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Historigue

1985: MacFEM — PCFEM
1990: Interpreteur de formule (+ D. Bernardi) freefem
1995: freefem+ (+ Hecht)

2000: freefem++ (Hecht tout seul)

2000: freefem3D (DelPino, Havé , Pironneau,)

2005: une nouvelle documentation

ff3D:
— Input via POVRay (SGS et in(x,y,z))
— Domaines fictifs + maillage auto
par marching cube
— Solveurs itératifs paralleles
préconditionnés multigrid
— Visualisation par medit (P. Fray)




Le décentrage freefem par défaut

* Freefem= solveur elliptique
+ Caracteristigue — Galerkin:

(6tA+UVA) |Xm+1/2:é[Am+l(X)_ Am (X—U(X)m+1/25t)]
=(C A — convect(A, [ul,u2],dt) )/dt

i

Air chaud (35C)

In-flow 3m/s
Air froid (25C)



e Vh v,vh,ul

SUPG-Least Square Galerkin

ovV+L(V)=0=0Vv+L(v)—aL(0v+L(v))

border a(t=0, 2*pi) { X = cos(t); y = sin(t); };
mesh th = buildmesh(a(70));
fespace Vh(th,P2);

=y, u2 = -x, vo = exp(-10*((x-0.3)"2 +(y-0.3)"2)) ;
real t, dt = 0.1, tmax=3.14, massO=int2d(th)(vo),alpha=0.1;

problem aa(v,vh) = 1nt2d(th) ((vh+ alpha*(ul*dx(vh)+u2*dy(vh)) )
*(v/dt+ul*dx(v)+u2*dy(v)))
int2d(th) ((vo/dt)*(vh+alpha*(ul*dx(vh)+u2*dy(vh))));

for ( t=0; t< tmax ; t+=dt)
{ aa; vo=v; plot(v,fill=0,wait=0);
cout<<"mass="'<<int2d(th) (v)/massO0-1<<endl;

}:



Résultats / Comparaison CG

SUPG Max=0.82 Caracteristique-Galerkin P2 max=0.9

e
ik — s Foeyt
= CaE = et s
i
R i=
He i
."'..I _-"rr \I"‘-,'
| f .IIII
| f \
II| III {
| 1 |
| | |
| | |
| | [
|| | |I
IIIIIII ! |
'|_' IIII|I
I".| ".I
"-.\ ' \ 7
s \
._‘\\ :
\H\"‘x_\_\_\_ _ T
""“H-_____‘_ ki s 4, ==



Eléments Finis Discontinus (Piperno et al)

fespace Vh(th,Pl1dc); Vh v,vh;

varf A(v,vh) = int2d(th) (v*vh/dt/2);

varf B(vh,w) =intalledges(th)(vh*mean(wW)*(N.x*ul+N.y*u2))
—-int2d(th) ( w*(ul*dx(vh)+u2*dy(vh)));

[N.X,N.y]=vecteur normal Mean(wW)=(v+ + v-)/2
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Galerkin - Discontinu

border a(t=0, 2*pi) { X = cos(t); y = sin(t); };
mesh th = buildmesh(a(70));

fespace Vh(th,Pldc);

Vh vh,vo,ul =y, u2 = -x, v = exp(-10*((x-0.3)"2 +(y-0.3)"2));
real dt = 0.03,t=0, tmax=3.14, al=0.5, alp=200;

macro n(u) (N.x*ul+N.y*u2)//

problem A(v,vh) = int2d(th) (v*vh/dt-v*(ul*dx(vh)+u2*dy(vh)))

+ 1ntalledges(th) (vh*(mean(v)*n(u)+alp*jump(v)*abs(n(u))))

+ intld(th,1) ((n(u)>0)*n(u)*v*vh) - int2d(th)(vo*vh/dt);
problem Adual(v,vh) = int2d(th) ((v/dt+(ul*dx(v)+u2*dy(v)))*vh)
+ 1ntalledges(th) ((1-nTonEdge)*vh*(abs(n(u))-n(u))/2*Jump(Vv))
- 1ntld(th,1) ((n(u)<0)*abs(n(u))*v*vh) - Int2d(th)(vo*vh/dt);
for ( t=0; t< tmax ; t+=dt) {vo=v; Adual;};

nTonEdge=combien de triangle s’appuie sur l'arete.

Go j(atv+qu)w—Z j unvlw=0



DG Despres-Kamga

border aa(t=0, 2*pi1){ x = cos(t); y = sin(t); }; mesh th = buildmesh
(aa(70));

fespace Vh(th,P1dc);

Vh vh,vo,ul =y, u2 = -x, v = exp(-10*((x-0.3)"2 +(y-0.3)"2));

real K1=0.04, K2=0.02, K12=-0.01, K21=-0.0, dt = 0.05,t=0, tmax=3.14, a=1;
macro n(u) (N.x*ul+N.y*u2) //

macro Kdn(u) (N.x* (K1* dx(u)+K12* dy(u)) + N.y*(K2* dy(u)+ K21* dx(u))) //
macro e(v) (v+jump(v)) //

930r0 KeD(uW) (N.x*(K1* e(dx(u))+K12*e(dy(u)))+ N.y*(K2* e(dy(u))+ K21* e(dx(u))))

problem A(v,vh) = int2d(th) (v*vh/dt-v*(ul*dx(vh)+u2*dy(vh))

+2*(K1*dx(v)* dx(vh)+ K2*dy(v)* dy(vh) + Ki12*dy(v)* dy(vh)+ K21*dy(v)* dy(vh)))
+ intal ledges(th) (((a*v-Kdn(v))*(a*vh-Kdn(vh))-
(a*e(v)+KeD(v))*(@*vh+Kdn(vh)))/a/2)
+ intalledges(th) (n(u)*vh*(vo*(n(u)>0) + e(vo)*(n(u)<0))) - int2d(th)(vo*vh/dt);
for ( t=0; t< tmax ; t+=dt){vo=v; A;}

j(wav (UVW)V + 2(KVV)VW)+ 'f u.nwv + j u.nwv"

u.n>0 u.n<0

+j 2—(av— KVv.n)(aw—-Kvw.n)—(av' + KVv'.n)(aw+ KvVw.n) =0
a



Résultats sur le cas Couplex

Despres-Kamga DG

Characteristics-Galerkin

i (S

Concentration d’lode 129 apreés la rupture des conteneurs dans le site de Bure



La méthode PSI (Deconinck-Struijs)

Positive Streamwise Implicit (cf Perthame)

Schéma explicite nonlinéaire!, Programmé dans freefem par load module

load "mat psi™

border a(t=0, 2*pi1){ X = cos(t); y = sin(t);}

mesh th = buildmesh(a(100));

fespace Vh(th,P1);

Vh vh,vo,ul=y, u2=-x, v=exp(-10*((x-0.3)"2+(y-0.3)"2)), rhs=0;
real dt = 0.05,t=0, tmax=3.14;

problem A(v,vh) = int2d(th,qgft=gflpTlump)(v*vh/dt)
—-1nt2d(th,gft=qflpTlump) (vo*vh/dt) + rhs[];

for ( t=0; t< dt+0.001 ; t+=dt){
VO=V;
matrix B;
MatUpWindO(B,th,vo, [ul,u2]);
rhs[] = B* vo[] ;
A;



mat_psi.cpp

#include "RNM.hpp"

class MatrixUpWindO : public E_FO { public: typedef Matrice_ Creuse<R> * Result;
MatrixUpWindO(const basicAC_FO & args){. . .}
static ArrayOfaType typeargs() { return.}

};
int gladys(double q[3][2], double u[2],double c[3], double a[3][3], double area ) //PSI Deconninck
{

double dw[3][2]; // basis function gradients times area
double ua[2], kk[3], beta[3]; // to define a[l[l

; i ;

AnyType MatrixUpWindO: :operator() (Stack stack) const
{

Matrice_Creuse<R> * sparce_mat =GetAny<Matrice_Creuse<R>* >((*emat)(stack));

if (gladys(q,u,c,a,K.area) )
{ for (int 1=0;i<3;i++)
for (int j=0;j<3;j++)
it (fabs(a[i1l1) >= 1e-30) Aij[make_pair(ii[i],ii[JD1+=alilli]l:
}

return sparce_mat;

}

class Init { public: Init();};
Init init;
Intt::InitQQ{ cout << " lood: init Mat Chacon " << endl;
Global .Add(**"MatUpWindO™," (*", new OneOperatorCode<MatrixUpWind0 >( ));

}



Creation de mat_psi.dll

#!/bin/sh

# Create a loadable object from a C++ function
defined in a .cpp file

# $ld: load.link,v 1.12 2005/07/12 09:22:20 hecht
Exp $
do="yes"
if ["$1" ="-n"]; then
shift
do="no"
fi
if [ "$1" = "-win32" ]; then
shift
uu="WIN32"
else
uu="uname -s’
fi
if ["$1"="-I"]; then
INC=$2; shift;shift;
fi
if ["$1"="-I"]; then
LIBS=%$2; shift;shift;
fi
# Default compiler
if [ "$CXX"=""];
then
CXX=g++
fi

Go

FFsource=..INC="-linclude $INC"
SUF=so0
if [ -f "$1.cpp"]; then

fi

case "$uu"in Darwin)
export MACOSX DEPLOYMENT_TARGET=10.3
SHARED="-bundle -undefined dynamic_lookup" ;;
CYGWIN*|FreeBSD)

SHARED="-shared " ;;
# 64 bit Linux needs -fPIC (ALH)
Linux)

FLAGS="-fPIC'

SHARED="-shared " ;;

WIN32)

echo " window "

SHARED="-v -shared --unresolved-symbols=ignore-all"
FLAGS=' -mno-cygwin'
LIBS="Ilibff0.dll libff1.dll libff2.dll $LIBS"
SUF=dIl;;

*)

echo "sorry unknown achitecture ""uname’

exit 1

esac

FLAGS="$FLAGS -g"

echo $CXX -c $FLAGS $INC $PIC $1.cpp

test $do = yes &&$CXX -¢ $INC $FLAGS $PIC $1.cpp

echo $CXX $SHARED $FLAGS $1.0 -0 $1.$SUF $LIBS
test $do = yes &&SCXX $SHARED $FLAGS $1.0 -0 $1.$SUF $LIBS



Méthodes de Volumes Finis: ex Dervieux et al

 Un volume o est associé a chagque sommet

OV+V.F(v)=0= [oy+ [ F(v)n=0
o oo

-L’assemblage triangle/triangle est i
possible

-La premiere intégrale vaut 1/3 de la
méme sur les triangles

-1l faut écrire un load module pour les
intégrales de bords.

Max=0.43 (tres diffusif)



Problemes Vectoriels



Perspectives
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