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HoBble pyHKUMOHANbHbIE BO3MOXHOCTU
naketa nporpamm JIOIOC

MockBa UM 3-4 nekabps
3eneHckun Omutpun KoHcTaHTUHOBUY

NTM® OI'YT «POAL-BHUNID»
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MporpammHbIN NaKeT nHXXeHepHoro aHanunsa JIOFOC-CFD
(3apybexHble aHanoru: Star-CCM+, Ansys CFX, Fluent )

Moaenupyembl pusnyeckme npoueccobl:

VV VV V V VYV

rmapoavHamuKa U a3poauHaMmnKa
TypbyneHTHble TeueHus
TennomacconepeHocC

TeyeHUA B NOPUCTbIX cpeaax
AspomexaHUKa U aKYCTUKA

Tennosoe n paguaumoHHoOe nsnyyeHume
MHorogasHble TeueHUA

Pearunpyrouwime noToKu



OcHoBHble Xxapaktepuctuku naketa JIOFrOC-CFD

» PacnapannenusaHue BbIMUCIEHUM HA AECATKU TbICAY NPOLLECCOPHDbIX Aaep

» MeTtoa KOHeUYHbIX 06 beMoB Ha HECTPYKTYPUPOBAHHOI ceTKe,
COCTOALLEN U3 MHOTOrPaHHUKOB NPOU3BOJIbHOU PopMbl

> PelleHMe MmeXXAUCLUMNAMHAPHbIX 33834

» MHoOroceTouHbli arperaTuBHbli metoa, pewieHua C/1AY

» RANS mogenu typbynentHoctu (k-e, SA, SST, RSM HIGH-LOW RE)

> LES, DES moaenu TypbyneHtHoctu (DDES, IDDES)

» BO3MOXXHOCTb pacuéTa Ha CeTKax ¢ NnepekpbiTuem — «Xumepa»

» BO3MOXXHOCTb pacyéTa Ha NOABUNKHbIX CEeTKax

» MopaennpoBaHue KaneabHO-4UCNEPCHbIX Cpea,

» Mopenu typbyneHtHoro ropenus (EddyBreakUp, EddyDissipationConcept)
» Mopaenn aHU30TPONHbIX NOPUCTBIX Cpea

» Mopaenb cB0604HOIN NOBEPXHOCTH
> ...



POCCVNCKVAA SDEONOEPAJIHBGIN ﬂ,El,EPHbIM;
BCEpPOCCUMMCKMM HAayYHO-MCCcrieaoBaTeliBe

MHCTMTYT SKCHNEPVMEHTAaSILHOM (DNSKDT o
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PacnapannenusaHume BblYUUCIEHUIN HA
YHMBEpPCa/IbHbIX Npoueccopax:

e JleKomMno3unuma Pac4ETHOM CETKU;

* Mcnonb3oBaHUE aCMHXPOHHbIX MPl obmeHOB,;
e SIMD BeKkTOpU3aLMA MATPUYHbIX onepaunit c 6inokamu (4x4, 5x5, ...);
e [lapannenbHbl anrebpanyecknin MHOroceTouHbi pewatens C/TAY.

t
3PpdeKTMBHOCTb pacnapannenmBaHus: K = cale
tcalc + tMPI

TectoBasa 3a4a4a — pacyeT aspognHammkm J1A
(48 mnH. aueek, 240 npouUeccopHbIX Aaep )
K=94%
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BCEpPOCCUMCKMM HAyYHO-UCClrienAoBareiiBCRy

MHCTMTYT SKCNepMeHTasribHoOM (PpUN3ImNKP
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PacnapannenusaHume BblYUUCIEHUIN HA
conpoueccopax Intel Xeon Phi:

e HeopgHopoaHaA AEKOMMNO3ULMA PACYETHOU CETKMU
(cTaTMyeckas 6anaHCMpPOBKA BbIYUCNEHU);

* PacnapannenusaHue c ucnonobsosaHnem MPI + OpenMP;

e SIMD BeKkTOpU3aLMA MATPUYHbIX onepaunit c 6nokamu (4x4, 5x5, ...);

e [lapannenbHblh anrebpanyecknin MHOroceTouHbin pewatenb C/TAY ¢
MHOTOLLBETHbIMW U KOHBENEPHbIMUK crnaxkmsatenamm (SGS, I1LU).

o Toen) TecTtoBaA 3aga4a — pacyeT asapognHamukm J1A

sensnses J555ssss sessssss ( 26 mnH. ayeek, 30 CPU + 30 Intel Xeon Phi )

~ 70
Compute node 1 _/ I-( 75 /0
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SCORE0EE SROE0E6E
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Compute node 2/




POCCVINCKVAA DDENEPAJIHBGIN FI,EI,EPHI:,IVI=
ECEpPOCCUMCKMIM HAayYHO-MCCcrieaoearTerBe

| 1
MHCTUNTYT SKCNEpUMEeHTAarIbHOM (PUNSNKI -

BEKTOpMBHLI,VIFI BbIYNCNEHUMN:

Bubnnoteka IAL BEKTOpU30BaHHbIX MAaTPUUYHO-BEKTOPHbIX onepaLnii Maion PasmepHOCTH
(SSE2, SSE4.1, AVX, Intel Xeon Phi)

Xeon Phi Cu Xeon Phi IAL

MaTpuubl 5x5 YCcKkopeHue

(TakTbl) (TakTbl)

Mul_mm YMHOXeHne maTtpuy, 2.99 1.3 2.3

Sl FEEr YMHOXeHNe maccuBa MaTpuL, HA MaccmB 4.68 19 3.9
BEKTOPOB C BblYMTAHNEM

ETS, e YMHOXXeHWe maccuBa MaTpUL, HA BEKTOP C 4.55 13 3.5
BblYMTAHMEM M3 MACCMBA BEKTOPOB

MvlS mEvEE YMHOXeHWe maccuBa MaTpuUL, HA MaccmB 4.76 14 3.4
BEKTOPOB C BblYMTAHNEM

Y YMHOXXeHWe maccuBa MaTpuUL, HA MaccmBs 4.9 14 3.5
BEKTOPOB C AobaBneHnem

Invert_m ObpalieHne matpul, 25.48 8.22 3.1

vl e YMHOXXeHWe maccuBa MaTpUL, HA MaccmBs 308 11 28

BEKTOPOB

Obuwee yckopeHne pabotel LOGOS.CFD go 20%



BepudpuKkauma n Bannaaums npmMKNaaHOro nporpammHoro obecneyeHms

peaAbHUE U3AEeAUs U CUCTEMBI BEPUNDUKALIMOHHbBIM 6A3NC HEMAHEBPEHHbIX AA BEPUNDUKALIMOHHbBIN 6a3unc INMA,
{BA23 ‘BA1 % )
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"A21,A22,A23 | [A3,A18 A32 r13 J— 2 =———
| 2| [ | [ B
v

A

D 'S R P ~

€AVHUYHbIe @ —>] -j:m —» K A28
3aA04U @
\ / s \ s \ J
Pa3pe3aHHASs MAOCK. MAOCK. MAQCTVHQA, LMAMHAD, MAOCK. KOHAA, CY>K.-pACLUMp. COMNAo, peweTkd NAOCK.
OAQCTUHO ACMUHAPHBIV, TYPOYA.  ACMUHADHBIVL, TYDOYA.  ASMUHAPHBI, TYDOYA.  AQMUHCPHbIA, TYDOYA. OAQCTUH

BepudukaumoHHasa cogepxut 6onee 300 3agay pasnnyHOro ypoBHSA CrOXHOCTU ANA
Bepudcdpunkauum u Banugauum broO no BbluMcnuTenbHOM rmapoagnHamMmuke, asapoagnHamMmuke,
aKycTuKe, TENSIOBOMY aHanu3y, NPoO4YHOCTH, a TaKXKe CBA3HbIe 3a4a4YM U 3aga4um reHepauumn

AUCKPETHbIX Moaerien.




BCEpPOCCHMMCKMM HAayYHO- Mccnenosafeg', &

MHCTMTYT SKCNnepvMeHTasribHoum cpusvﬂc
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MHoOrob6n04Hble ceTKku

MoaenmpoBaHMe Ha CETKAxX C NepeKkpbITuem — «Xmmepa»

“““ LTS T Howop ReryApHOM ceTi

J[loHOp HeperynspHon CeTKM
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HenpoHuuaemasn obnactb
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POCCUWMNCKWN DEOEPAJNIbHBIN FIﬂEPHbIVI= ,r"_,.g

BECEpPOCCUMCKMM Hay4YHO-Mccriegoeare.

| A 1
MHCTUTYT SKCNEpMMEeHTAaNILHOM (PUNINKIA -

ES

MHoOrob6n04Hble ceTKku

MogenuposaHue agsuxeHua ACIl B nNpucyTcTBUKN HOCUTENA

LOGOS_TVD

NHdopmauma o 3apaye:

O TpaHC3BYKOBOE TEeYEHUE;
10 MAH. aveek,;

Bpema pacuéTa 6 yacos;

o
O Konunyectso aaep 240;
o
o

LLlar no sBpemeHun 1.0e-6 cek. EEEEE L]
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BCEPOCCHUUNCKMU HAYHYHO-MCCIIENOBAaTEITBCRY ™
MHCTMIT YT SKCNepMeHTasibHoOM (pN3MKP

MHoOrob6n04Hble ceTKku

Ob6TeKaHMe CNOPTUBHOIO CaMo1ETa C Y4ETOM pPaboTbl ABUraTens

Scientfic et ogosTVD Time:1.800000e-002




MexancumnanHapHble 3a4a4um

PeweHne cBsiI3aHHbIX 334,34 CONPAXKEHHOro Ten/ioobmeHa

PacueT Tena10BbIX NOTOKOB B KabnHe NuaoTa MaHeBPEHHOIo CaMONETa C Y‘-IéTOM
d3pPoAUNHAMUNYECKOIO pasorpeBa oCTekNeHUA KabWHbI U TennoBblaeNEHNA OT 060py,£I,OBaHMFI

Ocreknenue

KoHcTpykuus

BO3AYX 1

NYCTOTA

[@a30aAMHamMmmn4ecKkana cetka ~ 17 M/H. aveek TennoBasa ceTka ~ 3.5 MJIH. aueeK
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MexaucumnamHapHblie 3aaauum
PeweHne cBA3aHHbIX 33434 CONPAKEHHOro Tenn1006meHa

Mone Temnepatypbl B KabuHe, K

[lone TemnepaTtypbl HA NUI0TE U
TennoBbIAENAOWMX 3N1eMeHTOoB, K

[Mone TemnepaTtypbl ocTekneHuna, K



POCCWVIMNMCKMMN SENEPAJILHBGIN FII.I.EF’HbIVII : =
EBCEpPOCCHMMCKMM HAayiYHO-MCCrieAoBarteriber

MHCTMITYT SKCNepMeHTasribHOM (P33 mKP
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MexaucumnamHapHblie 3aaauum
PeweHne 3aaa4n a3poynpyroro paBHoBeCcUA Kpblaa

Clamping flange Non-contact
Turntable (Balance connection) labyrinth sealing  Brush sealing
Wind tunnel wall [ °

S )
TSN 23 RSNV

du3nyeckas NocTaHOBKA:
XapakTepUCTUKM HaberaroLero NnoToka
COOTBETCTBYIOT pearibHbIM YCIOBUSIM
nomneTa

[ekomno3unuunsa: 203:1

Bpema mogenupoBaHus: ~4 yaca.

800.00

BAC 3-11/RES/30/21

[ A,.,=o.3926m7‘

G,~0.3445m

— 149.28
BAG 3-1W/RES30/21
1,60 -1,00
0,20 0 0,40 60 1,00
’ 0,80
0,80 1,00
——Exp_Lower Section4 ——Exp_Upper_Section4 —o—Exp_Lower_Section7 —e—Exp_Upper_Section7
A Logos —Logos_move A Logos ——Logos_move

PacnpepgeneHune koapdpuuneHTta Cp B cedeHunsx



Cetka 115 mnH. ayeek
Pacxog sBo3ayxa 2000 m3/y
Temnepatypa Bo3ayxa 21°C

PMV_patch
1.000
0.895
0.789
0.684
0579
0474
0.368
0.263
0.158
0.053
-0.053
-0.158
-0.263
-0.368
-0474

-0.579

-0.684

-0.789

-0.895

-1.000

OcpeaHEHHbIN
YPOBEHb KOMPOpTa NO
BCEM Macca*kMpam
coctasmn PMV=0.2



T-117 UATU
A=75%R=r=3mm
M =10.5, o= 10°

; | A Nunum pactekanns, Hasbe-CTokc
1| ® Ocob6as nunus, Haebe-Ctokc

TennoBble Harpy3Kkn Ha HaBETPEHHOM
CTOPOHE TPEYrobHOro Kpbina.
JKCNEePMMEHT B a3pOANHAMMYECKOM
Tpybe T-117 LIATA.

- SST_CFX

a/q0 * exp
} ~ SST_LOGOS
- laminar_LOGOS

Tennosble HArpy3kn Ha
HaBEeTPEHHOW CTOPOHE Kpbi/a B
ceyeHun X=300mm
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POCCUNCKUNN SEOEPASIGHBLIN SAOEP H I TIER L

BBeaeHbl Moaenn HepaBHOBECHbIX TEYEHUIN C YYETOM TYPOYNEHTHOCTH:
EddyBreakUp (EBU), EddyDissipationConcept (EDC)

MogenupoBaHue ropeHusi KUCNOPOA-BOAOPOAHON CMECU
B OOHOOPCYHOYHOM Kamepe

CK_OH*
0.0000 0.0140 0.0280 0.0420 0.0560 0.0700

T T
750.0000 1.2600e+003 1.7500e+003 2.2500e+003 2.7600e+003 3.2500e+003
I ]

P.K. Tucker, S. Menon, C.L. Merkle, J.C. Oefelein, V. Yang. Validation of high-fidelity CFD
simulations for rocket injector design. 44th AIAA/ASME/SAE/ASEE Joint Propulsion
Conference and Exhibit; 21-23 Jul. 2008; Hartford, CT; United States.

FopeHl/le yrneBoaopoaHbIX TOMNB



POCCUMNCKUVA SEOEPAJIBHBLINA SSOEPHBIN
BCepOoOCCHMMMCKNM Haquo-uccnenoaaT_fé

Mpenpoueccop JIOITOC

Mogen | [epeso BU3YanusaLmm I Bnotu |

ObvekTel
#8 Mogenn (1)

v" BO3MOXHOCTb KOHBepTauuu (Mmnopta/3Kcnopra) O ety

CETOYHbIX AaHHbIX U3 OCHOBHbIX CAE-cucTeM (60n1ee 30| o cmposes reomerpme

. i Mopoty lNepenmeHceaTs

¢o p mMaTtoB ) ’ g:f::: COSpaHuTb AeTans

v’ TeHepauuMA pacYETHOM CETKMU; Com ==
i Marepuane

AN

®un3. NOCTaHOBKA 3a4a4M U NAapaMeTPOB CHETA;

v' MaKpos3bIK, N03BONAIOWMIA aBTOMaTU3MPOBaTb
CLLleHapuy NOArOTOBKMW pacyeTHOM moaenu;

v' Cpepctsa MHPOPMALMOHHON NOAAEPHKKH
nonb3osatens (MHTepakTUBHAA AOKYMeHTaLUuMA);

v YnpasneHuem cyéTa M OHNAIH BU3yaNu3aums;

FINN FRTYIS K TOMCY IR IEMOMY THIETY TPIITIRM YCRORIL.

Paciestums oot - (amcxperios)

amae

POl
llponcsypy HOCIPoCHES pactcinoll CEIKH MOKMNO POCCMATPIMATR KAK HOCTPOTHIES

| RIMRO-OSNOTIMANOIO  OTOOREREEY  SIruecxoll  OANACTH HE  HEEOTOPYR)  PACHETMYN
ofaacts, MMEOEYO Bonee TPOCTYI0 Popay. KINecINe HOCTPOCKME scapetoll Mo u
i crenens o ARCT YOHEX (MEYAaNY) WRCHEMMOIO Pelienns sasawt. B rex
| SEYNARE, KOCIUE MMOARSTBO SETOMMMY NWAK MORND YHOPRTOUMTE © HCIRUIL ORI EAKOFO~

ambo 3mxoma, pacweTMAN coTER crpy

- o b
1

OTMOCATEN.  BRTOMATICWICKAN TAWPAIEN  COTOK, (im0
ROCTPOMMNG  (IRCTPYInm) W DOAAKINpORLIG _SeTok

PHCYNOK 1 — THEIM SETOK CTRYRTYPHPORISHAT (CAIRR), MOCTPYETYPHPOBIRIAK (CTIpans)
K nmitones ScTO NSTOMBIYSMMM AN NOATOTOD

CIPYRIYPMPORIIIAY.  COTOK (N0 CPARMEINNO €  HECTPYRIYPHPORSIMME  (Pcymor 1))
POTROAANT, KRE [P0, YMOASIITE IPOIGERNTAIMIOCTE PACWTE 1§ HeoSTazMmil 0OniM
oneparEncll naMErn M. [l 1O P SPOMN, NPOESAPE BOCTPOMGIN  EPERATIMERNOS
PrYANpHON COTIM, KAK NPARIETO, Pe0yVT COMMENX INPAT TPYas # pecypcos BAL po
CHABMIMING ¢ NPOGEIYPON FOCTPOCHEE Neper yaagnolt o

KIL PRSHETIIMY  COTOR  MOMYMNM
SO, Yo
TepPRATLICe

OTOOPAREIIN, COLBAMIIA Y TANCNIS BHees. ey

| 10 e [ - Y pp—" = o HO MHOPMAaLLK
F thows > Tlaarveense macgvent sasae ] KOHCOAL  PepnakTop kopa | Pe3ynbTaTol }
MNoaroroska ANCKPeTHOW Moaenw uppPyExecutor().NewModel({ {'ModelName': 'LogosUnionModels'} }; =]
Amcapernas soness - 3o p cexn, 1.8 ———y uppPyExecutor().ImportModelMesh{ {'FileName': inputFileName, 'Mode': 0} };
YANOoR 1t pelep, X Coe L ® TAKae [e—— "

setld = uppPyExecutor().CreateSet{ {'Type': 3, '"Name': "Segment", 'Meshid': 0,
‘Startld': startindex} }"Id");

output = uppPyExecutor().GekBoundBoxOperationt {'Gridld': 0, 'InputDataType':
8, 'Index': setld} );

segmentDepth = output( "zMax" } - output{ "zMin" );

zMin = output{ "zMin" };

input = uppPyDataSet(});

i=0

while i < len( positions ):
input.Addvaluel i, "SegmentPosition", positionsli] };
input.Addvaluel( i, "SegmentDepth", segmentDepth );
i+=1

uppPyExecutor{). RemoveMeshSegments( input ); o

g 4]« ~][ 2]




[eHepauUuAa CeToOYHbIX MOAENEN U aHA/IU3 KaYecTBa

¢ [eHepaTop 6NMOYHO-pErynApHbIX CETOK ¢ Onepauun npsAsMon reHepaLn CeToK:
3KCTPY3un4A, nepemeLLeHne, KonmpoBaHue,
MacLiTabnpoBaHue, NOBOPOT, OTOBpakeHne

¢ ABTOMaTM4Ye€CKUMU reHepartop ¢ ABTOMaTM4YeCKUN reHepaTop TeTpas3gpasibHbIX
HEeCTPYKTYPUPOBAHHbLIX MHOrorpaHHbIX CeTOK C NpU3MaTU4EeCKUMMU CIIOSMMU
CEeTOK C NPU3MaATUYECKUMUN CIIOSAMU S—

* Mpeo6pasoBaHue TeTpasapanbHbIX CETOK B
MHOrorpaHHble

¢ ABTOMaTU4Ye€CKUU reHepartop
HECTPYKTYPUPOBaHHbIX TeTpasapanbHbIX U
NpenMyLLeCTBEHHO LUeCTUIrPaHHbIX CETOK

e X K

07 08
AManason KpuTepnes




Busyanmsaumus n noctobpaboTka
pe3ynbTaToB CYETA B NApPaNIe/ibHOM

pexxnme (cetkm ~10°);

ApxutekTtypa KnneHT-Cepsep;

bonee 50 anroputmoB 06paboTKu
pe3ynbTaToB MOAE/INPOBAHUS;

CI'IeLI,MEU'IM3MpOBaHHbIe aJITOPUTMbI

06paboTKM AaHHbIX:

NocTpoeHue TypbonoBepxHoCTeN;
MOWUCK 3KCTPEMYMOB N UHTETPANOB;

pacyeT HOBbIX BEJIUMYUH MO

MMEIOLLLUMCSA C MCNO/Ib30BaHMEM
npegonpeaeneHHbix Gopmyn

U KaJIbKYNIATOPA,

NnoCTpoeHune 3aBMCUMMOCTEN

BE/INMYUH OT BPEMEHMU,

CrmMcok AoMycTUMBDE BENHYMH
. “2@15 MATERIAL ~|

sqrt(5522_Vorticity_x"2+5523_Vorticity_y " 2+5524_Vorticity_z"2)

Yoamme/Hamermme macons Coxpan nTb/3arpysnTb TDOK)'
’7 *| Yoamwmm | MSMEHMTK: ’V 5 rpysnTs. —‘

b= IENI I




POCCUVMNCKWVA ©OEONEPAJIbHBbIN AOEPHBLINIL
BCEpPOCCUMMCKMM HayJdHO-McCccriegoBeareribDe

MHCTUMTYT SKCrNepmMeHTasibHOM (PN KPD

=swe

NMnaHblI pa3BUTUA:

O MexgucunnamHapHbie 3a4a4m: oTpaboTKka TEXHOIOTMU NOCTPOEHUSA
COI/TaCOBAHHbIX PACYETHbLIX MOAENEN U NMPOBEAEHNA PACYETOB;

O MnepsByk:
" y4yeT PU3NYECKON U XUMNYECKOWN KNHETUKU;
" VYET U3JIYYEHUA;
" HarpeB U abnauna T3[1;

MarHuTHaa rmapoanHaMmnKa U SNEKTPOANHAMMUKS;
MHorodasHble Te4eHUsa BKAoYaA obneaeHeHue;

[MoBbilleHME TOYHOCTU U CKOPOCTU PACYETOB;

[y Wy Wy

TexHonorma NOCTPOEHUs PACYETHBIX MOAENEN:

= leyeHne reomeTpuu;

= Bpanep;

® MOBEPXHOCTHbIE CeTKMU;

" reHepauuna 06 BEMHbBIX CETOK C MPMU3MATUHECKUMMN C/IOAMM.






