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Appendix A

Developed code for Potential Flow
(streamline method) imposing the
circulation

(SN
#include <iostream>
#include <fstream>
#include <stdlib.h>
#include <stdio.h>
#include <math.h>
#include <vector>
#include <time.h>
using namespace std;

const double pi=3.141592;

const double H=5, L=10;

const double Rg=287;

const double v_in=10, P_in=1.013e5, T_in=288, rho_in=P_in/Rg/T_in;
oy

const int N=500, M=N;

const double fr=1.8,delta=1e-8;
EH

const double Nd=5;

double phi_c=v_inx*H/2;

const double R=0.3, cx=L/2, cy=H/2;
const double w=10;

double circulacio_final;
const double error_circ=1le-5;

double D_main;

const double a0=1034.09, al=-2.849e-1, a2=7.817e-4, a3=-4.971e-7, a4=1.077e-10;
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// Solver type: line_by_line or Gauss-Seidel
bool line_by_line=false;
// Convergence analysis point
double x_conv=5, y_conv=2.9;
int i_conv, j_conv;
/ /% % 5k sk %k sk sk ok sk sk ok sk sk ok sk sk %k ok sk %k ok sk %k ok sk sk ok sk sk %k sk %k %k sk sk %k ok sk %k sk sk %k ok sk %k 5k sk % ok >k % >k >k %k %k >k %k %k >k % %k *
// Variables declaration
time_t inici,final;
struct info_node{
double r[2];
double phi;
double phi_ant;
double rho;
double rho_ant;
double tau;
double T;
double T_ant;
double P;
double P_ant;
double Ax;
double Ay;
double cp_barra;
double cp_barret;
double gamma_barret;
double vel[2]; // x and y velocity components
double v; // velocity modulus
int mat; // 0 solid, 1 fluid
double ap;
double as;
double an;
double aw;
double ae;
double bp;
bool frontera; // determines if the node is close to the object
double t[2]; // vtangential vector
double n[2]; // normal vector
double circ; //control volume circulation
};
// Functions
void preprocess(vector< vector<info_node> >& mnode);
void geometria(vector< vector<info_node> >& node);
int num_material (double x, double y);
void condicions_inlet (vector< vector<info_node> >& node);
void condicions_contorn(vector< vector<info_node> >& node);
void mapa_inicial(vector< vector<info_node> >& mnode);
void calcul_coefs(vector< vector<info_node> >& node);
double mitjana_harm(double taul, double tau2,double dl, double d2);
void solver (vector< vector<info_node> >& node);
void solver_phi(vector< vector<info_node> >& mnode);
void calcul_vel (vector< vector<info_node> >& node);
double calcul_cp_barra(double T2, double T1);
double calcul_cp(double T);
double calcul_gamma(double cp);
double calcul_cp_barret (double TO, double T);
void calcul_prop_term(vector< vector<info_node> >& node);
double calcul_error_max(vector< vector<info_node> >& node);
double v_abs(double a);
void iteracio (vector< vector<info_node> >& node);
void save_phi (vector< vector<info_node> >& node);
void save_rho (vector< vector<info_node> >& node);
void save_T (vector< vector<info_node> >& node);
void save_P (vector< vector<info_node> >& node);
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void save_v (vector< vector<info_node> >& node);

void save_tau (vector< vector<info_node> >& node);

void postprocess(vector< vector<info_node> >& node);

void save_posicio_mat(vector< vector<info_node> >& mnode);

void calcul_error(vector< vector<info_node> >& node) ;

void det_frontera(vector< vector<info_node> >& node);

void calcul_circulacio(vector< vector<info_node> >& node,double &circulacio);

void calcul_forces(vector< vector<info_node> >& node,double circulacio);

void guardar_dades (double L,double CL, double D, double CD,double circulacio);

void Newton_Raphson(vector< vector<info_node> >& node, bool &fi,double &phi_prev,
<5 double &circulacio_prev);

void canvi_phi_mat(vector< vector<info_node> >& node);

void declaracio_inicial();

void P_Q_calcul(int row, vector< vector<info_node> >& node,double P[N+2],double Q[
— N+21);

void find_position(vector< vector<info_node> >& node);

int main ()

{

time (&inici) ;

declaracio_inicial();

cout<<"Inici"<<endl;

vector< vector<info_node> > node(N+2, vector<info_node>(M+2));

bool fi=false;

double phi_prev=-1;

double circulacio_prev;

preprocess (node) ;

cout<<"Preprocess'"<<endl;

mapa_inicial (node) ;

cout <<"Mapa inicial"<<endl;

det_frontera(node);

find_position(node);

cout<<"Frontera'"<<endl;

calcul_coefs (node);

cout<<"Coefs"<<endl;

while (fi==false)

{
cout<<"Liniadeycorrent del  solid: "<<phi_c<<endl;
solver (node) ;
cout<<"Solver"<<endl;
Newton_Raphson(node,fi,phi_prev,circulacio_prev);
cout<< - - o - "<<endl;
if (fi==false)

{
canvi_phi_mat (node);
}
}

postprocess (node) ;

}
void preprocess(vector< vector<info_node> >& mnode)
{

geometria(node) ;

condicions_inlet (node) ;
condicions_contorn(node);
}
void geometria(vector< vector<info_node> >& node)
{

int material;

double Ax=L/N, Ay=H/M;
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for (int i=1;i<N+2;i++)
{
for (int j=1;j<M+1;j++)
{

if (i==1 || i==N+1)

{

node[i][j].r[0]1=Ax/2;

}

else

{
node[i][j].r[0l=node[i-1]1[j].r[0]+Ax;
if (j==1)

{
node[i][j].r[1]1=Ay/2;

}

else

{
node[i][j]l.r[1]=node[i]l[j-1].r[1]+Ay;
}

node[i][j].Ax=Ax;

node[i][j].Ay=Ay;

material=num_material (node[i][j].r[0] ,nodel[i][j]l.r[1]);
node[i][j].mat=material;

for (int j=1;j<M+1;j++)
{

node [0]1 [j].r[0]1=0;

node [0][j].r[1]l=node[1]1[j].r[1];
node [0] [j].Ax=0;

node [0][j].mat=1;

node [N+1][j]l.r[0]=L;

node [N+1] [j]l.r[1]1=node[N]1[j].r[1];
node [N+1][j].Ax=0;

node [N+1]1[j]l.mat=1;

}

for (int i=1;i<N+1;i++)
{
node [i][0].r[0]=node[i][2].r[0];
node [i] [0].r[1]=0;
node [i]1[0].Ay=0;
node [i] [0] . mat=1;
node [i] [M+1] .r[0]=node[i][M].r[0];
node[i] [M+1].r[1]=H;
node [i] [M+1] .mat=1;
node [i] [M+1].Ay=0;
}

node [0] [0].r [0]=0;
node [0] [0].r[1]1=0;
node [0] [0] . mat=1;

node [0] [M+1] .r [0]=0;
node [0] [M+1].r [1]=H;
node [0] [M+1] .mat=1;
node [N+1] [0].r [0]=L;
node [N+1]1[0].r[1]1=0;
node [N+1]1 [0] .mat=1;
node [N+1] [M+1].r[0]=L;
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node [N+1] [M+1] .r [1]=H;
node [N+1] [M+1] .mat=1;

}
int num_material (double x, double y)
{
if (sqrt((x-cx)*(x-cx)+(y-cy)*(y-cy))<=R)
{
return 0;
}
else
{
return 1;

}
}

void condicions_inlet (vector< vector<info_node> >& node)
{
node [0] [0] . phi=0;
node [0] [0].phi_ant=0;
node [0] [0] .T=T_in;
node [0] [0].P=P_in;
node [0] [0] .v=v_in;
node [0] [0] . rho=rho_in;
node [0] [0] . rho_ant=rho_in;
node [0] [0] . tau=1;
for (int j=1;j<M+2;j++)
{
node [0]1[j].phi=node [0]1[j-1].phi+v_in*(node[0][jl.r[1]-node[0][j-1]1.xr[1]);
node [0][j].phi_ant=node[0][j-1].phi+v_in*(node[0][j].r[1]-node[0][j-1].r[1]);
node [0][j].T=T_in;
node [0][j].P=P_in;
node [0] [j].v=v_in;
node [0][j].rho=rho_in;
node [0][j].rho_ant=rho_in;
node [0][j].tau=1;
}
}
void condicions_contorn(vector< vector<info_node> >& node)
s
{
for (int i=0;i<N+2;i++)
{
for (int j=0;j<M+2;j++)
{
if (nodel[i][j].mat==0)
{
node [i][j].phi=phi_c;
node[i][j].phi_ant=phi_c;
node[i][j].tau=1e30;
}
else if (j==0 || j==M+1)
{
node[i][j].phi=node [0][j].phi;
node[i][j].phi_ant=node [0][j].phi_ant;
}
}
}

}
void mapa_inicial (vector< vector<info_node> >& node)

{
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for (int i=1;i<N+2;i++)
{
for (int j=0;j<M+2;j++)
{
if (node[i]l[j].mat==1)
{
node[i][j].rho_ant=rho_in;
node[i][j].rho=rho_in;
node[i][j].phi=node [0][j].phi;
node[i][j].phi_ant=node [0][j].phi;
node[i][j].tau=1;
node[i][j].T=T_in;
node[i][j].T_ant=T_in;
node[i][j].P=P_in;
node[i][j].P_ant=P_in;
}
}
}
}
void calcul_coefs(vector< vector<info_node> >& node)
{
double dpe,dpw, dps, dpn;

for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{
if (node[i][j].mat==1)
{
dpe=node[i][j].Ax/2+node[i+1][j].Ax/2;
dpw=node [i][j].Ax/2+node[i-1]1[j].Ax/2;
dpn=node[i][j].Ay/2+node[i][j+1].Ay/2;
dps=node[i]l[j].Ay/2+node[i][j-1].Ay/2;
node[i][j].ae=mitjana_harm(node[i]l[j].tau,nodel[i+1]1[j].tau,nodel[il[j].Ax/2,
— node[i+1][j].Ax/2)*node[i][j].Ay/dpe;
node[i][j].aw=mitjana_harm(node[i]l[j].tau,node[i-1]1[j].tau,nodel[i][j].Ax/2,
— node[i-1][j].Ax/2)*node[i][j].Ay/dpw;
node[i][j]l.as=mitjana_harm(node[i][j].tau,node[i][j-1].tau,nodel[i][j].Ay/2,
— node[i-1]1[j].Ay/2)*node[i][j].Ax/dps;
node[i][j].an=mitjana_harm(node[i][j].tau,node[i][j+1].tau,node[i][j].Ay/2,
— node[i+1]1[j]l.Ay/2)*node[i][j].Ax/dpn;
node[i][j].ap=node[i][j].ae+node[i][j].aw+node[i][j].as+node[i][j].an;
node[i][j].bp=0;
}
else
{
node[i][j].ae=0;
node [i][j].aw=0;
node[i][j].as=0;
node[i][j].an=0;
node[i][j].ap=1;
node[i][j].bp=phi_c;
}
}
}

for (int j=1;j<M+1;j++)
{

node [N+1]1[j].aw=1;
node [N+1]1[j].an=0;
node [N+11[j].as=0;
node [N+1]1[j].ae=0;
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node [N+1]1[j].ap=1;
node [N+1]1[j].bp=0;
}
}
double mitjana_harm(double taul, double tau2,double dil, double d2)
{
return (d1+d2)/(d1/taul+d2/tau2);
}
void solver (vector< vector<info_node> >& node)
{
bool trobat=false;
while (trobat==false)
{
calcul_coefs (node);
solver_phi (node);
calcul_vel (node);
calcul_prop_term(node);
if (calcul_error_max (node)<delta)

{
trobat=true;
}
else
{
iteracio(node) ;
}
}
}
void solver_phi(vector< vector<info_node> >& node)
{
if (line_by_line==false)
{
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{
if (node[il[j].mat==1)
{
node[i][j].phi=(node[i][j].ae*node[i+1]1[j].phi+node[i][j].aw*node[i-1]1[j].phi
— +node[i][j].as*node[i][j-1].phi+node[i]l[j].an*node[i][j+1].phi)/nodeli
— 1[j]1.ap;
node[i][j].phi=node[i][j].phi_ant+fr*(node[il[j].phi-nodel[il[j].phi_ant);
}
}
}
for (int j=1;j<M+1;j++)
{
if (node[N+1][j].mat==1)
{
node [N+1][j].phi=(node[N+1][j].aw*node[N][j].phi+node[N+1][j].as*node[N+1][j
< -1] .phi+node [N+1][j].an*node [N+1][j+1].phi)/node[N+1]1[j].ap;
node [N+1][j].phi=node [N+1][j].phi_ant+fr*(node[N+1][j].phi-node[N+1][j].
— phi_ant);
}
}
}
else
{

double P[N+2],Q[N+2];
for (int j=1;j<M+1;j++)
{
P_Q_calcul (j,node,P,Q);
for (int i=1;i<N+2;i++)
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{
node[i][j].phi=P[il*node[i-1]1[j].phi+Q[il;
}
}

for (int i=1;i<N+2;i++)
{
for (int j=1;j<M+1;j++)
{
if (node[i][j].mat==1)
{
node[i][j].phi=node[i][j].phi_ant+fr*x(node[i][j].phi-node[i]l[j].phi_ant);
¥
}
}
}
}
void calcul_vel(vector< vector<info_node> >& node)
{
double vye, vyw, vxn, VXS, Vyp, VXp;
for (int i=1;i<N+2;i++)

{
for (int j=1;j<M+1;j++)
{
if (i<N+1)
{
vye=-mitjana_harm(node[i]l[j].tau,node[i+1][j].tau,nodel[i][j].Ax/2,nodel[i+1][]
— 1.Ax/2)*(node[i+1][j].phi-node[i][j].phi)/nodel[i][j].Ax;
vyw=-mitjana_harm(node[i]l[j].tau,node[i-1]1[j].tau,node[i1[j].Ax/2,nodel[i-1]1[]
— ].Ax/2)*(node[i][j].phi-node[i-1][j].phi)/nodel[i][j].Ax;
vyp=(vye+vyw) /2;
node[i][j].vel[1]l=vyp;
}
else
{
vyp=0;
}

vxn=mitjana_harm(node[i][j].tau,node[i]J[j+1].tau,node[i][j].Ay/2,nodel[i][j+1].
— Ay/2)*(node[i][j+1].phi-node[i][j].phi)/node[i][j].Ay;
vxs=mitjana_harm(node[i][j].tau,node[i][j-1].tau,node[i][j].Ay/2,node[i]l[j-1].
— Ay/2)*(node[i][j].phi-node[i][j-1].phi)/node[i][j].Ay;
vxp=(vxn+vxs)/2;
node[i][j].vel [0]=vxp;
node[i][j].v=sqrt (vyp*vyp+vxp*vxp) ;
if (nodel[i][j].mat==0)
{
node[i][j].circ=vye*node[i][j].Ay+vxs*node[i][j].Ax-vyw*node[i]l[j].Ay-vxn*node
— [i1[j]1.Ax;
if (isnan(nodel[il[j].circ))
{
cout <<vye<<"  "<<yyw<<""<<vxs<<"_"<<vxn<<endl;
cout <<i<<" "<<j<<endl;
}
}
}
}

int j;
for (int i=1;i<N+2;i++)
{

j=0;
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j=1;
if (i<N+1)
{

vye=-mitjana_harm(node[i][j].tau,node[i+1][j].tau,node[il[j].Ax/2,node[i+1]1[j].
— Ax/2)*(node[i+1][j].phi-node[i][j].phi)/node[i][j].Ax;

vyw=-mitjana_harm(node[i][j].tau,node[i-1]1[j].tau,node[i]1[j].Ax/2,node[i-11[j].
— Ax/2)*(node[i][j].phi-nodel[i-1]1[j].phi)/nodel[il[j].Ax;

vyp=(vye+vyw) /2;

node[i][j].vel [1]l=vyp;

}

else

{

vyp=0;

}

vxn=mitjana_harm(node[i][j].tau,node[i]l[j+1].tau,nodel[i]l[j].Ay/2,node[i]l[j+1].Ay
< /2)*(node[i][j+1] .phi-node[i][j].phi)/nodel[i][j].Ay;
vxs=2*mitjana_harm(node[il[j].tau,node[i]l[j-1].tau,node[il1[j].Ay/2,node[i]1[j-1].
— Ay/2)*(node[il[j].phi-node[il[j-1].phi)/nodel[il[j].Ay;
vxp=(vxn+vxs) /2;
node[i][j].vel [0]l=vxp;
node [i][j].v=sqrt (vyp*vyp+vxp*vxp) ;
j=M;
if (i<N+1)
{
vye=-mitjana_harm(node[i][j].tau,node[i+1][j].tau,node[i]J[j].Ax/2,node[i+1][j].
< Ax/2)*(node[i+1]1[j].phi-node[i]l[j].phi)/node[il[j].Ax;
vyw=-mitjana_harm(node[i][j].tau,node[i-1][j].tau,nodel[i][j].Ax/2,node[i-1]1[j].
< Ax/2)*(node[i][j].phi-node[i-1]1[j].phi)/node[i][j]. Ax;
vyp=(vye+vyw) /2;
node[i][j].vel[1]=vyp;
}
else
{
vyp=0;
}
vxn=2*mitjana_harm(node[i][j].tau,node[i][j+1].tau,node[i][j].Ay/2,node[i][j+1].
< Ay/2)*(node[i][j+1] .phi-node[i][j].phi)/node[i][j].Ay;
vxs=mitjana_harm(node[i][j].tau,node[i]l[j-1].tau,nodel[i]l[j].Ay/2,node[i]l[j-1].Ay
< /2)*(node[i][j].phi-node[i][j-1].phi)/nodel[i][j].Ay;
vxp=(vxn+vxs)/2;
node[i][j].vel [0]=vxp;
node[i][j].v=sqrt (vyp*vyp+vxp*vxp) ;
j=M+1;
node[i][j].v=2*mitjana_harm(node[i][j].tau,node[i][j-1].tau,node[i]l[j].Ay/2,node
— [i1[j-1].Ay/2)*(node[il[j].phi-nodel[i]l[j-1].phi)/node[i][j-1].Ay;
}
}
double calcul_cp_barra(double T2, double T1)
{
double AT, T_inicial,T_final;
if (T2==T1)
{
T2=T1+0.00000001;
}
AT=(T2-T1)/Nd;
double T_mitjana;
T_inicial=T1;
double cp_barr=0,cp;
for (int i=0;i<Nd-1;i++)

10
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{
T_final=T_inicial+AT;
T_mitjana=(T_final+T_inicial)/2;
cp=calcul_cp(T_mitjana);
cp_barr=cp_barr+cp*AT;
T_inicial=T_£final;

}

return cp_barr/(T2-T1);
}
double calcul_cp(double T)
{

return aO+al*T+a2*pow(T,2)+a3*pow(T,3)+ad*pow(T,4);
}
double calcul_gamma(double cp)
{

return cp/(cp-Rg);
}
double calcul_cp_barret (double TO, double T)
{

double AT, T_inicial,T_final;

if (TO0==T)

{

TO=T+0.00000001;
}

AT=(TO-T)/Nd;

double T_mitjana;

T_inicial=T;

double cp_barr=0,cp;

for (int i=0;i<Nd-1;i++)

{

T_final=T_inicial+AT;
T_mitjana=(T_final+T_inicial)/2;
cp=calcul_cp(T_mitjana);
cp_barr=cp_barr+cp/T_mitjana*AT;
T_inicial=T_final;

}

return cp_barr/(log(TO/T));
}
void calcul_prop_term(vector< vector<info_node> >& node)
{

double gamma_barret;
for (int i=1;i<N+2;i++)

{
for (int j=1;j<M+1;j++)
{
if (nodel[i][j].mat==1)
{
node[i][j].cp_barra=calcul_cp_barra(node[i][j].T,T_in);
node[i][j].T=T_in+(v_in*v_in-node[i][j].v*node[i][j].v)/2/node[i][j].cp_barra;
if (node[i1[j].T<0)
{
node [i]1[j]1.T=1;
}
node[i][j].cp_barret=calcul_cp_barret(node[i][j].T,T_in);
gamma_barret=calcul _gamma(node[i][j].cp_barret);
node[i][j].P=P_in*pow(node[i][j].T/T_in, gamma_barret/(gamma_barret-1));
node[i][j].rho=node[i]l[j].P/Rg/node[i]1[j].T;
}
}
}
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int j=0;
for (int i=1;i<N+2;i++)
{

if (nodel[il[j].mat==1)
{

j=0;

node[i][j].cp_barra=calcul_cp_barra(node[i][j].T,T_in);

node[i][j].T=T_in+(v_in*v_in-node[i][j].v*node[il[j].v)/2/node[il[j].cp_barra;

node[i][j].cp_barret=calcul_cp_barret(node[i][j].T,T_in);

gamma_barret=calcul_gamma(node[i][j].cp_barret);

node[i][j].P=P_in*pow(node[i][j].T/T_in, gamma_barret/(gamma_barret-1));

node[i][j].rho=node[i][j].P/Rg/node[i][j].T;

j=M+1;

node[i][j].cp_barra=calcul_cp_barra(node[i][j].T,T_in);

node[i][j].T=T_in+(v_in*v_in-node[i]l[j].v*node[i]l[j].v)/2/node[i][j].cp_barra;

node[i][j].cp_barret=calcul_cp_barret(node[i][j].T,T_in);

gamma_barret=calcul_gamma(node[i][j].cp_barret);

node[i][j].P=P_in*pow(node[i][j].T/T_in, gamma_barret/(gamma_barret-1));

node[i][j].rho=node[i][j].P/Rg/node[i][j]1.T;

}
}
}
double calcul_error_max(vector< vector<info_node> >& node)
{
double error=0;
double error_T,error_rho,error_P;
for (int i=1;i<N+2;i++)

{
for (int j=0;j<M+2;j++)
{
error_T=v_abs(node[i][j].T-node[i]1[j].T_ant);
error_rho=v_abs(node[i]l[j].rho-node[il[j].rho_ant);
error_P=v_abs(node[i][j].P-node[i][j].P_ant);
if (error_T>error && error_T>error_rho && error_T>error_P)
{
error=error_T;
}
else if(error_rho>error && error_T<error_rho && error_rho>error_P)
{
error=error_rho;
}
else if (error_P>error && error_T<error_P && error_rho<error_P)
{
error=error_P;
}
}
}

cout<<delta/error*100<<"%"<<endl;
return error;
}
double v_abs(double a)
{
if (a>0)
{
return a;
}
else
{
return -a;
}
}

void iteracio (vector< vector<info_node> >& node)
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{
for (int i=1;i<N+2;i++)
{
for (int j=0;j<M+2;j++)
{
if (nodel[il[j].mat==1)
{
node[i][j].phi_ant=node[i][j].phi;
node[i][j]l.rho_ant=node[i]l[j].rho;
node[i][j].tau=rho_in/node[i][j].rho;
node[i][j].P_ant=node[i]l[j].P;
node[i][j].T_ant=node[i][j].T;
}
}
}
}
void save_phi (vector< vector<info_node> >& node)
{

ofstream file;
file.open("Phi");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node [i][j].phi<<"\t";
}
file<<endl;
}
file.close();
}
void save_rho (vector< vector<info_node> >& node)
{

ofstream file;
file.open("Rho");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].rho<<"\t";
}
file<<endl;
}
file.close();
}
void save_T (vector< vector<info_node> >& node)
{

ofstream file;
file.open("Temp");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].T<<"\t";
}
file<<endl;
}

file<<N+2<<endl;

file<<M+2<<endl;

file.close();

}

void save_P (vector< vector<info_node> >& node)

{
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ofstream file;
file.open("Pres");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].P<<"\t";
}
file<<endl;
}
file.close();
}
void save_v (vector< vector<info_node> >& node)
{

ofstream file;
file.open("vel");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].v<<"\t";
}
file<<endl;
}
file.close();
}
void save_tau (vector< vector<info_node> >& node)
{

ofstream file;
file.open("tau");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].tau<<"\t";
}
file<<endl;
}
file.close();
}
void postprocess(vector< vector<info_node> >& node)
{

double circulacio;

save_phi (node) ;

save_rho (node) ;

save_T (node) ;

save_P (node) ;

save_v (node) ;
save_posicio_mat (node) ;

calcul _error (node) ;
calcul_circulacio(node,circulacio);
calcul_forces(node,circulacio);

COUt <K mmm e e "<<endl;
cout<<"Velocitata,laposicio,("<<x_conv<<","<<y_conv<<")"<<endl;
cout<<"v="<<node[i_conv][j_conv].v<<endl;

}

void save_posicio_mat(vector< vector<info_node> >& node)

{

ofstream file;
file.open("Posicio");
for (int j=0;j<M+2;j++)
{
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file<<node[1]1[j].r[1]1<<endl;

}

for (int i=0;i<N+2;i++)

{
file<<node[i][1].r[0]<<endl;

}

file.close();
file.open("Material");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].mat<<"\t";
}
file<<endl;
}
file.close () ;
}
void calcul_error(vector< vector<info_node> >& node)
{

double error=0,error2;
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{
if (node[i][j].mat==1)
{
error2=node[i] [j].phi*node[i][j].ap-(node[i]J[j].ae*node[i+1][j].phi+node[i][]
< 1.aw*node[i-1]1[j].phi+node[il[j]l.as*node[i]l[j-1].phi+node[i]l[j].an*node
— [11[j+1].phi);
if (v_abs(error2)>error)
{
error=v_abs (error2);
}
}
}
}
cout<<"Error comes: "<<error<<endl;
}
void det_frontera(vector< vector<info_node> >& node)
{
double nx,ny;
int punts_front=0;

for (int i=1;i<N+1;i++)

{
for (int j=1;j<M+1;j++)
{
if (node[i][j].mat==1)
{
if (node[i][j-1] .mat==0 || node[i][j+1].mat==0|| node[i+1][j].mat==0 || nodel[i

— -11[j].mat==0)
{
node[i][j].frontera=true;
nx=(node[i][j].xr[0] -cx);
ny=(node[i][jl.r[1]-cy);
node[i][j]l.n[0]=(nx)/sqrt (nx*nx+ny*ny) ;
node[i]J[j]l.n[1]=(ny)/sqrt (nx*nx+ny*ny) ;
node[i][j].t[0]=-nodel[il[jl.n[1];
node[i][j].t[1]1=node[i]l[j].n[0];
punts_front++;
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else
{
node[i][j].frontera=false;
}
}
¥
}
double dS=2*pix*R/punts_front;
for (int i=1;i<N+1;i++)

{
for (int j=1;j<M+1;j++)
{

if (node[i]l[j].frontera==true)

{
node[i][j]l.n[0]l=node[i][j].n[0]*dS;
node[i]J[j].n[1]=node[i]J[j].n[1]1%*dS;
node[i][j].t[0]l=node[i][j].t[0]*dS;
node[i][j].t[1]=node[i][j].t[1]1*dS;

}

}
}
}

void calcul_circulacio(vector< vector<info_node> >& node,double &circulacio)
{

circulacio=0;

for (int i=1;i<N+1;i++)

{
for (int j=1;j<M+1;j++)
{
if (nodel[il[j].mat==0)
{
circulacio=circulacio+node[i][j].circ;
}
}
}
cout<<"Circulaciogal, voltant del jcos: "<<circulacio<<endl;
}

void calcul_forces(vector< vector<info_node> >& node,double circulacio)
{
double Lift=0,D=0;
double CL,CD;
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{
if (nodel[il[j].frontera==true && nodel[i]l[j].mat==1)
{
Lift=Lift-node[i][j].P*node[i][j].n[1];
D=D-node[i][j].P*node[il[j].n[0];
}
}
}
CL=Lift/(0.5*rho_in*v_in*v_in*D_main) ;
CD=D/(0.5*rho_in*v_in*v_in*D_main);
cout<<"Lift=_"<<Lift<<endl;
cout<<"Drag ="<<D<<endl;
cout <<"CL=_,"<<CL<<endl;
cout<<"CD=_,"<<CD<<endl;
guardar_dades (Lift ,CL,D,CD,circulacio);
}
void guardar_dades (double Lift,double CL, double D, double CD,double circulacio)
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ofstream file;

file.open("Dades_Resultats");
file<<"DADES_ DEL_ ,PROBLEMA"<<endl;
file<<"Altura: "<<H<<" m"<<endl;
file<<"Longitud: "<<L<<" m"<<endl;

file<<"Radi cilindre:_ "<<D_main<<" m"<<endl;
file<<"Posicio_del centredel cilindre: (" <<cx<<" ,"<<cy<<") m"<<endl;
file<<"Velocitat_a_l’entrada: "<<v_in<<" m/s"<<endl;
file<<"Temperaturaga;l’entrada:"<<T_in-273.15<<", C "<<endl;
file<<"Pressiopagl’entrada: "<<P_in<<" Pa"<<endl;
file<<"Densitat a,l’entrada:"<<rho_in<<" kg/m~3"<<endl;
file<<"Liniaydeycorrent deyl’objecte:,"<<phi_c<<endl;
file<<"Densitat de g malla:  "<<N<<"x"<<M<<endl;
file<<"RESULTATS_ ,DEL_ ,PROBLEMA"<<endl;

file<<"Lift: "<<Lift<<" N/m"<<endl;

file<<"C_L:_ "<<CL<<endl;

file<<"Drag: "<<D<<" N/m"<<endl;

file<<"CD: ,"<<CD<<endl;
file<<"Circulaciogal_ jvoltant del cos: "<<circulacio<<endl;
time (&final) ;

file<<"Temps dey ¢ lcul :,"<<difftime (final,inici)<<" s"<<endl;

}

void Newton_Raphson(vector< vector<info_node> >& node, bool &fi,double &phi_prev,
— double &circulacio_prev)
{
double circulacio;
calcul_circulacio(node,circulacio);
if (v_abs(circulacio-circulacio_final)<error_circ)

{
fi=true;
}
else
{
if (phi_prev==-1) // only for the first iteration
{
phi_prev=phi_c;
circulacio_prev=circulacio;
if (circulacio<circulacio_final) // the streamline has a lower value that the
<~ one it should have
{
phi_c=v_in*Hx*1.2;
}
else
{
phi_c=v_in*H*0.8;
}
}
else
{
double pendent=(circulacio-circulacio_prev)/(phi_c-phi_prev);
phi_prev=phi_c;
phi_c=phi_c-(circulacio-circulacio_final)/pendent;
circulacio_prev=circulacio;
}
}
}
void canvi_phi_mat(vector< vector<info_node> >& node)
{
for (int i=1;i<N+1;i++)
{
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for (int j=1;j<M+1;j++)
{
if (node[i][j].mat==0)
{
node[i][j].phi=phi_c;
node[i][j].phi_ant=phi_c;
}
}
}
}
void declaracio_inicial ()
{
D_main=R;
circulacio_final=-wxR*2*xpi*R;

}

void P_Q_calcul (int row, vector< vector<info_node> >& node,double P[N+2],double Q[
— N+21)

{

P[N+1]=node[N+1] [row].aw/node [N+1] [row].ap;

Q[N+1]=(node[N+1][row].an*node [N+1] [row+1].phi+node[N+1] [row].as*node [N+1] [row
— -1] .phi+node [N+1] [row] .bp)/node[N+1] [row].ap;

double bp_ast;

for (int i=N;i>0;i--)

{

P[il=node[i][row].aw/(node[i][row].ap-node[i] [row].aexP[i+1]);

bp_ast=node[i] [row].an*node[i][row+1].phi+node[i] [row].as*node[i][row-1].phi+
< node[i] [row].bp;

Q[il=(bp_ast+node[i] [row].ae*Q[i+1])/(node[i][row].ap-node[i] [row].ae*P[i+1]);

}

}
void find_position(vector< vector<info_node> >& node)
{
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{
if (node[i][j].r[0]-node[i]J[j].Ax/2 < x_conv && node[i][j].r[0]+node[i][j].Ax/2
<~ >= x_conv && nodel[i][j]l.r[1]-nodel[il[j].Ay/2 < y_conv && mnode[il[j].r
— [1]+node[i]l[jl.Ay/2 >= y_conv)
{
i_conv=i;
j_conv=j;
break;
}
}
}
}
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Developed code for Incompressible
Potential Flow (streamline method)

(SN

#include <iostream>
#include <fstream>
#include <stdlib.h>
#include <stdio.h>
#include <math.h>
#include <vector>
#include <time.h>
using namespace std;

const double pi=3.141592;

const double H=5, L=10;

const double Rg=287;

const double v_in=10, P_in=1.013e5, T_in=288, rho_in=P_in/Rg/T_in;
(.

const int N=500, M=N;

const double fr=1.8,delta=1e-8;
(%

const double Nd=5;

double phi_c=v_inx*xH/2;

const double R=0.3, cx=L/2, cy=H/2;
const double w=10;

double circulacio_final;
const double error_circ=1le-5;

double D_main;

const double a0=1034.09, al=-2.849e-1, a2=7.817e-4, a3=-4.971e-7, a4=1.077e-10;

bool line_by_line=false;
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double x_conv=5, y_conv=2.9;

int i_conv, j_conv;
//**************************************************************
// Variables declaration

time_t inici,final;

struct info_node{

double r[2];

double phi;

double phi_ant;

double rho;

double rho_ant;

double tau;

double T;

double T_ant;

double P;

double P_ant;

double Ax;

double Ay;

double cp_barra;

double cp_barret;

double gamma_barret;

double vel[2]; // x and y velocity components

double v; // velocity modulus

int mat; // 0 solid, 1 fluid

double ap;

double as;

double an;

double aw;

double ae;

double bp;

bool frontera; // determines if the node is close to the object
double t[2]; // vtangential vector

double n[2]; // normal vector

double circ; //control volume circulation
};

// Functions
void preprocess(vector< vector<info_node> >& node);
void geometria(vector< vector<info_node> >& node);

int num_material (double x, double y);
void condicions_inlet(vector< vector<info_node> >& node);
void condicions_contorn(vector< vector<info_node> >& node);
void mapa_inicial(vector< vector<info_node> >& node);
void calcul_coefs(vector< vector<info_node> >& node);
double mitjana_harm(double taul, double tau2,double dl, double d2);
void solver(vector< vector<info_node> >& node);
void solver_phi(vector< vector<info_node> >& node);
void calcul_vel(vector< vector<info_node> >& node);
double calcul_cp_barra(double T2, double T1);
double calcul_cp(double T);
double calcul_gamma (double cp);
void calcul_prop_term(vector< vector<info_node> >& node);
double calcul_error_max(vector< vector<info_node> >& node);
double v_abs (double a);
void iteracio (vector< vector<info_node> >& node);
void save_phi (vector< vector<info_node> >& node);
void save_rho (vector< vector<info_node> >& node);
void save_T (vector< vector<info_node> >& node);
void save_P (vector< vector<info_node> >& node);
void save_v (vector< vector<info_node> >& node);
void save_tau (vector< vector<info_node> >& node);
void postprocess(vector< vector<info_node> >& node);
void save_posicio_mat(vector< vector<info_node> >& node);
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void calcul_error(vector< vector<info_node> >& node);

void det_frontera(vector< vector<info_node> >& node);

void calcul_circulacio(vector< vector<info_node> >& node,double &circulacio);

void calcul_forces(vector< vector<info_node> >& node,double circulacio);

void guardar_dades (double L,double CL, double D, double CD,double circulacio);

void Newton_Raphson(vector< vector<info_node> >& node, bool &fi,double &phi_prev,
— double &circulacio_prev);

void canvi_phi_mat(vector< vector<info_node> >& node);

void declaracio_inicial();

void P_Q_calcul (int row, vector< vector<info_node> >& node,double P[N+2],double Q[
— N+21);

void find_position(vector< vector<info_node> >& node);

int main ()
{

time (&inici);

declaracio_inicial();

cout<<"Inici"<<endl;

vector< vector<info_node> > node(N+2, vector<info_node>(M+2));

bool fi=false;

double phi_prev=-1;

double circulacio_prev;

preprocess (node) ;

cout<<"Preprocess'"<<endl;

mapa_inicial (node) ;

cout <<"Mapayinicial"<<endl;

det_frontera(node);

find_position(node);

cout<<"Frontera'"<<endl;

calcul_coefs (node);

cout<<"Coefs"<<endl;

while (fi==false)

{
cout<<"Liniadeycorrent del  solid: "<<phi_c<<endl;
solver (node) ;
cout<<"Solver"<<endl;
Newton_Raphson(node,fi,phi_prev,circulacio_prev);
COUE K m e e e e - "<<endl;
if (fi==false)

{
canvi_phi_mat (node);
}
}

postprocess (node) ;

}
void preprocess(vector< vector<info_node> >& node)
{

geometria(node) ;

condicions_inlet (node);
condicions_contorn(node);
}
void geometria(vector< vector<info_node> >& node)
{

int material;

double Ax=L/N, Ay=H/M;

for (int i=1;i<N+2;i++)
{
for (int j=1;j<M+1;j++)
{

if (i==1 || i==N+1)
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{
node[i][j].r[0]=Ax/2;
}
else
{
node[i][j].r[0]l=node[i-1]1[j].r[0]+Ax;
}
if (j==1)
{
node[i][j].r[1]1=Ay/2;
}
else
{
node[i][j].r[1]=node[i]J[j-1].r[1]+Ay;
}

node[i][j].Ax=Ax;

node [i][j].Ay=Ay;

material=num_material (node[i][j].r[0],node[il[j].r[1]);
node[i][j] .mat=material;

for (int j=1;j<M+1;j++)
{
node [0]1[j].r[0]1=0;
node [0][j]l.r[1]l=node[1]1[j].r[1];
node [0] [j].Ax=0;
node [0][j].mat=1;
node [N+1][j].r [0]=L;
node [N+1]1[j]l.r[1]l=node[N][j]l.r[1];
node [N+1][j].Ax=0;
node [N+1][j].mat=1;
}

for (int i=1;i<N+1;i++)

{
node[i][0].r[0]l=node[i]l[2].r[0];
node[i] [0].r[1]=0;

node [i][0].Ay=0;
node[i] [0] .mat=1;

node [i] [M+1] .r[0]=node[i][M].r [0];
node [i] [M+1].r[1]=H;

node [i] [M+1] .mat=1;

node [i] [M+1].Ay=0;

}

node [0] [0].xr [0]=0;
node [0] [0].r[1]1=0;
node [0] [0] .mat=1;

node [0] [M+1].r [0]=0;
node [0] [M+1].r [1]=H;
node [0] [M+1] .mat=1;
node [N+1]1[0].r [0]=L;
node [N+1]1[0] .r[1]1=0;
node [N+1] [0] . mat=1;
node [N+1] [M+1] .r [0]=L;
node [N+1] [M+1].r[1]=H;
node [N+1] [M+1] .mat=1;

}

int num_material (double x, double y)
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{
if (sqrt((x-cx)*(x-cx)+(y-cy)*(y-cy))<=R)
{
return 0;
}
else
{
return 1;

}
}

void condicions_inlet (vector< vector<info_node> >& node)
{
double r, theta;
r=sqrt ((node [0] [0].r[0]-cx)*(node [0][0].r[0]-cx)+(node[0][0].r[1]-cy)*(node
<~ [0][0].r[1]-cy));
theta=pi+ atan ((node[0]1[0].r[1]1-cy)/(node[0]1[0].r[0]-cx));
node [0] [0] . phi=v_in*r*sin(theta)*(1-(R*R)/(r*r))+2*xpi*wxR*R/(2*pi)*log(xr/R);
node [0] [0] . phi_ant=node [0] [0] . phi_ant;
node [0] [0] . T=T_in;
node [0] [0] .P=P_in;
node [0][0].v=v_in;
node [0] [0] . rho=rho_in;
node [0] [0] . rho_ant=rho_in;
node [0] [0] . tau=1;
int i=0;
for (int j=0;j<M+2;j++)
{
r=sqrt ((node[i][j].r[0]-cx)*(node[i]l[j]l.r[0]-cx)+(nodel[i]l[j]l.r[1]-cy)*(nodel[il[j
— 1.r[1]l-cy));
theta= atan ((nodel[i][jl.r[1]l-cy)/(nodel[i]l[j]l.r[0]-cx));
if (nodel[il[j]l.r[0]<cx)
{
theta=theta+pi;
}
node[i][j].phi=v_in*r*sin(theta)*(1-(R*R)/(r*r))+2*pi*w*R*R/(2*pi)*log(r/R);
node[i]J[j].phi_ant=node[i][j].phi;
node [0]1[j].T=T_in;
node [0][j].T_ant=T_in;
node [0][j].P=P_in;
node [0][j].P_ant=P_in;
node [0] [j].v=v_in;
node [0] [j].rho=rho_in;
node [0][j].rho_ant=rho_in;
node [0]1[j].tau=1;
}
}
void condicions_contorn(vector< vector<info_node> >& node)
s
{
for (int i=0;i<N+2;i++)
{
for (int j=0;j<M+2; j++)
{
if (nodel[i][j].mat==0)
{
node[i][j].phi=phi_c;
node[i][j].phi_ant=phi_c;
node[i][j].tau=1e30;
}
}
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int j;
double r, theta;
for (int i=1;i<N+2;i++)
{
j=0;
r=sqrt ((node[i][j].r[0]-cx)*(node[i]l[j]l.r[0]-cx)+(nodel[i]l[j]l.r[1]-cy)*(nodel[il[j
— J.r[1]-cy));
theta= atan ((nodel[i][jl.r[1]l-cy)/(node[i]l[j]l.r[0]-cx));
if (node[il[j].r[0]<cx)
{
theta=theta+pi;
}
node[i][j].phi=v_inx*r*sin(theta)*(1-(R*R)/(r*r))+2*xpi*w*R*R/(2*pi)*log(r/R);
node[i]J[j].phi_ant=node[i][j].phi;
j=M+1;
r=sqrt ((node[i] [j].r[0]-cx)*(node[i][j].r[0]-cx)+(nodel[i]l[jl.r[1]-cy)*(nodel[i][j
— J.r[1]l-cy));
theta= atan ((nodel[il[jl.r[1]l-cy)/(nodel[il[j]l.r[0]-cx));
if (nodel[i][j].r[0]<cx)
{
theta=theta+pi;
}
node[i][j].phi=v_in*r*sin(theta)*(1-(R*R)/(r*r))+2*pi*w*R*R/(2*pi)*log(r/R);
node[i][j].phi_ant=node[i][j].phi;

}
void mapa_inicial(vector< vector<info_node> >& node)
{
for (int i=1;i<N+2;i++)
{
for (int j=0;j<M+2;j++)
{
if (nodel[il[j].mat==1)
{
node[i][j].rho_ant=rho_in;
node[i][j].rho=rho_in;
node[i][j].tau=1;
node[i][j].T=T_in;
node[i][j].T_ant=T_in;
node[i][j].P=P_in;
node[i][j].P_ant=P_in;
}
}
}
for (int i=1;i<N+2;i++)
{
for (int j=1;j<M+1;j++)
{
if (nodel[il[j].mat==1)
{
node[i][j].phi=node [0]1[j].phi;
node[i][j].phi_ant=node [0][j].phi;
}
}
}
}
void calcul_coefs(vector< vector<info_node> >& node)
{
double dpe,dpw, dps, dpn;

for (int i=1;i<N+1;i++)
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{
for (int j=1;j<M+1;j++)
{
if (nodel[il[j].mat==1)
{

dpe=node[i][j].Ax/2+node[i+1]1[j].Ax/2;
dpw=node[i][j].Ax/2+node[i-1]1[j].Ax/2;
dpn=node[i][j].Ay/2+node[i][j+1].Ay/2;
dps=node[i][j].Ay/2+node[i]l[j-1].Ay/2;
node[i][j].ae=mitjana_harm(node[i][j].tau,node[i+1][j].tau,node[i][j].Ax/2,
— node[i+1]1[j].Ax/2)*node[i]l[j].Ay/dpe;
node[i][j].aw=mitjana_harm(node[i][j].tau,node[i-1][j].tau,node[i][j].Ax/2,
<> nodel[i-11[j].Ax/2)*node[i]l[j].Ay/dpw;
node[i][j].as=mitjana_harm(node[i][j].tau,node[i]J[j-1].tau,node[i][j].Ay/2,
< nodel[i-1][jl.Ay/2)*node[i][j].Ax/dps;
node[i][j]l.an=mitjana_harm(node[i][j].tau,node[i][j+1].tau,nodel[i]l[j].Ay/2,
< node[i+1][j].Ay/2)*node[i][j].Ax/dpn;
node[i][j].ap=node[il[j].ae+node[il[j].aw+node[i]l[j].as+node[i]l[j].an;
node[i][j].bp=0;
}
else
{
node[i][j].ae=0;
node[i]1[j].aw=0;
node [i][j].as=0;
node[i][j].an=0;
node[i][j].ap=1;
node [i] [j].bp=phi_c;
}
}
}

for (int j=1;j<M+1;j++)
{

node [N+1][j].aw=1;

node [N+11[j].an=0;

node [N+1]1[j].as=0;

node [N+1]1[j].ae=0;

node [N+1][j].ap=1;

node [N+1]1[j1.bp=0;
}
}
double mitjana_harm(double taul, double tau2,double dl, double d2)
{
return (d1+d2)/(d1/taul+d2/tau2);
}
void solver (vector< vector<info_node> >& node)
{
bool trobat=false;
while (trobat==false)
{

calcul_coefs (node);

solver_phi (node);

if (calcul_error_max (node)<delta)

{

trobat=true;

calcul_vel (node);
calcul _prop_term(node) ;

}

else

{

iteracio(node);
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}
}
}
void solver_phi(vector< vector<info_node> >& node)
{
if (line_by_line==false)
{
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{
if (node[i]l[j].mat==1)
{
node[i][j].phi=(node[i][j].ae*node[i+1][j].phi+node[i][j].aw*node[i-1][j].phi
< +node[i][j].as*node[i][j-1].phi+node[i]1[j].an*node[i][j+1].phi)/nodel[i
= 1[j].ap;
node[i][j].phi=node[i][j].phi_ant+fr*x(node[i][j].phi-nodel[i][j].phi_ant);
}
}
}
for (int j=1;j<M+1;j++)
{
if (node[N+1][j].mat==1)
{
node [N+1]1[j].phi=(node[N+1][j].aw*node[N][j].phi+node[N+1]1[j].as*node[N+1][j
< -1] .phi+node[N+1][j].an*node [N+1][j+1].phi)/node[N+1]1[j].ap;
node [N+1] [j].phi=node [N+1][j].phi_ant+fr*(node[N+1]1[j].phi-node[N+11[j].
— phi_ant);
}
}
}
else
{
double P[N+2],Q[N+2];
for (int j=1;j<M+1;j++)
{
P_Q_calcul(j,node,P,Q);
for (int i=1;i<N+2;i++)
{
node[i] [j].phi=P[il*node[i-1]1[j].phi+Q[il;
}
}

for (int i=1;i<N+2;i++)
{
for (int j=1;j<M+1;j++)
{
if (node[il[j].mat==1)
{
node[i][j].phi=node[i]l[j].phi_ant+fr*(node[i]l[j].phi-node[il[j].phi_ant);
}
}
}
}
}
void calcul_vel(vector< vector<info_node> >& node)
{
double vye, vyw, vxn, VXs, Vyp, VXp;
for (int i=1;i<N+2;i++)
{
for (int j=1;j<M+1;j++)
{
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if (i<N+1)

{

vye=-mitjana_harm(node[i][j].tau,node[i+1][j].tau,node[i][j].Ax/2,node[i+1][j
< J.Ax/2)*(node[i+1][j].phi-node[i]l[j].phi)/nodel[il[j].Ax;

vyw=-mitjana_harm(node[i][j].tau,node[i-1][j].tau,node[i][j].Ax/2,node[i-1][j
< 1.Ax/2)*(node[i][j].phi-node[i-1]1[j].phi)/node[i][j].Ax;

vyp=(vye+vyw) /2;

node[i][j]l.vel[1]l=vyp;

}

else

{
vyp=0;

}

vin=mitjana_harm(node[i][j].tau,node[i]J[j+1].tau,node[i][j].Ay/2,nodel[i][j+1].
— Ay/2)*(node[i][j+1].phi-node[i][j].phi)/node[i][j].Ay;
vxs=mitjana_harm(node[i][j].tau,node[i][j-1].tau,nodel[i][j].Ay/2,node[i]l[j-1].
— Ay/2)*(node[i][j].phi-node[i]l[j-1].phi)/node[il[j].Ay;
vxp=(vxn+vxs)/2;
node[i][j].vel [0]=vxp;
node[i][j].v=sqrt (vyp*vyp+vxp*vxp) ;
if (nodel[i][j].mat==0)
{
node[i][j].circ=vye*node[i][j].Ay+vxs*node[i][j].Ax-vyw*node[i]l[j].Ay-vxn*node
— [11[j].Ax;
if (isnan(nodel[il[j].circ))
{
cout <<vye<<" "<<yvyw<<""<<vxs<<","<<vxn<<endl;
cout <<i<<" "<<j<<endl;
}
}
}
}

int j;

for (int i=1;i<N+2;i++)

{

3=0;

node[i][j].v=2*mitjana_harm(node[i][j].tau,node[i][j+1].tau,node[i][j].Ay/2,node
< [i]1[j+1].Ay/2)*(node[il[j+1].phi-nodel[i]J[j].phi)/node[i][j+1].Ay;

i=1;
if (i<N+1)
{

vye=-mitjana_harm(node[i]l[j].tau,node[i+1]1[j].tau,node[i]1[j]l.Ax/2,node[i+1]1[j].
— Ax/2)*(node[i+1][j].phi-node[i][j].phi)/node[i][j].Ax;

vyw=-mitjana_harm(node[i][j].tau,node[i-1][j].tau,node[i]1[j].Ax/2,node[i-1]1[j].
— Ax/2)*(node[i][j].phi-nodel[i-1]1[j].phi)/nodel[il[j].Ax;

vyp=(vye+vyw) /2;

node[i][j].vel [1]=vyp;

}

else

{

vyp=0;

}

vxn=mitjana_harm(node[i][j].tau,node[i][j+1].tau,nodel[i]l[j].Ay/2,node[i]l[j+1].Ay
< /2)*(node[i][j+1] .phi-node[i][j].phi)/nodel[i][j].Ay;

vxs=2*mitjana_harm(node[il[j].tau,node[i]l[j-1].tau,node[il[j].Ay/2,node[i]1[j-1].
— Ay/2)*(node[i][j].phi-node[i]J[j-1].phi)/nodel[i]l[j].Ay;

vxp=(vxn+vxs) /2;

node[i][j].vel [0]=vxp;
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node[i][j].v=sqrt (vyp*vyp+vxp*vxp) ;
j=M;
if (i<N+1)
{
vye=-mitjana_harm(node[i]l[j].tau,node[i+1]1[j].tau,node[i]l[j].Ax/2,node[i+1][j].
— Ax/2)*(node[i+1]1[j].phi-node[i]l[j].phi)/node[il[j]. Ax;
vyw=-mitjana_harm(node[i][j].tau,node[i-1][j].tau,nodel[i][j].Ax/2,node[i-1]1[j].
— Ax/2)*(node[i][j].phi-node[i-1][j].phi)/node[i][j]. Ax;
vyp=(vye+vyw) /2;
node[i][j]l.vel [1]=vyp;
}
else
{
vyp=0;
}
vxn=2*mitjana_harm(node[i][j].tau,node[i][j+1].tau,node[i][j].Ay/2,node[i][j+1].
< Ay/2)*(node[i][j+1] .phi-node[i][j].phi)/node[i][j].Ay;
vxs=mitjana_harm(node[i][j].tau,node[i]l[j-1].tau,nodel[i]l[j].Ay/2,node[i]l[j-1].Ay
< /2)*(node[i][j].phi-node[i]J[j-1].phi)/nodel[i][j].Ay;
vxp=(vxn+vxs)/2;
node[i][j].vel [0]l=vxp;
node[i][j].v=sqrt (vyp*vyp+vxp*vxp) ;
j=M+1;
node[i][j].v=2*mitjana_harm(node[i][j].tau,node[i][j-1].tau,node[i][j].Ay/2,node
— [i1[j-1].Ay/2)*(node[il[j].phi-nodel[i]l[j-1].phi)/node[i][j-1].Ay;
}
}
double calcul_cp_barra(double T2, double T1)
{
double AT, T_inicial,T_final;
if (T2==T1)
{
T2=T1+0.00000001;
}
AT=(T2-T1)/Nd;
double T_mitjana;
T_inicial=T1;
double cp_barr=0,cp;
for (int i=0;i<Nd-1;i++)
{
T_final=T_inicial+AT;
T_mitjana=(T_final+T_inicial)/2;
cp=calcul_cp(T_mitjana);
cp_barr=cp_barr+cp*AT;
T_inicial=T_£final;

}
return cp_barr/(T2-T1);
}
double calcul_cp(double T)
{
return aO+al*T+a2*pow(T,2)+a3*pow(T,3)+ad*pow(T,4);
}
double calcul_gamma (double cp)
{
return cp/(cp-Rg);
}
void calcul_prop_term(vector< vector<info_node> >& node)
{

double gamma_barret;

for (int i=1;i<N+2;i++)
{

for (int j=1;j<M+1;j++)
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{
if (nodel[il[j].mat==1)
{
node[i] [j].cp_barra=calcul_cp_barra(nodel[i][j].T,T_in);
node[i][j].T=T_in+(v_in*v_in-node[i][j].v*node[il[j].v)/2/node[il[j].cp_barra;
if (node[i]1[j].T<0)
{
node [i][j].T=1;
}
node[i][j].P=P_in+0.56*rho_in*(v_in*v_in-node[i][j].v*node[i]l[j]l.v);

}

}
}
int j=0;
for (int i=1;i<N+2;i++)
{

if (node[i][j].mat==1)
{

j=0;

node[i][j].cp_barra=calcul_cp_barra(node[i]l[j].T,T_in);
node[i][j].T=T_in+(v_in*v_in-node[i][j].v*node[i]l[j].v)/2/nodel[i]l[j].cp_barra;
node[i][j].P=P_in+0.5*%rho_in*(v_in*v_in-node[i][j].v*node[i]l[j]l.v);
j=M+1;
node[i][j].cp_barra=calcul_cp_barra(node[i][j].T,T_in);
node[i][j].T=T_in+(v_in*v_in-node[il[j].v*node[i]l[j]l.v)/2/node[i]l[j].cp_barra;
node[i][j].P=P_in+0.5*%rho_in*(v_in*v_in-node[i][j].v*nodel[i][j]l.v);
}
}
}
double calcul_error_max(vector< vector<info_node> >& node)
{
double error=0;
double error_phi;
for (int i=1;i<N+2;i++)
{
for (int j=0;j<M+2;j++)
{
error_phi=v_abs(node[i][j].phi-node[i][j].phi_ant);
if (error_phi>error )
{
error=error_phi;
}
}
}
cout<<delta/error*100<<"J"<<endl;
return error;

}
double v_abs(double a)
{
if (a>0)
{
return a;
}
else
{
return -a;
}
}
void iteracio (vector< vector<info_node> >& node)
{
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for (int i=1;i<N+2;i++)

{
for (int j=0;j<M+2;j++)
{
if (node[i]l[j].mat==1)
{
node[i][j].phi_ant=node[i][j].phi;
}
}
}
}
void save_phi (vector< vector<info_node> >& node)
{

ofstream file;
file.open("Phi");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].phi<<"\t";
}
file<<endl;
}
file.close () ;
}
void save_rho (vector< vector<info_node> >& node)
{

ofstream file;
file.open("Rho");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].rho<<"\t";
}
file<<endl;
}
file.close();
}
void save_T (vector< vector<info_node> >& node)
{

ofstream file;
file.open("Temp");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].T<<"\t";
}
file<<endl;
}

file<<N+2<<endl;

file<<M+2<<endl;

file.close();
}
void save_P (vector< vector<info_node> >& node)
{

ofstream file;

file.open("Pres");

for (int j=0;j<M+2;j++)

{

for (int i=0;i<N+2;i++)
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{
file<<node[i][j].P<<"\t";
}
file<<endl;
}
file.close();
}
void save_v (vector< vector<info_node> >& node)
{

ofstream file;
file.open("vel");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][jl.v<<"\t";
}
file<<endl;
}
file.close();
}
void save_tau (vector< vector<info_node> >& node)
{

ofstream file;
file.open("tau");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].tau<<"\t";
}
file<<endl;
}
file.close();
}
void postprocess(vector< vector<info_node> >& node)
{

double circulacio;
save_phi (node) ;
save_rho (node) ;
save_T (node) ;
save_P (node) ;
save_v (node) ;
save_posicio_mat (node) ;
calcul _error (node) ;
calcul_circulacio(node,circulacio);
calcul _forces(node,circulacio);
cout<<"v="<<node[i_conv] [j_conv].v<<endl;
}
void save_posicio_mat(vector< vector<info_node> >& node)
{
ofstream file;
file.open("Posicio");
for (int j=0;j<M+2;j++)
{
file<<node[1][j]l.r[1]<<endl;
}
for (int i=0;i<N+2;i++)
{
file<<node[i] [1].r [0]<<endl;
}

file.close();
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file.open("Material");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].mat<<"\t";
}
file<<endl;
}
file.close();
}
void calcul_error(vector< vector<info_node> >& node)
{

double error=0,error2;
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{
if (node[i][j].mat==1)
{
error2=node[i][j].phi*node[i][j].ap-(node[i]J[j].ae*node[i+1][j].phi+node[i][]
< 1.aw*node[i-1]1[j].phi+node[il[j]l.as*node[i]l[j-1].phi+node[i]l[j].an*node
— [i1[j+1].phi);
if (v_abs(error2)>error)
{
error=v_abs (error2);
}
}
}
}
cout<<"Error comes: "<<error<<endl;
}
void det_frontera(vector< vector<info_node> >& node)
{
double nx,ny;
int punts_front=0;

for (int i=1;i<N+1;i++)

{
for (int j=1;j<M+1;j++)
{
if (node[i][j].mat==1)
{
if (node[i][j-1] .mat==0 || node[i]l[j+1].mat==0|| node[i+1][j].mat==0 || nodel[i
— -11[j].mat==0)
{
node[i][j].frontera=true;
nx=(node[i]1[j].r[0]-cx);
ny=(node[i][jl.r[1]-cy);
node[i][j]l.n[0]=(nx)/sqrt (nx*nx+ny*ny) ;
node[i][j]l.n[1]=(ny)/sqrt (nx*nx+ny*ny) ;
node[1][j].t[0]l=-node[i][j].n[1];
node[i][jl.t[1]=node[i][j].n[0];
punts_front++;
¥
else
{
node[i][j].frontera=false;
}
}
}
}

32




UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH

Escola Superior d’Enginyeries Industrial,
Aeroespacial i Audiovisual de Terrassa

Appendix B

double dS=2*pix*R/punts_front;
for (int i=1;i<N+1;i++)

{
for (int j=1;j<M+1;j++)
{

if (node[i][j].frontera==true)

{
node[i][j].n[0l=node[il[j].n[0]*dS;
node[i][j]l.n[1]l=node[i][j]l.n[1]1*dS;
node[i][j].t[0l=node[il[j].t[0]*dsS;
node[i][j].t[1]=node[i][j].t[1]1*dS;

}

}
}
}

void calcul_circulacio(vector< vector<info_node> >& node,double &circulacio)
{

circulacio=0;

for (int i=1;i<N+1;i++)

{
for (int j=1;j<M+1;j++)
{
if (node[i][j].frontera==1)
{
circulacio=circulacio+node[i][j].vel [0]l*node[i][j].t[0]+node[i][j].vel[1]l*node
— [i1[031.t[1];
}
}
}
cout<<"Circulaciogal,voltant del jcos: "<<circulacio<<endl;
}

void calcul_forces(vector< vector<info_node> >& node,double circulacio)
{
long double Lift=0,D=0;
double CL,CD;
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{
if (node[i][j].frontera==true)
{
Lift=Lift-node[i][j].P*node[i][j].n[1];
D=D-node[i][j].P*node[il[j].n[0];
}
}
}
CL=Lift/(0.5*rho_in*v_in*v_in*D_main); // adimensionalization
CD=D/(0.5*rho_in*v_in*v_in*D_main) ;
cout<<"Lift=_"<<Lift<<endl;
cout<<"Drag ="<<D<<endl;
cout <<"CL=_,"<<CL<<endl;
cout<<"CD=_,"<<CD<<endl;
guardar_dades (Lift ,CL,D,CD,circulacio);
}
void guardar_dades (double Lift,double CL, double D, double CD,double circulacio)
{
ofstream file;
file.open("Dades_Resultats");
file<<"DADES_DEL_ PROBLEMA"<<endl;
file<<"Altura: "<<H<<" m"<<endl;
file<<"Longitud: "<<L<<" m"<<endl;
file<<"Radi cilindre:_ "<<D_main<<" m"<<endl;
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file<<"Posicio_del centregdelcilindre:("<<cx<<" ,"<<cy<<") m"<<endl;
file<<"Velocitat_agl’entrada: "<<v_in<<" m/s"<<endl;
file<<"Temperaturaga;l’entrada: "<<T_in-273.15<<", C "<<endl;
file<<"Pressiopagl’entrada: "<<P_in<<"_ Pa"<<endl;
file<<"Densitat a,l’entrada:"<<rho_in<<" kg/m~3"<<endl;
file<<"Liniagde corrent de l’objecte: ,"<<phi_c<<endl;
file<<"Densitat deymalla:  "<<N<<"x"<<M<<endl;
file<<"RESULTATS_ DEL_ PROBLEMA"<<endl;
file<<"Lift: "<<Lift<<"_ N/m"<<endl;
file<<"C_L:_ "<<CL<<endl;
file<<"Drag:"<<D<<"_ N/m"<<endl;
file<<"CD: ,"<<CD<<endl;
file<<"Circulaciojal voltant del jcos: "<<circulacio<<endl;
time (&final) ;
file<<"Temps dey c lcul :,"<<difftime (final,inici)<<" s"<<endl;
}
void Newton_Raphson(vector< vector<info_node> >& node, bool &fi,double &phi_prev,
< double &circulacio_prev)
{
double circulacio;
calcul_circulacio(node,circulacio);
if (v_abs(circulacio-circulacio_final)<error_circ)
{
fi=true;
}
else
{
if (phi_prev==-1) // first iteration only
{
phi_prev=phi_c;
circulacio_prev=circulacio;
if (circulacio<circulacio_final) // the streamline has a lower value that the
< one it should have
{
phi_c=v_in*H*3/4;
}
else
{
phi_c=v_in*H*1/4;
}
}
else
{
double pendent=(circulacio-circulacio_prev)/(phi_c-phi_prev);
phi_prev=phi_c;
phi_c=phi_c-(circulacio-circulacio_final)/pendent;
circulacio_prev=circulacio;
}
}
}
void canvi_phi_mat(vector< vector<info_node> >& node)
{
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{
if (nodel[il[j].mat==0)
{
node[i] [j].phi=phi_c;
node[i][j].phi_ant=phi_c;
}
}
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}

}

void declaracio_inicial ()
{

D_main=R;
circulacio_final=-w*xR*2*pi*R;

}

void P_Q_calcul(int row, vector< vector<info_node> >& node,double P[N+2],double Q[
— N+21)

{

P[N+1]l=node[N+1] [row].aw/node [N+1][row].ap;

Q[N+1]=(node[N+1] [row].an*node [N+1] [row+1].phi+node [N+1] [row].as*node [N+1] [row
<> -1] .phi+node[N+1] [row].bp)/node [N+1] [row].ap;

double bp_ast;

for (int i=N;i>0;i--)

{

P[il=node[i][row].aw/(node[i] [row].ap-node[i] [row].ae*P[i+1]);

bp_ast=node[i]l [row].an*node[i] [row+1].phi+node[i][row].as*node[il[row-1].phi+
<~ node[i] [row].bp;

Qlil=(bp_ast+node[i]l [row].aexQ[i+1])/(nodel[il[row].ap-node[i]l[row].ae*P[i+1]);

}

}
void find_position(vector< vector<info_node> >& node)
{
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{
if (node[i]l[j].r[0]-nodel[il[j].Ax/2 < x_conv && node[i][j].r[0l+node[i]l[j].Ax/2
— >= x_conv && node[i][j].r[1]-nodel[i][j]l.Ay/2 < y_conv && nodel[il[j].r
— [1]+node[il[jl.Ay/2 >= y_conv)
{
i_conv=i;
j_conv=j;
break;
}
}
}
}
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Developed code for Potential Flow
(streamline method) imposing the
velocity

SN

#include <iostream>
#include <fstream>
#include <stdlib.h>
#include <stdio.h>
#include <math.h>
#include <vector>
#include <time.h>

using namespace std;
const double pi=3.141592;

const double H=5, L=10;

const double Rg=287;

const double v_in=10, P_in=1.013e5, T_in=288, rho_in=P_in/Rg/T_in;
oy

const int N=500, M=N;

const double fr=1.8,delta=1e-6,fr_rho=1;
t%

const double Nd=5;

double phi_c=v_in*H/2;

const double R=0.3, cx=L/2, cy=H/2;

double D_main;

const double a0=1034.09, al=-2.849e-1, a2=7.817e-4, a3=-4.971e-7, a4=1.077e-10;
bool line_by_line=false;

const double velocitat_final=3.9248;
const double error_velocitat=1le-2;
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const double theta=pi/180%(15); // O is the furthest point respect ot the
— flow, and theta is measured counterclock wise

int i_cond=27,j_cond=26; // boundary contidion variables
/ /% % 3k sk %k sk sk %k ok sk ok ok sk %k ok sk %k ok sk %k ok sk %k ok ok %k ok sk sk %k sk %k %k 5k %k %k 5k 3k %k ok 3k %k 5k 3k %k 5k 3k % 5k >k % >k > % % > % % > % *k %
// Variables declaration
time_t inici,final;

struct info_node{

double r[2];

double phi;

double phi_ant;

double rho;

double rho_ant;

double tau;

double T;

double P;

double Ax;

double Ay;

double cp_barra;

double cp_barret;

double gamma_barret;

double vel[2]; // x and y velocity components

double v; // velocity modulus

int mat; // 0 solid, 1 fluid

double ap;

double as;

double an;

double aw;

double ae;

double bp;

bool frontera; // determines if the node is close to the object
double t[2]; // vtangential vector

double n[2]; // normal vector

double circ; //control volume circulation
};
// Functions
void preprocess(vector< vector<info_node> >& mnode);
void geometria(vector< vector<info_node> >& node);
int num_material (double x, double y);
void condicions_inlet (vector< vector<info_node> >& node);
void condicions_contorn(vector< vector<info_node> >& node);
void mapa_inicial(vector< vector<info_node> >& node);
void calcul_coefs(vector< vector<info_node> >& node);
double mitjana_harm(double taul, double tau2,double dl, double d2);
void solver(vector< vector<info_node> >& node);
void solver_phi(vector< vector<info_node> >& mnode);
void calcul_vel (vector< vector<info_node> >& node);
double calcul_cp_barra(double T2, double T1);
double calcul_cp(double T);
double calcul_gamma(double cp);
double calcul_cp_barret (double TO, double T);
void calcul_prop_term(vector< vector<info_node> >& node);
double calcul_error_max(vector< vector<info_node> >& node);
double v_abs (double a);
void iteracio (vector< vector<info_node> >& node);
void save_phi (vector< vector<info_node> >& node);
void save_rho (vector< vector<info_node> >& node);
void save_T (vector< vector<info_node> >& node);
void save_P (vector< vector<info_node> >& node);
void save_v (vector< vector<info_node> >& node);
void save_tau (vector< vector<info_node> >& node);
void postprocess(vector< vector<info_node> >& node);
void save_posicio_mat(vector< vector<info_node> >& node);
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void calcul_error(vector< vector<info_node> >& node);

void det_frontera(vector< vector<info_node> >& node);

void calcul_velocitat(vector< vector<info_node> >& node,double &velocitat);

void calcul_forces(vector< vector<info_node> >& node);

void guardar_dades(double L,double CL, double D, double CD);

void Newton_Raphson(vector< vector<info_node> >& node, bool &fi,double &phi_prev,
— double &velocitat_prev);

void canvi_phi_mat(vector< vector<info_node> >& node);

void declaracio_inicial();

void P_Q_calcul (int row, vector< vector<info_node> >& node,double P[N+2],double Q[
— N+21);

void punt_control (vector< vector<info_node> >& node);

bool condicio_pertinenca (double x,double Ax,double y,double Ay,double x_cond,
— double y_cond);

int main ()
{
time (&inici);
declaracio_inicial();
cout<<"Inici"<<endl;
vector< vector<info_node> > node(N+2, vector<info_node>(M+2));
bool fi=false;
double phi_prev=-1;
double velocitat_prev;
preprocess (node) ;
cout<<"Preprocess"<<endl;
mapa_inicial (node);
cout <<"Mapa; inicial"<<endl;
det_frontera(node);
cout<<"Frontera'"<<endl;
calcul_coefs (node);
cout<<"Coefs"<<endl;
while (fi==false)
{
cout<<"Liniagdeycorrent delsolid:"<<phi_c<<endl;
solver (node) ;
cout<<"Solver"<<endl;
Newton_Raphson(node,fi,phi_prev,velocitat_prev);

COUL KK m e o m e e o - "<<endl;
if (fi==false)
{
canvi_phi_mat (node) ;
}
}

postprocess (node) ;

void preprocess(vector< vector<info_node> >& node)
{

geometria(node) ;

condicions_inlet (node);

condicions_contorn (node);
}
void geometria(vector< vector<info_node> >& node)
{

int material;

double Ax=L/N, Ay=H/M;

for (int i=1;i<N+2;i++)

{
for (int j=1;j<M+1;j++)
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{

if (i==1 || i==N+1)

{
node[i][j].r[0]1=Ax/2;

}

else

{
node[i][j]l.r[0]l=node[i-1][j].r [0]+Ax;
}

if (j==1)

{
node[i][j].r[1]1=Ay/2;

}

else

{
node[i][j].r[1]=node[i]J[j-1].r[1]+Ay;
}

node[i][j].Ax=Ax;

node[i][j].Ay=Ay;

material=num_material (node[i][j].r[0],node[il[j]l.r[1]1);
node[i][j].mat=material;

for (int j=1;j<M+1;j++)
{
node [0]1[j].r[0]1=0;
node [0][j].r[1]l=node[1]1[j]l.r[1];
node [0] [j].Ax=0;
node [0][j].mat=1;
node [N+1][j]l.r [0]=L;
node [N+1][j]l.r[1]l=node[N][j]l.r[1];
node [N+1]1[j].Ax=0;
node [N+1][j].mat=1;
}

for (int i=1;i<N+1;i++)

{

node[i] [0].r[0]=node[i][2].r[0];
node [i][0].r[1]1=0;

node [i][0].Ay=0;
node[i] [0] .mat=1;

node [i] [M+1].r[0]=node [i][M].r [0];
node[i] [M+1].r[1]=H;

node [i] [M+1] .mat=1;

node [i] [M+1].Ay=0;

}

node [0] [0].r[0]=0;
node [0] [0].r[1]=0;
node [0] [0] . mat=1;

node [0] [M+1].xr [0]=0;
node [0] [M+1].r[1]=H;
node [0] [M+1] . mat=1;
node [N+1][0].r [0]=L;
node [N+1] [0].r [1]=0;
node [N+1] [0] .mat=1;
node [N+1] [M+1] .r [0]=L;
node [N+1] [M+1].r[1]=H;
node [N+1] [M+1] .mat=1;
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}
int num_material (double x, double y)
{
if (sqrt((x-cx)*(x-cx)+(y-cy)*(y-cy))<=R)
{
return 0;
}
else
{

return 1;

}
}

void condicions_inlet(vector< vector<info_node> >& node)
{
node [0] [0] . phi=0;
node [0] [0].phi_ant=0;
node [0] [0] .T=T_in;
node [0] [0] .P=P_in;
node [0] [0] .v=v_in;
node [0] [0] . rho=rho_in;
node [0] [0].rho_ant=rho_in;
node [0] [0] . tau=1;
for (int j=1;j<M+2;j++)
{
node [0] [j].phi=node [0][j-1].phi+v_in*(node[0][j].r[1]-node[0]J[j-1].r[1]);
node [0][j].phi_ant=node[0][j-1].phi+v_in*(node[0][j].r[1]-node[0][j-1]1.xr[1]);
node [0][j].T=T_in;
node [0]1[j].P=P_in;
node [0] [j].v=v_in;
node [0] [j].rho=rho_in;
node [0][j].rho_ant=rho_in;
node [0]1[j].tau=1;
}
}
void condicions_contorn(vector< vector<info_node> >& node)
(%
{
for (int i=0;i<N+2;i++)
{
for (int j=0;j<M+2;j++)
{
if (nodel[il[j].mat==0)
{
node[i] [j].phi=phi_c;
node[i][j].phi_ant=phi_c;
node[i][j].tau=1e30;
}
else if (j==0 || j==M+1)
{
node[i][j].phi=node [0][j].phi;
node[i][j].phi_ant=node [0] [j].phi_ant;
}
}
}

}
void mapa_inicial(vector< vector<info_node> >& node)
{
for (int i=1;i<N+2;i++)
{
for (int j=0;j<M+2; j++)

40




Appendix C

UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH

Escola Superior d’Enginyeries Industrial,
Aeroespacial i Audiovisual de Terrassa

{
if (nodel[il[j].mat==1)
{
node[i][j].rho_ant=rho_in;
node[i][j].rho=rho_in;
node[i][j].phi=node [0]1[j].phi;
node[i][j].phi_ant=node [0][j].phi;
node[i][j].tau=1;
node[i][j].T=T_in;
}
}
}
}
void calcul_coefs(vector< vector<info_node> >& node)
{
double dpe,dpw, dps, dpn;

for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{

if (nodel[il[j].mat==1)

{
dpe=node[i][j].Ax/2+node[i+1][j].Ax/2;
dpw=node[i][j].Ax/2+node[i-1]1[j].Ax/2;
dpn=node[i][j].Ay/2+node[i][j+1].Ay/2;
dps=node[i][j].Ay/2+node[il[j-1].Ay/2;

node[i][j].ae=mitjana_harm(node[i][j].tau,node[i+1][j].tau,node[i][j].Ax/2,

< nodel[i+1][j]l.Ax/2)*node[i]l[j].Ay/dpe;

node[i][j].aw=mitjana_harm(node[i][j].tau,node[i-1]J[j].tau,node[i][j].Ax/2,

< nodel[i-1][j]l.Ax/2)*node[i][j].Ay/dpw;

node[i][j]l.as=mitjana_harm(node[i]l[j].tau,node[i][j-

— nodel[i-1][j].Ay/2)*node[i][j].Ax/dps;

1].tau,node[i][j].Ay/2,

node[i][j].an=mitjana_harm(node[il[j].tau,node[i]l[j+1].tau,node[i]1[j].Ay/2,

— node[i+1][j].Ay/2)*node[i][j].Ax/dpn;

node[i][j].ap=node[i]l[j].ae+node[i]l[j].aw+node[il[j].as+node[il[j].an;

node[i][j].bp=0;

}

else

{
node[i][j].ae=0;
node[i][j].aw=0;
node[i][j].as=0;
node[i][j].an=0;
node[i][j].ap=1;
node[i][j].bp=phi_c;

}

}
}

for (int j=1;j<M+1;j++)
{
node [N+1][j].aw=1;
node [N+1]1[j].an=0;
node [N+1]1[j].as=0;
node [N+1]1[j].ae=0;
node [N+1][j].ap=1;
node [N+1][j].bp=0;

}

}

double mitjana_harm(double taul, double tau2,double di,

{
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return (d1+d2)/(d1/taul+d2/tau2);
}
void solver(vector< vector<info_node> >& node)
{
bool trobat=false;
while (trobat==false)
{
calcul_coefs(node);
solver_phi (node);
calcul_vel(node);
calcul_prop_term(node);
if (calcul_error_max (node)<delta)

{
trobat=true;
}
else
{
iteracio(node) ;
}
}
}
void solver_phi(vector< vector<info_node> >& node)
{
if (line_by_line==false)
{
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{
if (nodel[i][j].mat==1)
{
node[i][j].phi=(node[i][j].ae*node[i+1][j].phi+node[i][j].aw*node[i-1][j].phi
— +node[i][j].as*node[i][j-1].phi+node[i][j].an*node[i][j+1].phi)/nodel[i
= 1[j].ap;
node[i][j].phi=node[i][j].phi_ant+fr*x(node[i][j].phi-nodel[i][j].phi_ant);
}
}
}
for (int j=1;j<M+1;j++)
{
if (node[N+1][j].mat==1)
{
node [N+1] [j].phi=(node[N+1][j].aw*node[N][j].phi+node[N+1][j].as*node[N+1][j
< -1] .phi+node[N+1][j].an*node [N+1][j+1].phi)/node[N+1]1[j].ap;
node [N+1]1[j].phi=node [N+1]1[j].phi_ant+fr*(node[N+1][j].phi-node[N+11[j].
<> phi_ant);
}
}
}
else
{

double P[N+2],Q[N+2];
for (int j=1;j<M+1;j++)
{
P_Q_calcul (j,node,P,Q);
for (int i=1;i<N+2;i++)
{
node[i] [j].phi=P[il*node[i-1]1[j].phi+Q[il;
}
}

for (int i=1;i<N+2;i++)
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{
for (int j=1;j<M+1;j++)
{
if (nodel[il[j].mat==1)
{
node[i][j].phi=node[i]l[j].phi_ant+fr*x(node[i]l[j].phi-node[i]l[j].phi_ant);
}
}
}
}
}
void calcul_vel(vector< vector<info_node> >& node)
{

double vye, vyw, vxn, VXS, Vyp, VXp;
for (int i=1;i<N+2;i++)
{
for (int j=1;j<M+1;j++)
{
if (i<N+1)
{
vye=mitjana_harm(node[i][j].tau,node[i+1][j].tau,node[i][j].Ax/2,node[i+1]1[j].
— Ax/2)*(node[i+1]1[j].phi-node[i][j].phi)/node[i][j].Ax;
vyw=mitjana_harm(node[i][j].tau,node[i-1][j].tau,node[i][j].Ax/2,node[i-11[j].
— Ax/2)*(node[i][j].phi-node[i-1][j].phi)/node[i][j].Ax;
vyp=(vye+vyw)/2;
node[i][j]l.vel[1]=vyp;
}
else
{
vyp=0;
}

vxn=mitjana_harm(node[i][j].tau,node[i][j+1].tau,node[i]J[j]l.Ay/2,node[i][j+1].
~ Ay/2)*(node[il[j+1].phi-node[i][j].phi)/node[i][j].Ay;
vxs=mitjana_harm(node[i]l[j].tau,node[i][j-1].tau,node[i][j].Ay/2,node[il[j-1].
< Ay/2)*(node[il[j].phi-node[il[j-1].phi)/node[i]l[j].Ay;
vxp=(vxn+vxs)/2;
node[i]1[j].vel [0l=vxp;
node[i][j].v=sqrt (vyp*vyp+vxp*vxp) ;
if (nodel[il[j].mat==0)
{
node[i][j].circ=vye*node[i][j].Ay+vxs*node[i][j].Ax-vyw*node[i][j].Ay-vxn*node
— [i1[j1.Ax;
if (isnan(node[i]l[j].circ))
{
cout <<vye<<'"  "<<yyw<<"["<<yvxs<<"["<<vxn<<endl;
cout <<i<<" "<<j<<endl;
}
}
}
}

int j;

for (int i=1;i<N+2;i++)

{

j=0;

node[i][j].v=2*mitjana_harm(node[i]l[j].tau,node[il[j+1].tau,nodel[il[j].Ay/2,node
— [1][j+1]1.Ay/2)*(node[i][j+1].phi-node[i][j].phi)/node[i][j+1].Ay;

j=1;
if (i<N+1)
{
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vye=mitjana_harm(node[i][j].tau,node[i+1][j].tau,node[i]J[j].Ax/2,node[i+1][j].
~ Ax/2)*(node[i+1]1[j].phi-node[i][j].phi)/node[i][j].Ax;

vyw=mitjana_harm(node[i][j].tau,node[i-1][j].tau,node[i]J[j].Ax/2,node[i-1][j].
<> Ax/2)*(node[il[j].phi-nodel[i-11[j].phi)/node[i][j].Ax;

vyp=(vye+vyw) /2;

node[i][j]l.vel[1]l=vyp;

}

else

{

vyp=0;

Appendix C

vxn=mitjana_harm(node[i][j].tau,node[i]l[j+1].tau,node[i]l[j]l.Ay/2,node[i][j+1].Ay
— /2)*(node[i][j+1].phi-node[i][j].phi)/node[i][j].Ay;
vxs=2*mitjana_harm(node[i][j].tau,node[i][j-1].tau,node[i][j].Ay/2,node[i][j-1].
< Ay/2)*(node[i]l[j].phi-node[il[j-1].phi)/nodel[i][j].Ay;
vxp=(vxn+vxs) /2;
node[i][j].vel [0]=vxp;
node[i][j].v=sqrt (vyp*vyp+vxp*vxp) ;
j=M;
if (i<N+1)
{
vye=mitjana_harm(node[i][j].tau,node[i+1][j].tau,node[i][j].Ax/2,node[i+1]1[j].
— Ax/2)*(node[i+1]1[j].phi-node[i][j].phi)/node[i][j]. Ax;
vyw=mitjana_harm(node[i][j].tau,nodel[i-1]1[j].tau,nodel[i][j].Ax/2,node[i-1]1[j].
— Ax/2)*(node[i][j].phi-nodel[i-1][j].phi)/node[i][j].Ax;
vyp=(vye+vyw) /2;
node[i][j]l.vel[1]=vyp;
}
else
{
vyp=0;
}
vxn=2*mitjana_harm(node[il[j].tau,node[i]l[j+1].tau,node[i]1[j].Ay/2,node[i][j+1].
— Ay/2)*(node[i][j+1] .phi-node[i][j].phi)/node[i][j].Ay;
vxs=mitjana_harm(node[i][j].tau,node[il[j-1].tau,node[i]l[j]l.Ay/2,nodel[i]l[j-1]1.Ay
— /2)*(node[i][j].phi-node[i][j-1].phi)/node[i][j].Ay;
vxp=(vxn+vxs) /2;
node[i][j].vel [0]=vxp;
node [i][j].v=sqrt (vyp*vyp+vxp*vxp) ;
j=M+1;
node[i][j].v=2*mitjana_harm(node[i][j].tau,node[i][j-1].tau,node[i]J[j].Ay/2,node
— [i1[j-1].Ay/2)*(node[il[j].phi-node[il[j-1].phi)/nodel[i][j-1].Ay;
}
}
double calcul_cp_barra(double T2, double T1)
{
double AT, T_inicial,T_final;
if (T2==T1)
{
T2=T1+0.00000001;
}
AT=(T2-T1)/Nd;
double T_mitjana;
T_inicial=T1;
double cp_barr=0,cp;
for (int i=0;i<Nd-1;i++)
{
T_final=T_inicial+AT;
T_mitjana=(T_final+T_inicial)/2;
cp=calcul_cp(T_mitjana);
cp_barr=cp_barr+cp*AT;
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T_inicial=T_£final;

}

return cp_barr/(T2-T1);
}
double calcul_cp(double T)
{

return aO+al*T+a2*pow(T,2)+a3*pow(T,3)+ad*pow(T,4);
}
double calcul_gamma(double cp)
{

return cp/(cp-Rg);
}
double calcul_cp_barret (double TO, double T)
{

double AT, T_inicial ,T_final;

if (TO0==T)

{

TO=T+0.00000001;
}

AT=(TO-T)/Nd;
double T_mitjana;
T_inicial=T;
double cp_barr=0,cp;
for (int i=0;i<Nd-1;i++)
{
T_final=T_inicial+AT;
T_mitjana=(T_final+T_inicial)/2;
cp=calcul_cp(T_mitjana);
cp_barr=cp_barr+cp/T_mitjana*AT;
T_inicial=T_£final;

}

return cp_barr/(log(TO0/T));
}
void calcul_prop_term(vector< vector<info_node> >& node)
{

double gamma_barret;
for (int i=1;i<N+2;i++)

{
for (int j=1;j<M+1;j++)
{
if (nodel[il[j].mat==1)
{
node[i] [j].cp_barra=calcul_cp_barra(nodel[i][j].T,T_in);
node[i][j].T=T_in+(v_in*v_in-node[i][j].v*node[il[j].v)/2/node[i][j].cp_barra;
if (node[i]1[j].T<0)
{
node [i][j].T=1;
}
node[i][j].cp_barret=calcul_cp_barret(node[i][j].T,T_in);
gamma_barret=calcul_gamma(node[i][j].cp_barret);
node[i][j].P=P_in*pow(node[i][j].T/T_in, gamma_barret/(gamma_barret-1));
node[i][j].rho=node[i]l[j].P/Rg/nodel[il[j]1.T;
}
}
}
int j=0;
for (int i=1;i<N+2;i++)
{
if (node[il[j].mat==1)
{

45




UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH

Escola Superior d’Enginyeries Industrial,
Aeroespacial i Audiovisual de Terrassa

Appendix C

j=0;
node[i][j].cp_barra=calcul_cp_barra(node[i][j].T,T_in);
node[i][j].T=T_in+(v_in*v_in-node[i][j].v*node[i]l[j].v)/2/node[i][j].cp_barra;
node[i][j].cp_barret=calcul_cp_barret(node[i][j].T,T_in);
gamma_barret=calcul_gamma(node[i][j].cp_barret);
node[i][j].P=P_in*pow(node[i][j].T/T_in,gamma_barret/(gamma_barret-1));
node[i][j].rho=node[i][j].P/Rg/node[i]1[j].T;
j=M+1;
node[i][j].cp_barra=calcul_cp_barra(node[i][j].T,T_in);
node[i][j].T=T_in+(v_in*v_in-node[i][j].v*node[i][j].v)/2/node[i][j].cp_barra;
node[i][j].cp_barret=calcul_cp_barret(node[i][j].T,T_in);
gamma_barret=calcul_gamma(node[i][j].cp_barret);
node[i][j].P=P_in*pow(node[i][j].T/T_in,gamma_barret/(gamma_barret-1));
node[i]J[j].rho=node[i][j].P/Rg/node[i][j].T;
node[i][j].rho=node[i]l[j].rho_ant+fr_rho*(node[il[j]l.rho-nodel[il[j].rho_ant);
}

}

}

double calcul_error_max(vector< vector<info_node> >& node)

{

double error=0;

double error_phi,error_rho;

for (int i=1;i<N+2;i++)

{

for (int j=0;j<M+2;j++)

{
error_phi=v_abs(node[i]l[j].phi-node[il[j].phi_ant);
error_rho=v_abs(node[i][j].rho-node[i][j].rho_ant);
if (error_phi>error && error_phi>error_rho)

{
error=error_phi;
}
else if (error_rho>error && error_phi<error_rho)
{
error=error_rho;
}
}
}

cout<<delta/error*100<<"%"<<endl;
return error;

}
double v_abs(double a)
{
if (a>0)
{
return a;
}
else
{
return -a;
}
}
void iteracio (vector< vector<info_node> >& node)
{
for (int i=1;i<N+2;i++)
{
for (int j=0;j<M+2;j++)
{
if (nodel[il[j].mat==1)
{

node[i][j].phi_ant=node[i][j].phi;
node[i][j].rho_ant=node[i][j].rho;
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node[i][j].tau=rho_in/node[i][j].rho;
}
}
}
}
void save_phi (vector< vector<info_node> >& node)
{
ofstream file;
file.open("Phi");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].phi<<"\t";
}
file<<endl;
}
file.close();
}
void save_rho (vector< vector<info_node> >& node)
{

ofstream file;
file.open("Rho");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].rho<<"\t";
}
file<<endl;
}
file.close();
}
void save_T (vector< vector<info_node> >& node)
{

ofstream file;
file.open("Temp");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].T<<"\t";
}
file<<endl;
}

file<<N+2<<endl;

file<<M+2<<endl;

file.close();
}
void save_P (vector< vector<info_node> >& node)
{

ofstream file;

file.open("Pres");

for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].P<<"\t";
}
file<<endl;
}

file.close();
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}
void save_v (vector< vector<info_node> >& node)
{

ofstream file;

file.open("vel");

for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node [i][j].v<<"\t";
}
file<<endl;
}
file.close();
}
void save_tau (vector< vector<info_node> >& node)
{

ofstream file;
file.open("tau");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].tau<<"\t";
}
file<<endl;
}
file.close();
}
void postprocess(vector< vector<info_node> >& node)
{

double circulacio;

save_phi (node) ;

save_rho (node) ;

save_T (node) ;

save_P (node) ;

save_v (node) ;
save_posicio_mat (node) ;

calcul_error (node);

calcul_forces (node);
system("graficar_flux_potencial.m");
}
void save_posicio_mat(vector< vector<info_node> >& mnode)
{

ofstream file;

file.open("Posicio");

for (int j=0;j<M+2;j++)

{
file<<node[1]1[j].r[1]<<endl;

}

for (int i=0;i<N+2;i++)

{
file<<node[i] [1].r [0]<<endl;

}

file.close();
file.open("Material");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].mat<<"\t";
}
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file<<endl;

}

file.close();
}
void calcul_error(vector< vector<info_node> >& node)
{

double error=0,error2;
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{
if (node[i][j].mat==1)
{
error2=node[i][j].phi*node[i][j].ap-(node[i]J[j].ae*node[i+1][j].phi+node[i][]
< 1.aw*node[i-1]1[j].phi+node[il[j]l.as*node[i]l[j-1].phi+node[i]l[j].an*node
— [i1[j+1].phi);
if (v_abs(error2)>error)
{
error=v_abs (error2);
}
}
}
}
cout<<"Error comes: "<<error<<endl;
}
void det_frontera(vector< vector<info_node> >& node)
{
double nx,ny;
int punts_front=0;

for (int i=1;i<N+1;i++)

{
for (int j=1;j<M+1;j++)
{
if (node[i][j].mat==1)
{
if (node[i][j-1].mat==0 || node[i][j+1].mat==0|| node[i+1][j].mat==0 || nodel[i
— -11[j].mat==0)
{
node[i][j].frontera=true;
nx=(node[i][j].r[0]-cx);
ny=(node[i][jl.r[1]-cy);
node[i][j]1.n[0]=(nx)/sqrt (nx*nx+ny*ny) ;
node[i][j]l.n[1]=(ny)/sqrt (nx*nx+ny*ny) ;
node[1][j].t[0]l=-node[i][j].n[1];
node[i][jl.t[1]l=node[i][j].n[0];
punts_front++;
}
else
{
node[i][j].frontera=false;
}
}
}
}

double dS=2*pi*R/punts_front;
for (int i=1;i<N+1;i++)

{
for (int j=1;j<M+1;j++)
{
if (node[i]l[j].frontera==true)
{
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node[i][j].n[0]l=node[i][j].n[0]*dS;
node[i][j].n[1]l=node[i][j].n[1]1*dS;
node[i][j].t[0]l=node[i][j].t[0]*dS;
node[i][j].t[1]=node[i][j].t[1]1*dS;
}
}
}
}
void calcul_velocitat (vector< vector<info_node> >& node,double &velocitat)
{
velocitat=node[i_cond]l[j_cond]l.v;
cout<<"Velocitat eng el punt: "<<velocitat<<endl;
}
void calcul_forces(vector< vector<info_node> >& node)
{
double Lift=0,D=0;
double CL,CD;
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{
if (node[i][j].frontera==true && nodel[i]l[j].mat==1)
{
Lift=Lift-node[i][j].P*node[i][j].n[1];
D=D-node[i][j].P*node[il[j].n[0];
}
}
}
CL=Lift/(0.5*%rho_in*v_in*v_in*D_main); // adimensionalization
CD=D/(0.5*rho_in*v_in*v_in*D_main) ;
cout<<"Lift=_"<<Lift<<endl;
cout<<"Drag ="<<D<<endl;
cout <<"CL=_,"<<CL<<endl;
cout <<"CD=_,"<<CD<<endl;
guardar_dades (Lift ,CL,D,CD);
}
void guardar_dades (double Lift,double CL, double D, double CD)
{
ofstream file;
file.open("Dades_Resultats");
file<<"DADES DEL_ PROBLEMA"<<endl;
file<<"Altura: "<<H<<" m"<<endl;
file<<"Longitud: "<<L<<"_ m"<<endl;
file<<"Radi_cilindre: "<<D_main<<" m"<<endl;
file<<"Posicio del centredelcilindre: ("<<cx<<" , "<<cy<<") m"<<endl;
file<<"Velocitat_agl’entrada: "<<v_in<<" m/s"<<endl;
file<<"Temperaturaya l’entrada: "<<T_in-273.15<<" C "<<endl;
file<<"Pressiopal’entrada: "<<P_in<<" Pa"<<endl;
file<<"Densitatuau1’entrada:U"<<rho_in<<"ukg/m“3"<<end1;
file<<"Liniaydeycorrent deyl’objecte:"<<phi_c<<endl;
file<<"Densitat  degmalla: "<<N<<"x"<<M<<endl;
file<<"RESULTATS_ DEL_ ,PROBLEMA"<<endl;
file<<"Lift: "<<Lift<<" N/m"<<endl;
file<<"C_L:_"<<CL<<endl;
file<<"Drag: ,"<<D<<" N/m"<<endl;
file<<"CD: ,"<<CD<<endl;
time (&final);
file<<"Temps_de c lcul :,"<<difftime (final,inici)<<" s"<<endl;
}
void Newton_Raphson(vector< vector<info_node> >& node, bool &fi,double &phi_prev,
< double &velocitat_prev)

{
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double velocitat;
calcul_velocitat (node,velocitat);
if (v_abs(velocitat-velocitat_final)<error_velocitat)

{
fi=true;

}

else

{
if (phi_prev==-1)
{

phi_prev=phi_c;
velocitat_prev=velocitat;
if (theta<O0)
{
phi_c=v_in*H*3/4;
}
else
{
phi_c=v_in*H*1/4;
}
}
else
{
double pendent=(velocitat-velocitat_prev)/(phi_c-phi_prev);
phi_prev=phi_c;
phi_c=phi_c-(velocitat-velocitat_final)/pendent;
velocitat_prev=velocitat;
}
}
}
void canvi_phi_mat(vector< vector<info_node> >& node)
{

for (int i=1;i<N+1;i++)

{
for (int j=1;j<M+1;j++)

{
if (nodel[i][j].mat==0)
{
node[i][j].phi=phi_c;
node[i][j].phi_ant=phi_c;
}
}
}
}
void declaracio_inicial ()
{
D_main=R;
}
void P_Q_calcul(int row, vector< vector<info_node> >& node,double P[N+2],double Q[
— N+21)
{

P[N+1]l=node [N+1] [row].aw/node[N+1] [row].ap;

Q[N+1]=(node[N+1] [row].an*node [N+1] [row+1].phi+node [N+1] [row].as*node [N+1] [row

< -1] .phi+node[N+1] [row].bp)/node[N+1][row].ap;

double bp_ast;

for (int i=N;i>0;i--)

{
Plil=node[i][row].aw/(node[i] [row].ap-node[i] [row].aexP[i+1]);
bp_ast=node[i] [row].an*node[i] [row+1].phi+node[i] [row].as*node[i][row-1].phi+

— node[i] [row].bp;
Q[il=(bp_ast+node[i] [row].ae*Q[i+1])/(node[i] [row].ap-node[i] [row].ae*P[i+1]);

}
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}
void punt_control (vector< vector<info_node> >& node)
{
double x_cond, y_cond, AR=0;
bool finalitzat=false;
x_cond=cx+R*cos (theta) ;
y_cond=cy-R*sin(theta) ;
while (finalitzat==false)
{
for (int i=1;i<N+1;i++)
{
for (int j=1;j<N+1;j++)
{
if (condicio_pertinenca(node[i][j].r[0],node[i]J[j].Ax,node[i][j].r[1],node[i][
— jl.Ay,x_cond,y_cond)==true)
{
i_cond=i;
j_cond=j;
}
}
}
if (node[i_cond][j_cond].mat==1)
{
finalitzat=true;
}
else
{
AR=AR+node[i_cond] [j_cond].Ax*0.51;
x_cond=cx+(R+AR) *cos (theta);
y_cond=cy-(R+AR)*sin(theta);
}
}
}
bool condicio_pertinenca (double x,double Ax,double y,double Ay,double x_cond,
— double y_cond)
{
if (x+Ax/2>x_cond && x-Ax/2<=x_cond && y+Ay/2>y_cond && y-Ay/2<=y_cond)
{
return true;
}
else
{
return false;
}
}
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Developed code for Potential Flow
(velocity potential method)

(SN
#include <iostream>
#include <fstream>
#include <stdlib.h>
#include <stdio.h>
#include <math.h>
#include <vector>
#include <time.h>
using namespace std;

const double pi=3.141592;

const double H=5, L=10, W=1;

const double Rg=287;

const double v_in=10, P_in=1.013e5, T_in=288, rho_in=P_in/Rg/T_in;
(.

const int N=500, M=N;

const double fr=1,delta=1e-8,fr_rho=1;

const double Nd=5;

double phi_c=50;

const double R=0.3, cx=L/2, cy=H/2;
const double w=10;

double circulacio_final;
const double error_circ=1le-5;

double D_main;

const double a0=1034.09, al=-2.849e-1, a2=7.817e-4, a3=-4.971e-7, a4=1.077e-10;

bool line_by_line=false;

double x_conv=5, y_conv=2.9;
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int i_conv, j_conv;
/ /% % 5k %k %k 5k sk %k ok sk %k ok sk %k ok sk %k ok sk %k ok ok %k ok ok 3k ok sk sk %k 5k 3k % 5k 3k % 5k 3k % ok 3k % 5k 3k % 5k 3k % 5k >k % >k > % % >k % % >k % K *
// Variable declaration
time_t inici,final;
struct info_node{
double r[2];
double phi;
double phi_ant;
double phi_sup;
double rho;
double rho_ant;
double rho_sup;
double tau;
double T;
double T_ant;
double P;
double P_ant;
double Ax;
double Ay;
double cp_barra;
double cp_barret;
double gamma_barret;
double vel[2]; // x and y velocity components
double v; // velocity modulus
int mat; // 0 solid, 1 fluid
double ap;
double as;
double an;
double aw;
double ae;
double bp;
bool frontera; // determines if the node is close to the object
double t[2]; // vtangential vector
double n[2]; // normal vector
};
// Functions
void preprocess(vector< vector<info_node> >& node);
void geometria(vector< vector<info_node> >& node);
int num_material (double x, double y);
void condicions_inlet(vector< vector<info_node> >& node);
void condicions_contorn(vector< vector<info_node> >& node);
void mapa_inicial(vector< vector<info_node> >& node);
void calcul_coefs(vector< vector<info_node> >& node);
double mitjana_harm(double taul, double tau2,double dl, double d2);
void solver(vector< vector<info_node> >& node);
void solver_phi(vector< vector<info_node> >& node);
void calcul_vel(vector< vector<info_node> >& node);
double calcul_cp_barra(double T2, double T1);
double calcul_cp(double T);
double calcul_gamma (double cp);
double calcul_cp_barret (double TO, double T);
void calcul_prop_term(vector< vector<info_node> >& mnode);
double calcul_error_max(vector< vector<info_node> >& node);
double v_abs(double a);
void iteracio (vector< vector<info_node> >& node);
void save_phi (vector< vector<info_node> >& node);
void save_rho (vector< vector<info_node> >& node);
void save_T (vector< vector<info_node> >& node);
void save_P (vector< vector<info_node> >& node);
void save_v (vector< vector<info_node> >& node);
void save_tau (vector< vector<info_node> >& node);
void postprocess(vector< vector<info_node> >& node);
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void save_posicio_mat(vector< vector<info_node> >& node);

void calcul_error(vector< vector<info_node> >& node);

void det_frontera(vector< vector<info_node> >& node);

void calcul_forces(vector< vector<info_node> >& node);

void guardar_dades(double L,double CL, double D, double CD);

bool perfil_NACA(double x_global, double y_global);

void gir(double x_global,double y_global,double rotacio[2][2],double &x,double &y)
3

void canvi_temps (vector< vector<info_node> >& node);

void declaracio_inicial();

void P_Q_calcul (int row, vector< vector<info_node> >& node,double P[N+2],double Q[
— N+2]);

void flux_massic_cos(vector< vector<info_node> >& node);

int main ()
{
time (&inici);
declaracio_inicial ();
vector< vector<info_node> > node(N+2, vector<info_node>(M+2));
bool fi=false;
preprocess (node) ;
mapa_inicial (node) ;
det_frontera(node);
solver (node) ;
postprocess (node) ;

}
void preprocess(vector< vector<info_node> >& node)
{

geometria(node);

condicions_inlet (node);

condicions_contorn (node);
}
void geometria(vector< vector<info_node> >& node)
{

int material;

double Ax=L/N, Ay=H/M;

for (int i=1;i<N+2;i++)

{
for (int j=1;j<M+1;j++)
{
if (i== |l i==N+1)
{
node[i][j].r[0]=Ax/2;
}
else
{
node[i][j].r[0]l=node[i-1][j].r [0]+Ax;
}
if (j==1)
{
node[i][j].r[11=Ay/2;
}
else
{
node[i]J[j]l.r[1]l=node[i][j-11.r[1]1+Ay;
}

node[i][j].Ax=Ax;

node[i][j].Ay=Ay;

material=num_material (node[i][j].r[0],node[i]1[j].r[1]);
node[i][j].mat=material;
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for (int j=1;j<M+1;j++)

{

node [0][j].r[0]=0;

node [0][j].r[1]1=node[11[j]1.r[1];
node [0]1[j].Ax=0;

node [0] [j].mat=1;

node [N+1] [j1.r [0]=L;

node [N+1][j]l.r[1]=node[N][j].r[1];
node [N+1]1[j].Ax=0;

node [N+1] [j].mat=1;

}

for (int i=1;i<N+1;i++)

{

node [1] [0].r[0]=node[i][2].r[0];
node [i]1[0].r[1]1=0;

node [1] [0].Ay=0;

node [1] [0] . mat=1;

node [i] [M+1] .r [0]=node[i][M].r [0];
node [i] [M+1] .r[1]=H;

node [i] [M+1] .mat=1;

node [i] [M+1].Ay=0;

}

node [0][0].r[0]1=0;
node [0] [0].r[1]=0;
node [0] [0] . mat=1;

node [0] [M+1]
node [0] [M+1]
node [0] [M+1]
node [N+1] [0]
node [N+1] [0]
node [N+1] [0]

.r[0]=0;
.r[1]1=H;
.mat=1;
.r[0]=L;
.r[1]1=0;
.mat=1;

node [N+1] [M+1].r[0]=L;
node [N+1] [M+1] .r [1]=H;
node [N+1] [M+1] .mat=1;

}
int num_material (double x, double y)
{
if (sqrt((x-cx)*(x-cx)+(y-cy)*(y-cy))<=R)
{
return O;
}
else
{

return 1;

}

}

void condicions_inlet (vector< vector<info_node> >& node)

{
node [0] [0] .
node [0] [0] .
node [0] [0] .
node [0] [0] .
node [0] [0] .
node [0] [0] .

phi=0;
phi_sup=0;
T=T_in;
P=P_in;
v=v_in;
rho=rho_in;
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node [0] [0] . rho_sup=rho_in;
for (int j=1;j<M+2;j++)
{
node [0][j].phi=0;
node [0][j].phi_sup=0;
node [0]1[j].T=T_in;
node [0][j].P=P_in;
node [0] [j].v=v_in;
node [0][j].rho=rho_in;
node [0] [j].rho_sup=rho_in;
}
}
void condicions_contorn(vector< vector<info_node> >&
{
for (int i=0;i<N+2;i++)
{
for (int j=0;j<M+2;j++)
{
if (node[i][j].mat==0)
{
node[i][j].phi=phi_c;
node[i][j].phi_sup=phi_c;
node[i][j].rho=1e-30;
}
}
}

}
void mapa_inicial (vector< vector<info_node> >& node)
{
node [0] [0] . phi=0;
node [0] [0] . phi_sup=0;
node [0] [0] . rho=rho_in;
node [0] [0].rho_sup=rho_in;
node [0] [0] .T=T_in;
double Ax;
for (int i=1;i<N+2;i++)
{
Ax=node[i][0].r[0] -node[i-1][0].r[0];
node [i][0].phi=node[i-1]1[0].phi+v_in*Ax;
node [i] [0] . phi_sup=node[i-1][0].phi+v_in*Ax;
node[i] [0].rho=rho_in;
node[i] [0].rho_sup=rho_in;
node[i] [0].T=T_in;

}
for (int i=0;i<N+2;i++)
{
for (int j=1;j<M+2;j++)
{
if (nodel[il[j].mat==1)
{
node[i][j].rho_sup=rho_in;
node[i][j].rho=rho_in;
node[i][j].phi=node[i][j-1].phi;
node[i][j].phi_sup=node[i][j-1].phi_sup;
node[i][j].rho_ant=rho_in;
node[i][j].T=T_in;
}
}
}
}

void calcul_coefs(vector< vector<info_node> >& node)
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{

double dpe,dpw, dps, dpn, Se,Sw,Sn,Ss;

for (int i=1;i<N+1;i++)

{
for (int j=1;j<M+1;j++)
{

if (node[i][j].mat==1)

{
dpe=node[i][j].Ax/2+node[i+1][j].Ax/2;
dpw=node[i][j].Ax/2+node[i-1]1[j].Ax/2;
dpn=node[i][j].Ay/2+node[i]l[j+1].Ay/2;
dps=node[i][j].Ay/2+node[i][j-1].Ay/2;
Se=node[i][j].Ay*W;

Sw=node [i][j].Ay*W;

Sn=node[i][j].Ax*W;

Ss=node [i] [j].Ax*W;

node[i][j].ae=mitjana_harm(node[i][j].
— node[i+1][j].Ax/2)*Se/dpe;

node[i][j].aw=mitjana_harm(node[i][j].
— node[i-1][j].Ax/2)*Sw/dpw;

node[i][j].as=mitjana_harm(node[i]l[j].
— node[i-1][j].Ay/2)*Ss/dps;

node[i][j].an=mitjana_harm(node[i][j].
< nodel[i+1]1[j].Ay/2)*Sn/dpn;

node [i][j].

node[i][j].bp=0;

}

else

{
node[i][j].ae=0;
node[i][j].aw=0;
node[i][j].as=0;
node[i][j].an=0;
node[i][j].ap=1;
node[i][j].bp=phi_c;

}

}
}

for (int j=1;j<M+1;j++)
{

node [N+1]1[j].
node [N+1][j].
node [N+1][j].
node [N+1]1[j].
node [N+1]1[j].
node [N+1]1[j].bp=0;

node [0] [j].aw=0;

node [0]1[j].an=0;

node [0] [j].as=0;

node [0]1[j].ae=1;

node [0] [j].ap=1;

node [0]1[j].bp=-v_in*node[11[j].Ax/2;

}

for (int i=1;i<N+1;i++)
{

node[i] [0].ap=1;
node[i] [0].as=0;

node [i] [0] . aw=0;
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node [i] [0]
node [i] [0]
node [i] [0]

.an=1;
.as=0;
.bp=0;

node [i] [M+1]
node [i] [M+1]
node [i] [M+1]
node [i] [M+1]
node [i] [M+1]
node [i] [M+1]

.ap=1;
.as=1;
.aw=0;
.an=0;
.ae=0;
.bp=0;

}

node [0] [0]
node [0] [0]
node [0] [0]
node [0] [0]
node [0] [0]
node [0] [0]

.ap=1;
.as=0;
.an=1;
.ae=0;
.aw=0;
.bp=0;

node [N+1] [0]
node [N+1] [0]
node [N+1] [0]
node [N+1] [0]
node [N+1] [0]
node [N+1] [0]
node [0] [M+1]
node [0] [M+1]
node [0] [M+1]
node [0] [M+1]
node [0] [M+1]
node [0] [M+1]
node [N+1] [M+1]
node [N+1] [M+1]
node [N+1] [M+1]
node [N+1] [M+1]
node [N+1] [M+1]
node [N+1] [M+1]

.ap=1;
.as=0;
.an=0;
.ae=0;
.aw=0;
.bp=v_inx*L;
.ap=1;
.as=1;
.an=0;
.ae=0;
.aw=0;
.bp=0;

.ap=1;
.as=1;
.an=0;
.ae=0;
.aw=0;
.bp=0;

}
double mitjana_harm(double taul, double tau2,double di,
{

return (d1+d2)/(d1/taul+d2/tau2);
}
void solver(vector< vector<info_node> >& node)
{
bool trobat=false;
while (trobat==false)
{
calcul_coefs (node);
solver_phi (node);
calcul_vel (node);
calcul _prop_term(node) ;
if (calcul_error_max (node)<delta)
{
trobat=true;
}
else
{
iteracio(node);
}
}
}
void solver_phi(vector< vector<info_node> >& node)

{
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if (line_by_line==false)
{
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{
if (nodel[i][j].mat==1)
{
node[i][j].phi=(node[il[j].ae*node[i+1][j].phi+node[il[j].aw*node[i-1]1[j].phi
— +node[i][j].as*node[i][j-1].phi+node[i][j].an*node[i][j+1].phi+nodel[i
< 1[j1.bp)/nodel[il[j].ap;
node[i][j].phi=node[i][j].phi_sup+fr*(nodel[i][j].phi-nodel[i]l[j].phi_sup);
}
}
}
for (int j=1;j<M+1;j++)
{
node [0][j].phi=(node[0][j].ae*node[1][j].phi+node[0]J[j].as*node[0]1[j-1].phi+
— node[0][j].an*node[0]J[j+1].phi+node[0][j].bp)/node[0][j].ap;
node [0]1[j].phi=node [0][j].phi_sup+fr*(node[0][j].phi-node[0][j].phi_sup);
node [N+1][j].phi=(node[N+1][j].aw*node[N][j].phi+node[N+1]1[j].as*node[N+1][j
< -1].phi+node [N+1]1[j].an*node [N+1]1[j+1].phi+node[N+1]1[j]l.bp)/node[N+1]1[j
— J.ap;
node [N+1]1[j].phi=node [N+1][j].phi_sup+fr*(node[N+1][j].phi-node[N+1][j].phi_sup
= )3
}
for (int i=1;i<N+1;i++)
{
node [i]1[0].phi=(node[i]1[0].ae*node[i+1]1[0].phi+node[i]1[0].aw*node[i-1]1[0].phi+
— node[i] [0].an*node[i] [1].phi+node[i][0].bp)/node[i][0].ap;
node [1] [0] . phi=node [i] [0].phi_sup+fr*(node[i] [0].phi-node[i][0].phi_sup);
node [i] [M+1] .phi=(node[i] [M+1].aw*node [i-1] [M+1].phi+node[i] [M+1].ae*node[i+1][
< M+1] .phi+node[i] [M+1].as*node[i] [M].phi+node[i][M+1].bp)/node[i] [M+1].ap
=
node [i] [M+1].phi=node[i] [M+1].phi_sup+fr*(node[i] [M+1].phi-node[i] [M+1].phi_sup
= )3
}
int i,j;
i=0;
3=0;
node[i][j].phi=(node[i][j].ae*node[i+1][j].phi+node[i]l[j].an*node[i][j+1].phi+
< node[i][j].bp)/nodel[il[j]l.ap;
node[i][j].phi=node[i]l[j].phi_sup+fr*(node[i]l[j].phi-node[il[j].phi_sup);
i=0;
j=M+1;
node[i][j].phi=(node[i][j].ae*node[i+1][j].phi+node[i][j].as*node[i]l[j-1].phi+
< node[i][j].bp)/nodel[il[j]l.ap;
node[i][j].phi=node[i][j].phi_sup+fr*(nodel[i]l[j].phi-nodel[i]l[j].phi_sup);
i=N+1;
j=0;
node[i][j].phi=(node[i][j].aw*node[i-1][j].phi+node[i][j].an*node[i][j+1].phi+
< mnode[i][j].bp)/nodel[il[j].ap;
node[i]J[j].phi=node[i] [j].phi_sup+fr*(node[i]J[j].phi-node[i][j].phi_sup);
i=N+1;
j=M+1;
node[i][j].phi=(node[i][j].aw*node[i-1][j].phi+node[i][j].as*node[i][j-1].phi+
< node[i][j].bp)/nodel[il[j].ap;
node[i][j].phi=node[i][j].phi_sup+fr*(node[i][j].phi-node[i][j].phi_sup);
}
else
{
double P[N+2],Q[N+2];
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for (int j=0;j<M+2;j++)
{
P_Q_calcul(j,node,P,Q);
node [N+1]1[j].phi=Q[N+1];
for (int i=N;i>=0;i--)
{
node[i][j].phi=P[il*node[i+1]1[j].phi+Q[il;
}
}

for (int i=1;i<N+2;i++)
{
for (int j=1;j<M+1;j++)
{
if (nodel[il[j].mat==1)
{
node[i][j].phi=node[i][j].phi_sup+fr*x(node[i][j].phi-nodel[i][j].phi_sup);
}
}
}
}
}
void calcul_vel(vector< vector<info_node> >& node)
{
double vxe, vxw, vyn, vys, vyp, vxp, dpe, dpw, dpn, dps;
for (int i=1;i<N+2;i++)
{
for (int j=1;j<M+1;j++)
{
if (i<N+1)
{
dpe=node[i][j].Ax/2+node[i+1]1[j].Ax/2;
dpw=node [i][j].Ax/2+node[i-1][j].Ax/2;
dpn=node[i][j].Ay/2+node[i]l[j+1].Ay/2;
dps=node[i][j].Ay/2+node[i]l[j-1].Ay/2;
if (nodel[i+1]1[j].mat==0)
{
vxe=0;
}
else
{
vxe=(node[i+1] [j].phi-node[i][j].phi)/dpe;
}
if (nodel[i-1][j].mat==0)
{
vxw=0;
}
else
{
viw=(node[i] [j].phi-node[i-1][j].phi)/dpw;
}
if (nodel[il[j+1].mat==0)
{
vyn=0;
}
else
{
vyn=(node[i] [j+1] .phi-node[i][j].phi)/dpn;
}
if (node[i][j-1].mat==0)
{
vys=0;
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}
else
{
vys=(node[i] [j].phi-node[i][j-1].phi)/dps;
}

vxp=(vxe+vxw) /2;
node[i][j].vel [0]=vxp;
vyp=(vyn+vys) /2;
node[i][j]l.vel[1]l=vyp;
}
else

{

vxp=2*(node[i]1[j].phi-node[i-1]1[j].phi)/node[i-1]1[j].Ax;

node[i][j].vel [0]=vxp;

vyp=0;
node[i][j].vel[1]l=vyp;
}
node[i][j].v=sqrt (vyp*vyp+vxp*vxp) ;
}
}
for (int j=1;j<M+1;j++)
{
node [0] [j].v=v_in;
}
int j;
for (int i=1;i<N+2;i++)
{
if (i<N+1)
{
j=0;

dpe=node[i][j+1].Ax/2+node[i+1][j+1].Ax/2;
dpw=node [i][j+1].Ax/2+node[i-1]1[j+1].Ax/2;
vxe=(node[i+1] [j].phi-node[i][j].phi)/dpe;
viw=(node[i] [j].phi-node[i-1][j].phi)/dpw;
node[i][j].v=v_abs (vxe+vxw) /2;
j=M+1;
dpe=node[i][j-1].Ax/2+node[i+1][j-1].Ax/2;
dpw=node [i][j-1].Ax/2+node[i-1][j-1].Ax/2;
vxe=(node[i+1] [j].phi-node[i][j].phi)/dpe;
vxw=(node[i][j].phi-node[i-1][j].phi)/dpw;
node[i] [j].v=v_abs (vxe+vxw)/2;
}
else
{
j=0;
node[i][j].v=(node[i-1]1[j].v+node[i]l[j+1].v)/2;
j=M+1;
node[i][j]l.v=(node[i-11[j].v+node[il[j-1]1.v)/2;
}
}
}
double calcul_cp_barra(double T2, double T1)
{
double AT, T_inicial,T_final;
if (T2==T1)
{
T2=T1+0.00000001;
}
AT=(T2-T1)/Nd;
double T_mitjana;
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T_inicial=T1;
double cp_barr=0,cp;
for (int i=0;i<Nd-1;i++)
{

T_final=T_inicial+AT;
T_mitjana=(T_final+T_inicial)/2;
cp=calcul_cp(T_mitjana);
cp_barr=cp_barr+cp*AT;
T_inicial=T_£final;

}

return cp_barr/(T2-T1);
}
double calcul_cp(double T)
{

return aO+al*T+a2*pow(T,2)+a3*pow(T,3)+ad*pow(T,4);
}
double calcul_gamma (double cp)
{

return cp/(cp-Rg);
}
double calcul_cp_barret (double TO, double T)
{

double AT, T_inicial,T_final;

if (T0==T)

{

TO=T+0.00000001;
}

AT=(TO-T)/Nd;
double T_mitjana;
T_inicial=T;
double cp_barr=0,cp;
for (int i=0;i<Nd-1;i++)
{
T_final=T_inicial+AT;
T_mitjana=(T_final+T_inicial)/2;
cp=calcul_cp(T_mitjana);
cp_barr=cp_barr+cp/T_mitjana*AT;
T_inicial=T_£final;

}

return cp_barr/(log(TO0/T));
}
void calcul_prop_term(vector< vector<info_node> >& node)
{

double gamma_barret;
for (int i=1;i<N+2;i++)

{
for (int j=1;j<M+1;j++)
{
if (node[i][j].mat==1)
{
node[i][j].cp_barra=calcul_cp_barra(node[i][j].T,T_in);
node[i][j].T=T_in+(v_in*v_in-node[i]l[j].v*node[il[j]l.v)/2/node[i]l[j].cp_barra;
if (node[i]1[j].T<0)
{
node [i][j].T=1;
}
node[i] [j].cp_barret=calcul_cp_barret(node[i][j].T,T_in);
gamma_barret=calcul_gamma(node[i]l[j].cp_barret);
node[i][j].P=P_in*pow(node[i][j].T/T_in, gamma_barret/(gamma_barret-1));
node[i][j].rho=node[i][j].P/Rg/node[i][j].T;
}
}
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}
int j=0;
for (int i=1;i<N+2;i++)
{
if (nodel[il[j].mat==1)
{

j=0;
node[i][j].cp_barra=calcul_cp_barra(node[i][j].T,T_in);
node[i][j].T=T_in+(v_in*v_in-node[il[j].v*node[i]l[j]l.v)/2/node[i]l[j].cp_barra;
if (node[i][j].T<0)
{
node [i][j].T=1;
}
node[i][j].cp_barret=calcul_cp_barret(node[i][j].T,T_in);
gamma_barret=calcul_gamma(node[i][j].cp_barret);
node[i][j].P=P_in*pow(node[i][j].T/T_in, gamma_barret/(gamma_barret-1));
node[i][j].rho=node[i][j].P/Rg/node[i][j]1.T;
j=M+1;
node[i][j].cp_barra=calcul_cp_barra(node[i][j].T,T_in);
node[i][j].T=T_in+(v_in*v_in-node[i][j].v*node[il[j].v)/2/node[il[j].cp_barra;
if (node[i]1[j].T<0)
{
node [i][j].T=1;
}
node[i][j].cp_barret=calcul_cp_barret(node[i][j].T,T_in);
gamma_barret=calcul_gamma(node[i][j].cp_barret);
node[i][j].P=P_inx*pow(node[i][j].T/T_in,gamma_barret/(gamma_barret-1));
node[i]J[j].rho=node[i][j].P/Rg/node[i][j].T;
node[i][j]l.rho=node[i][j].rho_sup+fr_rho*(node[i]l[j].rho-node[i]l[j].rho_sup);
}
}
}
double calcul_error_max(vector< vector<info_node> >& node)
{
double error=0;
double error_phi,error_rho;
for (int i=1;i<N+2;i++)

{

for (int j=0;j<M+2;j++)

{
error_phi=v_abs(node[i][j].phi-node[i][j].phi_sup);
error_rho=v_abs(node[i][j].rho-node[i][j].rho_sup);
if (error_phi>error && error_phi>error_rho)

{
error=error_phi;
}
else if (error_rho>error && error_phi<error_rho)
{
error=error_rho;
}
}
}

cout<<delta/error*100<<"%"<<endl;
return error;

}
double v_abs(double a)
{

if (a>0)

{

return a;
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}
else
{
return -a;
}
}
void iteracio (vector< vector<info_node> >& node)
{
for (int i=0;i<N+2;i++)
{
for (int j=0;j<M+2;j++)
{

if (nodel[il[j].mat==1)

{
node[i][j].phi_sup=node[il[j].phi;
node[i][j].rho_sup=node[i][j].rho;

}

}
}
}
void save_phi (vector< vector<info_node> >& node)
{
ofstream file;
file.open("Phi");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].phi<<"\t";
}
file<<endl;
}
file.close();
}
void save_rho (vector< vector<info_node> >& node)
{

ofstream file;
file.open("Rho");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].rho<<"\t";
}
file<<endl;
}
file.close () ;
}
void save_T (vector< vector<info_node> >& node)
{

ofstream file;
file.open("Temp");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].T<<"\t";
}
file<<endl;
}

file<<N+2<<endl;
file<<M+2<<endl;
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file.close();
}
void save_P (vector< vector<info_node> >& node)
{

ofstream file;

file.open("Pres");

for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].P<<"\t";
}
file<<endl;
}
file.close();
}
void save_v (vector< vector<info_node> >& node)
{

ofstream file;
file.open("vel");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].v<<"\t";
}
file<<endl;
}
file.close();
}
void save_tau (vector< vector<info_node> >& node)
{

ofstream file;
file.open("tau");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].rho<<"\t";
}
file<<endl;
}
file.close();
}
void postprocess(vector< vector<info_node> >& node)
{

double circulacio;

save_phi (node) ;

save_rho (node) ;

save_T (node) ;

save_P (node) ;

save_v (node) ;
save_posicio_mat (node) ;

calcul _error (node);

calcul_forces (node);

flux_massic_cos (node);
system("graficar_flux_potencial.m");
}

void save_posicio_mat(vector< vector<info_node> >& mnode)
{

ofstream file;

file.open("Posicio");
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for (int j=0;j<M+2;j++)
{
file<<node[1][j].r[1]<<endl;
}
for (int i=0;i<N+2;i++)
{

file<<node[i] [1].r[0]<<endl;
}

file.close();
file.open("Material");

for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].mat<<"\t";
}
file<<endl;
}
file.close();
}
void calcul_error (vector< vector<info_node> >& node)
{

double error=0,error2;
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{
if (node[i][j].mat==1)
{
error2=node[i][j].phi*node[i][j].ap-(node[i]J[j].ae*node[i+1][j].phi+node[i][]
< J.aw*node[i-1]1[j].phi+node[i][j].as*node[i][j-1].phi+node[i][j].an*node
— [i1[j+1].phi);
if (v_abs(error2)>error)
{
error=v_abs (error2);
}
}
}
}
cout<<"Error comes: "<<error<<endl;
}
void det_frontera(vector< vector<info_node> >& node)
{
double nx,ny;
int punts_front=0;

for (int i=1;i<N+1;i++)

{
for (int j=1;j<M+1;j++)
{
if (node[i]l[j].mat==1)
{
if (node[i][j-1].mat==0 || node[i][j+1].mat==0|| node[i+1][j].mat==0 || nodel[i

— -11[j].mat==0)
{
node[i][j].frontera=true;
nx=(node[i][j].r[0]-cx);
ny=(node[i][jl.r[1]-cy);
node[i][j]1.n[0]=(nx)/sqrt (nx*nx+ny*ny) ;
node[i][j].n[1]1=(ny)/sqrt(nx*nx+ny*ny) ;
node[1][j].t[0]l=-node[i][j].n[1];
node[i][jl.t[1]l=node[i][j].n[0];
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punts_front++;
}
else
{
node[i][j].frontera=false;
}
}
}
}
double dS=2*pi*R/punts_front;
for (int i=1;i<N+1;i++)

{
for (int j=1;j<M+1;j++)
{

if (node[il[j].frontera==true)

{
node[i][j].n[0]l=node[i][j].n[0]*dS;
node[i][j].n[1]l=node[i][j].n[1]1*dS;
node[i][j].t[0]l=node[il[j].t[0]*dS;
node[i][j].t[1]=node[i][j].t[1]*dS;

}

}
}
}
void calcul_forces(vector< vector<info_node> >& node)
{

double Lift=0,D=0;
double CL,CD;
for (int i=1;i<N+1;i++)

{
for (int j=1;j<M+1;j++)
{
if (node[i][j].frontera==true && nodel[i][j].mat==1)
{
Lift=Lift-node[i][j].P*node[i]l[j].n[1];
D=D-node[i][j].P*node[i][j].n[0];
}
}
}

CL=Lift/(0.5*rho_in*v_in*v_in*D_main); // aadimensionalization
CD=D/(0.5*rho_in*v_in*v_in*D_main);
cout<<"Lift=_"<<Lift<<endl;

cout<<"Drag ="<<D<<endl;

cout <<"CL=_,"<<CL<<endl;

cout <<"CD=_,"<<CD<<endl;

guardar_dades (Lift ,CL,D,CD);
}
void guardar_dades (double Lift,double CL, double D, double CD)
{

ofstream file;
file.open("Dades_Resultats_potencial_velocitat");
file<<"DADES_ DEL_ PROBLEMA"<<endl;

file<<"Altura: "<<H<<" m"<<endl;
file<<"Longitud:_ "<<L<<"_ m"<<endl;
file<<"Radi_ cilindre: "<<D_main<<" m"<<endl;
file<<"Posicio_del centregdelcilindre:("<<cx<<"_,"<<cy<<") m"<<endl;
file<<"Velocitat_agl’entrada: "<<v_in<<" m/s"<<endl;
file<<"Temperaturaga;l’entrada:"<<T_in-273.15<<", C "<<endl;
file<<"Pressiopayl’entrada:"<<P_in<<" Pa"<<endl;
file<<"Densitat a,l’entrada:"<<rho_in<<" kg/m~3"<<endl;
file<<"Liniagde corrent deyl’objecte: ,"<<phi_c<<endl;
file<<"Densitat deymalla: "<<N<<"x"<<M<<endl;
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file<<"RESULTATS DEL_ ,PROBLEMA"<<endl;

file<<"Lift: "<<Lift<<"_ N/m"<<endl;

file<<"C_L:_ "<<CL<<endl;

file<<"Drag:,"<<D<<"_ N/m"<<endl;

file<<"CD: ,"<<CD<<endl;

time (&final);

file<<"Temps_de, c lcul :,"<<difftime (final,inici)<<" s"<<endl;

}
void canvi_temps (vector< vector<info_node> >& node)
{
for (int i=0;i<N+2;i++)
{
for (int j=0;j<M+2;j++)
{

if (node[il[j].mat==1)

{
node[i][j].rho_sup=node[i][j].rho;
node[i][j].rho_ant=node[i]l[j].rho;
node[i][j].phi_sup=node[i][j].phi;

}

}

}
}
void declaracio_inicial ()
{

D_main=R;
}
void P_Q_calcul(int row, vector< vector<info_node> >& node,double P[N+2],double Q[

< N+2])

{

P[0]=node [0] [row].ae/node [0] [row].ap;
if (row==0)
{
Q[0]l=(node [0] [row].an*node [0] [row+1].phi+node [0] [row].bp)/node[0] [row].ap;
}
else if (row==M+1)
{
Q[0]=(node [0] [row].as*node [0] [row-1].phi+node [0] [row].bp)/node [0] [row].ap;
}
else
{
Q[0]=(node [0] [row].an*node [0] [row+1].phi+node [0] [row].as*node [0] [row-1].phi+node
< [0][row].bp)/node[0] [row].ap;
}
double bp_ast;
for (int i=1;i<N+2;i++)
{
P[il=node[i]l[row].ae/(node[i]l [row].ap-node[i] [row].aw*P[i-1]);
if (row==0)
{
bp_ast=node[i] [row].an*node[i] [row+1].phi+node[i] [row].bp;
}
else if (row==M+1)
{
bp_ast=node[i] [row].as*node[i] [row-1].phi+node[i] [row].bp;
}
else
{
bp_ast=node[i] [row].an*node[i] [row+1].phi+node[i] [row].as*node[i][row-1].phi+
— node[i] [row].bp;
}
Q[il=(bp_ast+node[i] [row].aw*Q[i-1])/(node[i][row].ap-node[i] [row].aw*P[i-1]);
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}
}
void flux_massic_cos(vector< vector<info_node> >& node)
{

double entrant=0, sortint=0,

for (int i=0; i<N+2; i++)
{

for (int j=0; j<M+2; j++)
{

if (node[i][j].mat==1 && nodel[i][j].frontera==true)
{
if (node[il[j-1].mat==0 && node[i+1][j].mat==0)
{
dpe=node[i][j].Ax/2+node[i+1]1[j].Ax/2;
dps=node[i][j].Ay/2+node[i][j-1].Ay/2;
vxe=(node[i+1][j].phi-node[i]l[j].phi)/dpe;
vys=(node[i][j].phi-node[i][j-1].phi)/dps;
if (vxe>0)

{
sortint=sortint+vxe;
}
else
{
entrant=entrant -vxe;
¥
if (vys>0)
{
entrant=entrant+vys;
¥
else
{
sortint=sortint-vys;
}
}
else if (node[i][j-1].mat==0 && node[i-1][j].mat==0)
{
dpw=node[i][j].Ax/2+node[i-1][j].Ax/2;
dps=node[i][j].Ay/2+node[i]1[j-1]1.Ay/2;
vxw=(node[i][j].phi-node[i-1]1[j].phi)/dpw;
vys=(node[i][j].phi-node[i][j-1].phi)/dps;
if (vxw<0)
{
sortint=sortint -vxw;
}
else
{
entrant=entrant+vxw;
¥
if (vys>0)
{
entrant=entrant+vys;
}
else
{
sortint=sortint-vys;
¥
}
else if (node[i][j+1].mat==0 && node[i+1][j].mat==0)
{

dpe=node[i][j].Ax/2+node[i+1]1[j].Ax/2;
dpn=node [i][j].Ay/2+node[i][j+1].Ay/2;
vxe=(node[i+1][j].phi-node[i][j].phi)/dpe;
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vyn=(node[i] [j+1] .phi-node[i][j].phi)/dpn;
if (vxe>0)
{
sortint=sortint+vxe;
}
else
{
entrant=entrant -vxe;
¥
if (vyn<o0)
{
entrant=entrant-vyn;
¥
else
{
sortint=sortint+vyn;
}
}

else if (node[i][j+1].mat==0 && node[i-1][j].mat==0)

{
dpw=node [i][j].Ax/2+node[i-11[j].Ax/2;
dpn=node [i][j].Ay/2+node[i][j+1].Ay/2;
viw=(node[i][j].phi-node[i-1][j].phi)/dpw;
vyn=(node[i] [j+1] .phi-node[i][j].phi)/dpn;
if (vxw<O0)

{
sortint=sortint -vxw;
}
else
{
entrant=entrant+vxw;
¥
if (vyn<O0)
{
entrant=entrant-vyn;
¥
else
{
sortint=sortint+vyn;
}
}
else if (node[i][j+1].mat==0)
{

dpn=node[i][j].Ay/2+node[i][j+1].Ay/2;
vyn=(node[i] [j+1] .phi-node[i]l[j].phi)/dpn;

if (vyn<0)
{
entrant=entrant -vyn;
}
else
{
sortint=sortint+vyn;
¥
}
else if (node[i-1][j].mat==0)
{

dpw=node [i]1[j].Ax/2+node[i-11[j].Ax/2;
vxw=(node[i] [j].phi-node[i-1][j].phi)/dpw;
if (vxw<0)
{

sortint=sortint -vxw;

}
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else
{
entrant=entrant+vxw;
}
}
else if (nodel[il[j-1].mat==0)
{

dps=node[i][j].Ay/2+node[i][j-1]1.Ay/2;
vys=(node[i]l[j].phi-node[il[j-1].phi)/dps;

if (vys>0)
{
entrant=entrant+vys;
¥
else
{
sortint=sortint-vys;
}
}
else if (nodel[i+1][j].mat==0)
{

dpe=node[i][j].Ax/2+node[i+1][j].Ax/2;
vxe=(node[i+1][j].phi-node[i]l[j].phi)/dpe;
if (vxe>O0)
{
sortint=sortint+vxe;
}
else
{
entrant=entrant -vxe;
¥
}
}

}

}

cout<<" - - "<<endl;
cout<<"Flux incident: "<<entrant<<endl;
cout<<"Flux_sortint: "<<sortint<<endl;
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Developed code for the
convection-diffusion equation

#include <iostream>
#include <fstream>
#include <stdlib.h>
#include <stdio.h>
#include <math.h>
#include <vector>
#include <time.h>
using namespace std;

const double pi=3.141592;
(S
(%
const double H=1, L=2;
const int N=500, M=500;
const double vO0=1,P_in=1.013e5, rho_in=1;
const double fr=0.4,delta=1e-8;
(S
int SCHEME=0;
1_>
const int Nd=20;
const int exercise=3;

double phi_L,phi_R,phi_B,phi_T;
double jL,jR,jB,jT;

const double phi_in=288,phi_out=300;
const double phi_low=288,phi_high=400;
const double j_out=0,phi_bound= 1 -tanh(10);

double phi_left[N];

const double Pe=1e3;
const double gamma=rho_in*vO*L/Pe;
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bool line_by_line=false;
// Convergence analysis’ point
double x_conv=5, y_conv=2.9;
int i_conv, j_conv;
//
3 sk 3k 3k 3k 5k ok 3k 5k %k 5k 3k 3k %k 5k %k 3k 5k 3k 5k 3k 5k %k 5k %k 3k %k 3 5k 3k 5k %k 5 %k 3k %k 3% 5%k 3k > % 5% %k 3%k %k 3% %k % 5% % 5% % 3% %k 3% % % 5% % 5% % 3% % 3% % % % % % % % % % *k % ¥ %
(%
// Variables
time_t inici,final;
struct info_node{
double r[2];
double phij;
double phi_ant;
double Ax;
double Ay;
double vel([2]; // x and y velocity components
double v; // velocity modulus
double ap;
double as;
double an;
double aw;
double ae;
double bp;
double me;
double mw;
double ms;
double mn;
double De;
double Dw;
double Dn;
double Ds;
double tau;
double taup;
double Spc;
double Spp;
int BC; //boundary condition (O=dirichlet; 1 = Neumann)
};
// Functions declaration
void preprocess(vector< vector<info_node> >& node);
void geometria(vector< vector<info_node> >& node);
void condicions_contorn(vector< vector<info_node> >& node);
void mapa_inicial(vector< vector<info_node> >& node);
void calcul_coefs(vector< vector<info_node> >& node);
void solver(vector< vector<info_node> >& node);
void solver_phi(vector< vector<info_node> >& mnode);
double calcul_error_max(vector< vector<info_node> >& node);
double v_abs(double a);
void iteracio (vector< vector<info_node> >& node);
void save_phi (vector< vector<info_node> >& node);
void save_P (vector< vector<info_node> >& node);
void postprocess(vector< vector<info_node> >& node);
void save_posicio_mat(vector< vector<info_node> >& mnode);
void calcul_error(vector< vector<info_node> >& node);
void guardar_dades () ;
void Newton_Raphson(vector< vector<info_node> >& node, bool &fi,double &phi_prev,
< double &circulacio_prev);
void canvi_phi_mat(vector< vector<info_node> >& node);
void P_Q_calcul(int row, vector< vector<info_node> >& node,double P[N+2],double Q[
— N+21);
void find_position(vector< vector<info_node> >& node);
double phi_face_pos(double m_dot, double xe, double xP, double phiP, double xE,
<5 double phiE, double xW,double phiW, double xEE, double phiEE); // for faces
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s

double phi_face_neg (double m_dot, double xw, double xP, double phiP, double xW,
< double phiW, double xE,double phiE, double xWW, double phiWW);
s

double UDS_pos(double m_dot, double phiP,double phiE);

double UDS_neg(double m_dot, double phiP,double phiW);

void def_vel_mdot (vector< vector<info_node> >& node);

void verif_coefs(vector< vector<info_node> >& node);

void save_coefs (vector< vector<info_node> >& node);

void save_outgoing_phi(vector< vector<info_node> >& node);

void compute_bp(vector< vector<info_node> >& node);

void sol_analytic (vector< vector<info_node> >& node);

void save_error_analytic(double error);

int main ()

{

time (&inici);

cout<<"Inici"<<endl;

vector< vector<info_node> > node(N+2, vector<info_node>(M+2));
preprocess (node) ;

cout<<"Preprocess'"<<endl;

mapa_inicial (node);

cout <<"Mapa inicial"<<endl;
find_position(node);

cout<<"Posicioyde convergencia  trobada'"<<endl;
calcul_coefs (node);

verif_coefs (node);

cout<<"Coefs"<<endl;

solver (node) ;

postprocess (node) ;

if (exercise==1)

{
sol_analytic (node);
}
}
void preprocess(vector< vector<info_node> >& node)
{

geometria(node) ;

condicions_contorn(node);

def_vel_mdot (node);

mapa_inicial (node) ;
}
void geometria(vector< vector<info_node> >& node)
{

int material;

double Ax=L/N, Ay=H/M;

for (int i=1;i<N+2;i++)

{
for (int j=1;j<M+1;j++)
{
if (i==1 || i==N+1)
{
node[i][j].r[0]=Ax/2;
}
else
{
node[i][j].r[0]=node[i-1]1[j]l.r [0]+Ax;
}
if (j==1)
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{

node[i][j].r[1]1=Ay/2;

}

else

{
node[i][j]l.r[1]l=node[i]l[j-11.r[1]1+Ay;
}

node [i][j].Ax=Ax;

node[i][j].Ay=Ay;

for (int j=1;j<M+1;j++)
{

node [0]1[j].r[0]1=0;

node [0][j].r[1]l=node[1]1[j]1.r[1];
node [01[j].Ax=0;

node [N+1][j].r [0]=L;

node [N+1]1[jl.r[1]l=node[N]1[j]l.r[1];
node [N+1][j].Ax=0;

}

for (int i=1;i<N+1;i++)
{

node [1] [0].r[0]=node[i][2].r[0];
node [i]1[0].r[1]1=0;

node [i] [0].Ay=0;

node [i] [M+1] .r[0l=node[i]1[M].r [0];
node [i] [M+1] .r [1]=H;

node [i] [M+1].Ay=0;

}

node [0] [0].r[0]=0;
node [0] [0].r[1]1=0;
node [0] [M+1].r [0]=0;
node [0] [M+1].r[1]=H;
node [N+1]1[0].r [0]=L;
node [N+1]1[0] .r[1]1=0;
node [N+1] [M+1].r[0]=L;
node [N+1] [M+1] .r[1]=H;
}
void condicions_contorn(vector< vector<info_node> >& node)
{
if (exercise==1)
{
int 1i;
for (int j=0;j<M+2;j++)
{
i=0;
node[i][j].BC=0;
phi_L=phi_in;
i=N+1;
node[i][j].BC=0;
phi_R=phi_out;

}
int j;
for (int i=1;i<N+1;i++)
{
3=0;
node[i][j].BC=1;
§B=0;
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j=M+1;
node[i][j].BC=1;
jT=0;
}
}
else if (exercise==2)
{
for (int i=0;i<N+2;i++)
{

node[i] [0].BC=0;
node [i] [M+1] .BC=0;
}
phi_B=phi_low;
phi_T=phi_high;
for (int j=1;j<M+1;j++)
{
node [0] [j].BC=0;
node [N+1]1[j].BC=0;
}
phi_L=phi_high;
phi_R=phi_low;
}
else if (exercise==3)
{
bool inner=true;
int i=1;
while (inner==true)
{
node [i] [0].BC=0;
phi_left[i]l=1+ tanh (10*(2*node[i][0].r[0]-1));
i++;
if (node[i][0].r[01>L/2)
{
inner=false;
}
}
int inici=i;
for (int i=inici;i<N+2;i++)
{
node [1] [0] .BC=1;
}
for (int i=1;i<N+1;i++)
{
node [i] [M+1] .BC=0;
}
phi_T=phi_bound;
for (int j=1;j<M+1;j++)
{
node [0] [j].BC=0;
node [N+1]1[j].BC=0;
}
phi_L=phi_bound;
phi_R=phi_bound;

}

else if (exercise==4)

{
int j;
for (int i=0;i<N+2;i++)
{

j=0;
node[i][j].BC=0;
phi_B=phi_in;
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j=M+1;
node[i][j].BC=0;
phi_T=phi_out;

}

int 1i;

for (int j=1;j<M+1;j++)
{

i=0;
node[i][j].BC=1;
jL=0;

i=N+1;
node[i][j].BC=1;
jR=0;

}
void mapa_inicial(vector< vector<info_node> >& node)
{
for (int i=0;i<N+2;i++)
{
for (int j=0;j<M+2; j++)
{
node[i][j].phi=288;
node[i][j].phi_ant=node[i][j].phi;
}
}
}
void calcul_coefs(vector< vector<info_node> >& node)
{
double dpe,dpw, dps, dpn;
double phie,phin,phis,phiw;

for (int i=2;i<N;i++)
{
for (int j=2;j<M;j++)
{
dpe=node[i][j].Ax/2+node[i+1]1[j].Ax/2;
dpw=node [i][j].Ax/2+node[i-1]1[j].Ax/2;
dpn=node[i][j].Ay/2+node[i][j+1].Ay/2;
dps=node[i][j].Ay/2+node[i][j-1].Ay/2;
node[i][j].De=gamma*node[i][j].Ay/dpe;
node[i][j].Dw=gamma*node[i][j].Ay/dpw;
node[i][j].Ds=gamma*node[i][j].Ax/dps;
node[i][j].Dn=gamma*node[i][j].Ax/dpn;
phie=phi_face_pos(node[i][j].me,node[i][j].r[0]+node[i][j].Ax/2,node[i][j].r
< [0] ,node[i]l[j].phi,node[i+1]1[j].r[0] ,nodel[i+1][j].phi,node[i-11[j]l.r[0],
— node[i-1][j].phi,node[i+2][j].r[0],node[i+2][j].phi);
phiw=phi_face_neg(node[il[j].mw,node[i][j].r[0]-nodel[il[j].Ax/2,node[il[j].r
— [0] ,node[i][j].phi,node[i-1]J[j].r[0] ,nodel[i-1][j].phi,nodel[i+1][j]l.r[0],
< node[i+1][j].phi,node[i-21[j].r[0],nodel[i-21[j].phi);
phin=phi_face_pos(node[i][j].mn,node[i]J[j].r[1]+node[i]J[j].Ay/2,node[i][j].r
< [1] ,node[i][j].phi,node[i][j+1].r[1] ,node[i][j+1].phi,node[i][j-1].r[1],
— node[i][j-1].phi,nodel[i][j+2].r[1] ,node[i][j+2].phi);
phis=phi_face_neg(node[i][j].ms,node[i][j].r[1]-node[i][j].Ay/2,node[i][j].r
— [1] ,node[i][j].phi,node[i]l[j-1].xr[1] ,node[il[j-1].phi,node[il[j+1].r[1],
< node[i][j+1].phi,node[i][j-2].r[1],node[i][j-2].phi);
if (isnan(phis) || isnan(phin) || isnan(phie) || isnan(phiw))
{
cout <<phis<<"_ ,"<<phin<<" ,"<<phie<<"  ,"<<phiw<<endl;
system("pause");
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}

node[i][j].ae=node[i][j].De;

node[i][j].aw=node[i][j].Dw;

node[i][j].an=node[i][j].Dn;

node[i][j].as=node[i][j].Ds;

node[i][j].ap=node[i][j].ae+node[i][j].aw+node[i]l[j].as+node[i]l[j].an-node[i][j
< ].Spp*node[i][j].Ax#*node[i][j].Ay-node[i][j] .me+node[i]l[j].mw-node[i][j
< ].mn+node[il[j].ms;

node[i][j].bp=node[i][j].Spc*node[i][j].Ax*node[i][j].Ay-node[i][j].mex*phie+
— node[i][j].mw*phiw-node[i][j] .mn*phin+node[i][j].ms*phis;

}
}

int j;

for (int i=2;i<N;i++)

{

j=M;

dpe=node[i][j].Ax/2+node[i+1]1[j].Ax/2;

dpw=node[i][j].Ax/2+node[i-1]1[j].Ax/2;

dpn=node[i][j].Ay/2+node[i][j+1].Ay/2;

dps=node[i][j].Ay/2+node[i]l[j-1].Ay/2;

node[i][j].De=gamma*node[i][j].Ay/dpe;

node[i] [j].Dw=gamma*node[i][j].Ay/dpw;

node[i][j].Ds=gamma*node[i][j].Ax/dps;

node[i][j].Dn=gamma*node[i][j].Ax/dpn;

phie=phi_face_pos(node[i][j].me,node[i][j].r[0]+node[i][j].Ax/2,node[i][j].r
< [0] ,node[i]l[j].phi,node[i+11[j].r[0],nodel[i+1]1[j].phi,nodel[i-11[j]1.r[0],
— node[i-1][j].phi,node[i+2][j].r[0] ,node[i+2][j].phi);

phiw=phi_face_neg(node[i][j].mw,node[i][j].r[0]-nodel[i]l[j].Ax/2,node[i][j].r
— [0] ,node[i][j].phi,node[i-1]1[j].r[0],node[i-1]1[j].phi,nodel[i+1]1[j].r[0],
— node[i+1]1[j].phi,node[i-2][j].r[0],nodel[i-2]1[j]l.phi);

phin=node[i][j+1].phi;

phis=phi_face_neg(node[i][j].ms,node[i][j].r[1]-nodel[i][j].Ay/2,no0de[i][j].r
< [1],node[i][j].phi,node[i]J[j-1]1.r[1],node[i]l[j-1].phi,nodel[il[j+1].r[1],
— node[i][j+1].phi,node[i][j-2].r[1] ,node[i][j-2].phi);

if (isnan(phis) || isnan(phin) || isnan(phie) || isnan(phiw))

{

cout <<i<<" ;,"<<j<<endl;

system("pause");

}

node[i][j].ae=node[i][j].De;

node[i][j].aw=node[i][j].Dw;

node[i][j].an=node[i]1[j].Dn;

node[i][j].as=node[i][j].Ds;

node[i][j].ap=node[i][j].ae+node[i][j].aw+node[i][j].as+node[i]l[j].an-node[i][j
— 1.Spp*node[i][j].Ax*node[i]l[j].Ay-node[il[j].me+node[il[j] .mw-node[il[j
< ].mn+node[i]l[j].ms;

node[i][j].bp=node[il[j].Spc*node[il[j].Ax*node[il[j].Ay-node[i]l[j].me*phie+
— node[i][j].mw*phiw-node[i][j] .mn*phin+node[i][j].ms*phis;

j=1;

dpe=node[i][j].Ax/2+node[i+1]1[j].Ax/2;
dpw=node[i][j].Ax/2+node[i-1]1[j].Ax/2;
dpn=node[i][j].Ay/2+node[i][j+1].Ay/2;
dps=node[i][j].Ay/2+node[il[j-1].Ay/2;
node[i][j].De=gamma*node[i][j].Ay/dpe;
node[i] [j].Dw=gamma*node[i][j].Ay/dpw;
node[i][j].Ds=gamma*node[i][j].Ax/dps;
node[i][j].Dn=gamma*node[i][j].Ax/dpn;
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phie=phi_face_pos(node[i][j].me,node[i][j].r[0]+node[i][j].Ax/2,node[i][j].r
— [0],node[i][j].phi,node[i+1]1[j].r[0],nodel[i+1]1[j].phi,nodel[i-1]1[j].r[0],
— node[i-1][j].phi,node[i+2][j].r[0],node[i+2][j].phi);

phiw=phi_face_neg(node[il[j].mw,node[i]1[j].r[0]-nodel[il[j].Ax/2,node[il[j].r
< [0] ,node[i][j].phi,node[i-1]1[j].r[0] ,nodel[i-1]1[j].phi,nodel[i+1]1[j]l.r[0],
< node[i+1][j].phi,node[i-2]1[j].r[0],nodel[i-21[j].phi);

phin=phi_face_pos(node[i][j].mn,node[i]J[j].r[1]+node[i]J[j].Ay/2,node[i][j].r
< [1] ,node[i][j].phi,node[i][j+1].r[1] ,node[i][j+1].phi,node[i][j-1].r[1],
— node[i][j-1].phi,nodel[i][j+2].r[1] ,node[i]1[j+2].phi);

phis=node[i][j-1].phi;

if (isnan(phis) || isnan(phin) || isnan(phie) || isnan(phiw))

{

cout<<i<<", "<<j<<endl;

system("pause");

}

node[i][j].ae=node[i][j].De;

node[i][j].aw=node[i][j].Dw;

node[i][j].an=node[i][j].Dn;

node[i][j].as=node[i][j].Ds;

node[i][j].ap=node[il[j].ae+node[i]l[j].aw+node[i][j].as+nodel[il[j].an-node[i][]j
— ].Spp*node[i][j].Ax*node[i][j].Ay-node[i]J[j].me+node[i][j].mw-node[i][]
< J].mn+node[i][j].ms;

node[i][j].bp=node[i][j].Spc*node[i][j].Ax*node[i][j]l.Ay-node[i]J[j].mex*phie+
< node[i][j].mw*phiw-node[i][j] .mn*phin+node[i][j].ms*phis;

int i;

£
{

or (int j=2;j<M;j++)

i=N;

dpe=node[i][j].Ax/2+node[i+1]1[j].Ax/2;

dpw=node [i][j].Ax/2+node[i-1]1[j].Ax/2;

dpn=node[i][j].Ay/2+node[i][j+1].Ay/2;

dps=node[i][j].Ay/2+node[i][j-1].Ay/2;

node[i][j].De=gamma*node[i][j].Ay/dpe;

node[i][j].Dw=gamma*node[i][j].Ay/dpw;

node[i][j].Ds=gamma*node[i][j].Ax/dps;

node[i][j].Dn=gamma*node[i][j].Ax/dpn;

phie=node[i+1][j].phi;

phiw=phi_face_neg(node[il[j].mw,node[i]1[j].r[0]-nodel[il[j].Ax/2,node[il[j].r
< [0],node[i][j].phi,node[i-11[j].r[0],nodel[i-1]1[j].phi,nodel[i+1]1[j].r[0],
— node[i+1]1[j].phi,node[i-2][j].r[0],nodel[i-2]1[j].phi);

phin=phi_face_pos(node[i][j].mn,node[i][j].r[1]+node[i][j].Ay/2,node[i][j].r
— [1] ,node[i][j].phi,node[i]l[j+1].r[1] ,node[il[j+1].phi,node[i]l[j-1].r[1],
— node[i][j-1].phi,nodel[i][j+2].r[1] ,node[i][j+2].phi);

phis=phi_face_neg(node[i][j].ms,node[i][j].r[1]-node[i][j].Ay/2,no0de[i][j].r
< [1] ,node[i][j].phi,node[i][j-1].r[1] ,node[i]l[j-1].phi,node[i][j+1].r[1],
— node[i][j+1].phi,node[i][j-2].r[1],node[i][j-2].phi);

if (isnan(phis) || isnan(phin) || isnan(phie) || isnan(phiw))

{

cout<<i<<",,"<<j<<endl;

system("pause");

}

node[i][j].ae=node[i][j].De;

node[i][j].aw=node[i][j].Dw;

node[i][j].an=node[i][j].Dn;

node[i][j].as=node[i][j].Ds;

node[i][j].ap=node[il[j].ae+node[i]l[j].aw+node[i][j].as+nodel[i]J[j].an-nodel[i]l[]j
— ].Spp*node[i][j].Ax*node[i][j].Ay-node[i]J[j].me+node[i][j].mw-node[i][]
< J].mn+node[i]1[j].ms;
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node[i][j].bp=node[i]l[j].Spc*node[i]l[j].Ax*node[i][j]l.Ay-node[i]l[j].me*phie+
+ node[i][j].mw*phiw-node[i][j].mn*phin+node[i]l[j].ms*phis;

i=1;

dpe=node[i][j].Ax/2+node[i+1][j].Ax/2;

dpw=node[i]1[j].Ax/2+node[i-11[j].Ax/2;

dpn=node[i][j].Ay/2+node[i][j+1].Ay/2;

dps=node[i][j].Ay/2+node[i][j-1].Ay/2;

node[i] [j].De=gamma*node[i] [j].Ay/dpe;

node[i][j].Dw=gamma*node[i][j].Ay/dpw;

node[i][j].Ds=gamma*node[i][j].Ax/dps;

node[i][j].Dn=gamma*node[i][j].Ax/dpn;

phie=phi_face_pos(node[il[j].me,node[i]l[j]l.r[0]l+nodel[il1[j].Ax/2,node[i]1[j]l.r
— [0] ,node[i][j].phi,node[i+1][j].r[0],node[i+1][j].phi,nodel[i-1]1[j].r[0],
< nodel[i-1]1[j].phi,node[i+2]1[j].r[0],node[i+2]1[j].phi);

phiw=node[i-1][j].phi;

phin=phi_face_pos(node[i][j].mn,node[i][j].r[1]+node[i]1[j].Ay/2,node[i][j].r
— [1] ,node[i][j].phi,node[i][j+1].r[1] ,node[il[j+1].phi,nodel[il[j-1].r[1],
— nodel[i][j-1].phi,node[i][j+2].r[1],node[i][j+2].phi);

phis=phi_face_neg(node[il[j].ms,node[i]l[j].r[1]-node[il[j].Ay/2,node[il[j].r
— [1] ,node[i][j].phi,node[i][j-1].r[1],node[i]J[j-1].phi,node[i][j+1].r[1],
— node[i][j+1].phi,node[i][j-2].r[1],node[i]J[j-2].phi);

if (isnan(phis) || isnan(phin) || isnan(phie) || isnan(phiw))

{

cout <<i<<" ;;"<<j<<endl;

system("pause");

}

node[i][j].ae=node[i]l[j].De;
node[i]J[j].aw=node[i][j].Dw;
node[i][j].an=node[i][j].Dn;
node[i][j].as=node[i][j].Ds;
node[i][j].ap=node[i][j].ae+node[i][j].aw+node[i][j].as+node[i][j].an-node[i][j
< J].8pp*node[i][j].Ax*node[i][j].Ay-nodel[i]l[j] .me+node[i][j].mw-nodel[il][]j
< ].mn+node[i]l[j].ms;
node[i][j].bp=node[i]l[j].Spc*node[i]l[j].Ax*node[i]l[j]l.Ay-node[i]l[j].me*phie+
— node[i][j].mw*phiw-node[i][j].mn*phin+node[i][j].ms*phis;
}

i=1;

i=1;

dpe=node[i][j].Ax/2+node[i+1][j].Ax/2;

dpw=node [i][j].Ax/2+node[i-11[j].Ax/2;

dpn=node[i][j].Ay/2+node[i][j+1].Ay/2;

dps=node[i][j].Ay/2+node[i][j-1].Ay/2;

node[i][j].De=gamma*node[i][j].Ay/dpe;

node[i][j].Dw=gamma*node[i][j].Ay/dpw;

node[i][j].Ds=gamma*node[i][j].Ax/dps;

node[i][j].Dn=gamma*node[i][j].Ax/dpn;

phie=phi_face_pos(node[i]l[j].me,node[i][j].r[0]+node[i]l[j].Ax/2,node[i]l[j].r[0],
<~ mnode[i][j].phi,node[i+1][j].r[0] ,node[i+1][j].phi,node[i-1]J[j].r[0],nodel
< i-11[j].phi,node[i+2]1[j].r[0],node[i+2][j].phi);

phiw=node[i-1][j].phi;

phin=phi_face_pos(node[i][j].mn,node[i][j]l.r[1]+node[i]1[j].Ay/2,n0ode[i1[j].r[1],
— node[i][j].phi,node[i][j+1].r[1] ,node[i][j+1].phi,node[i]J[j-1].r[1],nodel
< i][j-1].phi,node[i]1[j+2].r[1],node[i][j+2].phi);

phis=node[i][j-1].phi;

node[i][j].ae=node[i][j].De;

node[i][j].aw=node[i][j].Dw;

node[i]J[j].an=node[i][j].Dn;

node[i][j].as=node[i][j].Ds;
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node[i][j].ap=node[i][j].ae+node[i][j].aw+node[i][j].as+node[i]l[j].an-node[i][j
< ].Spp*node[il[j].Ax*node[i]l[j].Ay-node[i][j].me+node[i][j].mw-node[i]l[j].
<~ mn+node[i][j].ms;

node[i][j].bp=node[i][j].Spc*node[il[j].Ax*node[i]l[j].Ay-node[i][j].mexphie+node
<~ [1i][j] .mw*phiw-node[i][j] .mn*phin+node[i][j].ms*phis;

j=M;

dpe=node[i][j].Ax/2+node[i+1]1[j].Ax/2;

dpw=node [i][j].Ax/2+node[i-11[j].Ax/2;

dpn=node[i][j].Ay/2+node[i]l[j+1].Ay/2;

dps=node[i][j].Ay/2+node[i][j-1].Ay/2;

node[i][j].De=gamma*node[i][j].Ay/dpe;

node[i][j].Dw=gamma*node[i][j].Ay/dpw;

node[i][j].Ds=gamma*node[i][j].Ax/dps;

node[i][j].Dn=gamma*node[i][j].Ax/dpn;

phie=phi_face_pos(node[i][j].me,node[i][j].r[0]+node[i]1[j].Ax/2,n0de[i][j].r[0],
— node[i][j].phi,node[i+1][j].r[0] ,node[i+1]1[j].phi,node[i-1]1[j].r[0],nodel
< 1i-11[j].phi,node[i+2][j].r[0] ,node[i+2][j].phi);

phiw=node[i-1][j].phi;

phin=node[i] [j+1].phi;

phis=phi_face_neg(node[il[j].ms,node[i][j].r[1]-node[i]l[j].Ay/2,node[i]1[j].r[1],
— node[i][j].phi,nodel[i][j-1].r[1] ,node[i][j-1].phi,node[i]J[j+1].r[1],nodel
< 1i][j+1].phi,node[i]l[j-2].r[1],nodel[i]l[j-2].phi);

node[i][j].ae=node[i][j].De;

node[i][j].aw=node[i][j].Dw;

node[i][j].an=node[i][j].Dn;

node[i][j].as=node[i][j].Ds;

node[i][j].ap=node[il[j].ae+node[i]l[j].aw+node[i][j].as+node[il[j].an-nodel[i][]j
— ].Spp*node[i][j].Ax*node[i]J[j].Ay-node[i][j].me+node[i]J[j].mw-node[i][j].
< mn+node[i][j].ms;

node[i]J[j].bp=node[i][j].Spc*node[i][j].Ax*node[i][j]l.Ay-node[i]J[j].me*phie+node
< [1][j] .mw*phiw-node[i][j] .mn*phin+node[i][j].ms*phis;

i=N;

j=1;

dpe=node[i][j].Ax/2+node[i+1]1[j].Ax/2;

dpw=node[i][j].Ax/2+node[i-1]1[j].Ax/2;

dpn=node[i][j].Ay/2+node[il[j+1].Ay/2;

dps=node[i][j].Ay/2+node[i][j-1].Ay/2;

node[i][j].De=gamma*node[i][j].Ay/dpe;

node[i][j].Dw=gamma*node[i][j].Ay/dpw;

node[i][j].Ds=gamma*node[i][j].Ax/dps;

node[i][j].Dn=gamma*node[i][j].Ax/dpn;

phie=node[i+1][j].phi;

phiw=phi_face_neg(node[il[j].mw,node[i][j].r[0]-node[i]l[j].Ax/2,node[i]l[j].r[0],
< node[i][j].phi,node[i-1]1[j].r[0] ,node[i-1][j].phi,node[i+1]1[j].r[0],nodel
~ i+11[j].phi,node[i-2]1[j].r[0],nodel[i-2]1[j].phi);

phin=phi_face_pos(node[i][j].mn,node[i]J[j].r[1]+node[i][j].Ay/2,node[i]1[j].r[1],
< node[i][j].phi,node[i]J[j+1].r[1] ,node[i][j+1].phi,node[i][j-1].r[1],nodel
<~ i][j-1].phi,nodel[i][j+2].r[1],node[il[j+2].phi);

phis=node[i][j-1].phi;

node[i][j].ae=node[il[j].De;

node[i][j].aw=node[i][j].Dw;

node[i]l[j].an=node[i]1[j].Dn;

node[i]J[j].as=node[i][j].Ds;

node[i][j].ap=node[i][j].ae+node[i][j].aw+node[i][j].as+node[i]l[j].an-node[i][j
— J].Spp*node[i][j].Ax*node[i][j].Ay-node[i][j].me+node[i][j] .mw-nodel[i]l[j].
<> mn+node[i][j].ms;

node[i][j].bp=node[i][j].Spc*node[i][j].Ax*node[i][j].Ay-node[i][j].me*phie+node
< [1][j] .mw*phiw-node[i][j] .mn*phin+node[i][j].ms*phis;

J=M;

dpe=node [i]1[j].Ax/2+node [i+11[j].Ax/2;
dpw=node[i][j].Ax/2+node[i-1]1[j].Ax/2;

82




UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH

Escola Superior d’Enginyeries Industrial,
Aeroespacial i Audiovisual de Terrassa

Appendix E

dpn=node[i][j].Ay/2+node[i][j+1].Ay/2;

dps=node[i][j].Ay/2+node[il[j-1].Ay/2;

node[i][j].De=gamma*node[i][j].Ay/dpe;

node[i][j].Dw=gamma*node[i][j].Ay/dpw;

node[i][j].Ds=gamma*node[i][j].Ax/dps;

node[i][j].Dn=gamma*node[i]1[j].Ax/dpn;

phie=node[i+1][j].phi;

phiw=phi_face_neg(node[i][j].mw,node[i][j].r[0]-node[i][j].Ax/2,no0de[i][j].r[0],
— node[i][j].phi,nodel[i-1]1[j].r[0] ,node[i-1]1[j].phi,node[i+1]1[j].r[0],nodel
— i+1]1[j].phi,nodel[i-2]1[j].r[0],node[i-2]1[j].phi);

phin=node[i] [j+1].phi;

phis=phi_face_neg(node[i][j].ms,node[i][j].r[1]-node[i][j].Ay/2,n0de[i][j].r[1],
< node[i][j].phi,node[i][j-1]1.r[1] ,node[i]l[j-1].phi,node[i][j+1].r[1],nodel
— iJ[j+1].phi,node[il[j-2].r[1] ,node[il[j-2].phi);

node[i]l[j].ae=node[il[j].De;

node[i][j].aw=node[i][j].Dw;

node[i][j].an=node[i][j].Dn;

node[i][j].as=node[il[j].Ds;

node[i][j].ap=node[i][j].ae+node[i][j].aw+node[i][j].as+node[i][j].an-node[i][j
< ].Spp*node[il[j].Ax*node[i]l[j].Ay-node[i]l[j].me+node[i][j].mw-node[i]l[j].
< mn+node[i][j].ms;

node[i][j].bp=node[i][j].Spc*node[i]l[j].Ax*node[i][j]l.Ay-node[i]l[j].me*phie+node
— [1][j] .mw*phiw-node[i][j].mn*phin+node[i][j].ms*phis;

if (node[N+1][1].BC==0)

{

for (int j=1;j<M+1;j++)
{
node [N+1]1[j].aw=0;
node [N+1][j].an=0;
node [N+1][j].as=0;
node [N+1]1[j]l.ae=0;
node [N+1][j].ap=1;
node [N+11[j].bp=phi_R;
}

}

else

{

for (int j=1;j<M+1;j++)
{
node [N+1]1[j].aw
node [N+1][j].an

1;
03

node [N+11[j]
node [N+1]1[j]
node [N+1]1[j]
node [N+1]1[j]
}
}

.as=0;
.ae=0;
.ap=1;
.bp=-jR*node [N][j].Ax/2/gamma;

if (node[0]1[1].BC==0)

{

for (int j=1;j<M+1;j++)

{
node [0] [j].
node [0][j].
node [0] [j].
node [01[j].
node [0][j].
node [01[j].

aw=0;
an=0;
as=0;
ae=0;
ap=1;
bp=phi_L;
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}
else
{
for (int j=1;j<M+1;j++)
{
node [0][j].aw=0;
node [0][j].an=0;
node [0][j].as=0;
node [0] [j].ae=1;
node [0] [j].ap=1;

node [01[j].

bp=-jL*node[1]1[j].Ax/2/gamma;;

}

}
if (node[1][M+1].BC==0)
{
for (int i=1;i<N+1;i++)
{
node[i] [M+1].aw=0;
node [i] [M+1].an=0;
node[i] [M+1].as=0;
node[i] [M+1].ae=0;
node [i] [M+1].ap=1;
node [i] [M+1] . bp=phi_T;
}
}
else
{
for (int i=1;i<N+1;i++)
{
node[i] [M+1].aw=0;
node [i] [M+1] .an=0;
node[i] [M+1].as=1;
node [i] [M+1].ae=0;
node [i] [M+1].ap=1;
node [i] [M+1] .bp=-jT*node[i] [M].Ay/2/gamma;
}
}

if (exercise==

{

if (node[1][0].
{

|| exercise==2 || exercise==4)

BC==0)

for (int i=1;i<N+1;i++)

{

node [i] [0]
node [i] [0] .
node [i] [0] .
node [i] [0]
node [i] [0]

.aw=0;

an=0;
as=0;

.ae=0;
.ap=1;

node [i]1[0].bp=phi_B;
}
}
else
{
for (int i=1;i<N+1;i++)
{
node [i]1[0].aw=0;
node[i] [0] .an=1;
node[i] [0].as=0;
node [i] [0] . ae=0;

84




Appendix E

UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH

Escola Superior d’Enginyeries Industrial,
Aeroespacial i Audiovisual de Terrassa

}

}

node [i]1[0].ap=1;
node[i] [0] .bp=-jB*node[i][M].Ay/2/gamma;

}

else

{

for (i=1;i<N+1;i++)

{

if (node[i] [0].BC==0)

{
node [i] [0]
node [i] [0]

node [i] [0]
node [i] [0]
node [i] [0]
}

else

{

node [i] [0]
node [i] [0]
node [i] [0]
node [i] [0]
node [i] [0]
node [i] [0]

.aw=0;
.an=0;
node [i] [0].
.ae=0;
.ap=1;
.bp=phi_left[i];

as=0;

.aw=0;
.an=1;
.as=0;
.ae=0;
.ap=1;
.bp=-jB*node [i] [M].Ay/2/gamma;

}
}
}

i=0;
j=0;

node [i][j].
node [i][j].
node[i][j].
node [i1[j].
node [1] [j].
node [i1[j].

i=N+1;
3=0;
node[i][j]

node[i][j]
node [i][j]
node[i][j]
node [1] [j]
i=0;
j=M+1;

node [i][j].
.an=0;
.as=1;
.ae=0;
node [1] [j].
.bp=0;

node[i][j]
node [i][j]
node[i]1[j]

node[i][j]
i=N+1;
j=M+1;

node [i][j].
node[i][j].
node [i][j].
node [1] [j].
node [i1[j].
node [1] [j].

.aw=0;
node[i][j].
.as=0;
.ae=0;
.ap=1;
.bp=0;

aw=0;
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}
void solver (vector< vector<info_node> >& node)
{
bool trobat=false;
while (trobat==false)
{
compute_bp (node) ;
solver_phi (node) ;

if (calcul_error_max (node)<delta)

{
trobat=true;
}
else
{
iteracio(node);
}
}
}
void solver_phi(vector< vector<info_node> >& node)
{
if (line_by_line==false)
{
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{

node[i][j].phi=(node[i][j].ae*node[i+1][j].phi+node[i][j].aw*node[i-1]J[j].phi+
<> node[i][j]l.as*node[i][j-1].phi+node[i][j].an*node[i][j+1].phi+node[i][j
— J].bp)/nodel[i][j].ap;
node[i][j].phi=node[i][j].phi_ant+fr*x(node[i][j].phi-node[i][j].phi_ant);
}
}
for (int j=1;j<M+1;j++)
{
node [0]1[j].phi=(node[0][j].ae*node[1][j].phi+node[0]1[j].as*node[0][j-1].phi+
— node[0][j].an*node [0][j+1].phi+node[0][j].bp)/node[0]1[j].ap;
node [0]1 [j].phi=node [0][j].phi_ant+fr*(node[0][j].phi-node[0][j].phi_ant);
node [N+1][j].phi=(node[N+1][j].aw*node[N][j].phi+node[N+1]1[j].as*node[N+1][j
< -1] .phi+node[N+1][j].an*node [N+1][j+1].phi+node[N+1][j].bp)/node [N+1][j
— J.ap;
node [N+1][j].phi=node [N+1][j].phi_ant+fr*(node[N+1][j].phi-node[N+1][j].phi_ant
— )
}
for (int i=1;i<N+1;i++)
{
node [i]1[0].phi=(node[i][0].ae*node[i+1]1[0].phi+node[i][0].aw*node[i-1][0].phi+
<+ node[i] [0].an*node[i][1].phi+node[i][0].bp)/node[i][0].ap;
node [1] [0] . phi=node[i] [0].phi_ant+fr*(node[i] [0].phi-node[i][0].phi_ant);
node [i] [M+1].phi=(node [i][M+1].ae*node[i+1] [M+1].phi+node[i][M+1].aw*node[i-1][
< M+1] .phi+node[i] [M+1].as*node[i] [M].phi+node[i][M+1].bp)/node[i] [M+1].ap
=
node [i] [M+1].phi=node[i] [M+1].phi_ant+fr*(node[i] [M+1].phi-node[i] [M+1].phi_ant
= )3
}
int i=0, j=0;
node[i][j].phi=(node[il[j].ae*node[i+1]1[j].phi+node[i]l[j].an*node[i][j+1].phi+
< node[i][j].bp)/nodel[il[j]l.ap;
node[i][j].phi=node[i][j].phi_ant+fr*(node[i]l[j].phi-node[i]l[j].phi_ant);
j=M+1;
node[i][j].phi=(node[i][j].ae*node[i+1][j].phi+node[i][j].as*node[i][j-1].phi+
— node[i][j].bp)/nodel[i]l[j].ap;
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node[i][j].phi=node[i][j].phi_ant+fr*(node[i][j].phi-node[i][j].phi_ant);
i=N+1; j=0;
node[i][j].phi=(node[i][j].aw*node[i-1][j].phi+node[i][j].an*node[i][j+1].phi+

< node[il[j].bp)/nodel[il[j].ap;
node[i][j].phi=node[i][j].phi_ant+fr*(nodel[i][j].phi-node[i][j].phi_ant);
j=M+1;
node[i][j].phi=(node[i][j].aw*node[i-1][j].phi+node[i][j].as*node[i]l[j-1].phi+
< node[i][j].bp)/nodel[il[j]l.ap;

node[i][j].phi=node[i][j].phi_ant+fr*(nodel[i][j].phi-node[il[j].phi_ant);
}
else
{

double P[N+2],Q[N+2];

for (int j=1;j<M+1;j++)

{

P_Q_calcul (j,node,P,Q);

for (int i=1;i<N+2;i++)

{

node[i] [j].phi=P[il*node[i-1]1[j].phi+Q[il;
}

}

for (int i=1;i<N+2;i++)

{
for (int j=1;j<M+1;j++)

{
node[i][j].phi=node[i][j].phi_ant+fr*(node[i][j].phi-node[i][j].phi_ant);
}
}
}
}
double calcul_error_max(vector< vector<info_node> >& node)
{
double error=0,error_phi;
for (int i=1;i<N+2;i++)
{

for (int j=0;j<M+2;j++)

{
error_phi=v_abs(node[i][j].phi-node[i][j].phi_ant);
if (error_phi>error)

{
error=error_phi;
}

}

}
cout<<delta/error*100<<"J"<<endl;
return error;

}
double v_abs(double a)
{
if (a>0)
{
return a;
}
else
{
return -a;
}
}
void iteracio (vector< vector<info_node> >& node)
{
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for (int i=0;i<N+2;i++)

{
for (int j=0;j<M+2;j++)
{
node[i][j].phi_ant=node[i][j].phi;
¥
}
}
void save_phi (vector< vector<info_node> >& node)
{

ofstream file;
file.open("Phi");
for (int j=0;j<M+2;j++)
{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].phi<<"\t";
}
file<<endl;
}
file<<N+2<<endl;
file<<M+2;
file.close();
}
void postprocess(vector< vector<info_node> >& node)
{
double circulacio;
save_phi (node) ;
save_posicio_mat (node) ;
calcul_error (node);

CoOUut << - m e "<<endl;
save_outgoing_phi (node);
}
void save_posicio_mat(vector< vector<info_node> >& node)
{

ofstream file;
file.open("Posicio");
for (int j=0;j<M+2;j++)

{
file<<node[1]1[j].r[1]1<<endl;
}
for (int i=0;i<N+2;i++)
{
file<<node[i][1].r[0]<<endl;
}
file.close();
}
void calcul_error(vector< vector<info_node> >& node)
{

double error=0,error2;
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{
error2=node[i][j].phi*node[i]l[j].ap-(node[i]J[j].ae*node[i+1][j].phi+nodel[i][j].
< aw*node[i-1][j].phi+node[i][j].as*node[i][j-1].phi+node[i][j].an%*nodel[1
< J[j+1].phi+nodel[il[j].bp);
if (v_abs(error2)>error)
{
error=v_abs (error2);
}
}
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}
cout<<"Error comes: "<<error<<endl;

}

void guardar_dades ()
{

ofstream file;

file.open("Dades_Resultats");
file<<"DADES_ ,DEL_ ,PROBLEMA"<<endl;
file<<"Altura: "<<H<<" m"<<endl;
file<<"Longitud: "<<L<<"_ m"<<endl;
file<<"Densitat  degmalla: "<<N<<"x"<<M<<endl;
file<<"RESULTATS_ DEL_ PROBLEMA"<<endl;

time (&final) ;

file<<"Temps dey c lcul :,"<<difftime (final,inici)<<" s"<<endl;

}

void P_Q_calcul (int row, vector< vector<info_node> >& node,double P[N+2],double Q[
— N+21)

{

P[N+1]l=node[N+1][row].aw/node[N+1][row].ap;
Q[N+1]=(node[N+1] [row].an*node [N+1] [row+1].phi+node [N+1] [row].as*node [N+1] [row
< -1] .phi+node [N+1][row].bp)/node[N+1][row]l.ap;
double bp_ast;
for (int i=N;i>0;i--)
{
P[i]l=node[i][row].aw/(node[i] [row].ap-node[i] [row].ae*P[i+1]);
bp_ast=node[i]l [row].an*node[i] [row+1].phi+node[i] [row].as*node[il[row-1].phi+
— node[i] [row].bp;
Q[il=(bp_ast+node[i] [row].ae*Q[i+1])/(node[i] [row].ap-node[i] [row].ae*P[i+1]);
}

}
void find_position(vector< vector<info_node> >& mnode)
{
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{
if (node[i][j].r[0]-nodel[il[j].Ax/2 < x_conv && node[i][j].r[0l+node[i]l[j].Ax/2
— >= x_conv && node[i][j].r[1]-node[i][j]l.Ay/2 < y_conv && nodel[il[j]l.r
< [1]+node[il[jl.Ay/2 >= y_conv)
{
i_conv=ij;
j_conv=j;
break;
}
}
}
}

double phi_face_pos(double m_dot, double xe, double xP, double phiP, double xE,
— double phiE, double xW,double phiW, double xEE, double phiEE)
{
double xD, phiD,xC,phiC,xU,phiU;
if (m_dot>0)
{
xD=xE;
phiD=phiE;
xC=xP;
phiC=phiP;
xU=xW;
phiU=phiW;
}

else
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{
xD=xP;
phiD=phiP;
xC=xE;
phiC=phiE;
xU=xEE;
phiU=phiEE;

}

double norm_phic,norm_xe, norm_phie, norm_xc;
if (phiD==phil)

{

return phiD;

}

else

{
norm_phic=(phiC-phiU)/(phiD-phil) ;
norm_xe=(xe-xU)/(xD-xU);
norm_xc=(xC-xU)/(xD-xU);

if (SCHEME==0)

{
norm_phie=norm_phic;

}

else if (SCHEME==1)

{

norm_phie=(norm_xe-norm_xc)/(l-norm_xc)+(norm_xe-1)/(norm_xc-1)*norm_phic;
}
else if (SCHEME==2)

{
norm_phie=norm_xe/norm_xc*norm_phic;

}

else if (SCHEME==3)

{

norm_phie=norm_xe+(norm_xe*(norm_xe-1))/(norm_xc*(norm_xc-1))*(norm_phic-
< norm_xc);

}

else if (SCHEME==4)

{
if (norm_phic>0 && norm_phic<norm_xc/3)
{

norm_phie=-(norm_xe*(1-3*norm_xc+2*norm_xe))/(norm_xc*(norm_xc-1))*norm_phic;
}

else if (norm_phic>norm_xc/6 && norm_phic<norm_xc/norm_xe*(l+norm_xe-norm_xc))

{
norm_phie=norm_xe*(norm_xe-norm_xc)/(l-norm_xc)+norm_xe*(norm_xe-1)/(norm_xc*(

— norm_xc-1))*norm_phic;

}

else if (norm_phic>norm_xc/norm_xe*(l+norm_xe-norm_xc) && norm_phic<1)

{

norm_phie=1;

}
else
{
norm_phie=norm_phic;
}
}
return phiU+(phiD-phiU)*norm_phie;
}
}

double phi_face_neg (double m_dot, double xw, double xP, double phiP, double xW,
— double phiW, double xE,double phiE, double xWW, double phiWW)
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{
double xD, phiD,xC,phiC,xU,phiU;
if (m_dot>0)
{
xD=xP;
phiD=phiP;
xC=xW;
phiC=phiW;
xU=xWW;
phiU=phiWW;

else

{

xD=xW;

phiD=phiW;

xC=xP;

phiC=phiP;

xU=xE;

phiU=phiE;

}
double norm_phic,norm_xe, norm_phie, norm_xc;
if (phiD==phil)
{

return phiD;
}
norm_phic=(phiC-phiU)/(phiD-phil);
norm_xe=(xw-xU)/(xD-xU);
norm_xc=(xC-xU)/(xD-xU);

if (SCHEME==0)

{
norm_phie=norm_phic;

}

else if (SCHEME==1)

{

norm_phie=(norm_xe-norm_xc)/(l-norm_xc)+(norm_xe-1)/(norm_xc-1)*norm_phic;
}
else if (SCHEME==2)

{
norm_phie=norm_xe/norm_xc*norm_phic;

}

else if (SCHEME==3)

{
norm_phie=norm_xe+(norm_xe*(norm_xe-1))/(norm_xc*(norm_xc-1))*(norm_phic-norm_xc

= )3

}

else if (SCHEME==4)

{
if (norm_phic>0 && norm_phic<norm_xc/3)
{

norm_phie=-(norm_xe*(1-3*norm_xc+2*norm_xe))/(norm_xc*(norm_xc-1))*norm_phic;
}

else if (norm_phic>norm_xc/6 && norm_phic<norm_xc/norm_xex*(l+norm_xe-norm_xc))
{
norm_phie=norm_xe*(norm_xe-norm_xc)/(l-norm_xc)+norm_xe*(norm_xe-1)/(norm_xc*(

— norm_xc-1))*norm_phic;

}

else if (norm_phic>norm_xc/norm_xe*(l+norm_xe-norm_xc) && norm_phic<1)
{

norm_phie=1;
}

else

{
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norm_phie=norm_phic;

}
}
if (norm_phic==0)
{
norm_phie=0;
}
else if (norm_phic==1)
{
norm_phie=1;
}

return phiU+(phiD-phiU)*norm_phie;

}
double UDS_pos(double m_dot, double phiP,double phiE)
{

if (m_dot>0)

{

return phiP;

}

else

{

return phiE;

}
}
double UDS_neg(double m_dot, double phiP,double phiW)
{

if (m_dot>0)

{

return phiW;

}

else

{

return phiP;

}
}
void def_vel_mdot(vector< vector<info_node> >& node)
{

double alpha,x,y,xb,yb,v;

for (int i=0;i<N+2;i++)

{
for (int j=0;j<M+2;j++)
{
if (exercise==1)
{

node[i][j]l.vel[0]=vO;
node[i][j].vel[1]1=0;

node[i] [j].me=vO*rho_in*node[i][j].Ay;
node[i][j] .mw=vO*rho_in*node[i][j].Ay;
node[i][j].ms=0;

node[i][j] .mn=0;

node[i][j].Spp=0;

node[i][j].Spc=0;
}

else if (exercise==2)
{

alpha=pi/4;

node[i][j].vel [0]=vO*cos (alpha);
node[i][j]l.vel[1]=vO*sin(alpha);
node[i][j] .me=node[i][j].vel [0]l*rho_in*node[i][j].Ay;
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node[i][j] .mw=node[i][j].vel [0l*rho_in*node[i][j]
node[i][j] .ms=node[i]l[j].vel[1l*rho_in*node[il[j]
node[i][j] .mn=node[i][j].vel[1]l*rho_in*node[i][j]
node[i][j].Spp=0;
node[i][j].Spc=0;
}
else if (exercise==3)
{
x=node[i][j].r[0]-1;
y=node [i1[j].r[1];
node[i][j].vel [0]=2*y*(1-x*x);
node[i][j].vel [1]=-2*x*x(1-y*y);
node[i][j].Spp=0;
node[i][j].Spc=0;
if (i<N+1 && i>0 && j<M+1 && j>0)
{
xb=node [i+11[j].r[0]-1;
yb=node [i+1]1[j].r[1];
xb=(x+xb) /2;
yb=(y+yb) /2;
v=2*%yb*(1-xb*xb) ;
node[i] [j] .me=v*rho_in*node[i][j].Ay;
xb=node[i-1][j].r[0]-1;
yb=node[i-1]1[j].r[1];
xb=(x+xb) /2;
yb=(y+yb)/2;
v=2xyb* (1-xb*xb) ;
node[i][j] .mw=v*rho_in*node[i][j].Ay;
xb=node[i][j-1].r[0]-1;
yb=node[i][j-1].r[1];
xb=(x+xb) /2;
yb=(y+yb) /2;
v=-2%xb*(1-yb*yb) ;
node[i] [j] .ms=v*rho_in*node[i][j].Ax;
xb=node [i]1[j+1].r[0]-1;
yb=node[i]1[j+1].r[1];
xb=(x+xb) /2;
yb=(y+yb) /2;
v=-2xxb*(1-yb*yb) ;
node[i][j] .mn=v*rho_in*node[i][j].Ax;
}
else
{
node[i][j].me=0;
node[i][j].mw=0;
node[i][j].ms=0;
node[i][j].mn=0;
}
}
else if (exercise==4)
{
node[i][j].vel [0]=0;
node[i][j].vel [1]=vO0;
node[i][j].me=0;
node[i][j] . mw=0;
node[i][j] .ms=vO*rho_in*node[i][j].Ax;
node[i] [j] .mn=vO*rho_in*node[i][j].Ax;
node[i]J[j].Spp=0;
node[i][j].Spc=0;
}
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}
void verif_coefs(vector< vector<info_node> >& node)
{
for (int i=0;i<N+2;i++)
{
for (int j=0;j<M+2;j++)
{
if (isnan(node[i]l[j].bp))
{
cout <<i<<" ;,"<<j<<endl;
system("pause");
}
}
}
}
void save_coefs (vector< vector<info_node> >& node)
{
ofstream file;
file.open("Coefs");
file<<"AP"<<endl;
file<<endl;
for (int j=M+1;j>=0;j--)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].ap<<"\t";
}
file<<endl;
}

file<<endl;
file<<"AE"<<endl;
file<<endl;

for (int j=M+1;j>=0;j--)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].ae<<"\t";
}
file<<endl;
}

file<<endl;
file<<"AW"<<endl;
file<<endl;

for (int j=M+1;3j>=0;j--)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].aw<<"\t";
}
file<<endl;
}

file<<endl;
file<<"AS"<<endl;
file<<endl;

for (int j=M+1;j>=0;j--)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].as<<"\t";
}
file<<endl;
}
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file<<endl;
file<<"AN"<<endl;
file<<endl;

for (int j=M+1;3j>=0;j--)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].an<<"\t";
}
file<<endl;
}

file<<endl;
file<<"BP"<<endl;
file<<endl;

for (int j=M+1;j>=0;j--)

{
for (int i=0;i<N+2;i++)
{
file<<node[i][j].bp<<"\t”;
}
file<<endl;
}

file.close();
system("pause");

}
void save_outgoing_phi(vector< vector<info_node> >& node)
{
std::ofstream ofs;
ofs.open("Outlet_phi_values.txt", std::ofstream::out | std::ofstream::trunc);

ofs.close();

ofstream file;

file.open("Outlet_phi_values.txt",std::ios_base::app);

int i_slected;

double x_selected=1,Ax=0.1;

int j=0;

file<<"Inythisydocument itywill be represented theyphi value for thegoutlet,
— section "<<endl;

file<<"
Sk ok ok kK K K K ok ok ok ok ok ok ok ok oK oK oK oK 3K 3K K K K K K K K K K K K K o ok ok ok ok ok ok ok ok oK ok 3K 3K K K K K K K K K K K K K ok ok ok ok ok ok ok ok ok K K K K K K
— "<<endl;

file<<"Caseof rho/gamma=_,"<<rho_in/gamma<<endl;

file<<"x-position"<<"\t"<<"Phi"<<endl;

file<<"--------mmm - - "<<endl;
while (x_selected<2)

{

for (int i=N/2-2;i<N+2;i++)

{

if (node[il[j+1].r[0]-nodel[i][j+1].Ax/2 < x_selected && node[i][j+1].r[0]+nodel
— i][j+1].Ax/2 >= x_selected)

{
file<<x_selected-1<<"\t"<<"\t"<<node[i] [j].phi<<endl;
break;

}

}

x_selected=x_selected+Ax;

}
file<<1<<"\t"<<"\t"<<node [N+1][j].phi<<endl;

for (int i=1;i<5;i++)
{
file<<endl;

}
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file<<"N_ =" <<N<<endl;

file<<"M_=_,"<<M<<endl;

file.close();

}

void compute_bp(vector< vector<info_node> >& node)
{

double dpe,dpw, dps, dpn;

double phie,phin,phis,phiw;

for (int i=2;i<N;i++)

{
for (int j=2;j<M;j++)
{
phie=phi_face_pos(node[i][j].me,node[i]J[j].r[0]+node[i][j].Ax/2,node[i][j].r
< [0] ,node[i][j].phi,node[i+11[j].r[0],nodel[i+1][j].phi,node[i-11[j]1.r[0],
— node[i-1][j].phi,node[i+2][j].r[0] ,node[i+2][j].phi);
phiw=phi_face_neg(node[i][j].mw,node[i][j].r[0]-node[i]l[j].Ax/2,node[i][j].r
< [0],node[i][j].phi,node[i-1]1[j].r[0],nodel[i-11[j].phi,nodel[i+1]1[j]l.r[0],
— node[i+1][j].phi,node[i-2]1[j].r[0],node[i-2][j].phi);
phin=phi_face_pos(node[il[j].mn,node[i]l[jl.r[1]1+node[il[j].Ay/2,node[il[j].r
— [1] ,node[i][j].phi,node[i]J[j+1].r[1],node[i]J[j+1].phi,node[i][j-1].r[1],
< nodel[i][j-1].phi,node[i]l[j+2].r[1],node[i][j+2].phi);
phis=phi_face_neg(node[i][j].ms,node[i]J[j].r[1]-node[i][j].Ay/2,no0de[i][j].r
< [1] ,node[i][j].phi,node[i][j-1].r[1] ,node[i][j-1].phi,node[i][j+1].r[1],
< node[i][j+1].phi,node[il[j-2].r[1],nodel[i][j-2].phi);
if (isnan(phis) || isnan(phin) || isnan(phie) || isnan(phiw))
{
cout <<phis<<" ,;"<<phin<<" ,"<<phie<<" ,"<<phiw<<endl;
system("pause");
}
node[i][j].bp=node[i][j].Spc*node[i][j].Ax*node[i][j]l.Ay-node[i]J[j].mex*phie+
> node[i][j].mw*phiw-node[i][j] .mn*phin+node[i][j].ms*phis;
}
}
int j;

for (int i=2;i<N;i++)

{

j=M;
phie=phi_face_pos(node[il[j].me,node[i]l[j].r[0l+node[i]l[j].Ax/2,node[il[j].r
< [0] ,node[i][j].phi,node[i+1][j].r[0] ,nodel[i+1][j].phi,nodel[i-1]1[j]l.r[0],
< node[i-1]1[j].phi,node[i+2]1[j].r[0],node[i+2][j].phi);
phiw=phi_face_neg(node[i][j].mw,node[i]J[j].r[0]-node[i][j].Ax/2,node[i][j].r
< [0] ,node[i][j].phi,node[i-11[j].r[0] ,nodel[i-1]1[j].phi,nodel[i+11[j]l.r[0],
<> nodel[i+1][j].phi,node[i-21[j].r[0],node[i-2]1[j].phi);
phin=node[i][j+1].phi;
phis=phi_face_neg(node[il[j].ms,node[i]l[j].r[1]-nodel[il[j].Ay/2,nodel[il[j].r
— [1] ,node[i][j].phi,node[i]J[j-1].r[1] ,node[i][j-1].phi,node[i][j+1].r[1],
< node[i][j+1].phi,node[i]1[j-2].r[1],node[i][j-2].phi);
if (isnan(phis) || isnan(phin) || isnan(phie) || isnan(phiw))
{
cout <<i<<" ;;"<<j<<endl;
system("pause");
}
node[i][j].bp=node[i][j].Spc*node[i][j].Ax*node[i][j].Ay-node[i]l[j].mex*phie+
+ node[i][j].mw*phiw-node[i][j].mn*phin+node[i]l[j].ms*phis;

i=1;
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phie=phi_face_pos(node[i][j].me,node[i][j].r[0]+node[i][j].Ax/2,node[i][j].r
— [0],node[i][j].phi,node[i+1]1[j].r[0],nodel[i+1]1[j].phi,nodel[i-1]1[j].r[0],
— node[i-1][j].phi,node[i+2][j].r[0],node[i+2][j].phi);
phiw=phi_face_neg(node[il[j].mw,node[i]1[j].r[0]-nodel[il[j].Ax/2,node[il[j].r
< [0] ,node[i][j].phi,node[i-1]1[j].r[0] ,nodel[i-1]1[j].phi,nodel[i+1]1[j]l.r[0],
< node[i+1][j].phi,node[i-2]1[j].r[0],nodel[i-21[j].phi);
phin=phi_face_pos(node[i][j].mn,node[i]J[j].r[1]+node[i]J[j].Ay/2,node[i][j].r
< [1] ,node[i][j].phi,node[i][j+1].r[1] ,node[i][j+1].phi,node[i][j-1].r[1],
— node[i][j-1].phi,nodel[i][j+2].r[1] ,node[i]1[j+2].phi);
phis=node[i][j-1].phi;
if (isnan(phis) || isnan(phin) || isnan(phie) || isnan(phiw))
{
cout<<i<<", "<<j<<endl;
system("pause");
}
node[i][j].bp=node[i][j].Spc*node[i][j].Ax*node[i][j]l.Ay-node[i]J[j].mex*phie+
<> node[i][j].mw*phiw-node[i][j] .mn*phin+node[i][j].ms*phis;
}

int i;

for (int j=2;j<M;j++)
{

i=N;
phie=node[i+1][j].phi;
phiw=phi_face_neg(node[i][j].mw,node[i][j].r[0]-node[i]l[j].Ax/2,node[i][j].r
< [0],node[i][j].phi,node[i-11[j].r[0],node[i-1]1[j].phi,nodel[i+1]1[j].r[0],
— node[i+1][j].phi,node[i-2][j].r[0],nodel[i-2][j].phi);
phin=phi_face_pos(node[i][j].mn,node[i][j].r[1]+node[i][j].Ay/2,node[il[j].r
— [1] ,node[i][j].phi,node[i]J[j+1].r[1],node[i]J[j+1].phi,node[i][j-1].r[1],
< nodel[i][j-1].phi,node[i]l[j+2].r[1],node[i][j+2].phi);
phis=phi_face_neg(node[i]l[j]l.ms,node[i]l[j].r[1]-node[il[j].Ay/2,node[il[j].r
< [1] ,node[i][j].phi,node[i][j-1].r[1] ,node[i][j-1].phi,node[i][j+1].r[1],
— node[il[j+1].phi,node[il[j-2].r[1],nodel[il[j-2].phi);
if (isnan(phis) || isnan(phin) || isnan(phie) || isnan(phiw))
{
cout <<i<<" ;;"<<j<<endl;
system("pause");
}
node[i][j].bp=node[i][j].Spc*node[i][j].Ax*node[i][j].Ay-node[i]l[j].mex*phie+
<+ node[i][j].mw*phiw-node[i][j].mn*phin+node[i][j].ms*phis;

i=1;
phie=phi_face_pos(node[i][j].me,node[i][j].r[0]+node[i][j].Ax/2,node[i][j].r
< [0] ,node[i][j].phi,node[i+1]1[j].r[0],node[i+1]1[j].phi,nodel[i-1]1[j]l.r[0],
— node[i-1][j].phi,node[i+2][j].r[0] ,node[i+2]1[j].phi);
phiw=node[i-1][j].phi;
phin=phi_face_pos(node[i][j].mn,node[i][j].r[1]+node[i][j].Ay/2,node[i]l[j].r
< [1] ,node[i][j].phi,node[i][j+1].r[1] ,node[i][j+1].phi,node[i][j-1].r[1],
— node[il[j-1].phi,node[il[j+2].r[1],nodel[i]l[j+2].phi);
phis=phi_face_neg(node[i][j].ms,node[i][j].r[1]-nodel[i][j].Ay/2,node[i][j].r
< [1] ,node[i][j].phi,node[i]J[j-1].r[1],node[i]l[j-1].phi,nodel[il[j+1].r[1],
— node[i][j+1].phi,node[i][j-2].r[1] ,node[i][j-2].phi);
if (isnan(phis) || isnan(phin) || isnan(phie) || isnan(phiw))
{
cout <<i<<","<<j<<endl;
system("pause");

}

node[i]J[j].bp=node[i][j].Spc*node[i][j].Ax*node[i][j]l.Ay-node[i]J[j].mex*phie+
< node[i][j].mw*phiw-node[i][j] .mn*phin+node[i][j].ms*phis;
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i=1;

j=1;

phie=phi_face_pos(node[i]l[j].me,node[i][j].r[0]+node[i]l[j].Ax/2,node[i]l[j].r[0],
— node[i][j].phi,node[i+1]1[j].r[0] ,node[i+1][j].phi,node[i-1]1[j].r[0],nodel
— 1-11[j].phi,node[i+2][j].r[0],node[i+2][j].phi);

phiw=node[i-1][j].phi;

phin=phi_face_pos(node[i][j].mn,node[i][j]l.r[1]+node[i]1[j].Ay/2,n0de[i]1[j].r[1],
— node[i][j].phi,nodel[i][j+1].r[1] ,node[i][j+1].phi,node[i]J[j-1].r[1],nodel
< i][j-1].phi,node[i]1[j+2].r[1],node[i][j+2].phi);

phis=node[i][j-1].phi;

node[i][j].bp=node[i][j].Spc*node[i][j].Ax*node[i][j].Ay-node[i][j].me*phie+node
< [i][j] .mw*phiw-node[i][j].mn*phin+node[i]l[j].ms*phis;

i=M;

phie=phi_face_pos(node[i][j].me,node[i][j].r[0]+node[i]1[j].Ax/2,n0de[i][j].r[0],
— node[i][j].phi,node[i+1][j].r[0] ,node[i+1]1[j].phi,node[i-1]1[j].r[0],nodel
< 1i-11[j].phi,node[i+2][j].r[0] ,node[i+2][j].phi);

phiw=node[i-1][j].phi;

phin=node[i] [j+1].phi;

phis=phi_face_neg(node[il[j].ms,node[i][j].r[1]-node[i]l[j].Ay/2,node[i]1[j].r[1],
— node[i][j].phi,nodel[i][j-1].r[1] ,node[i][j-1].phi,node[i]J[j+1].r[1],nodel
< i][j+1].phi,node[i]1[j-2].r[1] ,node[il[j-2].phi);

node[i][j].bp=node[i][j].Spc*node[i][j].Ax*node[i]l[j]l.Ay-node[i][j].me*phie+node
< [1i][j] .mw*phiw-node[i][j] .mn*phin+node[i][j].ms*phis;

i=N;

j=1;

phie=node[i+1][j].phi;

phiw=phi_face_neg(node[i][j].mw,node[i][j].r[0]-node[i][j].Ax/2,no0de[i][j].r[0],
< node[i][j].phi,node[i-11[j]1.r[0],nodel[i-1]1[j].phi,node[i+11[j].r[0],nodel
— i+1][j].phi,node[i-2][j].r[0] ,node[i-2][j].phi);

phin=phi_face_pos(node[i][j].mn,node[i][j].r[1]+node[i]1[j].Ay/2,n0de[i]1[j].r[1],
— node[i][j].phi,nodel[i][j+1].r[1] ,node[i][j+1].phi,node[i][j-1].r[1],nodel
< 1] [j-1].phi,node[i]1[j+2].r[1],node[i][j+2].phi);

phis=node[i][j-1].phi;

node[i][j].bp=node[i][j].Spc*node[i][j].Ax*node[i][j].Ay-node[i][j].me*phie+node
< [i][j] .mw*phiw-node[i][j].mn*phin+node[i]l[j].ms*phis;

j=M;

phie=node[i+1][j].phi;

phiw=phi_face_neg(node[i][j].mw,node[i][j].r[0]-node[i][j].Ax/2,node[i][j].r[0],
<> node[i][j].phi,nodel[i-11[j].r[0],nodel[i-1]1[j].phi,nodel[i+1]1[j].r[0],nodel
< i+1]1[j].phi,node[i-2][j].r[0],node[i-2][j].phi);

phin=node[i] [j+1].phi;

phis=phi_face_neg(node[i][j].ms,node[i][j].r[1]-node[i][j].Ay/2,node[i][j].r[1],
< node[i][j].phi,node[i][j-1].r[1] ,node[i]l[j-1].phi,node[i][j+1].r[1],nodel
< i][j+1].phi,node[i][j-2].r[1],node[il[j-2].phi);

node[i][j].bp=node[i][j].Spc*node[i]l[j].Ax*node[i][j]l.Ay-node[i][j].me*phie+node
~ [i][j].mw*phiw-node[i][j].mn*phin+node[i]J[j].ms*phis;

}
void sol_analytic (vector< vector<info_node> >& node)
{

ofstream file;

file.open("Phi_analytic");

double phi_a,error=0.000000000;

for (int j=0;j<M+2;j++)

{

for (int i=0;i<N+2;i++)

{
phi_a=phi_in+(phi_out-phi_in)*(exp(node[i]J[j].r[0]*Pe/L)-1)/(exp(Pe)-1);
file<<phi_a<<"\t";
if (v_abs(node[i][j].phi-phi_a)>error)
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{
error=v_abs(node[i][j].phi-phi_a);
}
}
file<<endl;
}
file<<N+2<<endl;
file<<M+2;
file.close();
save_error_analytic (error);
cout<<"Error analitic:_ "<<error;
}
void save_error_analytic(double error)
{
std::ofstream ofs;
ofstream file;

file.open("Error_analytic.txt",std::ios_base::app);

if (SCHEME==0)

{
file<<"UDS"<<"\t";
}
else if (SCHEME==1)
{
file<<"CDS"<<"\t";
}
else if (SCHEME==2)
{
file<<"SUDS"<<"\t";
}
else if (SCHEME==3)
{
file<<"QUICK"<<"\t";
}
else if (SCHEME==4)
{
file<<"SMART"<<"\t";
}

file<<Pe<<"\t"<<N+2<<"\t";
file<<error/v_abs (phi_out-phi_in)<<endl;
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Developed code for incompressible
Navier-Stokes (general code without

the energy equation)

#include
#include
#include
#include
#include
#include
#include

<iostream>
<fstream>
<stdlib.h>
<stdio.h>
<math.h>
<vector >
<time.h>

using namespace std;

const double
const double
int n_it=0;

const double

const double
const double

const double
const double

const double
const double
const double
const double

€C1=0.35%0.5;
€2=0.2%0.5;

t_show=0.5;

O OO

const int N=60;
const int M=N;
const int VC=(N+2) *(M+2);

const double
const double
const double
const double
const double
double At;

fr=0.8;
delta=1e-9;
delta_v=1e-6;
delta_P=1e-6;
k=1.5;
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double t_1im=700;

// Non-dimensional numbers

const double Re=1e3;

// Type of
/ *
0-UDS
1-CDS
2-SUDS
3-QUICK
4-SMART
*/

const int SCHEME=0;

// Solver type

bool line_by_line=false;

convective scheme

// 1f Gauss-Seidel-->true;

/ /% % 3k sk %k sk sk ok sk sk ok sk sk ok sk sk ok ok sk ok ok sk %k 3k sk sk ok sk sk %k sk sk %k sk sk %k sk sk ok sk sk %k sk sk %k ok sk %k ok sk %k 3k >k %k %k >k %k %k >k %k *k %

// Time variables for the computatinal cost

time_t inici,final;

// Time variable for the physical phnomenon

double t=0;
// Main mesh variable
struct main_mesh{
double r[2];
double Ax;
double Ay;
double P_sup;
double P;
double P_ant;
double ap;
double as;
double an;
double aw;
double ae;
double bp;
int mat; // O
};

// Stagg-x mesh
struct stg_x_mesh{
double r[2];

double xw;
double xe;
double yn;
double ys;
double Ax;
double Ay;
double u;
double u_ant;
double u_P;
double R;
double R2;

};

// Stagg-y mesh
struct stg_y_mesh{
double r[2];
double
double
double
double
double
double
double
double
double

// n

XW 3
xe;
yn;
ys;
Ax;
Ay;

v
v_ant;
v_P;

// n

for solid,

1 for

fluid
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double R;
double R2;
};

oy

int Ts[2*N][2];

int Tn[2%N][2];

int Te[2xM][2];

int Tw[2*M][2];

int T[VC+1]1[2];

int Tw_ul[2%(N+50)1[2];

int T_u[VC+11[2];

int Tw_v [2*x(M+50)]1[2];

int T_v[VC+11[2];
SN
(SN

void preprocess(vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
— stgx,vector< vector<stg_y_mesh> >& stgy);

void geometry(vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >& stgx
— ,vector< vector<stg_y_mesh> >& stgy);

void connectivity (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
— stgx,vector< vector<stg_y_mesh> >& stgy);

void initial_map (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
<5 stgx,vector< vector<stg_y_mesh> >& stgy);

void coeffs_a(vector< vector<main_mesh> >& main);

void coeffs_bp(vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
— stgx,vector< vector<stg_y_mesh> >& stgy);

void time_solver (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
— stgx,vector< vector<stg_y_mesh> >& stgy);

double time_step_choice (vector< vector<main_mesh> >& main,vector< vector<
— stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >& stgy);

void time_step (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
— stgx,vector< vector<stg_y_mesh> >& stgy);

double find_Ax_min(vector< vector<main_mesh> >& main);
double find_v_max(vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >&

— stgy);
void compute_R (vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >&
— stgy);

void compute_Ru_ant (vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh>
—  >& stgy);

void compute_Rv_ant (vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh>
—  >& stgy);

double phi_face_pos(double m_dot, double xe, double xP, double phiP, double xE,
— double phiE, double xW,double phiW, double xEE, double phiEE);

double phi_face_neg (double m_dot, double xw, double xP, double phiP, double xW,
— double phiW, double xE,double phiE, double xWW, double phiWW);

double UDS (double v_inf, double v_sup, double F);

void compute_velp(vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >&
—  stgy);

void instant_solver (vector< vector<main_mesh> >& main);

void iterative_solver (vector< vector<main_mesh> >& main);

double error_max (vector< vector<main_mesh> >& main);

void iteration_step(vector< vector<main_mesh> >& main);

void compute_vel_instant (vector< vector<main_mesh> >& main,vector< vector<
— stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >& stgy);

void save_P(vector< vector<main_mesh> >& main);

void save_vel(vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >&
— stgy);

void save_pos(vector< vector<main_mesh> >& main);
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void save_lengths();

void comprovation(vector< vector<main_mesh> >& main);

void save_vel_gnu (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
> stgx,vector< vector<stg_y_mesh> >& stgy);

bool stationary (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
— stgx,vector< vector<stg_y_mesh> >& stgy);

void verif _NS1 (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
— stgx,vector< vector<stg_y_mesh> >& stgy);

void error_P(vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >& stgx,
— vector< vector<stg_y_mesh> >& stgy);

void save_Bench(vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >&
— stgy);

void save_u_v(vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >&
— stgy);

void save_R (vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >& stgy
— )

void save_R2 (vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >&
— stgy);

void save_parameters ();

int main ()
{

save_lengths ();

time (&inici);

cout<<"Start..."<<endl;

vector< vector<main_mesh> > main(N+2, vector<main_mesh>(M+2));
vector< vector<stg_x_mesh> > stgx(N+1, vector<stg_x_mesh>(M+2));
vector< vector<stg_y_mesh> > stgy(N+2, vector<stg_y_mesh>(M+1));
cout<<"Preprocess..."<<endl;

preprocess (main,stgx,stgy);

cout<<"Discretization coeffieciets (ap,ae,aw,an,as)..."<<endl;
coeffs_a(main) ;
cout<<"Temporal solver..."<<endl;

time_solver (main,stgx,stgy);
save_vel(stgx,stgy);

save_P (main) ;

save_vel_gnu(main,stgx,stgy);
save_Bench(stgx,stgy);

save_u_v (stgx,stgy);

save_parameters () ;
}
void preprocess(vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&

> stgx,vector< vector<stg_y_mesh> >& stgy)

{

geometry (main, stgx,stgy);

connectivity (main,stgx,stgy);
initial_map(main,stgx,stgy);

save_pos (main) ;
}
void geometry(vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >& stgx

— ,vector< vector<stg_y_mesh> >& stgy)

{

double x_lim[N+1], y_lim[M+1];

x_1im [0]=0;

y_1im [0]=0;

x_1im[N]=L;

y_lim[M]=H;

double sij;

double Ax=L/N;

double Ay=H/M;

double x1,x2,d;

int N2,N_ant;
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if (N%2!=0)
{
x_1lim[(N-1)/2]=L/2-Ax/2;
x_1im [(N+1) /2]1=L/2+Ax/2;
x1=x_1im[0];
x2=x_lim[(N-1)/2];
N2=(N-1)/2;
for (int i=1;i<N2;i++)
{
d=1.0%i/N2-1.0;
si=1+tanh (k*(d))/tanh (k) ;
x_lim[i]l=x1+si*x(x2-x1);
}
N_ant=N2+1;
N2=N-(N+1) /2;
x1=x_1im[N];
x2=x_1lim [(N+1) /2];
for (int i=1;i<N2;i++)
{
d=1.0%(N2-1i)/N2-1.0;
si=1+tanh(k*(d))/tanh(k);
x_lim[i+N_ant]l=x1+si*(x2-x1);
}
}
else
{
x_lim[(N)/2]1=L/2;
x1=x_1im[0];
x2=x_1im[N/2];

N2=N/2;
for (int i=1;i<N2;i++)
{

d=1.0*i/N2-1.0;
si=1+tanh(k*(d))/tanh (k) ;
x_lim[i]l=x1+si*(x2-x1);
}
N_ant=N2;
x1=x_1im[N];
x2=x_1im[N/2];
for (int i=1;i<N2;i++)
{
d=1.0%(N2-1)/N2-1.0;
si=1+tanh (k*(d))/tanh (k) ;
x_lim[i+N_ant]=x1+si*(x2-x1);
}
}

double y1,y2;
int M2,M_ant;
if (M%2!=0)
{
y_1lim[(M-1) /2]1=H/2-Ay/2;
y_lim[(M+1) /2]1=H/2+Ay/2;
yl=y_lim[0];
y2=y_lim[(M-1)/2]1;
M2=(M-1)/2;
for (int i=1;i<M2;i++)
{
d=1.0%i/M2-1.0;
si=1+tanh(k*(d))/tanh(k);
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y_lim[il=yl+si*(y2-y1);

}

M_ant=M2+1;

M2=M-(M+1) /2;

yl=y_1lim[M];
y2=y_lim[(M+1)/2];

for (int i=1;i<M2;i++)

{

d=1.0*x(M2-1)/M2-1.0;

si=1+tanh (k*(d))/tanh(k);

y_lim[i+M_ant]l=yl+si*(y2-y1);
}
}

else
{

y_lim[(M) /2]1=H/2;
yl=y_lim[0];
y2=y_lim[M/2];

M2=M/2;
for (int i=1;i<M2;i++)
{

d=1.0*i/M2-1.0;
si=1+tanh(k*(d))/tanh(k);
y_lim[il=yl+si*(y2-y1);
}
M_ant=M2;
yl=y_lim[M];
y2=y_lim[M/2];
for (int i=1;i<M2;i++)
{

d=1.0%(M2-i)/M2-1.0;
si=1+tanh (k*(d))/tanh(k);
y_lim[i+M_ant]=yl+si*(y2-y1);

}
}
for (int i=1;i<N+1;i++)
{

for (int j=1;j<M+1;j++)

{
main[i][j].r[0]=(x_lim[i-1]+x_1im[i])/2;
main[i][j].r[1]1=(y_lim[j-1]+y_1im[j])/2;
main[i][j].Ax=x_1lim[i]-x_lim[i-1];
main[il[j].Ay=y_lim[jl-y_1lim[j-1];

}

}
for (int j=1;j<M+1;j++)
{

main[0][j].r[0]=0;
main[0][j].r[1]l=main[1][j].r[1];
main[N+11[j].r[0]=L;

main [N+1][j].r[1]=main[NJ[j].r[1];

}

for (int i=1;i<N+1;i++)

{
main[i] [0].r[0]=main[i] [2].r [0];
main[i] [0].r[1]1=0;
main[i] [M+1] .r [0]=main[i] [M].r[0];
main[i] [M+1].r[1]=H;

}
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main [0] [0].r [0]=0;
main [0] [0].xr[1]=0;
main [0] [M+1].r [0]=0;
main [0] [M+1].r[1]=H;
main [N+1][0].r [0]=L;
main [N+1][0].r[1]=0;
main[N+1] [M+1].r[0]=L;
main [N+1] [M+1].r[1]=H;
// Stagg-x mesh
for (int i=0;i<N+1;i++)
{
for (int j=0;j<M+2;j++)
{
stgx[i1[j].r[0]=x_1im[i];
stgx[i][j].r[1]l=main[i][j].r[1];
//stgx[i]l[j].r[1]=(y_lim[j-1]1+y_1im[j])/2;

}

/ *

stgx[1]1[0].r[0]=x_1im[i];

stgx[1][0].r[1]=0;

stgx[1] [M+1].r[0]=x_1im[i];

stgx[i] [M+1].r[1]=H;

*/

}

// Stagg-y mesh

for (int j=0;j<M+1;j++)
{

for (int i=0;i<N+2;i++)

{
stgy[il[j].r[0]=main[i]l[j].r[0];
//stgy[il[j].r[0]=(x_1lim[i-1]+x_1im[i])/2;
stgy[i1[j].r[1l1=y_lim([j]1;

}

/ *

stgy [0][j].xr[0]=0;

stgy [0][j].r[1]l=y_1im[j];

stgy [N+11[j].r[0]=L;

stgy [N+1]1[j]l.r[1]l=y_1im([j];

*/

}

double xw,xe,yn,ys;
// Ax and Ay for Stagg-x mesh
for (int i=1; i<N;i++)
{
for (int j=1; j<M+1;j++)
{
xw=main[i][j].r[0];
xe=main[i+1][j].r [0];
yn=y_lim[j];
ys=y_lim[j-11;
stgx[i1[j].xe=xe;
stgx[11[j]. xw=xw;
stgx[i][j].yn=yn;
stgx[i1[j].ys=ys;
stgx[i][j].Ax=xe-xw;
stgx[il[j].Ay=yn-ys;
}
}
// Ax and Ay for Stagg-y mesh
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for (int i=1; i<N+1;i++)

{
for (int j=1; j<M;j++)
{
yn=main[i] [j+1].r[1];
ys=main[il[j].r[1];
xw=x_lim[i-1];
xe=x_1lim[i];
stgy[i1[j].xe=xe;
stgy[11[j]. xw=xw;
stgy[i1[j].yn=yn;
stgy[11[j].ys=ys;
stgy[i1[j]. Ax=xe-xw;
stgy[il[j]l.Ay=yn-ys;
}
}

for (int i=0;i<N+2;i++)

{
for (int j=0;j<M+2;j++)
{
main[i] [j].mat=1;
}
}
}

void connectivity (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&

— stgx,vector< vector<stg_y_mesh> >& stgy)
{

int cont=0;
T[0] [0]=cont;
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{
cont++;
T[0][0]l=cont;
Tlcont][0]=1;
Tlcont][1]=j;
}
}
T[0][0]l=cont+1;
Ts [0]1 [0]1=0;
Tn[0]1[0]1=0;
Tw[0] [0]=0;
Te [0]1[0]1=0;

cont=0;

T_ul[0] [0]=cont;

for (int i=1;i<N;i++)

{

for (int j=1;j<M+1;j++)

{
cont++;
T_u[0][0]l=cont;
T_ulcont][0]=1i;
T_ulcont][1]=j;

}

}
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T_ul[0][0]l=cont+1;
Tw_u[0][0]=0;

cont=0;
T_v[0][0]=cont;
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M;j++)
{
cont++;
T_v[0][0]=cont;
T_v[cont][0]=1;
T_vlcont]l[1]l=3;
}
}
T_v[0][0]l=cont+1;
Tw_v [0] [0]=0;
}
void initial_map (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
> stgx,vector< vector<stg_y_mesh> >& stgy)

{

for (int i=0;i<N+2;i++)

{

for (int j=0;j<M+2;j++)
{
main[i][j].P=PO;
main[i][j].P_ant=PO0;
main[i][j].P_sup=PO0;

}

}

for (int i=0;i<N+1;i++)
{
for (int j=0;j<M+2;j++)
{
stgx[i1[j].u=v0;
stgx[i1[j]l.u_ant=v0;
if (j==M+1)
{
stgx[il[j].u=1;
stgx[i][j].u_ant=0;
}
}
}

for (int i=0;i<N+2;i++)
{
for (int j=0;j<M+1;j++)
{
stgy[11[j].v=v0;
stgy[il[j].v_ant=vO0;
}
}
compute_R(stgx,stgy);
}
void coeffs_a(vector< vector<main_mesh> >& main)

{
double dPE,dPW,dPN,dPS;

int comnt,i,j;
cont = T[0][0];
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for (int k=1;k<cont;k++)
{

i=T[k][0];

j=T[k]1[1];

dPE=main[i+1]1[j].r[0]-main[i][j]
dPW=main[i][j].r[0]-main[i-1][j]
dPN=main[i][j+1].r[1]-main[i][j]
dPS=main[i][j].r[1]-main[i][j-1]
main[i][j].ae=main[i][j].Ay/dPE;
main[i][j].aw=main[i][j].Ay/dPW;
main[i][j].an=main[i][j].Ax/dPN;
main[il[j].as=main[i][j].Ax/dPS;

main[i] [j].ap=main[i][j].ae+main[i][j]

}

cont=Te [0] [0];
for (int k=1;k<cont;k++)
{

i=Te[k] [0];

j=Telk]1[1]1;
dPE=main[i+1][j].r[0]-main[i][j]
dPW=main[i][j].r[0] -main[i-1]1[j]
dPN=main[i][j+1].r[1]-main[i][j]
dPS=main[i][j].r[1]-main[i][j-1]
main[i] [j].ae=0;
main[i][j].aw=main[i][j].Ay/dPW;
main[i][j].an=main[i][j].Ax/dPN;
main[i]l[j].as=main[i][j].Ax/dPS;
main[il[j].ap=main[i]l[j].

}

cont = Tw[O0][0];

for (int k=1;k<cont;k++)
{

i=Tw[k]1[0];

j=Twlk][1];
dPE=main[i+1]1[j].r[0]-main[i][j]
dPW=main[i][j].r[0]-main[i-1][j]
dPN=main[i][j+1].r[1]-main[i][j]
dPS=main[i][j].r[1]-main[i][j-1]
main[i][j].ae=main[i][j].Ay/dPE;
main[i][j].aw=0;
main[i][j].an=main[i][j].Ax/dPN;
main[i][j].as=main[i][j].Ax/dPS;

main[i][j].ap=main[i][j].ae+main[i][j]

}

cont = Ts[0][0];

for (int k=1;k<cont;k++)
{

i=Ts[k][0];

j=Ts[k]1[1];
dPE=main[i+1][j].r[0]-main[i][j]
dPW=main[i][j].r[0] -main[i-11[j]
dPN=main[i] [j+1].r[1]-main[i][j]
dPS=main[i][j].r[1]-main[i][j-1]
main[i][j].ae=main[i][j].Ay/dPE;
main[i][j].aw=main[i][j].Ay/dPW;
main[i][j].an=main[i][j].Ax/dPN;
main[i][j].as=0;

main[i][j].ap=main[i][j].ae+main[i][j]

}
cont = Tn[0][0];
for (int k=1;k<cont;k++)

ae+main[il[j]

.r[0];
.r[0];
.r[1];
.r[1];

.aw+main[i]J[j].an+main[i][j].as;

.r[0];
.r[0];
.r[1];
.r[1];

.aw+main[i][j].an+main[i][j].as;

.r[0];
.r[0];
.r[1];
.r[1];

.aw+main[i][j].an+main[i][j].as;

.r[0];
.r[0];
.r[1];
.r[1];

.aw+main[il[j].an+main[i]l[j].as;
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i=Tn[k][0];
j=Tn([k][1];
dPE=main[i+1]1[j].r[0]-main[i]l[j]
dPW=main[i][j].r[0]-main[i-1][j]
dPN=main[i][j+1].r[1]-main[i][j]

dPS=main[i][j].r[1]-main[i][j-1]
main[i][j].ae=main[i][j].Ay/dPE;
main[il[j].aw=main[i][j].Ay/dPW;
main[i][j].an=0;

main[i][j].as=main[i][j].Ax/dPS;

main[i] [j].ap=main[i] [j]

for (int j=0;j<M+2;j++)

{
main[0][j].ae=1;
main[0] [j].aw=0;
main[0][j].an=0;
main[0][j].as=0;
main [0] [j].ap=1;

main [N+1][j].
main [N+1]1[j].
main[N+1][j].
main [N+1][j].
main [N+1]1[j].
}

for (int i=1;i<N+1;i++)

{

main[i] [0].
main[i] [0].
main[i] [0].
main[i] [0].
main[i] [0].

main[i] [M+1].
main[i] [M+1].
main[i] [M+1].
main[i] [M+1].
main[i] [M+1].
}
}

.ae+main[il [j]

.r[0];
.r[0];
.r[1];
.r[1];

.aw+main[i][j].an+main[i][j].as;

void coeffs_bp(vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
— stgx,vector< vector<stg_y_mesh> >& stgy)

{
double ue,uw,vn,vs,Ax,Ay;

for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{
ue=stgx[i][j].u_P;
uw=stgx[i-1][j].u_P;
van=stgy[i]1[j].v_P;
vs=stgy[il[j-1].v_P;
Ax=main[i][j].Ax;
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Ay=main[i][j].Ay;
main[i][j].bp=-1/At*((ue-uw)*Ay+(vn-vs)*Ax) ;
}
}

for (int j=0;j<M+2;j++)
{

main[0] [j].bp=0;

main[N+1][j].bp=0;
}

for (int i=1;i<N+1;i++)

{
main[i] [0].bp=0;
main[i] [M+1].bp=0;

}
}
void time_solver (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
— stgx,vector< vector<stg_y_mesh> >& stgy)
{
bool end_t=false;
while (end_t==false)
{
At=time_step_choice (main,stgx,stgy);
time_step (main,stgx,stgy);
compute_R (stgx,stgy);
compute_velp (stgx,stgy);
coeffs_bp(main,stgx,stgy);
instant_solver (main);
compute_vel_instant (main,stgx,stgy);

if ((stationary(main,stgx,stgy)==true || t>t_1lim))
{
end_t=true;
}
}

}
double time_step_choice (vector< vector<main_mesh> >& main,vector< vector<
— stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >& stgy)

{

double Ax;

double v_max;

Ax=find_Ax_min (main) ;

v_max=find_v_max (stgx,stgy);

double tc,td;

tc=Cl*Ax/v_max;

td=C2*RexAx*xAXx;

return min(tc,td);
}
double find_Ax_min(vector< vector<main_mesh> >& main)
{

double min=1e30;

for (int i=1;i<N+1;i++)

{

for (int j=1;j<M+1;j++)
{
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if (main[i][j].Ax<main[i][j].Ay && main[i][j].Ax<min)

{
min=main[i] [j].Ax;
}
else if (main[il[jl].Ax>=main[i]l[j].Ay && main[il[j].Ay<min)
{
min=main[i][j].Ay;
}
}
}
return min;
}
double find_v_max(vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >&
—  stgy)
{

double max=0;

double u,v,mod_v;

for (int i=1;i<N+1;i++)

{
for (int j=1;j<M+1;j++)

{
u=(stgx[i-11[j].u+stgx[il[j]l.u)/2;
v=(stgy[il[j].v+stgy[i1[j-11.v)/2;
mod_v=sqrt (uxu+v*v) ;
if (mod_v>max)

{
max=mod_v;
}

}

}

for (int i=1;i<N+1;i++)

{
u=(stgx[i-1] [M+1] . u+stgx [i] [M+1].u) /2;
v=stgy [i] [M+1].v;
mod_v=sqrt (uxu+v*v) ;

if (mod_v>max)

{
max=mod_v;
}
}
if (max==0)
{
return 1e-30;
}
else
{
return max;
}
}

void time_step (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
~ stgx,vector< vector<stg_y_mesh> >& stgy)

{
t=t+At;

for (int i=0;i<N+2;i++)

{

for (int j=0;j<M+2;j++)

{
main[i][j].P_ant=main[i]l[j].P;
main[i][j].P_sup=main[i][j].P;

}
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}
for (int i=0; i<N+1; i++)
{
for (int j=0; j<M+2;j++)
{

stgx[il[j]l.u_ant=stgx[i]l[j].u;
stgx[i1[j].R2=stgx[i]1[j].R;

}
}
for (int i=0; i<N+2; i++)
{
for (int j=0; j<M+1;j++)
{

stgy[il[jl.v_ant=stgy[i]l[j].v;
stgy[i1[j].R2=stgy[i1[j].R;

}
}
void compute_R (vector< vector<stg_x_mesh> >& stgx ,vector< vector<stg_y_mesh> >&
— stgy)
{

compute_Ru_ant (stgx,stgy);
compute_Rv_ant (stgx,stgy);
}
void compute_Ru_ant (vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh>
—  >& stgy)
{

int comnt,i,j;
cont=T_u[0][0];
double vA,vB,uP,uE,uW,uS,uN,ue,uw,us,un,dpe,dpw,dps,dpn;
double Aa,Ab,Fe,Fw,Fn,Fs,Ax,Ay;
for (int k=1;k<cont;k++)
{
i=T_ulk][0];
j=T_ulk]l[1];
uP=stgx[i][j].u_ant;
uE=stgx[i+1][j].u_ant;
uW=stgx[i-1][j].u_ant;
uN=stgx[i][j+1].u_ant;
uS=stgx[i]l[j-1].u_ant;
dpe=stgx[i+1][j].r[0]-stgx[i]l[j].r[0];
dpw=stgx[il[j].r[0]-stgx[i-11[j]l.r[0];
dpn=stgx[i][j+1].r[1]-stgx[i]1[j].r[1];
dps=stgx[i]1[j].r[1]-stgx[il[j-1]1.r[1];
Ax=stgx[i][j].Ax;
Ay=stgx[i1[j].Ay;
Aa=stgx[il[j].r[0]-stgx[il[j].xw;
Ab=stgx[il[j].xe-stgx[i]1[j]1.r[0];
Fe=0.5xAy*(uP+uE) ;
Fw=0.5*xAy* (uP+uW) ;
vA=stgy[il[j].v_ant;
vB=stgy[i+1][j]l.v_ant;
Fn=Aa*xvA+Ab*vVvB;
vA=stgy[il[j-1].v_ant;
vB=stgy[i+1][j-1].v_ant;
Fs=Aa*vA+Abx*vB;
if (i==N-1)
{
ue=UDS (uP ,uE,Fe);
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}

else

{

ue=phi_face_pos(Fe,stgx[il[j].xe,stgx[il[j]l.r[0],uP,stgx[i+1]1[j].r[0],uE,stgx[i
— -11[j1.r[0] ,uW,stgx[i+2]1[j].r[0],stgx[i+2][j].u_ant);

if (i==1)

uw=UDS (uW,uP,Fw) ;

}

else

{

uw=phi_face_neg(Fw,stgx[i]l[j]l.xw,stgx[il[j]l.r[0],uP,stgx[i-11[j].r[0],uW,stgx[i
— +1]1[j].r[0],uE,stgx[i-2]1[j].r[0],stgx[i-2][j].u_ant);

if (j==M)

un=ul;
}
else
{
un=phi_face_pos(Fn,stgx[i]l[j]l.yn,stgx[i]l[jl.r[1],uP,stgx[i]l[j+1].r[1],uN,stgx[i
< J[j-11.r[1],uS,stgx[i]1[j+2].r[1],stgx[il[j+2].u_ant);
}
if (j==1)
{
us=us;
}
else
{
us=phi_face_neg(Fs,stgx[i]l[j]l.ys,stgx[i]l[jl.r[1],uP,stgx[i]1[j-1].r[1],uS,stgx[i
— J[j+1]1.r[1],uN,stgx[il[j-2].r[1],stgx[i]l[j-2].u_ant);
}
stgx[i1[j].R=1/(Ax*Ay) *(-(Fe*ue-Fw*uw+Fn*un-Fs*us)+1/Re*(((uE-uP)/dpe- (uP-uW)/
— dpw)*Ay+((uN-uP)/dpn-(uP-uS)/dps)*Ax));
}
cont = Tw_ul0][0];
for (int k=1;k<cont;k++)
{
i=Tw_u([k][0];
j=Tw_ulk][1];
stgx[i][j].R=0;
}
for (int i=0;i<N+1;i++)
{
stgx[1]1 [0].R=0;
stgx[1] [M+1].R=0;
}
for (int j=1;j<M+1;j++)
{
stgx [0]J[j].R=0;
stgx[N]1[j].R=0;
}
}
void compute_Rv_ant (vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh>
—  >& stgy)
{

int cont,i,j;

cont=T_v [0][0];

double uA,uB,vP,vE,vW,vS,vN,ve,vw,vs,vn,dpe,dpw,dps,dpn;
double Aa,Ab,Fe,Fw,Fn,Fs,Ax,Ay;
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for (int k=1;k<cont;k++)
{
i=T_vI[k][0];
j=T_v[k]l[1]1;
vP=stgy[il[j].v_ant;
vE=stgy[i+1]1[j].v_ant;
vW=stgy[i-1]1[j]l.v_ant;
vN=stgy[i][j+1].v_ant;
vS=stgy[il[j-1].v_ant;
dpe=stgy[i+1]1[j]l.r[0]-stgy[il[j].r[0];
dpw=stgy[il1[j]l.r[0]-stgyl[i-11[jl.r[0];
dpn=stgy [il1[j+1].r[1]-stgy[i1[j1.r[1];
dps=stgy[il[j]l.r[1]-stgyl[il[j-1]1.r[1];
Ax=stgy[i][j].Ax;
Ay=stgy[il[j].Ay;
Fn=0.5%Ax*(vN+vP) ;
Fs=0.5%Ax*(vS+vP);
Aa=stgy[il[jl.r[1]-stgyl[il[j].ys;
Ab=stgy[i][j].yn-stgy[i1[j].r[1];
uA=stgx[il[j].u_ant;
uB=stgx[i][j+1].u_ant;
Fe=uAxAa+uB*Ab;
uA=stgx[i-1]1[j].u_ant;
uB=stgx[i-1]1[j+1].u_ant;
Fw=uA*Aa+uBx*Ab;
if (i==N)
{
ve=vE;
}
else
{
ve=phi_face_pos(Fe,stgy[il[j]l.xe,stgy[il[j]l.r[0],vP,stgy[i+1]1[j].r[0],VvE,stgyli
— -11[j1.r[0],vW,stgy[i+2]1[j].r[0],stgyl[i+2][j]l.v_ant);

if (i==1)

vw=vW;

}

else

{

vw=phi_face_neg(Fw,stgyl[il[jl.xw,stgy[i1[j].r[0],vP,stgy[i-11[j].r[0],vW,stgyl[i
— +1]1[j]1.r[0],vE,stgy[i-21[j].r[0],stgyl[i-2][j].v_ant);

}
if (j==M-1)
{
vn=UDS (vP,vN,Fn);
}
else
{
vn=phi_face_pos(Fn,stgyl[il[jl.yn,stgy[i1[j].r[1],vP,stgy[i]1[j+1].r[1],vN,stgyl[i
— J[j-11.r[1],vS,stgy[il[j+2].r[1],stgy[i]l[j+2].v_ant);
}
if (j==1)
{
vs=UDS (vS,vP,Fs);
}
else
{
vs=phi_face_neg(Fs,stgyl[il[jl.ys,stgy[i1[j].r[1],vP,stgy[i]l[j-11.r[1],vS,stgyl[i
— J[j+11.r[1],vN,stgy[il[j-21.r[1],stgyl[il[j-2].v_ant);
}
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stgy[i1[j].R=1/(Ax*Ay) *(-(Fexve-Fuxvw+Fn*vn-Fs*vs)+1/Re*(((vE-vP)/dpe-(vP-vW)/
— dpw) *Ay+((vN-vP)/dpn-(vP-vS)/dps)*Ax));
}
cont = Tw_v[0][0];
for (int k=1;k<cont;k++)
{
i=Tw_v[k][0];
j=Tw_v[k]1[1];
stgy[i1[j]l.v_P=0;
}
for (int i=0;i<N+2;i++)
{
stgy[i]1[0].R=0;
stgy[i]1 [M].R=0;
}
for (int j=1;j<M;j++)
{
stgy [0][j].R=0;
stgy [N+1]1[j].R=0;
}
}
double phi_face_pos(double m_dot, double xe, double xP, double phiP, double xE,
— double phiE, double xW,double phiW, double xEE, double phiEE)
{
double xD, phiD,xC,phiC,xU,phiU;
if (m_dot>0)
{
xD=xE;
phiD=phiE;
xC=xP;
phiC=phiP;
xU=xW;
phiU=phiW;
}
else
{
xD=xP;
phiD=phiP;
xC=xE;
phiC=phiE;
xU=xEE;
phiU=phiEE;
}

double norm_phic,norm_xe, norm_phie, norm_xc;
if (phiD==philU)
{

return phiD;
}

else
{
norm_phic=(phiC-phiU)/(phiD-phil) ;
norm_xe=(xe-xU)/(xD-xU);
norm_xc=(xC-xU) /(xD-xU) ;

if (SCHEME==0)

{
norm_phie=norm_phic;

}

else if (SCHEME==1)

{

norm_phie=(norm_xe-norm_xc)/(l-norm_xc)+(norm_xe-1)/(norm_xc-1)*norm_phic;

}
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else if (SCHEME==2)

{
norm_phie=norm_xe/norm_xc*norm_phic;

}

else if (SCHEME==3)

{

norm_phie=norm_xe+(norm_xe*(norm_xe-1))/(norm_xc*(norm_xc-1))*(norm_phic-
< norm_xc) ;

}

else if (SCHEME==4)

{
if (norm_phic>0 && norm_phic<norm_xc/3)
{

norm_phie=-(norm_xe*(1-3*norm_xc+2*norm_xe))/(norm_xc*(norm_xc-1))*norm_phic;
}

else if (norm_phic>norm_xc/6 && norm_phic<norm_xc/norm_xe*(l+norm_xe-norm_xc))

{
norm_phie=norm_xe*(norm_xe-norm_xc)/(l-norm_xc)+norm_xe*(norm_xe-1)/(norm_xc*(

< norm_xc-1))*norm_phic;

}

else if (norm_phic>norm_xc/norm_xex*(l+norm_xe-norm_xc) && norm_phic<1)

{

norm_phie=1;

}
else
{
norm_phie=norm_phic;
}
}
return phiU+(phiD-phiU)*norm_phie;
}
}

double phi_face_neg (double m_dot, double xw, double xP, double phiP, double xW,
— double phiW, double xE,double phiE, double xWW, double phiWW)
{
double xD, phiD,xC,phiC,xU,phiU;
if (m_dot>0)
{
xD=xP;
phiD=phiP;
xC=xW;
phiC=phiW;
xU=xWW;
phiU=phiWW;
}
else
{
xD=xW;
phiD=phiW;
xC=xP;
phiC=phiP;
xU=xE;
phiU=phiE;
}
double norm_phic,norm_xe, norm_phie, norm_xc;
if (phiD==phiU)
{
return phiD;
}
norm_phic=(phiC-phiU)/(phiD-phiU);
norm_xe=(xw-xU)/(xD-xU) ;
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norm_xc=(xC-xU)/(xD-xU) ;
if (SCHEME==0)

{
norm_phie=norm_phic;

}

else if (SCHEME==1)

{

norm_phie=(norm_xe-norm_xc)/(l-norm_xc)+(norm_xe-1)/(norm_xc-1)*norm_phic;
}
else if (SCHEME==2)

{
norm_phie=norm_xe/norm_xc*norm_phic;

}

else if (SCHEME==3)

{
norm_phie=norm_xe+(norm_xe*(norm_xe-1))/(norm_xc*(norm_xc-1))*(norm_phic-norm_xc

= )3

}

else if (SCHEME==4)

{
if (norm_phic>0 && norm_phic<norm_xc/3)
{

norm_phie=-(norm_xe*(1-3*norm_xc+2*norm_xe))/(norm_xc*(norm_xc-1))*norm_phic;
}
else if (norm_phic>norm_xc/6 && norm_phic<norm_xc/norm_xe*(l+norm_xe-norm_xc))
{
norm_phie=norm_xe*(norm_xe-norm_xc)/(1l-norm_xc)+norm_xe*(norm_xe-1)/(norm_xcx*(
— norm_xc-1))*norm_phic;
}
else if (norm_phic>norm_xc/norm_xe*(l+norm_xe-norm_xc) && norm_phic<1)
{
norm_phie=1;
}
else
{
norm_phie=norm_phic;
}
}
if (norm_phic==0)
{
norm_phie=0;
}
else if (norm_phic==1)
{
norm_phie=1;
}
return phiU+(phiD-phiU)*norm_phie;
}
double UDS (double v_inf, double v_sup, double F)
{
if (F>=0)
{
return v_inf;
}
else
{
return v_sup;
}
}
void compute_velp(vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >&
—  stgy)
{
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for (int i=0;i<N+1;i++)
{
for (int j=0;j<M+2;j++)
{
stgx[i][j].u_P=stgx[i]l[j]l.u_ant+At*(1.5*stgx[i]1[j].R-0.56*xstgx[1i1[j].R2);
}

}
for (int i=0;i<N+2;i++)
{
for (int j=0;j<M+1;j++)
{

stgy[i1[j]l.v_P=stgy[i]l[j]l.v_ant+At*(1.5*xstgy[i]1[j].R-0.5*xstgy[il[j].R2);
}
}
}
void instant_solver (vector< vector<main_mesh> >& main)
{
bool convergence=false;
while (convergence==false)
{
iterative_solver (main) ;
if (error_max(main)<delta)

{
convergence=true;
}
else
{
iteration_step(main);
}
}
}
void iterative_solver (vector< vector<main_mesh> >& main)
{
if (line_by_line==false)
{

int cont,i,j;

cont=T[0][0];
for (int k=1;k<cont;k++)
{
i=T[k]1[0];
j=T[k]1[1];
main[i][j].P=(main[i][j].ae*main[i+1][j].P_sup+main[i]l[j].aw*main[i-1]1[j].P_sup
— +main[i][j].an*main[i]J[j+1].P_sup+main[il[j].as*main[i][j-1].P_sup+mainl[
— il[j].bp)/main[il[j].ap;
main[i][j].P=main[i][j].P_sup+fr*(main[il[j].P-main[il[j].P_sup);
}
cont=Te [0][0];
for (int k=1;k<cont;k++)
{
i=Te[k][0];
j=Telk][1]1;
main[i][j].P=(main[i][j].ae*main[i+1][j].P_sup+main[i][j].aw*main[i-1]1[j].P_sup
— +main[i][j].an*main[i][j+1].P_sup+main[i][j].as*main[i]J[j-1].P_sup+mainl[
< 11[jl.bp)/main[il[j].ap;
main[i][j].P=main[i][j].P_sup+fr*(main[i]J[j].P-main[i][j].P_sup);
}
cont=Tw [0] [0];
for (int k=1;k<cont;k++)
{
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i=Tw[k][0];
j=Twlk][1];
main[i][j].P=(main[i][j].ae*main[i+1][j].P_sup+main[i][j].aw*main[i-1]1[j].P_sup
~ +main[il[j].an*main[i][j+1].P_sup+main[i][j].as*main[i]l[j-1].P_sup+main[
— 1]1[j].bp)/main[i]l[j].ap;
main[i][j].P=main[i][j].P_sup+fr*(main[il[j].P-main[i]l[j].P_sup);
}
cont=Ts [0] [0];
for (int k=1;k<cont;k++)
{
i=Ts [k]1[0];
j=Ts[k][1];
main[il[j].P=(main[i]l[j].ae*main[i+1][j].P_sup+main[il[j].aw*main[i-1]1[j].P_sup
— +main[i][j].an*main[i]J[j+1].P_sup+main[i]J[j].as*main[i]J[j-1].P_sup+mainl[
< il1[j1.bp)/main[il[j].ap;
main[i][j].P=main[i][j].P_sup+fr*(main[i]l[j].P-main[i][j].P_sup);
}
cont=Tn [0][0];
for (int k=1;k<cont;k++)
{
i=Tn[k][0];
j=Tnl[k][1];
main[i][j].P=(main[i][j].ae*main[i+1][j].P_sup+main[il[j].aw*main[i-1]1[j].P_sup
— +main[il[j].an*main[i][j+1].P_sup+main[i]l[j].as*main[i]l[j-1].P_sup+mainl[
— i][j].bp)/main[il[j].ap;
main[i][j].P=main[i][j].P_sup+fr*(main[i]J[j].P-main[i][j].P_sup);
}

for (int i=1;i<N+1;i++)

{

main[i] [0] .P=(main[i] [0].ae*main[i+1][0].P_sup+main[i] [0].aw*main[i-1][0].P_sup
— +main[i] [0].an*main[i][1].P_sup+main[i] [0].bp)/main[i] [0].ap;

main[i] [0] .P=main[i] [0].P_sup+fr*(main[i] [0].P-main[i][0].P_sup);

main[i] [M+1] .P=(main[i] [M+1].ae*main[i+1] [M+1].P_sup+main[i] [M+1].aw*main[i-1][
< M+1].P_sup+main[i] [M+1].as*main[i] [M].P_sup+main[i] [M+1].bp)/main[i][M
— +1].ap;

main[i] [M+1] .P=main[i] [M+1].P_sup+fr*(main[i] [M+1].P-main[i] [M+1].P_sup);

}

for (int j=1;j<M+1;j++)
{
i=0;
main[i][j].P=(main[i][j].ae*main[i+1][j].P_sup+main[i][j].an*main[i][j+1].P_sup
— +main[i][j]l.as*main[i][j-1].P_sup+main[il[j]l.bp)/main[il[j].ap;
main[i] [j].P=main[i][j].P_sup+fr*(main[i]l[j].P-main[i][j].P_sup);
i=N+1;
main[i][j].P=(main[i][j].aw*main[i-1][j].P_sup+main[il[j].an*main[i][j+1].P_sup
— +main[i][j].as*main[i][j-1].P_sup+main[i][j].bp)/main[i]l[j].ap;
main[i][j].P=main[il[j].P_sup+fr*(main[il[j].P-main[i]l[j].P_sup);
}

i=0;

3=0;

main[i][j].P=(main[i][j].ae*main[i+1][j].P_sup+main[il[j].an*main[i][j+1].P_sup+
< main[i][j].bp)/main[il[j]l.ap;

main[i][j].P=main[i][j].P_sup+fr*(main[i][j].P-main[il[j].P_sup);

i=0;

j=M+1;

main[i] [j].P=(main[i][j].ae*main[i+1][j].P_sup+main[il[j].as*main[i][j-1].P_sup+
< main[i][j].bp)/main[il[j].ap;

main[i] [j].P=main[i][j].P_sup+fr*(main[i]J[j].P-main[i][j].P_sup);
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i=N+1;

j=0;

main[i][j].P=(main[i][j].aw*main[i-1][j].P_sup+main[i][j].an*main[i][j+1].P_sup+
— main[il[j].bp)/main[il[j].ap;

main[i][j].P=main[i][j].P_sup+fr*(main[i]J[j].P-main[i]l[j].P_sup);

i=N+1;

j=M+1;

main[i][j].P=(main[i][j].aw*main[i-1][j].P_sup+main[i][j].as*main[i][j-1].P_sup+
— main[i][j].bp)/main[i] [j].ap;

main[i][j].P=main[i][j].P_sup+fr*(main[i][j].P-main[i][j].P_sup);

}

}
double error_max (vector< vector<main_mesh> >& main)
{
double error=0;
for (int i=0;i<N+2;i++)
{
for (int j=0;j<M+2;j++)
{
if (fabs(main[i]J[j].P-main[i][j].P_sup)>error && main[i][j].mat!=0)
{

error=fabs(main[i][j].P-main[i][j].P_sup);

}
}
}
return error;
}
void iteration_step(vector< vector<main_mesh> >& main)
{
for (int i=0;i<N+2;i++)
{
for (int j=0;j<M+2;j++)
{
if (main[i][j].mat!=0)
{
main[i][j].P_sup=main[i]l[j].P;
}
}
}
}

void compute_vel_instant (vector< vector<main_mesh> >& main,vector< vector<
— stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >& stgy)
{

int cont,i,j;
cont=T_ul[0][0];
for (int k=1;k<cont;k++)
{

i=T_ulk][0];

j=T_ulk]l[1];
stgx[il[j].u=stgx[i]l[j]l.u_P-At*(main[i+1][j].P-main[i]l[j].P)/stgx[i]1[j].Ax;
}

for (int i=0; i<N+1;i++)
{
stgx[1]1[0].u=u_B;
stgx[1] [M+1] .u=u_T;
}

for (int j=1;j<M+1;j++)
{
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stgx[0][j].u=u_L;
stgx[N1[j]l.u=u_R;
}

if (Tw_u([0][0]>0)

{

cont = Tw_ul[0][0];

for (int k=1;k<cont;k++)
{
i=Tw_ul[k] [0];
j=Tw_ulk][1];
stgx[i1[j].u=0;

}

}

cont=T_v [0][0];
for (int k=1;k<cont;k++)
{

i=T_v[k][0];

j=T_vI[k]l[1];
stgy[1i1[j].v=stgy[il[j]l.v_P-At*(main[il[j+1].P-main[il[j]1.P)/stgy[i]1[j].Ay;
}

for (int i=0; i<N+2;i++)
{
stgy[i1[0].v=v_B;
stgy[i1[M].v=v_T;
}

for (int j=1;j<M;j++)
{
stgy [0J[j].v=v_L;
stgy [N+11[j].v=v_R;
}

if (Tw_v[0][0]>0)
{
cont = Tw_v[0][0];
for (int k=1;k<cont;k++)
{
i=Tw_v[k][0];
j=Tw_v[k][1];
stgy[i1[j].v=0;

}
}
}
void save_vel (vector< vector<stg_x_mesh> >& stgx ,vector< vector<stg_y_mesh> >&
— stgy)
{

ofstream file;

double u,v;
file.open("Nodal_u");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
if (i==0)
{

u=stgx[il[j].u;
file<<u<<endl;
}

else if (i==N+1)

122




UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH

Escola Superior d’Enginyeries Industrial,
Aeroespacial i Audiovisual de Terrassa

Appendix F

{
u=stgx[i-11[j].u;
file<<u<<endl;
}
else
{
u=(stgx[i-11[j] . u+stgx[il[jl.u)/2;
file<<u<<endl;
}
}
}
file.close();
file.open("Nodal_v");
for (int j=0;j<M+2;j++)
{
for (int i=0;i<N+2;i++)
{
if (j==0)
{
v=stgy[il[j].v;
file<<v<<endl;
}
else if (j==M+1)
{
v=stgy [i][j-1].v;
file<<v<<endl;
}
else
{
v=(stgy[i1[j].v+stgy[i]l[j-1]1.v)/2;
file<<v<<endl;
}
}
}
file.close();
}
void save_pos(vector< vector<main_mesh> >& main)
{
ofstream file;
file.open("Position");
for (int j=0;j<M+2;j++)

{
file<<main[1][j]l.r[1]<<endl;
}
for (int i=0;i<N+2;i++)
{
file<<main[i][1].r[0]<<endl;
}
file.close();
}
void save_lengths ()
{

ofstream file;

file.open("Lengths");

file<<N+2<<endl;

file<<M+2<<endl;

file.close();
}
void save_P(vector< vector<main_mesh> >& main)
{

ofstream file;

double u,v;
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file.open("Pressure");
for (int i=0;i<N+2;i++)

{
for (int j=0;j<M+2;j++)
{

file<<main[i][j].P<<endl;

}

}

file.close();

}

void comprovation (vector< vector<main_mesh> >& main)

{

std::ofstream ofs;

ofs.open("Coefs.txt", std::ofstream::out | std::ofstream::trunc);

ofs.close();
ofstream file;

file.open("Coefs.txt",std::ios_base::app);

file<<"AP"<<endl;
file<<endl;
for (int j=M+1;j>=0;j--)
{
for (int i=0;i<N+2;i++)
{
file<<main[i][j].ap<<"\t";
}
file<<endl;
}
file<<endl;
file<<"AE"<<endl;
file<<endl;
for (int j=M+1;j>=0;j--)
{
for (int i=0;i<N+2;i++)
{
file<<main[i][j].ae<<"\t";
}
file<<endl;
}
file<<endl;
file<<"AW"<<endl;
file<<endl;
for (int j=M+1;3j>=0;j--)
{
for (int i=0;i<N+2;i++)
{
file<<main[i][j].aw<<"\t";
}
file<<endl;
}
file<<endl;
file<<"AS"<<endl;
file<<endl;
for (int j=M+1;j>=0;j--)

{
for (int i=0;i<N+2;i++)
{
file<<main[i][j].as<<"\t";
}
file<<endl;
}

file<<endl;
file<<"AN"<<endl;
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file<<endl;
for (int j=M+1;j>=0;j--)
{
for (int i=0;i<N+2;i++)
{
file<<main[i][j].an<<"\t";
}
file<<endl;
}
file<<endl;
file<<"BP"<<endl;
file<<endl;
for (int j=0;j<M+2;j++)
{
for (int i=0;i<N+2;i++)
{
file<<main[i][j].bp<<"\t";
}
file<<endl;
}
file.close();
system("pause") ;

}

void save_vel_gnu (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&

[
{
double u,v;

double scale=0.01;
std::ofstream ofs;
ofs.open("Velocity_field.txt",
ofs.close();

ofstream file;
file.open("Velocity_field.txt"
for (int j=0;j<M+2;j++)

{

for (int i=0;i<N+2;i++)

{
file<<main[i][j].r[0]<<" ";

file<<main[i][j].r[1]<<" ";

,std:

std::ofstream

if (i==0)

{

u=stgx [i]1[j].u;

}

else if (i==N+1)

{
u=stgx[i-11[j].u;
}

else

{
u=(stgx[i-11[j].u+stgx[il[j]l.u)/2;
}

if (j==0)

{

v=stgy[1]1[j].v;

else if (j==M+1)
{
v=stgy [i]l[j-1].v;
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}

else

{

v=(stgy[i]1[j].v+stgy[i1[j-1].v)/2;
}
file<<scalexu/sqrt (u*u+v*v)<<" "<<scale*v/sqrt (vxv+uxu)<<" "<<sqrt (u*u+v*v) <<
~— endl;
}
}
AN
}

bool stationary (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
— stgx,vector< vector<stg_y_mesh> >& stgy)
{
double maxP=0,max_vel=0;
int im, jm;
for (int i=0;i<N+2;i++)

{
for (int j=0;j<M+2; j++)
{
if (fabs(main[i]J[j].P-main[i][j].P_ant)>maxP)
{
maxP=fabs(main[i][j].P-main[i][j].P_ant)/main[il[j].P;
im=1i;
jm=j;
}
}
}
for (int i=1;i<N;i++)
{
for (int j=1;j<M+1;j++)
{
if (fabs(stgx[i]J[j]l.u-stgx[i][j].u_ant)>max_vel)
{
max_vel=fabs(stgx[i]l[j].u-stgx[i]J[j].u_ant);
}
}
}
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M;j++)
{
if (fabs(stgyl[il[jl.v-stgy[il[j].v_ant)>max_vel)
{
max_vel=fabs(stgy[il[j]l.v-stgy[il[j].v_ant);
}
}
}
if (max_vel>delta_v || maxP>(delta_P))
{
if (t>n_it*t_show)
{

cout<<"Time instant: "<<t<<" s"<<endl;
if (max_vel/delta_v > maxP/(delta_P))
{

cout<<"Stationary,status_ (vel): "<< delta_v/max_vel#*100<<"%"<<endl;

}
else

{
cout<<"Stationary,status (P):,"<< delta_P/maxP*100<<"7"<<endl;

126




UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH

Escola Superior d’Enginyeries Industrial,
Aeroespacial i Audiovisual de Terrassa

Appendix F

}
n_it++;
Cout << m e "<<endl;

}

return false;
}
else

{

return true;
}
}
void verif _NS1 (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
— stgx,vector< vector<stg_y_mesh> >& stgy)
{
double me,mw,ms,mn,maxm=0,maxx=0,maxy=0,err;
double uP,uE,uW,uN,uS,vAn,vBn,vAs,vBs,vP,vVE,vW,vN,vS,ule,uBe,ulAw,uBw,Aa,6Ab;
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{
mn=stgy [i]1[j].v*main[i][j].Ax;
ms=stgy [i]1[j-1].v*main[i][j]. Ax;
me=stgx[i][j].u*main[i][j].Ay;
mw=stgx[1i-1]1[j].u*main[i][j].Ay;
err=mw+ms -me -mn ;
if (fabs(err)>maxm)
{
maxm=fabs (err) ;
}
}
}
int cont;
cont=T_ul[0][0];
int i,j;
for (int k=1;k<cont;k++)
{
i=T_ulk][0];
j=T_ulk][1];
uP=stgx[il[j].u;
uE=stgx[i+1][j].u;
uW=stgx[i-1]1[j].u;
uN=stgx[i]l[j+1].u;
uS=stgx[il[j-1].u;
vAn=stgy [i]1[j].v;
vBn=stgy [i+11[j].v;
vAs=stgy[i]1[j-1]1.v;
vBs=stgy [i+1]1[j-11.v;
Aa=stgx[il[j].r[0]-stgx[il[j].xw;
Ab=stgx[il[j].xe-stgx[i]1[j]1.r[0];
mn=(vAn*Aa+vBn*Ab) ;
ms=(vAs*xAa+vBs*Ab) ;
me=0.5*%stgx [i]1[j].Ay*(uE+uP);
mw=0.5*stgx [i][j].Ay*(uW+uP) ;
err=mw+ms -me -mn ;
if (fabs(err)>maxx)
{
maxx=fabs (err) ;

}
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cont=T_v [0] [0];
for (int k=1;k<cont;k++)
{
i=T_v[k][0];
j=T_v[k]1[1];
vP=stgy [il[j].v;
vE=stgy [i+1]1[j].v;
vW=stgy[i-11[jl.v;
vN=stgy[i]l[j+1].v;
vS=stgy[il[j-1].v;
uhe=stgx[il[j].u;
uBe=stgx [i][j+1].u;
ulw=stgx[i-11[j].u;
uBw=stgx [i-1]1[j+1].u;
Aa=stgy[i]1[j]l.r[1]1-stgy[il[j].ys;
Ab=stgy[il[j].yn-stgy[i1[j1.r[1];
mn=0.5%stgy [i1[j].Ax*x(vN+vP);
ms=0.5%stgy[i]1[j].Ax*(vS+vP);
me=(uAe*Aa+uBex*xAb) ;
mw=(uAw*xAa+uBw*Ab) ;
err=mw+ms-me-mn;
if (fabs(err)>maxy)
{
maxy=fabs (err) ;
}
}
cout<<"Main:_ "<<maxm<<endl;
cout<<"Stagg-x:,"<<maxx<<endl;
cout<<"Stagg-y:,"<<maxy<<endl;

}
void error_P(vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >& stgx,
— vector< vector<stg_y_mesh> >& stgy)
{
double maxP=0,maxP2=0;
double pP,pE,pW,pS,pN,Ax,Ay,uE,uW,vS,vN;
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{
pP=main[il[j].P;
pE=main[i+1][j].P;
pW=main[i-11[j]1.P;
pS=main[il[j-1].P;
pN=main[i] [j+1].P;
Ax=main[i][j].Ax;
Ay=main[i][j].Ay;
uE=stgx[i]1[j].u_P;
uW=stgx[i-11[j].u_P;
vN=stgy[il[j].v_P;
vS=stgy[i]l[j-1].v_P;
maxP=max (maxP ,fabs ((pE-pP)/Ax*Ay-(pP-pW)/Ax*Ay+(pN-pP)/Ay*Ax-(pP-pS)/Ay*Ax-1/At
— *(uE*Ay-uWxAy+vN*Ax-vS*Ax)));
maxP2=max (maxP2,fabs(main[il[j].ap*pP-main[il[j].ae*pE-main[il[j].aw*pW-main[i
— J[jl.an*pN-main[i][j].as*pS-main[i][j].bp));
}
}
cout<<"Pressureerrror_ discretization: "<<maxP<<" ;" <<maxP2<<endl;
}
void save_Bench(vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >&
— stgy)
{
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std::ofstream ofs;
ofs.open("u_60x60_UDS_Rel00.txt",
ofs.close();
ofstream file;
file.open("u_60x60_UDS_Rel00.txt",std:
int i=(N+1)/2;
for (int j=0;j<M+2;j++)
{
file<<stgx[i][jl.r[1]1<<" "<<stgx[i][j].u<<endl;
}
file.close();
ofs.open("v_60x60_UDS_Rel00.txt",
ofs.close();
file.open("v_60x60_UDS_Rel00.txt",std::ios_base:
int j=(M+1)/2;
for (i=0;i<N+2;i++)
{
file<<stgy[il[j].r[0]1<<" "<<stgy[i]l[j].v<<endl;
}
file.close();
}

std::ofstream:

:ios_base:

std::ofstream:

:out | std::ofstream::trunc);
rapp);
:out | std::ofstream::trunc);
1app);

void save_u_v(vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >&

— stgy)
{
std::ofstream ofs;
ofs.open("u.txt",
ofs.close();
ofstream file;
file.open("u.txt",std::ios_base::app);
for (int j=0;j<M+2;j++)

std::ofstream::out |

{
for (int i=0;i<N+1;i++)
{
file<<stgx[il[jl.u<<"\t";
}
file<<endl;
}

file.close();
ofs.open("v.txt",
ofs.close();
file.open("v.txt",std::ios_base::app);
for (int j=0;j<M+1;j++)

std::ofstream::out |

{
for (int i=0;i<N+2;i++)
{

file<<stgy[il[jl.v<<"\t";

}
file<<endl;

}

file.close();

}

std::ofstream::trunc);

std::ofstream::trunc);

void save_R (vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >& stgy

— )

{

std::ofstream ofs;
ofs.open("R.txt",
ofs.close();
ofstream file;
file.open("R.txt",std::ios_base::app);
file<<"Ru:_"<<endl;

for (int j=0;j<M+2;j++)

{

std::ofstream::out | std
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for (int i=0;i<N+1;i++)

{
file<<stgx[i][j].R<<"\t";
}

file<<endl;

}

file<<"Rv:_"<<endl;

for (int j=0;j<M+1;j++)

{
for (int i=0;i<N+2;i++)
{
file<<stgy[i][j].R<<"\t";
}
file<<endl;
}

file.close();

}

void save_R2 (vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >&

— stgy)
{

std::ofstream ofs;

ofs.open("R2.txt", std::ofstream::out | std::ofstream::trunc);

ofs.close();

ofstream file;
file.open("R2.txt",std::ios_base::app);
file<<"Ru2:_,"<<endl;

for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+1;i++)
{
file<<stgx[il[j].R2<<"\t";
}
file<<endl;
}

file<<"Rv2:,"<<endl;
for (int j=0;j<M+1;j++)

{
for (int i=0;i<N+2;i++)
{
file<<stgy[il[jl.R2<<"\t";
}
file<<endl;
}
file.close();
}
void save_parameters ()
{

std::ofstream ofs;

ofs.open("Inputa_Data_time.txt", std::ofstream::out | std:

ofs.close();

ofstream file;
file.open("Inputa_Data_Results.txt",std::ios_base::app);
file<<"Re: "<<Re<<endl;

file<<"Mesh density: " <<N+2<<"x"<<M+2<<endl;
file<<"k, factor: "<<k<<endl;
file<<"delta_it: "<<delta<<endl;
file<<"delta_v: "<<delta_v<<endl;
file<<"delta_P: "<<delta_P<<endl;
file<<"Scheme: ";

if (SCHEME==0)
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{
file<<"UDS"<<endl;
}
else if (SCHEME==1)
{
file<<"CDS"<<endl;
}
else if (SCHEME==2)
{
file<<"SUDS"<<endl;
}
else if (SCHEME==3)
{
file<<"QUICK"<<endl;
}
else if (SCHEME==4)
{
file<<"SMART"<<endl;
}

time (&final);
file<<"Computation, time:,"<<difftime (final,inici)<<" s"<<endl;
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Developed code for the Differentially
Heated Cavity problem

—
#include
#include
#include
#include
#include
#include
#include

<iostream>
<fstream>
<stdlib.h>
<stdio.h>
<math.h>
<vector >
<time.h>

using namespace std;

const double
const double
const double
int n_it=0;

const double

const double
const double

const double
const double
const double

const double
const double
const double
const double

C1=0.35%0.4;
€2=0.2%0.4;
€3=0.2%0.3;

t_show=0.5;

P0=0;
v0=0;
sigma0=-0.04;

const int N=20;
const int M=N;

const int VC=(N+2) *x(M+2);

const double
const double
const double
const double
const double
const double

fr=0.8;
delta=1e-9;
delta_v=1e-4;
delta_P=1e-4;
delta_T=1e-3;
k=1e-6;
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double At;
double t_1im=700;
// Non-dimensional numbers
const double Fr=9.81;
const double Pr=1;
const double Re=1e3;
// Type of convective scheme

VE:

0-UDS

1-CDS

2-SUDS

3-QUICK

4 -SMART

*/
const int SCHEME=0;
// Solver type
bool line_by_line=false; // If Gauss-Seidel-->true; if line-by-line--> false
/ /% % 5k sk %k sk sk %k ok sk %k ok sk %k ok sk %k ok sk %k ok sk %k ok ok %k ok sk sk %k sk %k % 5k 3k %k 5k 3k % ok 3k % 5k 3k %k 5k 3k % 5k >k % 5k > % % >k % % > % *k *
// Time variables for the computatinal cost
time_t inici,final;
// Time variable for the physical phnomenon
double t=0;
// Main mesh variable
struct main_mesh{

double r[2];

double Ax;

double Ay;

double P_sup;

double P;

double P_ant;

double ap;

double as;

double an;

double aw;

double ae;

double bp;

double sigma;

double sigma_ant;

double Rt;

double Rt2;

int mat; // 0 for solid, 1 for fluid
};
// Stagg-x mesh
struct stg_x_mesh{

double r[2];

double xw;

double xe;

double yn;

double ys;

double Ax;

double Ay;

double u;

double u_ant; // n

double u_P;

double R;

double R2;
};
// Stagg-y mesh
struct stg_y_mesh{

double r[2];

double xw;

double xe;
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double yn;
double ys;
double Ax;
double Ay;
double v;
double v_ant;
double v_P;
double R;
double R2;

};

[N

int Ts[2xN][2];

int Tn[2*N][2];

int Te[2xM][2];

int Tw[2*M][2];

int T[VC+1]1[2];

int Tw_ul[2%(N+50)1[2];

int T_ul[VC+1][2];

int Tw_v [2*(M+50)1[2];

int T_v[VC+11[2];
[SEEN
[

void preprocess(vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
— stgx,vector< vector<stg_y_mesh> >& stgy);

void geometry(vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >& stgx
— ,vector< vector<stg_y_mesh> >& stgy);

void connectivity (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
— stgx,vector< vector<stg_y_mesh> >& stgy);

void initial_map (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
— stgx,vector< vector<stg_y_mesh> >& stgy);

void coeffs_a(vector< vector<main_mesh> >& main);

void coeffs_bp(vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
— stgx,vector< vector<stg_y_mesh> >& stgy);

void time_solver (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
— stgx,vector< vector<stg_y_mesh> >& stgy);

double time_step_choice (vector< vector<main_mesh> >& main,vector< vector<
— stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >& stgy);

void time_step (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
— stgx,vector< vector<stg_y_mesh> >& stgy);

double find_Ax_min(vector< vector<main_mesh> >& main);

double find_v_max(vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >&
— stgy);

void compute_R (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
— stgx,vector< vector<stg_y_mesh> >& stgy);

void compute_Ru_ant (vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh>
—  >& stgy);

void compute_Rv_ant (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh>
<~ >& stgx,vector< vector<stg_y_mesh> >& stgy);

double phi_face_pos(double m_dot, double xe, double xP, double phiP, double xE,
<5 double phiE, double xW,double phiW, double xEE, double phiEE);

double phi_face_neg (double m_dot, double xw, double xP, double phiP, double xW,
< double phiW, double xE,double phiE, double xWW, double phiWW);

double UDS (double v_inf, double v_sup, double F);

void compute_velp(vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >&
—  stgy);

void instant_solver (vector< vector<main_mesh> >& main);

void iterative_solver (vector< vector<main_mesh> >& main);

double error_max (vector< vector<main_mesh> >& main);
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void iteration_step(vector< vector<main_mesh> >& main);

void compute_vel_instant (vector< vector<main_mesh> >& main,vector< vector<
— stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >& stgy);

void save_P(vector< vector<main_mesh> >& main);

void save_vel(vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >&
— stgy);

void save_pos(vector< vector<main_mesh> >& main);

void save_lengths();

void comprovation(vector< vector<main_mesh> >& main);

void save_vel_gnu (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
<> stgx,vector< vector<stg_y_mesh> >& stgy);

bool stationary (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
—» stgx,vector< vector<stg_y_mesh> >& stgy);

void verif _NS1 (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
— stgx,vector< vector<stg_y_mesh> >& stgy);

void error_P(vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >& stgx,
— vector< vector<stg_y_mesh> >& stgy);

void save_Bench(vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >&
— stgy);

void save_u_v(vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >&
— stgy);

void save_R (vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >& stgy
— )

void save_R2 (vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >&
— stgy);

void save_parameters ();

void compute_Rt (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
— stgx,vector< vector<stg_y_mesh> >& stgy);

void compute_T(vector< vector<main_mesh> >& main);

void save_T(vector< vector<main_mesh> >& main);

int main ()
{

save_lengths ();

time (&inici);

cout<<"Start..."<<endl;

vector< vector<main_mesh> > main(N+2, vector<main_mesh>(M+2));
vector< vector<stg_x_mesh> > stgx(N+1, vector<stg_x_mesh>(M+2));
vector< vector<stg_y_mesh> > stgy(N+2, vector<stg_y_mesh>(M+1));
cout<<"Preprocess..."<<endl;

preprocess (main,stgx,stgy);

cout<<"Discretization coeffieciets (ap,ae,aw,an,as)..."<<endl;
coeffs_a(main);
cout<<"Temporal  solver..."<<endl;

time_solver (main,stgx,stgy);

save_vel (stgx,stgy);

save_P (main) ;

save_vel_gnu(main,stgx,stgy);
save_Bench(stgx,stgy);

save_u_v (stgx,stgy);

save_parameters () ;

save_T (main) ;
}
void preprocess(vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&

— stgx,vector< vector<stg_y_mesh> >& stgy)

{

geometry (main, stgx,stgy);

connectivity (main,stgx,stgy);

initial_map (main,stgx,stgy);

save_pos (main) ;

}
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void geometry(vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >& stgx
— ,vector< vector<stg_y_mesh> >& stgy)

{

double x_lim[N+1], y_lim[M+1];

x_1im [0]=0;

y_1im [0]=0;

x_lim[N]=L;

y_lim[M]=H;

double sij;

double Ax=L/N;

double Ay=H/M;

double x1,x2,d;

int N2,N_ant;

if (N%2!'=0)
{
x_1lim[(N-1) /2]=L/2-Ax/2;
x_1im [(N+1) /2]=L/2+Ax/2;
x1=x_1im[0];
x2=x_1lim [(N-1) /2];
N2=(N-1)/2;
for (int i=1;i<N2;i++)
{
d=1.0*xi/N2-1.0;
si=1+tanh (k*(d))/tanh(k);
x_lim[il=x1+si*x(x2-x1);
}
N_ant=N2+1;
N2=N-(N+1)/2;
x1=x_1im[N];
x2=x_1im [(N+1) /2] ;
for (int i=1;i<N2;i++)
{
d=1.0%(N2-i)/N2-1.0;
si=1+tanh(k*(d))/tanh (k) ;
x_lim[i+N_ant]=x1+si*(x2-x1);
}
}
else
{
x_lim [(N)/2]=L/2;
x1=x_1im [0];
x2=x_1im[N/2];

N2=N/2;
for (int i=1;i<N2;i++)
{

d=1.0*%i/N2-1.0;
si=1+tanh (k*(d))/tanh(k);
x_lim[i]=x1+si*(x2-x1);
}
N_ant=N2;
x1=x_1im[N];
x2=x_1im[N/2];
for (int i=1;i<N2;i++)
{
d=1.0*(N2-i)/N2-1.0;
si=1+tanh (k*(d))/tanh(k);
x_lim[i+N_ant]=x1+si*(x2-x1);
}
}
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double yi1,y2;
int M2,M_ant;
if (M%2!=0)
{
y-1im[(M-1) /2]=H/2-Ay/2;
y-lim[(M+1) /2]=H/2+Ay/2;
yl=y_1im[0];
y2=y_lim[(M-1)/2];
M2=(M-1)/2;
for (int i=1;i<M2;i++)
{
d=1.0%i/M2-1.0;
si=1+tanh(kx*(d))/tanh(k);
y_lim[i]=yl+six*(y2-y1);
}
M_ant=M2+1;
M2=M- (M+1) /2;
yl=y_lim[M];
y2=y_lim[(M+1)/2];
for (int i=1;i<M2;i++)
{
d=1.0%(M2-1i)/M2-1.0;
si=1+tanh(k*(d))/tanh(k);
y_lim[i+M_ant]=yl+si*(y2-y1);
}
}
else
{
y_lim[(M) /2]1=H/2;
yl=y_1im[0];
y2=y_lim[M/2];

M2=M/2;
for (int i=1;i<M2;i++)
{

d=1.0*i/M2-1.0;
si=1+tanh(k*(d))/tanh (k) ;
y_lim[il=y1l+si*(y2-y1);
}
M_ant=M2;
yl=y_lim[M];
y2=y_lim[M/2];
for (int i=1;i<M2;i++)
{
d=1.0%(M2-i)/M2-1.0;
si=1+tanh (k*(d))/tanh (k) ;
y_lim[i+M_ant]=yl+si*(y2-y1);

}
}
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{

main[i][j].r[0]=(x_lim[i-1]+x_1im[i]) /2;
main[i][j].r[1]1=(y_lim[j-1]+y_1im([j1)/2;
main[i][j].Ax=x_lim[i]-x_lim[i-1];
main[il [j].Ay=y_lim([jl-y_lim[j-1];

}
}
for (int j=1;j<M+1;j++)
{
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main[0][j].r[0]=0;
main[0][j].r[1]=main[1]1[j].r[1];
main[N+1]1[j].r[0]=L;
main[N+1]1[j].r[1]1=main[NI[j]l.r[1];

}

for (int i=1;i<N+1;i++)

{

main[i] [0].r[0]=main[i] [2].r [0];

main[i] [0].r[1]1=0;

main[i] [M+1].r[0]=main[i] [M].r[0];

main[i] [M+1].r[1]=H;

}

main [0] [0].r [0]=0;

main [0][0].r[1]1=0;

main [0] [M+1].r [0]=0;

main [0] [M+1].r[1]=H;

main [N+1] [0].r [0]=L;

main [N+1]1[0].r[1]1=0;

main [N+1] [M+1].r[0]=L;

main [N+1] [M+1].r[1]=H;

// Stagg-x mesh

for (int i=0;i<N+1;i++)

{

for (int j=0;j<M+2;j++)

{
stgx[11[j].r[0]l=x_1im[i];
stgx[i][j].r[1]=main[i][j].r[1];
//stgx[il[j].r[1]=(y_lim[j-1]+y_1im[j1)/2;

}

/ *

stgx[1][0].r[0]=x_1im[i];

stgx[1][0].r[1]=0;
stgx[1][M+1].r[0]=x_1im[i];
stgx[1] [M+1].r[1]=H;

*/

}

// Stagg-y mesh

for (int j=0;j<M+1;j++)
{

for (int i=0;i<N+2;i++)

{
stgy[i1[j]l.r[0]l=main[il[j].x[0];
//stgy[i1[j]1.r[0]=(x_1im[i-1]+x_1im[i])/2;
stgy[i1[j].r(1]1=y_1im[j];

}

/ *

stgy [01[j]l.r[0]=0;

stgy[0J[j].r[1]=y_1im[j];

stgy [N+1]1[j].r[0]=L;

stgy IN+11[j].r[1]l=y_1lim[j];

*/

}

double xw,xe,yn,ys;
// Ax and Ay for Stagg-x mesh
for (int i=1; i<N;i++)
{
for (int j=1; j<M+1;j++)
{
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xw=main[i] [j].r [0];
xe=main[i+1][j].r[0];
yn=y_lim[j];
ys=y_lim[j-11;
stgx[i1[j].xe=xe;
stgx[11[j]. xw=xw;
stgx[il[j].yn=yn;
stgx[i1[j].ys=ys;
stgx[il[j].Ax=xe-xw;
stgx[i][j].Ay=yn-ys;

}
}
for (int i=1; i<N+1;i++)
{
for (int j=1; j<M;j++)
{

yn=main[il [j+1].r[1];
ys=main[i][j].r[1];
xw=x_lim[i-1];
xe=x_1lim[i];
stgy[i1[j].xe=xe;
stgy [11[j].xw=xw;
stgy[i1[j].yn=yn;
stgy[il[j].ys=ys;
stgy[11[j]. Ax=xe-xw;
stgy[i1[j].Ay=yn-ys;

for (int i=0;i<N+2;i++)

{
for (int j=0;j<M+2;j++)
{
main[i] [j].mat=1;
}
}
}

void connectivity (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
<~ stgx,vector< vector<stg_y_mesh> >& stgy)
{

int cont=0;
T[0][0l=cont;
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{
cont++;
T[0][0]l=cont;
T[cont][0]=1;
Tlcont]l[1]l=j;
}
}
T[0][0O]l=cont+1;
Ts [0] [0]=0;
Tn [0] [0]=0;
Tw[0] [0]=0;
Te [0] [0]=0;
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cont=0;
T_ul[0][0]=cont;
for (int i=1;i<N;i++)
{
for (int j=1;j<M+1;j++)
{
cont++;
T_ul[0] [0]=cont;
T_ulcont][0]=1i;
T_ulcont][1]=3;
}
}
T_ul[0][0]l=cont+1;
Tw_u[0][0]=0;

cont=0;
T_v[0][0]l=cont;
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M;j++)
{
cont++;
T_v[0][0]l=cont;
T_v[cont][0]=1i;
T_vlcont][1]l=j;
}
}
T_v[0][0]l=cont+1;
Tw_v [0] [0]=0;
}
void initial_map (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
— stgx,vector< vector<stg_y_mesh> >& stgy)

{

for (int i=0;i<N+2;i++)
{

for (int j=0;j<M+2;j++)
{

main[i][j].P=PO;

main[i][j].P_ant=P0O;

main[i][j].P_sup=PO0;

if (i==N+1)

{
main[i][j].sigma=sigmaOl;
main[i][j].sigma_ant=0;

}

else

{
main[i][j].sigma=0;
main[i][j].sigma_ant=0;

}

}
}

for (int i=0;i<N+1;i++)
{
for (int j=0;j<M+2;j++)
{
stgx[i1[j].u=0;
stgx[i]1[j].u_ant=0;
if (j==M+1)
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{
stgx[il[jl.u=u_T;
stgx[i][j].u_ant=0;

}
}
}
for (int i=0;i<N+2;i++)
{
for (int j=0;j<M+1;j++)
{

stgy[11[j].v=v0;
stgy[il[j].v_ant=vO0;
}
}
compute_R(main,stgx,stgy);
compute_Rt (main,stgx,stgy);
}
void coeffs_a(vector< vector<main_mesh> >& main)

{

double dPE,dPW,dPN,dPS;
int cont,i,j;

cont = T[0][0];

for (int k=1;k<cont;k++)
{

i=T[k][0];
j=T[k]1[1]1;
dPE=main[i+1][j].r[0]-main[i][j].r[0];
dPW=main[i][j].r[0]-main[i-1]1[j].r[0];
dPN=main[i][j+1].r[1]-main[i][j].r[1];
dPS=main[i][j].r[1]-main[i][j-1].r[1];
main[i][j].ae=main[i][j].Ay/dPE;
main[i][j].aw=main[i][j].Ay/dPW;
main[il[j].an=main[i]l[j].Ax/dPN;
main[i] [j].as=main[i][j].Ax/dPS;
main[i][j].ap=main[i][j].ae+main[i][j].aw+main[i]l[j].an+main[i][j].as;
}
cont=Te [0] [0];
for (int k=1;k<cont;k++)
{
i=Te[k]1[0];
j=Telk][1];
dPE=main[i+1]1[j].r[0]-main[i][j].r[0];
dPW=main[i][j].r[0]-main[i-1][j].r[0];
dPN=main[i][j+1].r[1]-main[i][j].r[1];
dPS=main[i][j].r[1]-main[i][j-1].r[1];
main[i][j].ae=0;
main[i] [j].aw=main[i] [j].Ay/dPW;
main[i][j].an=main[i][j].Ax/dPN;
main[il[j].as=main[i]l[j].Ax/dPS;
main[i] [j].ap=main[i][j].ae+main[i][j].aw+main[i]l[j].an+main[i][j].as;
}
cont = Tw[0][0];
for (int k=1;k<cont;k++)
{
i=Tw[k][0];
j=Twlk][1];
dPE=main[i+1][j].r[0]-main[i]l[j].r[0];
dPW=main[i][j].r[0]-main[i-1]1[j].r[0];
dPN=main[i][j+1].r[1]-main[i][j].r[1];
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dPS=main[i][j].r[1]-main[i][j-1]

ae=main[i] [j].
aw=0;

an=main[i][j].
as=main[i] [j].
ap=main[i] [j].

main[i] [j].
main[i][j].
main[i] [j].
main[i][j].
main[il[j].

.r[1];
Ay/dPE;

Ax/dPN;
Ax/dPS;
ae+main[il[j]

.aw+main[i][j].an+main[i][j].as;

}

cont = Ts[0][0];

for (int k=1;k<cont;k++)
{

i=Ts[k][0];
j=Ts[k]1[1];

dPE=main[i+1][j].r[0] -main[i][j].r[0];
dPW=main[i][j].r[0]-main[i-1][j].r[0];
dPN=main[i][j+1].r[1]-main[i][j].r[1];
dPS=main[i] [j].r[1]-main[i][j-1].r[1];

Ay/dPE;
Ay/dPW;
Ax/dPN;

ae=main[i] [j].
aw=main[i] [j].
an=main[i][j].
as=0;

ap=main[i][j].

main[i][j].
main[i] [j].
main[i][j].
main[i] [j].
main[i] [j].

ae+main[i][j].aw+main[i][j].an+main[i][j].as;

}

cont = Tn[0][0];

for (int k=1;k<cont;k++)
{

i=Tn[k] [0];
j=Tnl[k]1[1];
dPE=main[i+1][j].r[0]-main[i][j]
dPW=main[i][j].r[0] -main[i-11[j]
dPN=main[i] [j+1].r[1]-main[i] [j]
dPS=main[i][j].r[1]-main[i][j-1]
main[i][j].ae=main[i][j].Ay/dPE;
main[i][j].aw=main[i][j].Ay/dPW;
main[il[j].an=0;

main[i][j].as=main[i][j].
main[il[j].ap=main[i][j].

.r[0];
.r[0];
.r[1];
.r[1];

Ax/dPS;

ae+main[i][j].aw+main[i]l[j].an+main[i][j].as;

for (int j=0;j<M+2;j++)
{

main [0][j].
main[0][j].
main[0][j].
main [0] [j].
main [0][j].

Moo
n B s o0

[T T T T
o

)
el

main [N+1]1[j].
main[N+1][j].
main [N+1]1[j].
main [N+1]1[j].
main [N+1][j].
}

PP PP
n B s o0
T T T

[
]

for (int i=1;i<N+1;i++)

{

»
®

main[i] [0].
main[i] [0].
main[i] [0].
main[i] [0].

p o
B =

»
[
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main[i] [0].ap=1;

main[i] [M+1].ae=0;
main[i] [M+1].aw=0;
main[i] [M+1].an=0;
main[i] [M+1].as=1;
main[i] [M+1].ap=1;
}
}
void coeffs_bp(vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
< stgx,vector< vector<stg_y_mesh> >& stgy)
{

double ue,uw,vn,vs,Ax,Ay;

for (int i=1;i<N+1;i++)

{

for (int j=1;j<M+1;j++)
{
ue=stgx[i]l[j].u_P;
uw=stgx[i-1]1[j].u_P;
vn=stgy[i1[j].v_P;
vs=stgy[il[j-1].v_P;
Ax=main[i][j]. Ax;
Ay=main[i][j].Ay;
main[i] [j].bp=-1/At*((ue-uw)*Ay+(vn-vs)*Ax) ;

for (int j=0;j<M+2;j++)
{

main [0][j].bp=0;

main[N+1][j].bp=0;
}

for (int i=1;i<N+1;i++)

{
main[i] [0].bp=0;
main[i] [M+1].bp=0;

}
}
void time_solver (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
<> stgx,vector< vector<stg_y_mesh> >& stgy)
{
bool end_t=false;
while (end_t==false)
{
At=time_step_choice(main,stgx,stgy);
time_step (main,stgx,stgy);
compute_R(main,stgx,stgy);
compute_Rt (main,stgx,stgy);
compute_T (main) ;
compute_velp (stgx,stgy);
coeffs_bp(main,stgx,stgy);
instant_solver (main);

143




UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH

Escola Superior d’Enginyeries Industrial,
Aeroespacial i Audiovisual de Terrassa

Appendix G

compute_vel_instant (main,stgx,stgy);

if ((stationary(main,stgx,stgy)==true || t>t_lim))
{
end_t=true;
}
}
}

double time_step_choice (vector< vector<main_mesh> >& main,vector< vector<
— stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >& stgy)

{

double Ax;

double v_max;

Ax=find_Ax_min (main);

v_max=find_v_max (stgx,stgy);

double tc,td,tt;

tc=Cl*Ax/v_max;

td=C2*Re*xAx*Ax;

tt=C3*Pr*xRexAx*xAx;

return min(tc,min(td,tt));
}

double find_Ax_min(vector< vector<main_mesh> >& main)

{

double min=1e30;

for (int i=1;i<N+1;i++)

{
for (int j=1;j<M+1;j++)
{
if (main[i][j].Ax<main[i][j].Ay && main[i][j].Ax<min)
{
min=main[i] [j].Ax;
}
else if (main[i][j].Ax>=main[i]J[j].Ay && main[i][j].Ay<min)
{
min=main[i] [j].Ay;
}
}
}
return min;
}
double find_v_max(vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >&
— stgy)
{

double max=0;

double u,v,mod_v;

for (int i=1;i<N+1;i++)
{

for (int j=1;j<M+1;j++)

{
u=(stgx[i-1]1[j].u+stgx[il1[j]l.u)/2;
v=(stgy[i][j].v+stgy[i1[j-11.v)/2;
mod_v=sqrt (uxu+v*v) ;
if (mod_v>max)

{

max=mod_v;

}
}
}
for (int i=1;i<N+1;i++)
{
u=(stgx[i-1]1 [M+1] . u+stgx[i] [M+1].u)/2;
v=stgy [i] [M+1].v;
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mod_v=sqrt (uxu+v*v) ;
if (mod_v>max)

{
max=mod_v;
}
}
if (max==0)
{
return 1e-30;
}
else
{
return max;
}
}

void time_step (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
> stgx,vector< vector<stg_y_mesh> >& stgy)

{

t=t+At;

for (int i=0;i<N+2;i++)

{

for (int j=0;j<M+2; j++)

{
main[i][j].P_ant=main[i]l[j].P;
main[i][j].P_sup=main[i][j].P;
main[i][j].sigma_ant=main[i][j].sigma;
main[i][j].Rt2=main[i][j].Rt;

}
}
for (int i=0; i<N+1; i++)
{

for (int j=0; j<M+2;j++)

{
stgx[i1[j].u_ant=stgx[i1[j].u;
stgx[il[j].R2=stgx[i][j].R;

}

}
for (int i=0; i<N+2; i++)
{

for (int j=0; j<M+1;j++)

{
stgy[i1[j].v_ant=stgy[i]l[j]l.v;
stgy[i1[j]l.R2=stgy[i]1[j].R;

}

}
}

void compute_R (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
— stgx,vector< vector<stg_y_mesh> >& stgy)
{
compute_Ru_ant (stgx,stgy);
compute_Rv_ant (main,stgx,stgy);
}
void compute_Ru_ant (vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh>
—  >& stgy)
{

int cont,i,j;
cont=T_u[0][0];
double vA,vB,uP,uE,uW,uS,uN,ue,uw,us,un,dpe,dpw,dps,dpn;
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double Aa,Ab,Fe,Fw,Fn,Fs,Ax,Ay;
for (int k=1;k<cont;k++)
{

i=T_ulk][0];

j=T_ulk][1];
uP=stgx[i]l[j].u_ant;
uE=stgx[i+1]1[j].u_ant;
uW=stgx[i-11[j].u_ant;
uN=stgx[i][j+1].u_ant;
uS=stgx[i][j-1].u_ant;

dpe=stgx [i+1]1[j].r[0]-stgx[i]1[j]
dpw=stgx[i][j].r[0]-stgx[i-11[j]
dpn=stgx [i]1[j+1].r[1]1-stgx[i]1[j]
dps=stgx[il1[j].r[1]-stgx[il[j-1]
Ax=stgx[i][j].Ax;
Ay=stgx[i][j].Ay;
Aa=stgx[1]1[j].r[0]-stgx[il[j].xw;
Ab=stgx[i][j].xe-stgx[i][j].r[0];
Fe=0.5xAy*(uP+uE) ;

Fw=0.5xAy* (uP+uW) ;
vA=stgy[il[j].v_ant;
vB=stgy[i+1]1[j].v_ant;
Fn=Aa*xvA+Ab*vB;
vA=stgy[il[j-1].v_ant;
vB=stgy[i+1][j-1].v_ant;
Fs=Aa*xvA+Ab*vB;

if (i==N-1)

{

ue=UDS (uP ,uE,Fe);

}

else

{

.r[0];
.r[0];
.r[1];
.r[1];

ue=phi_face_pos(Fe,stgx[il[j]l.xe,stgx[il1[j]l.r[0],uP,stgx[i+1]1[j].r[0],uE,stgx[i

— -11[j]1.r[0],uW,stgx[i+2]1[j].r[0],stgx[i+2]1[j]l.u_ant);

}
if (i==1)
{
uw=UDS (uW,uP,Fw);
}

else

{

uw=phi_face_neg(Fw,stgx[i][j].xw,stgx[i][j].r[0] ,uP,stgx[i-11[j].r[0],uW,stgx[i

— +11[j].r[0],uE,stgx[i-2]1[j].r[0],stgx[i-2]1[j]l.u_ant);

if (j==M)

un=ul;
}
else

{

un=phi_face_pos(Fn,stgx[i][j]l.yn,stgx[i]l[j].r[1],uP,stgx[i][j+1].r[1],uN,stgx[i

<~ J1[j-11.r[1] ,uS,stgx[il1[j+2].r[1],stgx[i]l[j+2].u_ant);

if (j==1)
{

us=us;

}

else

{

us=phi_face_neg(Fs,stgx[il[j]l.ys,stgx[i]J[j].r[1],uP,stgx[i]J[j-1].r[1],uS,stgx[i

— J[j+1]1.r[1] ,uN,stgx[i]1[j-2].r[1],stgx[i]l[j-2].u_ant);

}
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stgx[i1[j]l.R=1/(Ax*Ay)*(-(Fe*ue-Fw*uw+Fn*un-Fs*us)+1/Re*(((uE-uP)/dpe-(uP-uW)/
— dpw)*Ay+((uN-uP)/dpn-(uP-uS)/dps)*Ax));
}
cont = Tw_ul0][0];
for (int k=1;k<cont;k++)
{
i=Tw_ulk][0];
j=Tw_ulk]1[1];
stgx[i1[j].R=0;
}
for (int i=0;i<N+1;i++)
{
stgx[1]1[0].R=0;
stgx [i] [M+1] .R=0;
}
for (int j=1;j<M+1;j++)
{
stgx [0][j].R=0;
stgx[N][j].R=0;
}
}
void compute_Rv_ant (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh>
— >& stgx,vector< vector<stg_y_mesh> >& stgy)
{

int cont,i,j;
cont=T_v [0][0];
double uA,uB,vP,vE,vW,vS,vN,ve,vw,vs,vn,dpe,dpw,dps,dpn;
double Aa,Ab,Fe,Fw,Fn,Fs,Ax,Ay;
double sigma_P;
for (int k=1;k<cont;k++)
{
i=T_v[k]I[0];
j=T_v[k]l[1];
vP=stgy[il[j].v_ant;
vE=stgy[i+1]1[j].v_ant;
vW=stgy[i-1]1[j].v_ant;
vN=stgy[i][j+1].v_ant;
vS=stgy[i]l[j-1].v_ant;
dpe=stgy[i+1]1[j].r[0]-stgyl[i]l[j]l.r[0];
dpw=stgy[il1[j]l.r[0]-stgyl[i-11[jl.r[0];
dpn=stgy [il1[j+1].r[1]-stgy[i1[j1.r[1];
dps=stgy[il[j]l.r[1]-stgyl[il[j-1]1.r[1];
Ax=stgy[i1[j].Ax;
Ay=stgy[il[j]l.Ay;
Fn=0.5*xAx*(vN+vP) ;
Fs=0.5%Ax*(vS+vP);
Aa=stgy[il[j].r[1]-stgy[il[j].ys;
Ab=stgy[i][j].yn-stgy[i1[j].r[1];
uA=stgx[il[j]l.u_ant;
uB=stgx[i][j+1].u_ant;
Fe=uAxAa+uBx*Ab;
uA=stgx[i-1]1[j].u_ant;
uB=stgx[i-1]1[j+1].u_ant;
Fw=uA*Aa+uBx*Ab;
sigma_P=(main[i][j].sigma_ant+main[i][j+1].sigma_ant)/2;
if (i==N)
{
ve=vE;
}
else

{
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ve=phi_face_pos(Fe,stgy[il[jl.xe,stgy[il1[j]l.r[0],vP,stgy[i+11[j].r[0],vE,stgyli
— -11[j].r[0],vW,stgy[i+2]1[j].r[0],stgyl[i+2]1[j]l.v_ant);

if (i==1)

vw=vW;

}

else

{

vw=phi_face_neg(Fw,stgy[il[j].xw,stgy[i]l[j].r[0],vP,stgy[i-1]1[j].r[0],vW,stgyli
— +11[jl.r[0],vE,stgy[i-2]1[j].r[0],stgyl[i-21[j]l.v_ant);

}

if (j==M-1)

{

vn=UDS (vP,vN,Fn) ;

}

else

{

vn=phi_face_pos(Fn,stgy[il[j].yn,stgy[i]l[j].r[1],vP,stgy[i]1[j+1].r[1],vN,stgyli
— 1[0j-11.r[1],vS,stgy[il1[j+2].r[1],stgy[il[j+2].v_ant);

if (j==1)

vs=UDS(vS,vP,Fs);
}
else
{
vs=phi_face_neg(Fs,stgy[il[j].ys,stgy[il[j].r[1],vP,stgy[i]1[j-1].r[1],vS,stgyli
<~ J[j+1]1.r[1],vN,stgy[il[j-2].r[1],stgyl[il[j-2].v_ant);
}
stgy[i1[j]l.R=1/(Ax*Ay)*(-(Fe*ve-Fu*vw+Fn*vn-Fs*vs)+1/Re*(((vE-vP)/dpe-(vP-vW)/
— dpw) *Ay+((vN-vP)/dpn-(vP-vS)/dps)*Ax))+1/Fr*sigma_P;
}
cont = Tw_v[0][0];
for (int k=1;k<cont;k++)
{
i=Tw_v[k][0];
j=Tw_v[k]l[1];
stgy[i]1[j].v_P=0;
}
for (int i=0;i<N+2;i++)
{
stgy [11[0].R=0;
stgy [1]1[M].R=0;

for (int j=1;j<M;j++)
{
stgy [0J[j].R=0;
stgy [N+1]1[j].R=0;
}
}
double phi_face_pos(double m_dot, double xe, double xP, double phiP, double xE,
— double phiE, double xW,double phiW, double xEE, double phiEE)
{
double xD, phiD,xC,phiC,xU,phiU;
if (m_dot>0)
{
xD=xE;
phiD=phiE;
xC=xP;
phiC=phiP;
xU=xW;
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}

e

{

}

d
i
{
}

e

{

}

phiU=phiW;
lse

xD=xP;
phiD=phiP;
xC=xE;
phiC=phiE;
xU=xEE;
phiU=phiEE;

ouble norm_phic ,norm_xe, norm_phie, norm_xc;

f (phiD==phiU)
return phiD;
1se

norm_phic=(phiC-phiU)/(phiD-phil) ;
norm_xe=(xe-xU)/(xD-xU);
norm_xc=(xC-xU) /(xD-xU) ;

if (SCHEME==0)

{
norm_phie=norm_phic;

}

else if (SCHEME==1)

{

norm_phie=(norm_xe-norm_xc)/(l-norm_xc)+(norm_xe-1)/(norm_xc-1)*norm_phic;
}
else if (SCHEME==2)

{
norm_phie=norm_xe/norm_xc*norm_phic;

}

else if (SCHEME==3)

{

norm_phie=norm_xe+(norm_xe*(norm_xe-1))/(norm_xc*(norm_xc-1))*(norm_phic-
<> norm_xc) ;

}

else if (SCHEME==4)

{
if (norm_phic>0 && norm_phic<norm_xc/3)
{

norm_phie=-(norm_xe*(1-3*norm_xc+2*norm_xe))/(norm_xc*(norm_xc-1))*norm_phic;
}
else if (norm_phic>norm_xc/6 && norm_phic<norm_xc/norm_xe*(l+norm_xe-norm_xc))
{
norm_phie=norm_xe*(norm_xe-norm_xc)/(l-norm_xc)+norm_xe*(norm_xe-1)/(norm_xc*(
< norm_xc -1))*norm_phic;
}
else if (norm_phic>norm_xc/norm_xex*(l+norm_xe-norm_xc) && norm_phic<1)
{
norm_phie=1;
}
else
{
norm_phie=norm_phic;
}
}
return phiU+(phiD-phiU)*norm_phie;
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}
double phi_face_neg (double m_dot, double xw, double xP, double phiP, double xW,
< double phiW, double xE,double phiE, double xWW, double phiWW)
{
double xD, phiD,xC,phiC,xU,phiU;
if (m_dot>0)
{
xD=xP;
phiD=phiP;
xC=xW;
phiC=phiW;
xU=xWW;
phiU=phiWW;
}
else
{
xD=xW;
phiD=phiW;
xC=xP;
phiC=phiP;
xU=xE;
phiU=phiE;
}
double norm_phic,norm_xe, norm_phie, norm_xc;
if (phiD==phiU)
{
return phiD;
}
norm_phic=(phiC-phiU)/(phiD-phil) ;
norm_xe=(xw-xU)/(xD-xU);
norm_xc=(xC-xU)/(xD-xU) ;
if (SCHEME==0)

{
norm_phie=norm_phic;

}

else if (SCHEME==1)

{

norm_phie=(norm_xe-norm_xc)/(l-norm_xc)+(norm_xe-1)/(norm_xc-1)*norm_phic;
}
else if (SCHEME==2)

{
norm_phie=norm_xe/norm_xc*norm_phic;

}

else if (SCHEME==3)

{
norm_phie=norm_xe+(norm_xe*(norm_xe-1))/(norm_xc*(norm_xc-1))*(norm_phic-norm_xc

= )3

}

else if (SCHEME==4)

{
if (norm_phic>0 && norm_phic<norm_xc/3)
{

norm_phie=-(norm_xe*(1-3*norm_xc+2*norm_xe))/(norm_xc*(norm_xc-1))*norm_phic;
}

else if (norm_phic>norm_xc/6 && norm_phic<norm_xc/norm_xe*(l+norm_xe-norm_xc))

{
norm_phie=norm_xe*(norm_xe-norm_xc)/(l-norm_xc)+norm_xe*(norm_xe-1)/(norm_xcx*(

<~ norm_xc-1))*norm_phic;

}

else if (norm_phic>norm_xc/norm_xe*(l+norm_xe-norm_xc) && norm_phic<1)

{

norm_phie=1;
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}
else
{
norm_phie=norm_phic;
}
}
if (norm_phic==0)
{
norm_phie=0;
}
else if (norm_phic==1)
{
norm_phie=1;
}
return phiU+(phiD-phiU)*norm_phie;
}
double UDS (double v_inf, double v_sup, double F)
{
if (F>=0)
{
return v_inf;
}
else
{
return v_sup;
}
}
void compute_velp(vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >&
—  stgy)
{

for (int i=0;i<N+1;i++)

{

for (int j=0;j<M+2;j++)

{
stgx[il[j].u_P=stgx[i]l[j]l.u_ant+At*(1.5*stgx[i]1[j].R-0.56*xstgx[1i1[j].R2);

}

}
for (int i=0;i<N+2;i++)
{
for (int j=0;j<M+1;j++)
{

stgy[1i1[j].v_P=stgyl[il[j]l.v_ant+At*(1.5*%stgy[i]l[j].R-0.5*xstgy[i]1[j].R2);
}
}
}
void instant_solver (vector< vector<main_mesh> >& main)
{
bool convergence=false;
while (convergence==false)
{
iterative_solver (main) ;
if (error_max(main)<delta)
{
convergence=true;
}
else
{
iteration_step (main);
}
}
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}

v

{

0oid iterative_solver (vector< vector<main_mesh> >& main)

if (line_by_line==false)
{

int cont,i,j;

cont=T[0][0];
for (int k=1;k<cont;k++)
{
i=T[k]1[0];
j=T[k1[1];
main[il[j].P=(main[i]l[j].ae*main[i+1][j].P_sup+main[il[j].aw*main[i-1]1[j].P_sup
— +main[i][j].an*main[i]J[j+1].P_sup+main[i]J[j].as*main[i]J[j-1].P_sup+mainl[
< il1[j1.bp)/main[il[j].ap;
main[i][j].P=main[i][j].P_sup+fr*(main[i]l[j].P-main[i][j].P_sup);
}
cont=Te [0][0];
for (int k=1;k<cont;k++)
{
i=Te[k] [0];
j=Telk]1[1]1;
main[i][j].P=(main[i][j].ae*main[i+1][j].P_sup+main[il[j].aw*main[i-1]1[j].P_sup
— +main[il[j].an*main[i][j+1].P_sup+main[i]l[j].as*main[i]l[j-1].P_sup+mainl[
— i][j].bp)/main[il[j].ap;
main[i][j].P=main[i][j].P_sup+fr*(main[i]J[j].P-main[i][j].P_sup);
}
cont=Tw [0] [0];
for (int k=1;k<cont;k++)
{
i=Tw[k][0];
j=Twlk][1];
main[i][j].P=(main[i][j].ae*main[i+1][j].P_sup+main[i][j].aw*main[i-1][j].P_sup
~ +main[il[j].an*main[i][j+1].P_sup+main[i][j].as*main[i]l[j-1].P_sup+main[
— i][j].bp)/main[il[j].ap;
main[il[j].P=main[i][j].P_sup+fr*(main[il[j].P-main[il[j].P_sup);
}
cont=Ts [0] [0];
for (int k=1;k<cont;k++)
{
i=Ts [k]1[0];
j=Ts[k][1];
main[i][j].P=(main[i][j].ae*main[i+1]1[j].P_sup+main[il[j].aw*main[i-1]1[j].P_sup
— +main[i][j].an*main[i][j+1].P_sup+main[il[j].as*main[i]J[j-1].P_sup+mainl[
— i][j].bp)/main[il[j].ap;
main[i] [j].P=main[i][j].P_sup+fr*(main[i]l[j].P-main[i][j].P_sup);
}
cont=Tn [0] [0];
for (int k=1;k<cont;k++)
{
i=Tn[k] [0];
j=Tnl[k][1];
main[i] [j].P=(main[i][j].ae*main[i+1][j].P_sup+main[i][j].aw*main[i-1]1[j].P_sup
< +main[i][j].an*main[i][j+1].P_sup+main[i]l[j].as*main[i][j-1].P_sup+mainl[
— i][j].bp)/main[il[j].ap;
main[i][j].P=main[i][j].P_sup+fr*(main[i][j].P-main[i][j].P_sup);
}

for (int i=1;i<N+1;i++)

{
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main[i] [0] .P=(main[i] [0].ae*main[i+1] [0].P_sup+main[i] [0].aw*main[i-1][0].P_sup
— +main[i] [0].an*main[i] [1].P_sup+main[i] [0].bp)/main[i] [0].ap;

main[i] [0] .P=main[i] [0].P_sup+fr*(main[i][0].P-main[i][0].P_sup);

main[i] [M+1] .P=(main[i] [M+1].ae*main[i+1] [M+1].P_sup+main[i] [M+1].aw*main[i-1][
— M+1].P_sup+main[i] [M+1].as*main[i] [M].P_sup+main[i] [M+1].bp)/main[i] [M
— +1].ap;

main[i] [M+1] .P=main[i] [M+1].P_sup+fr*(main[i] [M+1].P-main[i] [M+1].P_sup);

}

Appendix G

for (int j=1;j<M+1;j++)
{
i=0;
main[il[j].P=(main[i]l[j].ae*main[i+1][j].P_sup+main[il[j].an*main[i]l[j+1].P_sup
— +main[i][j].as*main[i]J[j-1].P_sup+main[i][j].bp)/main[i][j].ap;
main[i][j].P=main[i][j].P_sup+fr*(main[il[j].P-main[i]l[j].P_sup);
i=N+1;
main[i][j].P=(main[i][j].aw*main[i-1][j].P_sup+main[i][j].an*main[i][j+1].P_sup
— +main[i][j].as*main[i][j-1].P_sup+main[il[j].bp)/main[il[j].ap;
main[i][j].P=main[i][j].P_sup+fr*(main[i]J[j].P-main[i]l[j].P_sup);
}

i=0;

3=0;

main[i][j].P=(main[i][j].ae*main[i+1][j].P_sup+main[i][j].an*main[i][j+1].P_sup+
— main[i][j].bp)/main[i]l[j].ap;

main[i][j].P=main[i][j].P_sup+fr*(main[i]J[j].P-main[i][j].P_sup);

i=0;

j=M+1;

main[i][j].P=(main[il[j].ae*main[i+1][j].P_sup+main[i]l[j].as*main[il[j-1].P_sup+
— main[i]J[j].bp)/main[i] [j].ap;

main[i][j].P=main[i][j].P_sup+fr*(main[il[j].P-main[i]l[j].P_sup);

i=N+1;

j=0;

main[il[j].P=(main[i][j].aw*main[i-11[j].P_sup+main[il[j].an*main[il[j+1].P_sup+
— main[i][j].bp)/main[i][j]l.ap;

main[il[j].P=main[i][j].P_sup+fr*(main[il[j].P-main[il[j].P_sup);

i=N+1;

j=M+1;

main[i] [j].P=(main[i][j].aw*main[i-1]J[j].P_sup+main[il[j].as*main[i][j-1].P_sup+
< main[i][j].bp)/main[il[j].ap;

main[i][j].P=main[i][j].P_sup+fr*(main[i][j].P-main[i]l[j].P_sup);

}
double error_max (vector< vector<main_mesh> >& main)
{
double error=0;
for (int i=0;i<N+2;i++)
{
for (int j=0;j<M+2;j++)
{
if (fabs(main[i][j].P-main[il[j].P_sup)>error && main[i][j].mat!=0)
{
error=fabs(main[i][j].P-main[i][j].P_sup);
}
}
}
return error;
}
void iteration_step(vector< vector<main_mesh> >& main)
{

for (int i=0;i<N+2;i++)
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{
for (int j=0;j<M+2;j++)
{
if (main[il[j].mat!=0)
{
main[i][j].P_sup=main[i][j].P;
}
}
}
}
void compute_vel_instant (vector< vector<main_mesh> >& main,vector< vector<
— stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >& stgy)

{

int comnt,i,j;
cont=T_u[0][0];
for (int k=1;k<cont;k++)
{

i=T_ulk][0];

j=T_ulk]1[11;
stgx[i][j].u=stgx[i][j]l.u_P-At*(main[i+1][j].P-main[i][j].P)/stgx[i]1[j].Ax;
}

for (int i=0; i<N+1;i++)
{
stgx[1]1[0] .u=u_B;
stgx[1i] [M+1] .u=u_T;
}

for (int j=1;j<M+1;j++)
{
stgx [0J[j].u=u_L;
stgx[N][j].u=u_R;
}

if (Tw_ul[0][0]>0)
{
cont = Tw_ul[0][0];
for (int k=1;k<cont;k++)
{
i=Tw_ulk][0];
j=Tw_ulk][1];
stgx[i1[j].u=0;
}
}

cont=T_v [0][0];
for (int k=1;k<cont;k++)
{

i=T_v[k][0];

j=T_vI[k]l[1];
stgy[i1[j]l.v=stgy[il[j]l.v_P-At*(main[il[j+1].P-main[il[j]1.P)/stgy[il1[j].Ay;
}

for (int i=0; i<N+2;i++)
{

stgy[i1[0].v=v_B;

stgy [1]1[M].v=v_T;

for (int j=1;j<M;j++)
{
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stgy [0J[j].v=v_L;
stgy [N+1]1[j].v=v_R;
}

if (Tw_v[0][0]>0)
{
cont = Tw_v[0][0];
for (int k=1;k<cont;k++)
{
i=Tw_v[k][0];
j=Tw_v[k][1];
stgy[11[j].v=0;

}
}
}
void save_vel(vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >&
— stgy)
{

ofstream file;
double u,v;
file.open("Nodal_u");
for (int j=0;j<M+2;j++)
{
for (int i=0;i<N+2;i++)
{
if (i==0)
{
u=stgx[1]1[j].u;
file<<u<<endl;
}
else if (i==N+1)
{
u=stgx[i-11[j].u;
file<<u<<endl;
}
else
{
u=(stgx[i-11[j].u+stgx[i1[j].u)/2;
file<<u<<endl;
}
}
}
file.close();
file.open("Nodal_v");
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
if (j==0)
{

v=stgy[1]1[j].v;
file<<v<<endl;

}

else if (j==M+1)

{
v=stgy[i][j-1].v;
file<<v<<endl;

}

else

{
v=(stgy[i]1[j].v+stgy[i1[j-1]1.v)/2;
file<<v<<endl;
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}

}

}

file.close();
}
void save_pos(vector< vector<main_mesh> >& main)
{

ofstream file;

file.open("Position");

for (int j=0;j<M+2;j++)

{
file<<main[1][j].r[1]<<endl;
}
for (int i=0;i<N+2;i++)
{
file<<main[i] [1].r [0]<<endl;
}
file.close();
}
void save_lengths ()
{

ofstream file;
file.open("Lengths");
file<<N+2<<endl;
file<<M+2<<endl;
file.close();
}
void save_P(vector< vector<main_mesh> >& main)
{
ofstream file;
double u,v;
file.open("Pressure");
for (int i=0;i<N+2;i++)

{
for (int j=0;j<M+2;j++)
{

file<<main[i][j].P<<endl;

}

}

file.close () ;

}

void comprovation (vector< vector<main_mesh> >& main)
{

std::ofstream ofs;

ofs.open("Coefs.txt", std::ofstream::out | std::ofstream::trunc);

ofs.close();

ofstream file;
file.open("Coefs.txt",std::ios_base::app);
file<<"AP"<<endl;

file<<endl;

for (int j=M+1;3j>=0;3j--)

{
for (int i=0;i<N+2;i++)
{
file<<main[i][j].ap<<"\t";
}
file<<endl;
}

file<<endl;
file<<"AE"<<endl;
file<<endl;

for (int j=M+1;j>=0;j--)
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{
for (int i=0;i<N+2;i++)
{
file<<main[i][j].ae<<"\t";
}
file<<endl;
}

file<<endl;
file<<"AW"<<endl;
file<<endl;

for (int j=M+1;3j>=0;j--)

{
for (int i=0;i<N+2;i++)
{
file<<main[i][j].aw<<"\t";
}
file<<endl;
}

file<<endl;
file<<"AS"<<endl;
file<<endl;

for (int j=M+1;j>=0;j--)

{
for (int i=0;i<N+2;i++)
{
file<<main[i][j].as<<"\t";
}
file<<endl;
}

file<<endl;
file<<"AN"<<endl;
file<<endl;

for (int j=M+1;j>=0;j--)

{
for (int i=0;i<N+2;i++)
{
file<<main[i][j].an<<"\t";
}
file<<endl;
}

file<<endl;
file<<"BP"<<endl;
file<<endl;

for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<main[il[j].bp<<"\t";
}
file<<endl;
}

file.close(O);

system("pause") ;
}
void save_vel_gnu (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&

—» stgx,vector< vector<stg_y_mesh> >& stgy)

{

double u,v;

double scale=0.01;

std::ofstream ofs;

ofs.open("Velocity_field.txt", std::ofstream::out | std::ofstream::trunc);
ofs.close();
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ofstream file;
file.open("Velocity_field.txt",std::ios_base::app);
for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{
file<<main[i][jl.r[0]<<" ";
file<<main[i][j].r[1]<<" ";
if (i==0)
{
u=stgx[1][j].u;
}
else if (i==N+1)
{
u=stgx[i-11[j].u;
}
else
{
u=(stgx[i-11[j].u+stgx[il[j]l.u)/2;
}
if (j==0)
{
v=stgy[il[j].v;
}
else if (j==M+1)
{
v=stgy[i][j-1].v;
}
else
{
v=(stgy[i]l[j].v+stgy[il[j-11.v)/2;
}
file<<scale*u/sqrt (uxu+v*v)<<" "<<scalexv/sqrt (v*v+uxu)<<" "<<sqrt (uxu+v*v) <<
<~ endl;
}
}
(_)
}

bool stationary (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&

— stgx,vector< vector<stg_y_mesh> >& stgy)

{

double maxP=0,max_vel=0,maxT=0;

int im, jm;

for (int i=0;i<N+2;i++)

{

for (int j=0;j<M+2;j++)

{

if (fabs(main[i][j].P-main[i][j].P_ant)>maxP)

{
maxP=fabs(main[i][j].P-main[i][j].P_ant)/main[i][j].P
im=1i;
jm=j;

if (fabs(main[i][j].sigma-main[i][j].sigma_ant)>maxT)

{

maxT=fabs (main[i][j].sigma-main[i][j].sigma_ant);
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}
}
}
for (int i=1;i<N;i++)
{
for (int j=1;j<M+1;j++)
{
if (fabs(stgx[il[j]l.u-stgx[il[j]l.u_ant)>max_vel)
{
max_vel=fabs(stgx[il[j]l.u-stgx[il[j]l.u_ant);
}
}
}
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M;j++)
{
if (fabs(stgy[il[jl.v-stgy[il[j].v_ant)>max_vel)
{
max_vel=fabs(stgy[il[j]l.v-stgy[il[j].v_ant);
}
}
}
if (max_vel>delta_v || maxP>(delta_P) || maxT > delta_T)
{
if (t>n_it*t_show)
{

cout<<"Time_ instant:  "<<t<<"  s"<<endl;
if (max_vel/delta_v > maxP/(delta_P) && max_vel/delta_v > maxT/(delta_T) )
{
cout<<"Stationary,status,(vel): ,"<< delta_v/max_vel*100<<"%"<<endl;
}
else if (maxP/delta_P > maxT/(delta_T))
{
cout<<"Stationary,status (P):,"<< delta_P/maxP*100<<"7"<<endl;
}
else
{
cout<<"Stationary,status (T):,"<< delta_T/maxT*100<<"7"<<endl;
}
n_it++;
cout << e "<<endl;

}

return false;
}
else

{

return true;
}
}
void verif_NS1 (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&
— stgx,vector< vector<stg_y_mesh> >& stgy)
{
double me,mw,ms,mn,maxm=0,maxx=0,maxy=0,err;
double uP,uE,uW,uN,uS,vAn,vBn,vAs,vBs,vP,vE,vW,vN,vS,ule,uBe,ulAw,uBw,Aa,Ab;
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{
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mn=stgy [i][j].v*main[i] [j].Ax;
ms=stgy[i][j-1].v*main[i][j].Ax;
me=stgx [i][j].u*main[i] [j].Ay;
mv=stgx[i-1]1[j].u*main[i][j].Ay;
err=mw+ms -me-mn;
if (fabs(err)>maxm)
{
maxm=fabs (err) ;
}
}
}
int cont;
cont=T_ul[0][0];
int i,j;
for (int k=1;k<cont;k++)
{
i=T_ulk][0];
j=T_ulk]l[1];
uP=stgx[i][j].u;
uE=stgx[i+1][j].u;
uW=stgx[i-11[j].u;
uN=stgx[i][j+1].u;
uS=stgx[i1[j-1].u;
vAn=stgy [i]1[j].v;
vBn=stgy [i+1]1[j].v;
vAs=stgy[il[j-1].v;
vBs=stgy[i+1]1[j-1].v;
Aa=stgx[1][j].r[0]-stgx[il[j].xw;
Ab=stgx[i1[j].xe-stgx[i]1[j]1.r[0];
mn=(vAnx*xAa+vBn*Ab) ;
ms=(vAs*Aa+vBs*Ab) ;
me=0.5*stgx[i][j].Ay*(uE+uP) ;
mw=0.5*stgx[i][j].Ay*(uW+uP);
err=mw+ms -me -mn;
if (fabs(err)>maxx)
{
maxx=fabs (err) ;

}

}

cont=T_v [0][0];

for (int k=1;k<cont;k++)

{

i=T_v[k][0];

j=T_v[k]l[1];

vP=stgy[i]l[j].v;
vE=stgy [i+11[j].v;
vW=stgy[i-11[jl.v;
vN=stgy [il[j+1].v;
vS=stgy[il[j-1].v;
ule=stgx[i][j].u;
uBe=stgx [i][j+1].u;
ubw=stgx[i-11[j].u;
uBw=stgx[i-11[j+1].u;
Aa=stgy[il[j].r[1]-stgyl[il[j].ys;
Ab=stgy[i][j]l.yn-stgy[i1[j].r[1];
mn=0.5%stgy[i]1[j].Ax*(vN+vP);
ms=0.5*stgy[i][j].Ax*x(vS+vP);
me=(uAe*xAa+uBe*Ab) ;
mw=(uAw*xAa+uBw*Ab) ;
err=mw+ms-me-mn;
if (fabs(err)>maxy)

160




UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH

Escola Superior d’Enginyeries Industrial,
Aeroespacial i Audiovisual de Terrassa

Appendix G

{

maxy=fabs (err) ;

}
}
cout<<"Main: "<<maxm<<endl;
cout<<"Stagg-x:,"<<maxx<<endl;
cout<<"Stagg-y:,"<<maxy<<endl;

}
void error_P(vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >& stgx,
< vector< vector<stg_y_mesh> >& stgy)
{
double maxP=0,maxP2=0;
double pP,pE,pW,pS,pN,Ax,Ay,uE,uW,vS,vN;
for (int i=1;i<N+1;i++)
{
for (int j=1;j<M+1;j++)
{
pP=main[i][j].P;
pE=main[i+1]1[j]1.P;
pW=main[i-1][j].P;
pS=main[il[j-11.P;
pN=main[i] [j+1].P;
Ax=main[i][j]. Ax;
Ay=main[i][j].Ay;
uE=stgx[i][j].u_P;
uW=stgx[i-1]1[j].u_P;
vN=stgy[i][j].v_P;
vS=stgy[il[j-1]1.v_P;
maxP=max (maxP , fabs ((pE-pP)/Ax*Ay- (pP-pW) /Ax*Ay+(pN-pP)/Ay*Ax-(pP-pS)/Ay*Ax-1/At
— *(uE*Ay-uW*Ay+vN*Ax-vS*Ax)));
maxP2=max (maxP2,fabs(main[i][j].ap*pP-main[i]l[j].ae*pE-main[i]l[j].aw*pW-main[i
«— J[jl.an*pN-main[i][j].as*pS-main[i][j].bp));
}
}
cout<<"Pressure  errror_ discretization: "<<maxP<<" ,,"<<maxP2<<endl;
}
void save_Bench(vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >&
— stgy)
{
std::ofstream ofs;
ofs.open("u_60x60_UDS_Rel00.txt", std::ofstream::out | std::ofstream::trunc);
ofs.close();
ofstream file;
file.open("u_60x60_UDS_Rel00.txt",std::ios_base::app);
int i=(N+1)/2;
for (int j=0;j<M+2;j++)

{

file<<stgx[i][j].r[1]1<<" "<<stgx[il[j].u<<endl;

}

ofs.open("v_60x60_UDS_Rel00.txt", std::ofstream::out | std::ofstream::trunc);

ofs.close();
file.open("v_60x60_UDS_Rel00.txt",std::ios_base::app);
int j=(M+1)/2;

for (i=0;i<N+2;i++)

{
file<<stgy[il[j].r[0]1<<" "<<stgy[i]l[j].v<<endl;
}
}
void save_u_v(vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >&
— stgy)
{
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std::ofstream ofs;

ofs.open("u.txt", std::ofstream::out | std::ofstream::trunc);
ofs.close();

ofstream file;

file.open("u.txt",std::ios_base::app);

for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+1;i++)
{
file<<stgx[i][j].u<<"\t";
}
file<<endl;
}
file.close();
ofs.open("v.txt", std::ofstream::out | std::ofstream::trunc);

ofs.close();
file.open("v.txt",std::ios_base::app);
for (int j=0;j<M+1;j++)

{
for (int i=0;i<N+2;i++)
{
file<<stgy[il[jl.v<<"\t";
}
file<<endl;
}
file.close () ;
}
void save_R (vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >& stgy
)
{
std::ofstream ofs;
ofs.open("R.txt", std::ofstream::out | std::ofstream::trunc);

ofs.close();

ofstream file;
file.open("R.txt",std::ios_base::app);
file<<"Ru: "<<endl;

for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+1;i++)
{
file<<stgx[i]1[j].R<<"\t";
}
file<<endl;
}

file<<"Rv: "<<endl;
for (int j=0;j<M+1;j++)

{
for (int i=0;i<N+2;i++)
{
file<<stgy[il[j].R<<"\t";
}
file<<endl;
}
file.close();
}
void save_R2 (vector< vector<stg_x_mesh> >& stgx,vector< vector<stg_y_mesh> >&
— stgy)
{
std::ofstream ofs;
ofs.open("R2.txt", std::ofstream::out | std::ofstream::trunc);

ofs.close();
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ofstream file;
file.open("R2.txt",std::ios_base::app);
file<<"Ru2: ,"<<endl;

for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+1;i++)
{
file<<stgx[i][jl.R2<<"\t";
}
file<<endl;
}

file<<"Rv2:,"<<endl;
for (int j=0;j<M+1;j++)

{
for (int i=0;i<N+2;i++)
{
file<<stgy[i]J[j].R2<<"\t";
}
file<<endl;
}
file.close();
}
void save_parameters ()
{

std::ofstream ofs;

ofs.open("Inputa_Data_time.txt", std::ofstream::out

ofs.close();
ofstream file;

| std:

file.open("Inputa_Data_time.txt",std::ios_base::app);

file<<"Re: "<<Re<<endl;
file<<"Meshdensity: " <<N+2<<"x"<<M+2<<endl;
file<<"k,factor: "<<k<<endl;
file<<"delta_it: "<<delta<<endl;
file<<"delta_v:_ "<<delta_v<<endl;
file<<"delta_P: "<<delta_P<<endl;
file<<"Scheme: ";

if (SCHEME==0)

{
file<<"UDS"<<endl;
}
else if (SCHEME==1)
{
file<<"CDS"<<endl;
}
else if (SCHEME==2)
{
file<<"SUDS"<<endl;
}
else if (SCHEME==3)
{
file<<"QUICK"<<endl;
}
else if (SCHEME==4)
{
file<<"SMART"<<endl;
}

time (&final);

:ofstream::trunc);

file<<"Computation time: "<<difftime (final,inici)<<" s"<<endl;

}

void compute_Rt (vector< vector<main_mesh> >& main,vector< vector<stg_x_mesh> >&

— stgx,vector< vector<stg_y_mesh> >& stgy)
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{

double ue,uw,vn,vs,Ax,Ay,Fe,Fw,Fn,Fs,oe,ow,on,os,oE,oW,oN,0S8,0P,xw,xe,yn,ys,dpe,
<~ dpw,dpn,dps;

for (int i=1;i<N+1;i++)

{

for (int j=1;j<M+1;j++)

{
Ax=main[i][j]. Ax;
Ay=main[i][j].Ay;
oP=main[i][j].sigma_ant;
oE=main[i+1][j].sigma_ant;
oW=main[i-1][j].sigma_ant;
oN=main[i][j+1].sigma_ant;
oS=main[i][j-1].sigma_ant;
xw=stgx[i-11[j].r[0];
xe=stgx[i][j].r[0];
yn=stgy [i1[j].r[1];
ys=stgy[il[j-1]1.r[1];
dpe=main[i+1][j].r[0]-main[i][j].r[0];
dpw=main[il[j].r[0]-main[i-11[j]1.r[0];
dpn=main[i][j+1].r[1]-main[i][j].r[1];
dps=main[i][j].r[1]-main[il[j-1].r[1];
ue=stgx[i][j].u;
uw=stgx[i-11[j].u;
vo=stgy [i]1[j].v;
vs=stgy[il[j-1].v;
Fe=uexAy;
Fu=uw*Ay;
Fn=vn*Ax;
Fs=vs*Ax;

if (i==1)

{
ow=UDS (oW, oP,Fw) ;

}

else

{

ow=phi_face_neg(Fw,xw,main[i][j].r[0] ,oP,main[i-1]J[j].r[0],oW,main[i+1][j].r
< [0],0E,main[i-2]1[j].r[0] ,main[i-2][j].sigma_ant);

if (i==N)
{
0oe=UDS (oP,0E,Fe);
}
else
{

oe=phi_face_pos(Fe,xe,main[i][j].r[0],oP,main[i+1][j].r[0],0E,main[i-1]1[j].r
— [0],0W,main[i+2]1[j].r[0] ,main[i+2][j].sigma_ant);

if (j==1)
{
0s=UDS (0S,0P,Fs);
}
else
{

os=phi_face_neg(Fs,ys,main[i][j].r[1],0P,main[i]J[j-1].r[1],0S,main[i][j+1].r
< [1],0N,main[i][j-2].r[1] ,main[i][j-2].sigma_ant);

}
if (j==M)
{
on=UDS (oP,oN,Fn);
}
else
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{
on=phi_face_pos(Fn,yn,main[i][j].r[1],0P,main[i][j+1].r[1],0N,main[i][j-1].r
— [1],0S,main[i][j+2].r[1] ,main[i][j+2].sigma_ant);
}
main[i][j].Rt=1/(Ax*Ay)*(-(oe*Fe-ow*Fu+ton*Fn-os*Fs)+1/(Re*Pr)*((oE-oP)/dpex*Ay-(
< oP-oW)*Ay/dpw+(oN-oP)*Ax/dpn-(oP-0S)*Ax/dps));
}
}
for (int i=0;i<N+2;i++)
{
main[i] [0].Rt=0;
main[i] [M+1].Rt=0;
}
for (int j=1;j<M+1;j++)
{
main[0] [j].Rt=0;
main [N+1][j].Rt=0;

}
}
void compute_T (vector< vector<main_mesh> >& main)
{
for (int i=0;i<N+2;i++)
{
for (int j=1;j<M+1;j++)
{
main[i][j].sigma=main[i][j].sigma_ant+At*(1.5%main[i][j].Rt-0.5*%main[i]J[j].Rt2)
3
}

main[i] [0].sigma=main[i] [1].sigma;

main[i] [M+1].sigma=main[i] [M].sigma;

}
}
void save_T(vector< vector<main_mesh> >& main)
{

ofstream file;

file.open("Temperature");

for (int j=0;j<M+2;j++)

{
for (int i=0;i<N+2;i++)
{

file<<main[i][j].sigma<<"\t";

}
file<<endl;

}

file.close();

}
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