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PoboTa npucBsueHa PO3BUTKY IMiJXOIB 10 ONTHMAIBHOTO aCPOAMHAMIYHOTO IPOCKTYBAHHS BiALICHTPOBHX
KOMIIPECOPHUX CTYIICHIB, 110 OOYMOBIICHO NPAKTHKOIO IX 3aCTOCYBaHHs B KOMIIPECOPaX Cy4acHHMX aBialliifHHX
ra3oTypOiHHUX IBUTYHIB Ta €HEproycTraHoBok. L{inmp poboTu — moOyaoBa i mepeBipka Mpame3faTHOCTI METOJUKU
AepOIMHAMIYHOIO BJOCKOHAJICHHSI POOOYUX KOJIIC BiJIEHTPOBHX KOMIIPECOPHHX CTYIEHIB. SIK OCHOBHHUIT METOI
3aCTOCOBYETHCS YHUCIOBE MOAEIIOBAHHS IIPOCTOPOBUX TypOYJICHTHHX ra30BHX Tedil y BIAIIEHTPOBHX KOJecax Ha
OCHOBI MOBHUX ocepenHeHuX piBHsAHb HaB’e—CTokcy i ABomapameTpudHoi Moneni TypOynenTHocti. OcobinBoc-
TSIMH BHKOPHCTOBYBAaHOTO IiJXOAy JO ONTHMI3alii €: BapiroBaHHS IPOCTOPOBOI ()OPMH JIOMATi BiALIGHTPOBOIO
KoJieca npy He3MIHHOMY TTOJIOXKEHHI 11 BXiJHOI 1 BUXIZHOI YaCTHHHM JUTsl MiHiMi3awii BIUIMBY BapiloBaHHs Ha po0Oo-
4Hii Aiana3oH 3MiHU BUTPATH MOBITPs 4epe3 KOJIeco i mapaMeTpu Tedil Ha BUXOJ 3 Koleca; (OpMyIIOBaHHS KpH-
TepiiB SKOCTI K OCEPEHEHHUX 3a BUTPATOIO MOBITPs BEIMYMH CHEPreTMYHMUX XapaKTePUCTUK POOOYOro Koieca;
MOIIYK palioHaJbHUX 3HAYEeHb T€OMETPUYHMX ITapaMeTpiB JIONATI BIALIEHTPOBOIO KoJeca ILIIXOM CHCTEMaTHY-
HOTO Tepervsiay 00MacTi He3aNeKHHX 3MIHHHUX y TOYKAaX, [0 YTBOPIOIOTH PIBHOMIPHO PO3MOIIICHY MOCITIIOB-
HICTb. B pe3ynbraTi IpoBeAEHOr0 NOCITIIKEHHS PO3PaXyHKOBUM IIIIXOM IIOKA3aHO, III0 BUKOPHCTAHHS IIPOIO-
HOBaHOI METOIHMKH JO3BOJSIE MOMITHO 30UIBLINTU CTYMiHb CTHCKY B BiLIEHTPOBOMY KoJjieci HpH 30epeeHHi
BENMYHHY Horo agiadarnynoro koediuienra xopucuoi ail (KKJ/I) B pob6ouomy fiama3oni 3MiHH BUTPATH HOBITPS
uepe3 koneco. Lleit BUCHOBOK OTPUMAHO MPU BHKOPHCTAHHI JOCHTH "Tpy0oi" po3paxyHKOBOI CiTKH, 10 30epirae,
MpoTe, YyTIUBICTh PE3yJbTaTiB PO3paxyHKy 1O 3MiHH (GopMH JIONATi BiALIEHTPOBOro Koseca. J[0CTOBIpHICTH
1[bOTO BHCHOBKY IiATBEPKEHO IOJANBLINM PO3PAXyHKOM CHEPIeTHYHHX XapaKTEPHCTHK IT0YATKOBOTO i MOAHM-
(hikOBaHOTO KOJIeCa Ha JIETANbHINII pO3paxyHKOBI# CiTii. B 1iJIOMy IIPOJEMOHCTPOBAHO, 110 3MiHa ()OPMHU JIHIIIE
CepefHbOl YAaCTHHI JIOMATi BiALIGHTPOBOrO KOJECA € JOCHTh CHJIBHOIO MAI€I0, IO ICTOTHO BIUIMBAE HA CTYIiHb
CTHCKY TOBITPS B KOJIEC i 1[0 MPAKTUYHO HE Mo3Ha4aeThes Ha oro KKJ[. Otpumani B poOOTi pe3yabTaTu Mo-
JKyTh OyTH BHKOPHCTAHI MPH aepoJMHAMIYHIN ONTHMIi3amii BiAIEHTPOBUX CTYIEHIB aBiaumiifHUX ra3oTypOiHHHX
JIBUTYHIB.

Pabora mocBsIIeHa Pa3BUTHIO ITOJXOJ0B K ONTHMAJbHOMY a3pPOJMHAMHYECKOMY IPOEKTHPOBAHHUIO IICH-
TPOOEKHBIX KOMIPECCOPHBIX CTYNEHEH, YTO 0OYCIOBICHO MPAKTUKOH MX NPUMEHEHUS B KOMIIPECCOPAX COBpe-
MEHHBIX aBHAIlIOHHBIX Ia30TypOMHHBIX JBHTATENEH 1 SHEProycTaHOBOK. Lless paboThl — ITOCTpOeHHE U TPOBEpKa
paboTOCIIOCOOHOCTH METOAMKH a3pOIMHAMHYECKOTO COBEPUICHCTBOBAHHS PabOYMX KOJIEC LEHTPOOESKHBIX KOM-
TIPECCOPHBIX CTyleHel. B kadecTBe OCHOBHOTO METOa NPUMEHSETCS YHCIEHHOE MOJEIHPOBAHHE MPOCTPAH-
CTBEHHBIX TypOyJIEHTHBIX [a30BbIX TEUCHUH B IIEHTPOOEKHBIX KOJIECaX HAa OCHOBE IOIHBIX OCPEIHEHHBIX ypaBHe-
auit HaBpe—CTOKCa 1 AByXmapameTpudecKkoit Moenn TypOyneHTHOCTH. OCOOEHHOCTIMH HCIOIB3yEMOTO MOIX0-
Jla K ONTUMH3ALNHK SBISIOTCS: BapbUPOBAHUE NPOCTPAHCTBEHHOH (POPMBI JIONACTH IEHTPOOSKHOTO Kojeca MpH
HENU3MEHHOM IIOJIO)KEHHM €€ BXOJHOTO M BBIXOJHOTO yYacTKa JUI MHHMMH3AaIlMM BIUSHMS BapbUPOBAHUS Ha
pabounii quamna3oH U3MEHEHHUs pacXo[a BO3LyXa depe3 KOoleco M MapaMeTphl TeUeHHs Ha BBIXOAE U3 Koneca;
(opMyITHpOBKa KpHTEPHEB KauecTBa KaK OCPEHEHHBIX 110 PACXO/y BO3/yXa BEJIMYMH SHEPTeTHYECKUX XapaKTe-
PHCTUK pabouero Koeca; HOMCK PallHOHANIBHBIX 3HAUeHUH TeOMeTPUUECKUX N1apaMeTPOB JIONACTU LIEHTPOOEKHO-
TO KOJIECa ITyTeM CHCTEeMAaTHYeCKOTO MPOCMOTpa OOJIACTH HE3aBHCHMBIX NMEPEMEHHBIX B TOUYKAX, 00pa3yroIuX
PaBHOMEpHO pacIpeleleHHyI0 M0CIeJ0BaTeIbHOCTh. B pesynpTaTe MPOBEIEHHOTO UCCIENOBAHHA PACUCTHBIM
IyTeM TMOKa3aHO, YTO MPHMEHEHNE IpeJlaraeéMoil METOJMKH TIO3BOJISIET 3aMETHO yBEIMUYHTH CTEIEHb CHKATHS B
LEHTPOOSKHOM KOJIeCe NPH COXPAHEHNUH BENHYMHBI €ro aguabaTnieckoro Kodd@uImeHTa Moae3HOro IeiHCTBUS
(KIIX) B paGodeM Juara3oHe H3MEHEHHs Pacxoja BO3/yXa depe3 Koieco. JJaHHBIH BBIBOJ MOTyYeH MPH HCIIONb-
30BaHUU JIOCTATOYHO “TPyOOil” pacueTHON CETKH, COXPaHSIONIEeH, OJHAKO, YYBCTBUTEIBHOCTb PE3YJILTATOB pac-
4yeTa K M3MEHEHHIO (OpMBI JIONACTH HEHTPOOEKHOro Koyeca. JJoCTOBEPHOCTh 3TOTO BBIBOJA TTOATBEPIKIEHA IO~
CIIEAYIOIUM PacyeTOM JHEepreTHYeCKHX XapaKTepHCTHUK HMCXOAHOTO M MOAHGHIMPOBAHHOIO Koleca Ha Ooiee
MOAPOOHOH pacyeTHOH ceTKke. B 1eloM mponeMOHCTPHPOBAHO, YTO W3MEHEHHE (GOPMBI TOJBKO CpeIHEH 4acTh
JIOTACTH IIEHTPOOEKHOr0 Kojleca MPeCTaBIsIeT cOO0H JOCTaTOYHO CHIBHOE BO3JCHCTBHE, CYIIECTBEHHO BIUSIO-
Iiee Ha CTeNeHb CXKaTHs BO3TyXa B KoJiece M NMpaKTHYecKH He ckasbiBaromneecs Ha ero KITJI. ITomydeHnsie B pa-
60Te pe3ynbTaThl MOTYT OBITH HCIIOIBb30BAaHEI IIPU a9POAUHAMUYECKON ONTHMHU3AIMU IEHTPOOSKHBIX CTyIeHeil
ABHAIMOHHBIX Ia30TYPOMHHBIX JIBUTATENCH.

This work is devoted to the development of approaches to the optimal aerodynamic design of centrifugal
compressor stages, which is topical because of their use in compressors of modern aircraft gas turbine engines and
power plants. The aim of this work is to construct a technique for aerodynamic improvement of centrifugal com-
pressor stage impellers and to verify its effectiveness. The basic method is a numerical simulation of 3D turbulent
gas flows in impellers on the basis of the complete averaged Navier—Stokes equations and a two-parameter turbu-
lence model. The approach to optimization employed in this work features: varying the 3D shape of an impeller
blade at a fixed position of its entrance and exit portions to minimize the effect of the shape variation on the oper-
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ating range of the impeller airflow rate and the flow parameters at the impeller exit, formulating quality criteria as
airflow-averaged impeller power characteristics, and searching for advisable values of the impeller blade geomet-
ric parameters by systematically scanning the independent-variable region at points that form a uniformly distrib-
uted sequence. The numerical investigation conducted showed that the proposed technique offers a sizeable in-
crease in the compression ratio of a centrifugal impeller while keeping its adiabatic efficiency within the operating
range of the impeller airflow rate. This conclusion was made when using rather a “coarse” computational grid,
which, however, retains the sensitivity of the computed results to a variation in the centrifugal impeller blade
shape. This conclusion was verified by a subsequent calculation of the power characteristics of the original and
the modified impeller on a finer grid. On the whole, it was shown that varying the shape of the middle part of a
centrifugal impeller blade alone has a pronounced effect on the impeller compression ratio, while leaving the
impeller adiabatic efficiency almost unaffected. The results obtained may be used in the aerodynamic optimiza-
tion of centrifugal stages of aircraft gas turbine engines.

Knwuesvie cnosa: aspoounamuueckoe cogepuieHcmeaoganue, pabouee Koie-
€O, NPOCMPAHCMBEHHAS YOPMA TONACMU, YEHMPOOEICHASL KOMIPECCOPHAs CTHY-
neHb, YUCTIeHHOe MOOeIUPOBatUe, IHepeemuyecKue XapaKmepucmuruy.

[IpakTrka mMpuMEHEHUsS KOMOHMHAIIMU OCEBBIX M IEHTPOOCKHBIX CTYICHEH B
KOMITPECCOPax COBPEMEHHBIX aBUAIIMOHHBIX Ta30TYpOMHHBIX JBHTraTened 00y-
CIIOBIIMBAEeT HEOOXOAUMOCTh PA3BUTHUS MOJXOJIOB K ONTUMAIHLHOMY a’3pOJUHAMU-
4eCKOMY MPOEKTHPOBAHUIO pabovnX KoJec EHTPOOESKHBIX CcTymeHei. B Hactos-
iee BpeMst Ui 3TOT0 UCTHOIB3YIOTCS OMHOMEpHBIE [ 1], kBazuTpexmepusbie [2, 3] u
MIOJTHOCTBIO TPEXMEPHBIE METOBI [4, 5], mocaeAHre OCHOBaHBI HA YHUCICHHOM pe-
LIEHWHU OCpeAHEHHBIX ypaBHeHnH HaBbe—CTOKCa A71s1 TypOyJIeHTHOTO MOTOKa. Tem
HE MEHee B JIUTeparype MPEJCTaBICHO CPaBHUTEIBHO HEOOJIBIIOE YUCIO PadoT,
MOCBSIIEHHBIX TPOSKTUPOBAHUIO U ONTHMHU3ALINHU IIEHTPOOSKHBIX KOJIEC KOMIIpeC-
COPOB, YTO BO MHOTOM CBSI3aHO CO CJIO)KHOCTBIO CTPYKTYPBI TEUEHHSI B MEMKJIO-
MACTHBIX KaHallaxX 3THX Kojec. CIenyeT TakKe OTMETUTh BaKHOE 0OCTOSTENBCTBO,
3aTPYIHSIONICE OICHKY BIUSHHUS TEOMETPHUUCCKHX IapaMETPOB ICHTPOOEIHKHBIX
KOJIEC Ha MX JHEPreTHYECKHE XapaKTEePUCTHUKU: TEOPHS OCEBBIX KOMIIPECCOPOB M
TypOWH BO MHOTOM IOCTpOEHa Ha 000OIICHHBIX pe3ylbTaTaX CTATHYECKUX TPOJY-
BOK, TOTJ[a KaK 0000IIEHUE IKCIIEPUMEHTAIIbHBIX JaHHBIX IS IOCTPOCHUS TCOPUHU
HEHTPOOCIKHBIX KOMIIPECCOPOB — ropaso 0oJjiee ciaoxHas 3aaa4a [6].

Lenwsio nanHo# pabOTHI SIBISIETCS] TIOCTPOCHHUE W MPOBEPKA PaboTOCTIOCOOHO-
CTH METOJIMKH ad3pOJAMHAMHYECKOTO COBEPIICHCTBOBAHUS PabOYMX KOJec IEHTPO-
OEXHBIX KOMIPECCOPHBIX CTYMEHEH, KOTOpas OCHOBaHA Ha NMPUMEHEHWW YHCIICH-
HOTO MOJICJIUPOBAHUS IPOCTPAHCTBEHHBIX TYpPOYJICHTHBIX T'a30BbIX TCUCHUH U
HMEET CIIEAYIONIHEe OCOOSHHOCTH.

1. B mporiecce aspoIMHAMUYECKOTO COBEPIICHCTBOBAHUSI IIEHTPOOEKHOTO KO-
Jieca BapbHPOBaHKME IMPOCTPAHCTBEHHON (POPMBI JOMACTH OCYIIECTBISIETCS TMPH
(DUKCUPOBAHHOM TIIOJIOKEHHH €€ BXOJHOTO M BBIXOJHOTO ydYacTKa (M3MEHsETCS
TOJILKO CPEHSS YacTh JIOMACTH). DTO TO3BOJISIET MUHUMHU3UPOBAThH BIUSHUE DOP-
MBI JIONIACTH Ha pa0OYMii JMana3oH M3MEHEHHs Pacxoja BO3jayXa uepe3 KOIeco U
napameTpsl TEUCHHUs Ha BBIXOJIE U3 KoJieca.

2. Ilpu popMyIHpPOBKE KPUTEPUEB KAaueCTBA MPHUHSITO, YTO TAKUMHU KPUTEPHSI-
MU SIBIISIIOTCS CPEIHEHUHTErpajibHbIe 3HAUCHHUS DHEPreTUYECKUX XapaKTEPUCTHK
HEHTPOOEIKHOTO KoJieca B paboveM Jrana3oHe U3MEHEeHHUs pacxo/ia Bo3ayxa uepes
KOJIEeCO.

3. [louck panmoHaTLHBIX 3HAYECHUH TeOMETPHUECKUX MapaMeTpoB Kojeca Co-
CTOUT B CHUCTEMATHYECKOM IPOCMOTpPE OOJIACTH MapaMeTPOB C HCIOJIb30BaHUEM
TOUYEK paBHOMEPHO pacIpe/IelIeHHOM MOCIe/I0BaTEIbHOCTH B 3TOH 001aCTH.

JIJis 9UCIIEHHOT0 MOJICTUPOBAHUS TIPOCTPAHCTBEHHOTO TYPOYJIEHTHOTO MOTO-
Ka B MEXIIONACTHBIX KaHalax [EHTPOOEKHBIX KOJIEC UCTIONB3YEeTCsS METOI, pa3pa-
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OotaHHBIN B MHCTUTYTE TEXHUYECKOW MEXaHWKH HalnoHanbHOW akageMUu HAyK
Ykpaunbl 1 ['ocy1apcTBEHHOTO KOCMHYECKOIO areHTCTBa YKpauHbl. B naHHOM
METOJIe MaTeMaTH4ecKass MOJENIb TEYCHHS BKIIIOYAET OCpEIHEHHBIE ypPaBHEHHS
HaBbe—CToKca, ypaBHeHHE 3HEpruu U ypaBHenus (K —e )-mozenu TypOyIeHTHO-
cTu. B KauecTBe OCHOBHBIX MEPEMEHHBIX MPUHITH KOHTPABAPUAHTHBIC COCTABIISI-
IOIIIE CKOPOCTH MOTOKA. YPaBHEHHUSI 3alUCAHBI B KPUBOJWHEUHBIX HEOPTOTOHANIb-
HBIX KOOPJIUHATAX U UMEIOT BUJI:

9% 4 div (pV) =0, (1)
T
ai(pvi)+div (p\7vi) = div (pgrad vi) +S', 1=123, (2)
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9 (pE)+div (pVE) = div| X grad E | +SE 3)
ok G ¢’
0 . ( = ) .
E(pk)+dlv pVK) = div (uerx grad k) +G—pe, (4)
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v — KOHTpaBapHaHTHbIE KOMIOHEHTHI BEKTOPA CKOPOCTH MOTOKa V ; T — BpeMms;
p — IJIOTHOCTB; P — JABJIEHHUE; |I — CYMMAapHbIi KO3 GUIHUEHT BI3KOCTH (TypOy-

JIEHTHOM M MoneKynspHoit); A =-2u/3; F' — KOHTpaBapHaHTHbIE KOMIIOHEHTHI
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BEKTOpa MaCCOBBIX BHEMIHUX CHI F (meHTpoOexHoM cuiel u cuibl Kopronmca);

q
Iy,
MOCTOSIHHOM 00beMe, T — Temrmeparypa); K — KO3((HUIMEHT TEITONPOBOTHOCTH;
K u & — xuHeTHyeckas SHeprusi TypOyJICHTHOCTH M CKOPOCTh €€ JAMCCHIIAIINY;
etk =M (14 — Koaddunument TypOyneHTHOH BI3KOCTN); Hef, =M /1,35 C =
1,44; G, =1,92.

PasnocrtHble aHanorn ypasaenuit (1) — (5) momydeHsl Ha OCHOBE METOJIa KOH-
TPOJIBHOTO OO0BEMa W 3amvcaHbl Ha maxMaTHoW ceTke. [loBbIIEHHE MOpsAKa ar-
MIPOKCUMALMM Pa3HOCTHBIX AHAJIOIOB OCYILIECTBIEHO IyTEM 3allUCH KOHBEKTHB-
HBIX WieHoB no cxeme MLU [7].

JuckpeTHble aHAJIOrM OCHOBHBIX YpaBHEHHUI MOCTPOEHBI Ha OCHOBE IMOJIHO-
CTBIO HESIBHOM 110 BPEMEHHU CXEMBbl, OIHAKO IPU YUCIEHHOM PELICHUH YKa3aHHBIX
Pa3HOCTHBIX YpaBHEHHUH IIar M0 BPEMEHU UCMOIb3yeTCsl B KaUeCTBE peslakcallloH-
HOTO MapameTpa JIJIsl HaXO0KACHHS CTAI[MIOHAPHOTO PEIeHHUS.

CoBMecTHOE pelleHre pa3HOCTHBIX aHajoros ypaBHeHui (1) — (5) mpoBoaut-
Csl TI0 JIBYXIIIarOBOMY aJrOpUTMY KOPPEKIIMHU JaBieHus U ckopocTu. [Ipu aTom st
pellieHrs pa3HOCTHBIX aHaloroB ypaBHeHu# (2), (4) u (5) mpuMeHseTcss METo[
CyMMapHOH amnmpoxkcumanuy, a ypaBHeHui (1), (3) — MeToJ moIMHEHHOTo CKaHU-
pOBaHUs C HUXKHEN penakcanuen.

PaccmaTpuBaeTcss TeueHue raza uepe3 OJMH MEKJIOMACTHOM KaHal LIEHTPO-
0exxHOTrOo KoJieca. [ paHUYHBIC YCIOBHS (POPMYITHPYIOTCS CIICIYIOIIUM 00Pa30oM.

Ha BX0oaHOI MOBEPXHOCTH, PACIOIOKEHHON HA HEKOTOPOM PACCTOSIHUH BBEPX
10 TOTOKY OT MEpPEAHUX KPOMOK JIOTacTel, 3a/1al0TC OCPETHEHHBIE B OKPYKHOM
HaIpaBJI€HUHN paclpeAesieHUs] TOJIHOTO MaBJIEHUS, TEeMIIEpaTypbl TOPMOKEHUS,
YIJIOB TIOTOKA M MapaMeTPOB TYpOYJIEHTHOCTH IO BBICOTE KaHana. Bce mapameTpsr
3aJar0Tcs B a0COIIOTHOM JBUKEHHH.

Ha O0KOBBIX MOBEPXHOCTAX PacdeTHOW 00JAaCTH JO BXOJa B MEKJIOMACTHON
KaHaJl U T0CJe BbIX0/a U3 HErO MPUMEHSIOTCS YCIIOBUS MIEPHOANYHOCTH ISl BCEX
MapaMeTpoB TEUEHUSI.

Ha moBepxHOCTAX JomacTeil M cTeHKax KaHajla TPaHWYHbBIE YCIOBUS CTaBATCS
Ha OCHOBE METO/Aa TMPUCTCHOYHBIX (YHKIUIA, a TEIUIOBBIE MOTOKH IMOJAraroTCs
PaBHBIMHU HYJIIO.

Ha BbIXOAHOH MOBEPXHOCTH pacueTHOM 0O0JacTH MPOU3BOJAHBIE BCEX Mapa-

— KPHBOJIMHCHHBIC KOOPIUHATHI; {5, — METPUYCCKHUN TeH30p; A= N det“g&{u ;

— cumBonsl Kpuctropdens; E=C, T +V2/2 (C, — TemIoeMKOCTh ra3a mpH

METpPOB MOTOKA (32 UCKITIOYEHHEM KOMITOHEHTHI CKOPOCTH v3) B HaIlpaBJICHUU Te-

YCHHA MOJIararoTCA paBHBIMU HYJIIO. B xauectBe TpPaHUYHOTO YCJIOBUA JJI1 KOHTpaA-

3

BapUaHTHOM COCTaBJISAIONIEH CKOPOCTH V- Ha yKa3aHHOW MOBEPXHOCTH MCIIOJIb3Y-

eTCs HyJeBOE 3HAYCHHE MPOM3BOAHON KoMmmekca Apv® (3zech, Kak M paHee,

A= det”gsy” ). Pesxxum Tedenus Bo3myxa uepes LEeHTPOOEKHOE KOJIECO ONpeiesis-

eTCs 3aIaHHON (PIKCHPOBAHHON BEIMUYWHON CTATHYECKOTO JABJICHHS B OJTHON TOY-
K€ Ha BBIXOJIC U3 paCUCTHON 00JIacTH.

PaborocrmocoOHOCTh ONMMCAaHHOTO METOAa MPH pacyeTe TEUYEeHUS B OCEBBIX U
LEHTPOOEKHBIX CTYMEHIX KOMIIPECCOPOB MOATBEPIKI€Ha, HAlIpUMep, B [8, 9].
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OmnuieM npeJyiaraeMblii B HACTOSIIEH padoTe TMOAXO0/T K 3aJJaHUI0 B BaAPbHPO-
BaHUIO MPOCTPAHCTBEHHOU (DOPMBI JlomacTel MEHTPOOESIKHBIX Koliec, He TpeOyIo-
IV TTpeIBaPUTEIHFHON allPOKCUMAIINH TOBEPXHOCTH JIOTTACTH.

[lycTh B MeXIIONMAacTHOM KaHaje HMEeHTPOOEKHOTo Kolleca BBEJIEHA TaKas CH-

CcTeMa aJaNTUBHBIX KPHUBOJIMHEHHBIX KOOPIWHAT ql, q2, q3, YTO BCE TOYKHA B
MIPOCTPAHCTBE, NMEIONINE OJMHAKOBBIE 3HAYCHUS IIMINHAPUIECKIX KOOPAWHAT
1 Z (T. e. pacIoIOKeHHBIE Ha JyTe OKPY>KHOCTH ), IMEIOT TAK)Ke OJJUHAKOBBIE 3HA-

YeHUs] KOOPIUHAT ql u q3. Koopaunarusie mu-

HUU ql u q3, MOKa3aHHBIC Ha puc. | B Mepuan-

OHAJTFHOW TIJIOCKOCTH, COBIIAJAIOT, B YACTHOCTH,
¢ muauaMHu niepenreit AD u 3amueit BC kpomkn
JIOTIACTH, @ TaKXe C 00Pa3yIOIUMH TTOBEPXHOCTH
Brynku DC u kopmyca AB komeca. B kaudectse

KOOPJMHATHI q2, KaK W B IWJIUHAPUIECKON CH-

CTeMe KOODPMHAT, pPAcCMAaTPUBACTCS YIJIOBOE
b paccTOsSHUE B OKPY)KHOM HANpaBICHUH OT 3a-
-z JAHHOM TOYKM B IPOTOYHOM 4YacTH Kojieca 10
Puc. 1 BBIZICJICHHON MEPHIMOHATIBHON IIOCKOCTH. ToO-
raa CpeHsisi MOBEPXHOCTh JIOMACTH Kojieca B 00-

nactu ABCD MoxeT ObITh PE/ICTaBICHA B BUE 3aBUCUMOCTH (ql , q3 ), rae ¢

— 3HaYEHHE KOOPIMHATHI q° I TOUKH, PAacIoIoKEHHOHM Ha cpelHeH MOBEpXHO-

CTH JionacTH. JlaHHas 3aBUCUMOCTb PaCCUUTHIBACTCS IIyTEM MHTEPIOIALUHI Ha OC-
HOBE NCXOIHOI0 Habopa AaHHBIX, ONMUCHIBAIOIINX GOpMy JionacTu. PaccuntoiBaet-

Cs TaK)K€ TOJIIIMHA JIOMACTH B 3aBUCUMOCTH OT q1 u q3 , KoTopas B JaybHEHIIeM
NPUHUMAETCS HEM3MEHHOU.

O6o3HaunM yepes qu, u q é 3HaYEHUS] KOOPIUHATHI q1 , COOTBETCTBYIOIIIHE
MOBEPXHOCTH BTYJIKA M KOpITyca Kojieca B MEPHIHOHAIBHON TIOCKOCTH (pHcC. 1).
Yepes q|3 u Qt3 0003HaYNM 3HAUCHHS KOODPHUHATHI q3 , COOTBETCTBYIOILIUE Tie-
penHel u 3ajHel KpoMKe JonacTh. J{is KpaTKoCTH B MPEACTABICHHBIX HUXKE CO-
OTHOILEHUSAX 3aBHCHMOCTE @ (ql , q3) npu GUKCUPOBAHHON BEMYMHE KOOPIUHA-
TBI ql Oynem 0003HaYaTh KaK (p(q3).

BapBI/IpOBaHI/Ie q)OpMLI JIOMAaCTU NPOU3BOAUTCA MPU HCU3MCHHBIX 3HAUCHHUAX
€€ rCOMCTPUUCCKUX MMAaPpaMETPOB Ha BXOJC U HA BBIXOJAC U3 LIeHTpO6C)KHOFO KOJIC-

ca. I[J'ISI 9TOro BHaA4alic BBI6I/IpaeTC$I HCKOTOPOC 3HAYUCHUC C]|31 TaKHM 06p3,30M,
4TOOBI HAUMEHBIIICE IMPOXOAHOC CCUYCHUC MCIKIIOIIACTHOI'O KaHaJIa KOJIECa HaXO/u-

JIOCh B JUAra3oHe q|3 <q® Sq[o’l (Bce manpHelmMe u3MEeHEHHS (OPMBI JIOACTH
BBITIOJTHSIOTCS TIPU q|31 << qt3 ). 3aTtemM Al KaKAOro (PUKCHPOBAHHOTO 3Haue-

HUS q1 U3 psifa 3HAUYEHUH B JUara3oHe q% < ql < qé BBITIOJIHSIFOTCSL CIEAYIOLINE

JEUCTBUSL.
3amaercs GyHKIUSL

o*(c®)=t (a®)-o(c?) (6)
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rae (p(q3) — WCXOHAsl 3aBUCUMOCTH, ONHCHIBAIOIIas (OpMy JIOTacTH U 0003Ha-

yeHHas mosunuei 1 Ha puc. 2; f (qs) — BCIIOMOTaTeNNbHAas KBapaTndHas pyHKIus

t(a®)= ol ) +[o(a®)~o(ad )] % ) ™

3 3 3
q9 4dn q;
Puc. 2

Kpanparnunas ¢ynkius B (7) BeIOpaHa TakuM 00pa3oM, 4TOOBI 3HAUCHUS
9" q3 B BbIpaXeHHH (6) paBHAIUCH HYJIO B TOUKAX q|31 u qf’ .
3agaercsi COOTHOIIEHHE, C IMOMOIIBI0 KOTOpOro mpeobpasyercs (yHKUIUS

o (a?)
oi(a®)=0(a?)[1+vs(a?), ®

e Yg (qs) — OpJMHaTa TOYKH HEKOTOpOW KyOmdeckoi kpuBoil besne (q3 — alc-

LMcca 3TO TOYKH).
B nannoii pabote npuHsTO, 4TO OMOpHBIE Touku Py, Pi, P,, P3; ykasannoit

KpHBOﬁ besne OMPEACIIAIOTCA CIACAYIOMIUMUA 3HAUCHUAMN KOOPJAUHAT:

Po(%,0), Pi[ad +03(c® -2 ).y, Po[ad +07 (@ -3 ),v2), Ps(a2.0), @)

rae Yy, 4 Y, — BapbupyeMbIE IAPaMETPHI.

BelnonssieTcst nepexoa K HOBOM 3aBUCUMOCTH @, (qa), omwuchIBatonien hopmy

JIOIIACTH KOJIECa
on ()=t (c®) -3 (). (10)

Ha ocnoBe Bwpakenuit (6) — (10) moxxeT OBITH NMPOBEAEHO BapbUPOBAHUE
MepBOHAYAIEHONW (DOPMBI JIOMACTH HEHTPOOEKHOTO Kojieca B JOCTATOYHO IIUPO-
kux npenenax. Ha puc. 2 mosumumeidt 2 moka3zaHa HoOBas (opma JIONACTH TpU
y1 <0, Y, <0; mo3unmeit 3 ormeuena ¢opma nonactu npu yq >0, Yy, >0; mo-

sunmeit 4 — pu Y, <0, y, >0. OTMeTnm, 4T0O BO BCEX CIyYasX B COOTBETCTBUH
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co cTpykrypoi BeIpaxkeHuit (6) — (10) coxpaHSAIOTCS 3HAYEHUS IPOM3BOIHBIX
d(p/dq3 B TOYKaX q,31 u qt3.

[Ipu mpoBeseHUN a’pOAMHAMHYECKOTO COBEPIICHCTBOBAHUS IEHTPOOCIKHOTO
KoJIeca BapbUpyeMble MapaMeTphl Y, U Y, 3aal0TCs B BUAC

Y1 =2y (& -05), (11)

Y2 =2y (€, -05), (12)

rae Y, — HauOoJbllee 3HAaYCHNE TapameTpa; (F,l,é';z) — KOOPJIWHATHI TOYKH PaB-
HOMEPHO pacIpe/IeIeHHOHN MOCIeI0BATEIPHOCTH B SIMHUYHOM KBajparte, TaHHas
MTOCJIeTOBATEIFHOCTD BRIOMpAETCsl Ha OCHOBE paboThl [10].

Kpurepusmu kadectBa B HacToslield paboTe mpeyiaraercsi CYNTaTh CpeliHe-
WHTErpAIbHBIC 3HAYCHUS SHEPTEeTUICCKUX XapaKTEPUCTHK IIEHTPOOSKHOTO KoJieca

(ammabatmueckoro kodddunuenta monesnoro aeiicraus (KITJT) n’;_K_ U CTEICHU

COKATHS n;K.) B pabodeM Juama3oHe M3MEHEHHUs pacxoja BO3IyXa depe3 KoJieco.

OTH BeNWYMHBI ONPEIEISIOTCS MO Pe3yJbTaTaM CEpUH PACYETOB IMPOCTPAHCTBEH-
HOTO TypOYJIEHTHOTO TE€UYeHHS B Kojece MpH (PUKCHPOBAHHOHN (opMe JoImacTei.
Jnst ocpeTHEeHUST UCTIONB3YIOTCS (hOPMYITBI

Gmm +Gmax Gmin +Gmax
2 h 2 2
Nrg = ———— 506G, Ty =——— 5. dG, (13
Nase. G. -G, ana.e. "G G, G:'n. ae. (13)

rae (Gminmaax) — MHTEpBaJl 3HAYCHUIl pacxoja Bo3lyxa uepe3 pabouee Koieco,

OTIpeJIeJICHHBII NP YHCIIEHHOM MOJIETIMPOBAaHUM MTOTOKA B KOJIECE.

Ha ocHoBe W310)KEHHOW METOJUKH BBIMOJHEHO a’pOJWHAMUYECKOE COBEp-
HICHCTBOBaHME pabovero KoJjeca NEHTPOOSKHONH KOMIPECCOPHOH CTYIICHH.

UrcneHHOE MOJIENMPOBAHNUE MPOCTPAHCTBEHHOTO TYpPOYJIEHTHOIO MOTOKa B
KoJIece TPOBOAMIIOCH HAa PacdeTHOH ceTke, cojuepxkamedl 12x12x72 y3mos (1o
BBICOTE, IMMHUPUHE U JUTMHE MEXKIIONACTHOro KaHana). [Ipu Beibope pa3smepoB pac-
YETHO# CeTKM yuTeHbl pekomeHaarmu [11].

PaccmoTpens! BapraHTBl POPMBI JIOTACTH IIEHTPOOEKHOTO KOJieca, COOTBET-
cTByIOIIME 16 TOUKaM paBHOMEPHO paclpe/Ie]ICHHON MOCIeI0BATEIBHOCTH B €1~
HugHOM KkBajapate. Ilpu ucmonp3zoBanun cooTHomeHui (11), (12) momaranock
Ym =0,7.

PesynbpTarhl pacueToB mokazaHbl Ha puC. 3, e B 00J1aCTH NIEPEMEHHBIX &; H

F:Z MMOCTPOCHBI M30JIMHHUU MPOLUCHTHOIO M3MCHCHUA CTCICHU CXKATHA BO3JAyXa B
A o o
KOJIECE TCa_é_ IO OTHOIICHHUIO K CTCIICHHU CXaTusgd B KOJECCE C MCXOIHOU (1)OpMOI/I

nonacTy. IHTeprnonsauus pe3yIbTaToB pacueToB Ha OCHOBE HEPEryJIsipHOTro Habopa
16 y370OBBIX TOYEK IMOCTPOCHA HA OCHOBE METOAUKH [12].
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02,5-3,0
m2,0-2,5
m1,5-20
01,0-1,5
m0,5-1,0
@0,0-0,5
m-0,5-0,0
0-1,0--0,5
0-1,5--1,0
m-2,0--1,5
@-2,5--2,0

0 010,20,30,4050,60,70,80,9 1
Puc. 3

Otmernm, uto annabarnueckuii KI1J[ komeca Tz, BO BCEX PACCMOTPEHHBIX

ciydasx orinmdaeTcst MeHee ueM Ha 0,3 % oT ero 3HaueHwus It Kojleca ¢ UCXOIHOM
(hop™moii momacTu.

IIpencraBneHHble HA pUC. 3 PE3YJIBTAThl MO3BOJIAIOT BBIACIUTH B 00IaCTH Iie-
PEMEHHBIX [IB€ TOYKU W3 16 yKa3aHHBIX BBILIE: B MEPBOIM TOUKE ¢ KOOPAUHATAMHU

(0,063;0,938) BenmumHa Ty, Gonblie HCXOHOM Ha 2,3 % (T3, 34€CH MEHBIIE HA
0,1 %); Bo BrOpOit Touke (0,875;0,875) BenmmumHa fcgé_ OoJbIlIE MCXOTHOH Ha

2,8 % (M3p Menbwe Ha 0,3 %). IlepBoii TouKe COOTBETCTBYET (opma JOmNacTH,

0003HaveHHAas Mo3uIKel 4 Ha puc. 2, BTOPOi — 0003HauYeHHAas o3uLue 3.

Jns nanpHEMIero paccCMOTpEHUsT U MOATBEPKIACHUS MOJYyUYEHHBIX pe3yibTa-
TOB OblIa BBIOpaHa (opMa JIONACTH KoJIeca, COOTBETCTBYIOIIAsI IEPBOM U3 YKa3aH-
HBIX TOYEK. BBITIOHEHO YHCIEHHOE MOJEIMPOBaHUE MOTOKA B TAKOM KoJiece Ha
Oosiee MOAPOOHON (IO CPaBHEHMIO C HCIOJIB30BAHHON paHee) pacueTHOW CeTKe,
conepxkanieir 20x20x120 y3510B 10 BBICOTE, MIUPUHE U JUTMHE MEKJIOMACTHOTO
KaHana. Pe3ynbTaThl pacueToB MPHUBEACHBI HA PUC. 4 B BHJIEC DHEPTETUUECKUX Xa-
PaKTEPHUCTUK IIEHTPOOCIKHOTO KOJIeCa MPH UCXOAHOM (To3uliust 1) U MOIUPHUIHPO-
BaHHOHM (TIO3WIMsI 2) MPOCTPAHCTBEHHBIX (popMmax nomactu. Ha maHHOM pHCyHKe
BennuuHbl creneHu cxkartus, KIIJl u pacxoma Bo3myxa depe3 KOoJeco OTHECEHBI K
¥X 3HaueHusM B ontumanbHOi mo KIIJl Touke ais MCXOMHOTO Kojieca M 0003HA-

—% —% —~
YCHBI KaK Tcp.K.l np.K. )51 G . HpOCJ'Ie)KI/IBaeTCﬂ YBCINYCHUC CTCIICHU CXKATHUS B

KoJece ¢ Moau(UIMPOBaHHOW (DOPMOH JIOMACTH MO CPABHEHHIO C MCXOTHBIM KO-
JIECOM TIPH COXpaHeHWH BenuumHbI anuabaruyeckoro KIIJ[ Bo Bcem amamazoHe
M3MEHEHUs pacxojia Bo3lIyxa uepe3 Kosieco. Beruncnenus mo gopmyrnam (13) mo-
Ka3aJId, YTO OCPEIHECHHAsI CTEIICHb CKAaTHs B MOJIUMHUIIMPOBAHHOM KOJIECE YBEIIH-
ymack Ha 3,2 %, a ocpenHeHHbI aquabarnyeckuit KI1J] 3ameTHO He n3MeHmMIICS.
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0,9

Puc. 4

BeiBoasl. [Ipemnoxena MeToanKka a’poIdHAMHYECKOTO COBEPIIIEHCTBOBAHUS
pabounx KoJec MEHTPOOEIKHBIX KOMITPECCOPHBIX CTYIEHEW, KOTOpasi OCHOBaHA Ha
MPUMEHEHUN YHCIIEHHOTO MOJISIIMPOBAHHUS TPOCTPAHCTBEHHBIX TYPOYIEHTHBIX
ra3oBbeIXx TedeHHH. K OCOOEHHOCTSIM METOJUKH OTHOCATCS: BapbUpOBaHUE IIPO-
CTPaHCTBEHHOW (DOPMBI JIOTIACTH ILIEHTPOOEKHOTO Kojeca Mpu (UKCHPOBAHHOM
TMOJIO’)KEHUH €€ BXOJIHOTO W BBIXOJHOTO yYacTKa JUIi MUHUMHU3AIWW BIUSHUS (Op-
MBI JIOTIACTH Ha pabounii AWama3oH U3MEHEHHs pacxoja BO3[qyXa depes3 KOJeco U
napaMeTpbl TEYeHUs Ha BBIXOJIE M3 KoJieca; (hOpMyITMPOBKA KPUTEPUEB KadyecTBa
KaK OCPETHEHHBIX BEJIMYWH JSHEPreTHUECKUX XapaKTepUCTHK pabodero Koseca;
MOWCK PAIOHANBHBIX 3HAYEHWH TEOMETPUYECKHX IapaMeTpPOB ILEHTPOOEIKHOTO
KoJIeca IyTeM CHCTEMATHUECKOTO IIPOCMOTpa 00JIaCTH HE3aBUCUMBIX TIePEMEHHBIX
B TOUYKaX, 00pa3yroIIUX pABHOMEPHO PacIpeieNIeHHYIO OCIeI0BATEIEHOCTD.

Ha npumepe pabodero koieca MeHTPOOSKHON KOMIIPECCOPHOM CTYIIEHU pac-
YETHBIM ITyT€M TO0Ka3aHO, YTO NMPHUMEHEHHE YKAa3aHHOW METOAMKH TO3BOJSET 3a-
METHO YBEIUYUThH CTEIICHb COKATHUS MMPU COXPAHCHHH BEIIMYUHBI aIna0aTHIECKOTO
KII/] xoneca B pabouem nuana3oHe W3MEHEHUS pacxoja BO3yxa uepes KoJeco.

[Tony4yeHHsie pe3ynbTaThl NPEANOIaraeTcsl UCIONIb30BaTh B aJbHEHIIIEM MPU
a’POIMHAMUYECKON ONTHMH3AINN LEHTPOOEKHBIX CTYIIEHEH aBUAIIMOHHBIX Ta-
30TypOMHHBIX JIBUTATEIEH.

1. Benini E., Giacometti S. Design, manufacturing and operation of a small turbojet-engine for research purpos-
es. Applied Energy. 2007. Vol. 84. P. 1102-1116.

2. Pexcmun A. @., Ianepxun FO. 5. OCOOCHHOCTH TEPBHYHOTO TPOCKTHPOBAHUS MAJIOPACXOAHBIX IEHTPOOEK-
HBIX KOMIIPECCOPHBIX CTyreHell. BectHuk IlepMCKOro HaIlMOHAIBHOTO MCCIEAOBATENBCKOTO MOINTEXHUYC-
CKOTO yHHBepcuTeTa. MammHocTpoerue, MatepuanoseseHne. 2018. T. 20. Ne 2. C. 43-54.

61



10.

11.

12.

62

Poursadegh F., Hajilouy A., Nili M. A novel quasi-3d design method for centrifugal compressor impeller on
the blade-to-blade plane. Proc. of ASME TURBO EXPO 2011. (Vancouver, June 6-10, 2011). Vancouver,
British Columbia (Canada), 2011. 8 p.

Xiaomin Liu, Wenbin Zhang. Two schemes of multi-objective aerodynamic optimization for centrifugal im-
peller using response surface model and genetic algorithm. Proc. of ASME TURBO EXPO 2010. (Glasgow,
June 14-18, 2010). Glasgow (UK), 2010. 13 p.

Jin-Hyuk Kim, Jae-Ho Choi, Kwang-Yong Kim. Design optimization of a centrifugal compressor impeller
using radial basis neural network method. Proc. of ASME TURBO EXPO 2009. (June 8-12, 2009). Orlando,
Florida (USA), 2009. 9 p.

Bacunves 10. C, I'anepxun IO. b., Condamosa K. B. OntuMusauus mpoToYHOH 4acTi TypOOMaIiuH (Ha mpu-
Mepe HEeHTPOOEKHBIX KoMipeccopoB). [Ipobaemsl snepreruku. 2011. Ne 9—10. C. 105-117.

Noll B. Evaluation of a Bounded High-Resolution Scheme for Combustor Flow Computations. AIAA J. 1992.
Vol. 30. Ne 1. P. 64-69.

Pybnesckuii E. FO., ITnakywuii [. A., [Tucomennvii B. U., Keawa FO. A. UucneHHOE UCCIIENOBAHUE JIBYXCTY-
MIEHYaTOro BeHTWIATOpa. BecTHuk nBuratenectpoenus. 2013. Ne 2. C. 169-176.

Hucomennwiii B. U., Keawa FO. A. Pacyet TpexMepHOro TypOYJIEHTHOIO IOTOKa BO3AyXa B LIEHTPOOEKHOM
cryneHu komnpeccopa. Texuuyeckas mexanuka. 2004. Ne 2. C. 94-99.

Cobonb U. M., Cmamnukos P. 5. BblOOp OoNTUMaJbHBIX HapaMeTpoB B 33j1a4aX CO MHOTUMM KPUTEPHUSMH.
M.: Hayxka, 1981. 110 c.

Ksawa FO. A., 3unesuu H. A. K BbIOOpY pacueTHBIX CETOK MPU YUCICHHOM MOJEIMPOBAHUH IPOCTPAHCTBEH-
HBIX TypﬁyﬂeHTHLIX TEUEHHI B pa60qux KoOJIecaX CBEPX3BYKOBBLIX KOMIIPECCOPHBIX CTyl'[eHeﬁ. Texuuueckas
mexanuka. 2013. Ne 3. C. 34-41.

Keawa I0. A., 3unesuy H. A. K uHTepHIOISINY LEeNeBOH (YHKIMU IPU ONTUMU3ALIH TEXHUYECKUX CHCTEM.
Texunueckas mexaunka. 2018. Ne 2. C. 71-78.

Iomyueno 15.02.2019,
B oKoHuaTensHOM Bapuante 04.03.2019



