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Oobwan xapaktepuctmka koga SINF/Flag-S

» Flag-S: Fluids and gases — Simulations
» OnepupyeT C HECTPYKTYPUPOBAHHbLIMW CETKaMU; napasnenmsoBaH ¢ nomoLlbo MPI

» PaspabatbiBaetcs ¢ 2005 r. no HacTosiwee BpeMs (o6Llee Yncno paspaboTyunkos

— 0K0/10 15)

> PasBvBaeTcss B TOM 4MUC/le KakK WCCNeaoBaTeNibCKuiA  KoA, AN OCBOEHUs

COBPEMEHHbIX N pa3paboTKn HOBbIX METO0B 1 TEXHOOTNIA

> CnyxuT ans nposeaeHust oyHaaMeHTasIbHbIX UCC1eoBaHuiA B 061acTV AMHAMUKA

BA3KOW XNAKOCTU

> Vicnonb3yetcs Takke U ANna peweHus 3aaady MPOMbILLIEHHON MAPOANHAMUKA U

TennooomeHa

> ABNSAETCS «HEOoTUYXXAaeMbIiM» (3a UCK/THOUEHNEM HEKOTOPbIX OTBETB/IEHWIA)
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Knacchl 3agay, pewlaembix ¢ ncnonb3osaHnem koga SINF/Flag-S v

ero oTBeTB/1IEHNN
> JlaMHapHble 1 TYPOYNEHTHbIE TEYEHUS XXNOKOCTU
> [103BYKOBblE TEUEHUS ra3a

» TensioobMeH npu BbIHYXAEHHOW, CBOOOAHOM M CMELUaHHOW KOHBEKUUW B

MoOJIIX MaccoBbIX cun (rpaBUTaLVOHHON, LEHTPOGEXHOW 1 cuibl Kopronuca)

> 3ajaun COMPSHKEHHOro TensoobmMeHa (6e3 paanauMoHHOro), BKKYas

NpoLiecchbl UCNapeHna U KOHAEeHcaUnn Ha rpaHmnuax pasgena cpep
» 3a/laym KOHBEKTUBHO-ANPPY3MOHHOIO NepeHoca npumecu
» TeueHns co cBo6oaHOM noBepxHOCTbIo (MeToa Volume of Fluid)

» TeueHusi B NOPUCTbIX cpeaax
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OTtBeTBneHnsa ot SINF/Flag-S (cneunanusnpoBaHHbIe KoAbl)

» Flag-FS (TedyeHnss co cBo6OAHON  MNOBEPXHOCTbIO;  A.M.Xpabpbli,

[MpuHCTOHCKNI yHMBepcuTeT, CLUA)
» TEMBP (xngkune metannsl; ans 'K Pocatom)

» CKAT® (conpspkeHHbIn TennomacconepeHoc u ap.; ans 'K Pockocmoc)

B paspaborTke:
> PacuyéT Ha aedopmMmnpyembIX/MOABMKHbBIX CETKax

> BbICOKOCKOPOCTHbIE TEUEHUS CXMMAEMOTO ra3a
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CeTKu 1 ceTo4uHble TexHonoruu, ucnonblyemslie B SINF/Flag-S
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» HecTpyKTypMpoBaHHble MHOTO6/104HbIE (CTbIKYEMbIE) CETKM
> [MoasmxHble aedopMnpyemMble CETKU
> PerynsapHas («y3en B y3e/») CTbIKOBKa Ha MEXO6/104YHbIX rpaHuLLax

» CobcTBeHHasa ytunmta ans AeKoMnosvumm pacyéTHon obnactn n «cbopkm»

pelleHns ¢ npumeHeHnem ononmotekn METIS

[eHepayna ceTok

> lcnonb3oBaHMe KOMMEPYECKNX reHepaTopoB ceTok (dhopmat cetkn Gambit)

> Wcnonb3oBaHue OTKpbITON nnaropmbl SALOME, nogaepxka CGNS
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Peann3oBaHHbIE MOAENN

> Bsaskas Tekyyasi cpefa (ypaBHeHUs1 HaBbe-CToKCa)

» RANS-mogenn TypbyneHTHocTu: Cnanapta-Annmapaca, k-w (pasnnyHble
Bepcun) u gp.

» Buxpepaspelwarouwme moaenn TypoyneHtHocTu: LES, DES (pa3nnyHble Bepcun)
» PaclunpeHHble («aBTOMaTU4ecKme») npucTeHHble doyHKLNK

» [eHepaTop BXOAQHOW CUHTETUYECKOW TypOYNEeHTHOCTH

» Mopenb bByccunHecka ans nnaByyecTu B nNone 06bEMHbIX CUN

» Metoga Volume-of-Fluid (VOF) pana pacuyeta TeyeHUM CO CBOOGOAHbIMM

MNOBEPXHOCTAMN
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UncneHHble MeToabl, peanin3oBaHHbIe B koae SINF/Flag-S

> MeToI  KOHEYHbIX  006bemoB  (BTOpPOIA  NOPSAOK  NMPOCTPAHCTBEHHOV

annpokcmmanmn)
» [lepeMeHHble «aAaBNeHNEe-CKOPOCTb»

> BTopoini nmopsiAok annpokcumauun no dusnyeckoMmy BpemMeHn (cxema KpaHka-

HWKOMCOH Unu TpExXcrionHasa cxema)

> WTepaunoHHble MeTOoAbl pPelleHust ypaBHeHuin ruapoguHamukn: (1) SIMPLEC,
(2) cxema Pogxepca-Keaka, (3) Coupled-cxema Ha ocHoBe nonpaskun Pxun-Hoy

> be3blTepaloHHbIA HEABHbLIN METOA, AAPOOHLIX LWAros (HeCTaUnoHapHbIe 3a4a4n)

> Metogbl pewenna  CNAY: Taycca-3enpgensa, CG, GMRES, GAMG

(MHOroCeTOYHbIN asTrebpanyecko-reoMeTpnUUYecKmnin asiropuTm)
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JlononHuTenbHasa nHdopmauns

> A3blku nporpammupoBanus: Fortran, C

» TMapannenbHble BbIYUCNEHUS: TUMN pacnapannenmBaHna — ogHoyposHeBoe MPI;
pabdounii amana3oH: 10 5000 npoueccos

» TecTupoBaHue Koaa: 6a3a 0CHOBHbIX paboynx TecToB — 0kono 30
> [1na XpaHeHns Koda 1 ero OTBETB/IEHWUI NCMNOMb3YETCA CUCTEMA KOHTPO/ISI BEPCUiA

» MOXHO noaknoyaTb BHelHne 6uonnotekn (BLAS, LAPACK, HYPRE)
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BuxpepaspeLuatoLine noaxoabl K MoaeMpoBaHNI0 TypOy/IEHTHOCTU

» [pamoit uncneHHoe mogenvpoBaHne (DNS)

> Explicit LES — mopaenupoBaHue KpyrnHbIX BUXpeli ¢ MoAesnbto A/t NOACETOUYHOWA

BA3KOCTU

> Implicit LES — wncnonb3oBaHMe 4YUC/IEHHOW AuccunaumMm BMECTO MOAENbHOWN

NoACETOYHOM BA3KOCTH

» nepnaHole RANS/LES noaxoabl (DES wn ero moandoukaumn, 30HasbHas

rmopuansauns)
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MeToabl pelleHnsa ypaBHeHn HaBbe-CToKca

> WNTtepauunoHHble: AFM, Rogers-Kwak, SIMPLEC, ...

> «be3blTepalnoHHbie»: PISO, meTtoa APOOHbLIX LUaros

MeToa ApOGHbLIX Wwaros (MPOEeKUMOHHbIM METOA)

> B OCHOBHOM npefHasHayeH AN 3ajay C CW/IbHOW HecTaumoHapHocTbio (DNS

TYpOYNEHTHbIX TEYEHUIA, BUXpepa3peLlaroLme noaxoabl)

» «Knaccunyeckmin» mMeToa ABNAeTCA ABHbIM MO0 KOHBEKTUBHbIM C/lara€éMbliM =

yCcTOn4MB npu yncnax KypaHra < 1
» TpebyeT pelleHns ypaBHeHus MNMyaccoHa Ans nonpasBky AaBfEeHNUS

» B «Kknaccuyeckom» metoge npumeHsietca metoq KpaHka-HMKOMCOH = BO3MOXHO

nosiBfieHne Hedn3nyecknx ocununNaLmii No BPEMEHM
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ANropuT™M NCXOAHOIO0 MeToda APOOHbIX LUAros

OV IV VHI-VITT| PPl
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IcxoaHbIM MeTOA, APOOHbLIX LWaroB: aguckpetnlaums no MKO

NnckpeTunsnpoaHHoe no MKO ypaBHeHue NyaccoHa A/1a npupalleHns gaBneHns Ap:

Atzf:APN App| A-Zf:(pvﬂ;"gf"'AGRC)
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PN i, f

JlaHHas nornpaska npussaHa rnodasumses Heghuu4deckue ocyusi/1yuu oaseHus
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Moandukaumsa anropntma

TpeXCHOIZHaﬂ CXeMa o BpeMeHN C HEesIBHOW aﬂHDOKCMMaLI,MeVI KOHBEKTUBHbIX C/llalra€MblX
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[Mpumep pacuéta: DNS cB0o60aHOW KOHBEKLINW BOMN3N MOAeNn

ry60KOBOHOM ra3onepekaunBatoLLieii KOMNPECCOPHO YCTaHOBKY

CFD Weekend, 04.12.16 14/25



[1y60OKOBOAHAsA ra3onepekaunBatolas KOMNpPeccopHas ycTaHOBKa

(unirocmpayuu 83simel ¢ catima komnaHuu Statoil, Hopseausi)

O6wut suod

Bud komnpeccopHol [71y60KO0BOOHbIU mpy6yamsbll
ycmaHOoBKU U3HYmpu meriJIo0bMeHHUK

CFD Weekend, 04.12.16
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[TocTaHOBKa MoAesibHOM 3aaa4n ¢ YC/I0BUAMN NepUoAnNYHOCTU (Cnydan
Ten/1006MeHHMKa HeorpaHNYeHHOro rno pasmaxy)

Paccmampusaemcsi cBO600HOKOHBEKMUBHOE yC/108USl —
meyeHue BoObI B6/1U3U 2/1a0KOMpPYyBHO20 ry4yka nepuoouyHQCMu

duamemp mpy6okK
D=0.02 m

T, =283 K
T =273 K

v

P=const

[loovemHas cuna
Mooe/iupyemcs
B npubsiuxeHuUU

byccuHecka

,; G

B nnonepe4yHomMm cedyeHuu mpy6bl pacro/ioXeHbl B
waxmammHoM rnopsioke ¢ wazamu a=1.3D; b=1.6D

Pr=7, Gr=1.6-10°

*3
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dparMeHTbl pacCY4eTHON CETKU

An4d 3agad ¢ yC/i0BUEM

nepmnoanyHoOCTu

pasMepPHOCTb CETKU
13.6 M/IH. qUeekK

Yucs1o y3/108 BOO/Ib MPSIMO20 yHacmka

-100, Boosib 3a2uba - 80
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Mopgenu Ten1006MeHHNKa, KOHEYHOro No pasmaxy
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10 psioos mpy6 (120 npsimMbIx 22 psida mpy6 (264 npsmbix
yyacmkos u 120 nosopomos) yyacmka u 264 nosopoma)
cemka 75 MJ/IH. i4eekK cemka 150 MJ/IH. s4eeK
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BbluncnmtenbHble pecypcsl

PacueTbl NpoBeAeHbl Ha knactepe CynepKoMnbTEPHOTO LeHTpa «MonTexHnyeckuiiz»

KonunuyecTtBo y3n0B: 612 (2 x Intel Xeon CPU E5-2697 v3 @ 2.60GHZz)
Kon-Bo apep Ha y3ne: 28

[MamaTb: 64G

Cetb: 56Gbps FDR Infiniband

[Mepuod ycmaHoRB/MeHUsI medYeHUs1 cocmas/isiem
~100 ¢ husuyecko20 BpemeHu
L8 ocpedHeHus nosel mpebyemcsi ~150 ¢

MakcumasibHbIl waz no gusu4yeckKomy
spemeHu 0.004 c

10-pAgHbIN TEN/IOOOMEHHUK: A9 NOoJTyYeHns
npencTtaBuTenbHOM BbIGOPKM (150 ¢) pacyet ¢
ncnonb3oBaHeM 448 anep 3aHAN ABe Heaenu

22-pAgHbIA TENJIOOOMEHHUK: pacyeT Be/cs C
ncnonb3oBaHnemM 896 anep, Bpems pacyeta
TakKXXe OKOJ10 ABYX Hedeslb
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Pe3ynbTaTbl 411 MOAENN
HEOrpaHNYeHHOoro No pasmaxy Ten/1000MeHHNKa
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Pe3ynbrartbl AN Mmoaenen KOHEYHOro no pasmMaxy Ten/1000MeHHUKa
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Hucno Hyccenbra

CFD Weekend, 04.12.16

NHTerpasibHble XapakTepUCTUKN,
CpaBHEHME UccnegoBaHHbIX MOCTAHOBOK

Ternsioomoaya 8 UeHmMpa/sibHbIX psidax Tern/ioomoa4a 8 60K0BbIX psioax
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Homep ropusoHTanbHOTO yJacTKa Homep ropuzoHTansHoro yuacrka

OcpedHEHHOE Mo BPeEMEHU U 0o rsiowaou rnpsimbix
yyacmkos mpy6 yucsio Hyccesibma
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CFD Weekend, 04.12.16

NHTerpasibHble XapakTepUCTUKN,
CpaBHEHME UccnegoBaHHbIX MOCTAHOBOK

OcpedHEHHOE Mo BpeMeHU u 1o scell n/iaoujaou
2/1a0Kompy6HOo20 rny4ka 4ucsio Hyccesibma

MocTaHOBKa ﬁssﬁ'&e& ;MCHO
10 psgos 21.08
22 papa 20.86
nepvoguyeckas 20.46
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SAKTHOHEHUE

» CTpPEeMUTESbHbIA POCT BbIYNC/IUTESbHBIX MOLLHOCTE U U3BECTHbIE HeAoCTaTKu
RANS wmogdenupoBaHua  npeponpenensarnT O04YeHb  WUPOKoe  NpUuMeHeHue
BUXpepaspeLlarounx MeTtogos

» [N «MacCOBbIX» BUXpPepaspeLllaolx pacyeToB BHELWHUX W BHYTPEHHUX
TYPOY/IEHTHbIX TeUYeHuin Npn yncnax Re, npesbiwarownx 104 MOXHO pekoMeHa0BaTb
«yHuBepcasbHbl» népuagHbin LES/RANS meton IDDES-SST, a npy MeHbLUMX
yncnax Re — metoq Implicit LES. Ona pacuyeta cBOO0OAHbLIX (OTKPbLITbIX) U KBa3u-
CBOOOAHbLIX TedeHU Bce 60/blUEeN npuB/iekaTenbHOCTLIO obnagaeT metoa Implicit
LES

» Co3faHne  aPMEKTUBHbIX  BbIUACAUTE/bHbIX  KOAOB,  HaUENMEeHHbIX  Ha
CMNOMb30BaHME BUXpepaspellawmx NoaxoAoB W CNOCOOHbIX onepupoBaTb C
ceTkamu 6onbLunx pa3mepoB (10° n Bbille SUeeK), ABNSAETCA akTyaslbHOWN 3aa4ei

> MpepnoxeHHas Mmoaudrkaums metoaa Apo6HbIX LAaroB Mo3BOASAET CyLECTBEHHO
MOBbLICUTbL €ro YCTOMYMBOCTb MPU pacyéTax Ha CW/IbHO CKOLUEHHbIX CeTKax npwu

6onbLWwKx Yncnax KypaHra
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Cnacubo 3a sBHumaHue!
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