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OpenFOAM: ytO 1 3auem



HasHauyeHue OpenFOAM

OpenVFOAM

The Open Source CFD Toolbox
The Open Source Field Operation And Manipulation CFD ToolBox

CB06OAHO pacnpoCTPAHAEMbIN MHCTPYMEHTAPUIA BbIYUCIUTENBHOM
rMOPOAMHAMMKM 1S onepaumii C NoNSMM (CKanspHbIMU, BEKTOPHbLIMU U
TEH30PHbLIMKW) — OTKPbITAs UHTErpuMpyemas nnathopMa AN YNCAEHHOIO
MOAENMPOBaHMS 33434 MEXAHMKMU CMOWHOM cpefbl.
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HasHaueHue OpenFOAM

3apaun MCC m conpskeHHble 3a4a4M (KUAKOCTb—TENO)

MKO Ha 6a3e MHOrorpaHHbIx siYeeK, B TOM Yncie C NoaAepXKKOM MNOABUXKHbIX
CeToK

HecxuMmaeMble U CKMMaeMble, CTalMOHapHble U HecTauMoHapHbIe MOTOKM
OpHodasHble, AByXx(da3Hble U MHOTO(Ma3Hbie NOTOKM
NarpaHxeBa Mogenb 414 pacyeTa ABUXEHMS YacTUL,

URANS/LES/DNS MopenupoBaHue TypbyneHTHOCTU: k — ¢, k — w, k — w SST
W Apyrue Moaenu

Mogaenm KOHBeKuMM,TeﬂﬂOO6MeHa,rOpEHMﬂl4paCHHHEHMﬂ)KMﬂKOCTM
HeHbOTOHOBCKME KMAKOCTH
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UcTopuueckasa cnpaBka

McxopHas paspabotka: Imperial College of Science. London. UK. 1991-2003

TOCMEH A. JI, TAH B. M., PAHYET A. K.,
CIOJUIMHT /1. B., BOJIbOWITERH M.

locmeH A. 1., Man B.M., Panyen AK., Cnonguur .6,

YHCTEHHBIE METOZbI BonbdwrerH M. YucneHHble MeToabl MCCNefoBaHus
HCCJIENOBAHUSI TEHEHWHA o o
BSASKOM XKIAKOCTH TEYEHWUIN BA3KOM XMAKocTn. M.: Mup., 1972, 323 c.
P pp—— KHuza npedcmasngem coboli 3Ha4umensHbil 8K1ao 8
R iR NPUKAAOHYI0 MEXAHUKY HUOKOCMU U 2a3a, 8 Hell

u3naeaemcs 4YucaeHHslli Memod pacyema cmayuoHapHbIxX
08YMEPHbIX 00HOPA3HbLIX TAMUHAPHBIX U MypOYeHMHbIX
meyeHull ¢ yyemom HeoOHopodHoCcmu ceolicme cpedsbl. Ha
0CHoge 3mo20 Memoda paccmampusaromes 11
KOHKpemHsbix 3a0a4. B kHuze npusodsmcsi paboyue
P—— npozpammel, cocmasseHHele Ha s3bike QOPTPAH IV

Mocksa 1972




UcTopuueckasa cnpaBka

A tensorial approach to computational continuum mechanics
using unhmlrlumd techniques

Welkr nd G
S ehanecsEnincerin,Inperl ol London W1 288, Ui Kingdo

Computational Dynamics Limied,Lonon W10 683 Unied Kigdom
€ Fu

ety
n«mmm of Weapons and Proecion, National Defese Research Esablismens (FON),
17290 Socthotm, Sweden

zi;"’f?,fi"]‘i?".‘?fifﬁ.t‘i*fi?ffﬁf,"i‘f‘i::iifffff.“,ﬁfﬁ:f:i‘lf:;;f:;‘.‘:i":ii‘f:i;‘i;f“;‘"%fff? Weller H.G., Tabor G., Jasak H., Fureby C.

ey A Tensorial Approach to CFD using Object
Orientated Techniques // Computers in Physics,
o e o 1998v.12n.6, pp 620-631
S : DOI: 10.1063/1.168744

hese flows can be deecribed by sysiems of linked patial
diferenial equationsof the form

»e

T U T v Qs QeS, ()

where U i the fluid veociy. p its density. and Q is any
1 propery ofthe flow, such s Species concen-

ton.  Thete " equations imvolve time deratves
(pQ1). convstivetems [F-(pUe Q)] diffsive terms

Q). and source terms (SQ and S, A simple
e s of ncomprss, ow s dsied by e
Navier-Sokes equutions (Q=(1.U}

2. The uid-low equarions ae then volume.
incaraadoer e ndidon e o 3V, s

o (o is ued o conver he divergence s n g (2)
' 21 fnto surfae-integrated flu terms. reducing the problem of
S ATAUSU)-T 2= - T, dicreiing thse tems to-one of Ainding diffrence ap-
g v e fuses s the
Volume based on the values. Other ps-
R ——— il derivatives are deat Wi n 3 simiar manner, This
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https://doi.org/10.1063/1.168744

UcTopuueckasa cnpaBka

® |i3HavanbHo: FOAM — komMmepueckoe 10, pazpabaTbiBaeMoe KOMMNaHMEN
Nabla Ltd.

® B 2004 rony koMnaHumsa Nabla npekpaTtnna cBoto LesTeNbHOCTb M OTKPbIIA
FOAM c GNU General Public License nog, Ha3zBaHneM «OpenFOAM».

® Ghina co3pgaHa OpenCFD Ltd, koTopasi pa3pabatbiBana 1 nofnepxmeana
OpenFOAM.

® B 2011 OpenCFD Ltd 6bina npuobpeteHa SGI. mu 6bin co3paH DoHa,
OpenFOAM pnna obecnevenns pa3smtna OpenFOAM kak MO ¢ OTKpbITbIM
MCXOAHbBIM KOLOM.

B 2012 OpenCFD Ltd 6bina npnobpeteHa ESI.
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NocTouHCcTBA

® [0NHOCTbI LOCTYNHAsa MHGOPMALMS U BO3MOXHOCTb BbibOpa MeTOA0B
LMCKPeTM3aLmK, aNnrOpUTMOB peLIeHns cnucteM aud.ypaBHEHWUN, pellaTenen
CIAY.

® [lepcnekTMBHOE U AMHAMUYHO PA3BMBAOLLMECS OTKPLITOE MPOrpaMMHoe
obecneyeHune Ang MoLENMPOBaAHMS 334a4 MEXAHUKM CMOLLIHOM Cpefbl.

® B ero pa3paboTke 1 pa3BUTUM NPUHUMALOT yHaCTME AECATKM OpraHM3aumin u
COTHM pa3pabOoTUYMKOB MO BCEMY MUPY.

® Qb6napaet 601bWON GYHKLMOHANBHOCTBIO M YAOBNETBOPSIET BCEM OCHOBHbIM
TpeboBaHUAMM, NPELbIBNSEMbIM K COBPEMEHHOMY NPOrpaMMHOMY
obecneyeHuto ang pacyeta 3agay CFD.

® KoHBepTauua Mexay pasnnyHbiMu GopMaTaMm BXOLHbIX U BbIXOLHbIX
naHHbix: ANSYS, Fluent, STAR-CD, EnSight, Fieldview-UNS, GMV, Tecplot...
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HepocTatku

® (CnoxHasa noeonornst OpenFOAM,

® [lonb3oBaTento He06xoAMMO BbITb KBANUPULUMPOBAHHBIM NPOrPAMMUCTOM Ha
C++ ons Toro, 4To6bl pa3BMBaTb PACYETHbIE MOLYNIU A5l PeasibHbIX 3a4au.

® PaBpOBHeHHaﬂAOKyMEHTauMR
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Cnou MmopenupoBaHus

Geometry Meshing Solver Postprocessing

BlockMesh Litilities

OpenFOAM

ANSYS

FLUENT

TecPlot
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Anpo OpenFOAM (solver)

® O6beKTbl AN 06bABNEHNS CKANSPHbIX, BEKTOPHbIX U TEH30PHbIX MOMEN
(MaccmBbl GU3MYECKMX MAapaMeTpoB).

® O6bekTbl M MOLenu Ans guckpetTusaunm audbdepeHumnanoB ykazaHHbIX
noneu (otobpaxeHne guddepeHLnanoB Ha KOHEYHO-ObEMHYIO CETKY).

® O6beKTbl AN9 3aNMCU OAUCKPETHOrO aHanora UCXoAHbIX AnddepeHLManbHbIX
YPaBHEHMI (3aMnCb pellaeMblX B paMKax UCMONIb3yeMOoro MeToaa
AnddepeHLManbHbIX YpaBHEHUH, B TOM UMCie AN NPOMEXYTOUHbIX U
npefBapuTeNibHbIX 3HAYEHU).

® Bubnmoteka MeTOLOB peLleHns CUCTEM IMHENHbIX anrebpanyeckmx
YPpaBHEHMI (pelleHne NoayYeHHbIX 13 npeabliayuiero nyHkra CIAY
NOAXOASALWMM anropuTMOM)
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Pewatenu CJI1AY: consepbil

DiagonalSolver
GAMGSolver (Geometric agglomerated algebraic multigrid solver)
PCG (Preconditioned conjugate gradient solver)

SmoothSolver
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Pewatenu CJIAY: npepnobycnaBnuBarenm

® diagonalPreconditioner

® DICPreconditioner (simplified Diagonal-based Incomplete Cholesky
Preconditioner for symmetric matrices)

® DILUPreconditioner (simplified Diagonal-based Incomplete LU
Preconditioner for asymmetric matrices)

® FDICPreconditioner (Faster version of the DICPreconditioner)

® GAMGPreconditioner (Geometric Agglomerated algebraic MultiGrid
Preconditioner)

® noPreconditioner
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Pewatenu CJ1AY: crnaxusatenu

® DICSmoother (simplified Diagonal-based Incomplete Cholesky Smoother
for symmetric matrices)

® DICGaussSeidelSmoother (combined DIC/GaussSeidel smoother for
symmetric matrices)

® DILUSmoother (simplified Diagonal-based Incomplete LU Smoother for
asymmetric matrices)

® GaussSeidelSmoother
® NonBlockingGaussSeidelSmoother
® SymGaussSeidelSmoother
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Pewatenu CJIAY: 3anucb AUCKPETHOro aHanora

3anuweM ypaBHEHWE UMMYNbCOB B BUAE

agi:j—i-v-ch—V-yVU:—Vp
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Pewatenu CJIAY: 3anucb AUCKPETHOro aHanora

3anuweM ypaBHEHWE UMMYNbCOB B BUAE

agi:j—i-v-ch—V-yVU:—Vp

9BHag cxeMa

solve

C
fvm: :ddt(rho,U)
+ fvc::div(phi,U)
- fvc::laplacian(mu,U)

- fvc::grad(p)
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Pewatenu CJIAY: 3anucb AUCKPETHOro aHanora

3anuweM ypaBHEHWE UMMYNbCOB B BUAE

9BHag cxeMa

solve

(

opU

— +V-pU -V -uVU = -Vp

ot

::ddt(rho,U)
::div(phi,U)
::laplacian(mu,U)

::grad(p)

HesBHag cxema

solve
C
fvm: :ddt(rho,U)
+ fvm::div(phi,U)
- fvm::laplacian(mu,U)

- fvc::grad(p)
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Pewarenu CJIAY: 3anucb BUCKPETHOrO aHanora

PacMOTPMM NpOU3BONIbHOE YPABHEHME

Ap+ I = f
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Pewatenu CJIAY: 3anucb AUCKPETHOro aHanora

PacMOTPMM NpOU3BONIbHOE YPABHEHME

Ap+ I = f

solve

C
)

fvm::laplacian(psi) + k ¥ k * fvm::Sp(l,psi) ==
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BHewHue nporpaMmbl

gcc

openmpi

ParaView
KOHBepTepbl AaHHbIX
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paraFoam

ParaView 5.4.1 64-bit
Catalyst Macros Help

a4 >DPDMB mmeo

File Edit View Sources Filters Tools
peBE vaFK
B Q%5 G @sodor -
PR OGS

Pipeline Browser

- am s
Surface With Edges o= Q J
&) 3 00 o Ok

@® | Olayout #1® | +

@ builtin: » N »RenderViewl 0 B 0O @ &
B VT quareszna openoun

Properties | Information
Properties CLE]
> ¥ Delete ?

h... (use Esc tc

lear text)

= Properties (VTsquare32ind.0f | (| (*
General Controls

Refresh v skip 0/ time
With Sets Groups Only
With Zones || Patch Names

¥ cellto-point | | field-to-patch

Update GUI VTK Polvhedra | Cache vti~
‘ »

17/27



paraFoam
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3apavya o0 KaBepHe

b/h =1

Ban-[aik M. Anbbom Te4eHUI Xmnakoctn 1 rasa. M. : Mup, 1986. 184 c. 19,27




MoroToBKa ¢aiinos 3aaauu

— cavity

! ' ' ;

blockMeshDict controlDict fvScemes fwSolution

A

constant ﬁ

transportProperties
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3aronoBoK cnoBaps

WOoONOGOCUVTDAWNER

Y e T T ¥ (bt oo *
| ========= |
[ \\ / F ield | OpenFOAM: The Open Source CFD Toolbox
[ \\ / O peration | Version: v1606+
| \\ / A nd | Web: www. OpenFOAM . com
| \\/ M anipulation |
FoamFile
{
version 2.0;
format ascii;
class dictionary;
object blockMeshDict;
1
// * * * * * * * * * * * * * * * * * * * * * * * * * *




17
18
19
20
21
22

24
25
26
27
28
29

NMoaroToBKka KOHEYHO-0ObLEMHOM CETKM

blockMeshDict

scale 0.1;

vertices

(

=

P
OFrRrrPrOO0OFr P, O
PRrOORrRLROO
OO OO0 OOOo
[ N = =Y
- —

31
32
33
34

blocks
(

)

hex (0123456 7)

(20 20 1) simpleGrading

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

edges
(
);

boundary

(

movingWall

{
type wall;
faces

(376 2)
)

}
fixedWalls

{
type wall;

(11 1)
faces
(
(0 47 3)
(2 6 5 1)
(1 54 0)
);
}
frontAndBack
{
type empty;
faces
(
(0 32 1)
(4 56 7)
);
}
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MocTaHOBKA HaYa/bHbIX U FPAHUUYHbIX YC/I0BUMA

o/p

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

dimensions [0 2 -2
internalField uniform
boundaryField

{
movingWall

{
}

fixedWalls
{

}

frontAndBack
{

}

type

type

type

000 0];

0;

zeroGradient;

zeroGradient;

empty;

23/27



MocTaHOBKA HaYa/bHbIX U FPAHUUYHbIX YC/I0BUMA

0/U 17 dimensions [01-1000 0];
18
19] internalField uniform (0 0 0);
20
21| boundaryField
22 {
23 movingWall
24 {
25 type fixedValue;
26 value uniform (1 0 0);
27 }
28
29 fixedWalls
30 {
31 type noSlip;
32 }
33
34 frontAndBack
35 {
36 type empty;
37 }
38|} 24/27




KoHTponb pasmepHocTen

EamHunubl namepenus (CH):
[ KUnorpaMm — MeTp — CeKyHAa — KelbBMH — MONb — aMmnep — KaHaena |

MpuMep Ana 3a4aHUS CKOPOCTH:

dimensions [0 1 -1 @ @ 0 0];
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YnpasneHue pacyétom

controlDict 17 | application icoFoam; 33| purgeWrite 0;
18 34
19| startFrom startTime; 35| writeFormat ascii;
20 36
21| startTime 0; 37 | writePrecision 6;
22 38
23| stopAt endTime; 39| writeCompression off;
24 40
25| endTime 0.5; 41 | timeFormat general;
26 42
27| deltaT 0.005; 43 | timePrecision 6;
28 44
29 | writeControl timeStep ; 45| runTimeModifiable true;
30
31 writelnterval 20;
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HekoTopble pesynbTaTthbl
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HekoTopble pesynbrathl
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