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Pedepar (Yykp.)

[ucepraniiiHa poboTa IPUCBSYEHA JOCIIIKEHHIO BIUIMBY Ierpazaiii reomeTpii BUTOPOJKM BHYTPIIHLOKOPIYCHOI HA 3MIHY YMOB
OXOJIOJPKEHHST BHYTPIIIHbOKOPNYCHUX MPHUCTPOiB peakTopy Tuny BBEP-1000. V Betyni o6rpyHTOBaHO BMGID T€MU JOCIIIKEHD,
chopMynpoBaHi MeTa i 3ajayi DOCHIKEHHS, BU3HAYEHO METOAM [OCHIIDKEHHS, BUCBITIIEHO 3B'S30K 3 HAyKOBO-IOCJIOHUMU
rporpamMaMu Ta pobOTaMM, a TAKOK HAYKOBY HOBU3HY Ta NPAKTU4YHE 3HAYEHHS OTPUMAHMX DE3YJIbTATIB, OXapPaKTEPU30BAHO
ocobuCThil BHECOK aBTOpa, NpUBEeH] BizoMocTi npo anpobaniio pesysnbsTatis pucepranii, il cTpykTypy Ta obcar. ¥ nepimomy
pO3AiNi TPOBeNEHO OIS HasSBHUX JOCJIKeHb, IOBSI3aHMX 3 TeMaTUKow nauceprauii. IlpoananizoBaHo nepmwonpuynHu i
0COGIMBOCTI TIPOIIECIB fieTpajiaii MeTasy BHYTPIlIHbOKOPITYCHUX NpUCTpoiB (BKII), a TakoXX Halbinbm iMOBIPHI 3MiHK BiIHOCHO
MPOEKTHOI reoMeTpii — BUYepnaHHs 3a30PiB MiX BUTOPOJKOIO i MAXTOI0, a TAKOX I10siBa He IepeadadyeHux npoextom PY BBEP-
1000 papianbHMX TEPETOKIB 4Yepe3 pPO3KPUTTS Kijellb BUTOpPoAKW. Ha ocHOBI jiTeparypHOro orzusay c(poOpMyJbOBaHO METY,
3aBIAHHS, MpeAMeT i 00'eKT AOCHiKeHHs. [Ipyruil po3fin NpUCBIYEHUN NOCIIIPKEHHIO 3MIHUM YMOB OXOJOJKEHHS BUTODOIKU
npu gerpagauii ii reomerpii, a came ii KOHTaKTi i3 MAXTOI0 BHYTPIIIHBOKOPIYCHOIO Ta PO3KPUTTI KiZl€Lb BUTOPOIKH i K HACJILOK
- [OsiBi He IependadyeHMX IIPOEKTOM pafiaIbHUX II€PETOKIB TEIIOHOCIS 3 aKTUBHOI 30HM PEakTopy. 3anpollOHOBAHO
METO/IOJIONII0 BUPILIEHHS 3afayi [JOCIIIKEHHA 3MiHM yMOB oOXxoyiomxeHHsa BKII, mo 6asyerbcs Ha MDOCTYIIOBOMY aHaslisi.
Po3po6sieHO YHIBEPCAIbHY (3 TOYKH 30py KOHQITypyBaHHS Ta 3aJJlaHHS FPAaHUYHMX YMOB) PO3paxyHKOBY TpuBuMipHy CFD Mozens
OXOJIO[IKEHHST BUTOPOAKHU. [IpoBefieHO cepiio pO3paxyHKIiB [J1 Pi3HMX MaJUBHUX KamnaHiil eHeprob6soky AEC Vkpainu Ta
OGI'PYHTOBAHO BUOGIp IPEeACTABHULIBKOI KaMIlaHii [71s MoJasbLUIOTO aHaslizy Aerpajauii reomerpii. 3anporoHoOBaHO MiAXif i3
PO3IJISIIOM PI3HUX MOXJIMBUX KOHQIrypauiil KOHTakTy. Po3rysiHyTo 8 BapiaHTiB KOHTakKTy, CEPell KUX — TMPOEKTHA TeOMETPis,
WiCTh MPOTHO30BAHMX, BOCBMHUH — pEaJIiCTUYHMI Ha OCHOBI TONEPEIHbOI OLIHKMA Ha MILHICTh 171 IPECTaBHMILKOI KaMraHil. Ha
OCHOBi pO3p06IeHOro MiAXoAy sSKOMOra MOBHO IIPOaHasi3oBaHo Bci iMoBipHi ctaHu BKII mpu HasiBHOCTI KOHTaKTy Ta 3’1ICOBaHO
MOro BIUIMB HAa 3MiHY TEMIIEPAaTypHOTO CTaHy OCHOBHMX KOHCTPYKUIMHUX enemeHTiB BKII (BUrOpoakH, WAxTH, IMUIbOK Ta
pispboBux TaT). [IpoBegeHO OLIHKY IHTEHCHBHOCTI pafjjasipHuX TIEPETOKIB 3a [OTOMOTOK aHaJiTW4HOI OUiHKu, Ta i3
3acToCyBaHHSIM po3pobnenoi CFD — mopeni, mo J03B0JIsS€ BPaxXyBaHHs HASIBHOCTI PO3KPUTTA. OTPUMAHO MOK/IMBY MaKCUMaJIbHY
MEXy BEJWYMHM IHTEHCUBHOCTI Gaiimacy 3 aKTHBHOI 30HM [0 KiZIbLIEBOTO KaHaly i KaHaJiB OXOJIOJKEHHS BUTOPOJKM Ta
ITPOaHasi30BaHO MOro BIUIMB HA TEMIIEPAaTypHUN CTaH BUTOPOJKM. 3'COBAaHO BIUIMB PO3KPUTTS Ha ctaH BKII Ta HasBHICTL NOsBU
3BOPOTHIX 3BA3KIB THUITY «PO3KPUTTS — JOKalbHa iHTeHcUQiKallil OXOJOJXEHHS - 3MEHIIEHHS IHTEHCHMBHOCTI HOAAJIBHIOTO
PO3KPUTTS» Ta 3pOGJIEHO BUCHOBOK IIOJO HEOOXINHOCTI BUKOPHCTAHHS 3B'I3aHOTO IMiAXOLy 3 ypaXyBaHHSIM B3a€MHOIO BILUIVBY
TppOX (Ii3UK - HENTPOHHO-(PI3UYHOMY, TEMJIOTIAPaBIiYHOMY pPO3DaxyHKaX Ta PO3PaxyHKy MiHHOCTL. B TpeTboMy po3ziii
IIPEACTABIJIEHO OINKUC KJIOYOBUX CKIALOBHX YaCTUH HEWUTPOHHO-(PI3NYHOro mMozymwo. Po3pobaeHunil MOOy/Ib CKAALAEThCS 3 TPHOX
OCHOBHUX YaCTHH [0 fAKUX BiIHOCSATHCS: iHPKEHEPDHHU aHasi3 MajWBHUX 3aBAHTAXEHb €HEProOJIOKy, 6E3MOCEPEHbO MOJEJib
TPaHCIIOPTY HEUTPOHIB Ta raMMa-KBaHTIB i mapameTpuyHuil aHasi3. [To6yoBaHa TPAaHCIIOPTHA MOAEJb BUIIPOMIHIOBaHHS, 1O
6a3yeTbCsl Ha BUKOpUCTaHHI Kogy MoHTe-Kapsno MCNPX, Ta 103BoJisie 3alaHHS HEPIBHOMIPHOCTI TEMIIEPATyPy Ta MaTePialbHOTO
CKyaZy. 3a JOTOMOTrOI0 TPAHCTMOPTHOI MOMENi a TakoX pO3po6JyeHOoi IMiffiporpaMu IOCTOOPOOKU peasi3oBaHO CHUHTE3
TPUBUMIPHUX (r-0-Z) MUTTEBUX Ta HAaKOMMUYEHUX XapaKTEPUCTHUK BUIIPOMIHEHHS, SKi MOXYTb N€peaBaTUCS B TEIJIOTiIpaBIiYHUN
MOZYJIb T2 MOAYJIb PO3PAxyHKIB Ha MILHICTb. YeTBEPTHil PO3MiN MPUCBIIEHO PO3POOII KOMIUIEKCHOI 3B’13aHOI MyJIbTU(i3UIHO]
MIpoLEeIypH OIiHKM 3MiHM YMOB OX0NO/pKeHHs enemMeHTiB BKII npu nerpaganii ix reometpii 3 ypaxyBaHHAM HasBHOCTI 3BOPOTHIX
3B'I3KIB THUITY «PO3KPUTTS KiJIelb BUTOPOJAKM — IOsiBa Pajlia/lbHUX MEPETOKIB — JIOKajJbHA 3MiHA YMOB OXOJIOIKEHHA MeTaiy
BUTOPOJKY — 3MiHa IHTEHCUBHOCTi PO3KPHUTTS». 3alIPOIIOHOBAHO KOHUEIIIO CIIPSKEHHS 6JI0KIB, 10 BiIIOBIAAI0Th OL[iHKAM TPhOX
(}Pi3sMYHMX CKIQIOBUX NIPOGIEMU PO3IYXaHHSI — HEUTPOHHO-(QI3MYHOTO MOZAYJIO, TEMJIOTIAPABIIYHOTO aHasi3y Ta MOAYJIIO OLHKU
MinHOCTi. MonudikoBaHo Ta pallioHali30BaHO MOAYJb TEMJIOTIAPABAIYHOTO aHamidy, Ta, BifNOBIZHO, PO3JIJIEHO MOTO Ha TpU
CKJazfoBi (cybmogeni) - OJHOBUMIDHY TeNsoripaBiiyHy Mojesb 0aiimacy akTUBHOI 30HM, TBEPHAOTINbHY MOJENb OCHOBHUX
enemenTiB BKII, tTa mopudikoBany CFD-mopens akTUBHOI 30HM. [IpoBefe€HO pO3paxyHKOBMI aHaiiz Oerpajiauii reomerpii
BUTOPOJIKM 3 ypaxXyBaHHSM 3BOPOTHIX 3B'3KiB, OB'SI3aHUX 3 JIOKAJILHUM BIJIMBOM HAsBHOCTI pajiiaZlbHUX NEPETOKIB Ha YMOBH
OXOJIOJKEHHSI BUTOPOJIKA. YTOYHEHO 3HAYEHHS PO3KPUTTS Kilelb Ha MoMeHT 60-1 kammanii, mo 6ysu oTpumadi B Pozfini 2 B
PaMKaxX BUKOHaHHA IIOCHIJOBHOro aHasuizy. OTprMaHi BEJIMYMHM 3a30DiB MK KiJIbLIAMM MalOTh B CEpEeAHbOMY Ha 22% HIKYI 3a

Pe3ybTATHU KOHCEPBATUBHOTO MOCIJIOBHOTO aHai3y.
Pedepar (anra.)

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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