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Pedepar:

1. Incepraniiina po60Ta IpUCBIYeHA JOCTIIKEHHIO BIUIMBY Aerpafalii reoMmeTpii BUrOpoiKu
BHYTPILIHBOKOPITYCHOI Ha 3MiHY YMOB OXOJIOJI)KEHHSI BHYTPIIIHbOKOPITYCHUX [IPUCTPOIB peaktopy Tuity BBEP-1000.
Y BCTyni 06IpyHTOBAHO BUGIp TeMU JOCTiKeHb, COOPMYJIbOBAHI MeTa i 3a71a4i JOCIIiKEHHS, BUBHAYE€HO METOAU
IOCJIiIKEHHS, BUCBITJIEHO 3B'SI30K 3 HAYKOBO-OCJIiJHUMHU TPOrpaMaMiy Ta poOOTaMH, a TAKOXK HAYKOBY HOBU3HY Ta
IIPAKTUYHE 3HAYE€HHS OTPUMAHUX PEe3yJIbTaTiB, 0XapaKTEPU30BAaHO OCOOUCTUI BHECOK aBTOPA, IPUBEIEHI BiJOMOCTI
IIpo arpooballilo pe3yJbTaTiB fucepTalii, if CTpyKTypy Ta obcsr. Y rnepuiomy pospisi IpoBeeHO OrJIsf, HasiBHUX
IOCJiIKEeHb, IOBS13aHUX 3 TEMATUKOIO AuceprTalii. [[poaHanizoBaHo NepLUIONPUYNHYU i 0COOIMBOCTI IPOLECIB
Ierpagaii MeTasy BHyTPilIHbOKOPIYCHUX NpUCTpoiB (BKII), a Takox Hai161/1b1I iMOBIpHI 3MiHUM BiTHOCHO

MIPOEKTHOI reoMeTpii — BU4epraHHs 3a30PiB Mi>K BUTOPOJIKOIO i IIAXTOI0, 4 TAKOX IMOsIBAa He TlepedadyeHnx



npoekTom PY BBEP-1000 pagiasbHUX [IEPETOKIB 4YEPE3 PO3KPUTTS Kijlelb BUTOPOIKKU. Ha OCHOBI j1iTepaTypHOro
ornsany copMyJIbOBAaHO METY, 3aBIaHHS, IIpeIMeT i 00’eKT NocinkeHHs. [pyruil po3zis npucBIYeHnl
IOCIIiIPKEHHIO 3MIHY YMOB OXOJIOJIKEHHSI BUTOPOJIKM IIPU Aerpajatii ii reomeTpii, a came ii KOHTAKTi i3 IaXTO0
BHYTPIIIHbOKOPIYCHOIO Ta PO3KPUTTI Kijlellb BUTOPOMKHU i SIK HAaCJIiZIOK — NOSIBi HE NependadyeHrX IPOEKTOM
pajiiaJbHUX [IEPETOKIB TEIJIOHOCIA 3 aKTUBHOI 30HU PEAKTOPY. 3alIPONIOHOBAHO METOOJIOTII0 BUPIlIEHH 3a7a4i
IOCiIKeHHs 3MiHN yMOB oxosioakeHHs BKII, mo 6a3yeTbcst Ha [IOCTYIIOBOMY aHaisi. Po3apobieHo yHiBepcaibHy (3
TOYKU 30py KOHPIrypyBaHHs Ta 33[laHHsI TPAaHMYHUX YMOB) pO3paxyHKoBY TpuBuMipHy CFD Mozesb 0X0J10pKEHHS
BUropoaKxu. [IpoBeieHo cepilo PO3PaxyHKIB AJ1s Pi3HUX NAJMBHUX KaMIlaHii eHepro6soky AEC Ykpainu Ta
OOIrPYHTOBAHO BUOIp NpeACTaBHULPKOI KAaMIIaHil 17151 IOJIaJIbIIOro aHali3y Aerpaganii reomeTpii. 3arrporioHOBaHO
nifAxin i3 posrisgoM pisHUX MOXKIIMBUAX KOHQIrypaniil KoHTakTy. Po3rysgHyTo 8 BapiaHTiB KOHTaKTy, Cepe], sSIKUX —
IIPOEKTHA I'€OMETPis, WiCTh NPOTrHO30BAHVX, BOCBbMUI — PEAJIICTUYHUI HA OCHOBI IIOIIEPEIHBbOI OLIIHKYA Ha MILIHICTh
17151 TIpeI,CTaBHULBbKOI KamIaHil. Ha ocHOBi po3po6sieHoro mifxoy skomora oBHO IPOaHasi3oBaHO BCi iMOBIipHI
ctaHy BKII npu HasiIBHOCTi KOHTAKTy Ta 3'1COBAHO HOT0 BILJIUB HA 3MiHY TEMIIEPAaTyPHOTO CTaHy OCHOBHUX
KOHCTPYKLiiHuX eneMeHTiB BKII (BUropopky, MaxTy, WINWJIbOK Ta Pidb00BUX TAT). [IpOBEEHO OLiHKY
iHTEHCUBHOCTI pafiiaJIbHUX IIEPETOKIB 3a JOIIOMOTOI0 aHAJIITUYHOI OLIHKY, Ta i3 3aCTOCyBaHHSIM po3pobieHoi CFD -
MOJIeJi, IO NO3BOJISIE BpaXyBaHHS HAsIBHOCTI PO3KPUTTS. OTPUMaHO MOXJIMBY MAKCUMAaJIbHY MEXY BEIMUYUHU
iHTEHCUBHOCT] 6ailnacy 3 akTUBHOI 30HM [I0 KiJIbLIEBOTO KaHaJly i KaHaJliB 0XOJIO[)KEHHS BUTOPOJKHU Ta
[IPOaHai30BaHO MOro BIUIMB HAa TEMIIEPATYPHUI CTaH BUTOPOJKU. 3'ICOBAHO BILJIMB PO3KPUTTs Ha cTaH BKII Ta
HasIBHICTb MOSIBU 3BOPOTHIX 3BS3KiB TUITY «PO3KPUTTS — JIOKaJIbHA iHTEHCUPIKaLlis OXOJIOIKEHHS — 3MEHIIEHHS
iHTEHCHUBHOCTI MOJA/IBIIOTO PO3KPUTTSI» Ta 3p06JIEHO BUCHOBOK II0/I0 HEOOXiTHOCTI BUKOPUCTAHHS 3B'I3aHOTO
IiAXony 3 ypaxyBaHHSIM B3a€EMHOTIO BIUIMBY TPbOX (i3uK — HEUTPOHHO-()i3MYHOMY, TEIJIOTiIPaBIiYHOMY
PO3paxyHKax Ta PO3paxyHKY MiIJHOCTi. B TpeTbOMY pO3ijli IPEeACTABIEHO ONUC KIII0YOBUX CKJIAIOBUX YACTUH
HEUTPOHHO-i3NYHOro Moayo. Po3pobyieHuit MOLy b CKIATAETHCS 3 TPhOX OCHOBHUX YaCTHUH J10 SIKUX
BiJHOCSITbCSL: IH)KEHEPHUI aHasli3 [1aJlMBHUX 3aBAaHTaXE€Hb €HEPro6JIoKy, 6€3110CePEHbO MOIeJIb TPAaHCIIOPTY
HEWTPOHIB Ta raMMa-KBaHTIB i TapaMeTpUYHui aHai3. [Io6yoBaHa TpaHCIIOPTHA MOJIeJ1b BUITPOMIHIOBAaHHS, 1O
6a3yeTbCs HA BUKOpUCTaHHiI Kogy MonTe-Kapno MCNPX, ta 103BoJisie 3ajaHHSI HEPiBHOMIDHOCTI TeMIiepaTypu Ta
MarepiaJIbHOTO CKJjlafy. 3a OIIOMOr00 TPAaHCIIOPTHOI MOZEJIi a TaKoXK PO3p0o6sIeHO] MifIporpamMmu NocTo6pooKu
peasli3oBaHO CHMHTEe3 TPUBUMIPHUX (r-0-Z) MUTTEBUX Ta HAKONIMYEHUX XapaKT€PUCTUK BUIIPOMiIHEHHS, SIKi MOXKYTb
nepenaBaTyuCcA B TEIIOTIIPaBIiYHNAN MOYJb Ta MOIYJIb PO3PAXyHKIB Ha MilJHICTb. YeTBEPTUI PO3MiJ IPUCBAYEHO
PO3poOLi KOMILZIEKCHOI 3B’13aHO01 My /IbTU(]I3NYHOI TpOoLIeAyPU OLiHKY 3MiHM YMOB OXOJIOIKEHHS eieMeHTiB BKII
IIpM ferpagalii ix reomeTpii 3 ypaxyBaHHSIM HassBHOCTI 3BOPOTHIX 3B'SI3KiB TUITy «PO3KPUTTS Kijlellb BUTOPOJKU —
II051BA Pa/liaJIbHUX MEPETOKIB — JIOKAJIbHA 3MiHA YMOB OXOJIOZPKEHHSI METaJly BUTOPOJIKM — 3MiHa iHTEHCUBHOCTI
PO3KPUTTSI». 3aIIPOIIOHOBAHO KOHIIETIIO CIPSDKEHHS OJIOKIB, 110 BiZl[IOBiAAIOTH OL[iHKaM TPbOX (Pi3UIHUX
CKJIaJIOBUX IIPOGJIEMHU PO3IYXaHHS — HEUTPOHHO-(QI3UYHOTr0 MOIYJIIO, TEIJIOTiTPaBJIiYHOrO aHali3y Ta MOAYJIIO
OLIiHKM MillHOCTI. Mo (iKOBaHO Ta pallioHaIi30BaHO MOJYJIb TEIJIOTiIPaBJIiuYHOrO aHali3y, Ta, BifllIOBiIHO,
PO3[IiJIEHO MOT0 Ha TPU CKJIALOBI (CybMozeri) — OHOBUMIipHY TEIJIOTiAPaBIidYHy MOJeJb 6aiacy akTUBHOI 30HU,
TBEPOTIIbHY MOZeJib OCHOBHUX esieMeHTiB BKII, Ta mopudikoBany CFD-mMopesnp akTuBHOI 30HU. [IpoBesieHo
PO3paxyHKOBUI aHai3 ferpagalii reoMeTpii BATOPOJKY 3 ypaxyBaHHSIM 3BOPOTHIX 3B513KiB, IIOB'SI3aHUX 3
JIOKAJIbHUM BIIJIMBOM HasIBHOCTI PajliajIbHMX [IEPETOKIB HA YMOBU OXOJIOJ’KE€HHSI BUTOPOJKU. YTOYHEHO 3HAYEHHS
PO3KPUTTS Kijlelib Ha MoMeHT 60-i kamnaHii, o 6y oTpuMadi B Po3nisi 2 B paMKax BUKOHAaHHSI IIOCJIiOBHOTO
aHai3dy. OTprMaHi BeJIMYMHY 3a30PiB MIXK KiJIBLISIMU MAIOTh B CEPEHbOMY Ha 22% HIKYi 32 pe3yJIbTaTU

KOHCEPBATUBHOTIO IMOCJIiJOBHOTO aHAJIi3Yy.

2. The thesis work is devoted to the study of the influence of the core baffle geometry degradation due to the
change in the VVER-1000 reactor internals cooling conditions. The introduction substantiates the choice of the
research topic, formulates the purpose and objectives of the study, defines the research methods, highlights the
connection with research programs and works, as well as the scientific novelty and practical significance of the
results obtained, characterizes the personal contribution of the author, provides the approbation of the
dissertation results, its structure and scope. The first section reviews the existing research related to the subject of



the thesis. So the following are analyzed: the root causes and peculiarities of the internals metal degradation
processes, the most probable changes in relation to the design geometry - exhaustion of the gaps between the
core baffle and reactor core barrel, as well as the appearance of radial flows not provided by the VVER-1000
reactor design. Based on the literature review, the aim, objectives, study subject and object were formulated. The
second section covers to the study of changes in the core baffle cooling conditions during the degradation of its
geometry, namely its contact with the reactor core barrel and the baffle rings opening. A methodology for solving
the problem of the change in the internals cooling conditions, based on a gradual analysis, is proposed. In order to
carry out this analysis, a universal three-dimensional baffle cooling CFD model was developed. The series of runs
was performed for different fuel campaigns of Ukrainian NPP power unit and the choice of a representative
campaign for the further analysis was substantiated. In order to study the changes in the core baffle cooling
conditions in the presence of its contact with the reactor core barrel, an approach with a consideration of various
possible contact configurations is proposed. In the framework analysis, 8 variants of contact are considered. In
addition its influence on the change in the temperature state of the main internals structural elements (baffle,
barrel, studs and tie bars) was clarified. The influence of the baffle rings opening presence and the appearance of
radial flows on the change in the internals cooling conditions are investigated. The intensity of radial flows was
estimated analytically and by using the developed CFD model. The possible maximum limit of the bypass intensity
from the reactor core was obtained and its influence on the baffle temperature state was analyzed. The following
inverse influence presence "opening - local cooling intensification - decrease in the intensity of further opening"
had been received and the conclusion about the needs to use a coupled approach considering the mutual influence
of the three physics type - neutron, thermal-hydraulic and strength analysis was made. The third section presents
a description of the neutron-physics module key components. The developed module consists of three main parts,
which include: fuel loading engineering analysis unit, neutron and gamma-ray transport model and parametric
analysis. A radiation transport model was built based on the Monte Carlo code MCNPX and allowing the setting of
non-uniformity of temperature and material composition. Using the transport model and the developed post-
processing subprogram, the synthesis of three-dimensional (r-o-z) instantaneous and integral radiation
characteristics is implemented, which can be exported to the thermal-hydraulic and strength calculations module.
The fourth section includes the description of the complex coupled multiphysical procedure development for
assessing the change in internals elements cooling conditions during the degradation of their geometry,
considering the presence of the inverse influence on the cooling and deformation intensity. The following concept,
based on the three physical components of the swelling problem - neutron-physical module, thermal-hydraulic
analysis and strength assessment module is proposed. The thermal-hydraulic analysis module was modified and
divided into 3 sub-models - a 1-D thermal-hydraulic model of the reactor core bypass, a solid model of the
internals main elements, and a modified reactor core CFD model. The description of each component is given and
effective interfaces for coupling of individual modules are developed. Applying the developed multiphysics
procedure, a calculation analysis of the baffle geometry degradation was carried out. The procedure considered
feedback related to the local influence of the radial flows presence on the baffle cooling conditions. As a result of
coupled assessment, the values of the rings opening after 60 years of operation, obtained in Section 2 as part of
the sequential analysis, were clarified. The resulting values of the gaps between the rings have smaller values,
which are on average 22% lower than the results of conservative sequential analysis.
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