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BBIBOP PAIIMOHAJILHOI'O 3HAYEHMS PAJINYCA TAJITEJIA IPUKOPHEBOM
30HBI PABOYEM JIONATKH

AHHOTAITHA Paboma noceéswena pewenuio 8axiCHOU HAYYHO-MeXHUYecKol npobiemvl — NOSbieHulo dg@exmusnocmu
yacmu HU3K020 0ABNeHUsT MOWHOU naposoti mypourvl. [Iposedenvl npouHOCmHbIE U AIPOOUHAMUYECKUE pACYembl NPU Ye-
MbIpex 3HAUSHUAX Paouyca 2aimenu PpUKOPHesoll 30Hbl pabouetl ionamxu nocieonet cmynenu LIHJ] naposoi mypounsr u
onpeoenenvl payuoHanbHbie 3naienus paouyca carmenu. Ilpeonazaemes ymenvuums paouyc eanmenu 00 25-30 mm, umo
N0360UM YAYUUUNG AIPOOUHAMUYECKUE XAPAKMEPUCTIUKY NPU COXPAHEHUU NPOYHOCTHBIX NOKA3amenel.

Knrwoueswle cnosa: pabouas nonamxa, npukopHesas 301a, 2aimeib, RPOYHOCHb, 2A300UHAMUKA.

Yu. A. YUDIN, V. P. SUBOTOVICH, A. Yu. YUDIN, A. Yu. BOIARSHYNOV

CHOOSING THE RATIONAL RADIUS VALUE FOR THE FILLET IN THE ROTOR
BLADE ROOT ZONE

ABSTRACT The root zone of rotor blades is the less studied element of the flow section of steam turbine. This problem is
especially vital for the long blades in the low pressure section. The design of this zone is related to two aspects embracing
aerodynamic and strength properties. The investigations were carried out using the models that were constructed based on
the real rotor blade of the last stage of a turbine operated by the PJSC "Turboatom" with the working section length of 1030
mm. These investigations enabled the establishment of the rational shape for the blade zone in question for the first time. To
reduce the stress concentration the passage from the blade surface to the shank seat was made using the fillets. When the
data on the stressed state character of a transient zone are unavailable the fillet radius is selected based on the conceptions
of appropriateness of the selection of the feasibly highest value of it. The available radius of 45 mm was selected arbitrary
enough for the given fillet. The investigations carried out showed the possibility of an increase in the aerodynamic efficiency
with the retention of strength indices. Consideration was given to the problems of formation of active and root zones of the
blade and the influence of different geometric factors was analyzed. It has been established that it is quite possible to reduce

the root fillet radius from 45 to 25 or 30 mm.

Key words: rotor blade, root zone, fillet, strength and the gas dynamics.

BBenenune

K HauMmeHee HMCCIeTOBaHHBIM DJIEMEHTAaM TIPO-
TOYHOW YaCTH MapOBOW TYpOWHBI OTHOCHUTCS MIPHKOP-
HeBas 30Ha pabouux jomatok. B 3Toi 30He umeercs
mpo0IieMa CONPSKCHUST KOPHEBBIX CCUCHUN JIONATKH C
MMOBEPXHOCTBIO TIONKH XBOCTOBHKAa. OCOOCHHO 3TO
aKTyaJdbHO IS JUIMHHBIX JIOMATOK YacTH HU3KOTO
napiaeHus. [IpoekTupoBaHUE 3TOM 30HBI CBSI3aHO C
IBYMS KaTETOPHSIMHA — a’POTUHAMUYCCKUMHA U TIPOY-
HOCTHBIMHU. JIJI1 CHIDKEHUSI KOHIICHTPALUU HaTIpsKe-
HUW B KOPHEBOH 30HE compsikeHne MPoUILHON Jac-
TH JIOMATKH C IOBEPXHOCTHIO IOJKHM XBOCTOBHKA
OOBIYHO BBIMOJIHAIOT C TIOMOIIBIO TAJTEIH OIperae-
JICHHOTO pajnyca, 4ToObl obecreunTh OOJBIION 3arac
NpOYHOCTU. [IpM OTCYTCTBMH JaHHBIX O XapakTepe
HATPSKCHHOTO COCTOSHHS MEPEXOTHON 30HBI PATUYC
TaNTed BBIOMPACTCS WCXOMS W3 MPEICTABICHUUA O
[EJIeCO00Pa3HOCTH BBIOOpPA BO3MOXKHO OOIBIIEH €ro
BemuuHBl [1-3]. C omHOW CTOpOHBI, 4eM OoJbIie
pannyc TajTend, TeM MEHBIIe HepaBHOMEPHOCTE pac-
MpeAeyeHUs] HalpsHKEHU B MPUKOPHEBOW 30HE JIO-
MaTKH W3-32 CHIDKEHUS KOHIICHTPALUU HaIPSHKSHUN
[4-6]. C mpyroii CTOPOHBI yBEeIMYEHHE pajguyca Taj-
TENH MPHUBOAMUT K 3aTPOMOKACHUIO KaHAJIOB paboueit
PCIICTKH U CO3MaCT yXYIUICHHBIC YCIOBHS TCUCHHS
pabouero tena [7-9].

ean paboTbl

Llenplo JaHHOTO HCCIIENOBaHUS SBISIETCS OII-
peleseHre paloHAIBHOIO 3HaYeHHs paJiyca rajire-
JIM TIPUKOPHEBOI 30HBI paboYel JIOMAaTKU MocieTHen
CTYIEHU HA OCHOBE aHAM3a PE3yJIbTaTOB PACUETHBIX
WCCIICOBAaHUN BIMSHMS PA3IMYHBIX PaJNyCOB rajTe-
JIM Ha a3pOAMHAMUKY U paclpeeiIeHie HarpsHKeHUH.

[IpencraBneHHbIe HIKE PpE3YNbTAaTHl IIPOBE-
JCHHBIX HCCIIENOBaHHN I10KA3BIBAIOT BO3MOYKHOCTb
BBIOOpa MUHHUMAJIBHO JOITyCTHMBIX PaJdyCOB IajTe-
Jefl 0 HapyXHOMY M BHYTPEHHEMY KOHTypaM IIpH-
KOPHEBOH 30HBI, HMCXOAS M3 YCIOBHS COXpaHEHHs
KOHCTPYKIIMOHHOW NPOYHOCTH JIONATKH, NPH YIyd-
HIEHNH a9pPOIMHAMUYECKHX XapaKTEPUCTHUK.

IIpounocTHBIE XaPAKTEPHUCTHKH
NPUKOPHEBOIi 30HBI

HccnenoBanus BBIIOJIHEHB! IPH TOMOIIH TIPO-
rpaMmHOTO Komruiekca ANSY'S Ha MOZETsIX, KOTOphIe
MOCTPOCHBI Ha OCHOBE pEaNbHOW paboueil momaTku
nocnenHeit crynenu TypouH ITAO «TypGoaTtom» ¢
JUIMHO# paboueit yactu 1030 mm.

Ha puc. 1 mpuBesneHo pacrpeeneHnue Harps-
JKEHUl MU BEIWYHMHAX PaJMyCoB rajTeian R paBHBIX
45, 30, 25 u 20 mMm. Ilpu mepexonme oT pamuyca
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Puc. 1 — Pacnpedenenue nanpssicenuii npu paouycax ckpyeieHus nPpUKOpHesoli caimenu.
a—45, 30 mm; 6—25, 20 um

R =45 mMm K paguycy R =30 MM npakTHYeCKH HE Ha-
OmofaeTcss W3MEHCHHS CPEIHUX M MAaKCHMATBHBIX
HanpspkeHnHd. OJHAKO TPOSIBIISICTCS TEHICHIMA K
CHIDKCHHIO HANpsHKCHUH TPU YMCHBIICHUW paauyca
TanTed B TIpelenax HECKOIBKHX IMPOICHTOB, YTO
MOJXHO OOBSCHUTH, TJIABHBIM 00pa3oM, CHIDKCHHEM
MAacCHI TalITeNI! U, COOTBETCTBEHHO, HATPY3KH OT IEH-
TPOOEIKHBIX CHJ NPU YMEHBIICHUU pamuyca. Takum
00pa3oM, B HCCICIOBAHHBIX NpEieiaX HE BBIIBICHO
OTPHIIATSIIbHOTO BIUSHHUS YMCHBIICHUS BEIMYUHBI
TaJTeId Ha HANPsDKEHHOE COCTOSIHAE MPUKOPHEBOM
30HBI JIOTIATKH.

[Ipy yMEHBIIEHWH BEIUYUHBI pagUyca MPH-
KOpHEBO# rantenu A0 25 MM u 20 MM (cM. Tabm. 1),

CpeqHME HaNpsDKEHHMsI OCTAIOTCsS B Mpeieiax HOPMBL.
Opnaxko nmpu paguyce 20 MM 3HAYEHHE MAKCHMAalb-
HBIX HaNpsDKEHUI B TOYEUHOW 30HE Ha TalTeNd Ipe-
BBIIIACT AOMYCTUMBIM mpenen Tekydectn Ha 20 %,
KOTOPBIH paBeH A JaHHOTO Marepmaia pabodeit

soratku 680 MI]a.

Tab6muna 1 — 3HaveHus HanpsDKeHUH

Panuyc, Hanpsxenns, MIla
MM MaKCHUMaJIbHBIC CpelHue
45 620 185
30 650 194
25 707 351
20 815 428
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Kpome Toro, mpu BBHIIIOJHEHMH paauyca HpH-
KOpHEBO# rantenu okoino 20 MM, MOTYT BO3HHUKHYTH
TEXHOJIOTUYECKUE TPYIHOCTH.

Takum 00pa3oM, 10 IPOYHOCTHBIM XapaKTepH-
CTUKaM IPEANOYTHTEIBHBIM SBIISIETCA PAIMUYC TajTe-
mm 25-30 mMm.

TI'azonmHaMuyeckmne pacyeTbl IPUKOPHEBOM 30HbI

AdpoMHAMIYECKUE pacydeThl BBIOJTHEHBI C
nomoupio CFD nporpaMMbl M OIpeAeseHbl 3aBUCH-
MOCTH OTHOCHUTEJIHFHOTO KO3(hPHIUEHTa MTPOPHUIBHBIX

HOTEPh (znp = Cppi /Cnpmin) IIPU Pa3IMYHBIX pajguy-

cax rantenu (puc. 2). B paHee BBHIIOJTHEHHBIX HCCIIE-
noBaHUAX [8, 9] ompeneneHo, 9To MpH CHIYKEHUH Be-
JTUYUHEI Tantenn ot R =45 MM qo R =30 MM Ha pac-
crostHsIX 20 MM 1 30 MM OT KOpHS TIpOdUIBHBIE TTO-
TEpU B UCCIIEIOBAHHOM JHAIa30HE PEXUMOB B IIpeJie-
Jax paccMaTpUBAEMOI0 y4acTKa JIOMATKHU CHIDKAIOTCS
B 2-2,5 pa3za mpu pexxumax OJIM3KUX K PacueTHOMY, a
Ha JIpYTUX pexxumax B 2,5-3,5 paza. DTu a’poauHa-
MHYECKHE WCCIIEOBaHUs JOMOJIHEHbl JaHHBIMH O
BIUSHUMA MEHBIIEr0 paguyca raiarenn R =25 MM
(puc. 2), KOTOpBIM HpHUEMIIEM IO MPOYHOCTHBIM Xa-
paxtepuctukam. IIpodmibHbIe TOTEpH 1O CPaBHEHHIO
¢ BapmaHTOM TanTen R =30MM CHHU3WIHCH Ha
15-20 % B mccrnegoBaHHOM OHama3oHe 4dncen Maxa
0,4-1,15.
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Puc. 2 — 3asucumocms omunocumenbHo2o
K03 uyuenma npogunvbHevix nomeps:
O—0mm; @ —25 um; O — 30 mum; © —45 um

Takum 00pa3oM, B UCCIICIOBAaHHOM IHalla30He
pannycoB TrajiTesnei KOpHEeBOH 30HBI pabodeit TonaTku
paLMOHAIBHBIMU MOXKHO IPUHATH 3HAYCHUSI PaJILyCcoOB
25-30 MM, Kak IO IPOYHOCTHBIM, TaK U a3pOAUHAMHU-
YECKHM MOKa3aTesIM.

BoiBoabl

[Tpn pemeHNN KOMIUIEKCHOW 33/1a4 110 YIiIyd-
LICHHIO a3POJMHAMHYECKOT0 Ka4ecTBa NPUKOPHEBOM
30HBI pabovell JIOMATKU MPH COXPaHCHHH HEOOXOIH-
MBIX TIPOYHOCTHBIX MOKa3aTesied ONpeeieHbl pamio-
HaJIbHbIE 3HAYCHUS PALUYCOB TaJITEICH MO HAPYXKHO-

My W BHYTPECHHEMY KOHTypaM HpPHUKOPHEBOW 30HBI,
KOTOpPBIE HaXOAATCS B nramna3oHe 25-30 MM.
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AHOTALIA Po6oma npucésiuena 8upiuleHHI0 8adcIusol HaAyKo8o-mexHiuHoi npodiemu — ni08UWEHHs eheKmUSHOCMI Hac-
MUHU HU3bKO20 MUCKY NOMYKHCHOT napogoi mypoinu. [Ipoeedeni miynicHi ma aepoouHamiuni npu YoOMupbox 3HAYEHHAX paoi-
yca earmeni npuxkopenegoi 30uu poboyoi ronamku ocmannvo2o cmynens L[HT naposoi mypoOinu i eusHaueni payioHanvHi
3nauenns padiyca eanmeni. Ilpononyemocs smenwumu padiyc eanmeni 00 25-30 mm, wjo 003601ume NOAINUUMU AePOOUHA-
MIUHT Xapaxmepucmuxy npu 30epexiceHni MiyHICHUX NOKA3HUKIE.

Kniouogi cnosa: poboua nonamxa, npuxopenesa 301a, 2aimeib, MiyHicmv, 2a300UHAMIKA.
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