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e
O6wme uenum n sapaum FlowVision

« Kop o6Lliero HasHauYeHus Ana peweHUs CJI0XHbIX
MeXxoucyunuHapHbIx 3aday NPoOMbILLNEHHOMN a3po-
rmapoaAuHaAMUKM C YYETOM CITIOXHOM (PU3UKKN

* lpepHa3sHa4yeH Kak UHCMpyMeHM aemomamu3ayuu
UH)XeHepHbIx pacdemos (CAE) MHXeHepOB-KOHCTPYKTOPOB
npeanpuaTn Ha Bcex ctagusax XL msgenunna

« Pa3paboTtka KoHUuenuun npoaykra
* lpoekTnpoBaHue

* WUsrotoBneHue

 Hanapgka, Texnogaepxka

* YTunusauus

« MpepHa3HayeH ANA Ucnonb30BaHUA B Npolecce o6y4YyeHUs
CTYAEHTOB

. Fiiiﬁii;iiii TECWUC, MockBa, 2014



FlowVision - caenaHo B Poccum

- PaspabatbiBaeTcsa B komnaHum TECUC (r.MockBa)

« £lapo KoMaHAabl - Hay4yHas WKona
akapgemuka O.M.benouepkoBCKOro

* Havano pa3pab6otku FlowVision — 1991r.

* OCHOBHbI€ pa3padboTYMKU - BbINMYCKHUKN
M®PTU, MY, MAU, MI'TY nm. baymaHa



http://ru.fishki.net/picsw/042011/26/post/pilot/pilot-026.jpg

e
.KoHuenuuma FlowVision

* MuHMMM3aLuMA pyyHOro Tpyaa MHXeHepa-pacyeTyuka.

* Peanusauma uctuHHou CAE cucrtembl — cuctembl aBTOMaTu3auum
MHXeHepHbIX pacyeTtoB. Cam FlowVision yxe —
He HYXXHO Aanblue aBTOMaTU3NpoOBaThb.

* FlowVision — BNXy TeyeHue:
YTO BUXKY, TO MOHMMALO.

 YucneHHoe mogenunpoBaHue Ha FlowVision:
* OT Ka4eCTBEHHbIX A0 KOJIM4eCTBEHHbIX pe3ynbLTaToB

OT ObLICTPbIX A0 TAXEeSIbIX pacyeToB

* OT MPOCTbIX A0 CJIOXHbIX CONPSXEeHHbIX 3aaa4

¢ OT UCMNONIb30BaHUA NMepcoHanbLHOro KOMNbIOTEpa A0
cynepkomMnbroTepa

* OT HecneuuanuctToB Ao npodeccnoHanoB B oonactu BIrA.

« CunbHasa obpaTtHas cBsA3b [Monb3oBaTenb<->Pa3paboTumk
FlowVision

. Fiiiiii;iiii TECWUC, MockBa, 2014




e
MHTerpauma MexauncuumnivHapHbie

3agauv

B3avmogencrBue XNOKocTu (rasa) u KOHCTPYKLUMN

« ABAQUS (Dassault), NI3rAK-AK (Capos), NASTRAN (MSCQC),
PUOECUC
1 n 2-cTpoHHee cBA3bIBaHME, pelleHns1 CUNbHbIX 3apay FSI.

AKycTuKa

 LMS Virtual.Lab:

Buonornyeckas 3awmTta aTOMHbIX PpeakTopoB

« TORT (HenTpoHHasa ¢pun3uka):

NMonck Hanny4Wnx KOHCTPYKTOPCKNX peLueHnn (onTuMmsaums)
« |OSO (onTUMHM3aTop U NHTErpaTop)

Busyanusauus

« ENnSight (CEI)

. Fiiiﬁii;iiii TECWUC, MockBa, 2014
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MHTerpaumsna

NMapTHepbl

« HWUL KypuyaTtoBckum
UHCTUTYT

- OUBT PAH

« LUAIAN (XKykoBckuin + MockBa)
- OKBM

« POALU-BHUNIJOD

« Dassault

 Curma TexHonorus

* ACKOH

 Ton Cucrembl

. Fiﬁiiiiiii ;EEEE Eocxsa, 2014



e
ba3uc FlowVision

* MonHOCTbLIO aBTOMaTU4YECKas reHepaumua pac4eTHOMU
CEeTKU C NoKarnbHOU AMHaAMUYeCKOMN aaanTtauuen
PacuyeTHas ceTka ecTb peLueHue!

« PaspelueHue norpaHUYHbIX crioes - 6e3
OrpaHNYeHUs1 Ha CJI0XKHOCTb NMOBEPXHOCTH

 MopenupoBaHuMe B3aumoneucTBus xuakoctu/rasa
C NOABUXHBLIMU U TMOKUMU KOHCTPYKLUSAMU

 MopenupoBaHue ABMXeHUA MHOrodasHoOM XXUOKOCTU C
KOHTaKTHbIMU rpaHnLaMu

* Lupoknn cnektp mnsanyecknx moaenen (TypoyneHTHOCTb,
MacconepeHoc, XMMus, ropeHne, aucrnepcHble dasbl)

« poBeaeHue pac4yeToB Ha COBPEMEHHbIX CynepKoMnbloTepax ¢
reteporeHHbIM napannenuamom (> 104 agep, > 1e8 A4eek)

. Fiiiﬁii;iiii TECWUC, MockBa, 2014



Knaccbl mogenupyemMbiX TeUEeHUMN

* Te4yeHus npu NOOLIX Yncnax Maxa — or
HecXxXumaemoro TedeHus (M=0) oo rmnep3ByKa

« ConpsiXeHHbIN TensoobmeH
« MHorodasHoCTb

 KoHTakTHas rpaHuua (cBo6oaHasa NOBEepPXHOCTb)
Mexay ABYyMA 06beMHbIMU cha3zamum

 MopenupoBaHue gucnepcHoun dasbl
* [lopucrtocTtb

 [opeHue

 Xnmpeakuum

 PagnauuoHHbIM TennooobmeH

« dneKkTpornapoauHamMuKa, OXXoyreBo
TennoBblaernieHne

. Fiiiiii;iiii TECWUC, MockBa, 2014




UTO HOBEHbKOIro 3a
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e
HoBbin meton pacwennenusa all-Mach,
roe nowaabs CTOMT Bnepeam Tenerm
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CpaBHeHMe HOBOM CXeMbl «nepeaHun

npuBoa» C HEABHOU CXeMOM paclienneHus

F'Mnep3BykoBoe ob6TekaHue uunuHapa npum M=15
LLlar no BpemeHu: koHBekTUBHLIN CFL =10. CeTka: 200x50.

CxeMbl pacliensneHus
Knaccuuyeckasi HesiBHas «nepegHun npueBoa»

TECWUC, MockBa, 2014



3apaua Copa

PacyeT KOHBEKTUBHbLIX YS1IEHOB:

cxema 2-ro nopsigka TO4HOCTU upwind
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To4Hoe pelueHne
o Cxema oayHoBa (13 ctaTbn Copa)

X FlowVision




NMpo6bnemsbl metoga VOF

Flying
I
PaspelueHne TOHKUX CTPYKTYP = Droplets
Air
* HeBo3moxHo paspewwmnTtb metoaom VOF 5 phase
Kannu, ny3bIpbKW rasa, nieHkwu, KFilin Surfac
KOTOpble UMEIOT pa3mep MeHblue
pacyeTHON AYENKMU.

KoHcepBaTUBHOCTbL Solid body

» Xota dopmansbHo metoa VOF cuntaetca
KOHCepBaTUBHbIM, HA CaMOM fefe OH
TaKkoBbIM He fiBnsieTcA. B pe3synbraTe pacyeta ¢pyHkumua f ns-sa
NnorpeLHoOCcTen pacyeTHOU cxeMbl (cxemMHana andpdysua, aucnepcus), f
npuHUMaeT Hepu3nyHble 3HaYeHUs 6onble 1 nu meHblie 0, KoTopble
orpaHuuunBaroTca ¢punsTpom. lNpu 3TOM HapyLlaeTcs KOHCepBaTUBHOCTD.

Pa3ma3biBaHue ppoHTa
« CxemHasa anddy3na npuBoauUT K «pacnnbiBaHUIO» pe3Koro hpoHTa mexay
ABYMS XXUOKOCTAMMU Ha HECKOJIbKO pacyeTHbIX fs4yeeK. [pumeHeHne cxem c

oTpuuaTenbHou cxemHoun audcysnen, unm koppekumsa VOF npuBogaT K
He(PU3NYHBLIM peLUEeHUAM.

. FlowVision TECHWC, Mockea, 2014




MapkupoBka auyeek

* Mpun VoF <0.01 ayenka — rasosasn (GAS)
* Mpwu VoF > 0.99 ssiuenka — xuakoctHaa (FLUID)
* Mpwu 0.01< VoF< 0.99 sayenka — noBepxHocTHas (SURF)

Benbie auenku — FLUID, KpacHble sauenkun — BUBBLE,
3erneHsble — GAS, cuHue - SURF ni=rrrslz — DROPLET

. Fiiiiii;iiii TECWUC, MockBa, 2014
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Pacuer nepeHoca VOF -

CKOUWEeHHadaA CXeMa

PacuyeT BTeKaloLWmX U BbITEKAKOLWMNX NOTOKOB B sfi4YenKe

* YYynTbIBaAlOTCSA He TONIbKO MOTOKM K
«coceasM» MO CTOPOHaAM SYEHNKMW,
HO TakKXe WU K «cocegsM» no
peGpam.

« Notok VOF onpepenserca wu3

PEKOHCTPYKUUN NOBEPXHOCTHU
BHYTPU AYEUKMN.

0.5

Paszdaya nomokos u3 g4elKu 8
CKOWeEeHHOoU cxeme

. Fiiiiiiiiiii ?EEEE Hocxsa, EEE




NepemeuwmBaHue Mmacna

PacueT aoBMXeHus Bo3ayxa U Macna B 3aMKHYTOM obGnacTtu
« [IBMXeHue WwecTepHUn




Ckonb3auwan cetTkKa

 B3anmogeuctBue potop-craTtop
* Freezing rotor
« CeKTOpHasa NOCTaHOBKA 3agauun

Typ6uHa BbICOKOro AaBneHuUs
(TBO AI-31® ansa Cy-27)
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HeHbIOTOHOBCKAaA XXUAKOCTb. 3aKOH

M3IMEHECHUUA BA3KOCTM
moaenb bepa-Kappo
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O6vemMHan Busyanusauums

Pa6ouni npouecc B kKamepe cropaHusi ra3oTypouMHHON YCTaHOBKMU




Kakue sapaum
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e
Rotating machines: Metering Pump

Geometry of metering pump Dynamics of pressure and velocity vector fields

(movie)

. Principle of operation: rotation of telescope blades



Turbomachinery, Pumps: Ventilating
Blower
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Blower design




Nocapka xkocmMmuuyeckoro Kkopabna Ha
BOoAy c BknwoueHHou A1Y (c paspeu.lel-lml
PKK 9Heprus) *

MoaenupoBaHue cBepXx3ByKOBOU CTpyu u3 conen A1y
BonHooGpa3oBaHue
Hecxunmaemoe TeyeHne BoAbl

. Fiiiiii;iiii TECWUC, MockBa, 2014
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NMpoexkt HEXAFLY (LUAM'N-LUWUMAM-MOTU)

Cxema 3kcnepumMmeHTanbHou yctaHoBku LLIMAM

1 - runep3ByKOoBas a3poauHammyeckasa Tpyba
2 [MwunoH u mopenb annapata HEXAFLY

3 Kamepa cropaHuma aspoguHaMu4eckomn TpyoObl
4 Bbixoa B atmocdepy




NMpoekr HEXAFLY (LUAMrN-LULMAM-MDOTN)

JleBbIvi nosic
[aTyYMKoB

LleHTpanbHbI ;

noAC AaT4yukoB

z Y
(cummeTpus)

P [6ap] . P [6ap] Neebiit NOAC AaTYMKOB
P LleHTpanbHbIi NOAC AaT4MKOB 07
: HanpaeneHue notoka
HanpasneHue notoka
0.6 8- '
+ JKCnepumeHT + JKcnepumeHT
—FlowVision o —FlowVision
0.5 g
04— (o8
0
*
&
*
* T M_
700 1200 z[mm]  -800 -300 200 700 1200 z [mm]

[laBneHue no NoBepxXHOCTU annaparta BAONb
LLeHTPa/IbHOro U 6OKOBOro NoAca AaTYMKOB

. Fiiiiii;iiii TECWUC, MockBa, 2014



Opoccenb

TapenkaNol
TapenkaNo2
Cso60HbIN BbIXOA, TapenkaNo3
[asnexue Ha Bbixoge 5 atm. TapenkaNe4

Tapenka Ne5

KoHuyesas
TOUKA CTEPIKHA

CTeHKa CreHka

[

.

Bxopa/sbixogn

Maccosasn CKOpOCTb:
1778 kr/mM2*cek

(0BbemHbIit pacxog: 55

mM3/uac




NMone BeKTOPOB CKOPOCTEU U AaBneHue
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AmMnnutyaHbin cnekTtp gna Fy

165+
150+
135+

1204

AmMnnunTyna

0 55 110 165 220 2

54§

330 385 440 495 550
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YacToTa, 'y

. Fiillﬁiki'll Cnaiig Ne 28 TECMC, Mocksa, 2014
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NMpuroroBneHme WuHbI U3 PEe3UHbDLI

MoaenupoBaHue Mukcepa dopmoBaHue pe3uHbI

<

MopgenupoBaHue aKcTpyaepa

/
\




MapkeT, TO eCThb
PbIHOK
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Pewatenb CJIAY FlowVision

° MocTaHoBKa 3apauun

AX = Db,
. A - paspexeHHasi KBagpaTHas MaTtpuua 605nbLION pa3MepHOCTH,
. b - BEeKTOp NpaBoM 4YacTU, X - UCKOMbIN BEKTOP pPeLUeHUS. 5
. ApxutekTypa Bbluucnutens: MPI + Hutun *#
. ®opmaTt BXOAHbIX AaHHbIX: ParCSR ‘-,
. TpeboBaHus: I —— JA‘* _
—  OdeKTMBHOCTbL — ‘,; :
— MacwrabupyemocTtb o N B

—  MwvHuMmanbHble 3aTpaTbl NAMATU U BblYUCIEHUIA
. Anroputmbl:
— [pepobycnosneHHble anroputMel TUNa nognpoctpaHcTea Kpbinosa, npegobycnosnueanne ICH2/ILU2
- AMG
. Knacchbl 3agauv:
— BbluucnutenbHas rmgpogmMHamMmuka
— [lpo4vHoCTb
—  OnekTpoavHamuka

, MockBa, 2014



XotTenku




-
CAE-cucrema - ypoBeHb CerogHsillHero aHs

CAE - cuctema aBTOMaTtu3saumm MHXEeHeEpPHbIX pacyeToB
PLM — cuctema ynpaBrieHUA XXU3HEeHHbIM LIUKITOM nsgenus

PLM
A NMpobnemsbl cerogHAwHNX CAE-cuctem:
CAE > P Soi
- M4YHble, HECBA3aHHbIe MeX W, Koabl
razogMHaMuka asn e, HecBAi3a e mexay cobou, Koa
- CnoXHOCTb NpoBeAeHNA COBMECTHbIX pac4eToB
(HanpuMmep, aKkTyanbHas 3agadva a3poynpyrocTu
CAE > TpeOyeT ABYXCTOPOHHEro conpsikeHna CAE-
rmapoamHamMmka razoauHamuka 1 CAE-NPOYHOCTD)
Cenean - TpyAHOCTM OOy4eHMA Nonb3oBaTesien - CIIULLKOM
pa3HbIn UHTepcenc
CAE - HecoBmecTumMOCTb CMCTEM U NPUHLUNOB
>‘ NULUEH3NpoBaHUs
NPOYHOCTb
-  HecoBmecTUMOCTb M pa3pO3HEHHOCTb CUCTEM
BU3yanusauum
CAE
ANEKTpoANHaMMKa PewaTb MHOrogucuMnavMHapHble 3agaym cenvac

npakTM4eCKn HeBO3MOXHO!

. Fiiiiii;iiii TECWUC, MockBa, 2014



CAE-cucrema — sasTpauiHMM YpOBEHb

BbluncnurtenbHasa uHXxeHepHaa nnatdopma (BUIM) — nnarcdopma ana
KONMMEeKTUBHOro co3faHusa U nMueH3npoBaHusa yHuBepcanbHou CAE — cucteMmbl

YHuBepcanbHas
CAE —cucrema

razoguHamuka

[vapoanHamumka
[MpoYHOCTb
OnekTpoanHamuka
MarHutognHamuka
Xmus
[opeHue

Busyanusauus...

PLM

Mpeumywectsa BUIT:
- EpavHbIN nonb3oBaTenbCKUn nHTepcenc

- KonnekTMBHaa macwrtabupyemasi paspaboTka
YHuBepcanbHon CAE-cuctembl Ha 6a3e BUI

- Co3paHue pblHKa Hay4YHbIX npunoxeHun ana BUI-
nnatdopmbl

- [poBeaeHne coOBMECTHbIX MHOFOAUCLUNIIMHAPHbIX
pac4yeToB (Hanpumep, a’apoynpyrocTb,
MarHutTornapoauHaMmuka U T.4.) — 3TO BHYTPEHHSAS
BO3MOXXHocTb BUIM-nnatdopmbl

-  KonnektnBHoe obyyeHue nonb3oBaTesien — He
Tonbko BeHAopoMm CAE-cucTeMbl, HO U LULUPOKUMU
rpynnamu paspaboT4yuMKkoB Moaernen u moayneun
CAE-cucrembl

- OpHa rubkas cuctema NMUeH3npoBaHUA

TECWUC, MockBa, 2014



-
BoiuMcnurenbHas MHXXeHepHaa nnarcdopma

BbluncnurenbHaa nHxeHepHas nnartdopma:

OTKpbITbIX NporpamMmmMmHbIN MHTepdenc (API) Ansa NoAKNOYEeHUA pa3nUYHbIX KOMMNOHEHT
CAE-cuctembl

PacueTbl C MCMONb30BaHUEM CYNepPKOMMNbIOTEPHbLIX PecypcoB

PaspaboTuuk co3pgaet He MoAaynu, a MeToabl ynpaBrieHUA COOTBETCTBYHOLWMUM NMPOLLECCOPOM
BWI yepes ero API.

BbluncnutenbHasa nHxxeHepHas nnarcgopma

Mpouecco Mpouecco Mpouecco
pou P Mpoueccop pou P pou P
MaTeMaTU4ecKunx BU3yanusauum MaTPUYHbIX
. pacyeTHbIX CeTOK -

mMopaenen pacuyeToB pelwiaTtenewn

OTKpbITbIX NporpamMmMHbIv UHTEepchenc (API)

YpaBHeHus H-C CeTKa Busyanusauus B
HEeCTPYKTYpUpOBaHHas NJIOCKOCTH Pewarens AMG
MacconepeHoc
CeTka O61bemMHan
P MRE
MexaHuka CTPYKTYpUpOBaHHas BuU3yanusauus ellarentsc S

TECWUC, MockBa, 2014



AKTUBHbBIM gMCK: ObICTpOE
MoaenvpoBaHue
BEHTUNATOPOB, Nponennepos,

rpebHbIX BUHTOB

1.CoBmecTHO ¢ LIAT U

2.CBA3b Mexay
CKOPOCTbIO Ha Aucke
V(r,p) n nepenagom
nasneHna dP(r, ¢) Ha
NPOTMBOMNONOXHbIX
CTOpOHax Ancka.

3.[lo3BONSAET UCKITHOYUTL
AeTtanbHoe
MoaennpoBaHue
nonacreu

4.Pa3smep 1 goopma
aKTUBHOIO AMUCKa
coBnagaeTt ¢ urypou,
3ameTaemMou

J1o0Nnactdamm
l i iiiiiiiiii l EEEE HOCKBa, !EH
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Cnacubo 3a BHuMmaHue!

FlowVision - 3T10O:

* lonHocTbO aBTOMaTU4YeCKas reHepauusa pacyeTHOU CeTKU C
riloKanbHOW AUHaMU4YeCKOW aganTaumen,

» Pa3spewieHue norpaHNYHbIX CroeB - 6e3 orpaHU4YeHUus Ha
CJIOXKHOCTb MOBEPXHOCTMH,

 MopgenupoBaHuMe B3aumoneucTBus Xuakoctu/raza ¢ noaBuXKHbIMU
U TMOKNMU KOHCTPYKLMAMM, —
cUcTemMax c

« MopenupoBaHue ABNXKEeHUE XUOKOCTU U.EA3
yNbTPATOHKMMU 3a30pamMu,

* lpoBeaeHne pac4yeToB U BU3yanunsauus
pe3ynbLTaToB Ha COBPEMEHHbIX
cynepKoMnbloTepax ¢ reTeporeHHbIM
napannenuamom (> 10 000 spep)

. Fiiiﬁii;iiii TECWUC, MockBa, 2014



