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HECTAIIMOHAPHBIE CHJIBI 1 YIIPYTUE KOJIEBAHUSA
PABOUYUX JIOITATOK OCEBOI'O KOMIIPECCOPA
ITPHU ITAPIIUAJIBHOM ITOABOJE

[peacraBneHbl pe3yNbTaThl YUCICHHOTO aHAIM3a BIMSHUS MapIHUAaIbHOTO I10/IBOJIA HA HECTALMOHAPHBIC CHIIBI U
a’poyIpyroe MoBeeHUEe JIONATOYHBIX BEHIIOB JBYXCTYIIEHUYATOTO OCEBOTO KOMIIPECCOpPa B TPEXMEPHOM MOTOKE
uaeasbHOro rasza. Ilokas3aHo, 4TO CpeaHHe 3Ha4YeHus Aedopmanuii pabodYux JIOMaToK 1-ro m 2-ro pOTOpPOB
MMPaKTUYECKU TaKHUE XKE, KaK IMPU OAHOPOAHOM IIOTOKE Ha BXOAE€, HO OTHOCUTCIBHLIC 3HAYCHHUA aAMIUIUTY/
KoJyieOaHMH J1onaTok 1-ro poTopa yBeanueHbl NPUOIN3UTENBHO B 4 pasa, JIONaTok 2-ro poropa — B 2—3 pasa 1o
CPaBHEHUIO C PEXKMMOM OJTHOPOJHOTO ITOTOKA Ha BXOJIE.

[Momano pe3ynbTaTH YHCEIBHOTO aHAJI3y BIUIMBY MApI[iaibHOTO IMiIBOJY HA HECTAIlIOHAPHI HABAHTAXKCHHS Ta
AepOTIPYKHY MOBEAIHKY JIOIATKOBHX BIHIIIB JBOXCTYIIEHEBOIO BifICIKY OCHOBOTO KOMIPECOpa y TPUBUMIPHOMY
moTo1i imeansHOTO Ta3y. [lokazaHo, mo cepeqHi 3HAYeHHs Aedopmariiii podounx JonaTtok 1-ro ta 2-ro poTopis
MPaKTHYHO TDK cami, SK MPU ONHOPIAHOMY TIOTOII HAa BXO[i, aje BiHOCHI 3HAYEHHS aMIUIITY] KOJIHBaHb
Jomatok 1-ro poropa 30inbiieHi TpuOIM3HO B 4 pasw, JIONATOK 2-T0 poTopa — B 2—3 pa3M MO 3PiBHAHHIO 3
PEXUMOM OTHOPIIHOTO MOTOKY Ha BXOJII.

The numerical analysis results of partial admission effect on unsteady loads and aeroelastic behaviour for blade
rows in two stage axial compressor compartment in 3D ideal gas flow have been presented. There shown that the
averaged values of blade sections deformation for rotor 1 and rotor 2 are practically the same as in case with
uniform gas flow at the entrance, but the relative values of oscillation amplitudes have been increased for the
blades of rotor 1 forty as large, for the blades of rotor 2 — twice or thrice as large in comparison with case under
uniform gas flow at the entrance.

OpHolt M3 aKTyaJlbHBIX MHpPOOJEM MpU OLIEHKE HAJeKHOCTH JIOMIATOYHBIX BEHIIOB
0CeBOIl TypOOMamuHbl (KOMIIpeccopa) sBISETCS MpobieMa MPOrHO3UPOBAHMS BIMSIHUS
napuuaJbHOTO TMOJBOAA, T.€. OJOKMPOBAaHUS CETMEHTa OYyrd OKPYKHOCTH Ha BXOJE B
HaIpapJAoMMKA anmnapar NepBOM CTYNEHHM HA HECTALMOHAPHBIE HArpy3KW M aMIUIUTY]IbI
kosiebaHuil pabounx nonatok. [lapruanbHbIil TOJBOA UCIIONB3YETCS B TYpOUHAX C COIIIOBBIM
napopacrnpeieiecHueM Ha YaCTHYHBIX PeKUMAaX, JUTsl aBUAIIMOHHBIX JBUTATENICH 3Ta mpobdiema
CBf3aHA C BO3MOXHBIM IONAJaHUEM MOCTOPOHHUX MPEAMETOB (ITHI]) U 3arpOMOKIECHUEM
YacTH JyT'¥ HApPaBJISIIOLIETO anmnapara.

brnokupoBka OCHOBHOrO MOTOKa MpPH MaplHabHOM TMOJBOJE CO3AAET MOBBIIICHHBIN
OKPY>KHOM TpAJUEHT J[AABJIICHHS, YTO TPUBOJUT K PE3KOMY YBEJIMUYCHUIO LHKIUYECKUX
HECTAIlMOHAPHBIX a3POJUHAMHYECKHX HArpy30K, JACHCTBYIOUIMX Ha BpallalolIUecs JOMAaTKH,
U, CJIEI0BATEIBHO, K POCTY aMIUTUTY/ KOJeOaHHid JONaToK.

B cuny CloXHOCTH MOJAETMPOBAHUS JAHHOTO SIBICHHUA KaK YHCIEHHO, TaK U
HKCIIEPUMEHTAIBHO, UMEETCS HE3HAUUTENIbHOE YHCIIO0 MyOJIMKaluil B OTKPBITON JTUTEepaType.
B pabGorax [1-3] mpuBemeHbl pe3ynbTaThl  AKCHEPUMEHTAIBHBIX  HCCIEAOBAHUM,
MOCBSALICHHBIX TTOHUMAHUIO (PU3NYECKUX MPOLIECCOB, CBI3aHHBIX C MAPIHAIbHBIM MOABOJOM
B TypOMHHBIX CTYTNEHAX. B mocienHue roapl B CBS3U C pa3BUTHEM BBIYMCIUTEIBHON TEXHUKHU
HOSIBUJIMCH PabOTHhI, MOCBSIIECHHbIE YHCICHHOMY HCCIIEIOBAaHUIO MaplUUaNbHBIX 3((EKTOB B
TypOHMHAX C UCIOJIb30BAHUEM JIBYX- U TPEXMEPHBIX Mojeneit Teuenus [4—7]. OnHako, B 3TUX
paboTax He paccMaTPUBAIUCH KOJIeOaHHs JIOMATOK MPH MapLUUaIbHOM MOJIBOJIE.
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enpto HacTosmied pabOTHI SABISCTCS YWCICHHBIA aHAIW3 HECTAIlMOHAPHBIX
AIPOAMHAMUYECKUX HATPY30K U adpOymnpyrux KojeOaHWW JIOMAaTOYHBIX BEHIIOB B
JIBYXCTYIIEHYaTOM OTCEKE OCEBOT0 KOMIIPECCOpa B TPEXMEPHOM MOTOKE UEATBLHOIO Ta3a Mpu
MOJIHOM M YaCTUYHOM IMOJBOJIE€ C MCIOJb30BAHMEM METOJA PEILIEHHUs CBSA3aHHOW 3a7a4u
HECTallMOHAPHOU a’3pPOJIMHAMUKY U YIPYTUX KojiebaHuM JIonaTox |8, 9].

YuciieHHOE UCCIEAOBAaHME TMPOBEIECHO I OTCEKa OCEBOr0  KOMIIpeccopa,
BKJIIOYAIOLIETO HAMPABJISIIONIMK annapar U JiBe cTyneHu (puc. 1). TanreHuuanbHble ceueHUs
npoduneit, Gopmupyromux pabouune 1onatku 1-oii u 2-0if cTyneHe, moka3aHsl Ha puc. 2.
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Puc. 2. TanrennuanbHble cedeHust npoduiel, hopmupyromux padoune ionaTku 1-oif u 2-0# cryneneit:
a — B KaHaie poropa P1: 6 — B xanane poropa P2

Y4uuTeIBass HEMEPUOJMYHOCTH TIOTOKA B OKPY)KHOM HANpaBICHWW Ha [Iare
JIOTIATOYHOTO BEHI[A, pacyeTHas oONacTh BKIIOYAET BCE MEXKIIOMATOUYHBIE KaHaJbl
HenoaBmwxkHbIX (CO, C1, C2) u Bpamaromuxcs (P1, P2) Bennos. Ha puc. 3 mpeacrasien
¢dbparMeHT pacueTHOI obnacTu.

Ha Bxome B wHampaBmstomuii anmapar CO moka3zaHa 30HA 3arpoOMOXKICHUS,
BKIIfoUaronas 4 MEXIOMAaTOYHbIX KaHamna, T.e. 1/11 momHoil myru okpyxkHOocTH. PacuetHas
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obyacTh paszmensercs Ha TATh Moao0jacTed, Kakaas W3 KOTOPBIX BKJIIOYAET OJWH
JIOTIATOYHBIM BEHEI, 1 UMEIOIINX OOIIME 30HBI MEPECEUCHHUs B OCEBBIX 3a30pax. B kaxmoil u3
Mo100IaCTe TEOMETPUUECKHE U a’POJMHAMUYECKUE XAPaKTEPUCTUKHU JIOMATOUYHBIX BEHIIOB
OTHCHIBAIOTCS B OTHOCUTENBHON MM a0COMIOTHOM CHCTEMaX KOOPAMHAT, KECTKO CBSI3aHHBIX
C BpAIIAIOIIUMCS WU HEMOIBM)KHBIM JIOMIATOYHBIM BEHIIOM COOTBETCTBEHHO.
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N
3
|
ol
(%]

TpexMepHbIil TPaHC3BYKOBOW MOTOK MACAIBHOIO ra3a OMUCHIBAETCS B OTHOCUTEIBHOM
JIEKapTOBOM CHCTEME KOOPJWHAT IMMOJHOM HECTAallMOHApPHOW CHCTEMOW ypaBHEHWH Jilnepa,
MPEJICTABICHHON B MHTETPANIbHON (JOpME 3aKOHOB COXPAHEHHUSI MAacChl, UMITyJIbCa U SHEPTUU
[8]. IlocTraHOBKa rpaHUYHBIX YCIOBUN OCHOBaHA Ha OHOMEPHOM TEOPHH XapaKTEPUCTHK.

B kaxnplii MOMEHT BpEMEHHU CTPYKTypa MOTOKA XapaKTEepU3yeTcs NEPUOIUYHOCTHIO
Ha yrioBoM mare 7Ty,; = 360°, T.e. Ha ogHOM 000pOTE poTopa. B 3TOM citydae pacueTHas
obyacTe pasmenseTcss Ha zco+zcy +2zpy +zca+zpp — CETMEHTOB, KaXKIBIM M3 KOTOPBIX
BKJIIOYAET OJIHY JIOMATKy U UMEET MPOTSHKEHHOCTh B OKPYKHOM HaIlpaBiICHUU, PABHYIO IlIary
COOTBETCTBYIOIIETO JIOMATOYHOTO BeHIa (puc. 3). B cBoro ouepenp KakIblii M3 CETMEHTOB
TUCKPETU3UPYETCS] C HCIIOJIb30BaHUEM THOpUAHONW H—H pa3HOCTHOW CETKHU Ui KaHallOB
BpaIIalONIUXCsl BEHIIOB U H—H pa3HOCTHOW CETKH JIJisi KAaHAJIOB HETIOABUKHBIX BEHIIOB.

Pa3HocTHas ceTka MEXJIOMATOYHOrO KaHaja BKIIOYAET COOTBETCTBEHHO 10x42x84
ceTouHbIX sueek s ctatopa CO, 10x66x78 sueek mist poropa P1, 10x56x68 — nns cratopa
C1, 10x44x64 — nns poropa P2, 10x42x62 — nys cratopa C2.

Ha puc. 4 mokazaHbl TaHT€HIIMATBHBIC PA3HOCTHBIC CETKU B TIEPUPEPUINHBIX CEUCHUIX
MEXJIONATOYHbIX KaHalloB poropa P2 (puc. 4a) u craropa C2 (puc. 40). Cnenyet 3aMeTHUTb,
4yTO H-CeTKM ISl CTATOPHBIX KAHAJIOB OCTAIOTCA HEMOJBHKHBIMU B TE€UEHUE BCETO BPEMEHU
pacuera, B TO BpeMsi KaK BHYTpEHHss [-ceTka naisi KaXXIOro pPOTOPHOIO KaHala
MIEPECTPANBAETCS HA KaXKJI0M UTEPAIMH TaK, YTO BHEIIHHUE Y3JIbl OCTAIOTCS HEMOABUKHBIMHU, a
Y3761 HA TIOBEPXHOCTH JIOTIATKH YKECTKO CBSI3aHBI C BUOPUPYIOIIEH JIOMATKOM.
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Huckpernas ¢opma ypaBHeHWH  Diepa TOJdydYeHa IS IPOU3BOJIBHOU
nehopMUPYEMOil CeTKH ¢ MCIONB30BaHUEM Pa3HOCTHOM cxembl I'ogyHoBa-Konrana co 2-pim
MOPSZIKOM aNMpOKCUMAIIMH 110 KOOpAWHATaM U BpeMeHH [8, 9].

JluHamuueckas MoJenb KOJeOIoIIeicss JOMaTKh ¢ HUCHOJIb30BAaHUEM MOAAIBLHOTO
NOJX0/a TpHBEIEHAa K CHUCTeME OOBIKHOBEHHBIX Ju((epeHInaNbHBIX — ypaBHEHHN
OTHOCUTENIbHO MOJANBHBIX KO3(PUIMEHTOB coOcTBeHHBIX ¢opMm [8]. Ilepememienus u
CKOPOCTb JIONATKH, MOJYYEHHbIE U3 pEIIeHUs AMHAMUYECKON 3a7aud, HCHOJIb3YIOTCS B
KayeCTBE TPAHUYHBIX YCIOBHUH B a9pOJMHAMHUYECKON 3a7]aue Ha KaXK10i UTepallui.
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Puc. 4. PazHocTHas ceTka:
a — B kaHaje potopa P2; 6 — B kanasie cratopa C2

YuciieHHOE WCCIICIOBAaHUE BBITIOJTHEHO JUISI JIByXCTYNEHYATOTO KOMIIPECCOPHOTO
OTCeKa NMPU HOMUHAITBHOM PEKUME padOTHI:
—guciio 06opotoB poropa n = 15400 06/MuH;
— IIOJTHOE JaBJIeHHE B a0OCONIOTHOHM CHCTeME KOOpAWHAT Ha BXOJE€ B KOMIIPECCOP

po=101000 ITa;

— TIOJTHAs TeMIiepaTypa B aOCOIOTHOM cucTeMe KoopauHat Ha Bxoze 7 = 288 K;
— YIJIbI IOTOKA Ha BXOJIE€ B PailajibHOM U OKPYKHOM HalpaBlIEHUSIX 3a/1aHbl;

— CTaTUYCCKOC

JaBJICHUE

Ha BBIXOJC

3a

2-BIM

p2= 110000 ITa B kopHEBOM cedeHuu 10 p, = 125000 [Ta Ha nmepudepun.
Konebanus nomaTok ONpeAessuluCh C YYETOM IEPBBIX ISTH COOCTBEHHBIX (hopM,

cOOCTBEHHBIE YAaCTOThl KOTOPBIX MPUBEIEHBI B Tabnule 1.

CTaTOpOM  U3BMCHAICTCA  OT

Tabmnumna 1
CO6CTB€HHLI€ Y4acCTOThbI
Homep Mot 1 2 3 4 5
v, 't porop P1 540 1620 2160 3240 4320
v, ' porop P2 670 2010 2680 4020 6030

Ha mepBoM 3tarie BBIMOTHEH pacyeT 3-X MEPHOTr0 HECTAI[HOHAPHOTO MOTOKa 0e3 yueTa

KOJICOAHUH JIOMIATOK, Ha BTOPOM 3Tame — C y4eToM KojeOaHWid JIOMAaTOK IMOJ JeHCTBHEM
MTHOBEHHBIX a’pOJMHAMUYECKHX HAarpy3o0K B TEUEHHE JecsTH 000poToB poTopa. Pacuers
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BBITMIOJIHEHBI JJI IByX BapHaHTOB — C IOJIHBIM TOJBOJOM U MapUUalIbHBIM MOJIBOAOM. 30HA
3arpoOMOJKJIEHUS] BKIIIOUAET YeThIpe JIOMATKW Hampasistomiero ammapara CO (omatku 2-5,
puc. 3).

Ha puc. 5 nokazanbl KpuBBIE paclpeneieHs] CTaTUYECKOrO AaBIICHUS HA CPETHEM
paanyce B OKPY>KHOM HAIIPABJICHUH Ha IOJIHOHM JTyTe OKPYKHOCTH B OCEBBIX 3a30paxX MEKIY
JIOTIATOYHBIMHM BEHIIAMU JUIsl BapHaHTa ¢ MapUUaibHBIM MOABOAOM. YTou 0° COOTBETCTBYET
kaHany l-oii momatku ctaropa CO (puc. 3). Kak BumaHOo u3 rpadukoB, HEOTHOPOIHOCTH
[IOTOKA, BBI3BaHHAsS 3arpoMoKicHHeM 4-x nomatok craropa CO (Y/;; myrm okpyxHOCTH)
PACIIPOCTPAHSETCS B OKPYXXHOM HANpPABICHHH HAa /4 OyrM OKPYXHOCTH. BemmunHa
HEPaBHOMEPHOCTH YMEHBIIIA€TCI B OCEBOM HampaBiieHWu. Hapsiay ¢ HepaBHOMEPHOCTHIO,
BBI3BAHHOW TMAapIUANbHBIM TOJIBOJAOM, KPHUBBIC pACHpPEICICHUS [ABJICHHS BKIIOYAIOT
BBICOKOYACTOTHYIO IIAroByl0 HEPaBHOMEPHOCTh MOTOKAa M HEPaAaBHOMEPHOCTb, BBI3BAHHYIO
KOJICOAHUSIMU JIOTIATOK.
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Puc. 5. Pacnipenenenue ctaTH4E€CKOIrO JaBJI€HUS B OKPYKHOM HaIIPAaBJIIEHUU B OCEBBIX 3a30pax
3a pOTOpHLIMI/I nu CTaTopHHMI/I BCHIIAMHA HpI/I HaleI/IaJILHOM IoaBoOIE

AHanu3 HECTALIMOHAPHBIX XapaKTEPUCTHK IPOBEICH C UCIIOJIB30BAHUEM Pa3JIOKECHUS
B psabl Pypbe

F(t)=F, + Y F, -cos(2nvit) + F,, sin(2nvit),
i=1

rae F(¢f) — ¢usudeckas HecTallMOHApHAs XapaKTepUCTUKa; F, — cpelHee 3HadeHue;, [, u
F,, — xoaddurments Pypre; i-HOMEp FapMOHHUKH; V — - TapMOHHYECKas 4acTOTa.

Tak kak 4acToTa BpaleHHs pOTOpa PaBHA Vpor = 256 I'l (Bpemsi ogHOro obopora
t=0,0039 cex), a BpeMs pacueTra COOTBETCTBYET BPEMEHH IOBOPOTa pPOTOpa Ha NECATH

vpO’r
000pOTOB, TIepBasi rapMOHUYECKAsl YacTOTa paBHA V = ETY =25,6 I'u.

Hwxe mpencraBiieH CpaBHUTEIBHBIM aHAIU3 HECTALMOHAPHBIX a3pOJMHAMUYECKUX
HArpy30K M aMmIUIUTyJA KosiebGauuii jonmatok potopa P1 u poropa P2 mpu nmapumanbHOM U
nosHoM noxasoge. CpenHue 3HAYEHUS HECTAMOHAPHBIX HArpy30K, ACHCTBYIOIUX Ha
paboune nonarku potopa P1 u potopa P2 nmpusenens! B Tabnunax 2, 3 COOTBETCTBEHHO.
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Tab6muma 2
CpenHue 3Ha4€HHs HECTAIMOHAPHBIX HArPY30K,
JeHCTBYIOMMX Ha paboune yionatku potopa Pl (mapimaisHbIA Mo1BOT)
L Fy,H Fz, H M, Hm
0,05 -5,771 -0,693 0,0089
0,5 -5,484 -2,388 0,0232
0,95 -3,22 -2,809 0,0317
Tab6muma 3
CpenHue 3Ha4eHHs HECTAIMOHAPHBIX HArPY30K,
JEeHCTBYIOMNX Ha paboune omaTku poropa P2 (mosHsIi moaBo.)
L Fy,H Fz, H M, H-m
0,05 -5,131 -1,161 0,0087
0,5 -4,747 -2,414 0,0201
0,95 -4,170 -3,836 0,0231

Ha puc. 6 mnpencraBieHsl rpaduKd HECTALMOHAPHBIX a3pOJAWHAMHYECKUX CHII,
JICHCTBYIOIINX B OKPYXHOM HampasieHuu (F)) Ha nepudepuifHbIiA clloi pabovmx JOMaTOK
potopa Pl (puc. 6a), u HMX aMIUTUTYyJAHO-YaCTOTHBIE XapaKTEpUCTHKU (puc. 66) mpwu
napuuaIbHOM MOABOJE.

Ha puc. 6a uudpamu 0003HAUEHBI HOMEpa JIOMIATOK B COOTBETCTBUU C pHUC. 3.
AdpoauHaMHUYECKUe Harpys3Ku, NEHCTBYIOIIME Ha pa3Hble JOMATKU, UMEIOT OJAMH U TOT e
XapakTep, HO CABUHYTHI MO BPEMEHH B 3aBUCHMOCTH OT HOMEpa JIOTATKH, B TO BpeMS Kak
aAMIUIUTYIHO-4YaCTOTHBIE XapAKTEPUCTUKU HE 3aBUCAT OT HOMEPA JIONATKH.

Kak cnegyer u3 rpaduxoB Ha puc. 6a, 6, OCHOBHOHM BKJIaJ B HECTAIIMOHAPHBIC
COCTaBIISIOLINE AIPOAMHAMUYECKON HArpy3KH, AeMCTBYIOIIEH Ha jonaTku poropa P1, BHOCAT
FapMOHMKH, C 4aCTOTaMHM KpaTHBIMHU 4acToTe BpamleHus 256 I'u. MakcuManbHble 3HaUYEHUS
aMILTUTYT COOTBETCTBYIOT rapMoHuKaM ¢ yactoramu 1536 ', 4096 ', 6144 ', koTopsie
3aBHUCAT OT MEpernaja JaBJICHUs MPU MPOXOKACHUN paboyeil IonaTKoi 30HbI 3arPOMOKICHHS
U €€ OTHOCHUTEIBHOIO YIJIOBOTO pa3Mepa. AMIUTUTYJIbI TapMOHHMK, COOTBETCTBYIOIIUX
Oerymeii uacrore cratopa CO (Vpor X zco =256 x 44 =11264Tn) u craropa Cl
(Vpor X zc1 = 256 x 33 = 8448 ') mpeHEOPEKUMO MaJIbl IO CPABHEHUIO C HU3KOYACTOTHBIMHU
BO3MYIIEHUAMHU. [Ipu IOJHOM MOABOAE CpPEIHUE 3HAUEHUS HECTALMOHAPHBIX HAarpy30kK
(puc. 66, 2) MmpUMEpPHO TakKHe K€, KaKk MpH MapUUAIbHOM IIOJBOJAE, B TO BpeMs Kak
aMIUTMTYAbl TyJbcalliii B 5—6 pa3 MeEHbIIE, U OCHOBHOW BKJAJ BHOCAT TapMOHHUKU C
yacToTaMU paBHBIMU Oeryieit yactote cratopoB CO u C1.

Ha puc. 7 mnokasansl aHajgoruuHble TpaUKU HECTALMOHAPHBIX OKPYXKHBIX CHII,
JEHCTBYIOMUX Ha TepuepuitHbIi clIol jomatok potopa P2. Crnemyer 3aMeTuTh, YTO NpH
napuyanbHOM MojABOAE (pHcC. 7a, 6) aMIUTUTYAbl HU3KOYACTOTHBIX TApPMOHHK, BBI3BAHHBIX
30HOM 3arpOMOXK/IEHNS YMEHBILAIOTCA 110 CpaBHEHUIO ¢ poropoM Pl, a ammuuryna ¢ 6eryiueit
yactoToil cratopa Cl (Vpor X zc1 =256 x 33 = 8448 T'm) ysenuuunack. MakcCHUMaibHbIE
aMIUIUTY bl TAPMOHMK MIPU MapIUAIBHOM MOJIBOJIE MPUMEPHO B 3 pasa BhILIE MAKCUMaJIbHBIX
aMIUTUTY I TIPH TIOJIHOM ToBoie (puc. 78, 2).

Konebanuss nomaTok moA JAEHCTBHEM IEPEMEHHBIX a’pOJUHAMUYECKUX  CHII
NpeCTaBICHbl B OpMe TepeMeneHnid eprupepuitHbIX CeUeHHd pabovmXx JIOMAaTOK pOTOpa
P1 u poropa P2. Cpennue 3HaueHus Aedopmalfii JOMAaTOK B OKPY>KHOM U OCEBOM
HaIpaBJIECHUAX, a TaKK€ YroJl MOBOPOTa OTHOCUTEJIBHO ILIEHTpA TSDKECTU IPUBEACHBI B
Tabaunax 4, 5.
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Puc. 6. I3MeHeHHe OKpy>KHOI HeCTallMOHAPHOMN a3pOJMHAMUYECKOM CHIIBI,
JIefCTBYIOIIIEH Ha IepU(pepuitHbIi CI0H JonaTku poropa Pl:
a — OKpY>KHasl CUJIa IIpU MaplHaIbHOM MOBOAE;
0 — aMIUTMTYHO-YaCTOTHBIN CIIEKTP NPH NaplHaIEHOM MOJIBO/IC;
6 — OKpY’KHasl CHJIa IIPU TIOJTHOM MOJIBOJIE;
2 — aMIUIMTYJHO-4aCTOTHBIN CIIEKTP MPH NOTHOM MOABOJE

Tab6muma 4
Cpennue 3uaueHus aeopMaliii JIONATOK B OKPYKHOM U OCEBOM HAINPABJICHUSIX,
a TaKXKe yroJj MoBOpoTa OTHOCUTENIBHO IIEHTpa TshKecTH poTopa Pl (mapuuanbHbIi OaBOMT)

L hy, MM hz, MM ¢, Tpaj
0,05 -0,001 -0,0007 0,002

0,5 -0,026 -0,018 0,0061
0,95 -0,068 -0,064 0,008
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Puc. 7. U3MeHeHMe OKpy>KHOM HECTALTUOHAPHOW a3pOIMHAMUYECKON CHJIBI,
JieicTBYIOIIEH Ha epudepuiiHbIi Ci1oi TonaTku poTopa P2:

a — OKpY’KHas CuJa IMpyu napurajibHOM IMOABOIC,

0 — aMITATYHO-YACTOTHBIN CIIEKTP MPH MapIHAIEHOM MOJIBO/IE;
6 — OKpYy’KHasl CHJIa TP ITOJTHOM MOJBOAE;
2 — aMIUITY JHO-YaCTOTHBIA CIIEKTP IPH MOTHOM HOABO/IE

36

Tab6muma 5
Cpennue 3HaYeHUS AehOpMAaIIHii JTONATOK B OKPYKHOM H OCEBOM HAIPaBJICHUSX,
a TaKXe yroJj MmoBOpoTa OTHOCUTENBHO IIEHTpa TsHKECTH poTopa P2 (momHbIN mo1BO)
L hy, MM hz, MM ®, Tpaj
0,05 -0,001 -0,0007 0,002
0,5 -0,026 -0,018 0,0061
0,95 -0,068 -0,064 0,008
7’2012
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Ha puc. 8 mpexacraBnensl rpaduku koyieOaHUW TNepuEepUHHBIX CEUEHUN JIOMaTOK
poropa Pl B OKpyXHOM HampaBieHUW (/y) TpU MapUUaIbHOM moABoae (puc. 8a) u
aAMIUIUTY/IHO-4YaCTOTHBIE XapaKTEPUCTUKH (puc. 80), a Takke — IpU IMOJIHOM IOABOJE
(puc. 86, 2). OcHOBHOW BKJaJ B M3TMOHbIE KOjeOaHMs BHOCHUT TapMOHMKAa C YacTOTOH
Omm3koil K dactore 1-oii coOcTBeHHOUW Qopmbl Kojebanuii (aBTOKONeOaHWs 1Mo 1-oi
coOcTBeHHOI (opme konebanwmii). Kak cremyeT w3 pacyera, BBIHYXKICHHBIE KOJeOaHUS
JIOTIATOK HE3HAUNTENIbHBI. MaKcHMalbHas aMILTUTY1a KOJICOAHUH MPH MapIHaIbHOM IOIBOIC
B 4 pa3a MpeBbIIIAET aMIUIUTY Ty KoeOaHUH AJIs pexXuMa C OAHOPOIHBIM IIOTOKOM Ha BXOJIE.

Nzrnbueie xonebanus nepudepuilHBIX CEYCHUH JOmaTok poTtopa P2 mokazaHel Ha
puc. 9. Cpeanue 3HaueHus AedopMaiuii JONaToK NpU NapLUUAJIbHOM M MOJHOM IOJBOJE
NPaKTUYECKH OJMHAKOBBI, MApIUANBHBIA MOIBOJ TPUBOIUT K YBEIMYCHHIO AMIUIATY]IBI
aBTOKONeOaHuii B 2—3 pasa.
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B) r)

Puc. 8. Ilepememienue nepudepuiiHoro ceueHus padboueit nomatku poropa P1:
@ — B OKPYKHOM HAIPABJICHUH MPH NAPIHAILHOM [TOBO/IC;
6 — aMIUTUTYHO-YaCTOTHBIN CIIEKTP MPH MapIHATLHOM MOBO/IC,
6 — B OKPY>KHOM HAITPaBJICHUHU TIPH MOJHOM TO/IBOJIE;
2 — aMIUIMTYJHO-YaCTOTHBIH CIIEKTP MPH MOJHOM HOABOJIE
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Puc. 9. Ilepemernenue nepudepuitHOro ceueHust padoueii sonaTku poropa P2:
@ — B OKPY)KHOM HaIpaBJICHUH MPH NaPIHAIBLHOM MTOBO/IC;
6 — aMIUTATY THO-9aCTOTHBIN CIIEKTP MPU HapIHaIHLHOM IOABOJIC;
6 — B OKPY’KHOM HaIpaBJICHUU ITPU IIOJIHOM IOABOJC,
2 — aMIUTHTYTHO-9aCTOTHBIN CIIEKTp MPH MOJTHOM IT0/IBOJIC

Cnucox sutepatypsi: 1. Boulbin, F. Turbine blade forces due to partial admission [Text] / F. Boulbin,
N. Penneron, J. Kermarec and M. Pluviose / Revue Francaise de Mecanique. — 1992. — N 3. — P. 203-208.
2. Bohn, D.E. Experimental investigations into the nonuniform flow in a four-stage turbine with special focus on
the flow equalization in the first turbine stage [Text] / D.E. Bohn and H.H.-W. Funke // Proceedings of the Turbo
Expo. —2003. — Vol. 6a. — P. 281-289. 3. Fridh, J. E. An experimental study on partial admission in a two-stage
axial air test turbine with numerical comparison [Text] / J.E. Fridh, B. Bunkute, R. Fakhrai and T.H. Fransson //
Proceedings of the ASME Turbo Expo. —2004. — Vol. 5b. — P. 1285-1297. 4. Scopec, J. Partial steam admission
in an axial turbine stage [Text] // J. Skopec, L. Vomela, L. Tajc and J. Polansky // IMechE Conf. Trans. — 1999.
—¢557(7). — P. 681-686. 5. Lampart, P. Unsteady load of partial admission control stage rotor of a large power
steam turbine [Text] / P. Lampart, M. Szymaniak and R. Rzadkowski // Proceedings of the ASME Turbo Expo.
—2004. — Vol. 5a. — P. 237-246. 6. Hushmandi, N.B. Numerical study of unsteady flow phenomena in a partial
admission axial steam turbine [Text] / N.B. Hushmandi, J. Hu, J. Fridh and T. Fransson / ASME Paper. —
N GT2008-50538. 7. Hushmandi, N.B. Unsteady forces of rotor blades in full and partial admission turbines
[Text] / N.B. Hushmandi, J. Fridh and T. Fransson // Journal of Turbomachinery. — 2011. — Vol. 133. —
P.041017-1-12. 8. Gnesin, V.I. A numerical modeling of stator-rotor interaction in a turbine stage with
oscillating blades [Text] / V.I. Gnesin, L. Kolodyazhnaya, R. Rzadkowski // Journal of Fluid and Structure. —
2004. — N 19. — P. 1141-1153. 9. Gnesin, V.I. A numerical modelling of the unsteady loads and aeroelastic
oscillations for compressor stage [Text] / V.I. Gnesin, R. Rzadkowski and L. Kolodyazhnaya // IIpo6nemsr
MamuHocTpoenus. — 2007. — T. 10, N 4. — C. 39-47.

© I'mecun B.U., Kononspxuas JI.B., XKanakoscku P., 2012
Tocmynuna 6 peoxonnezuro 10.02.12

38 7°2012



	ЗМІСТ



