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Pedepar:

1. Y BcTyni 0OrpyHTOBaHO aKTyaJIbHICTh TEMU JUcepTallii, chopMyIbOBAaHO METY i 3aBJlaHHS IOCIIiI>KeHb, HABEJEHO
HayKOBY HOBU3HY Ta MIPAaKTUYHY LiHHICTb OJIEP>)KaHUX Pe3yJIbTaTiB, BUBHAYEHO OCOOMCTHI BHECOK 3/100yBaya,
npencTaBiieHo iHpopMallilo Mmoo anpoballii, CTpyKTypH i obcary gucepratiii. [lepmunii po3ain gucepranii
IIPUCBSIYEHO aHali3y HaxoBUX [IKepeJl, 0 CTOCYIOThCS AOCTiIKEHHS 3aKOHOMIpHOCTE! TeIyI000MiHy B KaHajax
IIPY HAAKPUTUYHUX TUCKaX. Po3rysHyTo ocobauBocti CFD MopientoBaHHs NOCiIKyBaHOi (i3sM4HOI cuTyali.
HaBeneHo pe3ysbTaTy aHali3y CTaHy AOCJIIKEHb Teuil i TeNJI000MiHy HaIKPUTAYHOI BOAU 32 YMOB 3MillIaHOI
KOHBeKIlil. [IeBHy yBary npuiiseHo posrismny po6iT, IOB'13aHUX 3 JOCJIiIPKEHHSIM PO3MOiiB y IOTOKax

Ter10(i3sNYHUX BIACTUBOCTEN HAAKPUTUYHUX TEIVIOHOCIIB. Ha OCHOBI BUKOHAHOTO aHaslizy CTaHy PO3IJISIHYTOl



npo6siemu ¢cpOpMYILOBAHO METY Ta OCHOBHI 3aBJJaHHS, 1[0 BUPILIYIOTbCS Y AUCEPTALiliHiil po6oTi. Y gpyromy
PO3/iJIi BUCBIT/IIOIOTHCS OCOOIMBOCTI METOJIUKU MAaTEMAaTUYHOTO i KOMITIOTEPHOT'O MOJIETIOBAHHS BiATIOBiAHO 11O
3aBfaHb poboTu. HaBonuTbCst MaTeMaTHyHa MOJIeJlb AOCJIIKyBaHOTO IIPOLeCy, 110 BiJII0Biae 0CeCUMeTPUYHIN
HeJIiHINHIN 3a7ad4i Tedil i TeNnaonepeHocy HaAKPUTUYHOI BOJY Y BEPTUKAJIBHUX [VIAIKUX HAarpiBaHUX Tpybax.
[Ipencrasneno AaHi moao Bepudikauii Mogesi TypOoyJI€HTHOrO [epeHoCy AJis AOCiIKyBaHoi (i3nyHOI cuTyauii.
HaBeneHo TakoX pe3ysbTaTy aHajli3y CTOCOBHO 3aCTOCYBaHHS BUOPaHOi MofiesIi TypOyIeHTHOCTI 17151 Pi3HUX
PEKMMIB TENJIO00MiHY 32 YMOB BUCXiHOI Tedii HaAKPUTUYHOI BOy B Tpy6ax. TpeTiil po3aisn NpUCBIYEHO
IOOCJIiIKEHHIO 3MilllaHOi KOHBEKLii HaAKPUTUYHOI BOJY ITPY BUCXiAHIN Teuil y BEpTUKaJIbHUAX HAarpiBaHUX TPyOax 3a
YMOB Ce€peIHiX 3Ha4€Hb MAaCOBUX IBUAKOCTEN BOJIY i Pi3HUX BEJIMYMH MiABEIEHUX O CTIHKU TEMJIOBUX IIOTOKIB.
HaBogsartbscs pesynbrat CFD MopesnoBaHHS 3aKOHOMIPDHOCTEN TeYil HAIKPUTUYHOI BOIU IJIs JOCIiIPKyBaHO1
(disnyHOi cuTyalii. 30KpemMa I0Ka3aHo, M0 PEXUM 3MillIaHOI KOHBEKIIil CIIOCTEPIraeThCsl JIMIIE Ha NEBHIN
L€HTPAJIbHIH 110 OBXMHI AinsgHLi Tpy6ou. [Tpu 1ipoMy B MeXKax JIOKaslizallii 30HM 3MilaHoi KOHBeK1i ii nposB no
DIOBXXUHI KaHaJly 3pocCTae, focsrae MakcumMymy i nasi ciagae. [lpencraBieHo gaHi JocsifkeHb Mo40 0cobIuBOCTeN
Teyvil HaKPUTUYHOI BOAM IIPY BapiloBaHHi BEJIMUMHY I'yCTUHU TEIJIOBOTO IIOTOKY ( Ha CTiHLi Tpyou Bif 239 no 310
KBT/M2. TTokasaHo, 10 NPOTSDKHICTB MO JOBXUHI KaHaly 30HU 3MillIaHOI KOHBEKILii B IOTr0 LEHTPaJIbHIN AiIHIi
CYTTEBO 3POCTAE 3 MiIBULIEHHSIM TEIJIOBOTO MOTOKY (. [Ipy IboMy uMM 6isiblle 3HAaYEHHS ¢, TUM OJIXKYe [0
BXiZTHOTO I1epepi3y Tpy6u NOYMHAETHCS JaHa 30Ha i TUM Jaji Bifl HbOTO 3aKiHYyeThCs. Binbll sickpaBo BUpakeHUi
JIOKAJIbHUM MaKCUMYM Ha M-Tofi6HUX NPpo@ingx MBUAKOCTI HAAKPUTUYHOI BOAY BiAIIOBila€ OifIbIIMM 3HAUYE€HHSIM
IigBEIEHOr0 4O CTiHKY KaHaJly TEIJIOBOTO IIOTOKY (. Y Y€TBEPTOMY PO31ijli BUCBITIIIOIOTHCS PE3YJIbTATA BUKOHAHUX
IOCJIiIKeHb 3 BUBHAUYEHHS MPOCTOPOBUX PO3MOiliB TerI0pi3NYHNX BIACTUBOCTEN HAAKPUTUYHOI BOJIM B KaHAJIax
IIPY Pi3HUX 3HAYEHHSIX MiJIBEJIEHOr0 O CTiHKU TEIJIOBOr'O ITOTOKY 32 YMOB 3MillIaHOi KOHBEKIii. Ha 0CHOBi po3B’s13Ky
0CECHMMETPUYHOI HEJIiHIMHOI 3a71a4i TeIIONEPEHOCY IIPY TeYii HATKPUTUYHOI BOJY B KaHajlaX BCTAHOBJIEHO
0CcO6IMBOCT] il TeMIIepaTypHUX I10JIiB, 32 IKUMU 3[ilICHIOETHCS II0OY0Ba LIUX PO3IOLiliB. BUKOHAHO aHali3
3aKOHOMipHOCTEe! pyxy QPOHTIB IIceBAO(A30BOro Nepexoy, sKi 3HaYHOI0 MipOlo BU3HAYAIOTh XapaKTep pPO3Noniny
TeII0(i3sNYHUX BIACTUBOCTEN HAAKPUTUYHOI BOgU B KaHasnax. HaBoasarscs nani CFD MozesnoBaHHS OJ0
3aKOHOMIPHOCTE! CTPYKTYPH IIPOCTOPOBOTO PO3MOAiny KoedillieHTa TenIonpoBiTHOCTI HATKPUTUYHOI BOAY B
KaHaJsax. [TokazaHo, 110 Mae Miclie HEeMOHOTOHHUM XapaKTep MOJIiB TEeNJIONPOBITHOCTI BHUA3 32 IOTOKOM
CIIOCTEPITraeThCs JIOKaJbHE MiiBUIIEHHS KoedillieHTa TerIoNnpoBigHOCTI, 30Ha SIKOTO TUM Oifbila i TUM masti
PO3TalIOBAHA Bif BXiJHOTO NEPEPi3y, YMM MEHIIE 3HAaYEHHs iIBEIEHOr0 10 CTiHKYU TEIJI0BOro NOTOKy. HaykoBa
HOBHM3HA OTPMMAaHUX PE3YJIbTATiB: * 3a pe3yJbTaTaMHy MOPiBHSJIbHOIO aHAJIi3y MOJEIIOBAHHS KOHBEKTMBHOIO
TEIJI000MiHY 3 BpaXyBaHHSM i 6€3 BpaxyBaHHs apxiMeJoBUX CUJI JJ1s1 BUCKiTHUX IIOTOKiB HAJKPUTUYHOI BOAU Y
BEPTUKAIbHUX [VIAIKUX TPyOax BUSIBJIEHO €(PEKT JIOKAJIBHOIO 110 JOBXWHI TPyOU IIPOSIBY IIOMITHOTO BILJIUBY
apximMeZoBUX CUJI HA KapTHUHY Tedii Ta BCTAHOBJIEHO MOTO 3aJI€XKHICTh BiJl BU3HA4YaIbHUX (PAKTOPIB. * BcTaHOBIEHO
HasIBHICTb KopeJsLii pasiianbHuX NpodisiB 0CbOBOi IBUIKOCTI HALKPUTUYHOI BOJY 3i 3MiHOIO 10 JOBXKMHI KaHATy
JIOKaJIbHOTrO unciia Piuapacona. * BusiBJieHO 3aKOHOMIPHOCTI BILJIMBY BEJIMYMHY TYCTUHU TEIJIOBOTO IIOTOKY Ha
CTiHILi TPYOU HA IPOTSDKHICTD 0 JOBXKMHI KaHAJy 30HU 3MilllaHOI KOHBEKIii, MIBUAKICTb PyXy (PPOHTY
nceBn0¢a3oBoro NEPEXoy Toulo. ® BUSABI€HO 0COOIMBOCTI CTPYKTYpY IPOCTOPOBUX PO3IOAINIB (PisMuHNX
BJIACTMBOCTE HaKpUTUYHOI BoaU (KoedillieHTa TeNJI0NpOBiAHOCTI, IUTOMOI TEIJIOEMHOCTI, B'I3KOCTi Ta T'YCTUHM)
1pu il BUCXiZHiN Teyvil B BEDTUKAJIbHUX KaHajlaX Ta BCTAHOBJIEHO 3aKOHOMIPHOCTI BIUIMBY Ha BKa3aHi po3Nnoninu

apxiMenoBUX CUJI i TYCTUHY TEIJIOBOTO IIOTOKY, 1O MiBOOAUTHLCS 4O CTIHOK KaHAJLY.

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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IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0C00H: HanioHanbHuii yHiBEpCUTET 6i0peCypCiB i MpUpoIoKo-

PUCTYBaHHS YKpaiHU

Kopg 3a €IPIIOY: 00423706

Micue3Haxoa KeHHS: , Kuis, 03041, Vkpaina
dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: Ka6iner MiHicTpiB Ykpainu

InenTudgikarop ROR: He zacrocosyerscs

Penensentu

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

2. Marharyta M. Kovetska

KBastidikamis: . r. n., crapmmit HaykoBuii cniBpo6ithuk, 01.04.14

Inentudikarop ORCID ID: He zactocoyerbcs

JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0COO0H: THCcTUTYT TexHiuHOI Temnodisuku HarionanbHoi akaemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 05417118

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

dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂZ HaujonanbHa akageMid HayK YKpaiHu

InenTudikarop ROR:

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

2. bopuc B. JaBunieHKO

KBasigikanis: .11, c.h.c., 05.23.03

Inentudikarop ORCID ID: He zacrocoyerbcs

JonaTkoBa iHdopmaris:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0CO0H: THCcTUTYT TexHiuHOI Temnodisuku HarionanbHoi akazemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 05417118

Micue3HaxoaKeHHS: ByJ1. Mapii Kansict, 6yg. 2-a, Kuis, 03057, Ykpaina



dopma BiracHOCTI: JlepxasHa
Cdepa yllpaBJIiHHﬂZ HanjonanbHa akageMid HayK YKpaiHu

InenTudikarop ROR:

VIII. 3akar04Hi BimoMocTi

BaacHe IlpizBuie Im's [10-6aTbKOBI Tupinos AHipiit [BaHOBUY
rOJIOBH paau

BaacHe IlpizBuie Im's [10-6aTbKOBI Tupinos Auipiii [BaHOBUY
rOJIOBYIOYOrO Ha 3aCiflaHHi

BigmoBimasibHU 32 MiATOTOBKY Xminb JImutpo IleTpoBiy
00JIIKOBHX JJOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZJaJIbHUM 32 PEECTpalLilo HayKoBoi IOpuenko TeTsHa AHaToiiBHA

OisIIBHOCTI




