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! Projected LCD
2 Total Variation Bounded in the Means
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// 3D Steady State Finite Volume Program

// Upwind for convective terms (Conservative)
#include<math.h>

#include<stdio.h>

const int ie=30,je=10,ke=1,ninp=10;
const double mu=le-3, ro=1000, vinp=1.5,pout=0,pi=3.1415,dt=0.15;
const double x1=0,y10=0,z1=0,x2=30,y2=0,2z2=0,x3=30,y3=10,2z3=0,x4=0,y4=10, z4=0;
const double x5=0,y5=0.,z5=1,x6=30,y6=0,z6=1,x7=30,y7=10,2z7=1,x8=0,y8=10,z8=1;
/*check
const int i1e=10,je=15,ke=5,ninp=2;
const double mu=le-1,ro=1000,vinp=1.5,pout=0,pi=3.1415,dt=0.2;
const double x1=0,y10=0,2z1=0,x2=2,y2=0,2z2=0,x3=2,y3=2,23=0,x4=0, y4=2,24=0;
const double
x5=0.5,y5=0.5,25=1,x6=1.5,y6=0.5,z6=1,x7=1.5,y7=1.5,27=1,x8=0.5,y8=1.5,2z8=1;
*/
double x[ie+2][je+2] [ke+2],y[ie+2] [je+2] [ke+2],z[1ie+2] [Je+2] [ke+2];

// x,y and z coordinates of nodes
double ulie+2][je+2] [ke+2],v[ie+2] [je+2] [ke+2],w[ie+2] [Je+2] [ke+2];

// u,v and w velocities at center of volumes
double plie+2][je+2] [ke+2],ve[ie+l] [Je+l] [ke+1l],ic[ie+2] [Je+2] [ke+2][6]; //
Pressure at center of volumes- Volume of finite volumes - Interpolation
coefficients for determination of u,v,w and p at cell faces
double all[ie+2][je+1][ke+1], a2[ie+l][je+2][ke+1], a3[ie+l] [Je+1][ke+2];//
Area of surfaces perpendicular to 1,2 and 3 directions
double alx[ie+2] [Jje+1] [ke+1],a2x[ie+l][je+2] [ke+1l],a3x[ie+l] [Je+1] [ke+2];// X
Projection of surfaces perpendicular to 1,2 and 3 directions
double alyl[ie+2][je+1l][ke+1l],a2y[ie+l][je+2] [ke+1l],a3y[ie+l] [Je+l][ket2];// Y
Projection of surfaces perpendicular to 1,2 and 3 directions
double alz[ie+2][Jje+1l][ke+1l],a2z[ie+l][je+2] [ke+1l],a3z[ie+l] [je+l][ket+t2];// Z
Projection of surfaces perpendicular to 1,2 and 3 directions
double dlplie+2][je+1l][ke+1],d2p[ie+l][je+2] [ke+1l],d3pliet+tl] [Je+l] [ket+t2];//
Primary diffustion coefficient for surfaces perpendicular to 1,2 and 3
directions
double dls[ie+2][je+1][ke+1],d2s[ie+l][je+2] [ke+1l],d3s[ie+l] [Je+l] [ket+t2];//
secondary diffustion coefficient for surfaces perpendicular to 1,2 and 3
directions
double dlt[ie+2] [je+1][ke+1],d2t[ie+l][je+2] [ke+1],d3t[ie+l] [Je+l] [ke+2];//
Transverse diffustion coefficient for surfaces perpendicular to 1,2 and 3
directions
double plplie+2] [je+1l] [ke+1l],p2plie+l] [Jje+2] [ke+1l],p3plie+l] [Je+l] [ke+2];//
Primary pressure coefficient for surfaces perpendicular to 1,2 and 3
directions
double pls[ie+2] [je+1] [ke+1],p2s[ie+l][je+2] [ke+1l],p3s[ie+l] [Je+l] [ke+2];//
secondary pressure coefficient for surfaces perpendicular to 1,2 and 3
directions
double pltl[ie+2] [je+1] [ke+1],p2t[ie+l][je+2] [ke+1],p3t[ie+l] [Je+l] [ke+2];//
Transverse pressure coefficient for surfaces perpendicular to 1,2 and 3
directions
double ml[ie+2][je+1][ke+1], m2[ie+l][je+2] [ke+1l], m3[ie+l] [Je+1l] [ke+2];//
convection mass flows through surfaces perpendicular to 1,2 and 3 directions
double cpllie+2] [je+1][ke+1],cp2lie+l][je+2] [ke+1],cp3[ie+l] [Je+l][ke+2];//
plp,p2p and p3p divided by average volume for surfaces perpendicular to 1,2
and 3 directions
double vfl[ie+2][je+1l] [ke+1],vE2[ie+1l][je+2] [ke+1],vE3[ie+l] [Je+l] [ke+2];//
value part of continuity equation at cell faces
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double pallie+2][je+l][ke+1l],pa2[ie+l][je+2] [ke+l],pal3[ie+l] [Je+l][ke+t2];//
Interpolated pressue values at cell surfaces perpendicular to 1,2 and 3
directions
double dlulie+2][je+1][ke+1],d2ulie+l][je+2] [ke+1l],d3ulie+l] [Je+1l] [ket+t2];//
Secondary diffusion flows of u for surfaces perpendicular to 1,2 and 3
directions
double dlv[ie+2] [je+1l][ke+1],d2v[ie+l][je+2] [ke+1l],d3v[ie+l] [Je+l] [ket+2];//
Secondary diffusion flows of v for surfaces perpendicular to 1,2 and 3
directions
double dlw[ie+2] [je+1] [ke+1],d2w[ie+l][je+2] [ke+1],d3w[ie+l] [Je+1l] [ke+2];//
Secondary diffusion flows of w for surfaces perpendicular to 1,2 and 3
directions
double =xm[ie+2][je+2] [ke+2],ym[ie+2] [Je+2] [ke+2],zm[ie+2] [Je+2] [ke+2]; //
%,y and z coordinated of center of elements
double
rulie+l] [je+l] [ke+1l], rv[ie+l] [je+l] [ke+l],rw[ie+l] [Je+l] [ke+l],aplie+2] [jet+2][
ke+21;// Right hand side values of u,v and w momentum equations- Central
coefficent value
void geometry () ;
void solver();
void surfdat();
void printvars();
long t;
void main () {
FILE *res;
res=fopen ("Res.txt","w");
fprintf (res, "ie=%1i, je=%i, ke=%i, ninp=%i, dt=%f, mu=%f, RO=%f, vinp=%f,
pout=%f", ie,je, ke, ninp,dt,mu, ro,vinp, pout) ;
fprintf (res,"\nStep p[1][1][1] v[%1i] [%1] [%1]\n", ie,je, ke);
geometry () ;
for (t=1;t<2000;t++) {
printf ("\nTry=%i",t);
solver () ;
fprintf (res, "%i st SE\n",t,p(11[1][1],v[ie]l [jel]l [kel]l);
}i
surfdat () ;
printvars () ;
fclose (res);
}
void geometry () {
int i,3,k;
double xt,yt,zt,xmt,ymt,zmt,cl;
double kx,ky, kz,ex,ey,ez, zx,2y,22;
// Linear Mesh Generaration by 8
point

for(i=1;i<ie+2;i++) for(j=1;j<je+2;j++) for (k=1;k<ke+2;k++) {
x[1][J] [k]l=x1+(x2-x1) *(i-1)/ie+ (x4-x1)*(j-1)/je+ (x3+x1-x2-x4)* (1i-
1)*(3-1)/ (ie*je)
+(x5-x1) * (k=1) /ke+ (x1+x6-x2-x5) * (1-1) * (k-
1)/ (ie*ke) + (x8+x1-x4-x5)* (§j-1) * (k-1) / (je*ke)
+ (x7+x5+x2+x4-x6-x8-x1-x3) * (1-1) * (§-1) * (k-
1)/ (ie*je*ke) ;
vI11[3]1[k]l=yl0+(y2-y10)* (i-1) /ie+ (y4-y10)* (j-1)/je+(y3+yl0-y2-
ya)* (1-1)* (§J-1)/ (ie*je)
+(y5-y10) * (k=1) /ke+ (y10+y6-y2-y5) * (1-1) * (k-
1)/ (ie*ke) +(y8+yl0-y4-y5) * (3-1) * (k-1) / (Je*ke)
+(y7+y5+y2+y4-y6-y8-y1l0-y3) * (i-1) * (j-1) * (k-
1)/ (ie*je*ke) ;
z[1i]1[J]1[kl=2z1+(22-21) *(i-1)/ie+(z4-2z1)*(j-1)/Jje+ (23+2z1-22-24)* (i-
1)*(3-1)/ (ie*je)
+(z5-21) * (k-1) /ke+ (zl+z6-22-2z5)* (i-1) * (k-
1)/ (ie*ke)+ (z8+z1-2z4-25)* (j-1)* (k-1)/ (Je*ke)
+(z7+25+22+24-26-28-21-23) * (1-1)* (J-1) * (k-
1)/ (ie*je*ke) ;
bi
// centre of each cell and interpolation
weights computations




for(i=1;i<ie+1l;i++) for(j=1;j<je+l;j++) for (k=1;k<ke+l;k++) {

xmt=(x[1] [J1[k]I+x[i+1][J] [kl+x[1] [J+1] (k] +x[1+1] [J+1] [kl+x[1]1[F] [k+1]1+x][
i+11 [ [k+11+x[1] [J+1] [k+1]1+x[1+1]1[F3+1]1[k+1]1)/8;

ymt=(y[1] [J] [k]+y [i+11 (3] [k]I+y[i] [3+1] [kl +y[i+1] [3+1] [k]+y[i][3] [k+1]+yI
1417 (3] [k+11+y (4] [3+1] (k+1]1+y [i+1][3+1][k+1])/8;

zmt=(z[1] [J][k]+z [i+1][J] [kl+z[1i] [J+1](k]+z[1+1] [J+1][kl+z[1i]1[]J] [k+t1]1+z[
i+1]1[J] [k+1]+2z[1] [J+1] [k+1]+z [1+1]1[FJ+1]1[k+1]1)/8;

//west
xt=(x[1] [J][kI+x[i1[J+1] [k1+x[1][J] [k+1]+x[1] [J+1] [k+1]) /4-xmt;
yE=(y[i1 (3] [k1+y[i] [J+1] [kI+y[1]1[J] [k+11+y[i] [J+1] [k+1]) /4-ymt;
zt=(z[1][J1 [k]+z[i) [J+1] [k1+z[1][J] [k+1]+=z[i] [J+1] [k+1]) /4-zmt;
ic[i] [J1[k] [1]=sqgrt (xt*xt+yt*yt+zt*zt);

//east

xt=(x[1+1]1[F] [k1+x[1+11 [J+1] [k]I+x[i+11[J] [k+11+x[1i+1][J+1][k+1]) /4-xmt;
yE=(y [1+11[3] [k]+y [i+1] [J+1] [k]+y [i+1][J] [k+1]+y [i+1][3+1] [k+1]) /4-ymt;

2t=(z [i+11 (3] [k]+Z[i+1] [§+1] [k]+z [i+1][F] [k+1]1+z [i+1][§+1] [k+1]) /4d-zmt;
ic[i][§][k] [2]=sqrt (xt*xt+yt*yt+zt*zt);

//south
xt=(x[1]1[J] [kI+x[i+1] [J] [k]I+x[1][J] [k+1]+x[i+1][]] [k+1]) /4-xmt;
yt=(y[i1[J] [k]I+y[i+1] (31 [k]I+y [i]1[J] [k+1]+y[i+1]1[]][k+1])/4-ymt;
zt=(z [1]1[3] [(k]1+z[i+41] [J][k]+z[1][3] [k+11+=z[i+1]1[3] [k+1])/4-zmt;
ic[i] [J][k][3]=sqgrt (xt*xt+yt*yt+zt*zt);

//north

xt=(x[1] [J+1] [k]+x[i+1] [3+1] [k1+x[1] [J+1] [k+1]+x[1+1] [+1] [k+1])/4-xmt;
yE=(y (11 [3+1] [k)+y [i+1] [3+1] [k]+y [1] [J+1] [k+t1]+y [1+1] [J+1] [k+1]) /4-ymt;

zt=(z [1] [J+1] [k]+z[i+1] [J+1] [k]+z [1] [J+1] [k+1]+z [i+1]([J+1][k+1])/4-zmt;
ic[i] [J][k][4]=sgrt (xt*xt+yt*yt+zt*zt);

//bottom
xt=(x[1]1 [ [kI+x[i+1] [F] [k]+x[i] [J+1] [k)+x[i+1][j+1][k]) /4-xmt;
yE=(y [i1[31 [k1+y[i+41] [J1[k1+y [i1[3+1] [k]+y[i+1]1[3+1][k])/4-ymt;
zt=(z [1]1[J] [k]+z[1+1] [3][k]1+z[1] [J+1] [k]+z[i+1][J+1][k])/4-zmt;
ic[i] [§]1[k][5]=sqgrt (xt*xt+yt*yt+zt*zt);

//top

xt=(x [1] [J] [k+11+x[1+1] (3] [k+11+x[1] [J+1] [k+1]+x[1+1] [F+1] [k+1]) /4-xmt;
ye=(y [£1[3] [k+1]+y [i+1] [3] [k+1]+y [£] [J+1] [k+1]+y [1+1] [J+1] [k+1]) /4-ymt;

zt=(z[1]1[J] [k+1]+z[i+1][J] [k+1]+z [1][J+1] [k+1]+z [1+1][F+1][k+1]) /4-zmt;
ic[i] [J1[k][6]=sgrt (xt*xt+yt*yt+zt*zt);

xm[i] [J] [k]=xmt;

ym[i] [J] [k]=ymt;

zm[i] [] [k]=zmt;
}i

for (i=2;i<ie+1;i++) for(j=1;3<je+l;Jj++) for (k=1;k<ke+l;k++) {xt=1ic[1][]] [k]
[(11;
ic[i) [J][k][1]=ic[i-11[]]1[k][2])/(xt+ic[i-1][J][k][2]);ic[i-
11031 [kl [2]=xt/ (xt+ic[1-11[31[k]1[2]):};
for(j=1;j<je+l;j++) for (k=1;k<ke+l;k++) {

ic[1] 03] [k]1[1]=0.5;1c[0][J]1[k][2]=0.57ic[1e][]][k][2]=0.5;ic[ie+1][]] [K]

xm[0] [3] [k)=(x[1] [3] [k]+=x[1] [J+1] [k1+x([1] [J] [k+1]+x[1][J+1] [k+1]) /2~
xm[1] [J][k];



ym([0] [3] [k)=(y[1] (3] [k]I+y[1][3+1] [k]l+y[1] (3] [k+1]+y[1][J+1][k+1])/2~
ym[1] [3]1[k];

zm[0] (3] [k]I=(z[1] (3] [k1+z (1] [3+1] (k]+z([1] (3] [k+1]+2[1][J+1][k+1])/2-
zm[1] [J][k];

xm[ie+1] [J][k]=(x[ie+1][j][k]l+x[ie+1] [J+1][kl+x[ie+1][J] [k+1l]+x[ie+1][]+
11 [k+1])/2-xm[ie] [§][k];

ym[ie+1] [J] [k]=(y[ie+1][J] [k]+y[ie+1] [J+1] [k]+y[ie+1][J] [k+1]+y[ie+l] [+
11 [k+1])/2-ym[ie] [J][k];

zm[ie+1] [J] [k]=(z[1e+1][j] [k]l+z[ie+1] [J+1][k]l+z[ie+1][j] [k+1l]l+z[ie+l] [+
1] [k+1])/2-zm[ie]l [J][k];
}i

for(i=1l;i<ie+1;i++) for(j=2;3<je+l;Jj++) for (k=1;k<ke+l;k++) {xt=1ic[1][]] [k]
[31;
ic[i1[31[kI[3]=1c[i1[3-11[k]1[4]/(xt+ic[1][3-11[k]1[4]);ic[i][]-
1] [k] [4]=xt/(xt+ic[i] [J-111[k] [4]):};
for(i=1;i<ie+1;i++) for (k=1;k<ke+1l;k++) {

ic[1][1][k][3]=0.5;1c[i][0][k][4]=0.57ic[1][Jel [k][4]=0.5;ic[i][Je+1] [K]
[3]1=0.5;

xm[1] [0] [k]=(x[1] [1][k)+x[1+1]7[1] [k]I+x[1i] (1] [k+1]+x[i+1][1][k+1])/2~-
xm[i] [1] [k];

ym[i] [0] [k1=(y[1] [1] [k)+y [i+1][1] [k]+y[1] [1] [k+1]+y[1+41][1][k+1])/2-
ym[i] [1] [k];

zm[1i] [0] [k1=(z[i] [1]1[k]+z [i+1]1[1] [k]l+z[i] (1] [(k+1]+z[i+1][1][k+1])/2-
zm[i] [1] [k];

xm[i] [Je+1] [k]l=(x[1] [Je+1][k]l+x[i+1][Je+1][kl+x[1i][je+1] [k+1]1+x[1i+1] [Je+
1] [k+1])/2-xm[1i] [je]l [k]:

ym[i] [Je+1] [k]=(y[i] [Je+1l] [k]+y[i+1] [Je+l] [k]+y[i][je+l] [k+1]+y[i+1] [Je+
11 [k+1])/2-ym[i] [Jel [k];

zm[i] [Je+1][k]1=(z[il[je+1][k]l+z[i+1][je+1][k]l+z[i][je+1] [k+1]+z[i+1] [je+
1] [k+1]1)/2-zm[i] [Fel [k];
}i

for(i=1;i<ie+l;i++) for(j=1;j<je+l;j++) for (k=2;k<ke+l;k++) {xt=ic[i][J] [k]
[5];
ic[1]1 [J1[k]1[51=1ic[i]1[]J]1[k-1]1[6]/(xt+ic[i][J]1[k-11[6]);icl[i][]] (k-
1] [6]=xt/ (xt+ic[1]1[J] [k-11[6]);};
for(i=1;i<ie+1;i++) for (j=1;7<je+l;j++){

ic[1]1[J1111[51=0.5;1c[1]1[J1[01[6]=0.5;1ic[i]1[J]1[kel[6]1=0.5;1ic[i]1[]][ke+1]
[5]=0.5;

xm[1] [J][0]=(x[1] [JI[2]+x[i+1][3] [1)+x[1] [J+1][1)+x[1i+1] [J+1][1])/2~-
xm([i] [J][1];

ym[i] [J1[0)=(y (1] [T [1)+y [i+1] (3] [1]+y (1] [3+1][1]+y[1i+1] [3+1]([1])/2-

zm[1] [3][0]=(2z[1) [J][1]+2 (1411 (3] [1]+2[3] [3+1] [1]+z[i+1] [J+1][1])/2-



xm[i] [§] [ke+1]=(x[1i][J] [ke+1]+x[i+1][3] [ke+1]+x[i][J+1] [ke+1]+x[i+1] [+1
] lke+1])/2-xm[i][7] [kel;

ym[i] [§] [ke+1]=(y[1i][J] [ke+1]+y[i+1][J] [ke+1]+y[i][j+1] [ke+l]+y[i+1] [J+1
][ke+1])/2-ym[i][]] [ke]l;

zm[i] [J][ke+l]=(z[1i][]] [ke+1l]+z[i+1][J] [ke+l]+z[i][j+1][ke+tl]+z[i+1] [J+1
] [ke+1])/2-zm[1] [J] [kel;
}:
// Cell faces 1: determination of
al,alx,aly,alz,dlp,dls,dlt
for (i=1;i<ie+2;i++) for(j=1;j<je+l;j++) for (k=1;k<ke+1l;k++) {
kx=xm[1] [J] [k]-xm[i-1][]] [k];
ky=ym[i] [3] [k]-ym[i-1][]] [k];
kz:zm[i][j][k]—zm[i—l][j][k]
=(x[1)[J+1] [k)+x[1] [§+1] [k+1]-x
=(y[i1[J+1] [k]l+y[i] [J+1][k+1]-y
z[1 ][j+1][k] z[1] [J+1] [k+1]-
J1[k+1]+x[1] [J+1] [k+1]
] [k+1]+y[1] [J+1] [k+1]
[k+1]+z[1i] [J+1][k+1]-
1= ey*zz-ez*zy;
]
]
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al[i] [J]1[kl=sqgrt(alx[i] [J][k]*alx[i][]j][k]+aly[i][]] [k]l*aly[i][]j][k]+alz
(11 03] [kl *alz[1]1 (3] (k]);

dlp[i] [j] [kl=al[i][j][k1*al[i][]] [k]l*mu/(alx[i][]j](k]*kx+aly[i][]][k]*ky
+alz[i] [J][k]*kz);
dls[i][§] [k]=((zy*kz-zz*ky) *alx[i] [§] [k]+ (zz*kx-
zx*kz) *aly[i] [] [k]+ (zx*ky-zy*kx) *alz [i] [] [k]) *mu/
(((zy*kz-zz*ky) *ex+ (zz*kx—-zx*kz) *ey+ (zx*ky-
zy*kx) *ez) *4) ;
dlt[i] [j] [k]=((ky*ez-kz*ey)*alx[i][]] [k]+ (kz*ex~-
kx*ez)*aly[i] [J] [k]+ (kx*ey-ky*ex) *alz[1][J] [k]) *mu/
(((ky*ez-kz*ey) *zx+ (kz*ex-kx*ez) *zy+ (kx*ey-
ky*ex) *zz) *4) ;
}i
// Cell faces 2: determination of
a2,az2x,a?2y,a2z,d2p,d2s,d2t
for(i=1;i<ie+l;i++) for(j=1;j<je+2;j++) for (k=1;k<ke+l;k++) {
kx=xm[i] [J] [k]-xm[i] [j-1][Kk];
ky=ym[1] [3] [k]-ym([i] [3-1] [k];
kz=zm[i] [J][k]-zm[i][J-1] [Kk];

ex=(x[1+1][J] [k1+x[1+1] (3] [k+1]-x[1]1[3] [k]-x[1]1[3] [k+1])/2;
=(y[1+11 (3] [k1+y[i+1] (3] [k+1]-y (1] (3] [k]-y[1] (3] [k+1])/2;
=(z[i+11 (3] [k]1+z[i+1]1 (3] [k+11-z[1] (3] [k]-z[1][J][k+1])/2;
zx=(x[1] [J] [k+1]+x[i+1] [J] [k+1)-x[1] [J] [k]-x[1+1][3] [k])/2;
=(y (1] (3] [k+1]1+y[i+1][3] [k+1]-y (1] (3] [k]-y[1+1]1 (3] [k]) /2;
=(z[1)1[J) [k+1]+z[i+1]1 (3] [k+11-z [1] (3] [k)-z[1i+1] (3] [k])/2;

aZX[i][j][k]:—ey*zz+ez*zy,
a2y[i][J] [k]= ex*zz-ez*zx;

a2z[i][]] [k]l=-ex*zytey*zx;

az2[i] [J) [kl=sqgrt(a2x[1i] [J][k]*a2x[1][]J] [k]+a2y[i][]] [k]l*a2y[i][]][k]+a2z
(1131 (k] *a2z [1][J][k]);

d2p[i113] [k1=a2[i] 3] [k]1*a2[i] (3] [k]*mu/ (a2x[i][3][k]*kx+a2y[i][3] [k]*ky
+a2z[1] (3] [k] *kz) ;
d2s[i][J] [k]l=((zy*kz-zz*ky) *a2x[1i][]J] [k]+ (zz*kx-
zx*kz) *a2y[i] [§] [k]+ (zx*ky-zy*kx) *a2z [1] [] [k]) *mu/

(((zy*kz-zz*ky) *ex+ (zz*kx-zx*kz) *ey+ (zx*ky-
zy*kx) *ez) *4) ;

d2t[i][3] [k]= ((ky*ez-kz*ey)*a2x[i] [§] [k]+ (kz*ex~-
kx*ez)*a2y[i] [§] [k]+ (kx*ey-ky*ex) *a2z [1] [§] [k]) *mu/
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(((ky*ez-kz*ey) *zx+ (kz*ex-kx*ez) *zy+ (kx*ey-
ky*ex)*zz) *4) ;
}i
// Cell faces 3: determination of
a3,a3x,aldy,a3z,d3p,d3s,d3t
for(i=1;i<ie+l;i++) for(j=1;j<je+l;j++) for (k=1;k<ke+2;k++) {
kx=xm[1i] [J] [k]-xm[i] []] [k-1

] 1;

ky=ym[i] [J] [k]-ym[i][]][k-1];

kz=zm[1] [J] [k]-zm[1] [J] [k-1];
ex=(x[1+1][J] [k1+x[1+1] [3+1] [k]-x[1]1[3] [k]-x[1][3+1][k])/2;
=(y[i+11 03] [k)I+y[i+11[3+11 [k1-y (1) (3] [k)-y[1i][3+1][k])/2;
=(z[i+11 (3] [k]1+z[i+1]1[3+1]1[k]-z[1] (3] [k)-z[1][J+1](k])/2;
zx=(x[1] [J+1] [k]+x[i+1] [J+1] (k) -x[1] (3] [k]-=x[1+11[3] [k])/2;
=(y[i1[3+1) [k)+y[i+11 [3+11 [k1-y (1) (3] [k)-y[i+11(3] [k])/2;
=(z[1)1[J+1) [k]+z[i+1]1[J+1]1[k1-z[1) (3] [k)-z[1i+11(3] [k])/2;

a3x[i][j][k]: ey*zz-ez*zy;
aldy[il[j] [k]l=-ex*zz+ez*zx;
a3z[i]1[]] [k]= ex*zy-ey*zx;

a3[i] [J]1[kl=sqgrt(a3x[i] [J][k]*a3x[i][j][k]+a3y[i][]j] [k]l*a3y[i][]j][k]+a3z
(11 03] [k]*a3z[1]1[J][k]);

d3p[i][j] [k]1=a3[1i][]] [k1*a3[1i]1[]] [k]l*mu/(a3x[i][]j][k]*kx+al3y[i][]][k]*ky
+a3z[1] [J][k]*kz);
d3s[i][j] [k]l=((zy*kz-zz*ky) *a3x[1i] [J] [k]+ (zz*kx-
zx*kz)*al3y[i] [J] [k]+ (zx*ky-zy*kx) *a3z [1i] [j] [k]) *mu/
(((zy*kz-zz*ky) *ex+ (zz*kx-zx*kz) *ey+ (zx*ky-
zy*kx) *ez) *4) ;
d3t[i] [J] [k]=((ky*ez-kz*ey) *a3x[1i] []] [k]+ (kz*ex~
kx*ez)*a3y[i] [J] [k]+ (kx*ey-ky*ex) *a3z[1][J] [k]) *mu/
(((ky*ez-kz*ey) *zx+ (kz*ex-kx*ez) *zy+ (kx*ey-
ky*ex) *zz) *4) ;
}i

// Volume computation for each
cell
for(i=1;i<ie+1l;i++) for(j=1;j<je+l;j++) for (k=1;k<ke+1l;k++) {
xt=x[i+1] [J+1] [k+1]-x[1]1[J][k];
yE=y [i+1] [J+1] [k+1]-y[i]1[3][k];
zt=z [i+1] [§+1] [k+1]-z[1i]1[J]1[k];
vel[i] [F]1[k]l=(xt*alx[i+1][j] [k]+yt*aly[i+1][j] [kl+zt*alz[i+1][]j][k]
+xt*a2x[1] [§+1] [k]+yt*a2y[i] [§+1] [k]+zt*a2z[i] [§+1] [k]
+xt*a3x[1][§] [k+1]+yt*aldy[i][§] [k+1]+zt*a3z[i][§][k+1])/3;
}i
// Cell faces 1: determination of
plp,pls,plt
for(i=2;i<ie+l;i++) for(j=1;j<je+l;j++) for (k=1;k<ke+l;k++) {
cl=(veli] [J][kl+veli-111]11k])/2;
plplil [3] [k1=dlp[i] [j][k]/mu*cl;
pls[i][3] [kl1=dls[i][]j][k]/mu*cl;
plt[i][3] [k1=dlt[i][]][k]/mu*cl;
}:
// Cell faces 2: determination of
p2p,p2s,p2t

for(i=1l;i<ie+1;i++) for(j=2;3<je+l;Jj++) for (k=1;k<ke+1l;k++) {
cl=(veli] [J][kl+veli]l [J-111k])/2;

1
p2pli](J] [k]=d2p[i][]] [k] /mu*cl;
p2s[i] []] [k]=d2s[i][3] [k]/mu*cl;
p2t[i][]] [k]=d2t[i][3] [k]/mu*cl;

}i

for (i=ie-
ninp+1l;i<ie+l;i++)p2p(i]l[je+l] [kel=d2p[i] [Je+1] [ke]l/mu*ve[i] [Jje] [ke];
// Cell faces 3: determination of
p3p,p3s,p3t

for(i=1l;i<ie+1l;i++) for(j=1;j<je+l;j++) for (k=2;k<ke+1l;k++) {
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cl=(veli] [J] [k]l+ve[i] [J]I )/2;
p3plil (3] [k]1=d3p[i ][j][k]/mu cl
p3s[il[j][k]1=d3s[i][]j][k]/mu*cl;
p3t[i] (3] [k1=d3t[i][]j][k]/mu*cl;
}7
// Initial Condition

for(i=1;i<ninp+1;i++){u[i][O][1]=vinp*a2x[i][1][1]/a2[i][l][l];v[i][O][l
I=vinp*a2y[i] [1]1[1]/a2[i] [11([1];wli][0][1]=vinp*a2z[i]([1][1]/a2[4i]([1][1];};

for (i=ie- nlnp+1 i<ie+l;i++)pli]l [Je+l] [ke]=pout;
}
void solver () {

int i,7,k;

float ut,vt,wt, tp,tpu, tpv, tpw,cl;
// Cell faces 1: Mass flow through cell
face and u,v and w secondary diffusion

for(i=1l;i<ie+2; i++)for(j 1;j<je+l;j++) for (k= l;k<ke+l k++) {
ut=uli] [J][k]*ic[i][JT[kI[1]+ [l 11031 [kl *ic[i-11131 [kl [2];
vt=v[i] [J]1 [kl *ic[i][JT kI [1]+vI[i-1]([3][k]l*ic[i-11[3]1([k]l[2];
wt=w[i] [J][k]*ic[i][J]1 (k]I [1]1+w[i-1][J][k]l*ic[i-11[J][kI[2];
1011031 Tk]=( ut*aIX[i][j][k]+Vt*aly[ 10311k ]+wt* alz[i][J]1[k])*ro;
dlu[l][j][k] —dls[i][J][k]I*(uli] [J+1] [k]+uli-1]1[3+1] [k]l-uli]l[]-

1] [k]l-uli-111[3-1]1T[k])
—dlt (1] [J][kI*(uli]l[J] [k+1]+uli-1]1[J][k+1]-
uli] [J][k-1]1-uli-1]1[]J1[k-11);
dlv[i]l[J] [k]l=-dls[i][J][k]I*(v[i][J+1] [k]l+v[i-1]1[3+1] [k]l-vI[i][]-
1] [k]-v[i-1]1[J-1] [k])
—dlt (1] (31 [kI* (v 1] [J] [k+1]+v([i-1]1[]][k+1]~-
v[il[3]1[k-1]1-v[i-1]1[3]1[k-11);
dlwl[i] [J] [k]=-dls[i][J][k]I*(wl[i][J+1] [k]l+w[i-1][3+1] [k]l-w[i][]-
1] [k]-w[i-1]1[J-1] [k])
Al (1] (3] (kI *(wli]l [J] [k+1]+w[i-1]1[]][k+1]-
wli] [J][k-1]-w[i-1]1[]j][k-11);
}i
// Cell faces 2: Mass flow through cell
face and u,v and w secondary diffusion
for(i=1;i<ie+1l;i++) for(j=1;j<je+2;j++) for (k=1;k<ke+1l;k++) {

ut=uli] [J] [kl *ic[i][J] (k] [3]+uli] [J-1][k]*ic[i][j-1][k][4];
vt=v[i] [J] [kl *ic[i] [J] (k] [3]+v[i] [J-1][k]*ic[i][j-1][k][4];
wt=w([i] [J] [kl *ic[i][J] (k] [3]+w[i] [J-1][k]*ic[i][j-1][k][4];

m2[i] [J] [k]=(ut*a2x[1] [J] [kl+vt*a2y[i] [J] [k]+wt*a2z[i] []][k])*ro;
dzuli] [J] [k)=-d2s[1] [J] [k]*(u[i+1][]] [k]+uli+1][j-1] [k]-uli-

17031 [k]l-uli-11[3-11[k])
—d2t (11 [J] [kI*(ulil[J] [k+1]+uli] [J-1][k+1]-
uli] [J][k-1]-uli]l [3-1][k-11);
d2v[i][J] [k]=-d2s[1][J][k1*(v[i+1][3] [k]+v[i+1][]J-1][k]-Vv[i-
11031 [k]-v[i-11[3-1]1[k])
—d2t (11 [J] [kI*(v[i][J] [k+1]+v([i] [J-1][k+1]-
v[il1[3][k=-11-v[i] [3-11[k-11);
d2w[i][J] [k]=-d2s[1][J][k1*(w[i+1]1[3] [k]+w[i+1][]J-1][k]-w[i-
11031 [k]-wl[i-11[3-1]1[k])
—d2t (1] [J] [kI* (Wil [J] [k+1]+w([i] [J-1][k+1]-
wlil[J][k=-11-w[i] [3-11[k-11);
}i
// Cell faces 3: Mass flow through cell
face and u,v and w secondary diffusion

for(i=1;i<ie+1l;i++) for(j=1;j<je+l;j++) for (k=1; k<ke+2 k++) {
ut=uli] [J] [kl *ic[i][JT (k]I [S1+uli]l [J][k-1]1*icli][j][k-1]1[6];
vt=v[i] [J]1 [kl *ic[i][JT kI [S1+vIi]l[J][k-1]1*icl[i][j][k-1]1[6];
wt=w[i] [J][k]*ic[i][J]1 (k]I [ST+w[i] [J][k-1]1*ic[i]([J][k-1]T[6];
3[L1 (31 [kI=( ut*a3X[i][j][k]+vt*a3y[i][j][k]+wt* 3z[1][J1[k]) *ro;
d3u[l][j][k] —d3s[1] [JI1[k]l*(uli+1][J] [k]l+uli+1][J][k-1]-uli-
11031 [k]l-uli-11[J1[k-11)

-d3t [i] [J][k]*(uli] [3+1] [kl+uli] [3+1][k-1]-
uli] [J-1] [k]-uli] [J-1][k-1]);
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d3v[i][J] [k1=-d3s[i][J1[kI*(v[i+1][J] [kl+v[i+1][J][k-1]-v[i-
11031 [kl-v[i-11[31[k-11)
=d3t [1] [J] [k1*(v[i] [J+1] [k]+v[i] [J+1] [k-1]~-
v[i][J-11[k]I-v[i]l[J-11[k-11);
d3w[i][]J] [k]=-d3s[1][J][k]1*(w[i+1][3] [k]+w[i+1][]][k-1]-w[i-
11031 [k]l-wl[i-11[31[k-11)
=d3t [1] [J][k1* (w[i] [J+1] [k]+w[i] [J+1] [k-1]~-
wlil[J-11[k]I-w[i]l[J-11[k-11);
}i
// Computational of central coefficient ap
and right hand side of momentum x,y and z
for (i=1;i<ie+1l;i++) for(j=1;j<je+l;j++) for (k=1;k<ke+1l;k++) {
tp=0; tpu=0; tpv=0; tpw=0;
1f(ml[1i][3][k]>0) {tpu=ml[i][]][k]*uli-
1103) (k) tpv=ml [i] [J] [k]*v([i-1]([J] (k] ;tpw=ml[i][J][k]l*w[i-1][j][k];}else tp=-
ml[i] [J][k];

1f(ml[i+1][3][k]1>0)tp=tp+ml[i+1][Jj][k];else {tpu=tpu-
ml[i+1] (3] (k] *uli+1][J][k];tpv=tpv-ml [1+1][J] [k]I*v[i+1][]][k];tpw=tpw-
ml[i+1] (3] [k]*w[i+1]1[J]1[k];}s

if(m2 (1] [J][k]>0) {tpu=tpu+tm2[i] [J] [k] *uli][]j-
1] [k];tpv=tpv+m2 [1] [J] [k]*v[i] [J-1] [k];tpw=tpwtm2[i] [J] [k]*w[i][]J-1][k];}else
tp=tp-m2[1i][J][k];

if(m2[1][J+1] [k]>0) tp=tp+m2[i] [j+1][k];else {tpu=tpu-
m2 [1] [3+1] [k]*uli] [+1] [k];tpv=tpv-m2 [1] [§+1] [k] *v[i] [§+1] [k];tpw=tpw-
m2[1] [J+1] [kl *wl[i] [J+1][k];}s

if (m3[1] [§] [k]>0) {tpu=tpu+m3[i] [§] [k]*uli] [§] [k-
1];tpv=tpv+m3 [1] [J] [k]1*v[i][J] [k-1];tpw=tpwtm3[i] [J] [k]l*w[i] [J][k-1];}else
tp=tp-m3[i] [J][k];

1if(m3[1][J][k+1]1>0) tp=tp+t+m3[1i][J] [k+1l];else {tpu=tpu-
m3[1] [J]1[k+1]*uli][J] [k+1];tpv=tpv-m3[1i] [J][k+1]1*v[i][]] [k+1];tpw=tpw—
m3[1] [F][k+1]*w[i][J] [k+1];};

ap[i] [J][k]l=ve[i] [J][k]/dt*ro+dlp[i][]] [k]+dlp[i+1] (3] [k]+d2p[i][]][k]+d
2pli] [J+1] [k]+d3p [1] [J] [k]+d3p[i] [J] [k+1]+tp;

ut=dluli] [J] [k]+d2uli][F] [k]+d3uli][F][k]-dluli+1][]][k]-
d2u(i] [j+1] [k]-d3uli] [J] [k+1];

vt=dlv[i] [J][k]+d2v([i] [J] [k]+d3v[i][]][k]-dlv[i+1][]][k]~-
d2v[i][3+1]1[k]1-d3v[i][3][k+1];

wt=dlw[i] [J] [k]+d2w([i] [J] [k]+d3w[i] [J] [k]-dlw[i+1][]][k]~
d2w[i][3+1]1[k]1-d3w[i] [3][k+1];

ruli] [3][k]=(ve[i][3] [k]/dt*ro*uli] [J] [k]+tpu+dlpli] [J][k]*uli-
1103] [k]+dlp[i+1] [J] [k]I*uli+1][]] [k]
+dzp[i] [J] [kl *uli] [J-

1] [k]+d2p [i] [J+1] [k]*uli] [J+1] [k]+d3p[i] [J] [k]*uli][]j] [k~
11+d3p[i] [J] [k+1]*u[d ][j][k+l]—ut)/ap[i][j][k]

rv[i] [3]1 [k]=(ve[i][3] [k]/dt*ro*v[i][]j] [k]+tpv+dlp[i] [J][k]*v[i-
11031 [k1+dlp[i+1] [J] [k ]*V[i+l][j][k]

+d2p[i] [J] [kl *v([i][J-

1] [k]+d2p (1] [J+1] [k]*v[i] [J+1] [k]+d3p[i] [J] [k]*v[i][]] [k~
11+d3p (i) [J) [k+1)*v[i] [J] [k+1]-vt)/ap[i] (3] [k];

rw[i] [3]1[k]=(ve[i][3] [k]/dt*ro*w[i] [J] [k]+tpw+dlp[i] [J] [k]*w[i-
17031 [k]+dlp[i+1] [3] [k]*w[i+1][J] [K]

+d2p[i] [J] (k) *w([i] [J-

17 [k]+d2p [1] [J+1] [k]*w([i] [J+1] [k]+d3p[1][J] [k]*w[i][]J][k-
11+d3p (i) [J) [k+1)*wli] []] [k+1]-wt)/ap[i] (3] (k]

}I

for(l:1 i<ietl;i++) for(j=1;j<je+l;j++){ap(i][j]1[0]=apli] [J]1[1];ap[i][J]I
ketl]=apl[i] [j][kel;};

for(1:1 i<ie+l;i++) for(k=1;k<ke+l;k++){ap[i]1[0][kl=ap[i]l[1][k]l;ap[i] [Jje+
11 [k)=ap[i] [Je] [k];};

for( =1;j<je+l;J++) for (k=1;k<ke+l;k++){ap[0]1[j]l[kl=ap[l]l[j]l[kl;aplie+l][
jllk]l=aplie] [ [k];};

// Cell faces 1: cpl pressure coefficient
and vfl for continuty equation




for(i=2;i<ie+l;i++) for(j=1;j<je+l;j++) for (k=1;k<ke+l;k++) {
cl=2/(apl[i-11[]j]1[kl+ap[i]1[31[k]);
cpl[i] [J] [k]l=plp[i][J][k]*cl;

we=ru [] (3] [k]*ic (1] (3] (k] [1]+ru[i-1] 31 K] *icli-11 (3] (K] (2]
ve=rv[i][3] [k]*ic[i][3] (k] [1]+rv[i-1] [3][k]*ic(i-1][3][k][2];
we=rw[1] [3] [k]*ic[i][3] (k] [1]+rw[i-1] [3] [k]*ic(i-1][3][k][2];
vEL[i][j] [k]l= ut*alx[i][j][k]+vt*aly[i]l[j][k]l+wt*alz[i][]][k]
-pls[i][§] (k] *cl* (p[i] [§+1] [k]+p[i-

11 03+11 [k]-pli]1[J-11[kl-p[i-11[3-11[k])
—plt[11[3] [kl*cl*(p[i] [J][k+1]+p[i-
11031 [k+1]1-p[1]1[J1[k-1]1-p[i-11103]1[k-11);
}:
for(j=1;j<je+l;j++) for (k=1;k<ke+l;k++){cpl[1l][j] [k]=0;cpllie+1l][]j][k]=0;
vEL[1][3] [k1=0;vEl[ie+1][]J][k]=0;};

// Cell faces 2: cp2 pressure coefficient
and vf2 for continuty equation
for(i=1l;i<ie+1;i++) for(j=2;3<je+l;Jj++) for (k=1;k<ke+1;k++) {

cl=2/(apli] [J][k]+apl[i] [3-1]1[k]);

CpZ[l][j][k]:pZP[i][j][k]*Cl

ut=rui] [J] (k) *ic[1][J] (k] [3]+ruli] [J-1][k]*ic[1i][J-1][k][4];

vt=rv [1] [J] (k) *ic [1][J] (k] [3]+rv[i] [J-1][k]*ic[i][J-1][k][4];

wt=rw[i] [J] [k]*ic[i][J] [k][3]+rw[i] [J-1][k])*ic([1i][j-1](k][4];

vE2[1][3] [k]= ut*a2x[i] [J] [k]+vtra2y[i][]J] [k]+wt*a2z[1] []] [k]
-p2s[i] [J] [k]*cl*(p[i+1] [J] [kl+p[i+1] ([~

11 [k]l-p[i-11[031[k]l-pli-111[3-11[k])
—p2t [1]1[J]1[kl*cl*(plil [J][k+1]1+p[i]l[]-

1] [k+1]-p[i]1[J] [k-11-p[i] [J-1]1[k-1]);

}i

for(i=1;i<ie+1l;i++) for (k=1;k<ke+l;k++) {cp2[1i][1] [k]=0;cp2[i] [je+1][k]=0;
vE2[1][1] [k]=0;vE2[i] [Je+1] [k]=0;1};

for (i=ie-
ninp+1l;i<ie+l;i++) {cp2[i] [je+1] [kel=p2p[i][je+l] [ke]/ap[i][je] [kel;

vE2[i][je+l] [ke]l=ru[i] [je] [ke]l*a2x[i] [je+1] [kel+rv[i][je] [ke]l*a2y[i] [je+
1l [kel+rwli] [je] [ke]*a2z[i] [Je+l] [ke];};
for (i=1;i<ninp+1;i++)vE2[i][1][1]=vinp*a2[i][1][1];

// Cell faces 3: cp3 pressure coefficient
and vf3 for continuty equation
for(i=1;i<ie+1l;i++) for(j=1;j<je+l;j++) for (k=2;k<ke+l;k++) {
cl=2/(apl[il[j] [k-1]+ap[i]l [F]1[k]);
cp3[i][J] [kl=p3pl[i][j][k]*cl;
ut=ruli] [J1[k]*ic[i1[3]1[k]1[S]+ruli]l
vi=rv[i] [J1[k]*ic[i1[3]1[k]1[S]+rvIil]l
wt=rw [i] [J1[k]*ic[i1[3]1 (k] [S]+rwli] |
vE3[1][j] [k]l= ut*a3x[i][J][k]+vt*a3yI[i
-p3s[il[Jj]1[k]l*cl

J1lk-11*ic[i]l[J][k-1]1[6];
J1lk-11*ic[i]l[J][k-11[6];
J1lk-11*ic[i]l[J][k-1]1[6];
[1]
*

(3] [k]+wt*a3z[1][]] [k]
(Pli+1]1 [J1[kl+p[i+1]1([J] [k-
11-pli-11[31[k]l-p[i-11[3]1[k-11)

—p3t[11[J] [kl*cl*(p[i] [J+1][kl+p[i] [J+1] [k-
1]1-plil[3-11[k]l-p[i]1[]J-11[k-11);
}:
for (i=1;i<ie+1;i++)for(j=1;j<je+l;3++) {cp3[il[§1[11=0;cp3[i] [§] [ke+1]=0;
vE3[11[31[11=0;vE3[1]) [J] [ke+1l]=0;};

// Computation of new p,u,v

and w values
for(i=1l;i<ie+1;i++) for(j=1;3<je+l;Jj++) for (k=1;k<ke+l;k++)
plil [J]1[k]I=(p[i+11[J] [k]l*cpl[i+1][J][k]l+p[i-
17037 [kI*cpl (i1 (3] [kI+p[i][J+1][k]l*cp2[i] [J+1][k]I+p[i][J-1]1[kl*cp2[i][]] [k]
+p (11 [J] [k+1]1*cp3[i] [J][k+11+p[1i][]][k-

11%cp3[1] [J] [k]
+vEl[i] [J] [k]+vE2[1] [J] [k]+vE3[1] [J] [k]-
vEL[L+1] () [k]-vE2[1] [J+1] (k] -vE3[1] [J] [k+1])/

(cpl[i] [J][k1+cp2[i] [J] [k]+cp3[i] [J][kl+cpl[i+1] [J][k]l+cp2[i][J+1][k]+cp3[i][]
1 lk+11) 7
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for(i=1;i<ie+l;i++) for(j=1;j<je+l;J++){pl[i]l[J1[0]1=p[i]1[31[1]1;p[i][]J] [ketl]l=p[i
1031 kel };
’ for(i=1;i<ie+l;i++)for(k=1;k<ke+l;k++){p[i][0][k]l=p[i][1]([k];pl[i]l[Jje+1l]][
kl=plil[jel[kl;};
for (j=1;73<je+1l;j++) for (k=1;k<ke+l;k++) {p[0]1[J]1[k]I=p[1]1[j][k];plie+l] [J]I
kl=pliel[31[k];};
for(i=ie-ninp+l;i<ie+l;i++)p[i] [je+l] [ke]=pout;

for(i=1;i<ie+2; 1++)for(j: ;j<je+l;j++) for (k=1;k<ke+l;k++)pal [i] [J] [k]=pI
i1 031 [kl *ic[i][J]1 (k]I [1]+p[i-11([]] [k]l*ic[i-1]1[3][k]l[2];
for(i=1;i<ie+1; 1++)for(j: ;j<je+2;g++) for (k=1;k<ke+l;k++)pa2[i] [J] [k]l=p!
11031 [kl *ic[i]1[J] (k] [3]1+p[i][J-1]1[k]l*ic[i][J-11[k]l[4];
(5=
i1 031 [k1*ic[i]1[J]1 [k1[S5]1+p[i][J]1[k-1]1*ic[i][]][k-11[6];

for(i=1;i<ie+1l;i++) for(j=1;j<je+l;j++) for (k=1;k<ke+l;k++) {

ut=-

1
]
1
]
for(i=1l;i<ie+1l;i++) for(j=1;j<je+l;j++)for (k=1;k<ke+2;k++)pa3[i][j][k]l=pI[
k-
1

(palli] [J] [kl *alx[1] [J] [k]+pa2([i] [J] [k]*a2x[1][]] [k]+pa3[1i][]][k]*a3x[i] [J][k]
-pal[i+1] [j] [k)*alx[1+1][J] [k]~
paz[i] [J+1] [k]*a2x[i] [J+1] [k]-pa3[i][J][k+1]*a3x[i][]] [k+1]);

vt=-

(palli] [J][kl*aly[i][J][kl+pa2[i] [J][k]l*a2y[i][]j][k]l+pa3[i][J][k]l*a3y[i][J][k]
-pal[i+1] [j][k]*aly[i+1][3][k]~
paz[i] [J+1] [k]*a2y[i] [J+1][k]-pa3[i][J][k+1]*a3y[i][]][k+1]);

wt=-
(pallil [J1[kl*alz[i][J][k]l+pa2[i][J][k]l*a2z[1][J][k]l+pa3[i]l[Jj][k]*a3z[1i][]][k]
-pal [i+1] [J][k]l*alz[i+1][]][k]-
pa2[i] [J+1]1[k]*a2z[1i] [J+1][k]-pa3[i]l[]][k+1]1*a3z[i][]J][k+1]);

ulil [j][kl=ruli] [F][k]-ut/apl[i]l[]][k];

vIil [j]1[kl=rv[i][F] [k]l-vt/apl[i]l[]][k];

wlil [J][kl=rw[i] [F] [k]-wt/ap[i][]][k];
}i

// Boundary
Conditions
for(i=1;i<ie+1l;i++) for(j=1;j<je+l;j++) {
ulil[3100]=-uldi]l[J1[1];vIil[J1[0]=-v[i]1[J1[2];wl[i][31([0]=-

wlil[3]1[11;
ulil [j][ke+l]l=-ulil[j]lkel;v[i]l[j][ke+l]=-
v[iil[j]lkel;wli]l[J][ket+tl]l=-w[i]l[]][ke];
}i
for(j=1;j<je+l;j++) for (k=1;k<ke+l;k++) {
ulO0][31[k]l=—ull][J1[k];vI01[J]1[k]l=-v[1][J][k]l;w[O0][3][k]l=-
w[l][3]1[k];
ulie+l][J][kl=-uliel [J][k];v[ie+1][]] [k]=-
viiel [J]1[k]l;wlie+1][j][k]l=-wliel[]][k];
}:
for(i=1;i<ie+1;i++) for (k=1;k<ke+1;k++) {
uli] [0] [k]=-ul[i][1][k];v[1i][0][k]l=-v[i][1][k];w[i][O] [k]=-
wli] [1][k];
uli] [Je+l][kl=-ulil[jellk];v[i]l[je+1] [k]=-
viil[Jjel[kl;w[i]l[Je+l][k]l=-w[i]l[Jjel[k];
}I
for(i=ie-ninp+l;i<ie+1l;i++) {
uli] [Je+l][kel=ulill
viil[je+l][kel=v[i]I
wli] [Je+l] [kel=w[i][

jel[kel;
jel[kel;
jellkel;
bi
for(i=1;i<ninp+1;i++) {u[i][0] [1]=vinp*a2x[1i][1][1]/a2([1i][1]1[1];vI[i][0][1
I=vinp*a2y[1] [1]1[1]1/a2[i] [1]1[1]);w([i][0] [1])=vinp*a2z[i]([1][1]/a2[i]1[21]1[1];};
}
void surfdat () {
FILE *vxl,*vx2,*vx3,*vyl, *vy2,*vy3,*vzl, *vz2, *vz3, *pt;
vxl=fopen ("Vx1l.txt","w");
vx2=fopen ("Vx2.txt","w");
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vx3=fopen ("Vx3.txt","

( w");
vyl=fopen ("Vyl.txt","w");
vy2=fopen ("Vy2.txt","w");
vy3=fopen ("Vy3.txt","w");
vzl=fopen ("Vz1l.txt","w");
vz2=fopen ("Vz2.txt","w");

vz3=fopen ("Vz3.txt","w");
pt=fopen ("Pressures.csv","w");
int i,3,k,ang;

i=l;ang=atan2 (w[i][j] [k],vI[i] [J][k])*180/pi-90;
for(j=1;j<je+l;j++) for (k=1;k<ke+l;k++) fprintf (vxl,"%fSf St
SE\n",y[11[31[k],z[1] [J][k]

ysqrt (v[i1 (3] [kI*vI1] (3] [k]I+w i) [J) [k]l*w[i][J]([k]),atan2(w[i][]] [k],VvI[i]
[91[k])*180/pi-90);

i=ie/2;for(j=1;j<je+l;j++) for (k=1;k<ke+l; k++) fprintf (vx2,"%f St
St SE\n",y[11[31[k],z[1] [J][k]

ypsqrt (VL] [J] [kI*v[i] (3] [kl+w il [J][k]I*wl[i][J][k]),atan2(w[i][J] [k],VvI[i]
[J1[k])*180/pi-90);

i=ie; for (j=1;j<je+l;Jj++) for (k=1;k<ke+1l;k++)fprintf (vx3,"%f %f o f

SE\n",y[i1 131 [k],z[i] [J][k]

psqri (VL] [J] [kI*v[i] (3] [kl+w il [J][k]I*wli][]J][k]),atan2(w[i][J][k],Vv[i]
[§1[k])*180/pi-90);

J=1l;for (i=1;i<ie+1l;i++) for (k=1;k<ke+l;k++) fprintf (vyl,"$£f St St

SE\n",x[1]1 (3] [k],z[i] [J][k]

ysqrt(ulil (3] [kI*uli] [J]1[kI+wli] [J] [k]l*w[i]l[J]1[k]),atan2 (w[i][J] [k],uli]
[§1[k])*180/pi-90);

j=je/2;for (i=1;i<ie+1;i++) for (k=1;k<ke+1; k++) fprintf (vy2,"sf St

St SE\n",x[11[3] [k],z[1] [J][k]

ssart (Uil (3] [kI*uli] [J] [kI+w il [J][kI*w[i][J][k]),atan2 (w[i][J] [k],uli]
[§1(k])*180/pi-90);

j=je; for (i=1; i<ie+1l;i++) for (k=1;k<ke+1l;k++) fprintf(vy3,"Ssf Sf

SE\n",x[1]1 (31 [k],z[i] [J][k]

oe

£

ysgrt (ulil [J] [kI*ulil (3] [kl+wlil[J][klI*wlil[j][k]),atan2(wl[i][J][k],ulil
[§1[k])*180/pi-90);

k=1;for(i=1;i<ie+l;i++) for(j=1;j<je+l;j++) fprintf(vzl, "sf St

SE\n",x[11[31[k],y[1] [J][k]

o

£

ysart (vI[il [§] [kI*v[i] [J][k]+ulil [J][kI*ulil[F]1(k]),atan2(v[i][]] [k],uli]
[31[k])*180/pi-90);

k=ke/2; for (i=1;i<ie+l;i++) for (j=1;j<je+l; j++) fprintf (vz2,"%f St
st SE\n",x[11[3]1 [k],y[1i] [J][k]

ysart (vIi] [3] [k1*v[i] (3] [kI+uli) [F] (k1*ulil[F][k]),atan2(v[i][]] [k],uli]
[31[k]1)*180/pi-90);

k=ke; for (i=1; i<ie+l;i++) for(j=1;j<je+l;j++) fprintf(vz3,"Sf Sf

SE\n",x[1]1 131 [k], y[i]l [3][k]

e

f

ysqro (vIi] [J] [k1*v[i]l [31[k]l+ulil[J]1[k]I*ulil[j][k]),atan2(v[i][j][k],uli]
[91[k])*180/pi-90);
for (k=ke; k>0; k—-) {
fprintf (pt, "\nk=%i  \nj/i", k);
for(i=1l;i<ie+l;i++) fprintf(pt,",%1i",1);
for(j=je;3>0;3--) {
fprintf (pt, "\n%i",3);
for(i=1;i<ie+1;i++){
fprintf (pt, ", ", p[i] [31[k]);
}i
}i
}i
fclose (vx1), (vx2), (vx3), (vyl), (vy2), (vy3), (vzl), (vz2), (vz3), (pt);
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FILE *Pressures2;
Pressures2=fopen ("Pressures2.txt","w");
for(i=1;i<ie+l;i++) for(j=1;j<je+l;j++) for (k=1;k<ke+l;k++) {
fprintf (Pressures2, "$i\tsi\tsf\n",1i,J,p[11[7] [k]);
}
}
void printvars () {
int i,7,k;
FILE *chk;
chk=fopen ("Check.csv","w") ;
fprintf (chk, " Nodal
Coordinates: ")
for (k=ke+1;k>0;k--) {
fprintf (chk, "\nk=%i  \n3j/i",k);
for(i=1;i<ie+2;i++) fprintf (chk,",,,%1i",1);
for (j=je+1;3>0;3--) {
fprintf (chk, "\n%i",Jj);
for(i=1;i<ie+2;i++) {

fprintf (chk, ", sf, 5, 5", x [1]1 [J]1 [k],y[1]1 (31 [k]l,z[1]1[3]1[k]);

}i
}i
}i
fprintf (chk, "\n\n Elemen
ts Volume: ")
for (k=ke; k>0; k--) {
fprintf (chk, "\nk=%1 \nj/i",k);

for(i=1l;i<ie+1l;i++) fprintf (chk, ", %i",1);
for(j=je;3>0;3--){
fprintf (chk, "\n%i",Jj) ;
for(i=1;i<ie+1;i++){
fprintf (chk,",%f",vel[i] [J][k]);

}i
}i
}i
fprintf (chk, "\n\n Elemen
ts Center: "y
for (k=ke+1l;k>-1;k--){
fprintf (chk, "\nk=%i  \n3j/i",k);

for(i=0;i<ie+2;i++) fprintf (chk,",,,%1i",1);
for (j=je+1;3>-1;3--) {
fprintf (chk, "\n%i",Jj);
for (i=0;1i<ie+2;1i++) {

fprintf (chk,",%f, $£, 5", xm[1] [J] [k],ym([1i] [J][k],zm[i][]] [k])
}i
}7
b7

fprintf (chk, "\n\n Interp
olation Coefficients: ")
for (k=ke; k>0; k--) {
fprintf (chk, "\nk=%i  \n3j/i",k);

for(i=1;i<ie+1;i++) fprintf (chk,",,,,,,%1i",1);
for (§j=je;3>0;3--) {
fprintf (chk, "\n%i",Jj);
for(i=1;i<ie+1;i++){

fprintf (chk,",%f, 5£,%£,%E, %, S£",1ic[1] [J) [k][1],ic(i] (3] [k1[2],ic[di][]]I
k1[3],1cl1][J]1 k] [4],1c[1][3] [k][5],icli] [J][k]I[6]);

}i
}i
}i
fprintf (chk, "\n\n alx
aly alz: ")
for (k=ke; k>0; k--) {
fprintf (chk, "\nk=%i  \nj/i",k);

for(i=1;i<ie+2;i++) fprintf (chk,",,,%1i",1);

ARES



for(j=je;3>0;3--) {
fprintf (chk, "\n%i",Jj);
for(i=1;i<ie+2;i++){

fprintf (chk,",%f, £, %", alx[i][J] [k],aly[i]l[]j]1[k],alz[i]l[3]11[k])~
}i
}r

}i

fprintf (chk, "\n\n a’z2x
aly al2z: ")

for (k=ke; k>0; k--) {

fprintf (chk, "\nk=%i  \n3j/i",k);

for(i=1;i<ie+1l;i++) fprintf (chk,",,,%1i",1);

for (j=je+1;3>0;3--) {
fprintf (chk, "\n%i",Jj);
for(i=1;i<ie+1;i++){

fprintf (chk, ", %f, 5f,%f",a2x[1]1[j] [k],a2y[1i1[J][k],a2z[1i] [J]1[k]):

}i
}i
}i
fprintf (chk, "\n\n a3x
aldy a3z: ") ;
for (k=ke+1;k>0;k--) {
fprintf (chk, "\nk=%i  \nj/i",k);

for(i=1l;i<ie+1l;i++) fprintf (chk,",,,%1i",1);
for(j=je;3>0;3--){
fprintf (chk, "\n%i",Jj) ;
for(i=1;i<ie+1;i++){

fprintf (chk,",%f, 5, %", a3x[1]1[]J] [k],a3y[1]1[J][k]l,a3z[i] [J]1[k]);
}i
}i
}i
fprintf (chk, "\n\n dlp:

for (k=ke; k>0; k--) {
fprintf (chk, "\nk=%i __ \nj/i",k);
for(i=1;i<ie+2;i++) fprintf (chk,",%i",1);
for (j=je;3>0;3--) {
fprintf (chk, "\n%i",j) ;
for(i=1;i<ie+2;i++){
fprintf (chk,",%f",dlp[1]1[j] (k1)
}i
}i
}i
fprintf (chk, "\n\n d2p:

for (k=ke; k>0; k--) {
fprintf (chk, "\nk=%i  \n3j/i",k);
for(i=1;i<ie+1l;i++) fprintf (chk,",%i",1i);
for (j=je+1;3>0;3--){
fprintf (chk, "\n%i",Jj);
for(i=1;i<ie+1;1i++) {
fprintf (chk,",%f",d2p[1][3][k]);
}i
}i
}i
fprintf (chk, "\n\n d3p:

for (k=ke+1;k>0;k--) {
fprintf (chk, "\nk=%i  \nj/i",k);
for(i=1l;i<ie+1l;i++) fprintf (chk,", %i",1);
for(j=je;3>0;3--){
fprintf (chk, "\n%i",Jj) ;
for(i=1;i<ie+1;i++){
fprintf (chk,",%f",d3p[i]1[]J][k]);
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}i
}i
}7

fprintf (chk, "\n\n

dls:

for (k=ke; k>0; k—-) {

fprintf (chk, "\nk=%i  \n3j/i",k);
for(i=1;i<ie+2;i++) fprintf (chk,", %i", 1);

for (j=je; 3>0;j--) {
fprintf (chk, "\n%i", ) ;
for(i=1;i<ie+2;1i++) {

fprintf(chk,",%f",dls[1][J][k])

}i
}i
}i
fprintf (chk, "\n\n

d2s:

for (k=ke; k>0; k—-) {

fprintf (chk, "\nk=%i  \nj/i",k);
for(i=1;i<ie+1l;i++) fprintf (chk,",%i",1i);

for (j=je+1;3>0;3--) {
fprintf (chk, "\n%i",Jj) ;
for(i=1;i<ie+1;i++){

fprintf (chk,",%f",d2s[1] [J] [k])

}i
}i
}i
fprintf (chk, "\n\n

for (k=ke+1;k>0;k--) {

fprintf (chk, "\nk=%i  \nj/i",k);
for(i=1;i<ie+1l;i++) fprintf (chk,", %1i",

for(j=je;3>0;3--) {
fprintf (chk, "\n%i",Jj);
for(i=1;i<ie+1;i++){

fprintf (chk,",%f",d3s[1]1[j][k]);

}i
}i
}i

fprintf (chk, "\n\n

i);

for (k=ke; k>0; k--) {

fprintf (chk, "\nk=%i  \n3j/i",k);

for(i=1;i<ie+2;i++) fprintf (chk,", %i", 1);

for (j=je; 3>0;j--) {
fprintf (chk, "\n%i",Jj);
for(i=1;i<ie+2;1i++) {

fprintf (chk,", ", plp[i]1[J]1[k]);

}i
}i
}i
fprintf (chk, "\n\n

for (k=ke; k>0; k--) {

fprintf (chk, "\nk=%1i  \nj/i",k);

for(i=1;i<ie+1l;i++) fprintf (chk,",%i",1i);

for (j=je+1;3>0;3--){
fprintf (chk, "\n%i",Jj);
for(i=1;i<ie+1;i++) {

fprintf (chk,",%f",p2p[i]1[j]1[k]);

}i
}i
}i
fprintf (chk, "\n\n

d3s:

plp:

p2p:

p3p:_



for (k=ke+1;k>0;k--) {

fprintf (chk, "\nk=%i  \n3j/i",k);

for(i=1;i<ie+l;i++) fprintf (chk,", %i", 1);

for (j=je; 3>0;j--) {
fprintf (chk, "\n%i",Jj);
for(i=1;i<ie+1;i++){

fprintf (chk,",%f",p3p (11 [3] (k1)

}7
}r
b7

fprintf (chk, "\n\n

pls:

for (k=ke; k>0; k--) {

fprintf (chk, "\nk=%1i  \nj/i",k);

for(i=1;i<ie+2;i++) fprintf (chk,",%i",1i);

for(j=je; 3>0; 3—-) {
fprintf (chk, "\n%i",Jj);
for(i=1;i<ie+2;1i++) {

fprintf (chk,",%f",pls[i]1[J][k]);

}i
}i
}i
fprintf (chk, "\n\n

p2s:

for (k=ke; k>0; k--) {

fprintf (chk, "\nk=%1 \nj/i",k);

for(i=1;i<ie+1l;i++) fprintf (chk,", %1i",

for (j=je+1;3>0;7--) {
fprintf (chk, "\n%i",Jj) ;
for(i=1;i<ie+1;i++){

fprintf (chk,",%f",p2s[1]1[3]1[k]);

}i
}i
}i
fprintf (chk, "\n\n

i);

p3s:

for (k=ke+1;k>0;k--) {

fprintf (chk, "\nk=%i  \n3j/i",k);

for(i=1;i<ie+1;i++) fprintf (chk,",%i",1);

for(j=je;3>0;3--) {
fprintf (chk, "\n%i",Jj);
for(i=1;i<ie+1;i++){

fprintf (chk,",%f",p3s[1]1[J][k]);

}i
}i
}i
fprintf (chk, "\n\n

plt:

for (k=ke; k>0; k--) {

fprintf (chk, "\nk=%i  \n3j/i",k);

for(i=1;i<ie+2;i++) fprintf (chk,",%i",1i);

for(j=je; 3>0; 3—-) {
fprintf (chk, "\n%i",Jj);
for(i=1;i<ie+2;1i++) {

fprintf(chk,", ", plt [1]1[J][k])

}i
}i
}i
fprintf (chk, "\n\n

p2t:

for (k=ke; k>0; k—-) {

fprintf (chk, "\nk=%i  \nj/i",k);
for(i=1l;i<ie+1l;i++) fprintf (chk,", 1"

for (j=je+1;3>0;3--) {
fprintf (chk, "\n%i",Jj);
for(i=1;i<ie+1;i++){
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fprintf (chk,",%f",p2t [11[]] (k1)
i
i
i
fprintf (chk, "\n\n p3t:

for (k=ke+1;k>0;k--) {
fprintf (chk, "\nk=%i  \n3j/i",k);
for(i=1;i<ie+1l;i++) fprintf (chk,", %i", 1);
for (j=je; 3>0;j--) {
fprintf (chk, "\n%i", ) ;
for(i=1;i<ie+1;i++){
fprintf (chk, ", %f",p3t[1]1[3][k]);
}i
}i
}i
fprintf (chk, "\n\n ml:
")

for (k=ke; k>0; k--) {
fprintf (chk, "\nk=%i  \nj/i",k);
for(i=1;i<ie+2;i++) fprintf (chk,",%i",1i);
for(j=je;3>0;3--) {
fprintf (chk, "\n%i",Jj) ;
for(i=1;i<ie+2;i++){
fprintf (chk, ", %", m1[1][j][k]);
}i
}i
}i
fprintf (chk, "\n\n m2 :

for (k=ke; k>0; k--) {
fprintf (chk, "\nk=%i  \nj/i",k);
for(i=1;i<ie+1l;i++) fprintf (chk,", %i",1);
for(j=je+1;3>0;3--){
fprintf (chk, "\n%i",Jj);
for(i=1;i<ie+1;i++){
fprintf (chk,",%£",m2[1]1[3][k]);
}i
}i
}i
fprintf (chk, "\n\n m3:
")

for (k=ke+1;k>0;k--) {
fprintf (chk, "\nk=%i  \n3j/i",k);
for(i=1;i<ie+l;i++) fprintf (chk,", %i", 1);
for (j=je; 3>0;j--) {
fprintf (chk, "\n%i",Jj);
for(i=1;i<ie+1;1i++) {
fprintf (chk,",%£", m3[1i][J][k]);
}i
bi
bi

fprintf (chk, "\n\n cpl:
")

for (k=ke; k>0; k--) {
fprintf (chk, "\nk=%i  \nj/i",k);
for(i=1;i<ie+2;i++) fprintf (chk,",%i",1i);
for(j=je;3>0;3--) {
fprintf (chk, "\n%i",Jj);
for(i=1;i<ie+2;i++) {
fprintf (chk,",%f",cpl[1]1[3][k]);
}i
}i
}i
fprintf (chk, "\n\n cp2:




for (k=ke; k>0; k—-) {
fprintf (chk, "\nk=%i  \n3j/i",k);
for(i=1;i<ie+l;i++) fprintf (chk,", %i", 1);
for (j=je+1;3>0;3--) {
fprintf (chk, "\n%i",Jj);
for(i=1;i<ie+1;i++){
fprintf (chk,",%f",cp2 (11 [3] (k1)
}i
}i
}i

fprintf (chk, "\n\n cp3:

")

for (k=ke+1;k>0;k--) {
fprintf (chk, "\nk=%i  \n3j/i",k);
for(i=1;i<ie+1l;i++) fprintf (chk,",%i",1i);
for (j=je;j3>0;3--) {
fprintf (chk, "\n%i",Jj);
for(i=1;i<ie+1;i++) {
fprintf (chk,", %", cp3[1][3][k]);
}i
}i
}i

fprintf (chk, "\n\n vEl:

for (k=ke; k>0; k--) {
fprintf (chk, "\nk=%i  \nj/i",k);
for(i=1;i<ie+2;i++) fprintf (chk,", %i",1);
for (3=je;J>0;j--) {
fprintf (chk, "\n%i",Jj) ;
for(i=1;i<ie+2;i++){
fprintf (chk,",%f",vELl[1i][3]1[k]);
}i
}i
}i
fprintf (chk, "\n\n vi2:

")

for (k=ke; k>0; k--) {
fprintf (chk, "\nk=%i  \n3j/i",k);
for(i=1;i<ie+1;i++) fprintf (chk,",%i",1);
for(j=je+1;3>0;3--){
fprintf (chk, "\n%i",Jj);
for(i=1;i<ie+1;i++){
fprintf (chk,",%f",vE2[11[j] (k1)
}i
}i
}i
fprintf (chk, "\n\n vE3:

")

for (k=ke+1;k>0;k--) {
fprintf (chk, "\nk=%i  \n3j/i",k);
for(i=1;i<ie+1l;i++) fprintf (chk,",%i",1i);
for (j=je;3>0;3--) {
fprintf (chk, "\n%i",Jj);
for(i=1;i<ie+1;i++) {
fprintf (chk,",%f",vE3[1i]1[J][k]);
}i
}i
}i

fprintf (chk, "\n\n pal:

")

for (k=ke; k>0; k--) {
fprintf (chk, "\nk=%i  \nj/i",k);
for(i=1;i<ie+2;i++) fprintf (chk, ", %i",1);
for(j=je;3>0;3--){
fprintf (chk, "\n%i",Jj) ;

A



for(i=1;i<ie+2;i++){
fprintf (chk,",%f",pal [11[]] (k1)
}i
}i
}i
fprintf (chk, "\n\n pa2:

"

for (k=ke; k>0; k--) {
fprintf (chk, "\nk=%i  \n3j/i",k);
for(i=1;i<ie+1l;i++) fprintf (chk,", %i", 1);
for (j=je+1;3>0;3--) {
fprintf (chk, "\n%i",Jj);
for(i=1;i<ie+1;1i++){
fprintf (chk,",%f",pa2[1]1[3][k]);
}i
}i
}i
fprintf (chk, "\n\n pa3:
")

for (k=ke+1;k>0;k--) {
fprintf (chk, "\nk=%i  \nj/i",k);
for(i=1;i<ie+1l;i++) fprintf (chk,",%i",1i);
for(j=je;3>0;3--){
fprintf (chk, "\n%i",Jj) ;
for(i=1;i<ie+1;i++){
fprintf (chk,",%f",pa3[i]1[J][k]);
}i
}i
}i

fprintf (chk, "\n\n Elemen
ts ru rv rw: ")
for (k=ke; k>0; k--) {
fprintf (chk,"\nk=%i  \nj/i",k);

for(i=l;i<ie+1l;i++)fprintf (chk,",,,%i",i);
for (j=je;3>0;j--) {
fprintf (chk, "\n%i",Jj);
for(i=1;i<ie+1;i++){

fprintf (chk,",%f, £, 5", ruli] [J]1[k],cv[i] [J]1[k], ew[i][]J] [k])
}i
}i
}7

fprintf (chk, "\n\n Elemen
ts ap: "y
for (k=ke+l;k>-1;k--) {
fprintf (chk, "\nk=%i  \n3j/i",k);

for(i=0;i<ie+2;i++) fprintf (chk,", %i", 1);
for (j=je+l;j>-1;3--){
fprintf (chk, "\n%i",Jj);
for (i=0;1i<ie+2;i++) {
fprintf (chk, ", st",ap (1] [J][k]);
}i
}i
}i
fclose (chk);
/* For checking satisfication of mementum equations at each cell

//define following line globally

double

px[ie+1] [je+l] [ke+1l],pylie+1] [je+1] [ke+1],pzlie+l] [je+l] [ke+1l],ul[ie+2] [je+2]]
ke+2],vl[ie+2] [je+2] [ke+t2],wl [ie+2] [je+2] [ket+2];

// use following 2 line before computation of new u,v and w values in sub
solver
viI[i][J] [k]=v[i] [J][k];wl[i][]][k]l=w[i][]J][k];

(1] [3] [kI=uli] [] 17
il [31] ( jllk]l=vt;pz[i] [J] [k]=wt;

ul 1k
px[i] [J] [k]=ut;py[i]

'Y



// use following 3x2 line in sutable places in boundary condition
ul[i] [31[0]=ulil[31001;v2l[i][3100]=v[i][J100);wl[i][J]1[0]=w[i][]J]110];

ul[i] [J][ke+l]=uli] [J] [ke+1];v1[i][]] [ke+1]=v[i] [j][ke+1];wl[i][]][ke+1]
=w[i] [J][ke+l];

ul[0] [J][k]I=ul0][3]1[k];v1[O][3][k]=v[O][J][k];wl[O][]J][kl=w[O][J][Kk];

ul[ie+1][Jj] [kl=ulie+1][J] [k];vl[ie+1] [J][k]=v[ie+1][]][k];wl[ie+1][]][k]
=w[ie+1][J][k];

ul[i] [0] [k]=uli][0][k];v1[i][0][k]=v[1i][0][k];wl[1][0][k]l=w[i][O][k];

ul[i] [Je+1l][k]=uli] [Je+l] [k];v1[i][je+1l][k]=v[i] [Je+1][k];wl[i][je+1] [k]
=wl[i] [Je+1][k];

//

for(i=1;i<ie+1;i++) for (j=1;j<je+l;j++) for (k=1;k<ke+l;k++) {

tpu=0; tpv=0; tpw=0;

if(ml[1][3]1[k]1>0) {tpu=—ml [1] [J] [k]*ul [i-1][]] [k];tpv=-
ml[i] [J]0k]I*v1[i-1][3][k];tpw=—ml[i][J][k]*wl[i-1][J][k];}else

{tpu=-ml1 [i] [J] [k]*uli][J][k]; tpv=-

ml[1] [J][kl*v[i][]][k]; tpw=-ml [1] [J] [k]I*w[i] [J][k];};

if(ml[i+1]1[3]1[k]>0) {tpu=tputml [1i+1][J][k]I*uli]l[J][k];
tpv=tpv+ml [i+1] [J] [kl *v[i][]] [k]; tpw=tpw+ml [i+1] [J] [k]*w[i] [J][k];}else

{tpu=tpu+ml [1+1] [J] [k]*ul [i+1][3] [k];tpv=tpv+ml [i+1] [§] [k]*v1[i+1][J][k];tpw=t
pwiml [1+1] [J] [k]*wl[i+1][3][k];};

if (m2[1][3] [k]>0) {tpu=tpu-m2[i] [J] [k]*ul[i] [J-1] [k];tpv=tpv-
m2[1] [3] [k)*v1(1] [3-1]1[k];tpw=tpw-m2[i][J][k]*wl[i][]j-1][k];}else

{tpu=tpu-m2 [i] [J] [k] *u[i] []] [k];
tpv=tpv-m2[i] [J] [k]*vI[i][J][k];  tpw=tpw-m2[i][J][k]*w[i][J][Kk];};
f(m2 [1] [3+41] [k]>0) {tpu=tputm2 [1] [J+1] [k]*uli][J][k];
tpv=tpv+m2 [1] [j+1] [k]*v[i] [§] [k];  tpw=tpwtm2[i] [j+1][k]*w[i][]][k];}else

{tpu=tpu+m2 [i] [J+1] [k]*ul [i] [§+1] [k];tpv=tpv+m2[i] [§+1] [k]*v1[i] [J+1][k];tpw=t
pw+m2 [1] [§+1] [k]*wl[i] [J+1][k];};

if m3[1][J][k]>0) {tpu=tpu-m3[i] [J][k]*ul[i][]j][k-1];tpv=tpv-
m3[1] [J]1[kI*v1[i] [J]1[k-1];tpw=tpw-m3[1i][J][k]*wl[i][]][k-1];}else

{tpu=tpu-m3[1] [J] [kl *uli][3] [k];
tpV=tpv-m3[i][j][k]*V[i][j][k], tpw=tpw-m3[i] [J] [k]1*w[i][J][k];}>
f(m3[11[J]1[k+11>0) {tpu=tpu+m3[i] [J]1[k+1]1*uli][]J][k];

tpv= tpv+m3[l][ JIk+1]1*v[i] [ [k]; tpw=tpw+m3 (1] [§] [k+11*w[i][J] [k];}else

{tpu=tpu+m3 [1] [J] [k+1]*ul [1i][J] [k+1];tpv=tpv+m3[1i][J][k+1]1*v1[i] [J] [k+1];tpw=t
pwtm3 [1] [3] [k+1]*wl[i] [3] [k+1]7};
tpu=tpu+d1p(i] (3] [K]* (u[i][§] [K]-ulli-
1137 [K]) +d1p [i+11 [3] (K] * (u[i] [3] (K] -ul[i+1] (3] [K])+d2p 1] (3] (K] * (uli] (3] (K]~
ulli) [3-11 (k)
1*(uli) [3] [K]-
K)-ulli] [3] [k-
31 [k+11) +px (41 [3] K]+ (ul4] (3] [K]-

]
ul[i] [J+1] [k [i
l])+d3p[l][j
ull[i] [J][k])

1)+d3p[i] []
][k+l]*(u[l
/dt*ve[i] [] r

tpv=tpv+dlp[i] [J] [k]* (VI[i
11031 [k])+dlp [i+1] [J] [kI*(v[i][J] I
v1[i] [3-11[k])

+d2p[1]1[3+1] [k
JIkI*(uli]l [3] 1
1031 [k]-ul[i] [
] [k]*ro;

] 1037 k] -v1[i-

k]-vl[i+1][3][k])+d2p[i] [J][k]*(v[i][]][k]~

+d2p[i] [J+1] [k1*(v[i][]J][k]~-
v1[i] [J+1] [k])+d3p[i] [J] [k]*(v[1i] [J] [k]-vI[i] [F] [k=
11)+d3p (1] (3] [k+1]1*(v[1] [3] [k]-vI[i] [J] [k+1])+py (1] (3] [k1+(vIi][]3][k]~
v1[i] [3][k])/dt*veli] [J][k]*ro;
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tpw=tpw+dlp[i] [J] [kK]1*(w[i] [J] [k]-wl[i-
11031 [k]) +dlp [i+1][J] [k]* (w[i] [J] [k]-wl[i+1][3][k])+d2p[i][J][k]*(w[i][J][k]~
wlli] [3-1]1[k])
1*(wli] [3] [k]-
k]-wl[i] [J] [k-
J10k+1]) +pz [11 [ [k1+(wli] [J] [k]~-

wl[i] [3+1][k])+d3p[i] []
11)+d3p (i1 [J] [k+1]1* (wldi
wl[i][3][k])/dt*veli] []

if (fabs (tpu
error=%f",1i,7j,k, tpu);

if (fabs (tpv)>0.00001) printf ("\n mY (%i,%i, %1)
error=%f",1i,3,k,tpv);

if (fabs (tpw)>0.00001) printf ("\n m2z (%i,%i, %1)
error=%f",1i,3,k, tpw);

}i

kl*(wli] [J]
J1[k]I-wl[i]
kl*ro;

>0.00001) printf ("\n mX(%i,%i, $1)

+d2p[i] [J+1] [k
] [
] [
]

*/
}i

\YY



FORTRAN b5 4 SWE Joe 555 smsls’ acbi s

PROGRAM RUNUP

'C Declaration of variables

INTEGER: :N, SAVEF, SCREEN, CELLS, LIMITE, IFRAME
REAL (8) : :ETA, hsoli, DT, CI, SI,UBD,HO, T, HL, UL, HR, UR, HDRY, X1,G,DX,VVV, &
TTT, SSS, xsolit,CwW,OK1l,0K2,0K3,0K4,AAA,BBB,CN1,CN,DTt,OUT
REAL(8), DIMENSION(:, :),ALLOCATABLE::VOLD,FP, FN,VNEW,Vp,Vpp, FLUX,CS
REAL(8), DIMENSION(:),ALLOCATABLE::BX,B,B2X,XP,S

COMMON/MAX/ CELLS
COMMON/HDRY/HDRY
COMMON/GRAVITY/G

OPEN (1, FILE="WAF.DAT")
OPEN (2, FILE='LEN.DAT")
OPEN (3, FILE="TOPO.DAT")
OPEN (4, FILE="'OUTPUT TIMES.DAT")
OPEN (5, FILE="POSI.DAT")
OPEN (6, FILE='ERROR.DAT")

OPEN (8, FILE='G2.DAT')
OPEN(16,FILE='G4.DAT")
OPEN (32,FILE='G8.DAT")
OPEN (40, FILE='G10.DAT")
OPEN (44,FILE='G11.DAT')
OPEN (52,FILE="'G13.DAT")
OPEN (56, FILE="'G14.DAT")
OPEN (60, FILE='G15.DAT")
OPEN (80, FILE="'G20.DAT")

1ok ko K Kk K KRk K Kk kK Kk kK Kk Rk Xk k% X Tput
DataX **x*x kxk kA kxk kX A AKX KX KX KX KX KKK KX KL KX KL KX KK KX K K
! ORDER:
! 0 EULER (EXPLICIT)
! 1 IMPLICIT FIRST ORDER
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! 2 R-K TWO STAGE (NO BED FRICTION)
! 3 IMPLICIT SECOND ORDER (TRAPZOIDAL) Really exact!
! 4 R-K FOURTH ORDER (NO BED FRICTION)

ORDER=3
CFL=0.6D0
g=9.81D0
HDRY=1.0E-5
HO=1.0D0
XMIN=0
CELLS=152

XMAX=38
TIMEOUT=.1
TSTOP=60
SCREEN=1
LIMITE=5
CN1=0.0125D0

IF (ORDER.NE.O.AND.ORDER.NE.1.AND.ORDER.NE.2.AND.ORDER.NE.3.AND.ORDER.NE. 4) &
STOP 'ORDER SHOULD BE 0,1,2,3 OR 4!’

PRINT*, Thhkhkhkhkhkhk kA kA Ak Ak Ak Ak Ak Ak A Ak Ak kA kA ko kA hhkhkhk kA kA hkhrhk kA h Ak hkhkhrhkhkkxhhkhkhkxkhkkx*x

*kKhkxk kT

PRINT*, 'INPUT DATA:'
PRINT*,' X_SOLITARY/H_O=',XSOlit
PRINT*,' ORDER=', ORDER
PRINT*,' CFL=',CFL
PRINT*,' RSLOPE=',6RSLOPE
PRINT*,' HDRY=',6 HDRY
PRINT*,' hsoli="', hsoli
PRINT*, ' XMIN=',6 XMIN
PRINT*, ' XMAX=', XMAX
PRINT*,' CELLS=',6CELLS
PRINT*,' TIMEOUT=', TIMEOUT
PRINT*,' TSTOP=', TSTOP
PRINT*,' SCREEN=',6 SCREEN
PRINT*,' LIMITER=',LIMITE

‘Yo



| PRINT*, ' ',
PRINT*, Thhkkhhkhhkhdhhhr kA kA hhhkhk Ak Ak Ak Ak ko kA kA Ak kA Ak hkhkhkhhkhkhhk Ak hkhhkhkhkrhkhkhhkhkhkhk kxhkxkh*x %

*khkxk kT

!****‘k‘k‘k‘k***‘k************************************************************
R R I i e i S S i Y
DX= (xmax-xmin) /CELLS
T=0;DT=0;M=-1
ALLOCATE (VOLD (2,-1:CELLS+2) ,VNEW(2,-1:CELLS+2) ,FN (2, -1:CELLS+2) ,FP (2, -
1:CELLS+2),S(-1:CELLS+2))
ALLOCATE (Vp (2,-1:CELLS+2) ,Vpp (2,-1:CELLS+2) ,B (-1 :CELLS+3) ,BX (-
1:CELLS+2), &
B2X (-1:CELLS+2) ,xP(-1:CELLS+3), FLUX (2, -1:CELLS+2),CS (2, -
1:CELLS+2))

I &k kkxxkkkhkxkkkhkxk kkhkx xkk*x **TOPOGRAGHY * % % * Kk k k 5k %k k& kk ok k kk ok ok kokkok kkhx rokkkkxkk

DO I=-1,CELLS+3
XP (I)=XMIN+REAL(I-1) *DX
ENDDO

DO I=-1,CELLS+3

IF(XP(I).GE.25.5D0.AND.XP (I).LE.28.5D0) THEN
B(I)=(4.0D0/30.0D0)* (XP(I)=-25.5D0)
ELSEIF (XP(I).GE.28.5D0.AND.XP(I).LE.31.5D0) THEN

B(I)=(-4.0D0/30.0D0) * (XP (I)-28.5D0)+0.4D0
ELSE
B(I)=0.0D0
ENDIF
ENDDO
| % ok & ok ok &k ok Kk kK Kk Kk kA kK Kk kK Kk &k ok kK x x * SOURCE, TERM

Ak Ak hkhk kA hkhkhkhkdkhkhkhkhkrkhkhkhkrkhkhkhkrhkhkkhkhkhkkhkhkkhkkkx*x

DO J=1,CELLS

BP=(B(J+1)+B(J ))/2 IBP=B (i+1/2)

BN=(B(J )+B(J-1))/2 IBN=B (1i-1/2)
S (J)=- (BP-BN) /DX

ENDDO

DO J=1,CELLS
WRITE (3,*) XP(J),B(J)
ENDDO

AR



| Fkhkrkkhkhkhkhdkhkhk Ak Ak hkxdxk*k**TNITIAL

DATA FOR SOLITARY
R R i I e i i i S I I e S i i S S R S S b I S b i i S
CW=DSQRT (g* (HO+HSOLI)) ! (((is this necessary?!! )))
DO II=1,CELLS
IF(XP(II).LE.15.5D0) THEN
VOLD(1,I1)=0.75D0 'AT CELL CENTERS

VOLD(2,II)=0.0D0
ELSEif (XP(II) .gE.30.38D0) then
VOLD(1,II)=0.15-B(ii)
VOLD(2,II)=0.0D0
else
VOLD (1, ITI)=HDRY
VOLD (2,II)=0.0D0
ENDIF
ENDDO

VVV=SUM (VOLD (1, 1:CELLS) ) *DX
555=0.0D0
IFRAME=1

BEGINNING OF

LOOP

1 M=M+1

SSS=SSS+VOLD (2,CELLS) *DT-VOLD (2, 1) *DT
TTT=0.0DO0

TTT=SUM(VOLD(1,1:CELLS) ) *DX +SSS
T=T+DT

|**********************************Saving

Results
WAF'DAT****************************
IF(T.GE.REAL (IFRAME-1) *TIMEOUT) THEN
IF(M.NE.O.AND.MOD( (IFRAME-1),SCREEN) .EQ.0) THEN

PRINT*, ' STEP=',M, ' DT=', DT

PRINT*, ' TIME=',T,' t*=', T*SQRT (G/HO)

PRINT¥*,

' VOLUME=', TTT, '$ VOLUME CHANGE=', (TTT-VVV) /VVV

WAVE

MAIN

in

PRINT*, Thxhkhhkhhkhkhkhk ko h ok kv ok h ok kv ko kA h vk hk ok kv ko hkdkhhhkhk ok h ok h vk hkdhkrhkhkdkhkrkhrhkhhkhxhkhkkhkhkhkx,x

* 1

ENDIF

WRITE (4,*) T
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WRITE (6, *) (TTT-VVV) /VVV

DO JJ=1,CELLS
OUT=VOLD (1, JJ)

IF (OUT.EQ.HDRY) OUT=0.0D0

WRITE (1, *) OUT+B (JJ)

OPEN (8, FILE='G2.DAT')

OPEN (16,FILE="'G4.DAT")
OPEN (32, FILE="'GS8.DAT")
OPEN (40,FILE="'G10.DAT")
OPEN (44,FILE='G11.DAT")
OPEN (52, FILE="'G13.DAT')
OPEN (56, FILE="G14 .DAT")

OPEN (60, FILE='G15.DAT")
OPEN (80, FILE="'G20.DAT")

! IF(XP(JJ).GT.0.21

! IF(XP(JJ).GT.0.24 .AND.XP(JJ) .LT.
'TF(XP(JJ) .GT.9.91 .AND.XP(JJ).LT.

.AND.XP (JJ) .LT. 0.260

10

0.26 ) THEN
) THEN

! IF((XP(JJ)) .1t.1.2d0.and.XP(JJ) .gt.1.11) THEN

IF(XP(JJ) .EQ.2.0D0+15.5d0 ) THEN

WRITE (8,*) OUT !+B(JJ)
ELSEIF (XP (JJ) .EQ. 4.0D0+15.5d0
WRITE (16,*) OUT !+B(JJ)
ELSEIF (XP (JJ) .EQ.8.0D0+15.5d0
WRITE (32,*) OUT !+4B (JJ)
ELSEIF (XP (JJ) .EQ.10.0D0+15.5d0
WRITE (40,*) OUT !+B(JJ)
ELSEIF (XP (JJ) .EQ.11.0D0+15.5d0
WRITE (44,*) OUT !+B(JJ)
ELSEIF (XP (JJ) .EQ.13.0D0+15.5d0
WRITE (52,*) OUT !+B(JJ)
ELSEIF (XP (JJ) .EQ.14.0D0+15.5d0
WRITE (56,*) OUT !+B(JJ)
ELSEIF (XP (JJ) .EQ.15.0D0+15.5d0
WRITE (60,*) OUT !+B(JJ)
ELSEIF (XP (JJ) .EQ.20.0D0+15.5d0
WRITE (80,*) OUT !+B(JJ)

STOP
ENDIF
ENDDO
IFRAME=IFRAME+1
ENDIF

VYA

)

THEN

THEN

THEN

THEN

THEN

THEN

THEN

THEN

)

THEN



X xrkhhhhkhkhkkAxrxhhhhkkkk Axxx A rrx*x*x*xCF],
Criterion** * ¥ ¥ xxxxkkhhhkhkkrxrxhhhhhhhkkkkkrrrxhrx
UBD=0.0D0

DO II=1,CELLS

IF(VOLD(1,II) .LE.HDRY.AND.VOLD(1,II).GE.0.0DO)

VOLD (1, II)=HDRY
VOLD(2,1II)=0.0DO0

ELSEIF (VOLD(1,II).LT.0.0D0) THEN
PRINT*, 'M=',M

PRINT*, 'VOLD(1, ',II,")="',VOLD(1l,II)

STOP 'CHANGE CFL !'
ENDIF

THEN

SI=DSQRT (g*VOLD (1, II))+DABS(VOLD(2,II)/VOLD(1,II))

UBD=DMAX1 (UBD, SI)
ENDDO

DT=CFL*DX/ (UBD+1E-10)

|***********************************VARIABLE

KA KKK A A AR AR KA A A AR AR AR A A A A AR AR A A AR AR K, Ak kK

DTt=0.5d0*DT

DO i=1,CELLS

CN=0.0DO0
IF(Vold(1l,1i) .GT.HDRY) CN=CN1l

UPDATING

AAA=1.0D0+0.5D0*DTt*2.0D0*G*CN*CN*DABS (Vold (2,1i))/ (Vold(1l,i) **(7.0D0/3.0D0))

BBB=DTt*S (i) *G*Vold (1,1) -

DTt*G*CN*CN*Vold (2, 1) *DABS (Vold(2,1))/ (Vold(1l,1i)**(7.0D0/3.0D0))

Vp(1,1i)=vVold (1, i)
Vp(2,1)=Vold (2, i) +BBB/AAA
ENDDO

CALL WAFFLU (Vp, DT, DX, LIMITE, FLUX)

DO i=1,CELLS

Vpp (1,1i)=Vp(1l,i)-DT* (FLUX (1, I)-FLUX (1,I-1)) /DX

Vpp (2,1)=Vp(2,1i) -DT* (FLUX (2, I)-FLUX(2,I-1)) /DX
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CN=0.0DO
IF (Vpp(1l,1i) .GT.HDRY) CN=CN1

AAA=1.0D0+0.5D0*DTt*2.0D0*G*CN*CN*DABS (Vpp (2, 1)) / (Vpp (1, 1) ** (7.0D0/3.0D0))

BBB=DTt*S (1) *G*Vpp (1,1) -

DT *G*CN* CN*Vpp (2, 1) *DABS (Vpp (2,1))/ (Vpp (1,1) ** (7.0D0/3.0D0) )

VNEW (1, 1)=Vpp(1,1)
VNEW (2, 1) =Vpp (2, 1) +BBB/AAA
ENDDO

VOLD(:,1:CELLS) =VNEW(:, 1:CELLS)

IF (T.LT.TSTOP) GO TO 1

,F6.2,3H

MAIN

,F6.4,3H

! END OF
LOOP
WRITE (2,2) CELLS, DX, IFRAME-1,OUT SAVE PER TIME STEP, xmin,hsoli,RSLOPE
2 FORMAT (I5,3H ,F8.6,3H ,15,3H ,13,3H
,F8.3)
STOP ' *******CALCULATION SUCCESSFULLY DONE ! ** %% %%%x 1
END

| Ak ko hk hk kA Ak AR A A A A A I A A A KA I AR AR AR A AAFAF A A A AAA AR I I A A A A A IR A AR A AR KA R d kA kA hhk kK

SUBROUTINE WAFFLU (V,DT, DX, LIMITE, FLUX)

Purpose: to compute the WAF intercell flux using the

HLL Riemann solver

Declaration of variables

INTEGER CELLS, I, IUPW, K, LIMITE,N

REAL(8) CL, CR, DL, DLOC, DR, HDRY,US,

ps, DT, DTODX, DUPW, DX, FHLL, G,

RATIO, SL, SR, TOLDEP, TOLLIM,

WL, WM, WR

A

UL, UR,



REAL (8) ,DIMENSION(:, :) ::

1:CELLS+2), U

'C

(-1:CELLS+2), &
CN(2), WAFLIM(2), CS(2,-1:CELLS+2),

FLUX(2,-1:CELLS+2), FS(2,-1:CELLS+2),

WS (2,-1:CELLS+2)

COMMON/MAX/ CELLS

COMMON/HDRY /HDRY
COMMON/GRAVITY/ G

DATA TOLLIM /1.0E-6/

TOLDEP=HDRY

vV(l,-1:0)=V(1,1)

vV(2,-1:0)=-V(2,1)
V(1,CELLS+1:CELLS+2)=V (1, CELLS)

V(2,CELLS+1:CELLS+2)=-V(2,CELLS)

DO I = -1, CELLS + 2
D(I)=V(1,I)
U(I)=V(2,I)/D(I)

C(I)=DSQRT (G*D(I))

ENDDO

DO 10 T = -1, CELLS + 2

Compute fluxes on data

FD(1,I) = D(I)*U(I)
FD(2,I) = D(I)*U(I)*U(I) + 0.5*G*D(I)*D(I)

Compute conserved variables on data

CS(1,I) = D(I)

AR

C(-1:CELLS+2),V(2,-1:CELLS+2), D(-

FD(2,-1:CELLS+2),

WJ(2,-1:CELLS+2),



CS(2,I) = D(I)*U(I)
1%
10 CONTINUE
1%
DTODX = DT/DX
!PRINT*, DTODX

DO 20 I = -1, CELLS + 1

!*
'C Define Left and Right data for Riemann problem
!*

DL = D(I)

UL = U(I)

CL = C(I)
!*

DR = D(I+1)

UR = U(I+1)

CR = C(I+1)
!*
'C Compute wave speed estimates SL, SR. Dry bed case

IF(DR.LE.TOLDEP.AND.DL.GT.TOLDEP) THEN
!TF (DR.LT.TOLDEP.AND.DL.GT.TOLDEP) THEN

'C Dry bed on the right

DS = DR
SL = UL - CL
SR = UL + 2.0*CL
GOTO 9999
ENDIF

IF(DL.LE.TOLDEP.AND.DR.GT.TOLDEP) THEN
!TF (DL.LT.TOLDEP.AND.DR.GT.TOLDEP) THEN

e Dry bed on the left

DS = DL
SL = UR - 2.0*CR
SR = UR + CR
GOTO 9999

ENDIF

IF(DL.LE.TOLDEP.AND.DR.LE.TOLDEP) THEN
!TF (DL.LT.TOLDEP.AND.DR.LT.TOLDEP) THEN

VY'Y



'C
'C

Dry bed on the left and right

DS = 0.0

SL = -TOLDEP

SR = +TOLDEP

GOTO 999
ENDIF

9

Compute DS is star region according to Two-

Rarefaction approximation

DS = (0.5*(CL + CR)

Us=0.5* (UL

Compute wave speed estimates SL,

+ UR) +CL - CR

IF(DS.LE.DL) THEN

SL = UL - CL

ELSE

+ 0.25* (UL - UR))**2/G

SR. Wet bed case

SL = UL - CL*DSQRT(0.5*DS* (DS + DL)) /DL

ENDIF

IF(DS.LE.DR) THEN

SR = UR + CR

ELSE

SR = UR + CR*DSQRT (0.5*DS* (DS + DR)) /DR

ENDIF

SL =DMIN1 (UL-CL, US-DSQRT (G*DS) )
SR =DMAX1 (UR+CR, US+DSQRT (G*DS) )

CONT INUE

Compute fluxes in STAR region according to HLL

DO 30 K =

FHLL = SR*FD(K,I)-SL*FD(K,I+1)+SL*SR*(CS(K,I+1)-CS(K,I))

FS (K, I)

1, 2

= FHLL/ (SR - SL)

VY'Y



CONT INUE

Compute wave jumps in depth for TVD condition

WJ(1l,I) = DS - DL
WJ(2,I) = DR - DS

Store wave speeds

WS(1,I) = SL
WS (2,I) = SR
CONTINUE

Compute intercell fluxes according to the WAF method

DO 40 I = 0, CELLS

Apply TVD condition

DO 50 K = 1,2

Compute Courant numbers for each wave

CN(K) = WS(K, I)*DTODX

Identify upwind direction

IF(CN(K) .GE.0.0) THEN

Wave k is positive and upwind direction is on the Left

IUPW = -1
ELSE

Wave k is negative and upwind direction is on the right

IUPW = 1
ENDIF

Compute wave Jjumps

DLOC = WJ (K, I)
DUPW = WJ (K, I+IUPW)
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'C Modify small jumps preserving sign

IF (DABS (DUPW) .LT.TOLLIM)DUPW = TOLLIM*DSIGN(1.0D0, DUPW)
IF (DABS (DLOC) .LT.TOLLIM)DLOC = TOLLIM*DSIGN(1.0D0,DLOC)

e Compute RATIO of upwind to local changes

RATIO = DUPW/DLOC

IC Select limiter function WAFLIM

!*

IC LIMITE = 1, Godunov's Method

'C LIMITE = 2, Upwind Second Order Method (non-monotone)
'C LIMITE = 3, Upwind TVD, with SUPERBEE type limiter

'C LIMITE = 4, Upwind TVD, with VAN LEER type limiter

'C LIMITE = 5, Upwind TVD, with VAN ALBADA type limiter
'C LIMITE = 6, Upwind TVD, with MINMOD type limiter

IF(LIMITE.EQ.1)WAFLIM (K) 1.0D0

IF(LIMITE.EQ.2)WAFLIM (K) = DABS(CN(K))
IF(LIMITE.EQ.3)CALL SUPERA(RATIO, DABS(CN(K)), WAFLIM(K))
IF(LIMITE.EQ.4)CALL VANLEE (RATIO, DABS(CN(K)), WAFLIM(K))
IF(LIMITE.EQ.5)CALL VANALB(RATIO, DABS(CN(K)), WAFLIM(K))
IF(LIMITE.EQ.6)CALL MINAAA(RATIO, DABS(CN(K)), WAFLIM(K))

IF(LIMITE.EQ.7)CALL TOROEF (RATIO, DABS(CN(K)), WAFLIM(K))

WAFLIM(K) = WAFLIM(K) *DSIGN(1.0D0, CN(K))

50 CONTINUE
!*
'C Compute weights for TVD WAF flux evaluation
!*
WL = 0.5*(1.0 + WAFLIM (1))
WM = 0.5* (WAFLIM (2) - WAFLIM(1l))
WR = 0.5*(1.0 - WAFLIM(2))

DO 60 K =1, 2
FLUX(K,I) = WL*FD(K,I) + WM*FS(K,I) + WR*FD(K,I+1)
60 CONT INUE
1%
40 CONTINUE

| *

END

Yo



SUBROUTINE SUPERA (R, CCC, A)

Purpose: to evaluate a WAF limiter A based on the

SUPERB flux limiter B

Declaration of variables

REAL (8) A, B, CCC, R

B = DMAX1(0.0DO, DMINI (2.0*R, 1.0DO),

Transform to WAF limiter

A = 1.0D0 - (1.0D0 - CCC)*B

END

SUBROUTINE VANLEE (R, CCC, A)

DMIN1 (R, 2.0DO0))

Purpose: to evaluate a WAF limiter A based on the

van Leer flux limiter B

Declaration of variables

REAL (8) A, B, CCC, R

IF(R.LE.0.0) THEN

B = 0.0DO

ELSE

B = 2.0D0*R/ (1.0D0 + R)

ENDIF

Transform to WAF limiter

A = 1.0D0 - (1.0D0 - CCC)*B

END



SUBROUTINE VANALB (R, CCC, A)

Purpose: to evaluate a WAF limiter A based on the

van Albada flux limiter B

Declaration of variables

REAL (8) A, B, CCC, R

B = DMAX1(0.0DO, R*(1.0D0 + R)/(1.0D0 + R*R))

Transform to WAF limiter

A = 1.0D0 - (1.0D0 - CCC)*B

END

SUBROUTINE MINAAA (R, CCC, A)

Purpose: to evaluate a WAF limiter A based on the

MINMOD flux limiter B

Declaration of variables

REAL (8) A, B, CCC, R

B = DMAX1(0.0D0O, DMIN1 (R, 1.0DO0))

Transform to WAF limiter

A = 1.0D0 - (1.0D0 - CCC)*B

END

SUBROUTINE TOROEF (R, CCC, A)

REAL (8) A, CCC, R

AR



A=1.0DO0

IF(R.LE.0.0DO)
A=1.0D0-2.0* (1-CCC)*R

IF(R.GE.0.0D0.AND.R.LT.0.5D0)
A=CCC

IF(R.GE.0.5D0.AND.R.LT.1.0D0)
A=1.0D0-(1-CCC)*R

IF(R.GE.1.0D0O.AND.R.LT.2.0DO0)

IF(R.GE.2.0DO0) A=2.0*CCC-1

END

VYA
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Abstract:

In this research a three dimensional modeling of flow implemented using finite
volume method at first. This algorithm has the ability of analyzing elements by desired
hexagon shapes. In order to acquire this analysis an integration of Navier- Stokes
equations on control volumes implemented and then volume integrations exchanged to
area integration using Divergence theorem in mathematics. Calculation of pressure
gradient on interface of adjacent cells was needed within exchange process which is
yield by transferring coordinate system and calculating needed Jacobians. Also, for
determining momentum equations on common cell faces the idea of Momentum
Interpolation was utilized which was proposed by Rhie & Chow firstly. Finally in order
to acquire good convergence of results the MAC algorithm was used in solver.

To make sure of good operation of algorithm and its application in Wetting
and Drying of bed, a dam break problem decided to be implemented using this
method. Dam break problem involves shallow water equation related processes
specially wetting and drying and also there are some analytical and experimental
data which were compared by results of current model. One should mention that
there are so many problems in dam- break problem by wetting and drying, but
main problems relieved in current model. Firstly, the depth averaged equation of
Navier- Stokes equations required for modeling, then, where the magnitudes of
parameters had abrupt changes (namely wave run up and dam break problems)
Riemann problem comes out for which Godunov proposed an approximate
solution. Also numerical modeling in these cases encounters intensive
fluctuations in results. In order to cope with this objection, the methods based on
TVD are required. All these problems were resolved in dam break model and
finally using WAF method, that is second order accurate in time and space,
results of dam break problem for several cases are brought out and good
compliance of results are evident compared to both analytical and experimental

data, which is validates the well operation of current model.
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