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Detached-eddy simulation (DES)

 P.R. Spalart (1997):

— We name the new approach “Detached-Eddy

Simulation” (DES) to emphasize its distinct treatments of

attached and separated regions.
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Detached-eddy simulation (DES)

 P.R.Spalart (1997):

— We name the new approach “Detached-Eddy

Simulation” (DES) to emphasize its distinct treatments of
attached and separated regions.
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OpenFOAM T D IEAESGSET )L

Lbrayname _____Note

Smagorinksy Smagorinsky model
Smagorinksy2 Smagorinsky model with 3-D filter

homogeneousDynSmagor Homogeneous dynamic Smagorinsky model
insky

dynLagragian Lagrangian two equation eddy-viscosity model
scaleSimilarity Scale similarity model
mixedSmagorinsky Mixed Smagorinsky / scale similarity model

homogeneousDynOneEgE One Equation Eddy Viscosity Model for incompressible
ddy flows

laminar Simply returns laminar properties

kOmegaSSTSAS k-0 SST scale adaptive simulation (SAS) model



OpenFOAM T D IEAESGSET )L

Lbrayname _____Note

oneEqEddy
dynOneEqEddy
spectEddyVisc
LRDDiffStress
DeardorffDiffStress
SpalartAllmaras
SpalartAllmarasDDES

SpalartAllmarasIDDES

vanDriestDelta

k-equation eddy-viscosity model
Dynamic k-equation eddy-viscosity model
Spectral eddy viscosity model

LRR differential stress model

Deardorff differential stress model
Spalart-Allmaras model

Spalart-Allmaras delayed detached eddy simulation
(DDES) model

Spalart-Allmaras improved DDES (IDDES) model

Simple cube-root of cell volume delta used in
incompressible LES models
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T = %(T+TT)+%(T—TT) — symmT +skew T,
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mE a+b a+b
5IE a-b a-b
AN5—FE sa s*a
ANho—EYE al/s al/s

VAN ab a*b
N1 a-b a&b
—ERNE a:b a&8&b
IO RTE axb a’b
A a2 sqr(a)
HExHETA |a|2 magsqr(a)

fExtE |a| mag(a)
REE a” pow(a, n)



OpenFOAM tensor classes

Mathematica

BRiE T T.7()

T diag T diag(T)
FL—X trT tr(T)
RERKS dev T dev(T)
X FR Ak 59 symm T symm(T)
JEXT TR 7 skew T skew(T)
1751 detT det(T)
REF cof T cof(T)

175 invT inv(T)
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(Nicoud and Ducros, 1999)
s EARERBETUVILO —X T —XIFRES:
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(Nicoud and Ducros, 1999)

C,%/C? 10.81 10.52 10.84 10.55 10.70 11.27

If C;=0.18, 0.55=<C, <0.6.
IfC,=0.1, 032=<C, <0.34.

ETILINTA—AC, |E Smagorinsky TE #C K TF
FTHDT, iNGFICE>TEETOILENDHD.
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« VRVEER, A—TUCAEESR
https://github.com/opencae/VandV/tree/master/
OpenFOAM/2.2.x/src/libraries/incompressible WALE

* OpenFOAM-dev

https://github.com/OpenFOAM/OpenFOAM-dev/tree/
master/src/TurbulenceModels/turbulenceModels/LES/WALE
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&P hH L P R

mkdir -p $FOAM_RUN
cd
git clone https://github.com/opencae/VandV

cd VandV/OpenFOAM/OpenFOAM-BenchmarkTest/
channelReTaullo

cp -r src $FOAM RUN/..

run

cd ../src/libraries/incompressibleWALE
wmake libso

1s $FOAM_USER_LIBBIN




FIRILRNETE
2. Re_=395MDF v RILBFNDF1—r )7 ILT—REB R
ruanrl/7|~'JL:It —9 5.

run

cp -r $FOAM_TUTORIALS/incompressible/pimpleFoam/
channel395/ ./ReTau395WALE

$ cd ReTau395WALE

&P &L

3. constant/LESProperties & system/controlDict Z#RE9 5.
$ gedit constant/LESProperties

'LESModel WALE ;
' printCoeffs on;
'delta cubeRootVol;

———————————————————————————————————————————————



FYRILRNDETE

$ gedit system/controlDict

'libs  ("libincompressibleWALE.so");

COUTIFFHLOWALEET ILSA4T3UEVILAN—THAT S

F=HITIHE.

4, TOMDEENEY - N\SA—REHRR, VILN—FRTT
B.

$ ./Allrun

5. ATEMNEEICR T LIz, O %5EEEL, ParaView Tt
5% A fRIELTHB. £1=, postChannel CERRE=Nf=70O
J74)ILE7OvcLTHB.



Re. = 110THDFYRILRNDETE

6. VRVEEESTIREINTWATANM —REZFATSHIEE
(X, templater—RXZaE—L, HEZHET S.

run

cp -r ~/VandV/OpenFOAM/OpenFOAM-BenchmarkTest/
channelReTaulld/template $FOAM RUN/ReTaullOWALE

$

$

$ cd ReTaullOWALE

$ gedit caseSettings

controlDict
{
deltaT 0.002;
endTime 0.022;
libs "libincompressibleWALE.so";



Re. = 110THDFYRILRNDETE

urbulenceProperties

~~ t

simulationType LESModel;

ESProperties

LESModel WALE;
delta cubeRootVol;

A1) 2F LD caseSettings [(ERFRIEETHIRIEE THODNSAZD T,
blockMeshDict*2decomposeParDict D/ \TA—ZZF L E LT1=([F>
N AY



Re, = 110 TOF v LRI DE

7. TOMDBHEHEONTA—FFHERRE, VILN—ZFFET
EEAY

$ ./Allrun

8. If the solver calculation is normally finished, you check the
logs and visualize the flow field with ParaView. If the
integration time is not sufficient for the flow field to become
fully developed state, run longer simulations.
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1. SGSETILDAIDFILI—FZEHEFETD.

$ src

$ cd turbulenceModels/incompressible/LES/

$ 1s

2. Smagorinsky®dA—rZ R TH 5.

$ gedit Smagorinsky/Smagorinsky.*

3. HBDE=OHIZ, FAFIVIETILOO—FERTHS.
$ 1s *[Dd]yn*

4. BEHETHI—FDBEEPEETAZTLELTHS (*.Cand

*.H).




Private member functions:
updateSubGridScaleFields

Smagorinsky.C

P e e e o e o mm mm mm Em o e e e e e e e e e e e e e Em e = -

I void Smagorinsky::updateSubGridScaleFields
:(const volTensorField& gradul)

:{ nuSgs = ck_*delta()*sqrt(k(gradul));

I nuSgs_.correctBoundaryConditions(); }

rVoid dynLagrangian: :updateSubGridScaleFields

:(const tmp<volTensorField>& gradu)

1{ nuSgs_ = (flm_/fmm_)*sqgr(delta())*mag(dev(symm(gradu)));
: nuSgs_.correctBoundaryConditions(); }

:void dynOneEqgEddy: :updateSubGridScaleFields

' const volSymmTensorField& D,

I const volScalarField& KK )

:{ nuSgs_ = ck(D, KK)*sgrt(k_ )*delta();

I nuSgs_.correctBoundaryConditions(); }
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—— LU MEEATIN) O RAXF—FT )L (CSM)

BREMEELERAWN AT RE—ETIL (SM)
T =-2CN|§|S,
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1. WALEETIILDA—kZaE—LTarv/ (LT 5.

$ run

$ cd ../src/libraries

$ cp -r incompressibleWALE/WALE/ ./NRCSM

$ cp -r incompressibleWALE/Make ./NRCSM

$ cd NRCSM

$ rename WALE NRCSM *

$ rm -r NRCSM.dep

$ rm -rf Make/linux64Gcc47DPOpt

$ gedit Make/files
INRCSM.C i
1 LIB = $(FOAM _USER_LIBBIN)/1ibNRCSM :

$ sed -i “s/WALE/NRCSM/g’ NRCSM.C
$ sed -i “s/WALE/NRCSM/g’ NRCSM.H




FLWSA TSR D EE(R

$ wmake libso
$ 1s $FOAM USER _LIBBIN

BEIEZERBLTaAV/A(ILLI=54773!) (IibNRCSM.so)Z& R D
[+1=5, FILLINRCSMETILZAT S DEHEITT.

2. QIE-FIBZ T E A=D1 —FKI(Z, postProcessingL—7T 4
) T4 THEETES.

$ util
$ cd postProcessing/velocityField/Q
$ gedit Q.C &

QDETEAZEIL, V)ZEEHAETUVILERAWS, (2)SSIEEQQ
IBZAWS, O2BYNHS.




ETILEHMC,DEA

3. IRTDeW Z ‘cl’ [TEHL (gedit £T=1E sed), {EZ 0.05
ICEETD.

$ run
$ cd ../src/libraries/NRCSM/
$ gedit NRCSM.C NRCSM.H

NRCSM.C

: cl

! (

: dimensioned<scalar>: :lookupOrAddToDict
; (

: ||C1||,

: coeffDict_,
: 0.05

! )

|

1

$ wmake libso




QL ENEE

4. NRCSM.CT, Q¢ EDFEZHERLEMICIHEAT S (Q.CH
HEZET HENZEIE—&ARN—XN). RELIV/INSLILT S.

$ gedit NRCSM.C
NRCSM.C

——————————————————————————————————————————————

'volScalarFleld Q
| (

1 0.5*%(sgr(tr(gradu)) - tr(((gradu)&(gradul))))
1)
'volScalarField E

0.5*(gradU && gradl)

$ wmake libso




F.&ECDIE

5. NRCSM.C T, F, & C(iBMEETILER) D ES =&
N3 3. REKIAVIANLILTS.

$ gedit NRCSM.C

NRCSM.C

™ = = = e e e e mm m e e e e e e e Em Em m Em e e e e em R Em Em Em Em e e e e e e e e Em e o = = = e

1volScalarField Fcs
1

' (

L Q/
I max(E,dimensionedScalar("SMALL",E.dimensions(),SMALL))
|

1)5

'volScalarField ccsm_

! (

|

| cl *pow(mag(Fcs),1.5)

1

1)

$ wmake libso




Vees DETHE

6. NRCSM.C T, nuSGS_ DT EZBIETH. FAFTIVIETIL
T updateSubGridScaleFields Bt S Z(ZL TH 5.

$ gedit NRCSM.C

NRCSM.C

——————————————————————————————————————————————

R{IF&aA /(LT B.

$ wmake libso

7. RIZ, WEOEWGTEEDZIAANT Ok orHIFRT S
(WALEET LETEER 7). REF&KIAV/NMILT D.

$ wmake libso




ke.c DETE

8. keoe MDETEIZIELLIZLDY, k.  DIEIENRCSMET ILZ LD
F=LESTIIWHELLALY. L, BYE k  DIENDBEZS(L,
A1)+ )LD ERI (Kobayashi,PoF, 2005)% 2 HE.

NRCSM.H

://— Return SGS kinetic energy
:// calculated from the given velocity gradient

I tmp<volScalarField> k(const tmp<volTensorField>& gradU) const
|

1 1

return (2.0*cl /ce )*sqgr(delta())*magSqr(dev(symm(gradul)));



FyRI)LiiinzaHU-FREE

9. Re =395DF¥RILFENF1—R)TILEBEHTDrunTaL
’7I~')L:|l: —9 5.

run

$ cp -r $FOAM _TUTORIALS/incompressible/pimpleFoam/
channel395/ ./ReTau395NRCSM

$ cd ReTau395NRCSM

\SF

10. constant/LESProperties & system/controlDict Z ¥R 9 5.
$ gedit constant/LESProperties

'LESModel NRCSM;
' printCoeffs on;
'delta cubeRootVol;

———————————————————————————————————————————————



FrRILRnzE AN T-1R3

$ gedit system/controlDict

'1ibs  ("1ibNRCSM.so");

ZD1TIEFHLLINRCSM A4 TSV ILN—FETEICEUE T O I E.

11. ZDMDEETFM LS A—EZHRL, YILN—ZRTT
3.
$ ./Allrun

5. ETEANERICRTLI=S, O %2, ParaView TN
5% A fRIELTHB. £1=, postChannel CERRE=Nf=70O
J74)ILE7OvcLTHB.
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1. openfoam-devCig#t SN TLNSWALEET JLZFOY
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AETOLENDHD.

AR R

2. CSMETILDEE FLIBEL R ¢, BT 5.
3. QI FIEZX SSIH QQETHELTHA. HEE?

DELLLELTHS.

4. j:xstv»rxu—rc-r)lﬂé ZTDMmORNHE,

INVDRTvT, F#E,
5.

O

BRit, 70 &) THEEE L—Cd—'%
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