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2. Peculiarities of thermal and thermal stress states of the dangerous zones of gas turbines

Pedepar:

1. O6'eKT BOCIIPKEHHS — CTajli Ta HECTAJli TEPMOHAIPY>KEHI CTaHU MoJesiell He6e3IeYHUX 30H 0XO0JI0IKYBAaHUX Ta
HEOXOJIO/IKYBAaHUX COIJIOBUX JIOTIATOK ra30TypOiHHOTO ABUTYHA. MeTa JOCiIPKeHHS - BCTAHOBJIEHHS YaCOBUX Ta
IIPOCTOPOBUX OCOGJIMBOCTEN 3MiHU TEIJIOBUX Ta TEPMOHAINPYKEHUX CTaHIB HEOE3IIEUYHMX 30H HEOXOJIOIPKYBAHUX Ta
0XO0JIOJPKYBaHMX COIJIOBUX JIOIIATOK Ha CTAJIUX Ta HECTAJIMX PEXUMaxX PoOOTH ra3oTypOiHHOro IBUryHa. Metoau
OOCJIIKEHHS — Cy4acHi YMCeJIbHI MeTOAM PO3B's13Ky MyJIbTU(iI3UYHUX 3a4a4 (i3VKU Ta MEXaHIKM TBEPAOTO Tija.
[IpoBeneno aHasi3 KIHETUKMU TEMIIEPATYPH Ta TEPMIYHUX HAIIPY>KEHb OXOJIOJKYBAaHUX COIIJIOBUX JIOTIATOK Ha
HECTaJIMX peXuMax poboTy TypOiHM. Y3araJlbHEHO BIUIMB €KCIITyaTallilHUX Ta KOHCTPYKTUBHUX YMHHUKIB Ha
3B'SI30K MDK TEMIIEPATypOIO Ta TEPMIYHMMU HAINIPYKEHHSIMU MOJeJli. BCTaHOBJIEHO, 10 AJ1s1 CTalliOHAPHUX PEKUMIB
eKCIulyaTalii 3aJIe>KHOCTi (paKTOPIB BIJIMBY MAIOTh JIIHIMHUI XapaKTep, a [J BU3HAYEHHS IIapaMeTpPiB OCTaTHbO

BUKOHATU YOTHUPU HE3AJIEKHUX YNCEJIbHUX EKCIIEPUMEHTU. [TokazaHO SIKMUM YMHOM 3a pPaxyHOK 3MiH YMOB



TerI006MiHy Ha BHYTPILIHIi Ta 30BHIIIHIN MOBEPXHSX JIONATKU MOKHA LOCITTH 6akKaHOi TEPMOLMKIIIYHOI
IOBrOBIYHOCTI JIONATOK. BCTaHOBJIEHO OCOGIMBOCTI BILJIMBY IIapaMeTPiB Teuil ra30BOT0 IIOTOKY B COIJIOBOMY KaHaJIi
Ha 30ypEeHHs TEIUIOBUX Ta HAIIPY>KEHUX CTaHiB HEOE3MEYHUX 30H HEOXOJIOKYBaHUX JIONIATOK Ha IITATHUX i
¢dopcoBaHux pexxumax excrutyarauii ['T]I. TTosicHeHO yMOBHU PyIHYBaHHS KEPaMidHUX JIONIATOK 3a iX pe3ysbTataMu
BUIIPOOOBYBaHb HA ra30JMHaMiuHOMY cTeH[i IHCcTUTYyTy npo6sem minHocTi imeHi I'. C. [Tncapenka HAH Ykpainn.
J17151 eKCIepUMEHTAILHOTO JOCJIiIPKEHHS YMOB JIOCSITHEHHS TPAHUYHOTO CTaHy MaTepiasy HeO6e3NeYHNX 30H
JIOTIATKU 3aIIPOTIOHOBAHO METO/IMKY MO/IEJIOBAaHHS HeCTal[jOHapHUX i HEPIBHOBRXXHUX CTaHiB TakuX 30H. BoHa
I'PYHTY€ETbCSI HA BUKOPUCTaHHI ClleliaIbHUX MaJIOPO3MipHUAX MOJeJIel, 0 FEOMETPUYHO He MOiOHI 40 JIOMATKMU.
KoHTpoIbOBaHi iHTEHCUBHI HarpiBaHHA-0XOJIOMKEHHS MOeJli BUKJIMKAIOTh B ii po604iii 30Hi TemnsoBi Ta
TE€PMOHAIPYKEHI CTaHU 3 PO3PAaXyYHKOBO-€KCIIEPUMEHTAJIbHMMU TIapaMeTpaMy HabGJIMKEHHS [0 CTaHiB JIOMATKU.
PesysibTaTil 4OCIiIKEHb BUKOPUCTAHO Ha JIepKaBHOMY MiNIPUEMCTBI «HAyKOBO-BUPOOHNYMIT KOMILTIEKC
razotyp6o6yaysanHs «30PS-MAIITTPOEKT»» npu 3ailicHEHH] JOCIiZHO-KOHCTPYKTOPChKUX POOIT, IOB'I3aHUX i3
YU CEeJIbHUMU OLIIHKAMU PECYPCHUX MIOKA3HUKIB OX0JIOAKYBAaHMX Ta HEOXOJIOAKYBAHMX COIJIOBUX JIOTIATOK ra30BUX
TypOiH.

2. Object of research - steady and unsteady thermal stress states of dangerous zones of gas turbine cooled and
uncooled vanes. The aim of the study - is thermal and thermal stress states peculiarities determination for the
dangerous zones of uncooled and cooled nozzle blades for steady and unsteady modes of operation of gas turbine
engine. Methods of investigation - modern finite element simulation means of multyphysical problems of physics
and rigid body mechanics. Kinetics analysis of thermal and thermo stress states of cooled nozzle vanes for
unsteady operational modes of gas turbine was performed. The influence of operational and design factors on the
relationship between temperature and thermal stresses of the model is generalized. It is shown that for stationary
operational modes, the dependence of the factors of influence has a linear relation, and it is enough to perform
four independent numerical experiments in order to determine the parameter’s dependencies. It is shown how,
due to change of heat transfer boundary conditions on the inner and outer surfaces of the blade, is possible to
achieve the desired thermocyclic durability of the nozzle vane. The peculiarities of the nozzle channel gas flow
parameters influence on the occurrence of the thermal and thermo stressed states of the dangerous zones of the
uncooled vanes on the regular and extreme modes of the gas turbine operation are established. In the thesis is
explained failure conditions for ceramic blades during experimental tests on the gas-dynamic stand of the G.S.
Pisarenko Institute for Problems of Strength of the National Academy of Sciences of Ukraine. Methodic of steady
and unsteady states simulation of turbine blades dangerous zones critical state achievement during experimental
simulation is proposed. It is based on the results of simulations and the analysis of unsteady states of small-sized
special models that are geometrically non-similar to the vanes. Controlled intensity of heating-cooling of models
causes in its working zones thermal and thermal stress states with defined parameters that are similar to the
states of gas turbine. Results of the research were used at «Gas turbine research and production complex
«ZORYA-MASHPROEKT»» for research and design projects, devoted to resource estimation of uncooled and
cooled nozzle vanes of GTE.
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