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BOIPOCHI MOJAEJTMPOBAHUA U PACUETA
KPUTHYECKUX YACTOT BPAIIEHUSA POTOPOB
B IPOI'PAMMHOM KOMIIJIEKCE ANSYS WORKBENCH B 3D IOCTAHOBKE
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SIMULATION AND CALCULATION OF CRITICAL ROTATION FREQUENCY OF ROTORS IN
ANSYS WORKBENCH IN 3D APPROACH

Zaydullin D., Makarychev A., Tereshko A. (“Lyulka Design Bureau” subsidiary PJSC “UEC-UEIA”, Mos-
cow, Russian Federation)

This paper presents a comparison of the results of calculating the critical rotation frequency of rotors performed
in two different software packages and verification of calculations with experimental data.

IIpu pemenuu 3aga4 pOTOPHOU TMHAMMU-
KA IIUPOKYIO TMOMYJISIPHOCTh IMPHOOpENH Ko-
HEYHODJIEMEHTHBIE IPOrPaMMHBIE KOMIUIEKCHI,
takue kak, Hampumep, ANSYS umu MSC NA-
STRAN. Yacto He0O6X0AUMOCTh MPOBECTH pac-
4E€T KPUTUUYECKUX YAaCTOT BpAllEHUs BO3HHUKAET
JUIsl CBA3aHHOM CHCTEMBI POTOPOB, B KOTOPOH
IIPUCYTCTBYET TaK HAa3bIBAEMBIN MEKPOTOPHBII
(MeXBaJlbHBIN) TOMIIMIHKUK, YTO 3aTPYIHSET
OJTHO3HAYHYIO MJICHTU(UKALMIO TON MIM WHOM
¢dopmbl konebanmii. BecbMa pacripocTpaHEHHOM
IIPAKTUKON B TAaKOM Ciydae sBJISIETCS IpejaBa-
PUTEIBHOE MOJEIMPOBAHUE U PACUET JUHAMU-
YECKUX XapaKTEPUCTUK CUCTEMBI B CHELMAIH-
3UpOBAHHBIX IPOTPAMMHBIX MPOAYKTax THIA
Dynamics R4, ocHOBaHHBIX Ha METOJIC HaYallb-

HBIX MapaMmeTpoB. Bepuduxauus c pesynbrara-
MH TaKoro pacuéra Obljla KpUTEPUEM IPABHUIIb-
HOCTH CO3JIaHUsl KOHEYHOXJIEMEHTHONW MOJENH
poTOopa B LIEJIOM U €ro onop B 4acTHOCTH. llo-
JNOOHBIN Mox0a Haubosee onpaBaH MpHU yCio-
BUU MOJEIUPOBAHHUS COBMECTHBIX KOJeOaHUI
poTopa M cTaropa M IO3BOJSET NPOBOAUTH
UACHTUDHUKALIMIO PA3IUYHBIX HopM KoJebaHui
AJIEMEHTOB CUCTEMBI.

B paborte cpaBHHBAIOTCS JaHHBIE IPO-
rpaMMHBIE IIPOAYKTHI HA NMpUMEpE pacuéra yc-
TAHOBKH JUI1 BBICOKOYACTOTHOM OanaHCHUPOBKHU
poTOpa BBICOKOTO [JaBJCHHUS aBUALMIOHHOTO
I'T/1, cocTosimient U3 HEMOCPEACTBEHHO POTOpa
B/l u Bana poropa H/I, cBA3aHHBIX MEXpPOTOP-
HBIM NOIUIHUKOM (puc.l1).

s Bepudukanuu pe3yabTaToB pacuéra
UCIOJIb30BaHA aMIUIUTYHO-YAaCTOTHAs Xapak-
Tepuctuka (puc.2), NoIydeHHasl B Pe3yabTare

Puc. 1. Yemanosxka 0ns evicokouacmommoii 6aiancuposKu pomopos
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BUOporpaupoBaHusi yCTaHOBKM B Ipolecce
PacKpyTKHU POTOPOB.
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Puc. 2. Amnaumyono-uacmomuasn xapakmepucmura 0Jis eepuurayuu

Kak BugHO U3 pe3ynbraToB paboThbl, 00a
NPOTPaMMHBIX KOMIUIEKCA TOKa3aly XOopollee
COOTBETCTBUE PE3YJAbTATOB pacyéra C SKCIEPHU-
MEHTaJbHBIMH JaHHBIMU. COBpeMEHHBbIE BO3-
moxkHocti ANSYS B obnactu pacuéra KpuTH-
YECKUX YacTOT BpALICHHUS POTOPHBIX CHUCTEM
NPAaKTUYECKU JTIO00H CI0KHOCTH HE YCTYMaIoT
CTHEeLUATM3UPOBAHHBIM MIPOrPAMMHBIM TPOJIYK-
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taM. C y4éToM pocCTa BBIYHUCIMTEIBHBIX MOII-
Hoctell pacuétHbix I1K, BBIOOp mporpammHOTO
MPOJIyKTa TEmeph MOXKET OBITh 00YCIOBICH
KOHKPETHOM IIOCTaBJICHHOU 3amadeil. IIpeumy-
LIeCTBa CIELUAIU3UPOBAHHBIX IIPOIPAaMM THUIIA
DYNAMICS R4 cBomuTcsi K CKOPOCTH CO37a-
HUs Pacuy€THOM MOJEIU U BPEMEHHU BBINOJIHE-
HUs pacyéra.

NCCIEAOBAHME I'OPEHUA CMEINAHHOI'O U CUHTETUYECKOI'O TOIIJIMBA
B YCJIOBUAX T'ASOAUHAMUYECKOI'O ITPOTUBOTOKA
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RESEARCH OF COMBUSTION OF MIXED AND SYNTHETIC FUEL UNDER CONDITIONS OF
GAS DYNAMIC CURVE

Kononova V.V. (UEC-Saturn, Rybinsk, Russian Federation)
Gur’yanov A.l. (Soloviev Rybinsk State Aviation Technical University, Rybinsk, Russian Federation)

During work the review of perspective schemes of the organization of working process in a combustor with use
of the alternate types of fuel, including syngas, with providing requirements to gas-turbine installations from the point
of view of emissions of pollutants of the nature. Researches of features of process of combustion of the composite fuels
containing products of catalytic conversion of a methane (syngas) in the conditions of a gas dynamic countercurrent
are executed. The complex of the pilot studies of the counter-current of a torch, the syngas working at a methane with
additives is carried out, ranges of concentration of steady combustion of fuel-air mix and the characteristic of emissions
for nitrogen oxides, the unburnt hydrocarbons and monoxides of carbon are determined. The model of the device of a
countercurrent torch which realizes combustion with low level of emissions of composite fuel of a methane and syngas
in the wide range of coefficient of excess of air is developed,

Cpenun oOmux npobieM yCTPOWCTB CHKHU-
raHus TOIUIMBA TJIABHBIMH SIBIISIIOTCS . JOCTHXKE-
HHE BBICOKOW TOJHOTBI CTOPaHUs, IIUPOKOTO
KOHIIGHTPAIIMOHHOTO JIMaa30Ha YCTOWYHBOTO
rOpeHHsl, COKpallleHHe BBIOPOCOB 3arpsi3HAIO-
mux atMocgepy BemecTB. JocTymnHbie pe3yib-
TaThl MUCCIECJOBAHUI Pa3IMYHBIX aBTOPOB [1-4]
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MOKAa3aJM, YTO OpraHU3alys TOPEHHUs B YCIOBH-
SIX 3aKPYTKH ¥ IPOTUBOTOKA TEYEHUS MMO3BOJISET
00ecIeYnTh BBIIOIHEHHE OOJBIINHCTBA U3 IIE-
pedrciIeHHbIX TpeOoBaHuil. B momaBmusoniem
OOJIBIIINHCTBE M3BECTHBIX HCCIECIOBAHUI CKa3a-
HO, 4TO J00aBKa CHHTE3-Ta3a K OCHOBHOMY YT-
JIEBOJIOPOAHOMY TOIUIMBY MO3BOJIAET YBEIUUUTh



