CFD weekend, MockBa 2017
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FlowVision

Komvnanua TECHNC N moxeT cobCcTBEeHHbIX AHCUCOB
3emnsa Poccumnckas poxaTb

Akaa. M.B. JlomoHocOB

FlowVision

 Poccumnckaa MHXUHNPUHroBasi KOMNaHua — 24 roga Ha pblHKe MOCTaBKU U pa3paboTKu
BbICOKOTEXHOJIOrMYECKOro MHXXeHepHoro matobecne4yeHus

 Pa3paboTtka u nocTtaBka nporpaMmmMHoro komnnekca FlowVision gna peweHuna 3agav
BbIYUCNIUTENBHOU MMAPOANHAMMUKU N BbICOKONPOU3BOAUTESNIbHbIX BbIYUCIIEHUN B
MPOMbILLSIEHHOCTH

 FlowVision BoctpeboBaH B Poccuun Ha npegnpuatuax Pockocmoca, OlK, Pocatoma un
3apybexom — Kutan, Uugua, CLUA, EBpocotos.

« TECUC paspabartbiBaeT FlowVision B TECHOM COTPYAHMYECTBO C MPOMbILUIIEHHbIMMU
npeanpuatnamm, Poccunckon akapemmen Hayk n orpacnessimn HUU (LA, BTU, OUBT PAH)

CFD weekend, MockBa, 2018



FlowVision - ucropus

AKCNEePUMEHT

* [MepBble paboTtbl (Ana HIMO 3Hepruu, pykoBoautenb — KocMoHaBT A.A. CepebpoB)
— uccnegoBaHue rmapoauHaMMKM YCTaHOBOK AJIA Npon3BoACTBa Oerika B
yCNOBUSIX HeBeCoOMOCTH. 1)

» Havano pa3pa6otku FlowVision 1.0 — WA PAH, 1991r. HoBble 3aKa34yuKku — YUCTble
KOMHaTbl, OMMCTKa AbIMOBbIX ra3oB, ropenku gna TOL.

* 1999 roga — koMmmepumanusauua paspadotkm B komnaHium TECUC (FlowVision
2.01.01). 2

« 2007 roa - Bbixoa napannenbHon Bepcum FlowVision 3.01.01

1) Aksenov A.A., Gudzovsky A.V., Serebrov A.A. Electrohydrodynamic instability of fluid jet in microgravity//
Proc. of 5th Int. Symp. on Computational Fluid Dynamics (ISCFD), Aug. 31 - Sept. 3 1993, Sendai, Japan.
Japan Society of Computational Fluid Dynamics, Vol. 1, P. 19-24.

2 A. Aksenov, A. Dyadkin, V. Pokhilko. Overcoming of barrier between CAD and CFD by modified finite volume
method. Proc. 1998 ASME Pressure Vessels and Piping Division Conference, San Diego, ASME PVP-Vol.
377-1

Al HeyCTONYNBOCTb
CTpyMKu Guonpenapara
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KoHuenuusa FlowVision

i I'Iepen,aqa N BHeApPpeHUe Hay4HbIX 3HaHUU B NMPOMLIWIEHHOCTb: cAaesyiaTb CNMOXHbl€ Hay4YHbl€e 3HaHUA
NPOCTbLIMU B UCNOJIb3OBaHUMN.

* YpnelweBneHue NnpoBeAeHNSA pacyeToB 3a CYET aBTOMaTu3aLuuu AeNCTBUM nonb3oBaTena=> BbicTpoe
nonyyeHue pes3ynbLTaToB MoAeNMpoBaHuA

 'mbKoe BHeapeHMe B CyLLECTBYHOLMUU Npouecc pa3paboTku nspgenummn

CFD weekend, MockBa, 8



FlowVision

 CwmewaHHasa napannenbHocTb (MPI+OpenMP)

e C++

 ba3sa TectoB — 60onee 1000

« Texnoppepxka

*  WHcTpyKuusa nonb3oBatens Ha 2000 cTp

*  Y4yeOHUK — AeCATKU NpuMepoB

 Bo3MoOXHOCTb aBTOMaTU3aLMMN METOAUKM pacyeTa

weekend, MockBa,



FlowVision: oTnuumrtenbHbie YepThbl

* MonHoOCTbLIO aBTOMaTU4YECKas reHepauusa
pacyeTHOM
CeTKM C NoKaribHOu AMHaAMM4YeCcKoMn aganTtauuen
» Pa3speweHune norpaHNYHbIX CNoeB, ceTKa Tuna
«XumMepa» - 6e3 orpaHNM4YeHUs Ha CITIOXXHOCTb
NOBEPXHOCTU

 MopenupoBaHue B3aumoaencTBus xuakoctu/rasa
C NOABUXHbLIMU U TMOKUMM KOHCTPYKLUAMU

TexHonorua Motion Capture u FlowVision.
Ansa onumnuuckux urp Coun 2014

 MopenupoBaHue ABUXEHUA MHOroha3HoOM XXUAKOCTU C KOHTAKTHbLIMU rpaHULamMu

* LWunpokun cnektp chusnyecknx mopeneun (TypoyneHTHOCTb, MacconepeHoc, XMuMunsA, ropeHue,
AucnepcHble dasbl)

« lpoBeaeHue pacvyeToB Ha COBPEMEHHbIX CYyNepKOMMNbIoTepax ¢ rereporeHHbIM napannenusmom (> 104
agep, > 1e8 a4yeek)

weekend, MockBa,



FlowVision

FlowVision: chopMmanbHOCTH
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Hayka v yHuBepcurteTbl

- OUBT PAH
(coBMmecTHas
nadoparopus)

 UATU
« UMAM
« MOTU
« MIY

- OyPI'y
- CADY

* Free University of
Brussels

FlowVision

MapTHepbl
FlowVision

CynepkoMnblOTEpPbI

- HUBL MI'Y
« KOYply
« HULUOIBT

 HULU Kyp4yaTtoBCKMM
UHCTUTYT

- OUBT PAH

CAD, PLM,
MeXOaUCLUNIMHapHble 3adaum

* ACKOH

 Ton Cucremsl

« Curma TexHonorus
« AMNM

- dupecuc

« POAL-BHUID

FD weekend, MockBa,




MHTerpauma n MexaucumnrnvHapHbie 3agaum

B3anmogencrteue xunakoctu (rasa) un ABAQUS (Dassault), AllM,
KOHCTPYKUMNT U 2-CTpOHHEe CBA3bIBaHue, NASTRAN (MSC), PUOECUC
pelweHnsa cunbHbIX 3apay FSI

AKycTuKa LMS Virtual.Lab:
Buonornyeckas 3awuta aTOMHbIX TORT (HenWTpOHHas comn3unka):
peakTopoB
Mounck Hanny4wnx KOHCTPYKTOPCKMX |OSO (onTMMMU3aTOP U UHTErpaTop)

peweHun (onTMMmn3ayus)

EnSight (CEI)
Busyanusauus

. “l"l!lﬂll CFD weekend, MockBa, 2018 Wnam; o



YyacTue B npoexKrax

OT Kocmoca...
Kocmunuyeckuun kopabnb «®Degepaumns»

ABunauum...
CamoneTt SSJ

s ~# HowVision

7lpnepHbIX peaKkToOpoB...  ABTOMOGUNBHBIX
LLWH. ..

[o yenoBekal!
Xueoe Cepaue (LHP)

weekend, MIOCKBa,



FlowVision

KoHcopuuym PazsUTue

« 3agada KOHcopuuyMma — co3paHue TAXenom ortedyecTtBeHHou PLM cuctembl
Ha YpOBHe Ny4lunx 3anagHbiXx odopa3uos
* YYyacTHUKU

 AckoH — 3D mogenupoBaHue u PLM-cuctema Av V2 ml
« Tecuc — FlowVision, 3DTransVidia Te':“':)
" n M WHXXEHEPHBIE PACYETbI
. . ONa MALLMHOCTPOEHIAA
« AINM - WinMachine, pacuyeT npo4yHocTH Vv A 1 CTPOUTENBCTBA
« AOem — TexHonorn4yeckasi noaroTtoBka, npomM3BoAcTBO zz:ADEM
CAD/CAM/CAPP/PDM
« JpemeKkc — DeltaDesign — npoekTupoBaHue 3NeKTPOHHbIX @HEMEX
YCTPOUCTB

. ""'Elnll E!B wee!ena, MOCKBa, !H! E!!H! Ne 11



FlowVision - yuacTHUK KOHcopuuyMa ACKOHa

* YcuneHne CAE-pewennn KoHcopumyma — cpyHKUMOHAN ANA pacyeTa ABUXKEHUS
XXMOKOCTMU, rasa v nnasmbl AnA BUpPTyanbHbIX UCNbITAaHUX n3aenun B TevyeHue Bcero XKL

* WHTerpaumsa c gpyrumm nporpammamMmu OJif pelueHns 3aaad
« B3aumopgencrtBue XUAKOCTU U KOHCTPYKUUU (¢ WinMachine)
« OxnaxpeHuss MUKPOINEKTPOHHOU annapaTtypbl (¢ DeltaDesign)

e 2 Benon.

¥4 Teno sosayxa npuopa v2.m3d
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FlowVision

KomnacFlow - HOBbIM NpPOAYKT

KomnacFlow — ato FlowVision, BctpoeHHbIn B KOMITAC-3D

dyHkuuoHan ana CFD pacueTa ¢ Lenblo ONTUMU3aLNM KOHCTPYKLIMU, He BbIXoasa U3

okHa Komnac-3D

CDYHKLIMOHaﬂ KaK «3KCcrnpecc-aHasrin3a», Tak U «TsXXeJbiX pacyeToB»
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FlowVision

Ceasb ¢ WinMachine

« lNpoBegeHue pacyeToB B3aMmoaeucTeua aecopmMmmpyemMbiX CTPYKTYp C
Xuakoctblo/razom (FSI-3apayn)

 HekoTtopble Bo3aMoxHocTn WinMachine no3BonarT mogenupoBaTtb FSI-
3agayun nydwe, 4yem C 3anagHbiMM aHanoramm.

KnananH nocmosiHHO20 pacxoda

PacyeT ruapoaMHaMmMKm KnanaHa
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FlowVision

Cea3ab ¢ Delta-Design

NpoBeaeHue pacyeToB TensI00OOMeHa nevyaTHbIX NnarT:

 UAUmnopTt reometpun nnatbl B Komnac-3D

« 3apaHune KOHCTPYKLMMU Kopnyca € CUCTeMaMMm oxnaxaeHus (BeHTUNATOP, TennoBble TPYOKU v T.4.)
« 3JKcnpecc-aHann3 B KomnacFlow unu getanbHbIn pacyeT B FlowVision
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HoBaa Bepcua FlowVision 3.11.01




FlowVision

Mepeson GUI FVPPP Ha Linux

FlowVision 3.11.01 FVPPP GUI - 50%
nepeBeneH Ha Linux

B cnepyrowem 2019 roany xaem, yto FV -
NMONMHOCTbLIO OyAeT paboTtaTb NoA FIMHYKCOM




HoBble ManeHbKue, HO BaXXHble YepThbl

FlowVision 3.11.01 umeeT MHOro menkux nameHeHmu B GUl nu B

pewlaTene

Cpeaun Hux

- ApanTtauua CeTKu Nno KpUMBU3HE reoMeTpuu

- 2-0M/ NOPAAOK UHTepnonAaAuum B NpoaganTUpPOBaHHbLIX A4YeunKax

- OnpepeneHuve UeHTpa gaBrieHUA a3pPoANHAMMNYECKON KOHCTPYKLUN

- PacwumpeHune DC nHtepcenca gna cBa3m ¢ gpyrumm Kogamm Ans
pelleHnsA 3apad akyCTUKMU

. “iﬁ'lﬂﬁi CFD weekend, MockBa, 2018 Enau!n Ne 18



Ho6asneHme 3aknapkm “Feomerpma” B FVPPP

. DProjects\ FlowVision\Presentation\ 2018\ Goodyear\ TireFinalStatement3h TireFinalStaterments.fvproj - FlowVision 3.x
File  View Additions Help

B 7 |75 5 il | =BG xtxiviviziz| @& 90805 >

Project window O x |

Geometry Preprocessor Solver Posiprocessor Viewport

= l Geometry
Initial geom. models

+ SubRegion Composer

1. WmMnopT n penakTupoBaHue reomeTpuu nepen NocChbINIKOM ee B 3aKnaaKy

«npnpoueccop»
2. Bbi3oB 3DTransVidia gpna nedyeHuna reometpuun: 3DtransVidia UHTerpmpoBaHa
B FVPPP
3. WmMnopt reometpuyeckmnx mogeneu B nobbix CAD chopmaTax, He TONbLKO B
STL/VRML

FD weekend, MockBa,



HoBbin FSI nHrepdenc

. D:\Projects\ FlowVision'\Presentation’, 2018\ Goodyear\ TireFinal Statem

na

Qmem meeeee i m e e m e em_e e ey e e

File Wiew Additions Help Properties window
[ 7 IF % W | B G| ix tx Apply Rollback
Project window
- Activation
Geometry Preprocessor Saolver Postprocessor Viewpart :
= @ e - Source ABAQUS-project
General settings =l ABAQUS
#- %] Substances - Run ABACQUS
-- 228 Phases - MPM Agent
- ¥ Models
#- [ Local coordinate systems } Address
#- Mg Objects - Port
N
" mm Geometry - ABACUS-project
s =5 Sliding surfaces — trol
: - Sirmulation contrels
[+ |T|=§"| Characteristics
- User variables - IP Source
- F. Subregions - Address
- LJ Boundary links - File with IP
= ? External Connections
- Port

I+
=

= FSI Abaqus DirectCoupling

:_ LUG_FSI
T CARC_FS

|
mm TIEBAR_FSI

[ Computational grid

User modules

[+ Loads relaxation

[+~ Heat relaxation

Yes

(Run ABACUS=Yes; MPM Agent=(Address=192.1...
Yes

(Address=192,168.1.44 Port=31032)

192.168.1.44

31032
Swork/SupportTeam/FVProjects/viktor/ TireTiebars
job=BMWI1_5140_L488_AD RIM_Tkg_hydro.fsi old...
IP of MPM Agent -
192 168 1.44

AbgHost. bt

5555

(Scale factor=1; Start in steps=0; End in steps=0; I...
(Scale factor=1; Start in steps=0; End in steps=0; 1.,

IP of MPM Agent >

IP of MPM Agent

User
From File

Tenepb cBasaTtb FlowVision ¢ gpyron KO nporpammon moxHo us FVPPP,
3anycTuTb pacyeT U cneguTb 3a pelleHMeM He Bbixoaa us FVPPP
Ucnonb3oBaTtb yaaneHHbIU CynepKoOMnbIOTEP C CUCTEMOM ovepenen

weekend, MockBa,



HoBsbin FSI nHtepcdenc nossonser:

. D:\Projects\ FlowVision'\Presentation’, 2018\ Goodyear\ TireFinal Statem
File Wiew Additions Help

[ o7 | TE % i | =@l ixix 1. YnpaBnatb (CTON-NPOAOIMKUTb-3anucaTtb) FSI pacyeTbl U3
Project window FVPPP
Geometr Preprocessor Solver Postprocessor Viewpart >
- @”Regim : : 2. BwupeTb on-line pe3ynkrathl FS| MoaenupoBaHus
General settings 3. CoeanHntb Heckonbko FEA ¢ ogHnM FlowVision
+- ] Substances
4§ Phases 4. Pa3nn4yHble KOHHEeKTOpbI:
: f rl'_“l?::rl:uurdinatesystems * CTaHnapTHblﬁ Abaqus DC
=y Object:  PacwupeHHbIn Abaqus DC
+ Geornetry .
_: Sliding surfaces CSE by pa’SS
+ :j Characteristics ° Open FSI Nastran
+- I|[] Uservariables o
o %) Subregions 5. B cny4ae coeauHeHus ¢ Abaqus — yteHue Heobxoanmowu ansa
i U counday Inks coeanHeHusa uHdopmaumm npamo n3s INP danna Abaqus
= FSI Abaqus DirectCoupling 6. Bo3amMoxHoOCTb 3anyckaTb FS| Ha yaaneHHOM KnacTtepe
P o -« Bes ucnonb3oBaHusi FVPPP (3anyck cCKpMnTom)
. A
. O CARCESI  Yepes FVPPP
+ [ Computational gn
53 User modules 7. Ucnonb3oBaTb NpoMexyTouHyto CFD-noBepXHOCTb — mexay FE
cetkon u CFD ceTkomn
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FlowVision KaKk MH>XXeHepHaa nnarcdopma

Cenyac nonb3oBaTenb No4YTU BCe napameTpbl B FVPPP MmoxeT onpeaennTtb
Yyepe3 cBou DLL-nporpammbli

Simulation platform

Service of external
models

Service of math. models Service of meshes Service of visualization | [ Service of SLAE

methods I solvers

‘ i il .

Open program interface (API)

| f [ [ [

N-S equations Mesh structured Visuzliztion in AST solver Active disk
plane (modeling fans)
Masstransfer
_ Volume
Mechanics Mesh unstructured TParFBSS solver Wave generation

visialisation

. \ Y,
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byayuue nnaHbl - FlowVision 3.11.02 (2019 ropn)

o JnekTpormgpoanHamuyeckas mogenb (ABUXeHNe MarHNTHbIX XXUOKOCTEWN)

 MeToa ANCKpPETHLIX OpAUHAT ANA pagvnaluoHHOro TensiooobmeHa (cnacmbo
JiIntBnHueBy Kupunny 3a nutepatypy u KoHcynbTauuu!)

 HoBast HanoxeHHas npucTteHHas cetka OBL ana pa3pewweHns NorpaHcrioes,
OCHOBaHHas Ha quad-noKpPbITUM NOBEPXHOCTU U aganTUpyemMasa corfiacHo
aganTtaumMm OCHOBHOM CeTKM

 MHorocnekTpanbHasa gucnepcuoHHas hasa

« [BWXeHune nNsIeHK! No NoOBepPXHOCTHU

« Mopenb obnegeHeHus

. ""'I!I“II CFD weekend, MockBa, 2018 Enau'n Ne !5



FlowVision

Mopens oGnegeHeHMa camMmonera

Mopenb «cyxou nea» u mogenb «nep + nreHkKa
BOAObI»

Ilep yuntbiBaeTcs ¢ nomouwbio moaenu VOF
(pacwmnpeHue mogenu FlowVision)

lNepeHoC Tenna BO NbAy, y4eT HarpesBa
a’s’poaMHaMUYeCcKnX NoBepxXHOCTEN camorieTa
UcnapeHue nrneHKn BoAbl U BO3roHKa fnbaa

Bpems noneta 22 MuH




FlowVision

BmecCcTO 3aKnoueHusa




MaremarmueckKkue Mmogenm

 YpaBHeHus HaBbe-CToKkca (HbHOTOHOBA U HEHBLHOTOHOBA XXUAKOCTD)
« Mopenu TypOyneHTHOCTMU:

— k-¢ “ctaHpaptHas” (JTayHgep-CnonguHr),

— k-& HM3kopeunHornbacosaa AKN,

— k-€ KBagpaTn4iHag;

— SST k-w mopensb;

— Cnanapta-Annmapaca (Spalart-Allmaras);

— ¥ — Reg MeHTepa
e ABUXeHMe MHOorogasHon HeCMeLUNBaKoLWEeNCH XKUOKOCTU CO

CBOOOAHBLIMN NOBEPXHOCTAMMU C Y4ETOM NOBEPXHOCTHOrO HaTAXXEeHUSA
(true VOF)

s CONpsXeHHbIN TennooobMeH;

. “l"l!lﬂl CFD weekend, MockBa, 2018 Enau'n Ne F



MartemaruueckKkume mogenu-2

* ropeHue;
*  XUMMNYecKasi KNHeTUKa (Kosn-BO BelecTB HeorpaHM4YeHHO);
« anrebpaunyeckasa mogenb 3a3opa;

* NY4YUCTbIN TenryioobmeH (npoctas mopenb Pl);

* MHOrOKOMMOHEHTHOE TeyeHue (KOs-BO BellecTB
HeorpaHN4eHHO);

* nosfib3oBaTeNibCKue nepemMeHHble: TOPUroHoMeTpudeckue,
CTaTUCTUYECKME, NOrnYecKue, MHTerparibHble, JioKanbHbIE,
runepoonunyeckue;

« [lepeHoc ancnepcHou hasbl (annepoB noaxon)
* [lopuctoctb (aHn3oTponHasa cuna fapcu B ypaBHeHun H-C)

. “"'I!I“II CFD weekend, MockBa, 2018 Enau'n He !’



Maremarnueckue moaenu-3

 MexaHuka noaBMXXHbIX HeaeopMUpPyeMbIX Ten:
— 6 cTeneHen cBoboabl;
— Y4yeT conpoTUBNEHNA cpeabl Ha MOSIoXKeHMe Tena,
— YYeT Macco-NHEPLMOHHbIX XapaKTePUCTUK,;

« CunbHoOe B3anMoaencTBue XNOKoCTu N KOHCTPYKUun: PelweHue
conpshkeHHbIX 3agay ¢ FEA-naketom SIMULIA
Abaqus/Fidesys/WinMachine/Jlloroc-npo4YHOCTb;

— CB$I13b N0 JABJIEHMIO

— CB$3b N0 TeMneparype;

— CB$3b N0 NepeMeLLEeHNIO NOBEPXHOCTN KOHCTPYKLINK
« CKonb3silan ceTKa

— «YeCTHbIN» NHTepMdenc

— Freezing rotor

— CekTop (Npryem nNpu HeKpaTHLIX SlonaTkax Ha poTope 1 cTaTtope)
* [Mepunoanyeckune rpaHuubl

. “l"l!lﬂl CFD weekend, MockBa, 2018 Enau'n Ne !g



Apxutekrtypa FlowVision

« KnueHT-cepBepHasa apxuTekTypa

* Monb3oBartenb Windows MoXxeT nerko paboraTtb Ha Linux
Knactepe 6e3 Kakmx-nmbo 3aHaHuM Linux

* HeckonbKo nonb3oBaTtenen MOryt ogqHOBpeMeHHO paboTaTtb C
ogHUM npoekToM FlowVision
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 bBbicTpasa Busyanusaumna CFD pe3ynbraToB,
nosnyyeHHbIX Ha Krnacrtepe

* BoO3MOXHOCTb Busyarnuniaummn oonbLKnx NMPOEeKTOoB

FlowVision Ans HeckonbKUx noTpe6utene | ENE 2 N = .

Bocnpou3eedeHue MemaOaHHbIX
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http://www.dell.com/content/products/category.aspx/inspndt?c=us&cs=19&l=en&s=dhs
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Y10 Takoe MHHOBauum

OGHoBneHune/yny4yweHne N3o06peTeHmne

CyllecTBEeHHOe ynyulueHune
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