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1. Inceprauiiina po6oTa IpucBsYeHa po3poolii Ha OCHOBI eKCllepUMeHTAIbHUX JaHUX CIlelliaJIbHUX IIpoLeayp Ta
iHCTPYMEHTIB 1151 OLIiIHKY PEKMMIB IOTipLI€HOT0 TEMJI00O0MIHY B aKTMBHIl 30Hi [1epCIIEKTUBHUX peakTopis IV
IIOKOJIiHHS — BOJSIHUX PEAKTOPIB 3 HAIKPUTUYHMMY NTapaMeTPaMU TEIVIOHOCIS. Y BCTYIIi OOI'PYHTOBAHO
aKTyaJIbHICTb PO3POOKH CIIEeLiaJIbHUX IIPOLeAyp, IIOaHO 3arajbHy XapakTepPUCTHKY poboTH, cpopmysboBaHa il
MeTa, OCHOBHI 3a/1aui, 06’eKT Ta IpeJMeT 4OoCilyKeHb, HaBeleHa HayKOBa HOBU3HA Ta NPaKTUYHA LiHHICTb
OTPUMaHUX Pe3yJIbTaTIB, IPEJICTaBIeHO iH(pOpMaLlilo PO OCOOMCTHI BHECOK 3[,00yBaya Ta anpobdaliio pobory, ii
CTPYKTYpY Ta 006cAr. Y nepmomy po3ziji NpuBeqeHni KpUTUIHUI OTIJIsif, Cy4aCHOTO CTaHy JOCJiIPKEeHb

TEIJI0O0OMIHY ITPM HAIKPUTUYHUX [TapaMeTpax CTaHy TeIJIOHOCIs. PO3ryisiHyTi oCHOBHI Qi3uyHi acniekTu



HOTipIIE€HHS TENJI000MiHY, @ TAKOXK CKJIQIHICTh CTPYKTYPHUX IOCHiIpKeHb Tedii. Ha OCHOBI sliTepaTypHOro orysmy
cpopMyIbOBAaHO METY Ta 3aBIAHHS NOCiIKeHHs. JIpyruil po3ais IpUCBIYeHMII afanTalii MeTony rnepesaToyHol
marpuui (TMM) ns aHasnizy HesliHIRHUX TepMO-TiApaBliYHUX IIPOLIECIB NP HATKPUTUYHUX [lapameTpax
TEIJIOHOCIS. 3alIpONIOHOBAaHMUI METO/, (PAKTMYHO 3HIMae OOMEXKEHHSI Ha BUJ, 3 KOpeJIsLiil aj1s unces Eityiepa ta
HycenbTa i Mae nokpaieHy CcTabilbHICTb SK IPU 3aCTOCYBAaHHI HESIBHUX KOPEJIALil TaK i Py NepexijHoMy MpoLeci.
TpeTiit po31iy1 TPUCBSIYEHUN POZIIUPEHHIO MOKIINBOCTEN METOLIB OLHOBUMIPHOI TEIJIOTiAPABIIIiKH, SIKi JE€TaJIbHO
OIIMCAaHi y pyroMy po3fiji, IJISIXOM BBEIEHHS nudepeHUiNHNX PYHKLIN OJ151 BUBHAYEHHS [IPOLeCciB iHTEHCUBHOCTI
Iycunaii Ta Ternsoo6MiHy. 3niliCHEHO JIOTIYHUI Nepexil Bifl yIpaBgiourX PiBHSHb OIHOBUMIPHOIO MiIXOLy [0

I BOBUMIPHOI OCECMETPUYHOI IIOCTAHOBKU Y BUTJISZ1 MOJIEJi «By3bKOTO KaHaJIy». 3allpOIIOHOBAHUM
aJIbTEPHATYMBHUI BUTJIAA, 1151 PYHKIIOHAJIbHOI 3a7IEXKHOCT] JOTUYHUX HANIPY>KEHb, 10 03BOJIUIIO MiJBUIUTU
CTabiJIbHICTh METONY. 3aBJSIKM 3aCTOCYBAHHIO IIOHATh «0a30BOI» Ta «KOPUTYIOYOi BEJIMYMHH, Ki BBEIEH] y IPYrOMy
pO37ii, 1711 OTPMMAHOI CUCTEMU BJAJIOCS IOOYIyBaTH PO3BSI30K Y BUIJISIZE CyMU PNy, KoeillieHTH pO3KJIamy
SIKOTO BU3HAYAIOTHCS 32 IOIIOMOTr0I0 e(peKTHUBHOI YMcesbHOI Npolenypy. HaBeneHi pesysbraTy Basigalii cBigyaTs,
110 3alPOIIOHOBAHMM MifXi]l JO3BOJISIE€ IIPOTHO3YBAaTH OCOOJIMBOCTI CTPYKTYPH Teyii IIpY MOTipIIeHOMY TETI000MiHi,
[IpY 3HAYHOMY CKOPOYE€HHI PO3PaxyHKOBUX pecypciB y nmopiBHAHHI 3 CFD. YeTBepTuil po3in NpUCBIYEHNN
npo6seMi ajanTaii iCHy(040ro yHiBepcajbHOTO Yu CIIeLiali30BaHOTO iHCTPYMEHTAPilo TeIJIoTiApaBiyHOTo aHali3y
L7151 HeJIiHIMHUX 33734 TelyI000MiHy IPU HAAKPUTUYHUX [TapaMeTpax TeIJIOHOCIs IIPU IOTipIlleHH] TenoBianayi.
Po3rygHyTi CK/IaIHOCTI IPOTHO3Y HEJHIMHOTO TEMJI000MiHY P HAIKPUTUYHUX IIapaMeTpax iHKeHEPHUMU
METOJlaMU PO3PaxyHKOBOI TiApoHaMiKu. 3aIIPOIIOHOBAHO IPOCTUI CIIOCi6 afanTanii ABO30HHOI TeMIepaTypHoOi
npucTiHkoBoi pyHKLii Kagepa Ha OCHOBI iCHYI0UMX 30HIOBUX JOCJIIKEHb [1J1s1 IBOOKUCY Byrielo. O6roBOPIOETHCS
npob6seMa iMnieMeHTallii B yHiBepcasbHi IakeTu 00uncIoBaabHOI rifpoaunamiku CFD, sxa 6a3yeTbcst Ha criocobi
BUOOPY ONOPHOi KOOPAVHATU 4 IPUCTIHKOBOI 30HU 17151 BUBHAUYEHHS TUHAMIYHOI LIBUIKOCTI Ta 6€3p03MipHO]
temnepatypu. Ha npukinani ANSYS CFX rnokasaHuii ofiH i3 Clioco6iB CTBOPEHHS CIleliajIbHOI KOPHUCTYBaJIbHULIBKO]
IPOLENYPH, SIKAa Mae MOKpaleHy TEHIEHIIiI0 00 TPOrHO3Yy aKCiaJbHOTrO NPOQIIo TEMIIEPATYPU MTPU
NOTipPLIEHOMY TEIJIO00MiHi. Y po31ii mpoBeeHo KaliopyBaHHs Ta Balifallilo OTPMMAaHUX Pe3yJIbTaTiB HA OCHOBI
€KCIIepUMEHTAJIbHUX JOCiIPKEeHb 1J151 BEpTUKAJIbHUX TPYO Ta CTEP>KHEBUX 30ipOK iMiTaTOPiB TBEJL. IT'S9TNi1 po3ain
IIPUCBSIYEHUI po3po0Li CrieliajIbHOTO iIHCTPYMEHTAPiio JJ1s1 IPOrHO3Y PEXKUMIB TEIJI00O0MIHY 3 HAIKPUTUIHUMU
napaMeTpaMiy TEIJIOHOCISI B yMOBax SIAEPHOTro 06irpiBy. JIjs 1bOro 6yJj10 BUKOHAHO CIPSDKEHHS TEIJIOTiAPaBIidHOl
YaCTHHY, KA ONKCaHa y po31isi 2 Ta 3, 32 PaXyHOK CIIOJIy4€HHS T10JI1 TUCKY Ta BBEJIEHHS iHTerpajlbHUX
XapaKTePUCTHUK IIOTOKY 3 HEUTpoHOPi3nyHOIO 3amayeto. Po3pobyenuii cnenjanbHuil iHTepdeiic CupspkeHHs i3
30HAJIbHOIO MOJIEJLIIO TEIJIOBUISIOYOTO eJIeMeHTa (TBeJI), B 4Kili IpKepeJIo €eHEPrOBUIIIEHHS € PE3yJIbTaTOM
PO3B’13Ky HEUTPOHO(I3MYHOI 3a7a4i IIPYU HaNlepe, 3aaHuX YMOBAaX KPUTUYHOCTI CUCTEMU. 3 METOIO ONTHUMI3allii
CIPSDKEHUX PO3PaxyHKiB cpopMoOBaHi napameTpuyHi npodisi eHeproBuiisieHHs, siKi OTpUMaHi 3a JOIOMOT 00
MCNP4C, sxi criosy4yatoTbcs i3 yapyHKOBUM KopoM WIMSSb. ¥V po3zini po3risiHyTi 0cO6IMBOCTI IPOTHO3Y PEXXUMIB
TEIJI0O0OMIHY B yMOBAX sIIEPHOTO OOGIrPiBY, a TAKOX BIIJIUB (DOPMU MOTiPIIEHOr0 TENJI000MiHY Ha KpUTUYHICTb
cucrteMu. Y II0CTOMY PO37ijli HaBeeHi pe3yJIbTaTy OLiHKM CTalliOHApPHOTrO CTaHy NIePCIEKTUBHOro peakropa ECC-
SMART i3 3acTOCyBaHHSM MiIXOLiB, SIKi onMcaHi y pospinax 2-5. [lobymoBaHa eKBiBaJieHTHA TEIJIOTigpaBiiyHa
CXeMma 11 IoNepeHbOI OL[iHKY €HeproBUIiJIEHHS B TEIJIOBUIIs04nX 36ipKax (TB3). Po3ryisHyTi nuTaHHS
iMmnneMenTanii koeilieHTiB IepeHOCy Ta €HeproBUIiJIEHHS B IPUCTIHKOBIN 30Hi HA OCHOBI clleljianbHOi
IPUCTiIHKOBOI (yHKLi (PO37is 4) Ta OLIHOK CIPSLKEHOT0 KoMy (PO31ia 5). 3acTOCOBaHi METOIM TO3BOJIUIIN B
ILECSTKU Pa3iB CKOPOTUTU AYCKpeTu3aLio nosHoi CFD Moneni nepcnekTUBHOTO PeakTopa, e MPOTOYHA YaCcTUHA

aKTUBHOI 30HM BUKOHaHa JOCUTb TOYHO.

2. 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 WIMS5b
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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