEPEPi3y, YUM MEHIIE 3HAaYEHHs [iIBEIEHOr0 10 CTiHKYU TEIJIOBOro NOTOKy. HaykoBa
HOBM3HA OTPMMAaHUX PE3YyJILTATIB: ® 3a pe3ybTaTaMy MIOPIBHAJILHOIO aHAi3y MOJEII0OBAaHHSI KOHBEKTUBHOTO
TeIJI00OMIHY 3 BpaXyBaHHIM i 6e3 BpaxyBaHHS apxiMeZoBUX CUJI IJIs1 BUCKITHUX IIOTOKiB HAJKPUTHUYHOI BOAU Y
BEPTUKAIbHUX [VIAIKUX TPyOax BUSIBJIEHO €(PEKT JIOKAIBHOIO 110 JOBXMHI TPyOU IIPOSIBY IOMITHOTO BILJIMBY
apximMeJoBUX CUJI Ha KAPTHHY Tedii Ta BCTAHOBJIEHO MOT0 3aJI€5KHICTh Bifl BU3HAYaIbHUX (PaKTOPiB. * BCTaHOBIEHO
HasBHICTb KOpeJisLii pasianbHUX IpodiniB 0CbOBOi MBUIKOCTI HALKPUTUYHOI BOJY 3i 3MIHOIO 10 JOBXKMHI KaHATY
JIOKaJIbHOTO 4Kcia PiyapacoHa. * BusiBi€eHO 3aKOHOMIPHOCTI BILIMBY BEJIMYMHU I'YCTMHU TETLJIOBOTO IIOTOKY Ha
CTiHLi TPyOU Ha IPOTSDKHICTD 10 JOBXKMHI KaHaJly 30HU 3MilllaHOI KOHBEKIii, MIBUAKICTb PyXy (PPOHTY
nceBn0¢a3zoBoro NepPexoy Toulo. ® BUsBI€HO 0COOIMBOCTI CTPYKTypY NPOCTOPOBUX PO3IOAINIB (PisMuHUX
BJIACTMBOCTE HaIKpUTUYHOI Boau (KoedillieHTa TelIoNpOBiAHOCTI, IUTOMOI TEIJIOEMHOCTI, B'I3KOCTi Ta T'YCTUHM)
py il BUCXiZHIN TeYil B BEPTUKAJIBHUX KaHajlaX Ta BCTAHOBJIEHO 3aKOHOMIPHOCTI BIUIMBY Ha BKa3aHi pO3NoAinu

apXiMe]_IOBI/IX cuni I'YCTUHU TEIIJIOBOI'O ITIOTOKY, 11O Hi,ILBO,I[I/ITbCH pate) CTiHOK KaHaJy.

2. In the introduction, the relevance of the dissertation topic is substantiated, the goal and objectives of the
research are formulated, the scientific novelty and practical value of the obtained results are presented, the
personal contribution of the candidate is defined, and information regarding the approval, structure, and volume
of the dissertation is provided. The first chapter of the dissertation is devoted to the analysis of professional
sources concerning the study of heat exchange patterns in channels under supercritical pressures. The



peculiarities of CFD modeling of the studied physical situation are considered. The results of the analysis of the
state of research on the flow and heat exchange of supercritical water under conditions of mixed convection are
presented. Particular attention is paid to the study of distributions of thermophysical properties in flows of
supercritical heat carriers.Based on the analysis of the state of the considered problem, the purpose and main
tasks to be solved in the dissertation are formulated. The second chapter highlights the peculiarities of the
methodology of mathematical and computer modeling according to the tasks of the work. A mathematical model
of the studied process is presented, which corresponds to an axisymmetric nonlinear problem of flow and heat
transfer of supercritical water in vertical smooth heated tubes. Data on the verification of the turbulent transfer
model for the studied physical situation are presented. The results of the analysis regarding the application of the
selected turbulence model for different heat exchange regimes under conditions of ascending flow of supercritical
water in tubes are also presented. The third chapter is dedicated to the study of mixed convection of supercritical
water during ascending flow in vertical heated tubes under conditions of average water mass velocities and
different magnitudes of heat fluxes supplied to the wall. Results of CFD modeling of the flow patterns of
supercritical water for the studied physical situation are presented. In particular, it is shown that the regime of
mixed convection is observed only on a certain central length of the tube. Within the localization zone of mixed
convection, its manifestation along the length of the channel increases, reaches a maximum, and then decreases.
Data on studies concerning the peculiarities of the flow of supercritical water when varying the magnitude of the
heat flux q on the wall of the tube from 239 to 310 kW /m? are presented. It is shown that the length of the mixed
convection zone in the central part of the channel significantly increases with the increase of the heat flux q. The
larger the value of q, the closer to the inlet cross-section of the tube this zone begins and the further from it it
ends. A more pronounced local maximum on M-shaped profiles of the speed of supercritical water corresponds to
larger values of the heat flux q supplied to the wall of the channel. The fourth chapter presents the results of the
conducted studies on determining the spatial distributions of properties of supercritical water in channels under
different values of the heat flux supplied to the wall under conditions of mixed convection. Based on the solution
of the axisymmetric nonlinear problem of heat transfer during the flow of supercritical water in channels, the
peculiarities of its temperature fields are established, on the basis of which these distributions are constructed. An
analysis of the patterns of movement of pseudo-phase transition fronts, which largely determine the character of
the distribution of thermophysical properties of supercritical water in channels, is carried out. The scientific
novelty of the obtained results: * Based on the results of a comparative analysis of modeling convective heat
exchange with and without consideration of Archimedean forces for ascending flows of supercritical water in
vertical smooth tubes, the effect of a local lengthwise manifestation of the noticeable influence of Archimedean
forces on the flow pattern is revealed, and its dependence on determining factors is established. * The presence of
a correlation of radial profiles of the axial speed of supercritical water with the change along the length of the
channel of the local Richardson number is established. * The patterns of the influence of the magnitude of the heat
flux density on the wall of the tube on the length along the channel of the mixed convection zone, the speed of the
pseudo-phase transition front movement, etc., are revealed. * The peculiarities of the structure of spatial
distributions of physical properties of supercritical water (thermal conductivity coefficient, specific heat capacity,
viscosity, and density) during its ascending flow in vertical channels are revealed, and the patterns of the influence
on these distributions of Archimedean forces and the density of the heat flux supplied to the walls of the channel
are established
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Inentudikarop ORCHID ID: 0000-0002-8084-1568
JoparkoBa indopmamnist:

IloBHe HaﬁMeHYBaHHﬂ IOPUIUYHOL 0C00H: HanioHanbHuii yHiBEpCUTET 6i0pecypciB i mpupogoKo-

PUCTyBaHHS YKpaiHu

Kopg 3a €IPIIOY: 00423706
Micue3Haxoa>KeHHS: , Kuis, 03041, Vkpaina
dopma ByracHOCTI:

Cdepa yIIpaBJIiHHﬂ: Ka6inet MiHicTpiB Ykpainu
InenTudikarop ROR: He zacrocosyerscs

CeKTOop HayKH: YHIBEpPCUTETCHKUI

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. KoBeupka Maprapura MapkiBHa

2. Marharyta M. Kovetska

KBasidikamis: . r. n., crapmmit naykosuii cniBpo6ithuk, 01.04.14

InenTudikarop ORCHID ID: He sactocoyerbcs

JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COOH: [HCTUTYT TexHIYHOI Terutodisnkn HauionansHoi akagemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 05417118

Micue3HaxoaKeHHS: ByJ1. Mapii Kansicr, 6yq. 2-a, Kuis, 03057, YkpaiHa

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: HaujoHasnbHa akaziemis HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkaneMivHuit

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. JaBuneHko bopuc BikTropoBuu

2. bopuc B. TaBugeHKo



KBasigikanis: n.r.u., c.h.c., 05.23.03

InenTudikarop ORCHID ID: He sactocoyerbcs

JoparkoBa iHdpopmamnist:

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT TexHiuHOI Teruiodiznku HanjoHanbHoi akanemii Hayk

YKpainu

Kog 3a €IPIIOY: 05417118

Micue3Haxoa KeHHS: By Mapii Kanuicr, 6y, 2-a, Kuis, 03057, Vkpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiiHHSA: HaujoHasbHa akajieMis HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkafemivyHmi1

VIII. 3ak1104Hi BiZOMOCTI

Baache IlpizBuiie Im's ITo-6aTbKOBI

TOJIOBH pajgu

BiiacHe IIpizBuie Im'sa Ilo-6aTbKOBI

TOJIOBYIOYOTO Ha 3acCiaHHi

BignoBigasibHUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeectpaTtop

KepiBnuK Bigginy YKpIHTEI, mo €

BiZNOBiZaJIbHUM 32 peeCcTpallilo HayKOBOIi

OisIJIBHOCTI

TupinoB AHppiii IBaHOBMY

TupinoB AHppiii IBaHOBUY

XMisnp JImutpo IletpoBuy

VKpIHTEI

Opuenko TersiHa AHaToJIiBHA



