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1. BoocKoHaIEHHS! METOIMKU PO3PAXyHKIB peakTOPHOI ycTaHOBKU BBEP-1000 myIIX0OM CIIPSIKEHHS PO3PaXyHKOBUX
3aco6iB

2. Improvement of the calculation method of the VVER-1000 reactor installation by coupling calculation tools

Pedepar:

1. Incepraniiina po60Ta IPUCBIY€HA BIOCKOHAJIEHHIO METOIUKU Ta OTPMMAHHIO CIIPSPKEHUX PO3PAXYHKOBUX
Mojenel s OeTani30BaHOrO MOJETI0BaHHS TEMJIOTiAPaBIIidYHUX IPOLeCiB B OKpeMoMy o6s1agHaHHI PY BBEP yun
H10T0 JIOKaJIbHUX YaCTUHAX 3 BpaXyBaHHSIM 30BHIIIHbOT0 BIUIUBY 3 60Ky PY. Y BcTyni 06rpyHTOBaHO aKTyaJbHICTh Ta
II0/IAHO 3arajbHy XapakTePUCTUKY poOOTH, cPOopMyboBaHa ii MeTa, OCHOBHI 3a/1aui, 06'€KT Ta IpeJMeT

,U,OCJIi,IL)KeHb, HaB€J€HA HAYKOBA HOBM3HA Ta IIPAKTUYHA I_LiHHiCTB OTPpUMaHUNX peBy.TIbTaTiB, IIpENCTaBJIEHO



indopmanio mpo ocobucTuil BHECOK 30006yBava Ta anpobariiio poboTH, ii CTpyKTypy Ta obcsr. Y nepmomy po3zini
BUKOHAHO KPUTUYHUN OIJISAT, Cy4aCHOTO CTaHY AOCIIIPKEHHS Ta CIPSDKEHOTO MOJENIOBAHHS TEIJIOTiAPaBIiYHUX
npouecis B PY BBEP. BiH BKkitoyae oriusj po3paxyHKOBUX METO/IB [IJIs IPOBEAEHHS PO3PaxyHKiB TEIUIOTiIPaBIiYHAX
mogesnen Bciei PY BBEP. Onucani TpagyniiHi nigxoay 10 MOOEJIOBAHHS 32 NOIIOMOrOK CUCTEMHUX
TeIJIOTiAPaBIiYHUX KOAIB, HaBeJ€HO KOPOTKUM Oriisf Koais, 30kpema RELAPS, ATHLET, TRACE, CATHARE.
[TpoBeneHo ormsiy Ta aHaji3 HAyYKOBOI JIiTEpaTypH 1010 METO/iB 00UUCIIOBAJIbHOI TiAPOJMHAMIKU T2 OCHOBHUX
€TalliB OTPMMAaHHS YMCEJIbHOTO PillleHHS 3 iX JOIIOMOrOI0, 8 TAKOXK 3aCTOCYBaHHS KOZiB 00YMCIII0OBAIbHO]
rizpogvHaMiky 3 MeTolo aHanidy 6esnexku AEC. TIpoaHasnizoBaHO Cy4acHUiA CTaH JOCIiIPKeHb, CIIPSIMOBAHUX HA
PO3BUTOK METOJIB CIIPSDKEHHS PO3PaXyHKOBUX 3aC00iB MopenoBaHHs. [IpuBeneHo kinacudikaiiio nigxonis momo
TEIUIOTiAPABIIYHOrO CIPSKEHHS 32 TPbOMA OCHOBHUMMU CTPATETiISIMU: apXiTEKTypa CIIPSKEHHS, IIPOCTOPOBA
IEKOMIIO3ULIisl PO3PaxXyHKOBOI 00J1aCTi, YMCI0Ba CXeMa cIpsbKeHHs. KoxHa 3i cTparerii B CBOIO uepry
K1acuQiKyeTbCs HA KijibKa MifKaTEropiil 1 OXOIJIEHHS BCiX MOXKJIMBUX MigXOZiB 1O CIIPSDKEHHS. BUKOHAHO O
CTaHy po3po6ku Ta 3actocyBaHHs cnpsbkeHux CTI'/CFD po3paxyHKOBUX 3aC00iB Ha TENJIOTiApaBIiYHUX MOLEJISIX
pizHOMaHITHOI KOHirypauii Ta ckiagHocTi. JIpyruil po3ais NpUCBsSYeHNi MiAX0ny 040 BIOCKOHAIEHHS
MO/JIEIIOBaHHS CTAlLliOHAPHUX Ta MEPEXiNHUX PEKMMIB B TEIJIOTiAPABIiYHOMY O0JIafHAHHI HIJISIXOM CIIPSDKEHHS
CHCTEMHOTO TeriorigpasiiyHoro koxy RELAP5 /MOD 3.2 ta CFD-kony ANSYS CFX. ITpoBenieHo aHasi3 o6paHux
KOJiB 111010 MO>KJIMBOCTi CTBOPEHHSI iHTepeiiciB 1J1s1 0OMiHy IaHUMU, 00MPAOThCS HAaUOiIbIl ONITUMATIbHI
BapiaHTu. Peanisalis cripsbkeHHs BiOyBa€eThCs 3a IOIIOMOT0I0 pO3po6JIeHOTO 3 MOAyJIIo cripsbkeHHst RELAPS /CFX,
110 KEPYE CIIPSIKEHNM PO3PaxyHKOM Ta 3[iHCHIOE 00pOOKy naHux. [IpesicTaBieHo onuc po3po6ieHOro MOIyJio
CIIPSDKEHHSI MK KOJIaMU, BUCBITJIEHO HOT0 CTPYKTYPY, OCHOBHI QYHKIIii, IpUBEJEHO CX€MYy BUKOHAHHS CIIPSIKEHOTO
pO3paxyHKy Ta o6MiHy ganumu Mixk RELAPS ta ANSYS CFX. Jl7ns BifjiipalioBaHHs T€XHOJIOTII CIIpsSIKEHHS! BUKOHAHO
TEeCTyBaHHS MOAYJIO Ha NMOCHinoBHO 3'eqHaHux RELAPS- Ta CFD-Mopensix ropu3oHTalIbHUX TPYO, 2 TAKOXK Ha
3aMKHEHOMY KOHTYpi. TecTyBaHHS IPOBOAUIIOCS [IJIs1 TPOX OCHOBHUX THUIIIB iHTepQeiiCy: «BXiTHUI MTOTIK»,
«BUXITHMI MOTIK», MOEIHAHHS «BXiIHMI1 /BUXiIHUI [IOTIK» HA 3aMKHEHOMY KOHTYPi. TpeTiil po3iin npucssueHuit
PO3pO0Li CIIPSDKEHOTO MiTXOAY IO OLiHKYA MOXJIMBOCTI BUHUKHEHHS TiJIPaBJIivHOrO yAapy Y IPOTOYHIN YaCTUHI
I'IH-195M mpu nepexiHOMY IIPOLEeCi OB’ 13aHOMY 3 3aKJIMHIOBAHHSAM Bajty. JI715 OLiHKY aMILTiTy Oy TiBULIEHHS
THCKY TEIJIOHOCIS, a TaKOXX PO3IIOAiNy MoJst TUCKY 3a gornomoroto CFD-aHasnizy po3po6sieHo Ta [peicTaBleHo
Mogesb npotodHoi yactiau 'TTH-195M nyis kogy ANSYS CFX. Ilns peasnizaliii CIpspKeHHS, IPeICTaBIeHO
MopudikaliliHy MOJieb, 110 3aCTOCOBYETHCS, SIK HaNIOy[0Ba HaJ, OCHOBHOIO MoJeJio PY, o 6a3yeTbcs Ha
RELAP5/MOD 3.2 mogzeni enepro6sioka Ne1 BBEP 1000 /B 320 3AEC. OnncaHo minxif, 0 BUKOHAHHS CIIPSDKEHOTO
PO3paxyHKy Ta [IPOBEJEHO BAJIIJIALIiI0 CIIPSKEHOrO CTAlliOHapPHOTO cTaHy PY. BUKOHaHO MOZI€/IIOBAaHHS II€PEXiZHOTO
npotuecy i3 3aknuHoBaHHs Basny I'IIH 195M 3 3acTOCYBaHHSIM CHPSIKEHOTO MiAXO0AY Ta 3p06JIEHO BUCHOBKHU 100
MOJKJIMBOCTI BUHMKHEHHS TiApaBJIivHOro yaapy B IPOTOYHIN YaCTUHI Hacocy. YeTBepTui po3is IPUCBIYEHNN
MOJeJIIOBaHHIO TIPOLIECIB TEIJI0O0OMIHY MDX €eJleMeHTaMU BEPXHbOTO OJIOKY Ta KOPITYCY PeaKTOPY 3 0XOJIOIKYIUUM
cepepnosuieM cucremam BeHTUALil TLO3, TLOS i3 3acTocyBaHHSIM CIIPSIKEHOTO MifX0y. 3allpONIOHOBAHO MiAXis
IlO BUpillleHHS JAHOTO 3aBJAHHS 3 3aCTOCYBaHHS CHPSDKEHHS MiXK CUCTEMHUM TEIJIOTiTPaBaiYHUM KOJIOM,
MEeTOJlaMU 00YMCIIIOBAJIbHOI IiipOINHAMIKY Ta aHAJIITUYHUMU MeTonaMu. OTIMCaHO pO3pO0JIeHy CIPSDKEHY
PO3paxyHKOBY IIPOLELLYPY, sIKA peasidye MeToJ, CKIHUeHHUX €JIEMEHTIB, CKJIaJHUI TENJIO00MiH Ta CUCTEMY
0aslaHCOBUX PiBHSHb. BUKOHYETbCA Bajlifalisi po3po6JeHoi CIIPSDKEHOI pO3PaxyHKOBOI IPOLIeAyPU Ha OCHOBI
eKCIUTyaTaliiHuX JaHux eHepro6yoky AEC. Ha OCHOBI eKCriepUMEeHTaIbHUX JAaHUX [TPOBOAUTHCS KOMIIJIEKCHUM
aHasli3 MOXJIMBOCTiI KOPEKTHOTO MOJIEeJIIOBaHHS CKJIAHOTO TEIJIOOOMiHY po3paxyHKoBUM KozmoM ANSYS CFX,
BM3HAYaIOThCSI Ta OO PYHTOBYIOThCS KOMOiHAllii 3aMUKal4YUX MOJieslell BUIPOMiHIOBaHHS i TypOysieHTHOCTi. Ha
OCHOBi PO3p00JIEHOI CIIPSIKEHOI ITPOoLeIypy BUKOHAHO IT0KA30Bi PO3PaxyHKU [1J1sl OLiHKM TPAaHUYHUX YMOB Ha

30BHIIIHI} TOBEPXHi BEPXHbOTO OJIOKY i KOPILYCY PEAKTOPY B CTAlliOHAPHUX Ta IEPEXiTHUX PEKUMaX.

2. The theses are devoted to improving the methodology and obtaining coupled calculation models for detailed
modeling of thermohydraulic processes in separate equipment of the VVER reactor installation or its local parts,
taking into account external influence from the reactor installation. Foreword justifies actualities of improving the
methodology and developing coupled models. The general characteristics of the work are given. Its purpose, main



objectives, object and subject of research also are formulated. The study scientific originality and practical value of
the results obtained are shown. The thesis structure and scope of the work, information on the personal
contribution of the applicant and the work approbation are represented. In the first chapter, a critical review of
the current state of research and coupled modeling of thermohydraulic processes at the VVER reactor installation
is performed. It includes an overview of calculation methods for thermal-hydraulic models of the VVER reactor
installation. Traditional approaches to modeling using STH codes are described, and a brief overview of codes
including RELAP5, ATHLET, TRACE, CATHARE is given. A review and analysis of the scientific literature on CFD
methods and the main stages of obtaining a numerical solution with their help, as well as the application of CFD
codes for the purpose of analyzing the safety of NPPs, was conducted. The current state of research aimed at the
development of methods of coupling of computational modeling tools is analyzed. The classification of approaches
to coupling according to three main strategies is presented: coupling architecture, spatial decomposition of the
computational domain, numerical scheme of coupling. Each of the strategies in turn is classified into several
subcategories to cover all possible approaches to coupling. A review of the development and application of coupled
STH /CFD calculation tools on thermo-hydraulic models of various configurations and complexity was performed.
The second chapter contains description of the approach aimed to improving the modeling of steady state and
transient modes in the reactor system equipment by the coupling of the STH code RELAP5/MOD 3.2 and the CFD
code ANSYS CFX. The developed coupling module between RELAPS and ANSYS CFX is described, including its
structure, main functions, the scheme of performing coupled calculations, and data exchange between RELAPS
and ANSYS CFX. An analysis of the selected codes is carried out regarding the possibility of creating interfaces for
data exchange, the most optimal options are selected. Coupling is implemented using the RELAPS /CFX coupling
module, which manages the calculation and performs data processing. To check the coupling technology, the
module was tested on serially connected RELAP5 and CFD models of horizontal pipes, as well as on a closed
circuit. Testing was performed for three main interface types: “inlet flow”, “outlet flow”, “inflow /outflow”
combination on a closed loop. The third chapter is devoted to the development of a coupled approach for the
assessment of the possibility of hydraulic shock in the flow part of the MCP 195M during the transient with shaft
seizure. To estimate the amplitude of the coolant pressure increase, as well as the distribution of the pressure field
using CFD analysis, a model of the flow part of the MCP-195M for the ANSYS CFX code was developed and
presented. To implement the coupling, a modified model is presented, which is used as a superstructure on the
main model of the reactor installation, based on the RELAP5 /MOD 3.2 model of unit N¢1 VVER-1000/V-320 ZNPP.
The approach to performing the coupled calculation is described and the coupled steady state of the reactor
installation is validated. Modeling of the MCP-195M shaft seizing transient using a coupled approach is carried out,
and conclusions are drawn regarding the possibility of hydraulic shock in the flow part of the pump. The fourth
chapter is devoted to the modeling of heat exchange processes between the elements of the upper unit and the
reactor body with the cooling medium of the ventilation systems TL03, TLOS using a coupled approach. An
approach to the solution of this task is proposed using a combination of the STH code, CFD and analytical
methods. The developed coupled calculation procedure is described, which implements the finite element method,
complex heat exchange and a system of balance equations. Validation of the developed coupled calculation
procedure is performed based on operational data of the NPP. On the basis of experimental data, a comprehensive
analysis of the possibility of correct modeling of radiation and turbulence are determined and substantiated.On
the basis of the developed coupled procedure, demonstrative calculations were performed to estimate the
boundary conditions on the outer surface of the upper unit and the reactor pressure vessel in stationaryand

transient modes.
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Kopg 3a €IJPIIOY: 02070921

Micue3HaxoaKeHH: npocrnekt bepecreiicekuit, 6y, 37, Kuis, 03056, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH | HayKy YKpaiHu

InmenTudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUIL

VIII. 3ak1104Hi BiZOMOCTI

BiacHe IlpizBuie Im's I1o-6aTbKOBI Tys Banepiit OmensHOBIY

TOJIOBH pajgu



BiacHe IIpizBuie Im's I1o-6aThKOBI Tys Banepiii OmesnsaHOBIY

TOJIOBYIOYOTO Ha 3acCiiaHHi

BiznoBigassHUH 3a MiATOTOBKY Onmuyk FOpiii AHaTOIHOBIY

00JIiKOBUX JOKYMEHTIB

PeecTpaTop VkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




