Haegedeno ananiz 3acmocyseanns i ocodoau-
socmeti NPoeKmMy8anns 6vblCOKOHABAHMAIICEHO -
20 810UEHMPOBOZO KOMNPECOPHO20 CMYNEHIO, 4
MaKoxHc pe3yromamu po3paxynxy ozo nanip-
HOI Xapaxmepucmurxu Ha HOMIHATbHIN yacmomi
obepmanns 6 pisnux CFD naxemax

Knouoei cnosa: eiduenmposuil xomnpecop,
eazomypoéinna enepeoycmanosxa

Ipuseden ananus npumenenus u ocoben-
HOCMel npoexmupoeanust 6vlCOKOHANOPHOU
UEHMPOOEIHCHOT KOMNPECCOPHOU Cmynenu, a
maxsice pesyabmamvl pacuema ee HANOPHOU
xapaxmepucmuxu Ha HOMUHAIGHOU wacmome
epauwenus 6 pasnuunoix CFD naxemax

Kmoueevie cnoea: uenmpobesxcnotii Kom-
npeccop, eazomypounHas IHeP2oyYCcmanosKa

The analysis of application and features of
designing of a high-pressure centrifugal comp-
ressor step, and also results of calculation of its
pressure characteristic on a nominal rotational
speed in various CFD packages is resulted

Keywords: centrifugal compressor, industri-
al gas-turbine plant

1. BBenenue

OO6muii aHaIM3 TeHIEHINI Pa3BUTHS CTALlMOHAPHOTO
ra3oTypOOCTPOEHUsI YKA3bIBAET HA YBEJIUYEHUE eUHIY-
HOIl MOITHOCTH OT/I€JIBHBIX y3JI0B arperaToB 3a cuUeT CO-
KpallleHus COCTABJSIONNX 9jeMeHTOB. [IpuMenuTenbHO
K KOMIIpeccopaM, KOTOpble UIPAI0T OYeHb BaKHYIO POJIb
B 0061IeH CTOMMOCTH KU3HEHHOTO TIMKJIA ra30TypOMHHBIX
9HEPTOATPETraToOB, ITO MPOSBISETCS B COKPAIEHUN YHCIA
cTyTeHell U, COOTBETCTBEHHO, POCTY 001IIel a9pognHaMI-
YeCKOl HArPYKEHHOCTH CTYTIeHel KOMITpeccopa.

2. ITocranoBka 3aja4yu

AHaJiu3 cyuecTBYOMMX KOHCTPYKITUIT cTalmoHap-
HBIX Ta30BbIX TYPOUH Masioll u cpeareii mounoctu (N
= 2..20 MBT, npousBoaurensnoctp G = 10..80 xr/c,
CTelleHnb MOBLIITEHN HOMHOTO AaBAeHUd Tt = 6..15),
MOKa3bIBAET, YTO B HUX UCIHOJB3YIOTCS UCKIIOYUTE b-
HO OCeBbIe KOMIIPECCOPHI UJIHM B OYE€Hb MaJION CTEIeH!
— oceneHTpoOekHbIe KOMIIpeccopbl. C OMHON CTOPOHBI
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3T0 0OyCJIOBJEHO TeM, YTO HCTOpuYecku B Poccuwm
CTalMOHapHbIE Ta3oBbie TYPOUHbBI pas3pabaTbiBauCh
B Kb n Ha npeanpusatusax, HUKaKk He CBSA3AHHBIX C BO-
eHHO-TIpOMbINITeHHBIM KoMTsiekcoM (BIIK), u motomy
y HUX He ObLJIO J0CTyNa K CAMBIM COBPEMEHHBIM pas-
paboTkam B 06J1aCTH a3POJAMHAMUKHN KOMIIPECCOPOB |
COOTBETCTBYIONUM MaTepuajaM u obopypoBanuio. C
JPyroil CTOPOHBI, BRIXOAAIME ceiiyac Ha PBIHOK CTa-
nuoHapHbiX Typbun upennpusitusi BIIK crapaworcs
HCIIOJb30BATH YIKe CYNECTBYIONINE HAPAaOOTKH B BUE
rOTOBBIX y3JI0B pa3paboTaHHBIX aBUAIIMOHHBIX JBUTA-
TeJsiell, T.e. OHU TaK’Ke He MPEANPUHUMAIOT CepPbe3HbIX
MONBITOK B YAaCTH yBEJMWYEHUS HATPYKEHHOCTH 3Je-
MEHTOB KOHCTPYKIIMH M COKPANeHUS UX METAJJI0CM-
KOCTH.

[Tomumo mcronb3oBaHUA KOMIIPECCOPOB B COCTaBe
9HEPreTUYECKMX YCTAHOBOK, CYIECTBYET OUeHb GOIBITON
[IapK yCTAHOBOK, NPUMEHAEMbIX B Pa3JIMYHBIX OTpac-
JISIX HAPOJHOTO X03siicTBa — B 001eM MAIIUHOCTPOEHUH,
METAJIJIyPrun, XUMUUYECKOM ITPOMBIIIJICHHOCTH U T.J., B
KOTOPBIX UCIIOJIb3YOTCSI MHOTOCTYIIEHYATBIE IIEHTPOOEK-
HBIe KOMITPECCOPHI, CTIPOEKTUPOBAHHBIE B paMKaX ITpej-




CTaBJIEHUH, TOCIOACTBOBABIINX B cepennne 50-X TomoB
npomioro Beka [1]. K macrosmemy Bpemenu 60Jbinast
4acTh 3TOr0 000PYAOBAHUS MOPAJIbHO U (PU3UUYECKHU yCTa-
pedia, u Tpebyer 3aMeHbl.

B TO ke BpeMsi B aBUAIIMOHHON MPOMBIIIJIEHHOCTH
HAKOMJIEH OOJBIION OIBIT IPOCKTUPOBAHUS U IKCILIY-
aTalUu BHICOKOHATIOPHBIX EHTPOOEKHBIX CTyEHEH Ha
CTelleHb MOBBIINICHUS IOJHOrO AaBJeHUs T = 6..10 ¢
oTHOCUTENbHO BbhicokuM yposuem KIIJI n' = 0,8...0,82,
KOTOpbIe MPUMEHSIOTCS B MAJOPa3MEPHBIX JBUTATESIX
B kmacce momHOocT N = 200..700 KBT1. B wactHOCTH,
¢ Hayana 90-X TOMOB MPOIIJIOro BeKa HAXOMHUTCS B 9KC-
nayaranuu asurateas Allison 250-C30/C40 (ero monu-
dbukanusg - asuraresp RR300), koropsiii o6opynosan
OJHOCTYIIEHYATHIM HEHTPOOEKHBIM KOMIIPECCOPOM CO
CTEMeHbI0 CKATUA T, = 9,2 TPH TPOU3BOAUTETHHO-
ctu 2,8 xr/c. B 2009 roay ¢upma Rolls-Royse mpoze-
MoHcTpupoBaja asuratesb RR500 ¢ ognocTymeHgaTsim
HEHTPOBEKHBIM KOMIIPECCOPOM CO CTEHEHBIO CHKATUS
n'x = 7,6 npu npoussonuTenbHocTn 2,8 kr/c. Mupmoit
Turbomeca paspaboran asurarenpArrius 2G1 na Gase
OIHOCTYTIEHYATOTO KOMIIPECCOPA CO CTENeHbIO TOBBI-
WeHns gaBiaeHus Tt = 8,5 (Mognduranusa — Arrius 3,
B KOTOPOM yCTaHOBJIEeHa CTyIHeHb ¢ T, = 12). @upma
Pratt-Whitney cospana cemeiictBo aBuraresneit PW206
(npuMeHeHa 1eHTPoOeKHAsA CTYNEHb CO CTENEeHbIO MO-
BBIIIEHUA AaBJCHUA T = 8). AHaJIOrHYHbIC PabOTHI MO
1eHTPOOEKHBIM CTYIIEHSIM IPOBOAUMKCH U B Poccuu, HO
6e3 BHEJPEHUS B CEPUAHOE IPOU3BOJCTBO.

3. Pe3yabrarhl NIPOEKTHPOBAHUS

rnmapaMeTpsl uMeeT 6 CTyIeHell IPu YacToTe BPAIleHus N =
5690 06/mMuH, rabapuThl 9TOro KoMIIpeccopa — AJanHa 3,3
M, IMAMETP 10 KOPIIYCY — OKOJIO 2 M.

IIpeaBapuTeNbHBIN aHATN3 TOKA3a, IYTO s 0be-
credenust TpebyeMOil CTeNEeHU MOBBIIIEHUS JaBJIEHUSI
7= 7,53 oKpysHas CKOPOCTb N0JKHA OLITH He MeHee
Uy =583 m/c. [lpu 3aianHoii vacTOTE BpallleHUS POTOPA
Typbokomiupeccopa n = 12810 06/MuH guaMerp 1o KOH-
aM jonaTok pabouero Kojeca Dy = 870 mm. [Tonyuen-
Hasd BeJUYUHA OKPYKHOI ckopocTH Uy CBUIETENBCTBY-
€T 0 TOM, YTO Ha BXojie B pabouee Koyieco Teuenne Oyaer
6113K0 K cBepX3BYKOBOMY. C 11€JIbI0 CHUIKEHWST Y POBHSI
CKOPOCTEH 10 MPOTOYHON YacTu pabodyero Kojeca ycra-
HaBJMBAETCS IOBOPOTHBIM BXOJHOH HanpaBJIAIOMNI
anmapar, o6ecleynBaoIi npeIBapuTeIbHY 0 3aKPYT-
Ky moToka mepea pabounmu somarkamu. JlomosaHu-
TeJbHBIMU QYHKIUSAMU BXOJHOrO anmnapara gaBiasgioTcs
TaK)ke CHUJKEHIEe MOITHOCTU KOMIIpeccopa Ha peskuMax
3allyCKa M BO3MOJKHAs ONTHUMaJbHasd HACTPOHKA KOM-
npeccopa Ha OCHOBHBIX Pab0ouMX PEKUMAX.

Ha puc. 1 [2] npuBenena o6iacTh IPUMEHEHUS KOM-
IIPECCOB PA3JIMYHOTO KOHCTPYKTUBHOT'O UCIIOJHEHUS, UC-
nosbsyemas B kommanuu Rolls-RoyceEnergySystems, a
UMEHHO — 3aBUCUMOCTHU Koapdumnnenta namopa nu KII/]
oT koaddunmenta pacxona. B mamem ciayuae, mpHu Ko-

adunmenTe pacxona @= = 0,1 pacyeTHas To4ykKa

2
nR5U,
KOMIIPECCOpa pacioyaraeTcs B onTHMaJabHoii obaactn 3D
— pabounx KOJIEC, 4TO CBU/ETENBCTBYET O MPABUIBHOCTH

BbIOOpA TUIIA IPOTOYHON YACTH KOMIIPECCOPA.
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MOTIHbIE BBIYMCJIUTEIbHbBIE CH-
CTEMBbI, COKpAIIAIoNiie CPOKU
MPOBE/ICHUS CJIOKHBIX TPEXMEP-
HBIX PACYETOB.

Bce Bblie ckazannoe cuje-
TEJbCTBYET O TOM, UTO CO3/[aH1e
BBICOKOHAIIOPHOU [EHTPOOEK-
HOH cTyneHn (C BBICOKUM yPOB- .
HeM ajauabatuueckoro KIIJT)

JUJIST TIPOMBIIIJICHHBIX KOMIIpecC-
COPOB ¥ 9HEPTETHYECKUX yCTa-
HOBOK BO3MOJKHO.

B pamkax pemenus aToll 3azaum B Halleil KomIia-
HUW BBITTOJHEH a9POIMHAMUYECKUIT U TPOYHOCTHON MPO-
€KT OJHOCTYIEHYATOro IEeHTPOOEKHOr0 KOMIIpeccopa
Ha CcTeneHb TOBBINICHUS MOJHOTO AABJCHUSA T = 7,5 U
npoussoputenbiocts G = 30 kr/c s razorypOUHHOIM
MPOMBIIIJIEHHOM ycTaHOBKHU. [lJIsT cpaBHEHUS MOXKHO OT-
METUTb, YTO TUTIOBOH cTaruoHapubiit Kommpeccop K-905-
62-1 (paspaborka H3JI) Ha 61u3kue asapoauHaAMUUYeCKIe
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Puc. 1. O6nacti npumeHeHUst pa3iMuHbIX TUMOB KOMMNPECCOPOB

CrenyeT Takke OTMETHUTD, YTO YBEJAUUYCHHIE PA3MEPHO-
CTH KOMIIPeccopa OTHOCUTEJIbHO MOJIEJIbHBIX CTyTIeHell He
npuBoauT K camkenunio KII/[, a ormeuaercs ero mpupoct
Ha 1..1,5% BcieicTBUe CHUKEHWST BJIUSHUS BTOPUYHBIX
TeuyeHHU I U paJjuaJbHOTO 3a30pa.

Jlnsg MusuMu3anuu rabaputoB pabodero Kojeca Be-
JIMYUHA PACXOJHON CKOPOCTH 110 BXOAY B pabouee KoJieco
npunsita C, = 185 M/c, 4T0 GJIUBKO K BEPXHEMY TIPeIeny,



NPUHATOMY B IIPOEKTHPOBAHUU KOMIIPECCOPOB (C TOYKHU
3PEHUS TMPOIYCKHOW ¢mocoOHOCTH). AHANU3 CYIIECTBY-
IOIUX KOHCTPYKIUIT OMHOCTYIEHYATHIX HEHTPOOEKHBIX
KOMIIPECCOPOB aBUAIIMOHHOIO TIpUMeHeHust (Ha GJIU3KYI0
CTeneHb MOBBIMIEHNS TaBJEHN) MOKA3aJ, UTO MPHU KOH-
COJIBHOM PACIIOJIOKEHUH KOJIeC OTHOCUTEJIBHBIH 1uaMeTp
BTYJIKM HaxoauTcs B npegenax d, =0,42...0,5.

Vcxomst 13 BBIOPAHHOTO OTHOCHTEJIBHOTO JMaMeTpa
sryiaku d, =0,46 (c yyeToM MUHMMAJbHBIX rabapuTOB
BaJia U OTOPbI), BXOAHOW [uaMeTp 1o mepudepun Kojeca
pasen Dy, = 500 MM, quameTp BTYJKN paBeH Dy = 230
MM.

[lpyrum BaskHbIM (haKkTOpPOM, otpeeasonum addex-
TUBHOCTH paboyero KoJeca, SBJISIETCSI OTHOCUTEJbHAS
ocesast anna (L=L1/D, ). C 0HO# cTOPOHBI OHA OTPaHU-
YyeHa NnpejieIbHOI Harpy3Koil Ha JIOaTOYHbIe BEHIIBI KOJe-
ca (T.e. 4eM yiKe KoJieco, TeM GoJjiee Harpy KEeHbI JIOMATKL),
C IPYTOil CTOPOHBI - MIPeAEIbHbIM rabapuTOM 3aTOTOBKH U
ee BECOM, a TaKJKe pacnoJioskenreM omnop. Mexons us aTux
OrpaHMYeHUi, OTHOCHUTEbHASI OCeBasl JJMHA pabodero
kosieca npunsita L=0,256, uTo HUXKE YeM JJIsI aBUAIM-
OHHBIX Pabouux Kojiec ¢ HIAU3KOI CTENEHbIO TTOBBIIIEH ST
JNaBJIEHUS, 15T KOTOPBIX Ly =0,3.

Yucsio omarok pabouero Kojeca IPUHUMAI0Ch HCXO-
15T U3 yCJoBUs 00ecredeHnst MUHIMAJIbHOTO YTJjla OTCTa-
BaHUsI, IPU KOTOPOM 06ecreuynBaeTcst 3ajaHHasl CTENEHb
MOBBIIIIEH WS IABJEHUsT KoJieca. B nmpakTuke mpoekTupo-
BaHUs 1[eHTPOOEKHBIX CTYIEHEN HaHHBIH KpUTEpUil Ha-
3bIBaeTCS KOAMOUIMEHT CKOTbKEHU S, OH YCTAaHABINBAET
CBsI3b MEXKIY PEATbHBIM TIOTOKOM U TEOPETHYECKUM IIPU

C

—2  CorjacHoO
. 2uce
NMeEIeMCAa JaHHbIM, 3TOT KpI/ITepI/II/I B OCHOBHOM 3aBU-

6ECKOHEYHOM 4YHCJE JIONATOK WK w=

CUT OT YHCJIA JIOTATOK, MPU TOCTUKEHUH OMPEIETEHHOTO
YUCJIO JIOTIATOK KPUTEPUH | MPAKTUYECKU HE MEHSEeTCS
(TUIIMYHAS 3aBUCUMOCTD npuBeieHa Ha puc. 2 [3]). das
rapaHTUPOBAHHOTO 06ECIIEUEHU ST HATIOPA YKCJIO JIOATOK,
KaK [PaBUJIO, BBIOMPAETCsI 32 TOUKOI eperuba yKasaHHOI
3aBUcUMOCTH. VcXo[st U3 aTOro, a Takke obecledyeHust
TpebyeMOro ypoBHsI Harpy3ku, BBIOPAHO YMCJIO JIONATOK
110 BBIXO/Y z = 38, 4McJI0 JIOaTOK Ha BXOJE COCTaBJISET
z = 19. U3 aspopHaMUYeCKUX U KOHCTPYKTHUBHBIX CO-
00pakeHU !l KOJIECO BBIIIOJHEHO COCTABHBIM M BKJIUAET
0CEBYIO M PAJTUAJIBHYIO YACTH.
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Puc. 2. XapakTep M3MeHeHUs1 KO3 ULMEHTA CKONIBXKEHHS 1L

NNSYS

Mach Number

Puc. 3. Pacnpegenenue uvcen Maxa B MepuanoHanbHOM
npoekuuu paboyero Koneca

Jlnss MUHUMW3AIMU TIOTEPh paauaJbHasl 4acTh II€H-
TPOOEIKHOTO KOJIECA BBIIIOJHEHA C OKPYKHBIM CMEILIEHUEM
OTHOCHUTENbHO oceBoli yacTu. ¥YBenuuenue KII/| mponcxo-
JIUT 32 CYET ONITUMU3AIMYI HATEKAHUS TOTOKA HA JIOTIATKH
pa/inajbHOIl YacTH, a TOUuHee, 32 CYET CHUIKEHUS T0TEPh
[pM HATEKAHWHW TOTOKA HA Ha3BAaHHBIE JIOMATKU. IJTO
00YCJIOBJIEHO ONTUMAJbHBIM MPOGUINPOBAHUEM 00OUX
gyacreil pabovyero Kojeca B 30HE CTHIKAa JIBYX JAMCKOB C
Y4eTOM PA3JUYHBIX YTJI0OB OTCTaBAHUS MOTOKA 1O BBHICOTE
TPaKTa B OCEBOI YaCcTH KOJeca M Pa3JIMIHbIX YIJIOB aTaKu
MaKCUMaJbHOU 3 deKTUBHOCTH 1EeHTPOOEKHOI YacTu
pabouero koseca.

BsanmMHOe TPOHMKHOBEHHUE JIOMATOYHBIX BEHIIOB B
ME3KJIOTIATOYHbBIC KaHAJIbl JIOKAJbHO YBEJINUUBAET I'yCTO-
Ty PENmIeTKH B MeCTe CTHIKA JNCKOB, YTO MOJOKHUTEIHHO
BO3/IeHCTBYET Ha MOTOK. JIoKaibHOE yBeJudeHne rycToThl
pemieTK MPUBOJIUT, TAKIKE K YMEHBINEHUIO HHTECHCUBHO-
CTHU OTPBIBHBIX SIBJIEHUH B mepUdepuilHoN 4acTH BBIXOJI-
HOU KPOMKHM OCeBOM JionmaTKku. XapakTep pacnpeesieHus
CKOPOCTEH BHYTPH IIPOTOYHOIT yacT pabouero KoJjeca Ha
pacyeTHOM peskuMe NOKa3aH Ha puc. 3 (MepUIMOHATIbHAS
TPOeKns) U puc. 4 (B OKPY’KHOM HAIlPaBJEHNH B TpPexX
CeYeHUsIX 110 BBICOTE).

CocTaBHas KOHCTPYKIIMS KOJIECa TO3BOJISIET UCIOJIb-
30BaTh PA3JMYHblE MATEPUAJIbI, B YACTHOCTH, JJS paau-
AJIBHOI YacTu B IIPOEKTE CTYIEHU HCIOJb3YeTCs TUTAH
BT-6. Ilo aToit KOHCTPYKIIMYU KOJieca TOJTYyIeHO MOJI0KN-
TeJbHOE PellleH e Ha MOJe3HYI0 MOJIEb.

C y4eToM HaJInuus CBEPX3BYKOBBIX CKOPOCTEH HA BbI-
xozie 3 pabouero koJieca (B ab6COMOTHOM ABMKEHUN), [JIsT
YMEHBIIEHUS MOTEPD TOJHOTO JaBJEHUS B JIONATOYHOM
nnddysope BxopHas KpoMKa pacrosnoxkena va Dy = 1000
MM, 4T0 cooTtBercTByeT D,/D, =115 (Xopouio cornacyer-
csl ¢ UMEIOIUMHUCS CTYTIeHsIMU-aHajoramu). Pagnanbpaoe
0JI0JKEH e BBIXOIHOM KPOMKHU BTOPOTO psiza auddysopa
BbIOpaHO u3 obecrneuenuss obuieit crenenu auddysop-
Hoctu B npenenax F =3,35..3,45, a Takke IpeeabHOMI
MuHUMU3a UK rabaputos auddysopa. Mexoas us aToro
auamerp Boixoga us auddysopa Beibpan Dy = 1400 MM,
npu atom D, /D, =14 uro GI1M3KO K HUKHEMY MPENETY
JUTS CYTIECTBYONUX KOHCTPYKIHUH. [To KOHCTPYKTUBHBIM
coobpaskeHusIM BBITIOJHEHA TPOPAbOTKA IBYX BAPHAHTOB
nuddysopa — ABYXPSILHOTO JOMATOYHOTO U OJTHOPSIHOTO
KJIMHOBOTO.

Yuco gonaTok guddysopa B 060UX CaydasM HPUH-
TO OJIMHAKOBBIM Z =18.



a)

Mach Number

Puc. 4. Pacnpegenenue uncen Maxa B nepudpepmitHom (a), cpepHem (6) v BTy10UHOM (B) cedeHusx
pabouero Koneca
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Puc. 6. NMpoTouHble yacT audpdpysopa: a — nonaTouHbIH
anddysop, 6 — KNMHOBOM Andy3op

Ha puc. 7 mokasaHa HamopHasi XapaKTepPUCTUKA I[€H-
TPOOEKHOI CTyIleHM Ha PaCYyeTHOW 4acToTe BpalleHUs
MUt IBYX TUMOB 11 dy30poB, paccunTaHHAsT B KOMMeEpP-
yeckom nakere ANSYS-CFX. Bugno, uto 06e KOHCTPYK-
WU aHAJOTUYHBI 110 a9POJAMHAMUYECKUM TapaMeTpam,
T.€. JOCTHKUMBIH ypoBenb agnabatuueckoro KII/ cryme-
HU cocTaBasgeT ' = 0,83.

4. 3akmoueHne

C 1esbio MOATBEPK/IEHUS 3asABJCHHBIX 1apaMeTpoB
HEeHTPOOEKHOI CTYyNEeHU aHAJOTHUYHbIE PACYEThl ObIIK
BBITIOJTHEHBI B IBYX APYTUX NaKeTaX, CpPaBHUTEJIbHbIE pe-
3yJIbTATBL II0KA3aHbL HAa pUC. 8, U3 KOTOPOTO CJIEAYET, YTO
BCE IPOTPAMMBI JIAIOT IIPAKTUYECKN OJNHAKOBDBIN PE3yJib-

TaT, U 3TO CBUECTEJAbCTBYET O HAJIEKHOCTU POEKTUPOBA-
HUST IIEHTPOOEKHON CTYTIEH.
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Hagedeno yzazanvnenns excnepumenmano-
Hux oanux 3 2i0podunamixu ma mennoooMmi-
HY MoOesi UUKIIOHH020 0XOJI00NHCEHHA 6XIOHOT
Kpomiu ionamxu 2a3060i mypoinu. Ompumano
3anexcrocmi paxmopie inmencupixauii menso-
00Mminy i 2idpasniunozo onopy 6i0 napamempy
3aKpymxu nomoxy

Knrouoei cnosa: enympiune yuxiontue oxo-
JL00JCEeHHs IonamKu, 2iopodunamixa

IIpedcmasneno o6obwenue sxcnepumen-
MAIbHLIX 0AHHBLX N0 2UOPOOUHAMUKE U MENTLO-
obMeny MoOenU UUKIONIH020 OXAANCOEHUS
6X00MHOU KPOMKU JIONAMKU 2430801 mypoOuisL.
Hoayuenvt 3asucumocmu gaxmopos unmen-
cuurauuu mennoodmena u 2u0PaAGAUMECKO-
20 conpomuesenus om napamempa 3aKpymiu
nomoxa

Knioueevie cnosa: enympennee yuxaonmnoe
oxsiacoenue 10namKu, euopoouUHamMuKa

The generalization of experimental data on
the hydrodynamics and heat transfer in the
model of blade leading edge with cyclone cooli-
ng is presented. The correlations regarding the
heat transfer augmentation and hydraulic resi-
stance factor growth are given as a function of
swirl parameter. The thermal-hydraulic analy-
sis of the investigated cooling schemes was car-
ried out

Key words: internal cyclone blade cooling,
hydrodynamics
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Benenune

[lukgoHHOE OXJakaeHue, OJIArofapsi TEXHOJIOTHIe-
CKOH TPOCTOTE M JOCTATOYHO BBICOKOMY YPOBHIO WH-
TeHCU(BUKAIUU TelI000MeHa, MOKHO CUYUTATh OJHUM
u3 Haubosiee MEPCHEKTUBHBIX CIIOCOOOB BHYTPEHHETO
OXJIAXKIEHUS JIONATOK Ta30BbIX TypOuH. Ilpu mpaxrtu-
YeCKO# peaynsanuy JAHHOTO cllocoba BO BCEX CJyda-
AX UCIOJb3YIOT TAHTEHI[MAJbHBIN MOABOJ OXJAJAUTEJS
yepe3 OJ[HO MJIM HECKOJBKO OTBEPCTUH KPYTA0ro JuGo
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PSMOYTOJIBHOTO cedyeHusd. B Hacrosdiiee BpeMs nme-
eTCsl Psijl BKCIEPUMEHTAIbHBIX paboT [1-5], B KOTOPBIX
[PEIOKEHbl YPABHEHUS TOM00USI IJIST pacdyera TernJo-
0oOMeHa U CONPOTUBJIEHUS 3aKPYUYEHHOTO [IOTOKA B KPY-
r10ii Tpy6e. DTU ypaBHEHUS TIOJYUEHBI IPU PA3IHMUHBIX
IPAHUYHDBIX YCJIOBUSIX HA BXO/IE U BBIXO/IE, M OXBATBIBAIOT
MUPOKUil nuamazon yucesn Pefinonbaca. B [5] mokasa-
HO, 4TO KOH(UIypalus KaHaja C OJHUM 3aBUXPUTE-
JIeM BCJIEACTBYE Psijia IPUYMH uMeeT OoJiee BbICOKUI
cpennuil (pakTop MHTEHCU(PUKAIUKM TEma00O0MeHa 110



