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YUCJIEHHOE UCCIIEAOBAHHUE IMTPOCTPAHCTBEHHOI'O IIOTOKA
B ITIPOTOYHOM YACTH KAIICYJIBHOI'O TUIPOATPETATA
C IOMOIbIO MPOT'PAMMHOI'O KOMIIVIEKCA FLOWVISION

B nanHO# paboTe MpOBENEHO YHCIEHHOE HCCIENOBaHME JIBMKCHHS IPOCTPAHCTBEHHOIO IOTOKA B
NPOTOYHOI YacTu KamncyapHoro ruapoarperara [TJITK-25 ¢ momomipto nmporpammuoro komiuiekca FlowVision.
BrinosnHeHO cpaBHEHUE MOIYUYEHHBIX PE3YJIBTATOB C JAHHBIMU, IOCYUTAHHBIMU 110 AByMepHOMY MeTony LIKTH.

KaroueBsle ciioBa: runpoTypOnHa, KarcyabHBIN THApoarperaT, pabouee Kojaeco, IpOTOYHAS YacTh.

BBenenne

IIpuy co3maHuM  HOBOM  TIMAPOMAIMHBI, KOIZAa  HOAXOMIALIME  MOJENbHbIE
XapaKTEPUCTUKU OTCYTCTBYIOT, CporHo3upoBarh ee Hanop u KIIJ[ mo ee m3rorosiieHus B
MeTajule 0 HeJJaBHEr0 BpeMEeHM ObLI0 KpaiiHe 3aTpyAHuTenbHO. OnpeaenuTs TeopeTuIecKui
HaIop, 3aJaBUIMCh TPEYroJIbHUKaMH CKOPOCTEM Ha BXOJE U BBIXOJE, MO3BOJSET YpaBHEHUE
Olinepa. Jlns ompexneneHus YIJIOB MOTOKAa B 3TUX TPEYTOJbHUKAX ObUIO MPEIOKEHO
MHOXKECTBO SMIHUPHYCCKUX (HOPMYJT Uil pa3IMYHBIX KIACCOB THIAPOMAINWH (Hampumep,
nonpaska Ctomossi-Maiizens).

[Ipy oTCyTCTBUM MOJAENBHBIX XAapPAaKTEPUCTUK CIPOTHO3UPOBATH IApaMeTphl,
BblJIJaBa€Mbl€ THPOMAIIMHOM, BO3MOXKHO JIMIIb 10 pe3yjbTaTaM pacyeTa KapTUHbI T€UECHUs
KHUJKOCTH BHYTpH ee mporodynoit yactu (I[TH). OOmmii ciyvail JBHXKCHHS SKUAKOH Cpelibl
onuceiBaercs ypaBHeHUssMu HaBbe-CTOKca, OJJHAKO X pEIICHUE, BBUAY UX CIOXKHOCTH, 10
HEJABHETO BPEMEHHU ObLIIO BO3MOKHO JIMIIb C CYIIECTBEHHBIMH YIPOIICHUSIMH.

Henanb ncenenoBaHusi, NOCTAHOBKA 3a1a4H

Lenbto uccnenoBaHusl SBISETCS MOIYyYEHHUE KHUHEMATHYECKHX XapaKTEPUCTHK B
XapaKTepHBIX CEYEHUAX MPOTOYHOM YAaCTH KaIlCyJIbHOI0 THApOarperara.

B nannoit pabore 11 4HMClIEHHOro wuccienoBaHus notoka B [IY kamcynbHOrO
ruapoarperata [IJII'K-25, ¢ auamerpom pabouero koneca D =1 M Ha onTUMAanbHOM PEKUME
paboTsl, OBLT UCTIONIL30BaH MporpaMMHbIi Komiuieke FlowVision (Poccust).

[Tporpammusiii komiuieke FlowVision B HacTosiiiee BpeMst IIMPOKO MCIONB3YETCs IS
pelieHus MpUKIaJHbIX 3a/Jad TUAPOTra30JUHAMHUKU HIpPU MOJAEIUPOBAHUU TPEXMEPHBIX
TEYEHUH JKUAKOCTH M ra3a B TEXHUUECKUX U MPUPOJHBIX OOBEKTaX, a TAK)KE BU3yalU3alUH
ITHX TEYCHUH METOJIaMU KOMIIBIOTEPHOU TPapHKH.

Mogenupyemble TEYeHMs BKIIOYAIOT B ce0sl CTAlMOHApHblE W HECTAlMOHApHBIE,
CKMMaeMble, c1ab0CKUMaeMble U HEC)KUMAEMble MTOTOKU KHUAKOCTU U rasa. Mcnonp3oBaHue
pasIMYHbIX Mojeneld TypOyJEeHTHOCTM M aJalTUBHOW pAacyeTHON CETKU MO3BOJISET
MOJIEJMPOBATh CJIOKHBIE IBUYKEHUS )KUJIKOCTH, BKJIIOYAsl TEUEHUSI C LUPKYJIALUEH, TOPEHUEM,
TEYEHUs CO CBOOOHOM MOBEPXHOCTHIO.

[Ipouiecc pacyera TeueHUs >KUAKOCTH BKJIIOYAaeT B ce0s cleAylolue IIary,
BBINOJIHSIEMbIE TI0JIb30BATENIEM:

a) co3manue oOmactu pacuera («reomerpum» ycrtpoiictea) B CAIIP u
umnoptupoBanue ee dyepes ¢opmaret VRML, STL, DEFORM, ABAQUS, ANSYS wumu
NASTRAN B FlowVision (IGES, PARASOLID, VDAFS c¢ mnomompsio Flow3DVision);
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0) 3a1aHKe MaTEeMaTHYECKON MOJICIH;

B) 3aJ]aHNE TPAHUYHBIX YCIIOBHIA;

T) 3aJ]aHUe UCXOTHON PACUETHOM CETKH U KPUTEPUEB €€ aJlanTal[iy MO PELICHUIO H 10
I'PaHUYHBIM yCJIOBUSIM,;

1) 33/laHie TIapaMeTPOB METOJIOB pacyera,

¢) npoBejieHue pacyera (0€3 ydacTHsl MoJb30BaTENs);

X) TPOCMOTp pE3yJIbTaTOB pacuera B rpaduueckoii Gopme («BU3yamm3anus»
pE3yJIbTaTOB PacyeTOB) M COXPAHEHHE JaHHBIX B (DaiiibI;

3) OIICHKA TOYHOCTH PacYe€TOB METOJIOM CXOJMMOCTH IO CETKE.

PaccMoTpuM KaxIpIi W3 OSTUX IIAroB Ha MPHUMEPE PACCUUTHIBAEMOTO HaMU
KaricyJibHOTO THapoarperara [TJITK-25.

Co3nanue reomerpuyeckoii mogenan ruapoarperatra IIJIT-25 B CAIIP un
uMnopTupoBanue ee B FlowVision.

FlowVision He wumeeT COOCTBEHHOTO TE€OMETPHUYECKOTO MPOIECCOpa, IOITOMY
reoOMETpHs TUpoarperara 10bkHa uMmnoptupoBarbes n3 CAD-cuctemsl.

B Hacrosmiee BpeMmsi CyNIECTBYeT II€NBIA PsSI  MPOTPAMMHBIX  MPOTYKTOB
N03BOJISIOIKX (G GEKTUBHO BBIMOMHUTE 3Ty 3amady SolidWorks, T-Flex, Unigraphics,
Autocad Mechanical Desktop, ProEngineer, Catia, Kommac 3D u mp.

I'eomerpust KarcynpHOTO TUApoarperara, BeinoiaHeHHoro B CAD-cucteme nmpuBeeHa
Ha pucyHke 1.

Puc. 1 — I'eomerpus kancynbHoro ruapoarperara [TJII'K-25

Pacuer TedyeHws BOJBI B THJApOArperare SBISICTCS 3aJadeid BHYTPEHHETO TEYCHHS,
nosromy B FlowVision nocrarouno ummnopruposats reomerputo [TU. [Ipu 3TOM BHYTpeHHUI
00BeM THIpoarperara J0KeH ObITh IPEJCTABICH KaK TBEPIOTEIbHAS MOJICIb.

Crnenmyronuii 3Tan MOATOTOBKMA T€OMETPUU 3aKITIOYACTCS B Pa3felieHUH PacueTHBIX
obyacTell TOJBOJIA, BpAIAIOIIETOCss pabodero kojieca W oTBoja. J[isi 3TOro HEoOXOaUMO
paccedb reOMETPHIO ABYMS TUIOCKOCTSIMHU Tiepe] 1 3a pabourm kosecom (PK).

Br100p MaTeMaTH4eCKOH MO/IEJIN.

OpHrM W3 TIABHBIX JTAallOB pEHICHUS 3aJadyd SIBISETCS BBIOOp Mojenu pacueTta. B
nporpamme FlowVision monp3oBarens s KakaoW pacdyeTHOW OOJaCTH 3aJacT MOJEINb
pacuera.

Jlyis Hamied 3amadm pacuera KamcyiapHoro ruapoarperata [TJII-25 mms Bcex Tpex
pacdeTHbIX obyacTeil ObUTa 3a1aHa MOJIeNlb pacuera ¢ Ha3BaHueM «Hecxxumaemasi sKHIKOCTh»
U npuHTa K—€ Moeb TYypOYyICHTHOCTH.
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3adanue 2paHuuHbBIX YCI08UI.

Bo FlowVision mporiecc 3aanus TpaHUYHBIX YCIOBHI pa30MT Ha JBa dTama:

e Co3anne U PeIaKTUPOBAHHUE BCEX HEOOXOMMBIX TPAHUIHBIX YCIIOBHH.

e PaccTaHOBKA rpaHUYHBIX YCIOBUN HA T€OMETPUUYECKUX IPyIax.

Jlns Hamiei 3amadd BO BCEX pPACUETHBIX O01acTAX HaMH OBbUTH  OIpeIeCHBI
CJIEYIOLNE TUIIbI TPAHUYHBIX YCIOBHM:

® BXO/Jl — BXOJJHOE CEUEHHUE MOABOJISILIETO KaHala,

® CBOOO/IHBIN BBIXOJ] — BEIXOIHOE CEUCHUE OTCACBIBAIOIIEH TPYOHI,

® CKOJIB3SIIIasi MOBEPXHOCTh — TpaHUIA MEXIY pacueTHbIMU OOJACTSIMH IOABOJI-
KOJIECO U KOJIeCO-Tpy0a;

® CTEHKa — KallCyJia, JIONATKU HalpaBJIsIOLIEro amnmnapara, cTaropa, KOJIOHHA, MMOABOJ
W OTCachIBarOIIas Tpyoa,

e Bpalnarouiascs cCTeHka — pabouee koseco, Topisl onacreii PK.

3agaHue MCXOAHOM pacyeTHON CeTKH M KPUTEPHEB e¢é aJanTauuu M0 PELIeHUI0 U
M0 TPAHUYHBIM YCJIOBHSIM.

OnHuM U3 BaXXKHEMIMX HTAlloOB CO3JAHMS PACUETHON MOJENU SIBISETCA MOCTPOCHUE
pacueTHOU ceTku. [locTpoeHne pacueTHON CETKH — 3TO MPOIECC pa3OMEeHHs] pacyeTHOU
obJacT Ha MHOXECTBO OTHEIBHBIX sUeeK. S4Yeiikh CeTKHM MpeACTaBIsSIOT Cco00it
MHOTOTPaHHHUKH, OOBIYHO TETPa’Apbl, TeKCadJpbl, MPU3Mbl WM HHpaMuibl. Kpomku 3THx
s;ueeKk 0OpasyloT JMHHHM PACUYETHOM CETKH, a TOYKH, PACIOJOKEHHBIE Ha KPOMKax OO B
LEHTPE SYEEK — Y3JIbl PAacYETHOM CETKHU. B pe3ynbrare 4YMCIEHHOrO pElIeHUs ypaBHEHUH
MaTEeMaTUYECKOW MOJIEIM UMEHHO B Yy3JIaX PacueTHOM CETKH U OMNPENENSIOTCS MCKOMBIE
napaMeTpbl TEUECHHUS.

FlowVision ucnonb3yeT JIOKaJIbHO aJallTUBHYIO pacyeTHYIO ceTKy. CHavana CTpOUTCS
HavalbHas ceTka (paBHOMEpHAash WM HEpaBHOMEpHAs), IOTOM 3a/al0TCS KPUTEPUHU
ajianTaiuu.

[TepBbIM 3TanomM CO3JaHUSI PACUETHOW CETKHU SBJISIETCA MOCTPOEHUE HAYaJIbHOW CETKH

(puc. 2).

Puc. 2 — PacueTHast ceTka Ha4aIbHOTO YPOBHS
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Btopoii sTanm — yTOYHEHME pPAcCYETHOM CETKH, CBA3aH C aJanTalueld HadalbHbIX
pPacUeTHBIX SYEEK.

Ilpouecc pewienusa u usyanuzayus pe3yibmamos pacuemad.

[lepen Hayamom perieHus NporpaMma Mpou3BOIUT MOCTPOSCHUE HaUaIbHON pacueTHOU
CETKU W TPOU3BOJUT QIANTAIIMIO HAYAIBHBIN pacueTHbIX sueek (puc. 3). Jlns Hamiel 3amaun
YHCIIO PACUYETHBIX SYEeK COCTaBUiIO 1,5 MiH.

Puc. 3 — YrouHeHrne Ha4aJbHOW PacueTHOW CETKU

Habop wumerommxcst cpenctB Busyanusanuu B FlowVision BkiarouaeT: aByMepHBIH
rpaduK, BEKTOpHOE IMOJI€, M30JIMHHUA M HM30TMOBEPXHOCTH (JIMHUM U MOBEPXHOCTH PaBHBIX
3HAUEHWH HEKOTOPOrO TapaMeTpa), pa3HOIBETHAs 3ajMBKa, aHUMAIUS [BWKCHHS YaCTHI
JKUIKOCTH, U JIp.

Pe3yabTaThl Hcc/Ie10BAHUSA

Ha pwuc. 4-7 mnpuBeneHsl pe3yiabTaThl pacdyeTa MPOCTPAHCTBEHHOTO IIOTOKA B
MIPOTOYHOM YacTH KarcyinbHOro rujapoarperara [IJII'K-25 B Buie pa3HOIBETHOM 3aJIBKH.

Puc. 4 — Pactipenienenue CKOPOCTH B MEPUANOHAIEHOM CEUEHUH
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Puc. 5 — Pacmipesnenenue 0THOCUTENLHOIM CKOPOCTH IOTOKA BJIOJIb OBEPXHOCTH THApOarperara

Puc. 6 — Pacnipenerienne abCONMIOTHOM CKOPOCTH IMMOTOKA BIOJIb IOBEPXHOCTH THApOarperara

Puc. 7 — Pacnipesenenue abCONMIOTHON CKOPOCTH TIOTOKA
BJIOJIb IOBEPXHOCTH paboyeil KaMepbl Tuapoarperara
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Ha puc. 8 u 9 mpencraBiieHO CpaBHEHWE 3HAYEHUW OTHOCHUTEIBHBIX CKOPOCTEH H
kodpuimeHToB aaBneHuidt Baonb cpeaHero mnpoduns PK  ruaporypOuner TIJIT'K-25
onpenenenusix mo Metoay LIKTU u o FlowVision. Pa30exxHOCTh 3HAUYEHUI ONpeaeICHHBIX
10 ATHM JIBYM METOJIaM COCTAaBIISIET B mipeenax 5 %.
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VY naniii poOOTi MPOBEACHO UYMCENBHE MOCIHIIKEHHS PyXy IPOCTOPOBOI Tedii B MPOTOYHINA YacTHHI
KarcyinpHoro rigpoarperaty ITJITK-25 3a momomororo mporpamHoro kommiekcy FlowVision. Bukonano
MOPIBHSAHHS OTPUMAHUX PE3YJIbTATIB 3 JaHUMH PO3PaXOBAHUM 110 1BOBIUMipHOMY MeToxy LIKTI.

KurouoBi cioBa: rinpotyp6ina, KancynbpHUH rigpoarperar, podoye Kojieco, IpOTOYHA YaCTHHA.

In this work, a numerical study of the motion of the spatial flow in the flow of capsule hydro unit
PLGK-25 by software complex FlowVision. A comparison of the results ¢ similar values calculated by the two-
dimensional method.

Keywords: hydroturbine, capsule hydro unit, runner, flowing part.
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