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PazpaboTan >KOHOMHYHBI METOJ pacueTa caMOBO30OYXXACHUS KojleOaHui ra3za s
UCCIIEIOBAaHUSI  TEPMOAKyCTUYECKOM  yCTOMYMBOCTM  pabodero Impouecca B BBIHOCHBIX
MajodMUCCHOHHBIX Kamepax cropanus (KC) tuma I'TD 65.1, pabGotaromux Ha ra3zoo0pasHOM
ToIuIMBe. MeTol OCHOBAH Ha PEIICHNN HECTaMOHAapHBIX ypaBHeHU HaBbe-CToKkca, OCpeAHEHHBIX
o daBpy, ¢ ucnonszoBanueM noaxona SAS u moxenu TypoynentHoctr SST k-0 B coueranuu ¢
MoJielbto TypOysieHTHOro ropenuss FGM. [ moaenupoBaHust aBTOKo1e0aHU Ta3a BO BXOASIIEM B
MOJIENIb TOPEHUs] MOAU(DUIMPOBAHHOM YpPaBHEHUH Ul TIEPEMEHHON CTEIEeHU 3aBEpIICHHOCTH
peaKkIMy B UCTOYHUKOBBIN WIEH 3TOr0 ypaBHEHHs BBEIEH MHOXKUTEIb, CBA3aHHBIN ¢ KOJeOaHUSIMU
JaBJIEHUs Trasza uepe3 mnapameTp B3aumojedcTBus N. CreuuanbHble TPAHUYHBIE YCIOBUS —
HEOTPaXKCHUsI aKyCTUYECKUX BOJIH, PACIPOCTPAHAIOIIMUXCS U3 KaMepbl CrOpaHus, — 3aJaHbl IEepes
¢pontom KC B ee KombLeBOM KaHajle MOABOJA BO3AyxXa M B KaHaie Ha Bbixoge m3 KC mocne
3arpOMOXKJICHHsI, UMUTHPYIOLIETO COIIOBOM anmnapaT TypOUHBI.

Ha 3amanHom pexume pabotel ['TD ckimonHocTh KC K BO30YXKIECHHIO OTICIBHBIX MOJ
Kosle0aHUH ra3a OLIEHUBACTCA 110 MUHUMAJIbHBIM 3HAYEHUSM IapaMeTpOB B3aMMOJAEHCTBHS N,
KOTOpbIE HEOOXOAMMO 3a1aTh JJIsi MX BO3OYXKACHUS, WIM MO JIOTapu(PMUYECKHM JEeKpEMEHTaM
3aTyxaHMsl KojeOaHuil ra3a, KOTOpbIe ONpeNeNatoTCs Mociae OOHYIeHUs TapaMeTpoB N, BbI3BABIIUX
nosiBiieHHE Koyiebanuii. B manHoi paboTe BEIOpaH BTOPOH MOAXO0J, MEHEE 3aTPATHBIN 10 BpEeMEHHU
cueTa. YeM MeHbIIe OKa3bIBAETCS 3HAUCHHE JIOTapu(PMHUUECKOrO JAEKpEMeHTa, TeM 0oJiee OmacHoM
CUMTAETCS aHATIM3UpyeMasi MOJia KoJeOaHUH.

Pacuersl npoBeaens! ansa nepuogudeckoro 90° cexropa KC I'TO 65.1 Ha cetke ¢ 21 muH.
s4YeeK ¢ UCMoiIb30BaHueM nakera nporpaMmm FLUENT.

Ha makcumansHOM pexxume pabotsl ['TO B KC ¢ paznenbHO# nogaueil Bo3ayxa U TOMIMBA
MPEKJEe BCEro NMpPU MUHMMAJIBHOM 3HAu€HUU N, COOTBETCTBYIOIEM HYyBCTBUTEIBHOCTU CKOPOCTH
XMMUYECKOH peakliny K KojeOaHusIM JaBJICHUS U TEMIIEpaTyphl ra3a B 3ByKOBOM BOJIHE, BO30YIMIIacCh
nepBasi MmpojojibHass mModa kosnebanuit ¢ dactorod 300 'u. Haunbosee BeposiTHOW NpUUYMHON ee
NOSIBJICHUSI ABJISIIOTCS KojieOaHust coctaBa cMecu Ha Bxojie B KC.

C yBenuueHHeM N NPEUMYIIECTBEHHOE pa3BUTHE MOJYYWIM pagualibHble KoyieOaHUs ¢
gactoto 2700 I'u. [IpuunHoil KoneGaHuil cTany BO3MYIIEHHS] CKOPOCTH TETIJIOBBIZICNICHUSI B 30HAX
HEYCTONYMBON CTAaOMIM3alMU IUIAMEHU 3a JBYMs TEJIECKOMMYECKHMMM COEIMHEHUSMU Ha CTEHKE
xapooit Tpy6s! KC ¢ «6eHoi» nproceBoil 30H0H cTabuian3anuu miaMeHH.

[TokazaHo, 4To paauanbHble KojeOaHUs raza MOXHO 3()(PEKTUBHO TacUTh C IMOMOIIBIO
HEOOJIBIIINX PE30HAHCHBIX IOTJIOTUTENEH, pacrojaraéMblXx Ha CTEHKe >XapoBod TpyOsl. Pacuer
BBITIOJTHEH C OJHUM U C ABYMS PE30HAHCHBIMU MOTJIOTUTENSMH, pacnoyiokeHHbIMH 110 anuHe KC Ha
yyacTKax C MaKCHUMaJbHBIMH aMIUIMTyJaMHu KojieOaHuil rasza. Jlns momHoro mnopasieHus 1-i
paauanbHOM MOJIBI KoJIeOaHUH MOTPEOOBAIOCh YCTAHOBUTH JIBA PE30HAHCHBIX MOTJIOTUTEIS; KaXK bl
U3 HUX TOJABIIsLT KOJeOaHHs TOJILKO B CBOEH 30HE YCTaHOBKH.

[To pesynbpraramM NpPOBENEHHBIX pPAacYETOB HamOosiee OmacHOW (OpMON HEYCTONYHMBOTO
ropenuss B KC okaszanmach mnepBas NpoaosibHas Moia konebanuii ¢ yactotod 300 I'm. Jlaub
PEKOMEHIalliu 10 €€ YCTPaHEHHUIO.
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Cgenenusi 00 aBTopax

HpoOeimr Makcum BnaauMupoBud, HauanbHUK cekropa. OO0nacTe Hay4YHBIX WHTEPECOB:
MonenrpoBaHue NpoLECCOB TOPEHUA, TEPMOAUHAMHUKA.

JyO6oBunkuii Anexceli HukonaeBud, 3aMeCTUTENb HaYaJlbHUKA OT/EJNIA MPOMBIIUIEHHBIX U
TpancroptHbix ['TY. OO6nacte HayuHbIX HWHTepecoB: Kamepwl cropanus cranuoHapHbeix I'TY u
aBuanmoHHbIX ['TJl. DKcniepuMeHTaNbHOE MCCIEN0BAaHUS M MOJAEIMPOBAaHUE MPOLIECCOB TOPEHUS,
TEPMOJUHAMHUKA.

JlebeneB Anexcannp bopucoBud, BeaylIuil Hay4YHbIA COTPYJHHUK OTJIE]a HEPABHOBECHBIX
(GU3NKO-XMMHMUYECKHE MPOLIECCOB B  ra3oBblX MoTOoKax. OOnacTh HayyHbIX HHTEPECOB:
TypOynentnocts. TypOynentnoe nud¢y3noHHOE U TOMOT€HHOE TopeHue. Teopust U YUCIeHHOE
MOJICTIUPOBAHUE.

TapacoB [mutpuii CepreeBudy, K.].-M.H. Ha4aJbHUK OTAeNa Kamep cropanus. OO6macTb
Hay4dHbIX HHTepecoB: Kamepsl cropanus crannonapHelx I'TY, MonenupoBanue npoueccoB ropeHus,
TEpMOJAMHAMUKA, IKCILTyaTalus crauuoHapHsIx I TY.

®oknn Huxonaii MBanoBuu, ['nmaBHbIE kKoHCTpykTOp- HadanbHUK CKbB I'TY. O6nacth
Hay4yHbIX HHTepecoB: [IpoekTupoBaHue 1 3KCIUTyaTalys CTalllOHAPHBIX ra30TYPOUHHBIX YCTaHOBOK.

@®ypneroB Bukrop MBaHOBUY, K.T.H., 3aMECTUTEIb HAadalbHHKA OTAEJA FOPEHUS U KaMmep
cropanust. O6nacTe HaydHBIX HHTepecoB: Kamepsl cropanust ctannoHapHbix I'TY U aBHaIIMOHHBIX
I'T/I. OxcnepuMeHTanbHOE UCCIEA0BAHNS U MOJEIMPOBAHHUE ITPOLIECCOB T'OPEHUS, TEPMOINHAMUKA.

SAxy6oBckuit KonctanTuH SIKOBIEBUY, HayUHbIN COTPYAHUK KOHCTpyKTOpcKoro 6topo PII/I.
Ob6nacte Hayunbix uHTepecoB: Kamepsr cropanus ['TY, I'TJ u PIIJI. DxcnepumeHTanbHOE
HCCIIEA0BAHUSA U MOJIEIMPOBAHUE IIPOLIECCOB TOPEHNUS, TEPMOINHAMHUKA.
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CHAMBERS OF GAS TURBINE ENGINES OPERATING WITH GASEOUS FUEL
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The efficient method for the gas self-oscillations calculating has been developed to study the
thermoacoustic stability in semi-external low-emission combustion chambers (CC) of the GTE 65.1
type operating with gaseous fuel. The method is based on the solution of non-stationary Favre
averaged Navier-Stokes equations using the SAS approach and the k-o SST turbulence model in
combination with the FGM turbulent combustion model. To simulate gas self-oscillations a multiplier
associated with gas pressure fluctuations through the interaction parameter n is introduced into the
source term of the combustion model progress variable modified equation. Special boundary
conditions such as non-reflection of acoustic waves propagating from the combustion chamber are
set the CC front in its annular air supply channel and in the channel at the CC outlet after an
encumbering device simulating the turbine nozzle diaphragme.

According to the calculation results the first longitudinal gas oscillations mode with a
frequency of 300 Hz was stated as the most dangerous form of unstable combustion in CC.
Recommendations for its suppression are given.
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