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e
FlowVision — caenaHo B Poccum

- PaspabatbiBaetcsa B komnaHium TECUC (r.MockBa)

« 5£lapo KomaHAabl - Hay4YyHasA LWKoa akageMuka
O.M.BbenouepkoBcKoro

 Hauyano paspabotku FlowVision — 1991r.

 OcHOBHbIe pa3paboTyukm - BbINyCKHUKM MOTU, MT'Y, MAWU,
MI'TY um. bBaymaHa

B pa3paboTtky BnoxeHo 6onee 300 yenoBeKo-netr

. Fiiiiiﬁii TECUC, Mocksa, 2014


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

e
Komanpa FlowVision

CobcTBeHHO pa3paboTtka — 12 yenoBek

Ob6uiee TecTMpoBaHue — 2 YenoBekKa

ConpoBoxaeHue (TexHn4eckas nogaepxka) — 3 yenoBeka
BHeapeHue — 8 yenoBek

. Fiiiiiﬁii TECUC, Mocksa, 2014



O6wuMe Uenu M sagaum Koga

 Kopa oOwero HasHa4yeHUsA ANA peleHuns 3aaad NPoOMbILLUNIEeHHOU
a’po- rmapoANHaMUKN
« OGnapgaet BCeMU NpU3HakaMm KOMMep4ecKoro Kkoga
* lonHocTb oTYYXKAaemM (BNNOTb 40 UCMOSIb30BaHUA €ro
nuparamm)

« [oKkymeHTauusa nonb3oBaTtens

* Y4eOHuK (THOTOpPUMan)

+ TexHM4yeckas noaaepKkKa noriboBareneun
« [lpoBeaeHue oby4YeHUsA nonb3oBaTenen

TECUC, Mocksa, 2014



MHTerpaumusa c opyrumMmm Kogamm anna
pelleHMA MexauMcuMnnMmHapHsbIiX sapgau

« ABAQUS (npouyHocTtHOM Kopa), JIDTAK-OK (CapoB), NASTRAN
(MSC, B 6byaywiem): peweHus 3agad FSI, 1 u 2-ctpoHHee
CBfi3biBaHue, pelleHUs cunbHbIX 3agad FSI.

« LMS Virtual.Lab: akyctuka

 TORT (HenTpOHHasA hn3ukKa). peeHne 3aga4 ononorn4ecKkomn
3alnTbl aTOMHbIX peakTopoB

* |OSO (onTMMKM3aTOp U UHTErpaTop): peLieHue 3agay
OonNTUMM3aLUU aspoanHaMmn4ecknx chopm

« EnSight (CEI) - Bu3yanusauus

TECUC, Mocksa, 2014



e
Knaccbl mogenupyemMbiX TeHeHMUMM

* TeyeHusa npu NOLIX Yncnax Maxa — or
HecxXnmaemoro tedeHns (M=0) oo runep3BykKa

« ConpsxXeHHbIN TeNnnooomMeH
 MHorodasHocCcTb

 KoHTakTHasa rpaHuua (cBob6oaHasi NOBEPXHOCTD)
Mexay AByMS 06 beMHbIMU ha3zamu

« MoaenupoBaHue gucnepcHou casbl
* MopucrtocTtb

 [opeHue

 XumMmpeakuum

« PagnauuoHHbIU TennooomeH

« JneKkTpornapoanHamuka, oXoyrneso
TennoBblaeneHue

TECUC, Mocksa, 2014



MaremarmueckKkume Mmoaenm

* YpaBHeHuss HaBbe-Ctokca (HbHOTOHOBA MU HEHBLHOTOHOBA
XUAKOCTb)

« Mopgenu TypOYyneHTHOCTH:
— k-¢ “craHpapTHasa” (JlayHgep-CnongwnHr),
— k-€ Hu3kopenHonbacosas AKN,
— k-€ kBagpaTnyHas,;
— SST k-w moaens;
— Cnanapta-Annmapaca (Spalart-Allmaras);

* ABWXeHue MHorocgasHou HeCMeLWnBaKLWEeNCA XNAKOCTU CO
CBOOOAHbLIMU MOBEPXHOCTAMMU C Yy4ETOM NOBEPXHOCTHOrO
HaTskeHua (VOF)

* cONpshKeHHbIN TeNNooOOMEeH;

TECUC, Mocksa, 2014



Maremarnueckme mogenm-2

* ropeHwue,
*  XNUMMUYecKasa KMHeTuKa (Kon-Bo Bew,ecTB HeOrpaHUYeHHOo);
* anrebpauyeckasa mopenb 3a30pa;

*  NYYUCTbIN TensmoobmeH (npoctasa moaens P1);

* MHOFOKOMMNOHEHTHOe Te4yeHUue (Kos-BO BellecTB
HeorpaHM4eHHOo);

* nosfb30BaTenbCKue nepemMeHHble: TPUroHoMmeTpu4veckue,
CTaTUCTUYECKue, riormyeckue, MHTerpanbHble, NMOKanbHbIE,
runepo6onn4yeckue;

» [lepeHoc gucnepcHoun hasbl (3MNepoB Nnoaxon)
 MNopucrtoctb (aHu3oTponHasa cuna fapcu B ypaBHeHuu H-C)

TECUC, Mocksa, 2014



Maremaruueckue moagenu-3

« MexaHuka noaBMXHbIX HeaedopMUpyeMbIX Ten:
— 6 cTeneHen ceoboabl;
— VYyvet conpoTuMBIiEHNA Cpebl Ha NOoJiIo>KeHUe Tera,
— Y4yeT Macco-MHEPLMOHHbLIX XapakTe PUCTUK;

« CunbHOe B3auMoaencTBue XUOKOCTU U KOHCTPYKLUMN:
PeweHune conpsxeHHbIX 3aaay ¢ FEA-naketom SIMULIA
Abaqus;

— CB43b NO gaBJ1ieHUNK
— CB43b MO TemMneparype;
— CBA3b IO NepemMeLeHMo rnoBepxHOCTN KOHCTPYKUA

« Ckonb3fawasn ceTka
—  «4YeCTHbIN» nHTEpdenc
— Freezing rotor

« [lepnogunyeckue rpaHunubl

TECUC, Mocksa, 2014



PacueTHasa ceTkKa



OnucaHuve rpaHmubl obnacrTm pacuera

* [oBepxHOCTL pacyeTHOM obnacTu B BuAae
TPUaHrynMpoBaHHOU NMOBEPXHOCTU

 [eomeTpunyeckumn cpopmart — STL, WRML -
noctaBnsieTt nwbasa cuctema CAIP




ABTOMaTMYEeCKan reHepauusa ceTkum

T4 Sokworks Office Premn 2007 Formula 1 *]

Pitvin D b Grawa e Fiiris Gow 2

DOEHBESS(9-¢- kel @n-He-0-42 |9 Bdvanla|ases -
?

[ =2 R 2

Ses=—s2 ===« T[|pamoii uMnopT reomeTpumn n3 CAMNP =
NpPOCTOE onpeneneHne reoMeTpum

« MeToa NoACETOMHOro paspeLleHns reomeTpun=>
TOYHas annpokcMMauns KpUBOITMHENHOW rpaHuLbl

* JlokanbHaga AuHamMmunyeckas aganTtaumns CETKN =»
paspeLleHne ocobeHHOCTEN reOMETPUM 1 NOTOKA

[eHepauus ceTku
3aHuUMaeT
<1 MWH

\ s ;. "
. iiiiiiiii IEEEIGEM 2014



MeToa «noACeToOYHOro paspeweHus

reomeTpmum»
 BBoauTtca npsamMmoyrosfibHas HavyarnbHasa pacyeTHas ceTka
« OOpe3aHue A4eeK NOBEPXHOCTAMMU

Sueiika 1

[eHepaumsa p/c

/ Sueiika 2

TECUC, Mocksa, 2014



e
ApanTauma CeTkKm

* Mo rpaHuuUe pacyeTHOM obnacTu

* [lo BeNnn4YnMHam rpagmeHToB
peLieHus

. i iiﬁiiﬁii EEEG,IGEB& 2014



Pa3peweHue norpaHU4YHOro cnos

* MCHOﬂbSyeTCFI «HaJ10XXeHHas CeTKa»

NASA SC(2)-0714 Airfoil M=0.6 Re=106
Angle=0 I 0.90331

0.81353
0.72374
0.63396
0.54417
0.45439
0.36461
0.27482
0.18504

B o.095252

0.0054678




Ckonb3sawan ceTka

B3anmopgeucreue potop-craTtop
 Freezingrotor
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. Fiiiﬁiﬁii TECUC, Mocksa, 2014



B
MoagenupoBaHue NOABMIKHBIX Ters

« JUnepoB noaxon— cetka HenoaBMXXHaA. A4YEeNKU NOABNAIOTCA,
ncUye3arT, MEeHAKT 00bLem

« $lyenku 3ameTaloTCs TeNioM, AaHHbIe U3 NO4 HUX NepeaaroTcs
No HanpaBrieHUI0 ABMXEeHUSA Tena

« Tepenayva faHHbLIX U3 NOA4 Tesla NPOUCXOAUT NPaBUSILHO faxe
B TOM crly4ae, ecrivm Teno ToOHbLUe sA4enkKu!

TECUC, Mocksa, 2014



e
NMpenpoueccop M nocrTnpoueccop

* WHTerpupoBaHHbLIN KOA, NpenpoLeccop 1 NoCcTnpoLeccop —
BMecCTe

* lpenpoueccop — MNOPTreomeTpumn, 6asa AaHHbIX BeLW,eCcTB,
yctaHoBKa matmoaeneu, HY, I'y

* MocTnpoueccop
* Busyanusauus B NNOCKOCTAX (BEKTOpa, 3ariIMBKAU, U3ONIMHUMN)
* N3onoBepxHOCTH
« O6bemHasa Bulyanusauyus (ray-tracing)

* BbluncneHue nHTerpanbHbIX BeJIMYMH (CUNbl, CpegHne no
NOBEPXHOCTU U NO 06BLEMY)

* [lonb3oBaTenbCKue CKansipHblieé n BEeKTOPHbIe NepemMeHHbIe,
UMHTEerpasibHblie nepemMeHHbI€e

TECUC, Mocksa, 2014



. D:\ClientProject’20100320_RSD19test_w_Ws11_v307:64420100320_R5D19%test_w_Vs11_v307x64.fvproj - FlowVision 3.x
File View Additions

Q_D; s,

Help

1ell=

EHG| ktxlviviziz| G & BDEEER: > &

oK

@9

[F=8 Hol )

Project window n Properties window a E
Preprocessor | Solver | Postprocessor | Vie 4 | »
: | | Post I Apply | Rolback |
|- [i5% Phases -
Eﬁ Phase #0 B+ Physical processes [Count=T]
[-5] Substances — Heat transfer (none)
INIE Physical processes - = Radiation o
= Models - . .
f['”'] Model #0 — Motion Mewtonian fluid
- [42] Model
28 Phases — Mass transfer (none)
() Phase interaction [~ Turbulence KES
{x} Init. data [— Phase transfer VOF model
----- [[i] Local frames of reference L EHD (none)
@ My Objects
s
- gum GEOMELTY
----- 25 Sliding surfaces
- |T|:a Characteristics L
- User variables r
=S m Subregicns
n SubRegion #0
,1_”('5 Boundary conditions
= Geometry
A Modifiers
m Adaptation
ﬁ Adaptation to solution
[%] Initial conditions
m- |J Boundary links
----- 177 Initial grid ™
Log window o @
'Warning: Unknown dass CDecompAuto has been encountered at FYSIMCTRL->0BJECT (dass=CAdvancedSettings, myid=-3)-=0BJECT{dass =CDecompAuto, myid=-2) -
Information: Project was updated to new version,
Information: New status has been loaded (time=0.964913, step=58).
'Warning: Visualization data has not been loaded: unable to locate suitable file for time step number 56,
Information: New project has been successfully loaded from D:\ClientProject\20100320_RSD 19test_w_Vs11_v307x64Y D
s
Monitor window n E
o | Time | Nurnber of step | Time step | Explicit time step | Cell count |
g 0.964913 56 0.0137418 0.00479401 271979
£ Equation | Iterations | Algebraic residual | Functional residual |
o | Pressure 70 1.54911e-011 0.000597352
—| Velodity 10 5.52961e-011 0.131841
TurbEnergy 29 3.63894e-010 0.0279287
TurbDissipation 10 3.74482e-008 0.0254524
Modeled physical processes CAP NUM SCRL




MeToAabl

e KOHEeYHO-00beMHbIN
e 2-0M NOPSAAOK annpoKcMmaumm
 OndPy3aMOHHLIN NOTOK — LleHTPalribHbIe Pa3HOCTHU

* KOHBEKTUBHbIN NOTOK — 5-TOYEYHbIN LLUAOMOH, f ——fc——z—f‘-l/
HanpaBfieHHasA HenMHeMHasi MOHOTOHHas fio N e—s T
cxema «rragkasi peKOHCTPYKLUMUA C
aononHutenbHow Toukon» (MAM - O(t?, h?))

* P-V-coupling — cxema pacwensieHusi B nepeMeHHbIX P-V
 HesiBHble U ABHbIEe MeTOAbl UHTETPUPOBaHUSA MO BPEMEHMU

* PeweHune CJIAY - KpblnoBckue metoabl (orpaHnvyeHHbin GMRES) n
AMG

TECUC, Mocksa, 2014
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FlowVision - KnNMeHT-CepBepHasa apXmuTeKrtypa

M nNapannenbHaada sMm3yanumsalmsa

* MNonb3oBatenb Windows MoXxeT nerko paboratb Ha
Linux knactepe 6e3 Kakmx-nmbo 3HaHum Linux

* HeckonbKko nonb3oBaTesien MOryt ogHOBPEMEHHO m
pabotatb ¢ ogHMM npoeKkTom FlowVision

YnpaeneHue npoekmom

o = - 3
K E (]

£ FE r;' g :

Linux wiu Windows K/TACTEP
| P I

¥
-.}JI )
g Yl .
i

4

lNepedayaepaghuyeckux MmemadaHHbIX

il

o o, . o P

[padomieckmne meTagagiHble 3TO «Chifibe» And
n300pBXk eHns 06bekfoB B nocTnpoLeccope
(Ha@op TpeyronbHYKOB, IMHUIA N TPYEK)

 bBbicTpasa Busyanusauusa CFD pe3ynkraTtoB,
nony4YeHHbIX Ha Knacrtepe

*  BO3MOXHOCTb BuU3yanu3auum OOMbLUMX NPOEKTOB
FlowVision

Bocnpou3seedeHue MemadaHHbIX

QII TECUC, Mocksa, 2014
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MapannenbHble BblYUCINEHUNA

 MHoroypoBHeBoe pacnapannenusaHme MPI+OpenMP (TouHee TBB)

 Ha 3apayax co ctauMoOHapHbLIMU CeTKaMN — MUHUManNbLHOEe YNCIO AYeeK Ha
npoueccop o 10 000

« ABTOMaTU4YecKasa OanaHCUpOBKa 3arpy3Ku npoueccopoB

« Busyanusauusa — napannenbHas

* lMpoBogunuck pac4yéTtbl Ao 160 MIH A4Yeek (AAepHbIU peaKkTop)
« MakcumanbHbIU TecTOBbIN 3anyck — oo 10 000 spep

TECUC, Mocksa, 2014



TexHMKa M NoNMTUuKa TecTMpoBaHuA

* PerpecchHoe TecTupoBaHue no ba3e TectoB

« ABTOMAaTU4YeCKU, exegHeBHOe TectTupoBaHue (12 yacoB) (Mmanasa 6asa
TecToB),

« ABTOMaTU4YecKoe, exeHeaernbHoe TecTupoBaHue (48 yacoB)
* Py4Hoe TecTupoBaHMe «OonbLUNX» 3a4a4 nonb3oBartenen
 ba3a paHHbIX TecToB — nopsiaka 500 npoekToB
 Py4yHOe n aBTOMaTn4yecKkoe TectTupoBaHue nHtepcgenca

TECUC, Mocksa, 2014



JdoKkyMmeHTauusa

* UHCTpYKUMA nonb3oBaTens Ha PYCCKOM MU aHIMUUCKOM fAi3blKax (bonee
1000 cTp)

* Y4yeOHuUK (THOTOpPUMAN) ¢ NnpuMmepamMmu pelieHnsa 3agad ans
CaMOCTOATENIbHOro oby4yeHus

« WEB-dopmMaUHCTPYKUMK nonb3oBaTens

. Fiiiﬁiﬁii TECUC, Mocksa, 2014



Cpeacrtsa pa3spaborkm M HanNuMuue
Bepcum

* A3bik C++

« MSDEV

* Mpodrannepbl, KOMNUNATOPLI U AP. MHCTPYMEeHTbl INTEL

« CpepnctBo xpaHeHus Kopa — TFS ot MS

« OpraHusaumsa pabot — yepe3 RedMine

 Bepcuun ectb, BbiXxo HOBbIX BepCcuUM pa3 B nonroaa (MpuMepHo)

* Tekywasa Bepcusi — 3.09.02 (3 — Homep nokoneHus FV, 9 — Bepcus, 2 —
HOMep angeuTa Bepcun)

. Fii;ﬁﬁgﬁi TECUC, Mocksa, 2014



NMnaHbl Ha 6yaywee

* N-cha3Hbin conBep VOF, rae N-nroboe

« @da3oBbiN Nepexon,

« CnoxHasa usxmmua

» Bbonee cnoxHble Mmoaenu paguauMoHHOro nepeHoca

 Konnusum v wapHupHbIe COeaNHEHUA Y NOABUXHbIX Ten

* JINHENHbIN N HENNHENHbIN P-V KannuHr

 CxeMbl BbICOKOro nopsiaka

* AMnopT nobObIX CEeTOK U pacyeT Ha HUX

 BnoyHble cetkmu SGRM gna pacuyeta ypaBHeHUN BHYTPU NOABUXKHbIX TN

* OTKpbITbIN AP| ANaA nogknoyYeHUs CTOPOHHUX METOAO0B, CETOK,
MmaTtMmopenen, 'Y, pacyeTHbIX cxeM, MeToaoB Bu3yanusauun. CosgaHue
«BblyucnutenoHon nnatopmbl CFD-JIEMO»

TECUC, Mocksa, 2014



FlowVision — KnroJvesBbieé nonb30Barenm

Pockocmoc - PKK «3QHeprua nm.C.lN.Koponesa», HLHUMMALL,
PL| um. akagemuka B.M.MakeeBa, KB «HOxHoe» 2urprual@)

um. C.MN. KOPONEBA NN

ABuauus - LAMU, FocHUMAC, AK um. C.B.Unbtowmna, HMM ﬁ%

«3Be3ga» \j

Pocatom - HUKU3T, OKBM Adcppukantos, BHUNID, DI,
HUA3M

OlK - KbM, Cnnas, KB TuTtaH

CynocTtpoeHue — 3eneHoponbcekoe NKb, Anma3s, Mopckas
TeXHUKa

Corporation, FireBridge Inc.

TECUC, Mocksa, 2014
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FlowVision - xapakTepHblie YepThbl

* MonHoCTLIO aBTOMAaTUYECKas reHepauus pac4eTHON CeTKU ¢
NIOKanbHOM AMHaAMUYECKOM apanTauuen,

« PaspelueHMe norpaHNYHbIX CroeB - 6e3 orpaHU4YeHmns Ha
CNOXXHOCTb MOBEPXHOCTH,

 MopenupoBaHue B3ammMmoaencTBusa Xunagkocrtm/rasza ¢ noABUXHbIMU
U TMOKUMU KOHCTPYKLUAMM,

« MopaenuposaHue ABMXeHUE XUOKOCTU 1 ra3a B CMCTeMax C
YNbLTPAaTOHKUMMU 3a30pamMu, - =

* lpoBepeHue pacyeToB U BU3lyanusauyus
pe3ynbTaToB Ha COBpPEeMEeHHbIX
cynepKomMmnbioTepax ¢ reTeporeHHbIM
napannenusmom (> 10 000 sgep)

TECUC, Mocksa, 2014



