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B crarthe ommchIBalOTCS pe3yabTaThl MPOCKTUPOBAHUS TYpOMHBI KOMIIpECcopa U CBOOOIHOM
TypOuHBI TypOoBanbHOrO ABUrarens. O0e TypOUHBI — OceBble M HeoxJaxaaemble. [IpoekTupoBaHue
MPOBOAUJIOCH € TPUMEHEHHEM CBSI3aHHOM MHOTOJMCUUIUIMHAPHOW  a’pOAMHAMUYECKOU U
MPOYHOCTHOM ONTHUMH3AIIIH.

B  kadectBe UWCXOAHOTO BapWaHTa TypOWHBI OBUTM  WCIOJB30BAaHBI  BapHAHTEHI,
CIIPOEKTUPOBAHHBIE TIO0 TPAIUIIMOHHON CXEeMe, TO €CTh MPH MOCIEI0BATEILHOM MPOSKTUPOBAHUU OT
ID nmo 3D-ypoBHeli MopaenupoBaHusa. B mpolecce JOBOIKM IBHUTraTeis, Il KOTOPOTO
npeIHa3HAYaIuCh TYPOUHBI, BO3HUKIA HEOOXOAMMOCTh B TIOBBIIIIEHUH TEMIIEPATyphl ra3a Ha BXOJE B
nepBbld comoBoi anmnapar. [IpoBepka BapuaHTOB TYpOUHBI C MOBBIILIEHHON TeMIIepaTypol nokasasa,
yro KIIJ[ coxpanuicss Ha AOCTAaTOYHO BBICOKOM YpOBHE, HO 3amachl MO MPOYHOCTH CTaIH
CYILIECTBEHHO MEHBIIIE JTOMYCKaeMOl. 3anac MECTHOM JJIUTENbHOM MPOYHOCTH TYpOUHBI KOMIIpECccopa
HUXKe MUHHUMAaJIbHOTO B 2 pa3a, a cB000IHOM TypOuHbI — B 1,3 pasa.

Jnst noBoaku TypOWH MMOJ W3MEHHUBIIHECS YCIOBUS Pa0OTHl OBLIO PEIIEHO HCIOJIb30BaTh
MHOTOJIUCUUIUIMHAPHYIO MHOTOKpUTEpHUanbHyto ontumuszanuio [1,2]. Tlpu sToM MoaenupoBaHue
a’pO/IMHAMUKH  BBIMOJHSJIOCH C  HCIOJIb30BaHWEM 3D-YMCIIEHHOTO MOJEIHUpOBaHUsS padbodero
npolecca TypOuH, a OIIEHKAa MPOYHOCTHOTO COCTOSIHUSI pabO4YMX JOMATOK BBIMOJIHSAIOCH C TTOMOIIBIO
3D-npoYHOCTHBIX MOJIeIeH JTOTATOK TYpOWH, MO3BOJISIOIIMX BBIUUCIISATh MOKA3aTENN WX CTATUICCKOM
U JMHAMUYEeCKON npoyHocTH [1].

JloBosika cBOOOHOM TYpOMHBI BBIMOJHSIOCH MO3TamHO. Ha mepBoM 3sTame ObUT BBIMOJTHEH
aHAJIU3 BO3MOKHBIX KOHCTPYKTHBHBIX UCIIOTHEHHH CBOOOIHOW TypOMHBI. [ 3TOro mapaiienbHo
BBIMOJIHSIACh ONTHUMH3ALUsl TypOMHBI B BapuaHTax ¢ OaHAakKHOM moikoil m 6e3 Hee. B kauectse
BapbUPYEMBIX MAPaMETPOB 3a7aBAIMCh MEPEMEHHbBIE, onuchiBatonue Gopmy nepa nonarok CA u PK,
a TaKXe CMEIICHHUS KOHTPOJBHBIX CEYCHHH B OCEBOM M OKpPYXHOM HampaBieHusx (Bcero 101
BapbUpyemas nepemeHHas). Jlns BapuanTa Oe3 OaHOaXHOW TMOJIKH JOMOJHUTENBHO Obllla pelieHa
3ala4ya ONTUMU3ALMHU, TJ€ JAOIMOJHUTENbHO K IEpPEUYUCICHHBIM IapaMeTpaM MeHsIach Qopma
MEpPUIMOHABHBIX 00BOJOB MPOTOUHOM YacTH (Bcero 124 BapbUpyeMbIX MEPEMEHHBIX).

[lepen BbIMONIHEHHEM MHOTOIUCHUILIMHAPHOW ONTHUMH3ANUUA CBOOOTHOW TYpOWMHBI OTIEIHHO
BBITNOJHSIACH ONTUMU3ALIMA pabouyell JTOMAaTKU UCKIIYUTEIBHO MO MPOYHOCTHBIM KputepusMm. [Ipu
9TOM IIOJTYYaJICSl BAPUAHT TYPOHWHBI C YAOBIECTBOPUTEIHHBIM 3aI1aCOM MTPOYHOCTH, HO C TTOHMKEHHBIM
KII/. OH ncnonp30Bajcs B Ka4€CTBE CTAPTOBOM TOUKHU 11 MHOTOAUCIUILUIMHAPHON ONITUMU3AIUH.

[Ipu pemeHnn 3ama4vi MHOTOJIWCIUIUTMHAPHOW ONTUMU3alUU [2] CBOOOMHON TypOWHBI B
kaduecTBe KpurepueB 3amaBanuch KIIJ[ u wmacca nomarok PK. B kawecTtBe orpanuueHuii —
K03 pHLIMEeHTHI 3amaca MPOYHOCTH pabodero Kojeca M Ta30AMHAMUYECKHUE MapameTpbl TYpOUHBI
(pacxom pabouero Tena, 3aKpyTKa IOTOKAa Ha BBIXOAE W JAp.). TakkKe MpPU PEIICHUU 3aJadu
KOHTPOJIMPOBAJIACH MUHUMAIIbHAS TOJIIIMHA MTPO(UIIEH TOMATOK U BOIHUCTOCTH IPODUIICH.

Jlyumive pe3yapTaThl ONTHUMH3ALUM CBOOOIHON TypOWHBI ObUIM MOJIYYEHBI JJIsl BapUaHTa C
OaHaXHOW TOJNKOW 0e3 M3MEHEHHs MEpUAMOHATBHON (opMmbl. [ JaHHOTO BapHaHTa pELICHHE
OBLIO MPOJOJKEHO Ha BTOpoM dTame. [lpu 3Tom 3amauva pemianach MapajielbHO B HECKOIbKUX
MOCTAaHOBKAX C MCIOJIb30BAaHUEM PA3JIMUHBIX CXEM MapamMeTpu3alliyd CEYeHHH Jomnartok. B xauecTe
OKOHYATEJIbHOTO pEIIeHHs ObUT TMOJydeH BapHaHT CBOOOAHOW TYypOWMHBI ¢ TpeOyeMbIM 3aracom
npounocty u ¢ KI1J] Ha 1,3% OomnbIiie, yemM y UCXOAHOTO BapHaHTA.
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OntuMu3zanus TypOHUHBI KOMIIPECCOpa BIMOIHAJIACH AaHATOTUYHO CBOOOTHON TypOuHe, HO 6€3
0aHJa)KHOW MOJIKM U U3MEHEHUS! MepUAMOHAIbHON (pOpMBI MPOTOUHOM yacTu. B pesynbrare yaanock
NOJY4YHUTh BapuaHT TypOuHb! komnpeccopa ¢ KIT/ na 0,3% Gonpiie, yeM y HCXOJHOTO BapHaHTa U C
TpeOyeMbIM 3a11aCOM NPOYHOCTH.

JInisi OIEHKM HMCKa)KEHUsSl TEMIIepaTypHBIX Moyiell 3a TypOuHON kommpeccopa Ha KIIJ u
IPOYHOCTh CBOOOAHOM TYpOMHBI Ha 3aKJIIOYMTEIBHOM JTane padoTbl Obula  BBINOJIHEHA
MHOTOJMCIUIUIMHAPHAS ONITUMH3AIMU C UCTIOIb30BaHUEM CBSI3aHHON MOJENN TypOMHBI KOMIIpEeccopa
U CBOOOAHOM TypOUHBI C Y4€TOM a’pOAMHAMUKHM M HPOYHOCTH HX pabouux KOJIEC TypOHH.
PesynbraTsl paboThl OKa3aHbI Ha puc. 1.
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Puc. 1 — CpaBrenne npoduireit 10maTok TypOUHBI KOMIIpeccopa i cBOOOTHON TypOUHEI
JIO ¥ TIOCJIC COBMECTHON ONTUMU3ALUH
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This paper describes the process of optimization of a multi-cascade turbine for a helicopter
GTE according to aerodynamic efficiency and strength criteria.
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