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ASPOAVMHAMUMYECKAS OMNTUMMIALMA NMPOCTPAHCTBEHHOW
®OPMbI JIOMATKWN PABOYEIO KONECA CBEPX3BYKOBOW
KOMIMPECCOPHOW CTYTIEHU

PaboTa noceslleHa aspoAMHaMNYECKO/ ONTUMM3ALIMM BbICOKOHArpYy)>XeHHOro paboyero Koneca CBepX3BY-
KOBOW KOMMPECCOPHOIA CTyneHn. B KauecTBe OCHOBHOIO MHCTPYMEHTa MUCMOMb3YeTCs YUNCNEHHOE MOZeNIMPOBaHIe
TeyeHWs B KOeCe Ha OCHOBE MOMHbIX OCPeHEHHbIX YpaBHeHuii HaBbe—CToKca 1 ABYXNapaMeTpu4eckoii Mogenu
Typ6yneHTHOCTW. OCOBEHHOCTAMM UCMO/b3YEMOTO MOAX0AA K ONTUMU3ALMN ABAAKOTCS: NPUMEHEHWE [OCTaTOUHO
“rpy6bIX” pacyeTHbIX CETOK, COXPaHAIOLLMX, OAHAKO, YyBCTBUTENbHOCTb Pe3y/nbTaToOB pacyeTa K M3MEHEeHUo
(hopMbl 10NaTKK; POPMYNNPOBKa KPUTEPUEB KauecTBa Kak OCPefHEHHbIX MO Pacxofy BO3AyXa BE/MUUH 3Hepre-
TUYECKMX XapaKTepucTWK paboyero Koseca; NpUMeHeHWe [OCTATOYHO MPOCTOro crnocoba BapbipoBaHUA Npo-
CTPaHCTBEHHOI (hopMbl NI0NaTKM Koneca; NOUCK ONTUManbHOI NMPOCTPAHCTBEHHOM (DOPMbI SI0NaTKM C NCMO/b30-
BaHWeM TOYeK PaBHOMEPHO pacnpefieNeHHbIX NOCeA0BaTeNbHOCTEN B MPOCTPAHCTBE NepeMeHHbIX. B pesynbTarte
NpoBeJeHHOr0 K1CcCnesoBaHus BblbpaHbl Ba BapuaHTa NPOCTPaHCTBEHHON (IOpMbI NONATKM Koneca, obecneyn-
BalOLLye YBENMYEHNe 3HAYEHWIA ero SHePreTUHECKUX XapaKTepUCTVK MO CPaBHEHWIO C NPOTOTWUMOM (B MepBOM
CNyyae nonyyeHo TOMbKO NoBbILLeHVe agnabaTuueckoro KM/, Bo BTOpom — noBbilleHne KM/ v cTeneHn oxartus
Koneca). O60CHOBaHHOCTb [j@aHHOrO BbIGOpa NOATBEPXAeHa NOCMeAYIOLLMM PacyeTOM 3HEpPreTUYecKMX XapakTe-
puCTVK paboyero Koneca C MCXOAHOW M ONTUMMU3MPOBAHHBIMK f0NaTKaMU Ha NMoapo6HOI pacyeTHoli ceTke. B
LieNIoM NPOAEMOHCTPUPOBAHO, YTO Ha OCHOBE MPEANOXKEHHOro paLMOHanbHOIO BbIGopa CPaBHUTENbHO HebGOMb-
LIOr0 Yuncna napamMeTpos, NPUMeEHsSEMbIX 15 BapbUPOBaHWA NPOCTPAHCTBEHHOV OPMbI I0NATKK KONeca, MOXeT
ObITb CYLLECTBEHHO MOBbILLEHA €ro CTeMeHb CXXaTus Npu OfHOBPEMEHHOM yBenuyeHun aguabatuyeckoro KM,
MonyyeHHble B paboTe pe3ynbTaTbl MOrYT ObITb UCMO/Mb30BaHbI MPY a3POAMHAMUYECKOW ONTUMM3ALMW MPO-
CTPaHCTBEHHOM (hOPMbl 10NATOK HEMOABUXKHBIX W BPALLAIOLLMXCS NONATOYHBIX BEHL,0B KOMMPECCOPOB.

Po60Ty npncBAYeHO aepoanHaMidHi ONTUMI3aLii BMCOKOHaBaHTaXKEHOro PO6GOYOro Koneca Ha3ByKOBOrO
KOMMPECOPHOr0 CTYnNeHs. K OCHOBHUIA iHCTPYMEHT BUKOPUCTOBYETLCA YMCI0BE MOAENIOBAHHS Tedii B KO/eci Ha
OCHOBI MOBHUX 0CepefHEHUX piBHsAHb Has’e—CToKca Ii iBonapaMeTpuyHOi Mogeni TypbyneHTHocTi. Ocobnmneoc-
TAMW BMKOPWCTOBYBAHOIO NiAXody 40 ONTMMI3auil €: 3aCTOCYBaHHSA AOCUTb “rpybmx” po3paxyHKOBHKX CITOK, LU0
36epiraloTb, ofHaK, YyT/MBICTb Pe3yNbTaTiB PO3PaxyHKy A0 3MiHW (OPMU NOMAaTKKW; (POPMY/IHOBaHHS KpUTepiiB
AKOCTi fIK 0CEpeAHeHNX Mo BUTPaTi NOBITPA BENMYMH EHEPreTUUHMX XapaKTepuCTK poboyoro Kosneca; 3acTocy-
BaHHsA [OCMTb NPOCTOro Crocoby BapitoBaHHA NPOCTOPOBOI (hOpPMM NONaTKM Kofeca; MoLyK ONTUMaIbHOI Npoc-
TOpOBOI hOpMK NOMATKM 3 BUKOPUCTAHHAM TOYOK PiBHOMIPHO pPO3nofineHnx nocnifoBHOCTER y NpocTopi 3MiH-
HUX. Y pe3ynbTaTi NPOBEAEHOr0 [OCAIMKEHHS 06paHO ABa BapiaHTV MPOCTOPOBOI (hOPMM NOMATKM Koneca, Lo
3a6e3neyytoThb 36i/bLUEHHSA 3HaYEeHb IOr0 eHEPreTUUYHNX XapakTepUCTUK Y MOPIBHAHHI i3 NnpoToTunom (y nepLuo-
MY BMNaZKy OTPUMAHO TiflbKu NigsuLLeHHs agiabaTnyHoro KK, y apyromy — nigsuileHHs KK/ i cTyneHs ctu-
CKy Koneca). O6rpyHTOBaHICTb 4aHOr0 BUOOPY MiATBEPIKEHO HACTYMHUM PO3PaXYHKOM eHEPreTUUHNX XapakTe-
pUCTVK poboYoro Kosneca 3 BUXiAHOK i ONTMMi30BaHOK NonaTKaMy Ha AeTanbHil po3paxyHKOBIi CiTui. Y uino-
My MPOAEMOHCTPOBAHO, L0 Ha OCHOBI 3aMpOMOHOBAHOIO PaLiioHaIbHOro BUOOPY MOPIBHAHO HEBENMKOTO Yucna
napameTpiB, 3aCTOCOBYBaHUX ANA BapitOBaHHS MPOCTOPOBOI (DOPMU NOMATKM Komeca, MoXe 6yTu iCTOTHO nifgu-
LLIeHO 0ro CTyniHb CTUCKY NpW OfHOYacHOMY 30inbLueHHI agiabatnyHoro KK/, OTpumaHi B po6oTi pesynbTatu
MOXYTb GYTV BUKOPUCTaHI MpW aepoAanHaMiyHiii ONTUMI3aLlii MPOCTOpOBOT (hopMU IONATOK HEPYXOMUX | 06epTo-
BMX NTOMNATKOBWX BiHLiB KOMNPECOPIB.

The study is addressed to an aerodynamic optimization of a high-loaded impeller of a supersonic compres-
sor stage. A numerical simulation of the flow through the impeller is the basic tool using the complete averaged
Navier—Stocks equations and a two-parameter model of turbulence. The special features of the approach used are
the application of sufficiently rough computational grids sensitive to variations in the blade form; the formulation
of the qualitative criteria as values of the power characteristics of the impeller averaged on the air flow; the appli-
cation of a sufficiently simple procedure of variations in a spatial form of the impeller blade; the search of an
optimal spatial form of the blade using points of the equally distributed sequences in space of variables. From the
study made two versions of a spatial form of the impeller blade have been chosen providing an increase in values
of its power characteristics in comparison with the prototype (in the first case an adiabatic efficiency only in-
creases, in the second case an adiabatic efficiency and the pressure ratio of the impeller increase). A given choice
is validated by the subsequent computation of the power characteristics of the impeller with the reference and
optimized blades using a comprehensive computational grid. It is demonstrated as a whole that based on the pro-
posed rational choice of a moderate number of the parameters employed for varying a spatial form of the blade, its
pressure ratio can be increased significantly in a simultaneous increase in an adiabatic efficiency. The research
results can be used for an aerodynamic optimization of a spatial form of blades of fixed and rotating blade rims of
COmpressors.

KntoueBble cnosa: asponMHamMmmnyecKas onTumMmsaums, pa6oqee KONneco Komrpec-
COpHOI\/'I CTYNEHN, YACNEHHOE MOeNnpoBaHne, NPOCTPaHCTBEHHAA cbopma nonaTkKu, 3Hep-
rETNYECKNE XapaKTepncTuKn.
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