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Tema guceprauii:
1. 36inbLIEHHS TEpMiHY €KCIUTyaTalii poTOpiB 1apoBUX TYPOiH 32 PaXyYHOK YIOCKOHAJIEHHS TeIJIOBOrO Ta

TEPMOHAIIPY>KEHOT'O CTaHY Ha ITyCKOBUX PEKMMaX

2. Steam Turbine Rotors Lifetime Increase by Improving Thermal and Thermo-stress-strain State during Start-up
Events

Pedepar:

1. Incepranifiny po60Ty IPUCBSIYEHO AOCHiIKeHHI0 (aKTOPiB Ta MexaHi3MiB, 110 BIJIMBAIOTh HA TEIJIOBUH Ta
TE€PMOHAIIPYKEHUI CTaH POTOPiB IapOBUX TYpOiH BEJIMKOI IIOTYKHOCTI B ITPOLIECi yCKY 3 Pi3HUX TEIJIOBUX CTaHIB,
a TaKO>X aHaJIi3y MOXJIMBOCTI MiIBULIEHHS PECYPCHUX MTOKA3HUKIB (IOITYCTUMOI KiIbKOCTI IIYCKiB) TypOiHU IIJISIXOM
ii mogudikauii i 3MiHK TexHoOri IyCcKy. PO3p061eHO METOIOIOTYHNIA HiAXiN B0 PO3paXyHKY HECTaL[iOHAPHOTO
TEIJIOBOTO i TEPMOHAIPY>KEHOT'0 CTaHy POTOPIB IapOBUX TypPOiH BEJIMKOi IIOTY>KHOCTI, 110 I03BOJISIE MiJBUIIATH
TOYHICTb pe3yJIbTaTiB aHaJi3y 3a paXyHOK BpaxXyBaHHs [IPOLECY IIJIiBKOBOi KOHIEHCAaLlii [Iapy Ha TIOBEPXHAX
€JIEMEHTIB poTopa, (i3NKKU CTPYMUHHOI Teuii napu Ta TypOyJisalii moTOKy y BaguHax KiHI[€BUX YIiJbHEHb,

YTOYHEHOTO MiAXOAY 1O BU3HAYEHHS TEIVIOBUX FPAaHUYHUX YMOB, IOKPAIIEHOI pO3PaXyHKOBOI MOZIEJI poTOpa Ta



3aCTOCYBaHHS NPY>KHO-IIJIACTUYHOI [IOCTAHOBKU [IJIg aHAJIi3y TEPMOHAIPYKEHb I MaJIOLIUKIIOBOI BTOMU. 3a
IOTIOMOTOI0 PO3PO6JIEHOTr0 MiIX0y BUBHAUEHO TEIJIOBI TPaHUYHI YMOBU Ta IIPOBELEHO OCIiIKEHHS
HECTAaLiOHAPHOTO TEIVIOBOTO Ta TEPMOHAIIPYKEHOI'0 CTaHy IPU IiZrOTOBL A0 MYCKY, IIyCKax 3 XOJIOGHOTO,
rapsi4oro ctaHiB Ta octaHoBi PBT napoBoi Typ6inu K-325-23,5. [IpoBefieHO aHasi3 BIJIMBY IJ1iIBKOBOI KOHAEHcallii Ta
BpaxyBaHHS CTPYMMHHOI'O XapaKTepy Tedii B YIIIbHEHHAX Ha TEIJIOBUI Ta TEDMOHAIPYKEHUI CTaH POTOPaA.
PesysnbTaTy aHasisy TepMOHAIIPY;KEHOIO CTaHy JO3BOJIMJIA BUSHAYUTHY [TI€PEBAHTAXKEH] 30HU POTOPA 3 BUCOKMMU
HaIpPY>XE€HHSIMU Ta PU3UKOM PO3BUTKY TPIlllUH MAJIOLMKJIOBOI BTOMU. 3alIpOIIOHOBAHO HOBY KOHCTPYKLIiI0 060MMI
IepeHbOro KiHleBOro YIIiIbHEHHS Ta TEXHOJIOTIIO [IPOrpiBy POTOpA Ha eTarli MiiTOTOBKY 10 IyCKY, 10 3abe3nevye
piBHOMIpHMI IPOrPiB B 06J1aCTi EPEHbOTO KiHIeBOro yuiiibHeHHs PBT, 1m0 npu3BOgUTh 10 3HUKEHHS PiBHSA

TEPMiYHUX HalIpy>KeHb Ta 361/IbLIEHHIO NOMYyCTUMOrO YMCa MyCKiB TypOiHMU.

2. The thesis is devoted to the study of factors and mechanisms that influence the thermal and thermal stress state
of rotors of high power steam turbines during start-ups from different thermal states, as well as the analysis of the
possibility of increasing the turbine lifetime (number of allowable start-ups) by design modification and start-up
technology change. The methodological approach for the transient thermal and thermo-stress-strain state of
steam turbine rotors have been developed. The approach allows to increase the accuracy of the analysis results by
taking into account the process of steam film condensation on the rotor elements and the physics of the jet stream
of steam and turbulization of the flow in the cavities of the end seals, use of the refined approach for the definition
of thermal boundary conditions, improved calculation model of the rotor and elastoplastic statement for the
thermo-structural task, which is beneficial for the rotor material low cycle fatigue estimation. Thermal boundary
conditions were determined and the transient thermal and thermo-stressed states at pre-heating phase, cold and
hot start-ups and shut down were studied, applying the developed approach to the K-325-23.5 steam turbine
high-pressure rotor. The analysis of film condensation and jet nature of the flow in the seals accounting influence
on the thermal and thermo-stress state of the rotor is performed. The results of the thermo-stress state analysis
showed overloaded rotor zones in terms of high stresses and the risk of low cycle fatigue cracks initiation. The
new design of front-end seal carrier and technology for rotor heating at the pre-heating phase was proposed. The
proposed actions result in the decrease of the level of thermos-stresses and the decrease in an allowable number
of start-ups for the steam turbine.
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