CHALMERS Ehsan Yasari

A Brief tutorial for XiFoam in OpenFOAM 1.7.x

e A brief introduction to premixed turbulent combustion.

e XiFoam solver:
*x Capability of XiFoam:
*x Create your own XiFoam solver
*x Look inside bEqn.H

* Add subroutine to calculate flame radius(optional)

e Setup a case and preprocess:
*x geometry and mesh generation
* combustion and thermophysical properties
* boundary and initial condition

e Implement a new algebraic combustion model
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Brief introduction to premixed turbulent combustion

e Fuel and oxidizer are mixed at the molecular level prior to ignition.

e Combustion occurs as a flame front propagating into the unburnt reactants.

T-T}
T,—T;

e The basic parameter is known to be the progress variable c. ¢ =

e In burnt gas b=0 and in fresh gas b=1.

e The flame front propagation is modelled by solving a transport equation.

%(pbprv. (pub)—V.(p DV b)=—p,S, 5|V b
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XiFoam solver

XiFoam solver used for:

e compressible

e premixed

e partially-premixed
e combustion

e with turbulence modelling.

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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create new XiFoam solver

Copy the original solver and rename it to myXiFoam:

cd $VWM PRQJIECT USER DI R
cp -r $FOAM APP/ sol ver s/ conmbusti on/ Xi Foam nyXi Foam
cd nyXi Foam

rename both XiFoam.C and bEqn.H

mv Xi Foam C nyXi Foam C
mv bEqgn. H nyBEgn. H

Now, we also have to modify the fi | es in Make directory,

sed -1 s/"Xi Foanl'/"nyXi Foami'/g Make/files
sed -i s/"FOAM APPBI N'/ " FOAM USER APPBIN'/g Make/files

so we would have

ny Xi Foam C
EXE = $( FOAM USER APPBI N) / nyXi Foam $

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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Continue: create new XiFoam solver

Also we should replace bEqn.H with myBEqn.H in all files:
sed -1 s/"bEgn. H'/"nyBEQn. H'/ g *. *
and then run the wrake command:
whake

Now we have myXiFoam solver, and we can modify it.

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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myBEqgn.H

Following items are in ny BEgn. Hfile

e Transport equation for regress variable b
e Laminar flame speed based on different models

e Weller combustion modell for calculation Xi=St/Su

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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Continue: myBEqn.H: Transport equation for regress variable b

Here is the implemenation for transport equation

%[pb)-l-v. (ptib)—V.(p DV b)=—p,S,E|V b|
o

fvScal arMatri x bEgn
(
fvm :ddt(rho, b)
+ nmvConvecti on->fvnDi v(phi, b)
+ fvm:div(phiSt, b, "div(phiSt,b)")
- fvm:Sp(fvc::div(phiSt), b)
- fvm : | apl aci an(turbul ence->al phaEff (), b)

)

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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Continue: myBEqn.H: Laminar flame speed

Three different model used to calculate laminar flame speed:

e UNstr ai ned
e equi librium

e transport

For implemenation of the these models you can refer to line 111-161 nyBEgn. H

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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Continue: myBEqgn.H: Weller combustion model

Three methods implemented to calculate the Xi parameters:

e 1- fixed : Do nothing, Xi is fixed!

s .
59(1:1+0.62\/“—R,,I Eq=1+2(1-b)(Z;,~1)
: S
e 2- algebraic u

Xi == scalar(1l) +
(scalar(1l) + (2+Xi ShapeCoef)=*(scalar(0.5) - b))
*Xi Coef xsqrt (up/ (Su + SuM n)) *Ret a;

e 3- transport: solve a transport equation for Xi

For implementation you can check line 179 nyBEqn. H

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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Subroutine to calculate the flame propagating radius

Flame propagation radius is one of the important parameters which must be measured dur-
ing the simulation.

_ 3 B 1/3
R—[(m)ﬂj p(1-b)dxdydz]
touch radi usFl ame. H
gedit radiusFlanme. H

and then write:

| nf o<< "Readi ng radi usFlane.H file "<<endl;

#i ncl ude "mat hemati cal Constants. H'

vol VectorField centres = nesh. C();

scal ar Summat i onRho=0. 0;

scal ar Radi usM nRho=0. 0;

const scalar coeff=3./(4.mat hemati cal Constant:: pi);

forAll (centres, k) { Summati onRho=Summat i onRho+( nesh. V() [ k] *r ho[ k]
*(scalar(1.)-b[k]))/(m n(rho).value());}

Radi usM nRho=Foam : pow coef f * Sunmati onRho, (1./3.));

| nf o<< " Radi usM nRho = "<< Radi usM nRho <<endl;

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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Continue:Subroutine to calculate the flame propagating radius

Add r adi usFl ane. Hto nyXi Foam Cafter the runTine.wite();
#i ncl ude "radi usFl ane. H'
Write and save radius during simulation:

t ouch creat eXi FoanQut put. H
Add the following lines:
COFstream Radi usFl ane(" Xi FoanQut put . t xt");
Also it is necessary to add these header files in myXiFoam.C after #i ncl ude "Sw tch. H'

#i nclude "I Fstream H'
#i ncl ude "OFstream H'

Then:
touch witeX FoanCut put. H
and write :

Radi usFl ame << "Time= "<<runTine.ti meNane() <<"\tRadi usM nRho= "<<
Radi usM nRho<<"\t M n(rho)= "<< m n(rho).val ue() <<endl ;

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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Continue:Subroutine to calculate the flame propagating radius

Then, we have to add :
#i ncl ude "creat exXi FoanCut put . H'
In myXiFoam.C before the :
| nfo<< "\ nStarting tine | oop\n" << endl;
And also add
#include "witeX FoanCut put. H'
After the line
#i ncl ude "radi usFl ane. H'
Finally run the wrake command:
wrak e

e Now we have a solver the same as XiFoam which calculate the the flame propagating ra-
dius

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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Setting up the case:preprocess and run

e Case description

e Constant/polyMesh Folder

e Constant Folder

e Initial and boundary condition

e System Folder

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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Setting up the case:description

e The case study is a cubic combustion chamber, which ignition occurred at its
centre in 0.001 ms.

e The fuel is propane which premixed with air.
e The domain consists of a square with length= 35 mm.

e A uniform mesh of 35*35*35 is used to have cell size= 1mm.

0.0456359

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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Setting up the case: constant/polyMesh
Copy the default case of XiFoam

run
cp -r $FOAM TUTORI ALS/ conbusti on/ Xi Foam r as/ nori yoshi Honogeneous chanber
cd chanber

tree L 2

gedit constant/ pol yMesh/ bl ockMeshDi ct

Modify the blockMesh to have:

convert ToMeters 0. 001;

vertices

( (0 00 //vertex No.1
(0 35 0) //vertex No. 2
(35 0 0) //vertex No.3
(35 35 0) //vertex No.4
(0 0 35) //vertex No.5
(0 35 35) //vertex No.6
(35 0 35) //vertex No.7
(35 35 35) //vertex No.8

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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Continue: Setting up the case: constant/polyMesh

bl ocks
( hex (02 3146 75) (3535 35 sinpleGading (1 11) //Block No.1);
edges ();

pat ches ( symmet ryPl ane | eft ( (0451 )
symmet ryPl ane ri ght ( (237 6))
symmet ryPl ane top ( (157 3 )
symmetryPl ane bottom ( (0 2 6 4) )
symmet ryPl ane front ( (457 6))
symmet r yPl ane back ( (0132 )

)

mer gePat chPairs ();

Mesh the geometry using bl ockMesh
bl ockMesh

View the geometry in paraview

par aFoam

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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Setting up the case:constant folder

e turbulenceProperties 1- RASMbdel 2- LESModel
simul ati onType RASModel ;

e RASProperties

RASMbdel Launder Shar maKE;
t ur bul ence on;
print Coeffs on;
RAS turbulence models for compressible fluids — compressibleRASModels
laminar Dummy turbulence model for laminar flow
kEpsilon Standard k& — £ model
kOmegaSST k —w — SST model
RNGkEpsilon RNG k — = model
LaunderSharmaKE Launder-Sharma low-Re k — & model
LRR Launder-Reece-Rodi RSTM
LaunderGibsonRSTM Launder-Gibson RSTM
realizableKE Realizable k — ¢ model
SpalartAllmaras Spalart-Allmaras 1-eqn mixing-length model
°g
di nensi ons [01 -2 00 0 0];
val ue ( 00O0);

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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Continue: Setting up the case:thermophysicalProperties

e keyword: t her noType

Possible entry for t her noType in thermophysicalProperties for XiFoam

Possible entry for thermoTvpe in thermophysicalProperties for XiFoam
, . Derived Basic .
Thermophysical M _E Transport properties | thermophysical | thermophysical Equation of
maodel properties - ] - State
properties properties
hhuMixtureThermo egrMixture constIransport specieThermo hConstThermo perfectizas
hhuMixtureThermo egrMixture | sutherlandTransport | specieThermo janafThermo perfectizas
hhuMixtureThermo hmﬂﬁiﬁfus constIransport specieThermo hConstThermo perfectizas
hhuMixtureThermo hDTﬁiﬁﬁ;}ug sutherlandTransport | specieThermo janafThermo perfectizas
hhuMixtureThermo 1nthlc:_geneu constIransport specieThermo hConstThermo perfectizas
usMixture
hhuMixtureThermo thm,ﬂ_E'EHEG sutherlandTransport | specieThermo janafThermo perfectizas
usMixture
hhuMixtureThermo ver}rlnhclnrfmge constIransport specieThermo hConstThermo perfectGas
neous Mixture
hhuMixtureThermo ‘.'Er}’:[llhi:rIlegE' sutherlandTransport | specieThermo janafThermo perfectizas
neousMixture

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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Continue: Setting up the case:thermophysicalProperties

Here is the Inheritance diagram for hhuM xt ur eTher no:

basicThermo Class Reference basicPsiThermo Class Reference

ICdictionary ePsiThermo< MixtureType =

/_ hCombustionThermo
basicTherma
;i i:_\. ‘ basicThermeo ‘g basicPsiThermo la— hPsiThermo< MixtureType =
L e -—

hsPsiThermos= MixtureType =

hCombustionThermo Class Reference hhuCombustionThermo Class Reference

basicPsiThermo

hCombustionThermao [

T |

hCembustionThermo hhuCombustionThermo

2N "1

hhuCombustionTherma ‘I hPsiMixtureThermo< MixtureType > hhuMixtureTherme= MixtureType =

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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Continue: Setting up the case:thermophysicalProperties

e keyword: st oi chi onetri cAi r Fuel MassRati o
stoichiometric ratio of Air-Fuel, and is read on line 52 of:

src/t hernophysi cal Mbdel s/ reacti onTher nb/ m xt ures/ i nhonogeneousM xture. C
e keyword: fuel , oxi dant, burnt Products read by:

src/t hernophysi cal Mbdel s/ reacti onTher no/ m xt ures/i nhonogeneousM xture. C
e keyword: r eact ants, products read by:

src/thernophysi cal Mbdel s/ reacti onTher no/ m xt ur es/ honogeneousM xture. C

Explanation of the coefficients:

Li ne 1: fuel

Line 2: fuel 1 44.0962

Li ne 3: 200 5000 1000

Line 4: 7.534 0.01887 -6.271e-06 9. 147e-10 -4.783e-14 -16467.5 -17. 892
Line 5: 0.9335 0.02642 6.105e-06 -2.197e-08 9.514e-12 -13958.5 19. 201
Line 6: 1.67212e-06 170.672;

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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Continue: Setting up the case:thermophysicalProperties

Li

Li
Li
Li
Li

ne
ne
ne
ne
ne
ne

S A i e

keywor d
<speci eCoeffs>. n_nol es Mol ecul ar wei ght (W kg/ knol ))
Lower, Upper and Conmmon tenperature Respectively
Hi gh tenperature coeff: al-a7(a6:enthal py offset,a7: entropy offset)
Low tenperature coeff: al-a7(a6:enthal py offset,a7: entropy offset)
Sut herl and coefficient
Cgk_ 2 3 4
R =aytay Tyt ag Titay T +as T

HE_ dHy
=da, + T+—T +—T +—T +—
RT, 2 3 4 5 T,

k—alkInT +a,, T+ 5 xT +TT 1 Lok 7 XTi+a,,

Tl;’Z
(14+T./T)

H= A
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Continue: Setting up the case:combustionProperties

e keyword: | am nar Fl aneSpeedCorrel ati on
Three options for this entry:1-Qul der s 2-Gul der sEGR 3-const ant

laminarFlameSpeed
constant Gulders GuldersEGR SCOPE
t
laminarFlameSpeed dictionary *_'L:,par:i:
A
i
» coeffsDict
&
&
Gulders
laminarFlameSpeed dimensioned< scalar =

~
, ‘su
r
&

constant

Laminar flame speed based on Gulders formulation:

src/t hernophysi cal Model s/ | am nar Fl aneSpeed/ Gul ders/ Gul ders. C
src/ t hernophysi cal Mbdel s/ | am nar Fl aneSpeed/ Gul der sEGR/ Gul der seGR. C

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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Continue: Setting up the case:combustionProperties

e keyword: f uel
f uel must be specified,if Gul der s/ Gul der sEGRis selected in | am nar Fl aneSpeedCorrel ati on
f uel keyword is read on line 47 of the following file:

src/ t hernophysi cal Model s/ | am nar Fl aneSpeed/ | am nar Fl aneSpeed/ | am nar Fl aneSpeet

And then it is used on line 57, 56 of the following files, respectively:

src/t hernophysi cal Mbdel s/ | am nar Fl aneSpeed/ Gul der s/ Gul ders. C
src/ t hernophysi cal Model s/ | am nar Fl aneSpeed/ Gul der seEGR/ GQul der seGR. C

e keyword: Su
If we choose const ant laminar flame speed(Su) in | am nar Fl aneSpeedCorrel ati on

In line 57 of the following file, constant laminar flame speed(Su) is read.
src/t hernophysi cal Model s/ | am nar Fl aneSpeed/ const ant/ constant. C

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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Continue: Setting up the case:combustionProperties

e keyword: equi val enceRati o

Defined as ratio of the fuel-to-oxidizer ratio to the stoichiometric fuel-to-oxidizer ratio.

mfuel

. moxidizer
(I) — w? uel
(moxidizeT)St

This keyword is read by:

/ src/thernophysi cal Mbdel s/ | am nar Fl aneSpeed/ | am nar Fl aneSpeed/ | am nar Fl aneSpet

e keyword: SuMbdel

There are three options for this entry: 1-unstrai ned 2-equilibrium 3-transport
These options read by :

appl i cati ons/sol ver s/ conbusti on/ Xi Foan! r eadConbusti onProperties. H
And the implementation of these model are in line 120:

[ appl i cati ons/sol vers/ conbusti on/ Xi Foam bEgn. H

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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Continue: Setting up the case:combustionProperties
e keyword: si gmaExt
The strain rate at extinction which obtained from the Markstein length by extrapolating to

Su--> 0
This keyword is read by r eadConbust i onProperti es. Hand used in bEgn. H

e keyword: Xi Model

Three different models for flame wrinkling Xi:1- fi xed 2- al gebraic 3- transport
This keyword is read by r eadConbust i onProperti es. Hand used in bEgn. H

e keyword: Xi Coef and Xi ShapeCoef

These coefficients used in algebraic model for Xi in line 175 of bEqn. H
And read by:r eadConbust i onProperties. H

e keyword: uPri meCoef

uPri meCoef is used in calculation the velocity fluctuation on line 74 of the bEqn. H

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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Continue: Setting up the case:combustionProperties
e keyword: Gul der sCoeffs Gul der seEGRCoef f s

These coefficients used to calculate laminar flame speed according to the Gulders formulation
for specific f uel .

These coefficients are read by the following codes depend on the selected model for

| am nar Fl aneSpeedCorrel ati on.

src/t hernophysi cal Mbdel s/ | am nar Fl aneSpeed/ Gul der s/ Gul ders. C
src/ t hernmophysi cal Model s/ | am nar Fl aneSpeed/ Gul der seEGR/ Gul der seGR. C
o B
5,=W " exp[—&(D—1.075)] (=) (=)
Iy Py

e keyword: i gnite

If we have ignition we must specify here: 1- yes 2- no
This entry read by the r eadConbust i onProperti es. Hfile on line 45

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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Continue: Setting up the case:combustionProperties

e keyword: i gniti onSites

The | ocation, dianeter, duration andstrength ofignition are specified here.
These data is read by the following code:

src/engine/ignition/ignitionSitel O C

e keyword: i gni ti onSphereFraction, ignitionThi ckness, ignitionCircleFraction
i gni ti onKernel Area

These are some correction factor based on the ignition shape,and the geometry using
mesh. nGeonetricD().
These coefficients are read by the following files:

src/ engi ne/include/stCorr.H

And return the St Cor r which is used in calculation the turbulent flame speed flux in bEgn. H
in line 37

St Corr varies between 1-10 during the simulation, and must be reduced during the simula-
tion.

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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Setting up the case:Initial and boundary condition

e keyword: boundary condi ti on:

We use a symmet r yPl ane boundary condition for the case:

e keyword: i ni ti al

condi ti on:

We have the following files in 0 direcrtory:

al phat, b, epsilon, k, mut, p, Su, T, Tu, U X
Variable |Description Initial Condition
alphat Turbulence thermal diffusivity (kg/m/s) kg/m/s internalField uniform 0
b Regress variable (dimensionless) internalField uniform 1
epsilon The turbulence kinetic energy dissipation rate m°/s®  |intemalField uniform 375
k the turbulence kinetic energy m*/s’ intemalField uniform 1.5
mut the turbulence viscosity kg/m/s internalField uniform 0
p Pressure kg /m/ P internalField uniform 100000
Su Laminar flame speed m/s internalField uniform 0.43;
T Temperature K internalField uniform 360;
Tu Unburnt Temperature K internalField uniform 360;
U Velocity Field m/s internalField umniform (00 0);
Xi The flame-wrinking 5t/Su(dimensionless) internalField uniform 1;

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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Setting up the case: system folder and run

There is no change required here, so run the case:

nyXi Foam >l og &
par aFoam

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics
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Implement a new combustion model:

Please refer to report for implementation.

Hakan Nilsson, Chalmers / Applied Mechanics / Fluid Dynamics




