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aTOMHOI €JIEKTPOCTaHLii

2. Improvement of the approach to the calculation of the stress-strain state of elements of the steam distribution
system of a nuclear power plant

Pedepar:

1. Incepraniiina po60Ta IPUCBIYEHA YIOCKOHAJIEHHIO MiAXOMY 1O BU3HAYEHHS TEIJIOBOIO Ta HAIIPY>KEHO-
Ie(pOpMOBAHOTO CTaHy MTapOPO3IOAiJIbHOI CUCTEMU aTOMHUX €JIeKTPOCTaHIil. O6'€KTOM IOCIIIKEHHS €
ra3ofrHaMiyHi Ta TernynogisuyHi IpoLecH, 0 BiLOyBalOThCS Y IPOTOYHOMY TPaKTi 1apOIIPOBOIIB i, 30KpemMa, y
PEryJIoIurX KIaNaHax, sIKi € KPUTUYHUMU eJleMeHTaMU HaJliltHoi po6oTu AEC. Po6oTa ckiafaeTbes 3 'Tu

PO31iiB, SIKi IOCIiGOBHO PO3KPUBAIOTh [IOCTABJIEHY METY Ta 3aBJaHHA. Y BCTYyIi OOIPYHTOBAaHO AKTyaJIbHICTb



00paHoi TeMU 3 ypaxyBaHHSM 3HAYEHHSI aTOMHOI €HePreTUKU JJIs1 EHePreTUYHOI 6e3neKn YKpainu. BusHayeHo
00'eKT i mpegMeT JocCiIkKeHHs, cGOpMYJIbOBAHO METY Ta 33/1a4i, OIIMCAaHO HAyKOBY HOBU3HY, METO/0JIOTIUHY 633y,
IIPaKTUYHY LiHHICTb Pe3yJbTaTiB i 0CO6MCTUII BHECOK aBTOpa. Y NEPIIOMY PO3/iJli IpeCTaBlIeHO OIJIs], Cy4acHOro
CTaHy HAayKOBUX JIOCJIIKEHD Yy Tajy3i Napopo3noiiny. 34iliCHeHO aHasi3 KOHCTPYKIii Ta po60TH CUCTEMU
apopo3noiny eHepro6soky Ne2 XmesnpHupkoi AEC. Po3riisiHyTO 0CO6IMBOCTI KOHCTPYKLI TOJIOBHUX
[IapOIPOBOJiB, PEryJIIOI0YMX i CTONOPHUX KilanaHiB. OCO6IUBY yBary NIpuiijieHo aHasli3y iCHYyI0UMX MeTO/iB
MOJI€JIIOBaHHS HAIIPY>KEHO-1e(pOPMOBAHOTO CTaHY €JIEMEHTIB 1IApOPO3I0iay, a TAKOX ra304MHAMIYHUX NIPOLECIB
y [IOTOLIi BOJIOTOIIEPErpiToi napu, sika [UpKyJioe yepe3 Typbinu tuny K-1000-60/3000. Orssp nsitepaTypy BUSBUB
HEeOOXIiIHICTh YI,OCKOHAJIEHHSI METOJiB PO3PaxyHKY, sIKi J03BOJISL/IM 6 BPaXOBYBaTH peajibHi yMOBU eKCILTyaTallii Ta
raszoiiHaMiyHi 0CO6GINBOCTI NOTOKY. Jpyruil po3ais NpUCBsYEHO BUOOPY MaTEMATUYHOI MOZEJ 1J1s1 YMCEJIbHOIO
MOJIEeJIIOBAHHS Tedil B'13K0i neperpitoi napu B eJleMeHTax CUCTeMU Napopo3mnoiny. [IpoBeieHO KpUTUYHUI aHai3
meTogiB CFD-MopemoBaHHs. Ik HAal6ibII AOLINBHY 6yJ10 06paHo monenbs Menrtepa (k-o SST), mo noenHye
nepesaru mopesei k-o ta k-o. UucesipHe MoZiesIIoBaHHS [TOOYI0BAaHO Ha OCHOBI ocepeHeHux 1o PeliHonbacy
piBHsIHb HaB'e-CTOKCa 3 BUKOPUCTAHHSIM METOZY CKiHU€eHHUX 00'eMiB. [leTasbHO PO3IJISIHYTO MMTAaHHS [100y10BU
004K CIII0BAJIbHUX CITOK, iXHBOI SIKOCTi Ta BIIMBY Ha TOYHICTh PO3PaxyHKiB. Y TPETbOMY PO3iJi HABELEHO
Pe3yJIbTaTU [1epeBipKu aleKBaTHOCTI BU6PaHOi MOZesIi MJIIXOM MOPiBHSIHHS Hallpy>KeHO-Ae(OpMOBaHOIO CTaHY
xianasa LICT typ6inu K-200-130, oTpumaHOTro BOMa MeTOAAaMU — TPAAULiIiHUM 3 BUKOPUCTaHHIM KpUTEpialbHUX
PIiBHSIHB Ta 3 ypaxXyBaHHSIM ra30JMHaMiqYHOI CTPYKTYPH IIOTOKY. Pe3ysIbTaTy 4YMCEeIbHOrO aHai3y JO3BOIUIIN
BUSIBUTU OCOOJIMBOCTI YTBOPEHHSI BUXPOBUX 30H Ta TEIVIOBUX HABAHTAXXEHD, 1J0 CIPUYMHSIOTH Jlerpajaliiio
BHYTPIIIHIX [10BEPXOHb KJlallaHa. 3allpOIIOHOBAHO TilOTe3y 1010 MEXaHi3My TPIllIMHOYTBOPEHHS, [10B’513aHY i3
JIOKaJIbBHUMU KOHLIEHTPALiSIMU HalIPY>KEHb, 110 BUHUKAIOTh BHACJIIOK HECTAabiIbHOI CTPYKTYPH IIOTOKY. Y
4ETBEPTOMY PO3JiJi IPEACTABIEHO PE3YyJIbTaTU YMCEJILHOTO MOJEIOBAHHS Ta30JMHAMIUYHUX MIPOLECIB ¥
naponposoi eHepro6soky Ne2 XAEC. [l 3MeHIIeHHs] 0O0UMCIII0BaJIbHUX BUTPAT AOCIIIPKEHHSI BUKOHAHO Ha
TUIIOBUX Ji/ISIHKaX TPyOOIIPOBO/iB, i3 ypaxyBaHHIM JIiHIMHOI 3MiHM TapamMeTpiB napu. Takuii niaxin 103BoOJIUB
OTpUMAaTH JOCTOBIpHY iH(popMalilo Ipo 3MiHy TUCKY, TEMIIEPATYPH Ta MIBUIKOCTI Iapu 6€3 NoTpeby B
MOJeJIIOBaHHi BCiei cucteMy, 1o 3a6e3nedye JOCTaTHIO TOYHICTh IIPY CYTTEBOMY CKOPOUYEHHI 4acy pO3paxyHKy. Y
II'SITOMY PO3/iJli BAKOHAHO KOMILJIEKCHUI PO3PaxyHOK TEIJIOBOTO Ta HANPYXKeHO-1e(OPMOBAHOI0 CTaHy CTOIIOPHO-
peryooouoro kinanana Typ6inu K-1000-60,/3000 Ha oCHOBi JaHUX ra30AMHAMIYHOTO MOJIE€JIIOBaHHS. AHAJII3
pe3yJIbTaTiB JO3BOJIMB BUSIBUTY HANOiIbLI HABAHTAKEHI 30HU KOHCTPYKLi, 5IKi € KpUTUYHUMU 3 TOYKU 30pY
IOBroBiuHOCTI. lle cTBOpIOE IepeyMoBY J1s MiTBUIIEHHS HAZIMHOCTI Ta 6e3eKy eKCIUlyaTalii CHCTeMU 3arajloM.
Y BUCHOBKax HaBeJJ€HO OCHOBHI Pe3yJIbTaTy JOCIiJKeHHS, OO PYHTOBAHO JOLi/bHICTh 3acTocyBaHHsl CFD-nigxonmy
IIO aHaJIi3y HaNPy>KeHO-e(OPMOBAHOrO CTaHy By3iiB napopo3noniny AEC, BKazaHO Ha MOXJIMBOCTI BUKOPUCTaHHS
OTPMMAaHMX PE3YJIbTATIB Y IIPAKTULL IHKEHEPHOT'O aHaJIi3y Ta IIPYU IIPOEKTYBAHHI MOJEPHI30BaHUX €JIEMEHTIB

TEIVIOMEXAHIYHOTO 06JIaHAHHS.

2. The dissertation is devoted to improving the approach to determining the thermal and stress-strain state of the
steam distribution system of nuclear power plants. The object of the study is gas-dynamic and thermophysical
processes occurring in the flow path of steam pipelines and, in particular, in control valves, which are critical
elements of the reliable operation of nuclear power plants. The work consists of five sections that consistently
reveal the set goal and objectives. The introduction substantiates the relevance of the chosen topic, taking into
account the importance of nuclear power for the energy security of Ukraine. The object and subject of the study
are determined, the goal and objectives are formulated, the scientific novelty, methodological basis, practical value
of the results and the personal contribution of the author are described. The first section presents an overview of
the current state of scientific research in the field of steam distribution. An analysis of the design and operation of
the steam distribution system of power unit No. 2 of the Khmelnytskyi NPP is carried out. The design features of
the main steam pipelines, control and stop valves are considered. Special attention is paid to the analysis of
existing methods for modeling the stress-strain state of steam distribution elements, as well as gas-dynamic
processes in the flow of wet superheated steam circulating through turbines of the K-1000-60/3000 type. A
literature review revealed the need to improve calculation methods that would allow taking into account real



operating conditions and gas-dynamic features of the flow. The second section is devoted to the choice of a
mathematical model for numerical modeling of the flow of viscous superheated steam in the elements of the steam
distribution system. A critical analysis of CFD modeling methods is carried out. The Menter model (k-o SST) was
chosen as the most appropriate, combining the advantages of the k-o and k-o models. Numerical modeling is based
on the Reynolds-averaged Navier-Stokes equations using the finite volume method. The issues of constructing
computational grids, their quality and impact on the accuracy of calculations are considered in detail. The third
section presents the results of checking the adequacy of the selected model by comparing the stress-strain state
of the CMP valve of the K-200-130 turbine, obtained by two methods - traditional using criterion equations and
taking into account the gas-dynamic structure of the flow. The results of numerical analysis allowed us to identify
the features of the formation of vortex zones and thermal loads that cause degradation of the internal surfaces of
the valve. A hypothesis is proposed regarding the mechanism of crack formation, associated with local stress
concentrations arising from the unstable flow structure. The fourth section presents the results of numerical
modeling of gas-dynamic processes in the steam pipeline of KhNPP power unit No. 2. To reduce computational
costs, the study was performed on typical sections of pipelines, taking into account the linear change in steam
parameters. This approach allowed obtaining reliable information about the change in pressure, temperature and
steam velocity without the need to model the entire system, which provides sufficient accuracy while significantly
reducing the calculation time. In the fifth section, a comprehensive calculation of the thermal and stress-strain
state of the K-1000-60,/3000 turbine stop-control valve is performed based on gas-dynamic modeling data.
Analysis of the results made it possible to identify the most loaded areas of the structure, which are critical in
terms of durability. This creates the prerequisites for increasing the reliability and safety of the system as a whole.
The conclusions present the main results of the study, substantiate the feasibility of using the CFD approach to the
analysis of the stress-strain state of NPP steam distribution units, and indicate the possibilities of using the
obtained results in the practice of engineering analysis and in the design of modernized elements of
thermomechanical equipment.
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