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Code of the program Annex D: Code

1 Code of the program

1.1 Main program

#include <iostream>
#include <sstream>
#include <fstream>
#include <vector>
#include <cmath>
#include <cassert>
#include <cstdlib>
#include <string>

#define PI 3.14159265
using namespace std;

enum R_u_BccValues {

Wall ,
Airflow

s

enum T_ BecValues {
Neumann ,
Dirichlet

}s

enum R_u_BccValues str2R_u_BccValues(string str);
enum T_ BcecValues str2T__BcecValues(string str);
double delta_ inc(const vector<vector<double> > &A , const vector<vector<double> > &B );
double A_scheme (double P, string scheme="CDS");
double det_coord_Mesh ( double A , unsigned int N , double g , unsigned int i );
vector<vector<double> > conjugate_gradient ( const vector<vector<double> > &a p , const
vector<vector<double> > &a_e , const vector<vector<double> > & w , const vector<
vector<double> > &a_n , const vector<vector<double> > &a_s
,const vector<vector<double> > &phi_0 , const vector<vector<double>

> &b , int max_iter , double epsilon , int N_x , int N_y);
vector<vector<double> > biconjugate_ gradient_stb ( const vector<vector<double> > &a p ,
const vector<vector<double> > &a_e , const vector<vector<double> > &a w , const
vector<vector<double> > &a n , const vector<vector<double> > &a_s ,
const vector<vector<double> > &phi_0 , const vector<vector<double> >
&b , int max_iter , double epsilon , int N_x , int N_y);
class MatrixCoef
{
public:
vector <vector<double> > a p , a.n , a_s , a_e , a_w , b_p;
MatrixCoef(unsigned int N_i , unsigned int N_j ):
a_p(N_i , vector<double>(N_j, 1.0) ), a n(N_i , vector<double>(N_j, 0.0) ),
a_s(N_i , vector<double>(N_j, 0.0) ), a_e(N_i , vector<double>(N_j, 0.0) ),
a_w(N_i , vector<double>(N_j, 0.0) ), b_p(N_i , vector<double>(N_j, 0.0) ) {};
b
class velocity_x
{
public:
vector <vector<double> > u n , u_s , u_e , uw
velocity _x (unsigned int N_i , unsigned int N_j)
un (N_i , vector<double>(N_j, 0.0) ) ,
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grad__w;

, angle

_s (N_i , vector<double>(N_j, 0.0) ) ,
u_e (N_i , vector<double>(N_j, 0.0) ) ,
_w (N_i , vector<double>(N_j, 0.0) ) {};
s
class velocity_y
{
public:
vector <vector<double> > v.n , v.s , v_e , vw ;
velocity 'y (unsigned int N_i , unsigned int N_j)
v_n (N_i , vector<double>(N_j, 0.0) ) ,
v_s (N_i , vector<double>(N_j, 0.0) ) ,
v_e (N_i , vector<double>(N_j, 0.0) ) ,
v.w (N_i , vector<double>(N_j, 0.0) ) {};
+s
class Massflow
{
public:
vector <vector<double> > F n , F_s , F_e , F_w;
Massflow (unsigned int N_i , unsigned int N_j):
F n (N_i , vector<double>(N_j, 0.0) ) ,
F_s (N_i , vector<double>(N_j, 0.0) ) ,
F_ e (N_i , vector<double>(N_j, 0.0) ) ,
F_w (N_i , vector<double>(N_j, 0.0) ) {};
b
class gradiente
{
public:
vector <vector<double> > grad_n , grad_s , grad_e
gradiente (unsigned int N_i , unsigned int N_j):
grad_n (N_i , vector<double>(N_j, 0.0) ) ,
grad_s (N_i , vector<double>(N_j, 0.0) ) ,
grad_e (N_i , vector<double>(N_j, 0.0) ) ,
grad_w (N_i , vector<double>(N_j, 0.0) ) {};
}s
class Diffusion
{
public:
vector <vector<double> > D n , D_.s , D_e , D _w;
Diffusion (unsigned int N_i , unsigned int N_j):
D n (N_i , vector<double>(N_j, 0.0) ) ,
D s (N_i , vector<double>(N_j, 0.0) ) ,
D_e (N_i , vector<double>(N_j, 0.0) ) ,
D w (N_i , vector<double>(N_j, 0.0) ) {};
b
class Peclet
{
public:
vector <vector<double> > Pe_n , Pe_s , Pe_e , Pe_w;
Peclet (unsigned int N_i , unsigned int N_j):
Pe.n (N_i , vector<double>(N_j, 0.0) ) ,
Pe_s (N_i , vector<double>(N_j, 0.0) ) ,
Pe_e (N_i , vector<double>(N_j, 0.0) ) ,
Pe w (N_i , vector<double>(N_j, 0.0) ) {};
b
class caseConv2D
{
private:
double L_x , Ly , Ax Ay , e , Pr , Ra , gx , gy
unsigned int N_i , N_j max__iter ;
vector <vector<double> > v_0 , v_1 |, v_2 ;
vector <vector<double> > u_ 0 , u_1 , u_2 ;
vector <vector<double> > u_p2 , v_p2 ;
vector <vector<double> > S w , S e , S n , S s , Vol ;
vector <vector<double> > x , y , xw , y w , x_e ,
vector <vector<double> > R_u0 , R_v0 , R_ul , R_vl
vector <vector<double> > mu , rho ;

velocity_ x velx;
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velocity__y vely;
Massflow mass_ x;
Massflow mass_y;
gradiente gradient__uj;
gradiente gradient__v;

vector <vector<double> > v_out ,
Diffusion diff__T ;

Massflow mass T ;

Peclet pe T ;

public:
double At , t_2 ,
double t_end ;
MatrixCoef coef;
vector <vector<double> > p 0 ,
vector <vector<double> > T 0 ,
MatrixCoef coef T ;
caseConv2D (double Lx ,
Epsilon_vT , double Epsilon_pT
double Rho , unsigned int Nx ,
double t_End , double Gx ,
SetUniformMesh () ;
SetNonUniformMesh () ;
Initialvalues () ;

epsilon_vT |

p_1 ,
T_1

s

double Ly ,

void
void
void
void
void interfacevelocity_u();
void interfacevelocity v ();
void massflow_x();
void massflow_y ();
void grad_u();
void grad_v();
EvalR_u();
EvalR_v () ;

EvalVelocity p();

void
void

void

void EvalCoef();

void EvalCoefbc () ;

void Eval_coef_constantes_P () ;
void Eval_ coef variables P ();

void solveGS();
solveTDMA () ;

EvalVelocityfield () ;

void
void
void
void Evaldiffusion_ T ();
Evalmassflow__T () ;
Evalpeclet__T () ;
EvalCoef_T () ;

void
void
void
void
&value) ;
solveTDMA__Temperature () ;
solveGS_Temp () ;

double GetConvergence () ;
NewStep () ;
saveValues(double conv ,
void EvalTime () ;

double CDSscheme_ul(int i |,
double CDSscheme_vl(int i |,
void Massconservation () ;
double Nu_ value();

void
void

void

void

int j ,

int j ,

}s

int main ()

{

ifstream infile ("input.txt");

if (infile.fail()){
cout << "Error opening  file " <<
exit (0);

string s;

double Lx , Ly , Ax , Ay , E=1.0 ,
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u_out ;

epsilon_pT

;

p__1lsup
T__1lsup;

double A_x ,

double Pr_vol ,

unsigned
double Gy

unsigned

int

int

Epsilon_vT ,

int

il
il

)

)

int Ny

Eval_boundary_velocity (enum R_u_BccValues bcc [4]

Eval_boundary_temperature (enum T_ BccValues bcc [4]

iter);

int jl);
int j1);

"input.txt" << endl;

double A y ,
double Ra_vol ,

)

double Angle);

s

Eval boundary_ CoefbcT_ temperature(enum T_BccValues bcec[4]

Epsilon_pT ,

double E , double
double Mu ,

unsigned int Max_iter |,

const vector<double> &value);

,const vector<double> &value);

const vector<double>

Pr_vol , Ra_vol , Mu ,
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Rho ,t_End , convergence;
double Gx , Gy , Angle ;
unsigned int Nx , Ny , Max_iter , comp = 0 ;
vector<string> s_R_u bcc(4) , s_T bcc(4) ;

vector<double> v_R_u bcc(8,0.0) , v.T bcc(4,0.0) ;
unsigned int count = 1;

unsigned int i , j k , 1;

infile >> s >> Lx;

infile >> s >> Ly;

infile >> s >> Nx;

infile >> s >> Ny;

infile >> s >> s

if (s.compare("NonUniform")==0)

{

infile >> Gx >> Gy ;
}
infile >> s >> Max__iter;
infile >> s >> Epsilon_vT;
infile >> s >> Epsilon_pT;
infile >> s >> t_End;
infile >> s >> Pr_vol;
infile >> s >> Ra_vol;
infile >> s >> Angle;
Mu = 1.0 ;
Rho = Mu / sqrt(9.81 * Lx * Lx x Lx * Pr_vol / Ra_vol ) ;
infile >> s >> s_R_u_bcc[0] ;

if (str2R_u_BccValues(s_R_u_bec[0])==Airflow) infile >> v_R_u_bcc[0]

infile >> s >> s_R_u_bcc[l] ;

if (str2R_u_BccValues(s_R_u_bcc[1l])==Airflow)
infile >> s >> s_R_u_bcc[2] ;

if (str2R_u_BccValues(s_R_u_bec[2])==Airflow)
infile >> s >> s_R_u_bcc[3] ;

if (str2R_u_BccValues(s_R_u_bcc[3])==Airflow)

infile >> s >> s_T_ bec[0] ;

infile >> v_R_u_bcc[2]

infile

>> v_R_u_ bec[4]

infile >> v_R_u_bcc[6]

>>

>>

>>

>>

v_R_u_bcc[1]

v_R_u_bcc[3]

v_R_u_bcc[5]

v_R_u_bcc[T]

if (str2T_BccValues(s_T_bcc[0])==Dirichlet) infile >> v_T_bcc[0] ;
infile >> s >> s_T_ bec[l] ;

if (str2T_BccValues(s_T_bcec[1l])==Dirichlet) infile >> v_T_bcc[1l] ;
infile >> s >> s_T_ bcc[2] ;

if (str2T_BccValues(s_T_bcc[2])==Dirichlet) infile >> v_. T bcc[2] ;
infile >> s >> s_T_ becc[3] ;

if (str2T_BccValues(s_T_ bcec[3])==Dirichlet) infile >> v_T_bcc[3] ;

Ay
A x

enum R_u_BccValues R_u_bcc|[]

enum T_BccValues T bece ]

cout.setf(ios

Ly / Ny;

= Lx / Nx;

s_R_u_bcc[1]), str2R_u_BccValues(s_R_u_bcc[2])

str2T_BccValues(s_T_bcc[2])

:: floatfield ,ios::scientific);

cout . precision (3);

caseConv2D cas( Lx ,

cas

cas .

J//first
//find predictor
.Eval_boundary_ velocity (R_u_bcc

cas

cas

cas .

cas

cas

cas

A_x
Max__iter ,

Ly
Mu , Rho , Nx , Ny ,
.SetNonUniformMesh () ;

Ay , E , Epsilon_vT
t_End , Gx , Gy

Initialvalues ();

time step
velocity field

, v_.R_u_bcc);

.interfacevelocity_u();

interfacevelocity_ v ();

.massflow_x () ;
.massflow_y ();

.grad_u();

Daniel Yago Llamas

= {str2R_u_BccValues(s_R_u_bcc[0]) ,

= {str2T_BccValues(s_T_ bcc[0]) ,
,str2T_BccValues (s_T__

bee [3]) };

, Epsilon_pT ,
, Angle);

Pr_vol ,

str2R_u_ BccValues (
,str2R_u_ BccValues(s_R_u_bcc[3]) };

str2T__BccValues(s_T bcc[1]) ,

Ra_vol ,
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262 cas.grad_v();

263 cas.EvalR_u();

264 cas.EvalR_v();

265 cas.EvalVelocity p();

266

267 //find pressure field

268 cas.Eval_coef_constantes_P ();

269 cas.Eval_coef__variables_P ();

270 cas.p_1 = conjugate_gradient ( cas.coef.a p , cas.coef.a e , cas.coef.a w , cas.coef.a n

, cas.coef.a_s , cas.p_0 , cas.coef.b_p , Max_iter , Epsilon_pT, Nx , Ny);

271 cas.p_lsup = cas.p_1 ;

272

273 //find wvelocity field and check mass conservation

274 cas.EvalVelocityfield () ;

275 cas . Massconservation () ;

276

277 //Find temperature field

278 cas . Evaldiffusion_T () ;

279 cas .Evalmassflow_T () ;

280 cas . Evalpeclet_T ();

281 cas .EvalCoef T () ;

282 cas.Eval_boundary_ CoefbcT__temperature( T_bcc , v_T bcc );

283 cas.T_1 = biconjugate_gradient_stb ( cas.coef _T.a_p , cas.coef_T.a_e , cas.coef T.a w ,
cas.coef T.a_n , cas.coef _T.a_s , cas.T_1lsup , cas.coef _T.b_p , Max__iter |,
Epsilon_pT, Nx , Ny);

284 cas.T_1lsup = cas.T_1 ;

285

286 //new time step parameters

287 cas.EvalTime () ;

288 cas . NewStep () ;

289 cout << cas.t_2 <<endl;

290

291 ofstream outfile ("conv.m");

292 if (outfile. fail ()){

293 cerr << "Error.creating conv.m file._ " << endl;

294 exit(—1);

295 !

296

297 outfile.setf(ios:: floatfield ,ios::scientific);

298 outfile.precision (10);

299 outfile << "convs=[" ;

300 outfile << cas.t_2 << "_." << cas.GetConvergence() << "," << cas.Nu_value() << endl;

301

302 while (cas.t_2 < cas.t_end && comp==0)

303 {

304 //Find predictor—velocity field

305 cas.Eval_boundary_velocity (R_u_bcc , v_R_u_bcc);

306 cas.interfacevelocity_u();

307 cas.interfacevelocity v ();

308 cas . massflow_x () ;

309 cas . massflow__y () ;

310 cas.grad_u();

311 cas.grad_v();

312 cas.EvalR_u();

313 cas.EvalR_v();

314 cas.EvalVelocity_p();

315

316 //Find pressure field

317 cas.Eval_ coef_ variables_ P ();

318 cas.p_1l = conjugate__gradient ( cas.coef.a_p , cas.coef.a_e , cas.coef.a w , cas.coef.

a_n , cas.coef.a_s , cas.p_0 , cas.coef.b_p , Max_iter , Epsilon_pT, Nx , Ny);

319 cas.p_lsup = cas.p_1 ;

320

321 //Find wvelocity field

322 cas.EvalVelocityfield () ;

323 cas . Massconservation () ;

324

325 //Find temperature field

326 cas . Evalmassflow__T () ;

327 cas . Evalpeclet_T () ;

328 cas .EvalCoef T () ;

329 cas.Eval_boundary_CoefbcT__temperature( T_bcc , v_T_ bcc );
330 cas.T_1 = biconjugate_ gradient_stb ( cas.coef T.a p , cas.coef _T.a e , cas.coef T.a w
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, cas.coef_T.a_n , cas.coef_T.a_s , cas.T_1lsup , cas.coef_T.b_p ,
Epsilon_pT, Nx , Ny);
cas.T__1lsup = cas.T_1 ;

convergence = cas.GetConvergence () ;
outfile << cas.t_2 << ",." << convergence << "_" << cas.Nu_value() << endl;
if ( convergence < cas.epsilon_vT && cas.t_2 > 1.0 )
{

comp=1;
}
else
{

if ( count % 1000 == 0 )

{

cas.saveValues(convergence , count);

}

count4+4;

cas.EvalTime () ;
if (cas.t_2 < cas.t_end)
{

cas . NewStep () ;

}

Max__iter

cout << "time=" << cas.t_2 << "_iter=" << count << "_error=" << convergence << " Nu="

<< cas.Nu_value() << endl;

cas.saveValues(convergence , count);
outfile << "];"
outfile.close ();

return O0;

double Epsilon_vT , double Epsilon _pT , double Pr_vol ,
double Ra_vol , double Mu , double Rho , unsigned int Nx , unsigned

caseConv2D (double Lx , double Ly , double A x , double A y , double E ,

int Ny ,

unsigned int Max_iter , double t_End , double Gx , double Gy , double

Angle) :

L x(Lx) , L_y(Ly) , Ax(A_x) , Ay(A_y) , e(E) , epsilon_vT(Epsilon_vT) , epsilon_pT(
Epsilon_pT) , Pr(Pr_vol) , Ra(Ra_vol) , At(1E—15) , t_2(1E—15) , N_i(Ny) , N_j(
Nx) , max_iter(Max_iter) , t_end(t_End) , gx(Gx) , gy(Gy) , angle(Angle) , v_0(
N_i+1, vector<double>(N_j+2,0.0)) , v_1(N_i+1, vector<double>(N_j+2,0.0)) |,
v_2(N_i+1, vector<double>(N_j+2,0.0)) , u_O(N_i+2, vector<double>(N_j+1,0.0))
, u_1(N_i+2, vector<double>(N_j+1,0.0)) , u_2(N_i+2, vector<double>(N_j+1,0.0)
) , u_p2(N_i+2, vector<double>(N_j+1,0.0)) , v_p2(N_i+1l, vector<double>(N_j
+2,0.0)) , S _ w(N_i+1, vector<double>(N_j+1,0.0)) , S_e(N_i+1, vector<double >(
N_j+1,0.0)) , S n(N_i41, vector<double>(N_j+1,0.0)) , S s(N_i+1l, vector<double
>(N_j+1,0.0)) , Vol(N_i+1, vector<double>(N_j+1,0.0)) , x(N_i+2, vector<double
>(N_j+2,0.0)) , y(N_i+2, vector<double>(N_j+2,0.0)) , x w(N_i+2, vector<double
>(N_j+2,0.0)) , y_w(N_i+2, vector<double>(N_j+2,0.0)) , x_e(N_i+2, vector<
double >(N_j+2,0.0)) , y_e(N_i+2, vector<double>(N_j+2,0.0)) , x_n(N_i4+2,

vector<double>(N_j+2,0.0)) , y n(N_i+2, vector<double>(N_j+2,0.0)) ,

x_s(N_i

+2, vector<double>(N_j+2,0.0)) , y_ s(N_i+2, vector<double>(N_j+2,0.0)) , R _u0(
N_i+2, vector<double>(N_j+1,0.0)) , R _vO(N_i+1, vector<double>(N_j+2,0.0)) ,
R_ul(N_i+2, vector<double>(N_j+1,0.0)) , R_vl1(N_i+1, vector<double>(N_j+2,0.0)
) , p_O(N_i+4+2, vector<double>(N_j+2,1.0)) , p_1(N_i+2, vector<double>(N_j
+2,1.0)) , p_lsup(N_i+2, vector<double>(N_j+2,1.0)) , mu(N_i+1, vector<double
>(N_j+1,Mu)) , rho(N_i+1, vector<double>(N_j+1,Rho)) , T_O(N_i+2, vector<
double >(N_j+4+2,0.5)) , T_1(N_i+2, vector<double>(N_j+2,0.5)) , T_lsup(N_i+2,

vector<double>(N_j+2,0.5)) , coef(N_i4+1, N_j+1) , velx(N_i+1, N_j) ,

vely (N_i,

N_j+1) , mass_x(N_i+1, N_j+1) , mass_y(N_i+1, N_j+1) , gradient_u(N_i+1, N_j) ,
gradient__ v (N_i, N_j+4+1) , v_out(N_i+1l, vector<double>(N_j+1,0.0)) , u_out(N_i+1,
vector<double >(N_j+1,0.0)) , diff T (N_i+1, N_j+1) , mass_ T(N_i+1, N_j+1) ,

pe_T(N_i+1, N_j+1) , coef T(N_i+1, N_j+1) {};

void caseConv2D :: SetUniformMesh ()

{

unsigned int i , j;

for (i=1;i<=N_1i;i++4)
{

Daniel Yago Llamas
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for (j=1;j<=N_j;j++)

{
x[i][ji] = (j—0.5) = Ax
y[i][i] = (1-0.5) * Ay ;
x wl[i][j] = x[i][j] — 0.5 % Ax
x_e[i][j] = x[i][j] + 0.5 * Ax
x n[i][i] = x[1][j] 3
x_s[i][j] = x[i][j] ;
_wlill[i] = y[il[i]
y_elillj]l = y[illj]
yn[i][i] = y[i]l[i] + 0.5 = Ay ;
yos[i][i] = y[illi] — 0.5 = Ay ;
S wlillji] = (yv_n[i][j] — y_s[i][]
S eli]lj] = (ynl[i][j] — y_s[i][]
S n[i][j] = (x_e[i][i] — xw[i][]j
S_s[i][j] = (x_e[i][j] — xw[i][]
Vol[i][j] = (y_m[i][j] — y_s[i][]
}
}
for (j=1;j<=N_j;j++)
{
x[0][j] = (j—0.5) = Ax ;
x[N_i+1][j] = (j—0.5) = Ax ;
y[0][j] = 0.0 ;
yINLi+1][j] = Ly
x w[0][j] = x[0][j] — 0.5 * Ax ;
y_w[O0][j] = yI[O][J] ;
x_e[0][j] = x[0][j] + 0.5 * Ax ;
y_el[0][j] = y[O][j] 3
x n[0][j] = x[0][j] 3
y_n[0][j] = y[O][i] 3
x_s[0][j] = x[0][]] ;
y_s[0][j] = y[O][]j] ;
x w[N_i4+1][j] = x[N_i4+1][j] — 0.5 * Ax ;
y_w[N_i+1][j] = y[N_i+1][j] ;
x_e[N_i+1][j] = x[N_i+1][j] + 0.5 * Ax ;
y_e[N_i+1][j] = y[N_i+1][j]
n[N_i+1][j] = x[N_i+1][J]
y_n[N_i+1]1[j] = y[N_i+1](j]
« sIN_i+1][3] = x[N_i+1][}];
y_sINLi+1][3] = y[N_i+1][i] ;
}
for (i=1;i<=N_ij;i++)
{
x[i][0] = 0.0 ;
x[i][N_j+1] = L_x ;
y[i][0] = (i-0.5) = Ay ;
y[1][N_j+1] = (i-0.5) = Ay ;
x_n[i][0] = x[i][0]
yn[i][0] = y[i][0] + 0.5 % Ay ;
x_s[i][0] = x[i][O0] ;
y_s[i][0] = y[i][0] — 0.5 = Ay ;
x_e[i][0] = x[i][0]
y_e[i][0] = y[i][O] 3
x wl[i][0] = x[i][0] ;
y_wl[i][0] = y[i][O] ;
x n[i][N_j+1] = x[i][N_j+1] ;
y_n[i][N_j+1] = y[i][N_j+1] + 0.5 = Ay ;
x_s[i][N_j+1] = x[i][N_j+1] ;
y_s[i][N_j+1] = y[i][N_j+1] — 0.5 * Ay
x_el1][N_j+1] = x[i][N_j+1] ;
y_eli1IN_j+1] = y[i][N_j+1] ;
o wli]INj+1] = x[i][N_j+1] ;
yow[i][N_j+1] = y[i][N_j+1] ;
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446 1

447 y[N_i+1][0] = L_y ;

448 y_n[N_i+1][0] = L_y ;

449 y_s[N_i+1][0] = L_y ;

450 y_e[N_i4+1][0] = L_y ;

451 y_w[N_i+1][0] = L_y ;

452

453 x[0][N_j+1] = L_x ;

454 x n[0][N_j+1] = L_x;

455 x_s[O0][N_j+1] = L_x;

456 x_e[0][N_j+1] = L_x;

457 x w[0][N_j+1] = L_x;

458

459 x[N_i+1][N_j+1] = L_x ;

460 y[N_i+1][N_j+1] = Ly ;

461 x_n[N_i+1][N_j+1] = L_x ;

462 y_n[N_i+1][N_j+1] = L_y ;

463 x_s[N_i+1][N_j+1] = L_x ;

464 y_s[N_i+1][N_j+1] = L_y ;

465 x_e[N_i+1][N_j+1] = L_x ;

466 y_e[N_i+1][N_j+1] = L_y ;

467 x w[N_i4+1][N_j+1] = L_x ;

468 y_w[N_i+1][N_j+1] = L_y ;

469 }

470

471 void caseConv2D ::SetNonUniformMesh ()

a2 {

473

474 unsigned int i , j;

475 unsigned int N.x = N_j , Ny = N_i ;

476

477 for (i=1;i<=N_1i;i++)

478 {

479 for (j=1;j<=N_j;j++)

480 {

481

482 x[i][j] = (det_coord_Mesh ( L_x , N.x , gx , j ) + det_coord_Mesh ( L_x , N.x , gx ,
i+1))/2.0 ;

483 y[i][j] = (det_coord_Mesh ( L_y , N.y , gy , i ) + det_coord_Mesh ( L_y , N_y , gy ,
i+l ))/2.0

484

485 x w[i][j] = det_coord_Mesh ( L_x , N.x , gx , j ) ;

486 x_e[i][j] = det_coord_Mesh ( L_x , N_x , gx , j+1 ) ;

487 xnlil03] = x[1105] ;

188 x_sl[illi] = x[i1[5] ;

489 ywlilli] = y[i10i] ;

490 y_elillil = ylilli] ;

491 y_nl[i][j] = det_coord_Mesh ( L_y , N_y , gy , i+l ) ;

492 y_s[i][j] = det_coord Mesh ( L.y , Ny , gy , i ) ;

493

494 S wlillil = (v_nlil[i] — y_s[i][i]) = e;

495 S eli]lj] = (yvonl[i][i] — y_s[i][j]) = e;

496 S n[i][j] = (x_e[i][i] — xw[i][j]) * e;

497 S_s[i][j] = (x_e[i][j] — xwl[il[]j]) * e;

498 Voll[i][j] = (y_m[i][j] — y_s[i][j]) * (x_el[i][i] — x w[i][j]) * e;

499

500 }

501 1

502

503 for (j=1;j<=N_j;j++)

504 {

505 x[0][j] = (det_coord_Mesh ( L_x , N.x , gx , j ) + det_coord _Mesh ( L_x , N_x , gx , j

+1 ))/2.0 ;
506 x[N_i+1][j] = (det_coord Mesh ( L_x , N.x , gx , j ) + det_coord Mesh ( L_x , N_x , gx
L+ ) /2.0 ;

507 y[0][j] = 0.0 ;

508 y[N_i+1][j] = Ly ;

509

510 x w[0][j] = det_coord_Mesh ( L_x , N.x , gx , j ) ;

511 y_w(o][j] = y[0][i] ;

512 x_e[0][j] = det_coord_Mesh ( L_x , N_x , gx , j+1 ) ;

513 y_el0][j] = y[O][j] 3

514 x n[0][j] = x[0][j] ;
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y_n|
x_s|

_s

x W[N_i+4+1][j] = det_coord _Mesh ( L_.x , N.x , gx , j ) ;
y_w[N_i+1][j] = y[N_i+1][j] ;
x_e[N_i+1][j] = det_coord_Mesh ( L_x , N.x , gx , j+1 ) ;
y_e[N_i+1][j] = y[N_i+1][j] ;
x n[N_i+1][j] = x[N_i+1][j];
yon[N_i+1][j] = y[N_i+1][j] ;
x_s[N_i+1][j] = x[N_i+1][j];
yos[N_i+1][j] = y[N_i+1][j] ;
}
for (i=1;i<=N_1i;i++)
{
x[i][0] = 0.0 ;
<[i][N_j+1] = L_x ;
y[i][0] = (det_coord Mesh ( L_y N_y gy , i ) + det__
+1 ))/2.0
y[i][N_j+1] = (det_coord_Mesh ( L_y , N_y , gy , ) + det__
, i+l )) /2.0
xn[i][0] = x[i][0] ;
y_n[i][0] = det_coord_Mesh ( L_y , Ny , gy , i+1 ) ;
x_s[i][0] = x[i][0] ;
y_s[i][0] = det_coord _Mesh ( L.y , Ny , gy , i ) ;
x_eli][0] = x[i][0] ;
v_elillo] = y[il[0] ;
xwlil[o] = x[i][0] ;
y_wli][0] = y[i][0] ;
x n[i][N_j+1] = x[i][N_j+1] ;
y_n[i][N_j+1] = det_coord _Mesh ( L_y , N.y , gy , i+l ) ;
x_s[1][N_j+1] = x[1][N_j+1] ;
y_s[i][N_j+1] = det_coord_Mesh ( L.y , Ny , gy , i ) ;
x_e[i][N_j+1] = x[i][N_j+1] ;
y_e[i][N_j+1] = y[i][N_j+1] ;
x wli][N_j+1] = x[i][N_j+1] ;
yow[i][N_j+1] = y[i][N_j+1] ;
}
y[N_i+1][0] = L_y ;
y_n[N_i+1][0] = L_y ;
y_s[N_i+1][0] = L_y ;
v_e[N_i+1][0] = L_y ;
y_w[N_i+1][0] = L_y ;
<[0][N_j+1] = L x ;
< n[0][N_j+1] = L x;
x_s[0][N_j+1] = L_x;
x_e[0][N_j+1] = L_x;
< wl0][N_j+1] = L_x;
x[N_i+1][N_j+1] = L_x ;
YINLi+1][N_j+1] = L_y ;
x_n[N_i+1][N_j+1] = L_x ;
n[N_i+1][N_j+1] = L y ;
x S[N7i+l][NJ+1] =L x ;
y_s[N_i+1][N_j+1] = L_y ;
x_e[N_i+1][N_j+1] = L_x ;
y_e[N_i+1][N_j+1] = L_y ;
x w[N_i4+1][N_j+1] = L_x ;
y_w[N_i+1][N_j+1] = L_y ;
ofstream outfile ("mesh.m");
if (outfile. fail ())
{
cerr << "Error.creating mesh.m_file._ " << endl;
exit(—1);
}

0][i] = y[O0][]
0][i] = x[0][]
01[j] = y[O0][]

13
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586 outfile << "x=[" << endl;

587 for (i=1;i<N_i+1;i++)

588 {

589 for (j=1;j<N_j+1;j++)

590 {

591 outfile << x[i][j] << "L" ;

592 1

593 outfile << endl ;

594 }

595 outfile << "];" << endl << endl;

596

597 outfile << "y=[" << endl;

598 for (i=1;i<N_i+1;i++)

599 {

600 for (j=1:j<N_j+1;j++)

601 {

602 outfile << y[i][j] << "u"

603 }

604 outfile << endl ;

605 }

606 outfile << "];" << endl << endl;

607

608 outfile.close ();

609

610 }

611

612 void caseConv2D:: Initialvalues ()

613 {

614 u 1 = u_0;

615 v_1 = v_0;

616 p_lsup = p_0;

617 T_lsup = T_O ;

618

619 unsigned int i , j ;

620 double temp = 0.0 ;

621 for (i=1;i<N_i;i++)

622 {

623 for (j=1;j<N_j+1;j++)

624 {

625 temp = (y_n[110il=y[i11i])) / (y{i+10I=y[i105])

626 R vO[i][j] = Pr = ( T_O[i][j] * (1.0—temp) + temp * T _O[i+1][j] ) ;

627 }

628 1

629 }

630

631 enum R_u_BccValues str2R_u__BcecValues(string str)

632 {

633 if (str=="Wall")

634 {

635 return (Wall);

636 }

637 else if (str=="Airflow")

638 {

639 return (Airflow);

640 }

641 else

642 {

643 cerr << "Error_ in_ " << __ FUNCTION___ << ":," << str << ", condition doesn’t_ exist." <<
endl;

644 exit (0);

645 }

646}

647

648 enum T_BccValues str2T_BcecValues(string str)

649 {

650 if (str=="Neumann")

651 {

652 return (Neumann) ;

653 }

654 else if (str=="Dirichlet")

655 {

656 return (Dirichlet);

657 }
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else
{
cerr << "Error,in " << __FUNCTION__ << ":. " << str <<
endl;
exit (0);
¥
¥
void caseConv2D:: Eval boundary velocity (enum R_u_BccValues
&value)
{
unsigned int i , j ;

switch (bcc[0])

{
case Wall:
i=0;
for (i=0;i<N_i+2;i++)
{
u 1[i][j] = 0.0;
w_p2(i][j] = 0.0;
}
for (i=0;i<N_i+1;i++)
{
v_1[i][5] = 0.0;
v_p2[i][j] = 0.0;
}
break;
case Airflow:
i=0;
for (i=0;i<N_i+2;i++)
{
u_1[i][j] = value[0];
w p2[i]1j] = value[0];
}
for (i=0;i<N_i+1;i4++)
{
v_1[i][j] = value[l];
v_p2[i][j] = value[1];
}
break;
default :
assert (false);
break;
}

switch (bcc[1]){
case Wall:

i=0;

for (j=0;j<N_j+1;j++)

{
u_1[i][j] = 0.0;
u_p2[i][j] = 0.0;

}

for (j=0;j<N_j+2;j++)

{
v_1[i][j] = 0.0;
v_p2[i][j] = 0.0;

}

break;

case Airflow:

i=0;

for (j=0;j<N_j+1;j++)

{
u 1[i][j] = value[2];
u_p2[i][j] = value[2];

}

for (j=0;j<N_j+2;j++)

{
v_1[i][j] = value[3];
v_p2[i][j] = value[3];

}

break;

default:
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assert (false);
break;

}

switch (bcc[2]){

case Wall:

i=N_j;

for (i=0;i<N_i+2;i++)

{
u 1[i][j] = 0.0;
u_p2[i][j] = 0.0;

}

J=N_j+1;

for (i=0;i<N_i+1;i+4)

{
v_1[i][j] = 0.0;
v_p2[i][j] = 0.0;

}

break;

case Airflow:

J=N_Jj;

for (i=0;i<N_i+2;i++4)

{
u_1[i][j] = value[4];
u_p2[i][j] = value[4];

}

J=N_j+1;

for (i=0;i<N_i+1;i+4)

{
v_1[i][j] = value[5];
v_p2[i][j] = value[5];

}

break;

default:
assert (false);
break;

}
switch (bcc[3]){
case Wall:

i=N_i+1;
for (j=0;j<N_j+1;j++)
{
u_1[i][j] = 0.0;
u_p2[i][j] = 0.0;
}
i=N_1i;
for (j=0;j<N_j+2;j++)
{
v_1[i][j] = 0.0;
v_p2[il[j] = 0.0;
}
break;
case Airflow:
i=N_1i+1;
for (j=0;j<N_j+1;j++)
{
u_1[i][j] = value[6];
u_p2[i][j] = value[6];
}
i=N_i;
for (j=0;j<N_j+2;j++)
{
v_1[i][j] = value[T7];
v_p2[i][j] = value[T7];
}
break;
default:
assert (false);
break;
}
}
double caseConv2D :: CDSscheme_ul(int i , int j , int il , int
{
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double temp=0.0;

if (i==0 && i!=il)
{

temp = 0.0 ;

}

else if(il==N_i+1 && il=il)

{

temp = 1.0 ;

}

else if(i==il && j!=j1)

{

temp = (x[i1][j1]—x_e[i][j]) / (x_e[il][j1]—x_e[i][i])

}

else

{

temp = (y_n[i][jl-y[i][j]) / (yv[i1][j1]=y[i][i])

return u 1[i][j] * (1.0—temp) + temp * u_1[il][jl];

double caseConv2D ::CDSscheme_vl(int i , int

{

void caseConv2D ::

{

void caseConv2D ::

{

double temp=0.0;

if (j==0 && jl!=j1)
{

temp = 0.0 ;

}

else if(jl==N_j+1 && j!=j1)

{

temp = 1.0 ;

}

else if(j==jl && i!=il)

{

j

’

int

5

il

)

temp = (y[il][j1]-y_n[i][j]) / (yon[il][j1]—y_n[i][j])

}

else

{

temp = (x_e[i][j]-x[i][j]) / (x[i1][j1]=x[1][j])

return v_1[i][j] =

unsigned int i ,

j

(1.0—temp) + temp * v_1[il][jl];

5

interfacevelocity__u ()

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

CDSscheme_ul(i,j,i,j+1)
CDSscheme_ul(i,j—1,i,j)
CDSscheme_ul (i,j,i+1,j)
CDSscheme_ul(i—1,j,i,j)

{
for (j=1;j<N_j;j++)
{
velx.u_e[i][j] =
velx.u_wl[i][j] =
velx.u_n[i][j] =
velx.u_s[i][j] =
}
}

unsigned int i , j

for (i=1;i<N_i;i++
{

)

5

interfacevelocity v ()

for (j=1;j<N_j+1;j++)

{
vely .v_e[i][j]
vely .v_w[i][]j

vely.v_n[i][j]
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3

i

5

int

5
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vely.v_s[i]lj] =
}
}
}

void caseConv2D ::

{

unsigned int i , j;

massflow__x ()

for (i=1;i<N_i+1;i++)
{
for (j=1;j<N_j;j++)
{
mass_x.F_e[i][]j] =
mass_ x.F wl[i][j] = ( u_
mass_x.F_n[i][j] = (
- x_eli][i]l ) ) ;

mass_x.F_s[i][j] =

+1] — x e[i][j] ) )
}
}
}
void caseConv2D :: massflow_y ()
{

unsigned int i , j;

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

(v 1[i=1][j]

CDSscheme_v1(i—1,j,i,j) ;

P05 +w afi][i4+1) ) / 2.0 x (yn[i][i] — y_s[i][]i]) ;
P05 +wafi]li—1] ) / 2.0 » (yn[i][j] — y_s[i][j])
03]+ Cx_eli][3] = x[i]0J] ) + v A[i][i4+1]) = ( x[i][i+1]

# (x_e[i][§] = x[1][i] ) 4+ v 1[i=1][j+1] = ( x[i][]

{
for (j=1;j<N_j+1;j++)
{
mass_y.F_e[i][j] = (w_1[i][j] = C y_n[i][j] — y[i][j] ) 4+ w 1[i+1][j] = ( y[i+1][]]
—ynl[i][i] ) ) 3
mass_y . F w[i][j] = ( w 1[i][j=1] = ( yn[i][j] — y[i][J] ) + w t1[i4+1][i—1] = ( y[i
+1100] — ym[i][i] ) )
mass_y . F_n[i][j] = ( v_1[i4+1][j] + v_1[i][j] ) / 2.0 * ( x_e[i][j] — = w[i][]j] ) ;
mass_y . F_s[i][j] = ( v_1[i—=1][j] + v_1[i][j] ) / 2.0 * ( x_e[i][j] — xw[i][]j] ) ;
}
}
}
void caseConv2D ::grad_u()
{

unsigned int i , j ;

for (i=1;i<N_i+1;i++)
{
for (j=1;j<N_j;j++)
{

gradient_u.grad_e[i][j]

= (u 1[i][j+1] —w 2[i][j]) / (x_e[i][i4+1] — x_e[i][j]) = (

ynl[i][i] —y_s[i][i]) ;
gradient _u.grad w[i][j] = (w 1[i][j] — w 1[i][i-1]) / (x_e[i][i] — x_e[i][j—1]) = (
yn[i][i] — y_s[i][i]) ;

gradient_u.grad _n[i][j]
+1] = x[i][i]);
gradient_u.grad_s[i][j]
+1] = x[i][i]);
}
}
¥

void caseConv2D ::grad_v ()

{

unsigned int i , j

for (i=1;i<N_i;i++)
{
for (j=1;j<N_j+1;j++)
{
gradient_v.grad_e[i][]j]
+1105] — y[illil);
gradient__v.grad_w/[i][]j]
+1103] = y [0
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= (u r[i4+1][3] —w 2[i][3]) / (y[i+1][3] — y[i]03]) = (x[i][J

= (u t[i][j] —uw t[i—=1][3]) / (y[i]0J] — y[i—=1000]) = (x[i][J

= (v 1[i][j+1] = v [ ]3] / (x[i]0i+1] — x[i][i]) = (y[i

= (v 1[i][§) — v a[i]li-1]) / (x[i][§] = x[i][i—1]) = (y[i
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938 gradient_v.grad_n[i][j] = (v_1[i+1][J] = v_1[i][i]) / (r_nli+1][5] — y_nl[i][§]) * (
x_elilli] — xwlillil) ;

939 gradient_v.grad_s[i][j] = (v_1[i]1[§] — v_1[i—1][i]) / (v_n[i][i] — y_n[i -1][i]) * (
x_e[1103] — xwlil[i]) ;

940 }

941 1

942 }

943

944 void caseConv2D::EvalR_u()

945  {

946 unsigned int i , j ;

947 double temp = 0.0 , templ = 0.0 , temp2 = 0.0 , temp3 = 0.0 ;

948

949 for (i=1;i<N_i+1;i++)

950 {

951 for (j=1;j<N_j;j+H

952 {

953 templ = gradient_u.grad_e[i][j] + gradient_u.grad_n[i][j] — gradient_u.grad_w[i][j] —
gradient_u.grad_s[i][j] ;

954 temp2 = mass_x.F_e[i][j] * velx.u_ e[i][j] 4+ mass_x.F n[i][j] * velx.u n[i][j] —
mass_x.F_w[i][j] * velx.u w[i][j] — mass_x.F_s[i][j] * velx.u_s[i][j] ;

955

956 temp = (x_e[i][j]l—-x[i]]

957 temp3 = Pr x ( T_O[i][]j

958

959 R_ul[i][j] = ( Pretempl/sqrt(Ra) — temp2 ) / ( (x[i][j+1-x[i][j])*(y_n[i][jl-y_s[i][
jl) ) + temp3 ;

i/ el i+)=x[i][3]) 5
] = (1.0—temp) + temp * T _O[i][j+1] ) * cos (anglexPI/180) ;

960 }

961 1

962 }

963

964 void caseConv2D ::EvalR_v ()

965 {

966 unsigned int i , j ;

967 double temp = 0.0 , templ = 0.0 , temp2 = 0.0 , temp3 = 0.0 ;

968

969 for (i=1;i<N_i;i++)

970 {

971 for (j=1;j<N_j+1;j++)

972 {

973 templ = gradient_v.grad_e[i][j] + gradient_v.grad _n[i][j] — gradient_v.grad _w[i][]j] —
gradient__v.grad_s[i][j] ;

974 temp2 = mass_y.F_e[i][j] * vely.v_e[i][j] 4+ mass_y.F n[i][j] * vely.v_n[i][j] —
mass_y.F_w[i][j] * vely.v_w[i][j] — mass_y.F_s[i][j] * vely.v_s[i][j]

975

976 temp = (y_n[i][j]l-y[i]]

977 temp3 = Pr x ( T_O[i][]j

978

979 R_vI[i][j] = ( Pretempl/sqrt (Ra) — temp2 ) / ( (x_elil[j] — x wlil[§]) *(y[i+1][§]-y[i
1[i]) ) + temp3 ;

i/ (yUi+1Hl=y 103D 5
] = (1.0—temp) + temp * T_O[i+1][j] ) * sin (anglexPI/180) ;

980 }

981 }

982 }

983

984 void caseConv2D :: EvalVelocity_ p ()
985

986 unsigned int i , j;

987

988 for (i=1;i<N_i+1;i++)

989 {

990 for (j=1;j<N_j;j++)

991 {

992 u p2[i][j] =uw 1[i][j] + At = ( 3.0/2.0 = R _ul[i][j] — 1.0/2.0 = R_u0[i][j] )
993 }

994 }

995 for (i=1;i<N_i;i++)

996

997 for (j=1;j<N_j+1;j++)

998 {

999 v p2[i][j] = v_1[i][j] + At = ( 3.0/2.0 = R v1[i][j] — 1.0/2.0 %= R_vO[i][j] ) ;
1000 }

1001 }

1002}
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1003

1004 void caseConv2D :: EvalCoef ()

1005

1006 unsigned int i , j;

1007

1008 for (i=2;i<N_i;i++)

1009 {

1010 for (j=2;j<N_j;j++)

1011 {

1012 coef.an[i](j] =S n[i](J] / (v[i+1][] — y[i1[i]) ;

1013 coef.a_s[i][j] = S_s[i][i] / (s[110J] — y(i-11[])

1014 coef.a_e[i](j] = S_e[i1(j] / (x[i1li+1] — x[i1[i]) ;

1015 coef.a w(i][J] = S_wlillil / (x[i][§] — x[i][j—1]) ;

1016 coef.a_p[i][j] = +coef.a_n[i][j] + coef.a_s[i][j] + coef.a_e[i][j] + coef.a w[i][j]
1017 coef.b p[i][j] =— ( v_p2[i][§] * S_nl[il[§] — v_p2[i—1][j] * S_s[i][j]
1018 +up2[i1[5] * S_el[i][§] — wp2[i][i-1] * S wlilli] )

1019 }

1020 }

1021}

1022

1023 void caseConv2D:: EvalCoefbc ()

1024 {

1025 unsigned int i , j;

1026

1027 {

1028 i=1; j=1

1029 coef.am[1](j] =S n[i](J] / (v[i+1][] = y[i1[Ji]) ;

1030 coef.a_s[i][j] = 0.0 ;

1031 coef.a_e[i][j] =S_e[i][j] / (x[11[i+1] — x[1][i])

1032 coef.a_w[i][j] = 0.0 ;

1033 coef.a_p[i][j] = H+coef.a_n[i][j] + coef.a_s[i][j] + coef.a_e[i][j] + coef.a w[i][j] ;
1034 coef.b p[i][j] =~ ( v_p2[i][§] * S_nl[il[§] — v_p2[i—1][j] * S_s[i][j]
1035 +up2[i][5] = S_el[i][§] — wp2[il[i-1] * S wlil[j] )

1036 1

1037

1038 {

1039 i=1; j=N_j;

1040 coef.an[i][j] =S n[i][i] / (s[i+110] — y[111i])

1041 coef.a_s[i][j] = 0.0 ;

1042 coef.a_e[i][j] = 0.0 ;

1043 coef.aw[i](j] = S_wlil(i] / (x[i][i] — x[i][i-1]) ;

1044 coef.a_p[i][j] = H+coef.a_n[i][j] + coef.a_s[i][j] + coef.a_e[i][j] + coef.a w[i][]j]
1045 coef b p[i][j] =— ( v_p2[i][§] * S_nlil[§] — v_p2[i—1][j] * S_s[i][j]
1046 H4u_p2[i][j] = S_e[i][j] — u_p2[i][j—1] = S _w[i][ij] )
1047 }

1048

1049 {

1050 i=N_i; j=1;

1051 coef.a_n[i][j] = 0.0 ;

1052 coef.a_s[1](j] = S_s[1](J] / (y[i11i] — y[i-1101) ;

1053 coef.a_e[i][j] = S_e[i][i] / (x[11[i+1] — x[1][}])

1054 coef.a_w[i][j] = 0.0 ;

1055 coef.a_p[i][j] = H+coef.a_n[i][j] + coef.a_s[i][j] + coef.a_e[i][j] + coef.a w[i][j] ;
1056 coef.b p[i][j] =~ ( v.p2[i][§] * S_nl[il[§] — v_p2[i—1][j] * S_s[i][j]
1057 4 p2[i][5] = S_e[i][§] — wp2[il[i-1] * S wlil[j] )

1058 1

1059

1060 {

1061 i=N_i; j=N_j;

1062 coef.a_n[i][j] = 0.0 ;

1063 coef.a_s[i1[j] = S_s[i1[i] / ([110i] — y[i-111])

1064 coef.a_e[i][j] = 0.0 ;

1065 coef.awli](j] = S_wlil(i] / (x[i1[i] = x[i1[i=1]) ;

1066 coef.a_p[i][j] = H+coef.a_n[i][j] + coef.a_s[i][j] + coef.a_e[i][j] + coef.a w[i][]j]
1067 coef b p[i][j] = —( v_p2[i][§] * S_nlil[j] — v_p2[i—1][j] * S_s[i][j]
1068 tu_p2[i1[5] * S_elilli] — u_p2[il[j—1] * Sw(illj] ) ;
1069 }

1070

1071 i=1;

1072 for (j=2:j<N_j;j++)

1073 {

1074 coef.an[i](j] =S n[i](J] / (v[i+1][] = y[i1[i]) ;

1075 coef.a_s[i][j] = 0.0 ;
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1076 coef.a_e[1](j] = S_e[1](J] / (x[i1li+1] — x[1][J]) ;
1077 coef.aw[i](j] = S_wlil(i] / (x[i][i] — x[i][i-1]) ;

1078 coef.a_p[i][j] = +coef.a n[i][j] + coef.a_s[i][j] + coef.a_e[i][j] + coef.a w[i][j]
1079 coef.bpli][j] =~ ( v_p2[i1[§] * S_n[il[§] — v_p2[i—1](j] * S_s[i][j]
1080 tup2[i1[5] * S_el[il[§] — up2[illi-1] * Swlil[i] ) ;
1081 1

1082

1083 i=N_i;

1084 for (j=2;j<N_j;j++)

1085 {

1086 coef.a_n[i][j] = 0.0 ;

1087 coef.a_s[i1[j] = S_s[i1[i] / (y[111J] — y[i-1101])

1088 coef.a_e[i][J] = S_e[i][i] / (x[i][§+1] — x[1]1(j]) ;

1089 coef.awli](j] =S wlil(i] / (x[i]1[i] — x[i][i-1]) ;

1090 coef.a_p[i][j] = H+coef.a_n[i][j] + coef.a_s[i][j] + coef.a_e[i][j] + coef.a w[i][]j]
1091 coef.b_p[i][j] = —( v_p2[i][§] * S_nlil[§] — v_p2(i—1][j] * S_s[i][j]
1092 tu_p2[1103] * S_e[i](j] — u_p2[i][§-1] = S wlil[j] ) ;

1093 }

1094

1095 j=1;

1096 for (i=2;i<N_i;i++)

1097 {

1098 coef.an[1](j] =S n[i](J] / (v[i+1][] = y[i1[i]) ;

1099 coef.a_s[1][j] = S_s[i][i] / (y[110J] — y(i-11[i]) ;

1100 coef.a_e[i][j] =S_e[i][i] / (x[i1[i+1] — x[1][}])

1101 coef.a_w[i][j] = 0.0 ;

1102 coef.a_p[i][j] = +coef.a_n[i][j] + coef.a_s[i][j] + coef.a_e[i][j] + coef.a_w[i][j] ;
1103 coef.b p[i][j] =~ ( v_p2[i][§] * S_nlil[§] — v_p2[i—1][j] * S_s[i][j]
1104 +up2[i][5] * S_e[i][§] — wp2[il[i-1] * S wlil[j] )

1105 1

1106

1107 j=N_j;

1108 for (i=2;i<N_i;i++)

1109 {

1110 coef.a n[i1[j] = S.nlil[i] / (yLi+11[] = y(i1[5]) ;

1111 coef.a_s[1](J] = S_s[1](J] / (v[111J] = y[i-1101) ;

1112 coef.a_e[i][j] = 0.0 ;

1113 coef.aw[i](j] =S_wlillj] / (x[i]li] — x[i][i=1]) ;

1114 coef.a_p[i][j] = 4+coef.a_n[i][j] + coef.a_s[i][j] 4+ coef.a_e[i][j] + coef.a w[i][j] ;
115 coef.b p[il[5] =— ( v_p2(il[§] * S_n[il1(J] — v_p2[i—11(j] * S_s[i][j]
1116 +up2[i][5] = S_e[i][§] — wp2[il[i-1] = S wlil[j] )

1117 1

1118}

1119

1120 void caseConv2D :: Eval_ coef_ constantes_ P ()

1121 {

1122 unsigned int i , j;

1123

1124 for (i=2;i<N_i;it++)

1125 {

1126 for (j=2;j<N_j;j++)

1127 {

1128 coef.a n(i][j] =S nl[il(il / (y[i+110i] = y[11(3]) ;

1129 coef.a_s[1](J] = S_s[1](J] / (y[111J] — y[i-1101) ;

1130 coef.a_e[i](j] = S_e[i](j] / (x[i]1li+1] — x[i][J]) ;

1131 coef.aw[i](j] =S_wlillj] / (x[i][i] — x[i][i-1]) ;

1132 coef.a_p[i][j] = 4+coef.a_n[i][j] + coef.a_s[i][j] + coef.a_e[i][j] + coef.a w[i][j] ;
1133 }

1134 1

1135

1136 {

1137 i=1; j=1;

1138 coef.am[1](j] =S n[i](J] / (v[i+1][] = y[i1[i]) ;

1139 coef.a_s[i][j] = 0.0 ;

1140 coef.a_e[i][j] = S_e[i][i] / (x[11[i+1] — x[1][i])

1141 coef.a_w[i][j] = 0.0 ;

1142 coef.a_p[i][j] = H+coef.a_n[i][j] + coef.a_s[i][j] + coef.a_e[i][j] + coef.a w[i][j] ;
1143 1

1144

1145 {

1146 i=1; j=N_j;

1147 coef.am[1](j] =S n[i](i] / (v[i+11[] = y[i]1[i]) ;

1148 coef.a_s[i][j] = 0.0 ;
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1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221

}

1.1 Main program

Annex D: Code

]
)
o]
o
o
g
=
I

}
{
i=N_i; j=1;
coef.a_n[i][j] =
coef.a_s[i][j] =
coef.a_e[i][]j] =
coef.a_wl[i][j] =
coef.a_p[i][j] =
}
{
i=N_i; j=N_j;
coef.a_n[i][j] =
coef.a_s[i][j] =
coef.a_e[i][]j] =
coef.a wl[i][j] =
coef.a_p[i][j] =
}
i=1;

for (j=2;j<N_j;j++)

i=N_1i;
for (j=2;j<N_j;j++)

{

_n[i][j] =
coef.a_s[i][j] =
coef.a_e[i][]j] =
coef.a w[i][j] =
coef.a_p[i][j] =

}

i=1

for (i=2;i<N_i;i++)

{
coef.a_n[i][j] =
coef.a_s[i][]j] =
coef.a_e[i][]j] =
coef.a wl[i][j] =
coef.a_p[i][j] =

}

J=N_j;

{

}

0.0 ;
Swlilli]l / (x[i][i] —
+coef.a_n[i][j] + coef.

0.0 ;
S_s[il[i] / (y[i]lli] —
S_el[i]li] / (x[i][j+1]
0.0 ;

+coef.a_n[i][j] + coef.

0.0 ;
S_s[ill[i] / (y[illi] —
0.0 ;
S.wlilli]l / (x[i][i] —
+coef.a_n[i][j] + coef.

S_nli][j] / (y[i+1][]]
0.0 ;

S_el[illi] / (x[i]
S wlilli]l / (x[i]
+coef.a_n[i][]]

[i+1]
[il -
+ coef.

0.0 ;

S_s[i]li] / (y[illil] —
S_elilli] / (x[i][j+1]
S wlillil / (x[i][j] —
+coef.a_n[i][j] + coef
S n[il[j] / (y[i+1][j]
S_s[i]li]l / (y[illil —
S_eli]lj] / (x[i][j+1]
0.0 ;

+coef.a_n[i][j] + coef.
S n[il[j] / (y[i+1][i]
S_sl[illil / (y[illil —
0.0 ;

S wlillil / (x[i][j] —
+coef.a_n[i][j] + coef.

void caseConv2D :: Eval_coef_variables_P ()

{

unsigned int i , j
for (i=2;i<N_i;i++)
{
for (j=2;j<N_j;j++)
{

coef.b_p[i][j] =

Daniel Yago Llamas

— (vep2[i][j] * S_n[i]

.a_s[i][j] + coef.a__

x[1][j—1]) ;

a_s[i][j] +Ycoef.a7

y[i=1][i])
= x[i][i])

a_s[i][j] + coef.a__

y[i=1][i])

x[1][j—1]) ;
a_s[i][j] + coef.a__

- ylillil)

- x[i]10iD 5
x[1][j—-1]) ;

a_s[i][j] + coef.a_.

y[i—=1][3]1)
= x[i][3]D)
x[i][j—-1]) ;

- y[illiD
yli=11131D) ;
= x[i][i]) 5

a_s[i][j] + coef.a__

- y[illiD
y[i=1][§]) 3

x[1][j—1]) ;

a_s[i][j] + coef.a__

[i] — vop2[i—1][j]

coef.a_wl[i][]j]

coef.a_wl[i][]j] ;

coef.a_wl[i][j] ;

coef.a_w[i][]j] ;

coef.a wl[i][j]

coef.a_ wl[i][j]

coef.a_wl[i][j] ;

* S_s[i][]]
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1252
1253
1254
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1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
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+u_p2[i][j] = S_e[i][j] — u_ p2[i][j—1] » S_wl[i][j] ) ;

¥
}
{
i=1; j=1;
coef.b_p[i][j] =— ( vop2[i][i] * S n[i][j] — v_p2[i—1][j] » S_s[i][]j]
+u_p2[i][j] = S_e[i][j] — uw_p2[i][j—1] = S_w[i][j] ) ;
}
{
i=1; j=N_j;
coef.b p[i][j] =— ( vop2[i][j] * S n[i][]j] — v_p2[i—-1][j] * S_s[i][]j]
tu_p2[i][j] = S_e[i][j] — w_p2[i][j—1] = S_w[i][j] ) ;
}
{
i=N_i; j=1;
coef.b_p[i][j] =— ( vop2[i][j] * S n[i][j] — v_p2[i—1][j] * S_s[i][j]
+u p2[i][i] * S_e[i][j] — w p2[i][j—1] » S w[i][j] )
}
{
i=N_i; j=N_j;
coef.b p[i][j] =— ( vop2[i][i] * S n[i][j] — v_p2[i—1][j] * S_s[i][]j]
tu_p2[i][j] * S_el[i][j] — w_p2[i][j—1] = S_w[i][j] ) ;
}
i=1;
for (j=2;j<N_j;j++)
{
coef.b_p[i][j] =— ( vop2[i][j] * S_n[i][j] — v_p2[i—1][j] * S_s[i][j]
+u_p2[i][j] * S_e[i][j] — w p2[i][j—1] » S_w[i][j] ) ;
}
i=N_1i;
for (j=2;j<N_j;j++)
{
coef.b_p[i][j] =— ( vop2[i][i] = S n[i][j] — vop2[i—-1][i] * S_s[i][j]
fu_p2[i][j] * S_el[i][j] — u_p2[i][j—1] = S_w[i][j] ) ;
}
i=1;
for (i=2;i<N_i;i++)
{
coef.b_p[i][j] =— ( vop2[i][j] * S_n[i][j] — v_p2[i—1][j] » S_s[i][j]
Hu_p2[i][j] * S_el[i][j] — uw_p2[i][j—1] = S_w[i][j] )
}
J=N_Jj;
for (i=2;i<N_i;i++)
{
coef.b p[i][j] =— ( vop2[i][i] * S n[i][j] — v_p2[i—-1][j] * S_s[i][]j]
tu_p2[i][j] = S_e[i][j] — w_p2[i][j—1] = S_w[i][j] ) ;
}
}
void caseConv2D ::solveGS ()
{
unsigned int i , j

unsigned int iter;
double deltap__ = epsilon_pT 4+ 1.0;

for (iter=1; deltap__> epsilon_pT && iter <max_iter ; iter+4+)

{
for (i=1;i<N_i+1;i++)
{
for (j=1;J<N_j+1;j++)
{
p_1[i][j] = 1.0/ coef.a_p[i][j] * ( coef.a_n[i][j] * p_lsup[i+1][j] + coef.a_s[i][]]
#* p_1[1i—1][j] + coef.a_e[i][j] * p_1lsup[i][j+1] + coef.a_w[i][j] * p_1[i][]j—1
+ coef.b_p[i][j]);
}
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}
deltap__ = delta_inc( p_1 , p_1lsup );
p_lsup = p_1 ;
}
if (iter >=max__iter) cerr << "Warning: max number_of iterations_achieved: " << deltap_ <<

endl;
assert (deltap_ < epsilon_pT);

void caseConv2D ::solveTDMA ()

{

unsigned int i , j

unsigned int iter;

double deltap_ = epsilon_pT 4+ 1.0;

vector<double> P_x(N_j+1,0.0) , R x(N_j+1,0.0) , b_x(N_j+1,0.0);
vector<double> P_y(N_i+1,0.0) , R y(N_i+1,0.0) , b_y(N_i+1,0.0);

for (iter=1; deltap_>epsilon_pT && iter <max_iter ; iter4+)
{
for (i=1;i<N_i+1;i4+4)
{
for (j=1;J<N_j+1;j++)
{
b_x[j] = coef.b_p[il[j] + coef.an[il[j] * p_tsup[i+1][j] + coef.a_s[i][j] * p_1[i
=110 s
}
i=1
P_x[j] = coef.a_e[i][j] / coef.a_p[i][j];
R x[j] = b _x[j] / coef.a p[i][il;

for (j=2;j<N_j+1;j++)

{
P_x[j] = coef.a_e[i][j] / (coef.a_p[i][]j] — coef.a_w[i][j]*P_x[j—1])
R x[j] = (b_x[j] + coef.a w[i][j]*R_x[j—1]) / (coef.a_p[i][j] — coef.a w[i][j]*xP_x|[
i=11);
}
for (j=N_j;j>=1j——)
{
p_Ll[i][j]=P_x[jl*p_1[i][j+1]+R_x[j];
}

p_lsup = p_1 ;

for (j=1;j<N_j+1;j++)

{
for (i=1;i<N_i+1;i++)
{
b_y[i] = coef.b_p[i][j] + coef.a_e[i][j] * p_1lsup[i][j+1] + coef.a w[i][j] * p_1[i
1i-11
}
i=1;
P_yli] = coef.a_n[i][j] / coef.a_p[i][j];
R y[i] = b y[i] / coef.a p[i][i];

for (i=2;i<N_i+1;i++)

{
P_y[i] = coef.a_n[i][j] / (coef.a_p[i][]j] — coef.a_s[i][j]*P_y[i—1]);
R yl[i] = (b_y[i] + coef.a_s[i][j]*R_y[i—1]) / (coef.a _p[i][j] — coef.a_s[i][j]*xP_y|[
i—1]);
}
for (i=N_ij;i>=1;i——)
{
p_L[i][j]=P_y[il*p 1[i+1][J]+R y[i];
}
}
deltap__ = delta_inc( p_1 , p_1lsup );
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1361 p_lsup = p_1 ;

1362 1

1363 if (iter >=max_iter) cerr << "Warning: max number of iterations achieved: " << deltap__ <<

endl;

1364 assert (deltap < epsilon_pT);

1365

1366}

1367

1368 void caseConv2D :: Evaldiffusion_ T ()

1369 {

1370 unsigned int i , j ;

1371

1372 for (i=1;i<N_i+1;i++)

1373 {

1374 for (j=1;j<N_j+1;j++)

1375 {

1376 diff_T.D_e[i][j] = S_el[i][J] / ( ( x[i][j+1-x[i]1[§] ) * ( sart(Ra) ) ) ;

1377 Aiff_T.D w[i][j] = S_wli][j] / ( ( x[i]1[il=x[1][i—1] ) = ( sart(Ra) ) ) ;

1378 Aiff_T.D n[i](j] =S nli]0j] / ( ( yli+1lil-y[i]1[i] ) = ( sart(Ra) ) ) ;

1379 Aiff_T.D_s[1](j] = S_s[i10j] / ( ( ylillil=y[i—-1][i] ) * ( sart(Ra) ) ) ;

1380 }

1381 }

1382  }

1383

1384 void caseConv2D :: Evalmassflow_T ()

1385 {

1386 unsigned int i , j ;

1387

1388 for (i=1;i<N_i+1;i++)

1389 {

1390 for (j=1;j<N_j+1;j++)

1391 {

1392 mass_ T.F_e[i][j] = u_2[i][j] = S_e[i][Jj] ;

1393 mass_ T.F_wl[i][j] = u_2[i][j—1] = S w[illj] :

1394 mass. T.F_n[i][j] = v_2[i][j] = S_n[i][j] ;

1395 mass_ T.F_s[i][j] = v_2[i—1][j] = S_s[i][j] ;

1396 }

1397 1

1398}

1399

1400 void caseConv2D:: Evalpeclet_T ()

1401 {

1402 unsigned int i , j ;

1403

1404 for (i=1;i<N_i+1;i++)

1405 {

1406 for (j=1;j<N_j+1;j++)

1407 {

1408 pe_T.Pe_e[i][j] = mass_ T.F_e[i][j] / diff _T.D_e[i][j] ;

1409 pe_T.Pe_w[i][j] = mass_. T.F w[i][j] / diff _T.D w[i][j] ;

1410 pe_T.Pe_n[i][j] = mass_. T.F n[i][j] / diff _T.D_n[i][j] ;

1411 pe_T.Pe_s[i][j] = mass_ T.F_s[i][j] / diff _T.D_s[i][j] ;

1412 }

1413 }

1414}

1415

1416 void caseConv2D :: EvalCoef T ()

1417 {

1418 unsigned int i , j;

1419

1420 for (i=2;i<N_i;i++)

1421 {

1422 for (j=2;j<N_j;j++)

1423 {

1424 coef _T.a n[i][j] = diff_T.D_n[i][j] * A_scheme(pe_T.Pe_n[i][j]) + ((0.0>(—mass_T.F _n|
i1051))70.0:(—mass_T.F_n[i][j])) ;

1425 coef T.a_s[i][j] = diff_T.D_s[i][j] * A_scheme(pe_T.Pe_s[i][j]) + ((0.0>(mass_T.F_s[i
1151))70.0:(mass_T.F_s[i][j])) ;

1426 coef _T.a_e[i][j] = diff _T.D_e[i][j] * A_scheme(pe_T.Pe_e[i][j]) 4+ ((0.0>(—mass_T.F_e]|
i1071))70.0:(—mass_T.F_e[i][§])) ;

1427 coef _T.a w[i][]j] = diff_T.D_w[i][]j] * A_scheme(pe_T.Pe w[i][j]) + ((0.0>(mass_T.F_w[i
1151))70.0: (mass_T.F_w[i][j])) ;

1428 coef _T.a p[i][j] = coef_T.a n[i][j] + coef_T.a_s[i][j] + coef _T.a_e[i][]j] + coef T.
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awlil[i] + Vol[il[j] / At ;
coef_T.b_pli][i] = T0[i][j] * Vol[i][j] / At ;

void caseConv2D :: Eval boundary_CoefbcT__temperature(enum T_ BccValues

<double> &value)
unsigned int i , j

switch (bcc[0]) //left

, const vector

{
case Neumann:
=05
for (i=0;i<N_i+2;i++)
{
T _1supli][j] = 0.0;
T 1[i][j] = 0.0;
}
{
i=1; j=1; coef_T.a w[i][j] = 0.0 ;
}
i=1
for (i=2;i<N_i;i++)
coef _T.a w[i][j] = 0.0 ;
}
{
i=N_i; j=1; coef _T.a _w[i][j] = 0.0 ;
}
break;
case Dirichlet:
i=0;
for (i=0;i<N_i+2;i++)
{
T_1sup[i][j] = value[O0];
T_1[i][j] = value[0];
}
{
i=1; j=1; coef_T.a w[i][j] = diff _T.D w[i][j] * A_scheme(pe_T.Pe_w[i][j]) + ((0.0>(
mass_ T.F_w[i][j]))?0.0:(mass_T.F_ w[i][]j]))
}
j=1;
for (i=2;i<N_i;i++)
coef _T.a w[i][j] = diff _T.D_w[i][j] * A_scheme(pe_T.Pe_w[i][j]) + ((0.0>(mass_T.F_w
(i1131))70.0: (mass_T.Fwli][i])) ;
}
{
i=N_i; j=1; coef_T.a_w[i][j] = diff_T.D_w[i][j] * A_scheme(pe_T.Pe_w[i][j]) +
((0.0>(mass_ T.F_w[i][j]))?0.0:(mass_ T.F_w[i][]j])) ;
}
break;
default :
assert (false);
break;
}
switch (bcc[1l]) //bottom
{
case Neumann:
i=0;
for (j=0;j<N_j+2;j++)
{
T _1supli][j] = 0.0;
T 1[i][j] = 0.0;
}
{
i=1; j=1; coef_T.a_s[i][j] = 0.0 ;
}
{

Daniel Yago Llamas

22



1497
1498
1499
1500
1501
1502
1503
1504
1505
1506
1507
1508
1509
1510
1511
1512
1513
1514

1515
1516
1517

1518
1519
1520
1521
1522

1523
1524
1525
1526
1527
1528
1529
1530
1531
1532
1533
1534
1535
1536
1537
1538
1539
1540
1541
1542
1543
1544
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
1557
1558
1559
1560

1561
1562
1563
1564
1565

1.1 Main program

Annex D: Code

i=1; j=N_j; coef _T.a_s[i][j] = 0.0
}
i=1;
for (j=2;j<N_j;j++)
{
coef _T.a_s[i][j] = 0.0 ;
}
break;
case Dirichlet:
i=0;
for (j=0;j<N_j+2;j++)
{
T 1sup[i][j] = value[1l];
T 1[i][j] = value[1];
}
{
i=1; j=1; coef_T.a_s[i][j] = diff _T.D_s[i][j] = A_scheme(pe _T.Pe_s[i][j]) + ((0.0>(
mass. T.F_s[i][j]))?0.0:(mass_T.F_s[i][j])) ;
}
{
i=1; j=N_j; coef _T.a_s[i][j] = diff _T.D_s[i][j] * A_scheme(pe_T.Pe_s[i][j]) +
((0.0>(mass_T.F_s[i][j]))?0.0:(mass_T.F_s[i][j])) ;
}
i=1;
for (j=2;j<N_j;j++)
{
coef _T.a_s[i][j] = diff _T.D_s[i][j] * A_scheme(pe_T.Pe_s[i][j]) + ((0.0>(mass_T.F_s
(i1131))70.05(mass_T.F_s[i][i])) ;
}
break;
default :
assert (false);
break;

}

switch (bcc[2])//right

{

case Neumann:

J=N_j+1;
for (i=0;i<N_i+2;i++)
{
T_1sup[i][j] = 0.0;
T_1[i][j] = 0.0;
}
{
i=N_i; j=N_j; coef_T.a_e[i][j] = 0.
}
J=N_j;
for (i=2;i<N_i;i++)
{
coef _T.a_e[i][j] = 0.0 ;
}
{
i=1; j=N_j; coef _T.a_e[i][j] = 0.0
}
break;
case Dirichlet:
J=N_j+1;
for (i=0;i<N_i+2;i++)
{
T 1sup[i][j] = value[2];
T 1[i][j] = value[2];
}
{
i=N_i; j=N_j; coef_T.a_e[i][j] = diff_T.D_e[i][j] * A_scheme(pe_T.Pe_eli][j]) +
((0.0>(—mass_T.F_e[i][j]))?0.0:(—mass_T.F_e[i][j])) ;
}
Jj=N_j;

for (i=2;i<N_i;i++)

{

coef T.a_e[i][]j]
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F_e[i][j]))?0.0:(—mass_T.F_e[i][j])) ;

}
{
i=1; j=N_j; coef _T.a_e[i][j] = diff _T.D_e[i][j] * A_scheme(pe_T.Pe_e[i][j]) +
((0.0>(—mass_T.F_e[i][j]))?0.0:(—mass_T.F_e[i][j])) ;
}
break;
default:
assert (false);
break;
}
switch (bcc[3]) //top
{
case Neumann:
i=N_i41;
for (j=0;j<N_j+2;j++)
{
T 1supli][j] = 0.0;
T 1[i][j] = 0.0;
}
{
i=N_i; j=1; coef_T.a _n[i][j] = 0.0 ;
}
i=N_i;
for (j=2;j<N_j;j++)
{
coef _T.a_n[i][j] = 0.0 ;
}
{
i=N_i; j=N_j; coef _T.a_n[i][j] = 0.0 ;
}
break;
case Dirichlet:
i=N_i41;
for (j=0;i<N_j+2;j++)
{
T_1sup[i][j] = value[3];
T_1[i][j] = value[3];
}
{
i=N_i; j=1; coef_T.a n[i][j] = diff_T.D_n[i][j] % A_scheme(pe_T.Pe_n[i][j]) +
((0.0>(—mass_T.F_n[i][j]))?0.0:(—mass_T.F_n[i][j])) ;
}
i=N_i;
for (j=2;j<N_j;j++)
{
coef T.a n[i][j] = diff _T.D_ n[i][j] * A_scheme(pe_T.Pe n[i][j]) + ((0.0>(—mass_T.
F n[i][j]))?0.0:(—mass_T.F n[i][j])) ;
}
{
i=N_1i; j=N_j; coef _T.a_n[i][]j] = diff _T.D_n[i][j] *= A_scheme(pe_T.Pe_n[i][j]) +
((0.0>(—mass_T.F n[i][j]))?0.0:(—mass_T.F n[i][j])) ;
}
break;
default:
assert (false);
break;
}
{
i=1; j=1;
coef _T.a n[i][j] = diff _T.D_n[i][j] * A_scheme(pe_T.Pe_n[i][j]) + ((0.0>(—mass_ T.F_nJ[i
11i1))70.0:(—mass T.F n[i][j])) ;
coef T.a_e[i][]j] = diff _T.D e[i][j] * A_scheme(pe_T.Pe_e[i][j]) + ((0.0>(—mass T.F_e[i
113]1))70.0:(—mass T.F_e[i][j])) ;
coef T.a_p[i][j] = coef _T.a n[i][j] + coef_T.a_s[i][j] 4+ coef_T.a_e[i][j] + coef _T.a w]|
]3] + Vol[i][j] / At ;
coef T.b pl[i][j] = T O[i][j] = Vol[i][j] / At ;
}
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= diff _T.D_n[i][j] * A_scheme(pe_T.Pe_n[i][j])

113]1))70.0:(—mass_T.F_n[i][j])) ;

= diff _T.D_s[i][j] * A_scheme(pe_T.Pe_s[i][j])

j1))?0.0:(mass_T.F_s[i][j]))

= diff _ T .D_e[i][j] * A_scheme(pe_T.Pe_e[i][]j])

113]))70.0:(—mass_T.F_e[i][j])) ;

= coef_T.a n[i][j] + coef _T.a_s[i][j] + coef T.a__

11031 /7 At

=T O[i][j] = Vol[i][i] / At ;

= diff _T.D_s[i][j] * A_scheme(pe_T.Pe_s[i][j])

j]1))?0.0:(mass_T.F_s[i][]i])) ;

= diff T.D_e[i][j] * A_scheme(pe T.Pe_e[i][]

10j]1))7?0.0:(—mass_T.F_e[i][j]))

= coef_T.a_n[i][j] + coef _T.a_s[i][j] + coef _T.a__
il[i] / At

=T O0[i][j] = Vol[i][j] / At ;

j=1;
for (i=2;i<N_i;i++)
{
coef _T.a_ n[i][j]
coef _T.a_s[i][]j]
coef _T.a_e[i][j]
coef _T.a_p[i][j]
i][j] + Vol
coef _T.b_p[i][j]
}
{
i=N_i; j=1;
coef _T.a_s[i][j]
coef T.a_e[i][]j]
coef _T.a_p[i][j]
i][j] + Vol
coef T.b_p[i][j]
}
i=N_1i;

for (j=2;j<N_j;j++
{

coef _T.a_s[i][]j]

)

= diff _T.D_s[i][j] * A_scheme(pe_T.Pe_s[i][]j])

j1))?0.0:(mass_T.F_s[i][]j])) ;

coef _T.a_e[i][j]

= diff _ T.D_e[i][j] * A_scheme(pe_T.Pe_e[i][j])

113]1))70.0:(—mass_T.F_e[i][j])) ;

coef _T.a wl[i][]j]

= diff _ T.D w[i][j] * A_scheme(pe_T.Pe_w[i][]j])

31))70.0:(mass_T.F w[i][j]))

coef _T.a_ p[i][j]
i][j] + Vol
coef _T.b_p[i][j]

= coef_T.a_n[i][j] + coef _T.a_s[i][j] + coef _T.a__
i1l / At

=T O0[i][j] = Vol[i][j] / At ;

= diff _T.D_s[i][j] * A_scheme(pe_T.Pe_s[i][]j])

j]1))?0.0:(mass_T.F_s[i][]j]))

= diff _ T.D w[i][j] * A_scheme(pe_T.Pe_w[i][]j])

j]1))?0.0:(mass_ T.F w[i][j])) ;

}

{
i=N_i; j=N_j;
coef _T.a_s[i][]j]
coef _T.a wl[i][j]
coef _T.a_p[i][j]

i][j] + Vol

coef _T.b_p[i][j]

}

J=N_j;

for (i=2;i<N_i;i++
{

coef T.a n[i][j]

= coef_T.a_n[i][j] + coef_T.a_s[i][j] + coef _T.a__
][]/ At

=T O[i][j] = Vol[i][i] / At ;

)

= diff T.D n[i][j] * A_scheme(pe T.Pe n[i][]

1131))70.0:(—mass T.F n[i][j])) ;

coef _T.a_s[i][j]

= diff _T.D_s[i][j] * A_scheme(pe_T.Pe_s[i][]j])

j1))?0.0:(mass_T.F_s[i][]j])) ;

coef T.a w[i][j]

= diff T.D w[i][j] = A_scheme(pe T.Pe w[i][j])

j]1))?0.0:(mass_T.F w[i][j]))

coef T.a_p[i][j]

= coef_T.a n[i][j] + coef _T.a_s[i][j] + coef _T.a__

i][i] + Vol[i][i] / At ;

coef _T.b_p[i][j]

i=1; j=N_j;
coef T.a_n[i][]j]

=T O[i][j] = Vol[i][j] / At ;

= diff T.D_n[i][j] = A_scheme(pe _T.Pe_ n[i][j])

113]1))70.0:(—mass T.F_n[i][j])) ;

coef _T.a wl[i][]j]

= diff _ T.D w[i][j] * A_scheme(pe_T.Pe_w[i][]j])

j1))?0.0:(mass_T.F w[i][]j])) ;

coef _T.a_p[i][j]
i][j] + Vol
coef T.b_p[i][j]

= coef_T.a_n[i][j] + coef _T.a_s[i][j] + coef _T.a__
il[jl / At

=T O0[i][j] = Vol[i][i] / At ;
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+ ((0.0>(—mass_T.F_nJ[i
4+ ((0.0>(mass_T.F_s[i]][

+ ((0.0>(—mass_T.F_e[i

e[i][j] + coef _T.a w|

+ ((0.0>(mass_T.F_s[i]][

) + ((0.0>(—mass_T.F_e[i

e[i][j] + coef _T.a w]

+ ((0.0>(mass_ T.F_s[i]][

+ ((0.0>(—mass_T.F_e[i

+ ((0.0>(mass_T.F_w[i]][

e[i][j] + coef _T.a w|

+ ((0.0>(mass_T.F_s[i]][

+ ((0.0>(mass_ T.F_w[i]][

e[i][j] + coef _T.a w|

) + ((0.0>(—mass_T.F_nJ[i
4+ ((0.0>(mass_T.F_s[i]]

+ ((0.0>(mass_T.F w[i]][

e[i][j] + coef _T.a w|

+ ((0.0>(—mass_T.F_nJi

+ ((0.0>(mass_ T.F_w[i]][

e[i][j] + coef _T.a w|
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1683 }
1684
1685 i=1;
1686 for (j=2;j<N_j;j++)
1687 {
1688 coef _T.a_n[i][j] = diff _T.D_n[i][j] * A_scheme(pe_T.Pe_n[i][j]) + ((0.0>(—mass_T.F_nJi
1131))?0.0:(—mass_T.F_n[i][j])) ;
1689 coef _T.a_e[i][j] = diff _T.D_e[i][j] * A_scheme(pe_T.Pe_e[i][j]) + ((0.0>(—mass_T.F_eli
1151))70.0:(~mass_T.F_e[i][j])) ;
1690 coef T.a w[i][j] = diff _T.D w[i][j] * A_scheme(pe_T.Pe w[i][j]) + ((0.0>(mass_T.F w[i]][
j1))?0.0:(mass_T.F w[i][j])) ;
1691 coef _T.a_p[i][j] = coef _T.a_n[i][j] 4+ coef _T.a_s[i][j] 4+ coef _T.a_e[i][j] + coef_T.a_w]
P103] 4 Vol[i][i] / At ;
1692 coef T.b_p[i][j] = T O0[i][j] = Vol[i][j] / At ;
1693 1
1694  }
1695
1696 void caseConv2D ::solveTDMA_ Temperature ()
1697  {
1698 unsigned int i , j;
1699 unsigned int iter;
1700 double deltaT = epsilon_pT + 1.0;
1701 vector<double> P_x(N_j+1,0.0) , R x(N_j+1,0.0) , b_x(N_j+1,0.0);
1702 vector<double> P_y(N_i+1,0.0) , R_y(N_i+1,0.0) , b_y(N_i+1,0.0);
1703
1704 for (iter=1; deltaT >epsilon_pT && iter <max_iter ; iter+4+)
1705 {
1706
1707 for (i=1;i<N_i+1;i++)
1708 {
1709 for (j=1;j<N_j+1;j++)
1710 {
1711 b_x[j] = coef_T.b_pli][j] + coef_T.a n[i][j] * T_1sup[i+1][j] + coef_T.a_s[i][j] =*
T _1sup[i—1][j] ;
1712 }
1713
1714 j=1;
1715 P_x[j] = coef _T.a_e[i][j] / coef_T.a_p[i][j];
1716 R x[j] = b_x[j] / coef_T.a_pl[i][j];
1717
1718 for (j=2;j<N_j+1;j++)
1719 {
1720 P _x[j] = coef_T.a_e[i][j] / (coef_T.a p[i][j] — coef_T.a w[i][j]*P_x[j—1]);
1721 R_x[j] = (b_x[j] + coef _T.a w[i][j]*R_x[j—1]) / (coef_T.a p[i][j] — coef _T.a w[i][]
1#P_x[j—1]);
1722 }
1723
1724 for (j=N_j;j>=1;j——)
1725 {
1726 T A[i][5] = Pox[j] = T_1[i][§+1] + R x[j];
1727 1
1728 }
1729
1730 T 1sup = T_1 ;
1731
1732 for (j=1;j<N_j+1;j++)
1733 {
1734 for (i=1;i<N_i+1;i++)
1735 {
1736 b_y[i] = coef _T.b_p[i][j] + coef_T.a_e[i][j] * T_1sup[i][j+1] 4+ coef _T.a w[i][j] =*
T tsup[i][i—1] ;
1737 }
1738
1739 i=1;
1740 P_yli] = coef _T.a_n[i][j] / coef_T.a_p[i][j];
1741 R yli] = b_y[i] / coef_T.a_p[i][j];
1742
1743 for (i=2;i<N_i+1;i++)
1744 {
1745 P_y[i] = coef _T.a_n[i][j] / (coef_T.a p[i][j] — coef_T.a_s[i][j]*P_y[i—1]);
1746 R y[i] = (b_y[i] + coef_T.a_s[i][j]*R_y[i—1]) / (coef_T.a_p[i][j] — coef_T.a_s[i][]
I*P_y[i—1]);
1747 }
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1748

1749 for (i=N_i;i>=1;i——)

1750 {

1751 T_1[i][j] = P_y[i] * T_1[i+1][j] + R_y[i];

1752 }

1753 }

1754

1755 deltaT = delta_inc( T_1 , T_ 1lsup );

1756 T 1sup = T_1 ;

1757 }

1758 if (iter >=max_iter) cerr << "Warning: max, number of iterations achieved: " << deltaT <<

endl;

1759 assert (deltaT < epsilon_pT);

1760 }

1761

1762 void caseConv2D ::solveGS__Temp ()

1763 {

1764 unsigned int i , j;

1765 unsigned int iter;

1766 double deltaT = epsilon_pT + 1.0;

1767

1768 for (iter=1; deltaT > epsilon_pT && iter <max_iter ; iter-++4)

1769 {

1770 for (i=1;i<N_i+1;i++)

1771 {

1772 for (j=1;j<N_j+1;j++)

1773 {

1774 T 1[i][j] = 1.0/coef_T.a_p[i][j] * ( coef_T.a_n[i][j] * T_1sup[i+1][j] + coef _T.a_s

[iJ0i] = T_1[i —1][j]
1775 + coef_T.a_e[i][j] = T_1sup[i][j+1] + coef _T.a w[i][j] = T_1[i][j—1] +
coef _T.b_p[i][j])

1776 }

1777 }

1778 deltaT = delta_inc( T_1 , T_1lsup );

1779 T_1lsup = T_1 ;

1780 3

1781 if (iter >=max__iter) cerr << "Warning:_ max_ number_ of_iterations_achieved: " << deltaT <<

endl;

1782 assert (deltaT < epsilon_pT);

1783  }

1784

1785 void caseConv2D :: EvalTime ()

1786 {

1787 double v_condx_max=0.0 , v_condy_max=0.0 , At_conv=0.0;

1788 double mu_condx_max=0.0 , mu_condy_max=0.0 , At_visc=0.0;

1789

1790 unsigned int i,j;

1791

1792 for (i=1;i<N_i+1;i++)

1793 {

1794 for (j=1;j<N_j;j++)

1795 {

1796 v_condx_max = (v_condx_max > fabs(u_1[i][j]/(x[i][j+1] — x[i][j])) )

1797 ? v_condx_max : fabs(u_ 1[i][j]/(x[i][i+1] — x[i][i])) ;

1798 }

1799 1

1800

1801 for (i=1;i<N_i;i++)

1802 {

1803 for (j=1;j<N_j+1;j++)

1804 {

1805 v_condy_max = (v_condy_max > fabs(v_1[i][j]/(y[i+1][j] — y[il[i])) )

1806 ? v_condy_max : fabs(v_1[i][Ji1/(y[i+110i] — y[il[i])) ;

1807 }

1808 1

1809

1810 for (i=1;i<N_i+1;i++)

1811 {

1812 for (j=1;j<N_j+1;j++)

1813 {

1814 mu_condx__max = (mu_condx_max > fabs(mul[i][j]/rho[i][j]/(x_e[i][j] — x w[i][]j])/(x_e[i
151 — xwlilli) )

1815 ? mu_condx_max : fabs(mul[i][j]/rho[i][j]/(x_e[i][j] — x w[i][j])/(x_e[i][j] — x w[i]]
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i)
mu_condy_max = (mu_condy_max > fabs(mul[i][j]/rho[i][j]/(y_n[i][j] — y_s[i][j])/(y_n[
03] = yos[i]0i)) )
? mu_condy_max : fabs(mu[i][j]/rho[i][j]/(y_n[i][j] — y_s[i][i])/(y_n[i][i] — y_s[i]]
i
¥
}
At_conv = (v_condx_max>v_condy_max) ? 0.35/v_condx_max : 0.35/v_condy_ max;
At_visc = (mu_condx_max>mu_condy_max) ? 0.2/mu_condx_max : 0.2/mu_condy_max;

At = (At_conv<At_visc) ? At_conv : At_visc ;

t_2 += At;

void caseConv2D:: EvalVelocityfield ()

{

unsigned int i , j

for (i=1;i<N_i+1;i+4)
{
for (j=1;j<N_j;j++)
{

u 2[i][j] =wuw_p2[i][j] — C p_2[i][i4+1] — p_2[i][J] )/(x[i][i4+1] = x[i][i]);

for (i=1;i<N_i;i++)
{
for (j=1;j<N_j+1;j++)
{
vo2[i][j] =vop2[i][i] — C p1[i+1][j] — p_2[i][J] )/ (v [i+1][i] — y[i][i])s

void caseConv2D :: Massconservation ()

{

unsigned int i , j

for (i=1;i<N_i+1;i4++)
{
for (j=1;j<N_j+1;j++)
{
assert ( fabs(u_2[i][j] = S_e[i][j] 4+ v_2[i][j] *= S_n[i][j] — u_2[i][j—1] = S_w[i][j]
— v 2[i—-1][j] = S_s[i][§])/Vel[il[i] < 1E—1);

double caseConv2D :: GetConvergence ()

{
unsigned int i,j;
double maximum=0.0;

maximum = delta_inc ( u_1 , u_2 );

maximum = (maximum > delta_inc ( v_1 , v_2 ) ? maximum : delta_inc ( v_1 , v_2
1 1

maximum = (maximum > delta_inc ( T_0 , T ) ? maximum : delta_inc ( T_O0 , T

return maximum/At;

void caseConv2D :: NewStep ()

{

L _— 3
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1.1 Main program

Annex D: Code

R_u0 = R _ul ;
R_v0 = R_vl ;

T 0=T_1 ;
¥
void caseConv2D ::saveValues(double conv , unsigned int iter)
{

unsigned int i,j;
string outputname;

string temp;

stringstream ss(stringstream::in | stringstream ::out);
ss.setf(ios::fixed);

ss.precision (0);

ss << iter ;

ss >> temp ;

outputname = "output_" + temp + ".m";

ofstream outfile (outputname.c_str());

if (outfile. fail ())
{

cerr << "Error,creating_ output.m file._ " << endl;
exit(—1);

outfile.setf(ios:: floatfield ,ios::scientific);

outfile.precision (10);

for (i=1;i<N_i+1;i++4)

{ for (j=1;j<N_j+1;j++)
' u_out[i][j] = (u_2[i][jl+u_2[i][j—1])/2 * sart(Ra);
, }
for (i=1;i<N_i+1;i4++)
{ for (j=1;j<N_j+15j++)
{ v_out[i][j] = (v_2[i][jl+v_2[i—-1][j])/2 * sart(Ra);
, }
double Nu_average = 0.0;
i=0;
for (i=1;i<N_i+1;i++)
j Nu_average += — (T_1[i][j+1]-T_1[i][j])/(x[i]li+1)-x[i][i])

//Nusselt number ezpected
double Nu__expected = 0.0 , Nu_60 = 0.0 , Nu_90 = 0.0 ;

if (angle <=60.0)
{

Nu_expected = 1.0 + 1.44 * max(0.0, 1.0 — 1708.0/(Ra * cos
— 1708.0 * pow(sin(l.8xanglexPI/180.0) ,1.6)/(Ra * cos

* S_e[i]lj+1] / Ly ;

PI /180))) * (1.0
(angle = PI /180.0)))

+ max (0.0 ,pow((Ra * cos(anglexPI/180.0) / 5830.0 ),1.0/3.0) —1.0)

}

else

{

Nu 60 = 1.0 + 1.44 % max(0.0, 1.0 — 1708.0/(Ra * cos (60.0
1708.0 * pow(sin(1.8%x60.xPI/180.0) ,1.6)/(Ra * cos (60.0

PI /180))) * (1.0 —
% PI /180.0)))

+ max (0.0 ,pow((Ra * cos(60.0xPI/180.0) / 5830.0 ),1.0/3.0) —1.0);

Nu_90 = sqrt( 1.0 + pow( (0.066xpow(Ra,1.0/3.0))/(1.04pow(9000.0/Ra,1.0/4.0) ), 2.0 )

)
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Nu_expected = (90.0—angle) /30.0

* Nu_60 + (angle —60.0)/30.0 * Nu_90;

<< Nu_ average << endl;

¥

outfile << "%Time: " << t_2 << ".s" << endl;

outfile << "%Derivative_ value: " << conv << endl << endl;
outfile << "%Nusselt number at x.=,0.0,:."

outfile << "%Nusselt number expected " << Nu_expected << endl;

outfile << "u=[" << endl;
for (i=1;i<N_i+1;i++)
{

for

{

(J=1;J<N_j+15j++)

outfile << u_out[i][j] << "Lu" ;
}
outfile << endl

}

outfile << "];" << endl;

outfile << endl << endl;
outfile << "v=[" << endl;
for (i=1;i<N_i+1;i++)
{

for

{

(3 =1;<N_j+1;j++)
outfile << v_out[i][j] << "u" ;
}

outfile << endl ;

}

outfile << "];" << endl;
outfile << endl << endl;
outfile << "p=[" << endl;
for (i=1;i<N_i+1;i++)
{

for

{

(J=1;)<N_j+1;j++)
outfile << p_1[i][j] / At << "' ;
}

outfile << endl ;

}

outfile << "];" << endl;

outfile << endl << endl;
outfile << "T=[" << endl;
for (i=1;i<N_i+1;i4++)

{

for

{

(i=1;3<N_j+15j++)

outfile << T_1[i][j] << "0u" ;
}
outfile << endl

}
outfile << "];"
outfile

<< endl;
.close ();

double caseConv2D::Nu_value()

{

unsigned int i , j
double Nu__average = 0.0;
i =0;

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

Nu__average += —

return Nu__average;

double delta__inc

{

(const vector<vector<double> > &A
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(T[] [+ =T 1[1][J]) /(x[i][J+t=x[i][i])

)

* S_e[i][j+1] / L_y

const vector<vector<double> > &B )
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1.2 Numerical scheme selection program Annex D: Code

unsigned int i , j;
double temporal = 0.0 , delta = 0.0;

assert (A.size ()==B.size () & & A[1l].size ()==B[1].size());

for (i=1;i<A.size () —1;i++)

{
for (j=1;j<A[1].size () —1;j++)
{
temporal = fabs(A[i][j] — B[i][ij]) ;
delta = ( (delta > temporal ) ? delta : temporal );
}
}

return delta;

1.2 Numerical scheme selection program

#include <iostream>

#include <cmath>
using namespace std;

enum schValues {
CDS,
UDS,
HDS,
PLDS,
EDS

+s

enum schValues str2schValues(string str){
if (str=="CDS") return (CDS);
else if(str=="UDS") return (UDS);
"HDS") return (HDS);
else if(str=="PLDS") return (PLDS);
else if(str=="EDS") return (EDS);
else {
cerr<<"Error . in "<<__ _FUNCTION__<<": "<<str<<" ,condition doesn’t exist."<<endl;

else if(str=

double A_scheme (double P, string scheme="CDS"){
schValues sch;

sch=str2schValues (scheme) ;

switch (sch){
case CDS: //Central diference
return 1—-0.5%xfabs (P);
case UDS: //Upwind
return 1;
case HDS: //Hybrid
return (0 > (1 — 0.5xfabs(P)) )? 0 : (1 — 0.5xfabs(P));
case PLDS: //power law
return ( 0 > pow((1 — O0.1xfabs(P)) , 5) )? 0 : pow((1 — O.1xfabs(P)) , 5);
case EDS: //ezponential
return fabs(P) / ( exp(fabs(P)) — 1 );
default:
cerr << "Wrong scheme" << endl;
break;

1.3 Conjugate gradient solver

#include <iostream>

#include <vector>
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1.3 Conjugate gradient solver Annex D: Code

#include <cmath>
#include <cassert>

using namespace std;

double max_residu (const vector<vector<double> > r);

vector<vector<double> > conjugate_gradient ( const vector<vector<double> > &a_p const
vector<vector<double> > &a_e , const vector<vector<double> > & w , const vector<
vector<double> > &a_n , const vector<vector<double> > &a_s , const vector<vector<

double> > &phi_ 0 , const vector<vector<double> > &b , int max_iter , double epsilon

, int N_x , int N_y)

unsigned int i , j;
unsigned int iter;
unsigned int N=N_xxN_y;

vector<vector<double> > r_0(N_y+2,vector<double>(N_x+2,0.0)) , r_1(N_y+2,vector<double

>(N_x+2,0.0));

vector<vector<double> > p_0(N_y+2,vector<double>(N_x+2,0.0)) , p_1(N_y+2,vector<double

>(N_x+42,0.0));

vector<vector<double> > x 0 = phi_ 0 , x(N_y+2,vector<double >(N_x+2,0.0));

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

{
for (j=1;j<N_x+1;j++)
{
r O[i][j] = O[i][j] 4+ a pli][jl*x_0[i][j] — a_e[i][j]*x_O[i][j+1] —a w[i][j]*x_O[i
10i=1] —a n[i][i]l»x O[i4+1][j] — a_s[i][jl*x 0[i—-1][j] ;
r O[i][j] = O[i][j] — b[i][jl];
p O[i][j] =— r O[i][J];
}
}
for (iter =1; max_residu(r_0) > epsilon && iter <max_iter ; iter4+)
{
double a_0=0.0 ;
double templ = 0.0 , temp2 = 0.0;
for (i=1;i<N_y+1;i++)
{
for (j=1;j<N_x+1;j++)
{
templ = templ + r_O[i][j]*r_O[i][j];
temp2 = temp2 + p_O[i][j]*(a_p[i][jl*p_O0[i][j] —a_e[i][j]*p_O[i][j+1] — a w[i][]j]=
p_O[i][j—1] —a n[i][jl*p_O[i+1][j] — a_s[i][jl*p_O[i—1][i]);
}
}
a_ 0 = templ / temp2 ;
for (i=1;i<N_y+1;i++)
{
for (j=1;j<N_x+1;j++)
{
x[1][j] == 0[i][i] +a 0 % p O[i][]j];
}
}
for (i=1;i<N_y+1;i++)
{
for (j=1;j<N_x+1;j++)
{
r 1[i][j] = r 0[i][j] +a 0 x(a_p[i][jl*p O[i][j] —a_el[i][j]*p O[i][j+1] —a w[i][]
I¥p_0[i][i—1] —a n[i][jl*p_O0[i+1][i] — a_s[i][jl*p_O[i—1][j]);
}
}

double b_1 = 0.0 ;
templ = 0.0 , temp2=0.0 ;
for (i=1;i<N_y+1;i++)
{
for (j=1;j<N_x+1;j++)
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1.4 Biconjugate gradient stabilized solver

Annex D: Code

templ = templ + r_1[i][j] = r_1[i][j];
temp2 = temp2 + r_O[i][j] * r_O[i][]j];

}

b_1 = templ / temp2 ;

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

{
for (j=1;j<N_x+1;j++)
{
p 1[i][j] =—r 1[i][j] + b1 * p O[i][Jj];
}
}
p_0=p_1;
r 0 =r_1 ;
x 0 =x 3

}
if (iter >=max_iter) cerr << "Warning: max number of iterations achieved:
r_0) << endl;

assert (max_residu(r_0) < epsilon);

return x;

}
double max_residu (const vector<vector<double> > r)
{
double temp = 0.0;
unsigned int i , j;
for (i=0;i<r.size();i++)
{
for (j=0;j<r[1].size();j++)
{
temp=(temp<fabs(r[i][j]))?fabs(r[i][j]) :temp;
}
}
return temp;
}

1.4 Biconjugate gradient stabilized solver

#include <iostream>
#include <vector>
#include <cmath>
#include <cassert>

using namespace std;

double max_residu (const vector<vector<double> > r);

<< max_residu (

vector<vector<double> > biconjugate_gradient_stb ( const vector<vector<double> > &a p ,

const vector<vector<double> > &a_e , const vector<vector<double> > &a w , const

vector<vector<double> > &a n , const vector<vector<double> > &a_s |,

const vector<

vector<double> > &phi_0 , const vector<vector<double> > &b , int max__iter , double

epsilon , int N_x , int N_y)

unsigned int i , j;
unsigned int iter;

unsigned int N=N_xxN_y;

vector<vector<double> > r_0Otilde (N_y+2,vector<double>(N_x+2,0.0)), r_0(N_y+2,vector<

double >(N_x+2,0.0)) , r_1(N_y+2,vector<double>(N_x+2,0.0));

vector<vector<double> > p_0(N_y+2,vector<double>(N_x+2,0.0)) , p_1(N_y+2,vector<double

>(N_x+4+2,0.0));
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vector<vector<double> > v_0(N_y+2,vector<double >(N_x+2,0.0)) , v_1(N_y+2,vector<double
>(N_x+4+2,0.0));

vector<vector<double> > t(N_y+2,vector<double>(N_x+2,0.0)) , s(N_y+2,vector<double >(N_x
+2,0.0));

vector<vector<double> > x 0 = phi_ 0 , x = phi_0;

double rho_0 = 1.0 , rho_1 = 0.0 , alfa = 1.0 , beta = 0.0 , w. 0= 1.0 , w_1= 0.0 ;

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

{
for (j=1;j<N_x+1;j++)
{
x[i10§]1=0.0;
}
}
for (i=1;i<N_y+1;i++)
{
for (j=1;j<N_x+1;j++)
{
r O[i][j] = O[i][i] + a p[i][jil*x O[i][j] — a_e[i][j]l*x_O[i][j+1] — a w[i][j]l+x_O[i
10i=1] —a n[i][j]*x_0[i+1][j] — a_s[i][j]*x_0[i—-1][j] ;
r O[i][j] == r O[i][j] + b[i][i];
}
}
r_Otilde = r_0;
for (iter=1; max_residu(r_0) > epsilon && iter <max_iter ; iter-4+)
{

rho_1 = 0.0 ;
for (i=1;i<N_y+1;i++)

{
for (j=1;j<N_x+1;j++)
{
rho_1 = rho_1 + r_Otilde[i][j]*r_O[i][j];
}
}

beta = rho_1 / rho_0 % alfa / w_0 ;

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

{
for (j=1;j<N_x+1;j++)
{
p_1[i][j] =r_O[i][j] + beta * (p_O[i][j] — w_Oxv_O[i][j]) ;
}
}

double temp2 = 0.0 ;
for (i=1;i<N_y+1;i++)

{
for (j=1;j<N_x+1;j++)
{
v 1[i][j] = (a_p[i][il*p_1[i][j] — a_e[i][jl*xp_1[i][j+1] — a wli][j]*p_1[i][j—1]
—a n[i][il*p_1[i+1][i] — a_s[i][jl*p_1[i—-1][j]);
temp2 = temp2 + r_Otilde[i][j] = v_1[i][j] ;
}
}

alfa = rho_1 / temp2 ;

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

{
for (j=1;j<N_x+1;j++)
{
s[i][j] =r 0[i][j] — alfa * v_1[i][j];
}
}
for (i=1;i<N_y+1;i++)
{
for (j=1;j<N_x+1;j++)
{
t[i][i] = (apli][il*s[i][i] —a_e[i][jl*s[i][i+1] —a wl[i][j]xs[i][j—1]
—a n[i][jl*s[i+1][j] — a_s[i][jl*s[i—1][i]);
}
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}

double temp3 = 0.0

temp4d = 0.0;

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

{

for (j=1;j<N_x+1;j++)

{

temp3 = temp3 + t[i][j] = s[i][]j] ;
tempd = tempd + t[i][j] = t[i][j] ;

}
}

1 = temp3/temp4d;

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

{
for (j=1;j<N_x+1;j++)
{
x[1][j] == 0[i][j] + alfa » p 1[i][j] 4+ w_1 = s[i][j];
r 1] = s[i][3] — w1« t[i][j] ;
}

}

p.0=p.1;

v_0 = v_1 ;

r 0 =r_1 ;

x_ 0 =x 3

rho_0 = rho_1 ;

w_0=w_1 ;

}

if (iter >=max__iter) cerr << "Warning:_ max_ number_of_iterations_achieved: "

r_0) << endl;

assert (max_residu(r_0) < epsilon);

return x;

1.5 Mesh coordinates program

#include <iostream>
#include <cmath>

using namespace std;

double det_coord__Mesh

{

(

double A , unsigned int N |, double g , unsigned

return A/2.0 * ( 1.0 + tanh( g*( 2.0%x(i—1.0)/N — 1.0 ) ) / tanh(g) );

1.6 Input file
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X distance 1.0
Y distance 50.0

Number of control volumes x 50

Number_ of control_volumes_y 500

<< max_residu (

int

i

)
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1.6 Input file

Annex D: Code

Mesh_ Type NonUniform 1.2 1.2

Maximum_ iterations 100000
Epsilon_ vT 1E-5
Epsilon_ pT 1E-6

Time_to_end_ (s) 500

Prandtl number 0.71
Rayleigh_ number 2.47e5
Angle deg 90

left_ velocity Wall
bottom_ velocity Wall

right_ velocity Wall

top__velocity Wall

left_temperature Dirichlet 1
bottom_ temperature Neumann
right_ temperature Dirichlet 0

top__temperature Neumann
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