CHALMERS C’SE

How to implement your own turbulence model (1/3)

e The implementations of the turbulence models are located in
$FOAM SRC/ t ur bul enceMbdel s

e Copy the source of the turbulence model that is most similar to what you want to do. In this
case we will make our own copy of the kOnegaSST turbulence model:

cd $WM PRQAIECT DI R

cp -r --parents src/turbul enceMdel s/inconpressi bl e/ RAS/ kOregaSST \
$VWM PRQJIECT _USER DI R

cd $VWM PRQIECT USER DI R/ src/turbul enceModel s/ i nconpressi bl e/ RAS

mv kOregaSST nykOnegaSST

cd nykOregaSST

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics



CHALMERS @)D
How to implement your own turbulence model (2/3)

e We also need a Make/files and a Make/options

e Create a Make directory:
mkdi r Make

o VMbke/fil es:

nmykOmegaSST. C
LIB = $(FOAM USER LI BBI N)/ i bnyl nconpr essi bl eRASMbdel s

(we are only adding nykQregaSST)

e Mhke/ opti ons (compare with that in RAS):

EXE_INC = \

-1 $(LI B_SRCO)/ t ur bul enceModel s \

-1 $(LI B_SRC)/transport Mbdel s \

-1 $(LIB _SRC)/finiteVol une/l nl ncl ude \

-1 $(LI B_SRC) / meshTool s/ I nl ncl ude \

-1 $(LI B_SRC) / t ur bul enceModel s/ i nconpr essi bl e/ RAS/ | nl ncl ude
LIB LIBS =

(the last - | is needed since nykOnmegaSST uses include-files in the original directory)
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How to implement your own turbulence model (3/3)

e We need to modify the file names of our new turbulence model (note that the Linux com-
mand r enane might work differently in different systems — you can also use nv for each
file/directory):

rename kOmegaSST nykOregaSST =

e In nykOmegaSST. Cand nykOmegaSST. H, change all occurances of kOnegaSST to
nmykOnmegaSST so that we have a new class name:

sed -1 s/ kOregaSST/ nykOmregaSST/ g nykOregaSST. C
sed -1 s/ kOregaSST/ nykOregaSST/ g nykOregaSST. H

e Introduce a small modification so that we can see if we use our new model. Line 242 in
OF1.7.x (Line 247 in OF1.6.x) in mykOmegaSST.C:

Info << "Defining ny owmn kOregaSST nodel " << endl;
e Compile using:
wrake | i bso

which will build a dynamic library.
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Copy the simpleFoam/pitzDaily tutorial

We will use our turbulence model on the si npl eFoam pi t zDai | y tutorial:

run

cp -r $FOAM TUTORI ALS/ i nconpr essi bl e/ si npl eFoam pitzDaily .
cd pitzDaily

bl ockMesh
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How to use your own turbulence model

e Tell OpenFOAM to use your new library by adding a line to control Di ct :
libs ("Iibnylnconpressi bl eRASMbdel s. so") ;

e You choose turbulence model in the const ant / RASPr operti es dictionary:
RASMbdel nykOregaSST;
e You also need to generate a O/ onega file, and update f vSchenes and f vSol ut i on

cp 0/ epsilon 0/onmega

sed -1 s/epsilon/onega/ g 0/ onega

sed -i s/"02-30000"/"00-120000"/g 0/onega
sed -1 s/ 14.855/440. 15/ g 0O/ onega

sed -1 s/epsilon/onegal/ g systenifvSchenes

sed -1 s/epsilon/onmegal/ g systenifvSol ution

(here v, = & = C,ﬁ; 1s kept the same in both cases)

e Now you can run the si npl eFoam pi t zDai | y tutorial with your new turbulence model.
Try both kOmegaSST and nykOnegaSST and look for your write-statement in the log file.

e Simply add appropriate source terms to implement a variant of kOmegaSST....
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A note on new turbulence models

e The RAS turbulence models in OpenFOAM are sub-classes to the virtual class RASMbdel .

e You are only allowed to use the same member function definitions as in the RASMbdel class.
If you need other member functions you will have to add those to the RASMbdel class, which

requires that you copy and modify all of
$FOAM SRC/ t ur bul enceMbdel s/ i nconpr essi bl e/ RAS,
You can recognize where the top-level of a class is located by locating the Make-directory.

We will now have a look at the implementation of the kOmegaSST model.
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k —w SST in OpenFOAM-1.6 (almost identical in 1.7.x)
From $FOAM SRC/ t ur bul enceModel s/ i nconpr essi bl e/ RAS/ kOnegaSST/ kOnegaSST. H:

- Menter, F., Esch, T.
"El enents of Industrial Heat Transfer Prediction"
16th Brazilian Congress of Mechani cal Engi neering (COBEM ,
Nov. 2001

- Note that this inplenentation is witten in ternms of al pha diffusion
coefficients rather than the nore traditional sigma (al pha = 1/sigm)
so that the blending can be applied to all coefficients in a
consi stent manner. The paper suggests that signma is blended but this
woul d not be consistent with the blending of the k-epsilon and
k- omega nodel s.

- Also note that the error in the last termof equation (2) relating to
si gna has been corrected.

- Wall-functions are applied in this inplenentation by using equations
(14) to specify the near-wall onmega as appropriate.

- The bl endi ng functions (15) and (16) are not currently used because of
the uncertainty in their origin, range of applicability and that is y+
beconmes sufficiently small blending u tau in this manner clearly
becones nonsense.
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k —w SST in OpenFOAM-1.6, 14

Source code:
$FOAM SRC/ t ur bul enceModel s/ i nconpr essi bl e/ RAS/ kOregaSST

Kinematic eddy viscosity:
CL1]€

Vs —

! max(alw, SF2>

kOmegaSST.C:

nut _ =
al *k /max(al *(onega_ + onegaSmall ), F2()*mag(symq(fvc::grad(U))));

In kOnegaSST. C:

al (di mensi oned<scal ar>:: | ookupOr AddToDi ct ("al", coeffDict _,0.31))
In kOTegaSST. C(S =sqrt (S2) ):

vol ScalarField S2 = magSqgr (sym(fvc::grad(U)));
i.e. 5% = |1(0u; + uy)|” and S = V'S? = [L(0u; + S|

F2() is a blending function, which is described on the next slide
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k —w SST in OpenFOAM-1.6, F2()

F2() is a blending function:

2
F5 = tanh | |min | max 2@,5()0” , 100
Frwy yrw

In kOnegaSST. C:
t np<vol Scal ar Fi el d> kOregaSST: : F2() const

{
vol Scal arField arg2 = mn
(
max
(
(scalar(2)/betaStar )=*sqgrt(k )/ (onega_*y ),
scal ar (500)*xnu()/ (sqgr(y_) *onega_)
),
scal ar (100)
);
return tanh(sqgr(arg2));
}
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k —w SST in OpenFOAM-1.6, Turbulence kinetic energy eq.

ok ok § 3} ok . . _ou; (ou; - 0U;
E—I—Uja—%—ﬂf—ﬂ kw—ka—xj [(V-l—UkVT) a—%] , Py =min(G,106%kw), G_Vtﬁwj (69@- + 8@)
In kOnmegaSST. C:

t np<fvScal ar Matri x> kEgn
(

fvm :ddt (k)
+ fvm:div(phi , k)
- fvm: Sp(fvc::div(phi_ ), k)
- fvm:laplacian(DKEff(F1), k)

mn(G cl *rbetaStar *k _*onega_ )
- fvm: Sp(betaStar _*onega_, k)
)
The effective diffusivity for &k, (OKEf f ( F1) ), is described on a later slide.
F1 is obtained from F1(), which is a blending function for ¢, and is described on the next slide,

where CD,., = 2%21 Ok 0w
w 0x; 0x;
vol Scal arFi el d CDkOrega =

(2+xal phaOrega2 )*(fvc::grad(k ) & fvc::grad(onega_ ))/onega_;
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F1() is a blending function, kOnegaSST. C (compressed here):

1
ot , , VE 500v\ 4ok 0
— tan min | min | max
! frwy’ y?w | TCD; y? |’

t np<vol Scal ar Fi el d> kOregaSST: : F1(const vol Scal ar Fi el d& CDkOnega) const
{ vol Scal ar Fi el d CDkOregaPl us = nax
(  CDkOnega,
di nensi onedScal ar (" 1. Oe- 10", dim ess/sqgr(dimline), 1.0e-10)

);
vol Scal arField argl = mn
( mn
( max
( (scalar(l)/betaStar )*sqrt(k )/ (onega *y ),
scal ar (500)*nu()/ (sqgr(y_) *onega_)
),
(4~al phaOnrega2 ) xk / (CDkOregaPl us*sqr(y_))
),
scal ar (10)
);
return tanh(pow4(argl));}

F1 = 01in the freestream (k£ — ¢ model) and £} = 1 in the boundary layer (k — wmodel)
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k —w SST in OpenFOAM-1.6, Effective diffusivity for k
The effective diffusivity for &, (ODKEf f ( F1) ), kOmnegaSST. H:
t np<vol Scal ar Fi el d> DKEff (const vol Scal ar Fi el d& F1) const

{
return tnp<vol Scal ar Fi el d>
(
new vol Scal arFi el d("DkEff", al phaK(F1)*nut_+ nu())
);
}

Blend al phaKl and al phaK2 using blend function F1, kOmegaSST. H:
t np<vol Scal ar Fi el d> al phaK

(
const vol Scal ar Fi el d& F1
) const
{
return bl end(F1, al phaKl_, al phakK2 );
}

In kOnmegaSST. C:

al phaKl_(di nensi oned<scal ar>:: | ookupOr AddToDi ct (" al phaK1", coeffD ct _, 0. 85034))
al phakK2_(di nensi oned<scal ar>:: | ookupOr AddToDi ct (" al phakK2", coeffDict _,1.0))
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k —w SST in OpenFOAM-1.6, Specific dissipation rate eq.

ow dw 5 5 O ow
5 U; o aS* — fw” + o [(u + o,VT) (‘9@]

In kOmegaSST. C:

1 Ok Ow
+ 2(1 — Fl)O'wQ;a—xiaxi

t np<f vScal ar Mat ri x> onegakEqn
(
fvm : ddt (onega )
+ fvm :div(phi _, onega)
- fvm:Sp(fvc::div(phi_), onega)
- fvm : Il apl aci an( DonegaEf f (F1), onega )

gamma( F1) * 2x S2
- fvm: Sp(beta(Fl)*onega_ , onega_)
- fvm:SuSp
(
(F1 - scal ar(1))*CDkQOregal/ onega_,
onega_
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Modify our mykOmegaSST model into kOmegaSSTF

e Gyllenram, W. and Nilsson, H., Design and Validation of a Scale-Adaptive Filtering
Technique for LRN Turbulence Modeling of Unsteady Flow, JFE, May 2008, Vol.130.

e Upper limit (A; or | t below) to the modelled length scale (L; or Lt below), applied to v;:
min( Ly, Af)>4/3 k

Af:amax{|(7‘5t,A1/3}, a=3 (a>1), z)t:(

Lt w
kOmegaSST:
/! Re-cal culate viscosity
nut = al *k /max(al *onmega , F2()*sqrt(S2));

kOmegaSSTF: (See the Turbulence WG Wiki. Please help me implement this more general!)

/'l Conpute Filter

scalar alph = 3.0; //Should be in a dictionary

scalarField Lt = sgrt(k )/ (betaStar *onega );

scalarField It = al phxFoam : max( Foam : pow(nmesh _.V().field(), 1.0/3.0),
(mag(U )*runTine_.deltaT())->internal Field());

/!l Re-cal culate viscosity
nut _.internal Field() = Foam :m n(Foam :powlt/Lt,4.0/3.0), 1.0)%
(al *k /max(al *onega_ , F2()*sqrt(S2)))->internal Field();
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Modify our mykOmegaSST model into kOmegaSSTF

cd $VW PRQIECT _USER DI R/ src/turbul enceMbdel s/ inconpressi bl e/ RAS/ nykOmegaSST/
Find in nykOmegaSST the line saying:

nut = al *k /max(al *onega , F2()*sqrt(S2));

Exchange that line with:

/] Conmpute Filter

scalar alph = 3.0; //Should be in a dictionary

scal arFi el d Lt sgrt(k )/ (betaStar xonega );

scalarField It = al phxFoam : max( Foam : pow(nesh . V().field(), 1.0/3.0),
(mag(U ) *xrunTine_.deltaT())->internal Field());

/!l Re-calculate viscosity
nut _.internal Field() = Foam :m n(Foam :powlt/Lt,4.0/3.0), 1.0)+%
(al *k /max(al *onega_, F2()*sqrt(S2)))->internal Field();

Compile with wrake |i bso
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Modify the pitzDaily case for pimpleFoam

Make sure that you are in the pi t zDai | y case, and delete the previous results:

run ; cd pitzDaily ; rm-r [1-9]+*

Modify the files in syst em for use with pi npl eFoam

cp $FOAM TUTORI ALS/ i nconpr essi bl e/ pi npl eFoanit -j unction/systenl {fvSol ution, fvSchenes} system

sed -1 s/epsilon/onegal/ g systeni fvSchenes

sed -1 s/epsilon/onmegal/ g systenifvSol ution

sed -1 s/sinpl eFoan pi npl eFoani g systeni control D ct
sed -1 s/1000/0.3/g system control Di ct

sed -1 s/"1;"/"0.0001;"/g systenicontrol D ct

sed -1 s/unconpressed/ conpressed/ g systenicontrol D ct

Add to system control Di ct:

adj ust Ti neSt ep no;

max Co 5;

pi npl eFoamneeds one more dictionary:

cp $FOAM TUTORI ALS/ i nconpr essi bl e/ pi npl eFoanit -j uncti on/ constant/turbul enceProperties constar
We can re-use the same 0 directory that we modified before.

Make sure that you still specify nykQregaSST in const ant / RASpr operti es
Run the case with pi npl eFoamand make a nice movie of the results.
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kOmegaSSTF
The kOmegaSSTF turbulence model is available for OpenFOAM-1.5 at OpenFOAM-extend:

htt p:// openf oam ext end. svn. sour cef orge. net/vi ewc/ openf oam ext end/ t runk/\
Breeder 1.5/ OSI J Tur bul ence/ src/turbul enceMbdel s/ RAS/ i nconpr essi bl e/ kOmegaSSTF

There is a pi t zDai | y tutorial for the t ur bFoamsolver (no longer in OpenFOAM-1.6 and
newer versions), and a utility for viewing the filter function.

It is also used in the Dellenback Abrupt Expansion case-study, which is described in the
Turbulence Working Group Wiki:

http://openfoamm ki . net/i ndex. php/ Si g_Turbul ence_/ Del | enback_ Abrupt Expansi on
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