CHALMERS Josef Runsten

Particles in OpenFOAM

e dieselSpray

— Used for liquid particles, eg fuel injection
— Well implemented collision models

* O’Rourke collision model
* Trajectory collision model

e solidParticle

— Used for solid particle, eg ash, dust..

— NO particle interaction
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dieselSpray collision models

O’Rourke Trajectory
e Collision if in same cell e Collision if in same cell
e Disregarding particle direction e Takes direction into account

e Checking possibilty of collision within
timestep
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Selecting dieselSpray collision model

Go to the case you want to run, $FOAM TUTORI ALS/ di esel Foam aachenBonb for example,
and make the following changes in const ant / sprayProperties

col li si onMbdel ORour ke: /[ of f:

ORour keCoef f s
{
coal escence of f:
}
or

collisionMbdel trajectory;//off;
traj ectoryCoeffs

{
cSpace 1;
cTi me 0. 3;
coal escence of f:
}

coal enscence is used to determine if droplets can merge upon collision or not.
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A model for solid particles

Up1—“p1+m1 ;2:_7{{;2
1)21 Up1 + 7”;1]1 ;2 = —mj—;
Wi = 5 =0, wp = —55 =0
Jr=—(1+e)upy %
Jy = %Uplrgz,};f;f;
J., =0

where e is the coefficient of restitution.

Collision if two particles occypy the same cell and the distance between them is less than their

diameter.
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Create collidingSolidParticleFoam

cd $FOAM RUN

svn checkout http://openfoam extend. svn. sourceforge. net/svnroot/\
openf oam ext end/ trunk/ Breeder 1.5/ sol vers/other/solidParticl eFoan
cd solidParticl eFoam

Rename the directory for the new class and copy the needed solidParticle files into it.

mv solidParticleFoamcollidingSolidParticleFoam

cd collidingSolidParticl eFoam

wel ean

cp $FOAM SRC/ | agr angi an/ sol i dParticl e/ solidParticlex
cp -r $FOAM SRC/ | agrangi an/ sol i dParticl e/l nl ncl ude .

Do a word replacement from solidParticle to collidingSolidParticle in all the files.

sed -i s/solidParticle/collidingSolidParticle/g solidParticle.C\
solidParticleC oud. C solidParticled oud.H solidParticled oudl.H\
solidParticl eFoam C solidParticle.H solidParticlel.H solidParticlel QO C
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Create collidingSolidParticleFoam
Rename the files

solidParticle.C collidingSolidParticle.C
solidParticleC oud.C collidingSolidParticled oud. C
solidParticled oud.H collidingSolidParticled oud.H
solidParticleC oudl.H collidingSolidParticled oudl.H
solidParticleFoam C col lidingSolidParticleFoamC
solidParticle.H collidingSolidParticle.H
solidParticlel.H collidingSolidParticlel.H
solidParticlel O.C collidingSolidParticlel QO C

Edit Make/files

33333333

col l'i di ngSol i dParti cl eFoam C

col lidingSolidParticle. C

collidingSolidParticlel O C

col l'i di ngSol i dParticl eC oud. C

EXE = $( FOAM USER APPBI N)/ col | i di ngSol i dParti cl eFoam
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Create collidingSolidParticleFoam
and Make/options

EXE INC = \
-1 $(LI B _SRC)/finiteVol unme/l nl nclude \
-1 $(LI B_SRC) /| agr angi an/ basi ¢/ | nl ncl ude

EXE LIBS =\
-1 finiteVol une \
-1 'agrangi an

You can try compiling and running the case. Nothing should have changed from the original

wrake

cd ../ box

bl ockMesh

col l'i di ngSol i dParti cl eFoam >| og

f oamloVTK
paravi ew

Load by Fi | e>Load St at e>baseSt ate. pvsm
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collidingSolidParticleCloud
In col i di ngSol i dParticl ed oud. C, add

voi d Foam :collidingSolidParticleC oud::checkCell ()
{

Li st<l abel > lcell ((*this).size());

Li st<scalar> I d((*this).size());

Li st<vector> [ U((*this).size());

Li st <vector> | position((*this).size());

bool collision;

| abel i =0;
forAll Constlter(d oud<col I'idingSolidParticle> *this,iter)
{
const collidingSolidParticle& p=iter();
| cell[i]=p.cell();
[llnfo <<"Particle " <<i<< " is in cell "<<lcell[i]<<endl;
Ui ]=p. U);
ld[i]=p.d();
| position[i]=p.position();
| ++;
}
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[11nfo <<"p0-pl = "<<mag(l position[0]-Iposition[1l])<<endl;
[11nfo <<"Dianeter = "<<(1d[O0]+ld[1])/2<<endl;

[/ Only works for two particles.
I f (lcell[O]==lcell[1] && mag(l position[O]-Iposition[l])<=(1d[O]+ld[1])/2)

{

col lision=true;
}
el se
{

col l'i si on=f al se:
}

collision_=colli sion;

Uuo_=I Y[ 0] ;
}
Also add #i ncl ude "vect or. H' in the header of the file.
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collidingSolidParticleCloud
Incol i di ngSol i dParticl ed oud. H, add

bool collision_;
vector UO0_;

to the private member data, and

voi d checkCel | ();
bool collision(){return collision_;};
inline vector WO(){return WO_;};

to public member functions.
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collidingSolidParticle

In col I'i dingSol i dParticl e. Creplace
U = (U + dt*(Dc*Uc + (1.0 - rhoc/rhop)*td.g()))/ (1.0 + dt+Dc);
with

scalar e = td.spc().e(); // Restitution coefficient
scalar m= rhop*d *d _*d *mat hemati cal Constant::pi*4.0/3.0; //Mss
bool checkcoll=td.spc().collision();
[1if(checkcoll){Info<<"Particles collide!"<<endl;}

vector VO=td.spc().U0(); //OLD velocity of particle 1

scalar Jx = -(1.0+e)*VO. x()*mnm (2.0+m);// 1 nmpul sive force x-conp
scalar Jy = -2.0/7.0«VO.y()*mnl (2.0+m;// 1 nmpul sive force y-conp

I f (1D ==0 && checkcoll) //Collision for particle 1

{
U . x()=V0.x()+Ix/m
U_.y()=V0.y()+Jy/m
U _.z()=0.0;

}
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collidingSolidParticle

I f (1D ==1 && checkcoll) //Collision for particle 2

{
U.x() = -IxIm
U.y() =-Jy/m
U.z() = 0.0;

}

/[/1f no collision
U = (U + dt*(Dc*Uc + (1.0 - rhoc/rhop)*td.g()))/ (1.0 + dt*Dc);

Add
[/- Particle ID
scalar 1D ;

to the private member data in collidingSolidParticle.H.
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collidingSolidParticle
Incol i di ngSol i dParticl el O Cadd

| OFi el d<scalar> ID(c.fieldl QGobject("ID"));
c. checkFi el dl Qobj ect(c, ID);

and

p.ID_ = 1Di]:

to the readFields function.

Add

| OFi el d<scalar> I D(c.fieldl QGobject("ID'), np);
and

D] = p. 1D
and

|D.write();

to the writeFields function.
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collidingSolidParticleFoam

Incol l'i di ngSol i dParti cl eFoam Cbhefore parti cl es. nove(Q);
add

particles.checkCell ();
Compile again
whake

Now set up a case..
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Modify box

In. ./ box/const ant/ pol yMesh/ bl ockMeshDi ct change the blocking to
hex (01 234567) (333) sinpleGading (11 1)

Run bl ockMesh to get a new mesh.

In O/ 1 agr angi an/ def aul t G oud/

cp d ID
Change context of ID to
Foantil e
{
ver sion 2.0;
f or mat ascii;
cl ass scal ar Fi el d;
| ocati on 0",
obj ect | D;
}
[] * * % % x % * % % * * * *x *x * * * *x *x * * *x *x * * * *x *x * * *x x x [[
2(0 1)

// R R B b b b b i b e b b i S i b b I b I b I I b i b b i b S I b i b I b i I S i b b I b i b b I S i b i i b I b e O b i b b b b ¢ //
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Modify box

In the Ufile, change the velocities to
2((1.0 0 0) (-12.0 0 0))
In posi ti ons, set the coordinates to
2((le-2 9e-2 0.05) 15 (7e-2 9e-2 0.05) 16)
Run the case from box directory
col I'i di ngSol i dParti cl eFoam >| og\
To postprocess, type

f oamloVTK
par avi ew

Load by clicking Fi | e>Load St at e>baseSt at e. pvsm
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Future work

e Switch velocity at collision

collision

.as\

lagging

near 2nd collision

e Generalize for more particles

e Improve collision model
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