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

Pedepar:

1. Inceprauifina po60Ta IpUCBIY€HA BIOCKOHAJIEHHIO METOIUKY Ta OTPUMAHHIO CIIPSKEHUX PO3PaxyHKOBUX
MoJesieil 115l AeTali30BaHOro MOJEeJII0BaHHS TEIIOTiAPaBiyHUX IPOLECiB B OKpeMoMy 06s1agHaHHI PY BBEP un
HOT0 JIOKAJIbHUX YaCTUHAX 3 BpaXyBaHHIM 30BHIIMIHbOTO BIUIMBY 3 60Ky PY. Y BcTymi 06rpyHTOBAaHO aKTyaJbHICTh Ta
[I0/IAHO 3arajbHy XapaKTepPUCTUKY poboTH, cpopMyaboBaHa ii MeTa, OCHOBHI 33/1a4i, 00'€KT Ta IpegMeT
IOCIIiIPKEHb, HABEIEHA HAyKOBA HOBM3HA Ta IIPAKTUYHA LIiIHHICTh OTPUMAHUX PE3YyJIbTATIB, IPECTABIECHO
inpopmaltio nIpo ocobuCTU BHECOK 3[,00yBada Ta anpobalio podoTty, ii CTpyKTypy Ta 06¢Csr. Y nepmomy po3mii
BMKOHaHO KPUTUYHUH OIJISIZL Cy4YaCHOTO CTaHy OCIiIPKEHHS Ta CIIPSPKEHOT0 MOZEIIOBAaHHS TeIIOTiAPaBIiYHIX

npouecis B PY BBEP. BiH Bkitouae oringj po3paxyHKOBUX METO/IB [IJIs IPOBEAEHHS PO3PaxyHKiB TEIUIOTiIPaBIiYHAX



mogesnen Bciei PY BBEP. Onucani TpaguninHi nigxony 10 MOOEJIOBAHHS 32 JOIIOMOrOK CUCTEMHUX
TeTJIOTiAPaBIiYHNX KOMiB, HABeJeHO KOPOTKUM orsiy komiB, 3okpema RELAPS, ATHLET, TRACE, CATHARE.
[TpoBeneHo ormsy Ta aHaji3 HAyYKOBOI JIiTEPATYpH 10JI0 METO/iB 06U CIIOBAJIbHOI TiAPOJMHAMIKYU T2 OCHOBHUX
eTariB OTPUMaHHS YMCEJIbHOTO PillleHHs 3 iX JOIIOMOTOI0, 8 TAKOX 3aCTOCYBaHHS KOJIiB 00YMCII0BAIbHOI
rigponrHamiky 3 MeToro aHasizy 6eanexku AEC. [TpoaHasnizoBaHO Cy4acHUI CTaH JOCIIiIKeHb, CIIPSIMOBAaHUX Ha
PO3BUTOK METOJiB CIIPSDKEHHST PO3PaXyHKOBUX 3ac00iB MoaeoBaHHs. [IpuBeneHo kinacudikalio nigxoais momo
TEIJIOTiAPaB/iYHOTO CIIPSDKEHHS 32 TPbOMA OCHOBHMMM CTPATEriSIMU: apXiTeKTypa CIpPsIKEHHs], IPOCTOPOBa
IEKOMIIO3MLisl PO3PaxXyHKOBOI 00J1aCTi, YMCJI0Ba CXeMa CIpsDKeHHs. KoxHa 3i cTpareriil B CBOIO uyepry
kyacudikyeTbCs Ha KijIbKa MifKaTeropii [ 0XOIJIEHHS BCiX MOXUJIMBUX MiTXOLiB IO CIIPsDKEHHS. BukoHaHo orysy,
CTaHy po3po6ku Ta 3actocysaHHs cnpsbkeHux CTI'/CFD po3paxyHKOBHUX 3aC00iB Ha TEMNJIOTiAPaBIiYHUX MOJEJISIX
pizHOMaHITHOI KOHIirypauii Ta ckiagHoCTi. JIpyruil po3ais NpUCBsSYeHNI MiAX0Ly OL0 BIOCKOHAIEHHS
MOJIEJIIOBAaHHS CTallilOHAPHUX Ta MEPEXiIHMUX PEXKMUMIB B TEIJIOTiIPaBliYHOMY 00JIaJHAHH] MIISIXOM CIIPSIKEHHS
CHUCTEMHOTO TeriorigpasiiyHoro kony RELAP5 /MOD 3.2 ta CFD-kony ANSYS CFX. ITpoBenieHo aHasi3 o6paHux
KOJiB 11I0JI0 MOKJIMBOCTi CTBOPEHHS iHTep(eiiciB 1151 0OMiHy JaHUMU, 0O0MPAIOThCS HAaNOi/IbI ONITUMAbHI
BapiaHTu. Peanisalis cripsbkeHHs BifOyBaeThbCsl 32 IOIIOMOTOI0 po3po6sIeHOTO 3 MOAyJIo cripsbkeHHst RELAPS /CFX,
1110 KEPYE CIIPSIKEHNM PO3PaxyHKOM Ta 31iHCHIOE 00pOoOKy IaHux. [IpeficTaBieHo onuc po3po6ieHOro MOIyJIo
CIIPSDKEHHSI MK KOJIaMU, BUCBITJIEHO HOr0 CTPYKTYPY, OCHOBHI (QYHKIIii, IpUBEJEHO CX€MY BUKOHAHHS CIIPSIKEHOTO
pO3paxyHKy Ta o6MiHy ganumu mixk RELAPS ta ANSYS CFX. [I71s1 BifjiipalloBaHHS T€XHOJIOTI] CIIPSIKEHHS! BUKOHAHO
TECTYyBaHHS MOZYJIO Ha NOCinoBHO 3'eqHanux RELAPS- Ta CFD-Mopzensix ropu3oHTalbHUX TPYO, @ TAKOXK Ha
3aMKHEHOMY KOHTYpi. TecTyBaHHSI IPOBOAUIIOCS [IJIs1 TPhOX OCHOBHUX THUIIIB iHTepQeiicy: «BXiTHUI MTOTIK»,
«BUXITHMI MOTIK», MOEIHAHHS «BXiJIHNI1 /BUXiIHUI [IOTiK» HA 3aMKHEHOMY KOHTYPi. TpeTill po3[iin npucssdeHni
PO3pOO6L CIPSKEHOTO MiAXOAY 10 OLiHKM MOXJIMBOCTI BUHMKHEHHS TiIpaBJiuHOro yaapy y IpOTOYHii 4acTHHI
['IH-195M npu nepexifHOMY IIpoLeci TOB13aHOMY 3 3aKJIMHIOBAaHHSM Bajty. JI71s OLiHKY aMIIiTy Oy TiBUILIEHHS
THCKY TEIJIOHOCIS, a TaKOXX PO3II0AiNy MoJst TUCKY 3a gonomoroto CFD-aHasnizy po3po6sieHo Ta [pecTaBleHo
Mogesb npotoyHoi yactunu I'H-195M nsig komy ANSYS CFX. [l peasnisanii cripspkeHHs, IpeJiCTaBIeHo
mopudikaniriny Mozesb, o 3aCTOCOBYETHCS, SIK HAI0Y0Ba Hall OCHOBHOIO Mozesio PY, mo 6a3yeTbcs Ha
RELAP5/MOD 3.2 mopeni eHepro6sioka Ne1 BBEP 1000 /B 320 3AEC. OnucaHo miaxif, 10 BUKOHaHHS CIIPSDKEHOTO
PO3paxyHKy Ta [IPOBEIEHO BaJiaLii0 CIIPSKEHOTO CTallilOHapHOTro cTaHy PY. BUKOHaHO MOZE/IIOBaHHS IIEPEXiZHOTO
npouecy i3 3akynuHoBaHHS Basny 'IIH 195M 3 3acTOCYBaHHSIM CHPSIKEHOTO MiIXOAY Ta 3p06JIEHO BUCHOBKHU MO0
MO>KJIMBOCTI BUHMKHEHHS TiIPaBJIidYHOro yAapy B IPOTOYHIN YaCTUHI HacoCy. YeTBEPTUI PO3[Iijl IPUCBSIYEHNUN
MOJI€JIIOBaHHIO IIPOLIECIB TENJI000MIHY MiXK €JIeMEHTaMU BEPXHBOTO GJIOKY Ta KOPIYCY PEAKTOPY 3 OXOJIOKYIOUUM
cepenosulem cucremam seHTussLii TLO3, TLOS i3 3aCTOCYBaHHSM CIPSDKEHOTO MigxXoAy. 3aliporoHOBAHO MifXif
[IO BUPIIIEHHS JAHOTO 3aBAAHHS 3 3aCTOCYBAHHS CIIPSIKEHHS MK CUCTEMHUM TEILIOTiIPABIiYHUM KOLOM,
MeTOJaM1 004UCIIIOBAJIBHOI TiAPOJMHAMIKY Ta aHAMITUYHUMU MeTofaMu. ONICaHO pO3pO0JIeHy CIIPSKEHY
PO3PaxyHKOBY NIPOLELYPY, sIKA peasidye MeToJ, CKIHU€HHUX €JIEMEHTIB, CKJIQIHUI TENJIO00MIH Ta CUCTEMY
0aJIaHCOBUX PiBHSIHb. BUKOHYETBCS Bajlifalisi po3po06JeHoi CIIPSDKEHOI PO3PaxyHKOBOI IPOLIEAyPU Ha OCHOBI
eKCIUTyaTaliiHuX JaHux eHepro6yoky AEC. Ha OCHOBI ekCriepUMEHTaIbHUX JAaHUX [TPOBOAUTHCS KOMIIEKCHUM
aHasli3 MOXJIMBOCTiI KOPEKTHOTO MOJIEJIIOBaHHSI CKJIAJHOTO TEIJIOOOMiHY po3paxyHKoBUM KozmoM ANSYS CFX,
BM3HAYAIOTLCSI Ta OO PYHTOBYIOThCS KOMOiHALlii 3aMUKa4UX MOJiesIel BUIPOMIiHIOBaHHS i TypOysieHTHOCTi. Ha
OCHOBi p0o3p06J1eHOI CIpsDKeHOi TpoLefypy BUKOHAHO [T0KAa30Bi PO3PaXyHKH [JIs1 OLIiHKM 'PAaHMYHUX YMOB Ha

30BHIlIIHI TOBEPXHi BEPXHbOTO OJIOKY i KOPILYCY PEAKTOPY B CTalliOHAPHUX Ta IePeXiHUX PeXXruMax.

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 RELAP5
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 N21 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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BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI Tys Banepit OmensHoBuY

rOJIOBH pagu

BaacHe IlpizBuie Im's [10-6aTbKOBI Tys Banepiit OmensaHoBrY

roJIOBYIOYOrO Ha 3aCifiaHHi

BigmoBimasibHU 32 MiATOTOBKY Onmmyk tOpiit AHaTOMIIOBIY

00JIIKOBHX JJOKYMEHTIB

PeecTtpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




