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KOMHJ’[GKC HpOBGHGHHHX BKCHepI/IMeH-
TAJILHBIX MCCIENOBAHMUM, Ha CIEIHAJIFHO CO3-

VK 621.793

JTAHHOM SKCIIEPUMEHTAIBPHOM CTEHJIE, MOKa3all
YIOBJIETBOPUTEIBHBIC PE3yAbTAThI, YTO MO3BO-
JISI€T CcZIeNaTh BBIBOJT 00 aJIecKBAaTHOCTH MaTeMa-
TUYECKOW MOJEIH U PabOTOCIIOCOOHOCTH pa3-
paboTaHHON KOHCTPYKIUH.

Hcnonp3oBanue yrpyroaeMidepHbIx
OCEBBIX COBMEIIIEHHBIX OIMOP TMO3BOJISIET CYyIIIe-
CTBEHHO YBEJIMYHTH PECYpC OIMOPBL, M Kak
CJICJICTBHE arperara B I1€JIOM, [0 CPaBHEHUIO C
OJMHOYHON MOCTAHOBKOW MOJIIMIIHUKA Kaue-
HUS, 32 CYET ONTUMAJBLHOTO COYETaHHs pado-
YUX U TEOMETPUYCCKUX XaPaAKTEPUCTHK BXO-
JAIINX B €€ COCTAB dJIEMEHTOB.

COBEPHIEHCTBOBAHUE XAPAKTEPUCTHUK
KEPAMUWYECKHMX TEILTO3AIIUTHBIX TOKPLITUI
3A CUET CO3JAHUA TPOPUTIUPOBAHHOI'O COILJIA IIVIABMOTPOHA

®ponoB B.U., Casuu E.K., [loxykuna 1. A.

Camapckuil rocy1apCTBEHHBIN a3pOKOCMUYECKUN YHUBEPCUTET

IMPROVING THE PERFORMANCE OF CERAMIC THERMAL BARRIER COATINGS
THROUGH THE CREATION OF PROFILED PLASMATRON NOZZLE
Frolov V.1., Savich E.K., Dokukina I.A. The way of increasing the core of the plasma stream in or-
der to improve the characteristics of coatings is presented in this thesis.

Kepamuueckue martepuanbl, UCHIONIb3Ye-
MBI€ JUISl CO3/IaHMS TETI03aTUTHBIX MOKPBITUM,
00J1a1a10T YHUKAJIBHBIM KOMIUIEKCOM (DU3UKO-
XUMHYECKUX CBOMCTB M HaXOJAT Bce 0oJjiee -
pOKOE MPUMEHEHUE B TIPOU3BOJICTBE PA3IMUHBIX
H3ICITHH.

Temno3anuTHOE MOKPBITHE U3 KEpaMH-
YECKOr0 MaTepuaja YMEHbBIIAET PUCK BO3HHUK-
HOBEHHUS YCTAIOCTHBIX MOBPEKIACHUN HU3JETUN
U TIPU JUTUTEIHHOM pabOTe ¢ BBICOKMMH Harpys-
KaMU MPOJUIEBAET UX PECYPC.

Co3anne KepaMU4YecKOro Ciios Ha TIo-
BEPXHOCTH M3JIENIMNA SIBJIAECTCS CJIOKHOM 3ana-
4el, BKITIoYaroniel B ce0sl Kak PeIeHne BOMpo-
COB aIr€3UH KePaMUYECKOrO CII0s C MOBEPXHO-
CTBIO, TaK U BOIIPOCHI CO3/IaHUSI KEPAMUUYECKOTO
CJIOSl U3 TYrOIUIAaBKUX KPUCTAIIMYECKUX MaTe-
puainos. Jlyis co3gaHus MOKPBITHUS U3 KEpAMHUIe-
CKUX MaTepHUajioB Ha TMOBEPXHOCTH HamOoJjiee
MPUMEHUM METOJ] Ta30TEPMUUYECKOTO HaIlbLIe-
HHUS, 3aKJIIOYAIOIINICA B HArPEBE HANBUISIEMOTO

MaTtepuaia A0 TeMIlepaTrypbl OJIM3KOM K TeMIie-
paType IUIaBJIEHUs C IHOMOINBIO IUIA3MEHHOIO
IIOTOKA U OCAXJECHUHU €r0 Ha HAIbUIAEMYIO I10-
BEPXHOCTh B BHJIE CJ0S1 TOMUMHON 110 0,5 MM.
JIns HaHeCceHMs] MOKPBITHI UCHOJIB3YIOTCS CIIe-
LIHAAJIbHBIE YCTAaHOBKHM, OCHAILECHHBIE IUIa3MO-
TpoHamu. KadecTBO mia3MeHHBIX ra30TepMUye-
CKHX TIOKPBITHH OIPENEISAETCS CKOPOCTHIO,
TEMIIEPATYpPOH U CTENEHBIO IPOILIABICHUS IIO-
POILKOBOTO MaTepHajla B MOMEHT €ro B3auMo-
JEUCTBUSL C MOBEPXHOCTBIO M3JENHS, a TaK XkKe
PAaBHOMEPHOCTBIO I10/1a4H IMOPOIIKA B IIJIa3MEH-
HYI0 cTpyro. Harpes HanbuiseMoro mareprana B
IIJJa3MOTPOHE OCYIIECTBIISIETCS B SAJpPE CTPYH,
Ha TEMIEPATYpPy U IPOTSHKEHHOCTh KOTOPOTO
BJIMSIET MOITHOCTB IUIa3MOTPOHA.

[Ipy co31aHMM TEIUIO3AUTHBIX MMOKPbI-
THH HCIIOJIB3YIOTCSI KEPAMUUYECKHE MaTepHalbl,
VMEIOIINE BBICOKYIO TEMIIEPATYPY IUIABJICHUS U
HU3KYIO TEIUIONPOBOAHOCTD, JUIsl X HAHECEHUS
HE0OX0IMMO MPOBOJUTH MPOLIECC HA PEXKUMAX,
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TpeOyromuX OOJIBIINX PHEPTETUYECKUX 3aTpaT.
OTO NPUBOJUT K 3HAYUTEIBHBIM MOTEPSAM, CBS-
3aHHBIM C YaCTOM 3aMEHOM COMEN U CHHXKEHUEM
pecypca paboThl mIa3MoTpoHa. To ecTh cylle-
CTBYIOLLME TUIa3MEHHBIE TOPEJIKH HE MTO3BOJISIFOT
MOJIy4yaTh ONTHMAJIBHOIO COOTHOLIEHUS HX
MOIIIHOCTH M MPOTSKEHHOCTH siipa, HE0OX0au-
MBIX JUIsl TPOIUJIABJICHUS] KepaMUYECKHX Mate-
pHAJIOB.

OddexTUBHOE HUCIIOTH30BAHUE PEKUMOB
00pabOTKH TOPOIIKOBOTO KEPAMHUYECKOTO Ma-
TepHaja B IUIa3MOTPOHE BO3MOXKHO 00€CIeUUTh
3a CcyeT NMPUMEHEHHUs MPOQPUIMPOBAHHOIO CO-
I1a, MO3BOJISIIOIIETO YBEJIUYUTHh IPOTSHKEH-
HOCTb fJIpa CTPYyH, YTO B CBOIO oyepeab obec-
MEYUT JOCTATOYHBIM IMPOrpeB HAaMbUISIEMOIO
Marepuana.

Takoif moaxox obecreynBaeT yBeIUYe-
Hue 3(pPeKTUBHOCTH 00pabOTKHU KpUCTAILIINYE-
CKUX IOPOUIKOBBIX MaT€pUalOB U3 TYroIlIaB-
KUX OKHCIIOB C CYLIECTBEHHBIM YBEIUYECHUEM

VK 621.1.65. 621.438

CKOPOCTH, TEMIIEpaTypbl U CTENEHH IMPOILIaB-
JICHUS] HANbUISIEMbIX YacTULl O€3 yBEIMuYeHUs
MOIIIHOCTH CaMHUX IJIA3MOTPOHOB.
Pa3pabarbiBaeMblil M1a3MOTPOH € MpO-
(GUIMPOBAHHBIM COIUIOM MOKET HCIOJIb30BATh-
cs i yBenuueHus: 3Q(EKTUBHOCTU TEXHOJIO-
MU HalbUICHUS] KEPaMHUYECKUX IOPOIIKOBBIX
MaTepHUaIOB U3 TYTOIUIABKUX OKHUCIIOB, a TAKkKe
JOOBIX MOKPBITHI M3 KapOWIIOB, METAIJIOB U
CIUIaBOB, MPHUMEHSIEMbIX B JIBUraTEIECTPOCHUU
U JPYTUX OTPaCisiX MaluHOCTpoeHus. Mcmnoub-
30BaHUE IUIA3MOTPOHA C MPOGUIMPOBAHHBIM
COILJIOM TIO3BOJIUT Pa3padaThiBaTh HOBbIE BHUbI
IIOKPBITUN € 3aJaHHOM CTPYKTYPOM M CBOMCT-
BaMHU JUI TOBBIIICHHS JKCIUTyaTallMOHHBIX Xa-
PaKTEpUCTUK JeTajeil, padoTaoluX B yCIOBH-
SX TIOBBIIICHHBIX TEMIEpaTyp U HArpys3okx, Ha-
IpUMep, MOPIIHU ABUraTessi OECIHIOTHOTO Jie-
TaTEeJbHOIO ammnapara, JeTald ropsyero Tpakra
ra3ornepeKkayrBaroOlUIuX arperaroB, JIONMATKU U
COIUIOBBIE  CEKUMU TYpOMH U  JpPYTUX.

MOBBIIIEHUE Y®PEKTUBHOCTH OXJAXKIEHUS B COIIJIOBOM JIONATKE
C IUKJIOHHO-BUXPEBOM CUCTEMOM OXJIAKIEHUS

[Mupanumsunu L. A., Beperennukos C.B., Xacanos C.M.

PribuHcKkast rocygapcTBeHHas aBUAllMOHHAS TeXHOyIornueckas akagemus umenu I[1.A. ConoBbeBa

INCREASE THE COOLING EFFICIENCY OF THE NOZZLE VANES WITH

A CYCLONE-VORTEX COOLING SYSTEM
Piralishvili Sh.A., Veretennikov S.V., Khasanov S.M. The scientific basis of swirling flow features
for the creation of convective and convective-film cooling effective schemes vanes of air-gas chan-
nel of gas-turbine engine was developed. Calculated and experimental researches have shown the
possibility of reducing the temperature non-uniformity in cross-section turbine vanes and increase
its cooling efficiency in the organization of cyclone-vortex cooling system. Recommendations have
been developed to optimize the geometry of the nozzle vanes with a cyclone-vortex cooling system.
The criterion equations for cooling vanes were obtained that allow the error does not exceed 8% of
the expected means heat transfer coefficients on the inner surface of the cooling channel inlet edge
and the heat transfer coefficient in cyclone channels placed in the body of the vane with an error of
5-7%. Designed nozzle vanes with a cyclone-vortex cooling system are characterized by high effi-
ciency cooling in all three sections of the vane. A comparison of numerical results with experimen-
tal data has shown that the maximum difference was 9% on the flow volume and 5% on cooling ef-
ficiency, this fact says about the possibility of using the proposed method of the numerical three-
dimensional thermal-hydraulic calculations when designing and evaluating the effectiveness of
cooling systems of turbine vanes.

OpauMm  u3  Haubosnee HPPEKTUBHBIX
COcOOOB  WMHTCHCH(UKAIMH  OXJIAXKICHUS
JOMATOK SBJSIETCSl 3aKpyTKa IIOTOKa OXJa-

AUTCIIA IpU €ro JAIBHXKXCHHM B paJuaIbHbIX
MUJIMHAPUICCKUX KaHaJ1ax. XapaKTepHHe
0COOEHHOCTH 3aKpY4YE€HHOTO IOTOKa HamOoJiiee
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