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MvcepraniiiHa po60Ta NprcBsYeHa po3podLi Ha OCHOBI EKCTIIEPMMEHTAIBHUX JAHUX CIIeIiaibHUX npoLeayp Ta iIHCTPYMEHTIB [1Jis
OLIHKY PEXKMMIB MOTIPIIEHOTO TEMI0O0OMIHY B aKTUBHIll 30HI MEPCIeKTHBHNX peakTopis IV MOKOJIHHA — BOASHUX PEaKTOPiB 3
HAAKPUTUYHAMMI MaDAMETPAMK TEIUIOHOCIS. Y BCTYMi OGIPYHTOBAHO AKTYa/lbHICTh POPOOKM CHELiaNbHUX MPOLEAYP, MOLAHO
3arajibHy XapakTepUCTUKY poGoTH, cpopmyIboBaHa ii MeTa, OCHOBHI 3aziaui, 06'eKT Ta mpeaMeT HOCIIKEHb, HABeIeHA HAyKOBa
HOBHM3HA T4 MNPAKTUYHA LHHICTD OTPMMaHWUX PE3y/IbTATiB, HPECTABIEHO iH(GOPMANI0 NPO O0COGUCTHI BHECOK 3pobyBada Ta
anpobauiio podoru, ii CTPYKTYpy Ta obGesar. V NepuioMy posfisi mpuBejeHnis KPUTUYHUH OTJ/ifAf, CY4aCHOTO CTaHy JOCHiIKeHb
TeMIOOOMIHY TNPU  Ha/IKPUTHYHMX [apaMeTPaxX CTaHy TerIoHOCIs. Posrnguyti ochoBni ¢isnuni acmextu moripmeHHs
TEIJI000MIiHY, a TaKOK CKJIAIHICTh CTPYKTYPHUX AOCIiIKeHb Teyii. Ha ocHoBi JHTEPaTypHOro orisany cHOpMyJIbOBaHO METy Ta
3aBJIaHHs JOCIIKEHHS. [Ipyruil po3ain nprcesYeHunii aganTaii MeTony nepegaroyHoi marpuni (TMM) nuis ananisy HemiHiHIx
TEPMO-TiIPABMIYHUX IIPOLECIB MPU HAJKPUTUYHUX [IapAMeTpax TerioHOCid. 3anponoHoBaHuil MeTon (GaKTMYHO 3HiMae
OOMEKeHHs Ha BUJL 3 Kopesisuiit fyis yucen Eitnepa Ta Hycensra i mae MOKPAIEHY CTabIbHICTh K MPY 3aCTOCYBAHHI HESBHUX
KopeJiiuiil Tak i npu mepexinHomy nporneci. Tpetiii poszin npucesyeHuit POSLIMPEHHIO MOXXJIMBOCTEN METO/IiB OJZHOBHUMIPHOI
TEIUIOTIAPABIIKY, SKi HETaJbHO OMCAHi y ZAPYrOMy pO3AiI, HIAXOM BBEIEHHS AUMEPEHIiHHNK QYHKIIN 1719 BU3HAYEHHS
NpOLEeciB IHTEHCUBHOCTI AUCHMAL{i Ta TeIOO6MIHY. 3MifiCHEHO JIOTiYHMIA nepexif Bifl yNpaBJsiounx PIBHSIHb OIHOBUMIDHOIO
MAXO0AY A0 JBOBUMIPHOI OCECHMMETPHUYHOI TOCTAHOBKU Y BUTTISI] MOZENI «BY3bKOT'O KaHaJsy». 3alipONOHOBAHUN albTEPHATHBHUI
BUTJIAL, 1718 (QYHKIIOHANBHOI 3a/IEKHOCTI HOTHUHUX HANpyXeHb, MO 03BOJWUIO TIABUIMUTU CTabIIbHICTH MeTony. 3aBasku
3aCTOCYBAHHIO IIOHATH «6a30BOi» Ta «KOPUTYIOUO! BEIMYUHM, 5IKi BBEIEHI y APYyromy po3mii, 1jisi OTpUMaHoOi CUCTEMU BHAJOCS
noOynyBaTH PO3B'A30K Y BUTTIAMAL CYyMU Py, KoedilienTu PO3KJiajly SKOro BU3HAYAIOTHCA 32 JOTIOMOTOI0 e(PEKTUBHOI YUCENIbHOT
npouenypu. HaBenmeHi pesysnbTaTv Banligatuii cBigyaTh, o 3anpOINOHOBAHMI IIJIXil J03BOJISIE IIPOTHO3YBATA OCOBIMBOCTI
CTPYKTYpM Tedii Mpy MOTIpUIEHOMY TErIOOOMIHI, MPK 3HAYHOMY CKOPOYEHHI PO3paxyHKOBUX pecypciB vy nopiBasHHI 3 CFD.
HetsepTuii pO3ZI NpMCBAYEHMH TPOGIemi ajanTanii icHyOuYOTro YHIBEPCA/IbHOTO 4W CIELiasli30BaHOrO IHCTPyMEHTapiio
TEIUIOTIAPABAIYHOTO aHasi3y AJisi HENHIMHNX 3amay TEIUIOOOMIHY TIPY HAKPUTUYHUX NAPAMETPax TeIUIoHOCHs TPy NOTipieHHi
TeryoBifavi. PosriaHyTi CKnamHOCTI NMPOrHO3y HemiHIHOro TENJIOOOMIHY NpU HaJIKPUTUYHUX IaDAMETPaX iHKEHEePHUMH
METO/IaMM PO3PaXyHKOBOI Tiipo/iuHaMiKK. 3arponoHOBAHO TPOCTHIL CHOCI6 afanTalii ABO30HHO TE€MITeEPATYPHOI MPUCTIHKOBO]
dynkuil Kagepa Ha ocHoBI ICHYIOUMX 30HJOBUX JOCIIIKEHD AJIs ABOOKUCY Byryei. O6roBoproeThcs npobreMa iMmieMeHTanii B
VHIBepCasbHi TakeTH o6YMCIoBanbHOI rimponuuamiku CFD, ska basyeTbcad Ha crocoGi BMGODY OMOPHOI KOOpAMHATH 4
[IPMCTIHKOBOI 30HU [/I1 BU3HAYEHHS OUHAMIYHOI WBUAKOCTI Ta GespoamipHoi TeMneparypu. Ha npuxiaani ANSYS CFX nokaszaHui
OJIVH i3 CIIOCOGIB CTBOPEHHS ClIeliaNbHOI KOPUCTYBATBHUIIBKOL [IpONENypH, AKA Mae MOKpalleHy TEHAEHLIIO MOLO MPOTHO3Y
aKCiaZlbHOTO MPOQIMIO TEMNEpPaTypu I[PU I[OTIPIIEHOMY TeIIoo6MiHi. V po3niil NpoBeeHO KalibpyBaHHA Ta Basifamiio
OTPUMAHUX PE3Y/IbTATIB HA OCHOBI €KCIEPUMEHTAIBHUX JOC/IIKEHD /7Sl BePTUKAIbHUX Tpy6 Ta CTEPKHEBUX 36ipOK iMiTaTopis
TBesl. I'ATWil pO3min NPHUCBSMEHWIT pO3pobLi  CreliansbHOro IHCTpyMeHTapilo A7 HPOTHO3Y pPEKUMIB TETIOOOMIHY 3
HaZIkpUTUIHUMH  TIapAMETPaMu  TEMJIOHOCIS B yMOBaX ANEPHOTO O6IrpiBy. [lg 1bOro 6yn0 BHKOHAHO CTIPSDKEHHS
TETUIOTiAPABIYHOI JaCTWHM, KA ONMcaHa y posfini 2 Ta 3, 3a PaxyHOK CTIOJly4€HHsI TOJI1 TUCKY Ta BBEIEHHS iHTerpajibHUX
XapaKkTEPUCTUK TOTOKY 3 HEUTPOHOMIZWYHOIO 3afavero. Po3pobieHuil crewiasibHuit iHTepQeiic CNPsDKEHHs 13 30HANLHOIO
MOJEJITIIO TETIOBUISAIONOrO €NIEMEHTa (TBEJI), B sIKiil IPKEPEJIO EHEPTOBUIIIEHHS € PE3yJIbTaTOM PO3B'A3KYy HEUTPOHODIZUYHO]
337la4i MpU Harepes; 3a/jaHuX YMOBAX KPUTMYHOCTI CHCTEMH. 3 METOIO ONTHMI3aLii CHPAKEHUX PO3PaXyHKIB chopMoBaHi
napameTpudHi npodini eHeprosuzineHHs, Aki oTpumani 3a nonomoron MCNPAC, sxi CTIOJNyYarThCA 13 YaPYHKOBUM KOLOM
WIMSS5b. V poagini posrsisiHyTi 0C061UBOCTI MPOTHO3Y PEXMMIB TEIIOOOMIHY B yMOBAX $/IepHOrO OGIrpiBy, a TaKOX BIUIMB
bopmu noripweHoro TennI006MiHy Ha KPUTHUHICTb cUCTeMU. V WOCTOMY PO3ZLTL HaBEAEHI Pe3yNbTaTH OLIHKM CTAIliOHAPHOTO
CTaHy MNepCcrnekTUBHOTO peakTopa ECC-SMART i3 3acrocyBaHHsSM TMinxofiB, ski onucadi y pospainax 2-5. TloGymoBana
€KBiBaJIeHTHa TEIJIOTifpaBiiyHa cxema s NONepenHbO0i OlIHKY E€HEePrOBUZIJIEHHA B TEMJIOBHILUISIOUMX 36ipkax (TB3).
PosrisHyTi nutanHs iMmiemeHTanii koediiieHTin NEPEHOCY Ta eHEProBUIIEHHA B NPUCTIHKOBIM 30HI Ha OCHOBI crerianpHOI
IpUCTIHKOBOI GyHKUil (po3ziin 4) Ta ouiHok cnpsx)eHoro Kofy (posfin 5). 3acTocoBaHi METOAM [O3BOJUIN B HNECATKU pasiB
CKOpPOTUTH JucKpeTusaliio nosHoi CFD Mojiesi mepcrneKTUBHOrO peakTtopa, fie IIPOTOYHA YaCTUHA aKTHMBHOI 30HM BHUKOHaHA
ZIOCUTb TOYHO.

Pedepar (anra.)

The dissertation work is devoted to the development of special procedures and tools for deterioration heat transfer modes



assessment in the core of advanced generation IV reactors based on experimental data. Foreword represents the substantiated
relevance of the special procedures development. The general characteristics of the work are given. Its purpose, main objectives,
object and subject of research are also formulated. At first chapter a critical review of the current state of research on heat
transfer at supercritical coolant parameters is given. The main physical aspects of heat transfer deterioration (HTD), as well as
the complexity of structural flow evaluation are considered. The aim and objectives of the study are formulated based on the
literature review. The second chapter is devoted to the adaptation of the transfer matrix method (TMM) for the analysis of
nonlinear thermo-hydraulic processes for the coolant at supercritical coolant parameters (SCWP). The proposed method
actually removes the restrictions on the type of correlations for the Euler and Nusselt numbers and has improved stability, and
can be interpreted as the basis of modern codes of thermal hydraulics. The third chapter is assigned to extend the capabilities of
the 1-D thermal hydraulics methods, which are described in detail in the second section by introducing differential functions for
determining the processes of dissipation intensity and heat transfer. There is a logical transition from the governing equations
of the 1-D approach to a 2-D axisymmetric formulation in the form of a "narrow channel’ model. An alternative form for the
functional dependence of tangential stresses is proposed, which allows increasing the stability of the method. Due to the
application of the concepts of "base” and "correcting value", which were introduced in the second section, it was possible to
construct a solution for the obtained system in the sum of a series, the decomposition coefficients of which are determined by
an effective numerical procedure. The presented validation results show that the proposed approach allows predicting the
features of the flow structure under the HTD, with a significant reduction in computational resources compared to CFD. Fourth
chapter represents the problem of adaptation of existing universal or specialized tools of thermal-hydraulic analysis for
nonlinear problems of heat transfer at SCWP with HTD. A simple method of adaptation of the two-zone wall temperature Kader
function based on existing probe studies for carbon dioxide is proposed. The problem of implementation in universal CFD
computational fluid dynamics packages is discussed, which is based on the method of choosing the wall zone reference
coordinate for determining the dynamic velocity and dimensionless temperature. The example of ANSYS CFX shows one of the
ways to create a special user procedure, which has an improved tendency to predict the axial temperature profile of the
deteriorated heat transfer. In this section, the calibration and validation of the obtained results based on experimental studies
for vertical tubes and rod assemblies of fuel element simulators is carried out. The peculiarities of the proposed implementation
are also discussed, and recommendations for the application and further improvement of engineering approaches for predicting
the HTD at SCWP are formed. Fifth chapter allocated to the development of special tools for prediction of heat transfer modes
with supercritical parameters under nuclear heating conditions. For this purpose, the coupling of the thermohydraulic part
described in Sections 2 and 3 was performed by combining the pressure field and setting the integral flow characteristics with
the neutron-physical problem. In order to optimize the coupled calculations, parametric profiles of energy release were formed
using MCNP4C and connected with the WIMSSb cell code. In this section, the peculiarities of the heat transfer modes
penetration under nuclear heating conditions are considered, as well as the influence of the DHT form on the criticality of the
system. Sixth chapter represents the results of steady-state assessment of the advanced ECC-SMART reactor using the
approaches described in Chapters 2-5. The equivalent thermal-hydraulic scheme for preliminary estimation of the turbulent
Prandtl number and energy release in the fuel assembly are build. The issues of implementation of transfer coefficients and
energy release in the near-wall region based on a special near-wall function (Chapter 4) and conjugate code estimates (Chapter
5) are considered. The applied methods made it possible to reduce the discretization of the full CFD model of the advanced
reactor by tens of times, where the reactor core flow part is performed quite accurately.
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