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Abstract. The report presents the results of numerical simulation of the boiling process of
water on a smooth horizontal surface under conditions of free convection. The ANSYS Fluent with
the VoF model was used. The nucleation, bubble growth, vapor bubble separation under the pool
boiling regime with singles bubbles, changes in temperatures, pressures, and velocities in the liquid
and vapor bubble are analyzed. All the results are compared with the results of experimental
studies.
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I'ABOAUHAMUNYECKOE ITPOEKTUPOBAHUE BBICOKO®®EKTHUBHbBIX
CTYHNEHEN HEHTPOBEKHOI'O KOMITPECCOPA
Xacanoe H.I'., Axmemszanoe A.M., Houamyanun b.@.
(A0 « HUHmypooxomnpeccop um. B.b. [lInennay, 2. Kazanv)

AnHoTanus. B crartebe ommcaHbl ycnexu B IMPOEKTHPOBAHUHM COBPEMEHHBIX CTyIEeHeH
OJTHOBATBHBIX IIeHTpoOek)HBIX KommpeccopoB (IIBK), BeIpakeHHBIX B COBEpIIICHCTBOBAHUU II0
TpeM HaIlpaBICHWSIM — YBEIUYEHUH KOIPQPUIMEHTAa pacxoja CTYIEHH, TOJUTPOITHOTO
Kod(uUIMeHTa MOJIe3HOr0 JeHCTBHS, THHAMUYECKON CTAaOUITEHOCTH POTOpa (TOMIITUHEI Baja).

AO «HUUTypbokommpeccop» BBIMOIHAET nopaaka 150 razofmHaMHU4ecKHX NPOEKTOB B
rog. O0BEM pacdéToB, a Tak)ke HEOOXOIUMOCTh TapaHTHPOBATH 3apaHee 3aKa3uuKy IMapaMeTphl
9KCIUTyaTalii, He JaloT BO3MOXKHOCTH OPHEHTHUPOBAThCS TOJNBKO Ha HHIUBUAyalbHOE
MIPOEKTUPOBAHUE NIPOTOYHOW YACTH € HyJs, JaXe COBpEeMEHHBIMH MeTofamu. HeunzdexHo
IpPUMEHEHHE pPAcUYETHO- SKCIEPUMEHTAIBHBIX MOJAX0A0B. Ilpenmpusrue mpuUMeHSET NepecueT
ra30JJMHAMAYECKAX XapaKTEPUCTUK WCIBITAHHBIX MOJICITBHBIX CTyIeHel Ha (paKTHYeCKHe YCIOBHUS
sKcrutyataruu. Ilpu »ToMm, uCXoAs U3 TeOpHUHM MOJM00HS, SKBHUBAJICHTHOCTH PEXHMOB —
KHHEMATHYeCKOe M TePMOJUHAMHUYECKOE 1T0100Me — B MOJICTHHON W ()aKTHUECKOW CTyNeHHn OyaeT
HAOJIIOAAThCSl TIPH COBHAJCHUH Oe3pa3MEepHBIX YHCEI-KOMIUIEKCOB — YCIOBHOTO Ko3dduiuenra
pacxona g, ycioBHoro uwcia Maxa My, nomutponHoro KIIJI 7,,,, unucina PeitHonbaca Re,
K03 (pHIIIEHTA ITOJTUTPOITHOTO Harmopa Yy, [1].

B ocnHoBe naHHOTO MOJX0/a, JISKAT OAHK MOJICIBHBIX CTyNEHEH, MPpeACTaBISIIONUi co00i
HaOOp Tra30MHAMHYECKHX XapaKTePUCTHK BHUIA Nyom Wnon = f (@0, My), B COOTBETCTBYIOIICH
reoMeTpun npoToyHod yactu. HabGop crymeHeil B Kopiyca cKaTus TakkKe BeAETCs 10 3apaHee
M3BECTHBIM NpaBwiiaM. [IpuMep cxeMbl MO/IETIBHOTO psifia MPUBEJCH HA pUCYHKE 1:

KoaddumenT pacxoma ===
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Pucynok 1. Cxema psiia MOJIEIBHBIX CTyTICHEH

Ha npotsokenun nonrux ner HUMTtypOokommpeccop Ui OJHOBAIBHBIX KOMITPECCOPOB
IPUMEHSUT PSIT MOJIENbHBIX cTyneHelr ¢upmbl Jpecccep-Knapk, numen3upoBanHbIX eme B 70X
rogax. Pacrtymme 3ampockl moTpeOuTens Ha HalexkHYI0 M S((EKTUBHYIO TEXHUKY, a TaKKe
KOHKYPEHIIUSI C TEepeJOBBIMU MPOU3BOJUTEISIMA BBIHYJIUJTA TPOBECTH Tra30JMHAMHUYECKYIO
MOJICPHH3AINIO CTYIIEHE! JaHHOTO psizia.

[leneBble mMmoOKa3aTenu psijfa, COOTBETCTBYIOIIME JIyYIIUM MHUPOBBIM MPOU3BOIUTEIISIM:
noymatponHbiid KITJ 1y, > 85 misa camoit a3 pekTuBHOM CTYIIeHH psijia, BTYJI0YHOE OTHOIICHHE
(oTHOIIEHWE IWaMeTpa Bajla K JuaMeTpy pabouero Koseca) JBTyﬂ =dy/D, > 0.4, nuamazon
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K03 (HHUIIMEHTOB pacxXoja, KOTOPEIA HE0OX0auMO TepeKphITh A@, = 0,18 — 0,012, Tun cryneHei
— IIPOMEXYTOYHBIE.

Psin MofenbHBIX CTyMeHel MepeKphIT ABYMsI THIIAMU - 0a30BBEIMH CTYIEHSMU, ¢ Haubosee
3¢ (pekTHBHON  KOH(HTryparmueil  JIOMATOYHOTO  ammapara JiUIsi  JaHHOrO — pacxoja, |
MPOMEXYTOUYHBIMHU, KOTOpBIE TMONyYaroTcsl U3 0a30BBIX MyTeM TMOAPE3KH MEPUIHOHAIBHOTO
KOHTYypa IS CIIBATA pacxofa B MEHBINYIO CTOpPOHY. ba3oBble CTymeHHW psia TOIBEpraroTcs
UCOBITAHUSM Ha CTEHJAE Tra30JWHaMUKH. JIUCKpeTHOCTh psina mo Kodpduimenty pacxoja
nmoaOupaeTcs Tak, 9TOOBI COCETHUE CTYNIEHU NIepeKphiBaCh Ha 10 mporeHToB [2].

Bo Bcex crymensix psiia mpuMeHeHBI Oe3nonaTouHble TuUGdY30pbl IS MaKCUMaIbHOM
IIAPUHBI XapaKTEPUCTUKN U KOHTAKTHBIC YIUIOTHEHHS IO TOKPHIBHBIM JTHCKaM

VYcenemHast MojepHHU3alMs psa OCYIIECTBIEHA TPUMEHSIEM COBPEMEHHBIX METOJI0B
ra30JJMHAMAYECKOTO MPOSKTHPOBaHUsT — cKBO3HBIM 1d-3d aHamm3om, cxema KOTOpOTO TpHBEICHA
Ha pUCYHKE 2.

I T3 (Pacxoa, scbdexTmBHOCTb, HAMODHOCTS)

|
—'[ Compal - 1D pac4yem no cpedHUM napamempam &
|

—‘| Axcent (3D geo) — 3D npogpunupoeatue L
]

Axcent (SST, MST) — 2D ynpoweHHble pewamenu

] HEeBA3K020 Nomoxa

|
Axcent (3D CFD NUMECA Fine/Turbo) -
mpexmepHbIl pacdem napaMmempos nomoka
!
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modenu

i

Sk CIEPUMEHTa/IbHBIE HCCIIEA0BaHNA ‘

Pucynok 2. Cxema CKBO3HOTO TPOSKTHPOBAHUSI IICHTPOOCSIKHON CTYTICHH

W3BecTHa mepeMEeHUYMBOCTH  pacHpeefeHus Kod(pQuiMeHta MoTeph B  CTYNEHHU
IEHTPOOEIKHOTO KOMITpEccopa B 3aBUCHUMOCTH OT ¢, [3]. Tak, m1s BRICOKOPACXOJIHBIX CTYICHEH
ONpENIEISIIOIUMH  SIBJISIIOTCS. TOTEpU OT CMELIeHHsS HU3KONOTEHIMATbHOTO IOTOKA, JJIs
HU3KOPACXOAHBIX — IIOTEPH IUCKOBOro TpeHus. [losTomy, Hen3O0exkHO, B psay CTyleHel mmeercs
onTUMyM H(QQPEKTUBHOCTH B 00sacTH OjaronpusiTHbIX Ko3(dduuuenroB pacxoma ¢, = 0,08,
HeOOoJIbLIOE TOHM)KEHUE B BHICOKOPACXOTHOM, M CYIIIECTBEHHOE — B HU3KOPACXOHOM.

CpenHepacXonHbIil psii CTyNIEHEW IONydYeH HyTeM Npo(uIMpoBaHUS JIONATOK padodero
KOJIeCa Ha OCHOBE aHAaJIM3a HEBS3KOIO IIOTOKAa METOJOM KpUBM3HBI CTpyek Toka [4], [5]. [lpu
OTCYTCTBUHM BBIPQXEHHOH cemapalnuy NOTOKa, YTO B JMANA30HE CPEJHUX PACXOO0B PEaln3yeMo,
JIAaHHBIA METOJ OTJIMYaeT OBICTPOJCUCTBHE M BO3MOXKHOCTH IepedpaTh OOJbINOe KOJUYECTBO
BApUaHTOB B YHCJIEHHOM OJKCHepuMeHTe. BHemHMI BHUA XapakTepHOH Ui psia CTyIeHH
IPEJCTaBICH HAa pUCYHKe 3. Psj oTIMYaroT ocepajualbHble Kojleca ¢ 3a0CTPEHHBIMH K KOHILY
JonaTkamu, ¢ npoduieM OMU3KUM K 00pasyrollel, MOJTy4eHHOW BpallleHHeM JBYX KOHMUYECKHX
IMOBEPXHOCTEM.

Pucynok 3. Brennuii BUJ 1 MEpUAMOHAIBHBIN KOHTYD CTYIIEHU CPEIHEPACXOIHOTO psiaa
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BricokopacxonHblif psJl CTyHneHEedl CIpPOeKTHPOBAaH Ha OCHOBE MOJICPHM3AIMH CTYIEHU
ananora B CFD-moctanoBke. PemenueM uist gocTrkeHus 3(QQEeKTUBHOCTH MPOTOYHON dYacTH,
SIBJISTIACH CUMMETPHUYHOCTH SIIOPHI PAaCXOJHONH CKOPOCTH Ha BBIXOJE U3 pabodero Kojeca ¢
(dbopMUpOBaHHEM BBIPAXEHHOTO SApa TOTOKA JJs CHIDKEHUS MOTEph cMelleHus B Auddys3ope.
JlocTmxkenust OIaronpusTHON KapTUHBI TedeHUs mpu @, > 0.13 ocyIecTBICHO NpUMEHEHUEM
JIMarOHAJIBHBIX KOJIeC. YIEsUIOCh BHUMAaHUE M CTETIIEHH peakTUBHOCTH padodero koneca (PK) -
MaKcUMyM paOOThl ¢ BOCCTaHOBJIEHHEM JaBleHus: coBepimaercs B PK ¢ «pasrpyskoit» crtaTtopa,
KOTOpPBIA paboTaeT npu HEOOIBIINX CKOPOCTSIX U HYKEH CKOpee JJIsl pa3BOpoTa MOTOKA.

Pucynok 4. BHemnuii BUJ BRICOKOPACXOHOM CTYTIEHU W BBIXOIHAS SITIOPa
pacxoIHON cKopocTH Ha BeIxoje n3 PK

[Ipm npoeKkTHpOBaHWK MaOPACXOIHBIX CTYNEHEW OCHOBHBIM OlPAaHUYECHHUEM SIBIISIETCS
pUHA pabouero KoJyieca - Ui YBEIWYEHUS 30HBI CBOOOJHOTO MOTOKA OTHOCHUTEIHHO HIMPUHBI
ITOIPAaHWYHBIX CJIIOEB M MUHHMMM3allMH TIOTEPh TpeHHUs. B KkadecTBe HCXOMHOW CTyIeHHM-aHaora
NpuHATa  MojelbHas  cTynenb  psga  [peccep-Kmapk.  Jlamee  mporouynass — 9acTh
[apaMeTpU3npOBAIACh — CEUEHHS] TBEPIOTENHHOW N€OMETPUH ONMHUCHIBAIACH CIIAHHAMH, MOJIFOCA
KOTOpBIX SIBJSUIMCH HapaMerpamMu onTtumuzanuu. Kpurtepuid ontuMuszanuu — MakCUMyM
u3osHTponmitHoro  KIIJ[. VYcranaBnuBanmuch orpaHuyeHuss MmMTpadpHbIME — QYHKIUSMH — Ha
MHHHAMAJIHFHO BO3MOXKHON Ko3(duimeHT Hamopa B padodeir Touke. ITonck skcTpeMyma IeineBoi
(GYHKIIUU OCYIIECTBIISICS C MPUBICYCHUEM MAIIMHHOTO OOYYEeHHsSI U T€HETHUYECKUX aJrOPUTMOB.
[Iporounble wyacTU-KaHIUIATHl MJIsi T€HETMYECKOro allfOpUTMa BBIOMpAINCh W3 CypporaTHOH
Mojenu ¢ npoBepkoit B CFD-pacuére ToJIbKO Ha KOHEUHON UTEpALUH.

Tak jxe mnpuMeHsICs OPUTMHAIBHBIM MeXaHu3M Uil u30aBieHHs] OT HeoOXOJUMOCTU
MPOBEPSATh TOMIAXKHYIO TOYKY IMpPH ONTHUMH3AlMd — [OMIIQXKHBIM 3amac obOecrneynBaics
aBTOMATUYECKH.

Static Tgmperature (K)

/

P HUCYHOK 5. Baemnnit BUJ] CTYIICHU U 001acTh HarpeBa IIOKPBIBHOI'O JJUKa
IIOTOKOM, BBIXOJAIINM U3 3a30pa
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BeiBoa. Ha ocHOBe koMIUTekca paOoT pazpaboTaH psii MOJIENBHBIX CTYIIEHEH, IPUTrOIHBIA K
IpUMEeHEeHHIO B TpoMbiieHHBIX [[BK BbIcOKO TPON3BOAUTENIEHOCTH U 3P PEKTUBHOCTH.
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GAS DYNAMIC DESIGN OF HIGH-EFFICIENCY SPINAL COMPRESSOR STEPS
Hasanov N.G., Akhmetzyanov A.M., ldiyatullin B.F.
(V.B. Shnepp Research Institute of Turbocompressors, Kazan)

Abstract. The article describes the successes in the design of modern stages of single—shaft
centrifugal compressors (CBCS), expressed in improvements in three areas - increasing the flow
rate of the stage, the polytropic efficiency, and the dynamic stability of the rotor (shaft thickness).

YJIK 662.953.2, 004.942
YUCJIEHHOE MOJAEJIMPOBAHUE I'A30BO31YIIHOI'O ITOTOKA
BEHTUJIATOPA SHUFT CFS 160 S
Hlaiixymounoe A.0., Tuxonos O.A.
Hayunsrit pykoBoutens: [1aBmos I'.W., mpodeccop, a. T. H.
(Kazanckuti HayuoHanbHblil UCc1e006amelbCKULl MeXHUYeCKUll
yrugeepcumem um. A.H. Tynoneea-KAH, e. Kasanv)

AHHOTAIUAA. AKTYalbHOCTb MCCJIEIOBAaHUS 3aKJIIOYAETCSI B M3YUYEHUU BO3MOKHOCTHU
UCIOJIb30BaHUsl SHEPTUU XOPAAIbHBIX CTPYH HJIsl yBEJIMYEHHS 3aKPyTKHA BO3AYIIHOTO IMOTOKA,
dopmupyemoro oceBbiM BeHTHIIITopoM SHUFT CFs 160 S. B paMkax JaHHOM paGOThI BBIITOJTHEHO
YUCICHHOE MOJEIMPOBAHME Ta30BO3/YLIHOTO IOTOKA B COIUIOBOM OJIoKe OJIOUHOW TOpenKu ¢
XOPJAIIBHOM TT0JTaYel Ta30BBIX CTPYH CPETHETO JIABIICHUS.

bypHOMYy  pa3BHTHIO  COBPEMEHHBIX  TEXHOJOTHH  CHOCOOCTBYET HE  TOJIBKO
MaIlTMHOCTPOUTENbHASI OTPAcib, HO U HOBBIE METObl MaTeMaTHUeCKOro MojenupoBaHus. OHH
MO3BOJISIIOT WH)KEHEPaM W YYEHBIM C JIOCTATOYHOW TOYHOCTHIO W MEHBIIMMH 3aTpaTaMu JOCTHYb
JKelaeMblii pe3yibTaT 3a KOPOTKUU mpomexyTok Bpemenu. CoBpemeHHble MeToabl CFD-
moxaenupoBanus (Computational Fluid Dynamics) mO3BOJISIOT BBIIOJHATH THIPOIAHAMHYCCKHC
pacueTsl TPAKTUYECKH JIOOOH  CIOXKHOCTH C  HCIOJB30BAaHHEM  CHEIMAIM3HPOBAHHOTO
nporpammuoro ooecnedenus (I10). Haubosee ycnemHbM U MOMYJISIPHBIM SIBIISIETCS TIPOTPAMMHBIIA
nakeT ANSYS, xoTopsiii BKIO4aeT B ceOsi OONbIIOe KOJUYECTBO WHCTPYMEHTOB MJISl peIleHUs
3aJ1a4 U3 pa3HeIX obOnacteil Gu3mku. MHOTHE W3 METOJIOB pelieHHs (TaK Ha3bIBaeMbIC PEIIaTeH),
KOTOpBIE UCTIONB3YETCsl B MpOrpaMMe, OCHOBBIBAIOTCS HAa YHCICHHOM pellleHnn ypaBHeHui Habbe-
Crokca, ocpemneHHbIX 1o PeitHonpacy [1]. B 3aBucMMOCTH OT MOCTaBI€HHOW 3a7a4d METO]
pEIIeHUs MOKET YCIOKHATHCS U KOPPEKTUPOBATHCSL.
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