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I'pynna Oﬁ’be[lI/[HfleT ClICIINAJINCTOB.

* Kpacnosipckoro punuana Muctutyra Teroduzuku CO PAH

» Kapenpsl rennopuzuku MNUOuPI Cubupckoro eaepanbHOro yHUBEPCUTETA

OcHOBHbIE HAIPABJIEHUS J1€eATEJILHOCTH I'PYIIIbI:

* UCCJICAOBAHUC U aHAJIN3 TEYCHU M )I(I/IHKOCTeﬁ H Ira30B, TeIIoMaccooOMeHa
U XUMHUYCCKOTO pCarupoBaHHus B IPOMBINUVICHHOCTHU, B CTPOUTCIIBCTBC U

OKPYXKaIoIIEH CPEIE;

¢ OIITUMH3allMg TCXHOJIOTNYC CKUX YCTpOfICTB " IMpouecCcCOB HA OCHOBC

PacueTHOTO MOJICIUPOBAHUS,
* pa3paboTKa UHXEHEPHOTO U Y4eOHOIr0 MPOrpaMMHOI0 00€CTICUEHUSI;
* COMPOBOXKICHUE U TEXHUYECKas MOICPKKa IPOTPaMMHBIX ITPOTYKTOB;

¢ IIOAT0OTOBKA CIICHHUAJIMCTOB B oOacTu MOIACIIMPOBAHUAI. O'FIOW



HUcTopus co3panusi Koga - X

MATOK - 19809r.
2D/3D HepaBHOMEpHBIC IAXMATHBIE CETKU ¢ OJIOKUPOBKOH moo0nacTei
nocTtosiHHas ¢ (eKTuBHAs TypOyIeHTHas BI3KOCTh
30HAIbHBIN METOJT TEIII00OMEH

meton pemrenus —SMAC
Hexmepes A.A., Kosanescxkuii A.M. IIpocpammnuiii komnaieke MATOK no pacuemy aspoounHamuKku monoyHulx Kamep SHep2emuieckux Komuoes.

Cubupckuii ¢huzuro-mexnuueckuti xcypuan. Ne 6, 1992

AeroChem —1993r.
2D/3D kpuBOIMHEWHBIE CTPYKTYPUPOBAHHBIC YACTUIHO COBMEIICHHBIE OTHOOJIOUHBIEC CETKH C
OJIOKMPOBKOH MO1001ac TEH
TypOyJIeHTHOCTS - cTanAapTHas K- monens, Chen-Kim k- &
usnyyenue - P1
pearupoBanue — robanpHbIe peakiuu + EBU monens
MHOTO(}a3HOCTB - JIarpaHKeB (YaCTHUYKH YIS — IBIKEHHE + SMIHUPHUYIECKAst MOJIEIb TOPEHHS )

Kamenwuros J1.11., bvikos B.U., /lekmepes A.A., Kosanesckuii A.M. Hucnennoe mooenuposanue peasupyiowux mypOoyieHmHbIX mevyeHull 6

MpexmMepHuLX 00IACMSX CLONCHOU KoHpueypayuu. Xumuueckas npomviunennocms, N1, 1995

SigmaFlow - 2001
3D, KpUBOJMHENWHBIE CTPYKTYPUPOBAHHBIE MHOT'OOJIOUHBIE CETKH, COBMEIIEHHbIE ceTKU, MSST

MOJIeJb TypOYJICHTHOCTb, ...
Hexmepes A.A., laspunos A.A., Xapnamos, E.b, Jlumeunyes K.FO. Hcnonvzosanue npoepammol SigmakFlow onst wucienno2o ucciedosamnus
mexHon02U4eckux 00vekmos. Boruuciumenvusvie mexnonocuu, m.8, 4.1, 2003
orlow



IIporpaMmMHbIe NPOAYKTHI

SigmaFlow —aekomMmepueckuii yauBepcanbablii CFD mporpaMMHBI KOMITIIEKC (ITHPOKHI
Habop pu3nYeCcKux MojeseH, Mpe-noCTIPOIIECCUHT)

SigmaFlame — cnenuanu3upoBaHHas MporpamMMa Jijis MOICIHPOBAHHS TOIIOYHBIX KaMep
SHEPreTUYE CKUX KOTIOB (HMCCIIEI0BATEILCKUE U TPOEKTHBIC OpraHu3anuu, BY 3br1)

SigmaFire — cnenuaau3upoBaHHAS IpOorpaMMa JUIsi MOJICIUPOBAHUS ITOXKAPOB B 3IaHUAX U
coopyxenusx (mpuasara B MUC B coctaBe komiuiekca « EHuce» 115 OlIEHKU PHUCKOB,
HCTIOJIB3YETCS PSIJIOM OpraHu3alui)

TubeFlow — cienmanu3npoBaHHAas IporpaMmMa JIijis pacyeTa YCTAHOBHUBIIHMXCS TCUCHUI
OypoBOTo pacTBOpa B KOJBIIEBBIX 3a30pax (pa3paboTtka mis Briikep Xbio3)

MOJYJIb JJIS pacyeTa adpOAMHAMUKY U JBMKCHUS Karelb py cTpyhHoi neyatu (HP)
porpamMma Jyisl pacuera YCTPOUCTB 1O JOKUTAHUIO AIICKTPOIU3HBIX Ta30B (PycAu)
porpamMma Jyisi pacuera pOTOPHBIX TIeUeH JUIs MIaBKy amfoMuHUS (MOCoOIMpPOMMOHTAK)

mporpaMma JuIs pacuera THAPOIUNHAMUKH B TpoTodHoM TpakTe I DC (CujioBble MAIIHHBI)
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SigmaFlow

* MeToa KOHTPOJILHOIO 00beMa ISl HECTPYKTYPHUPOBAHHOM CETKH;

MeTon HAaUMeHBIIMX KBAJAPATOB JUIsl PEKOHCTPYKIIUY IPAJIUCHTA,;

SIMPLE-nono6HbI# METO JIJ1s1 CBSI3M TOJICH JABJICHUS U CKOPOCTH,

CoBMeIIEHHBIE CETKU ¢ MOHOTOHU3aIen Pxu-Yoy;

* AHHpOKCI/IMaIIHH KOHBCKTHBHBIX IIOTOKOB — IIPOTHUBOIIOTOYHBIC CXCMBI BTOPOI'0 IIOpsAAKaA

annpokcuManuu QUICK, cemetictBo TVD cxem (UMIST, CUBISTA);

® AHHpOKCI/IMaHI/IH HCCTAlIMOHAPHBIX YICHOB — HCABHBIC CXEMbI BTOPOI'O IMOPsAaAKa TOYHOCTH,

o CJIAY: nns nuddy3MOHHO-KOHBEKTUBHBIX YPAaBHECHUM — METOH HEMOJHOH (pakTopu3aluu

(D-1LV); ms simuntaye ckoro ypaBHeHUs Ha naBienne —BiCGStab, AMG

o C++
« MSDEV

« Windows, Linux

oFlow



SigmaFlow: Mmoneupyemble mpoiecchbl

* CTallMOHAPHBIE U HECTAllMOHAPHBIC TEUCHUS;
* TypOYJICHTHOCTB;

* HCHBIOTOHOBCKUE KUIKOCTH;

* IpOIIeCChI cMeTeHUs B T Py3un HEOTHOPOTHBIX Ta30BbIX CMECEH

* XUMHYCCKHC PCAKIINH B IIOTOKC , TOPCHHUC rasoo6pa3H0r0, KHUIKOI'oO 1 TBEPIAOTO

TOTLJIVBA,;

* KOHBEKTUBHBIN, paAUallMOHHBIA TEINIOOOMEH, TEIJIONPOBOAHOCTD;

* IBU>KEHUE AUCTIEPCHOM (pa3bl (TBEP/IbIE YACTUIIBI, KAIlJIM) B HOTOKE rasa;
* IPOILIECCHI C (PA30BBIMU NEepexogaMu (KaBUTALIHS, KPUCTAIIU3AIHS);

* TEUEHUSI CO CBOOOTHOM MOBEPXHOCTHIO;

* TCUCHMUA I'a3d U JKUAKOCTH C ITOABUXHBIMU TBCPJAbIMU TCJIAMU
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PacueTHBle CeTKH
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IapajiieabHasi peajau3amus

* Cnoco0 pacnapaljieIMBaHus — JCKOMITO3HIINSA PacueTHOM 0o0macTu
 Ilepemaua gaHHBIX MEXITY MpolieccaMH MocpenacTBoM unrepdeiica MPI
* Pa3OueHue ceTkM OCYHISCTBIICTCS ¢ MpUMeHeHrneM mnporpammbl MeTiS
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Intel Corei7 (4.4 I'T'1) Ha ceTke U3 4 MJIH. y3JIOB.



Re=186 Simulation Experiment, M. Hoffman et. al. 2005.

Cross section
X = 200 micro

Cross section x
= 1000 micron
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Re=90 Micro-LIF

| ———
Re=186 Numerical

Re=90 Numerical

[Tonst KOHUEHTpaLUii B LIEHTPAIbHOM
cedenun Mmukpomukcepa. MicroLIF
(UT CO PAH) u pacuer

N3omnoBepxHocTh A2, Re=1000
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3aBHCHUMOCTB OT BPCMCHHU CKOPOCTHU IIOTOKA B TOYKC
MOHHTOpPHHTA, paCHOHO)KeHHOﬁ Ha BBIXOAC U3 KaHalla.
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RANS monean
1. CranmaptHas k-€ Mozienb
2. k-¢ KIm-Chen moensp
3. k- Abe-Kondoh-Nagano
4. Spalart-Allmaras moneis (SA)
5. Menter moxens (M-SST)
6. k-e-C-f Monenn

RSM

1. RSM LRR-QI

2. RSM SSG

3.RSM EBM (Elliptic blending
second-moment closure)

RANS/LES monenn
1. DES SA
2. DDES M-SST
3. RANS (-f/SGS LES
4. RANS C-f/Dynamic LES

11

TypOyjieHTHOCTD

N
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[Tpssmoe unTerpupoBanue 10 creHku (WIN)
[1naBHOE cOmpsKEHUE BSI3KOTO MOJICIION U
norapudmugeckoro TypoymenTHoro ciost (WF)

* CraHmapTHBIC TPUCTCHOUHbBIC PYHKIIUU
» SAWF (simplified analytical wall function)
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IIOTPAaHUYHBIN CIJIOM HA IUIOCKOW IUIACTUHE
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Backward Facing Step

2D Backward Facing Step, Re,=36000 " y+~50
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Driver, D. M. and Seegmiller, H. L., "Features of Reattaching Turbulent Shear Layer in Divergent Channel

Flow," AIAA Journal, Vol. 23, No. 2, Feb 1985, pp. 163-171.
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% U-bend Z

180° turn-around duct (U-bend), Re=10°%
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Monson, Daryl J., Seegmiller, H. Le, An Experimental Investigation of Subsonic Flow in a Two-Dimensional

U-Duct, NASA Technical Memorandum, 1992
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JIBMoKeHHe KMAKOCTH B KaHAJIaX

CobupatoLmn rasoxoa Pa3gava Bo3ayxa no
3NEKTDONIM3Epa spycaM ropenok B TOrke
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Swirling flow in long pipe

langential velocity, Re=3¢5

o
o 1%\
D} *

0.4 =4 . . .L‘\pcn'nlcm - .}f
£ SS1 0 ‘)
----- f .‘..yl
(3= [ +IRSM 0
L} I L} l L) ] L}
002 0 02

L J . @ cxperimem

[l
PN
' SST s’.&“l_x

k-un

B [ EIRSM

0.02

m

S=0.1,Re =3-10°

$=0.1, Re = 5-10¢

. Eindhoven University of Technology, PhD Thesis, 1995.

oFlow



Swirling flow in the combustor chamber, swirl intensity S=0.45

Swirling confined flow
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Roback, R. and Johnson, B. V. (1983) Mass and Momentum Turbulent Transport Experiments with Confined

Swi{Igng Coaxial Jets, NASA CR-168252.
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% Swirling confined flow -
—
Swirling flow in the combustor chamber, swirl intensity S=0.45
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T T LES, 2M cells URANS RSM, 0.3M cells

1. Dellenback P.A. Measurments in turbulent

Pexxum c npeueccmeﬁ BUXPEBOIo a4pa swirling flow through an abrupt expansion //
18 AIAA J. 1988. \Wol. 26, No. 6. P. 669-681. O'FlOW



3aprquH0e TCYCHHUC IMOCJIC BHC3AITHOIO PACIIUPCHUSA
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Different approaches for turbulence modeling ” Y axial velocity
60 — | '\ o exp
Averaged flows ~ LES
- v\ URANS
A e 40 — '\ — - —- RANS

1

\ .
! Q-criterion
|

300

RANS URANS URANS RSM Dynamic LES

Y. Al-Abdeli, P. Kempf, R. Barlow (2004). Swirl Flows and Flames Database, Thermofluids 0 100 200 300
Research Group in the School of Aerospace, Mechanical and Mechatronic Engineering at the Sl

University of Sydney O'Fl
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vortex criterion A, =400
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Newtonian fluid

Power Law
Bingham Plastic

Herschel — Bulkley

Robertson — Stiff

Rheological models

T =Kky,

r=ky",

=Ky +1,,
r=ky" +7,,

:k(7o+7)n’
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\
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JiBriKeHHe HEHbIOTOHOBCKUX KUIKOCTEH B 3a3opax

Herschel-Bulkley Power Law
. ~ kyM+r : . .
T= |‘()/'n + 75, ‘Ll<:}’) :::_____?;:___El Z-:::I(j/r]1 /Ll(7/) — L(7/r] :

Re= 0.527, 7Ta=2.58 Re=0.12, 7a=0.0014 Re=3.04 T1a=/89 Re= 241, 1a=3500
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Turbulent pipe flow of shear-thinning, fluids

flow index nl yield stress Tot

* increasing the streamwise vortex size, decreasing the streamwise vortex strength
* reduction of transverse velocity fluctuation => drag reduction

 growth of turbulence anisotropy (in comparison with Newtonian fluids)

* increasing the value of Re at which laminar-turbulent transition occurs

Instantaneous
vortex structure
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£.982E-01
5.815E-01
4 643E-01
3481E-01
2.315E-01
1.143E-01
-1.91EE-03

Re =10000 Re =310

Instantaneous axial velocity magnitude

Newtonian fluid

Bingham fluid, Bn=0.3

A — = |
; '/( Bingham fIUid’ an
I — —————

25 © 2011 Baker Hughes Incorporated. All Rights Reserved.




RANS vs. DNS
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KaBI/ITaHI/IOHHI)Ie TCUCHUA

*O0TeKaHue MWIMHIPUYECKOTO Teja ¢ oaycheprudeCKUM TOPLIOM

0=0,5:

KpacHasl JTUHHUS — pacyeT, KBaJIparbl — SKCIICPUMEHT
c=0,4:

CUHSS JIMHUS — pacdeT, pPOMOBI — JKC.

c=0,3:

3eJIeHasl JINHUS — PacyeT, TPEYTOJIbHUKN — DKC.

roJie TotHoctu 6=0,3

27

pacinpecacacHuc Cp Ha ITOBCPXHOCTH TCJIa TPACKTOPUHU YaCTHUILL JKUIKOCTH G:O,B
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KaBuranuoHHbIe TeYeHUL

of

vapor volume fraction a=0.1 (blue) and vortex structure (A2 vortex criterion) (yellow)

Experiment PIV (IT SB RAS) Simulation, DES

streamwise
velocity

fluctuation

oFlow
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IlageHue NMIMHAPA B 0acceiiH ¢ BOAOH

Huamerp numanaapa D=11 cm. ITnmotHocth numunapa 1000 kr/m3.
DkcnepuMeHTadbHbIe gaHHble — Greenhow M. u Lin W.M.

i

t =0.005c

t =0.085c
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BcenabiTHe nuIMHapa
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t=0.22c
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EcTrecTBeHHAs KOHBEKIUS

EcTrecTBeHHAsl KOHBEKIIUA B
MOJIOCTH MEKAY JABYMS
muanaapamu. Gr=49500

1.

9.617E+01
9.233E+0
8.850E +01
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Sy eMnepaTtypa a nons
5.400E +01 TeMnepaTyp

%0+

Temnepatypa (K)

+ + +

20 8 0 Ex) 20 a“
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= Hyteaid
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Chen
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= 5E-005
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IlepeHoc Tena u3jay4eHueM

CO - 26 %, T, = 800 °C, Q; — 107 HM3/u.

Mopenun

. P1
. DO
. FVM

E 1.400E+03
1.323E+03

1.246E+03
1.1E3E+03
1.092E+03
1.015E+03
9.385E+02
2.E15E+02

i 7.846E+02
7.077E +02

 paccesHue
* CeNEeKTUBHOCTb

« WSGG
* MHOrornoJsiocHas

6.308E+02
5.538E+02
4 7BIE+02

WSGG 15 nonocHas Moaenb «CepbIn» ras
PacuyeTHble 3Ha4YeHns Ha pasHbIX MOAeNiAaxX [laHHbIe
Touka 3amepaemas
15TK nonocHas - aKcnepumeHTa
MOHUTOPWHra BennMynHa WSGG «CepbIn» ras
Moaesb
1 T, °C 900-950 840-880 900-950 870-945
2 T, °C 800-900 790-890 640-700 780-990

3 T, °C 670-750 660-740 500-550 620-845



Turbulent two-phase jet
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) o T Re=22000
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Wall Wall
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Schematic drawing of the geometry

Particlesvelocity field, m/s

Up mis

Axial velocity of the particle phase
at X=130 mm

Up, mis

» Y, mm ‘

Axial velocity of the particle phase
at X=260 mm
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Backward-facing step
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MonpeaupoBanue ABYX(pa3HbIX 3a1a4

/AByx(¢a3zHoe TeuyeHUue B TOPU3OHTAJIBHON TPyOe ¢ y4eTOM rpaBUTALIMM

4.875E-06
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| 0.000E+00

IHoJsie 00beMHOI KOHUEeHTPAaUU YacTull, dp=3Smkm, pp=2900 kr/m3, Re=65000
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The swirl burner with ultrafine coal particles
(Institute of Thermophysics of SB RAS )

T TIC
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Comparison of the computed and measured temperatures in the
combustor for mechanically activated coal. Symbols: experiments;
lines: computations. Left: temperature along the line of
thermocouples in the burner. Right: temperature along the line of
thermocouples in the furnace.
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Cuneuuajau3supoBaHHOE NPOrPaMMHOE o0eceueHue

<SlgmaFlow> \

SigmaFIame TubeF%v
Moneniposatue TONOYHBIX MozenupoBaHue TeueH s SigmakFire
Kamep

OypOBOT0 pacTBOpa B CKBaKHHE MonenupoBaHue MOXapoB
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OcHOBHbBIE TPEOOBAHUSI:

ITOJIB30BaTCJIb MHXKCHCP TCXHOJIOT,
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SigmaFlame. Mathematical model

* turbulence: Heat flux
modified high-Reynolds k- model
wall function (coarse grid < 10 cells)

* radiative heat transfer:
P-1 approximation for a grey medium + WSGG

» volatile fuel components combustion:
eddy break-up model ——

e coal dust motion:
PSI-cell method

» coal dust combustion: It -
empirical four-stage model -

« NOX formation: .
thermal, prompt, fuel NOx

49



B)

a) —memnepamypa 6 yeHmpaisHoM ceueHuy MonouUHO Kamepol;
0) - usonoBepxnocmumemnepamyp paxeara (1400,1300,1200°C)
6) - uzonobepxnocmo konyenmpayuu NO, me/m3
2) - mpaeKmopuu uacmuy yeas

oflow



Pe3ynbTaTbl pacueTa

ko3(ppuumneHT Tennonepenaumn - 234 Bt /m2K. (6e3 3HaUUTEJIbHbIX JIOKAJIbHbIX LWJIAKOBbIX OTJIOXEHMIA)

TemnepaTtypa cpeabl B 3kpaHax 410 °C

1.000E +03
J16VE+02
3.333E+02
F.500E+02
6.BE7E +02
5.833E+02
5.000E +02
4167E+02
3. 333E+02
2500E+02
1.66VE+02
2.333E+01
0.000E+00

a.)

6.) B.)

PucyHok a) none TteMmnepaTtyp Ha (ppoHTaNIbHOM CcTeHe, °C 6) none TeMnepaTtyp Ha neBou creHe, °C
B) BOCnpuHATLIN TENJI0BOI NOTOK Ha (hpOoHTaNbHOM cTeHe, BT/M?2
r) BocnpuHATLIN TEMNJIOBOM NOTOK Ha J1IeBOM cTeHe, BT/m?2

- 90
- 85
- 80
- 75
- 70
- 65
- 60
- 553
- 50 &
- 453
- 40
- 35
- 30
- 25
- 20
- 15
- 10

6.83

Ve

B.)

0.000E+00
-1 167E+04
-2.333E+04
-3.500E+04
-4 BEFE+04
-5.8335E+04
-f.000E+04
-8.167E+04
-9.333E+04
-1.050E+05
-1.16¥E+05
-1.283E+05
-1.400E+05
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Pe3ynbTtaTtbl pacyera. LLinakoBaHue (ppoHTaNIbHOIo 3KpaHa
CpenHsis TeMmnepaTtypa Ha Bbixoae 13 Tonke - 1068 °C

AT SR wpon

o]

Puc. 18
PacnpegeneHue
WNHTEHCUBHOCTM
LUSTAaKOBAHUS Ha
MOBEPXHOCTM
TOMOYHOM  KaMepbl,
Kr/M2c

oht

g(pacy)=50 kBm/m2
g(aken)=60 kBm/m2

g(pacy4)=75 kBm/m2
q(akcrn)=80 kBm/m2

Tabnuua 3 -
3Ha4yeHune

TemnepaTtypbl Ha
BbIXOAE n3

TOMOYHOM  KaMepbl
(73 m.)

HayanbHoe cocTosiHMe 3KpaHoB | lNocre WwnakoBaHUs 3KpaHOB lNocrne wnakoBaHUA 3KpaHOB C
(a.,=237 BT/M°K) 0e3 y4yeTa nokKasribHoro yyeToM rioKanbHoro
wnakosaHus (a.,=207 Bt/m°K). wnakosanus (a.,=207 BT/M?K).
(0,,,c=40 - 207 BT/M?K)
1041°C 1051°C 1060°C
oFlow




SigmaFire. [TocTpoeHne reoMeTpru 31aHUA U PACUYETHOI
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3AO0AHUE CLUEHAPUA MNMOXAPA

* (popmmpoBaHUe KpaeBbiX YCrOBUA 3aayu

* HaCTPOMKU peLlaTens

SigmaFire. Monyab pacuera pacnpoctpanenuss O®II

PACHET AUHAMUWKU OMNACHBbBIX

®AKTOPOB NMOXAPA

* OHOMPOLECCOPHbIA pacyeT
* MOHUTOPUWHI pacyeTa

- Tlapase 1pw 3aa30un
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MoneabHbIN cClieHApPU mokapa B 31aHuu MHcTHTYyTA
HedTu U raza Cudbupckoro ¢geaepajbHOr0 YHUBEPCUTETA

CHEHAPHUI ITOKAPA 250 CEK. IIOCJIE HAYAJIA TIOKAPA

ovar sosropaHua Ne1

AKTOBbIW 3an
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IIpumep pacyera pa3BUTHSA MOKAPA U IBAKYALIUHU U3
0 CHOIO 31aHUA

Hayano aBakyauum Ha
6-0M MUHYyTE




TubeFlow. Mud flow through the annulus

Algorithms and software development for numerical modeling of mud flows
in the borehole.

Output parameters
pressure drop, dp/dz >
torques
velocity distribution in cross-section
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TubeFlow. Mud flow through the annulus

Special CFD software for simulation of drilling fluid flow in borehole

Mass balance checks
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& Parameters of calculations
--23 Geometry of borehole
= Computational grid
-I-2 Physical parameters
-+ non-Newtonian fluid
= Power Law
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--21 Geometry of borehole n . 0.95

£ Computational grid K (Pa*s"n) 0.15
. kaud (Pa) 40
-2 Physical parameters PIPE GEOMETRY: L (m), b1 (. i
1.8000080 a_50000008 a_25a000808

-l-+ non-Newtonian fluid
© Power Law
0 Bingam plastic
=R Herschel Bulkle
& Robertson Stiff

INTEGRAL PARAMETERS:

NONDIMENSIOHAL FLOW PARAMETERS:

PRESSURE DROP: Hydrostatic (Pa),

Area of section (m2}), mass flow rate (kgfs),
81478739 1.08080008 6.79931008E-83

average

Re, Re {(Rotationall},

B.1849397 1.9292351E-82 3.7219480E-04

Hydrodynamic {(Pa),

9810.0900 8.230088 9818 .230

PRESSURE DROP PER UMIT LENGHT:

Hydrostatic {(Pa/sm), Hydrodynamic {Pa/m),
og108._880 8_.230088 o818 .2308

Full {Pa/m)
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CAD- aBroMmaTHYeCKHd MOCTPOUTE]Ib CETOK

velocity magnitude, m/s
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1. MultiGPU, Xeon Phi

2. TypOyJIeHTHOCTD:
PANS
RANS/LES
3. Muorodha3HOCTb:
SUJIEP
IrpaHyJIMPOBAHHBIE CPEIbI
ELSA mis pacnbuiMBaHuUs )KUJIKOCTH
4. T'openue:
EDC
flamelet
5. KonaeHcanus mapa

6. I'nbpuansie mogenu CFD-ruapaBnnyeckue cetu
7. llym FWH
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@E@ TYPBYJIEHTHOCTD r -

(U)RANS
1. k-o SST model

2. Elliptic relaxation eddy viscosity model k-g-C-f
3. Differential Reynolds Stress model

Hybrid (RANS/LES)

Zeta-f model:
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Closureequations:

t#, = pCKTE

min(g,%],q (Ejﬂz}

3/2 12 3 \V4
L =C, max| min K , K ,cn[‘/—)
¢ CBIs|g ) e

T = max

A:max(AX,Ay,AZ)
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