P—=A7 7 A% bme, FITT 74 N4 : Ibmecout
$cp ../common/Tbhm oric.

$cp lbm onc Ibme

$vi lbmc

% gfortran -0 lbmcout Ibme

$ ./ Ibmc.out

/! Poiseuille flow
/! the Lattice Boltzmann Method. The source code 1s written ¢ programming language.
{{ Copyright (@2013- Takeshi Seta All Rights Reserved.

#include <stdio i
#include =stdlib L=

# define DIM 64

{
nt nx =32 ny =32 time =0__ loopl. loop2;
mt 13k m o nb. flag;
float  u[DIM][DIM], v[DIM][DIM]. tho[DIM][DIM], frmp[9][DIM][DIM]:
float  {[9][DIM][DIM]. f0[9][DIM][DIM]. cx[9]. cy[9]:
float gx=0.00001, gy=0.0. tmp. u2, mu, tau=10;
char  a[DIM][DDM]:

flag=12;
{{ initial condition
= (tau - 0.5)/3;

for(1=0;1<=nx; ++) {
for =0: < ay: ) {
uf1]] = 0.2 v[1][3] = 0. the[1][j] = 1.:

}

}

ex{0] = 0. cy[0] = 0
axf1] =1 ey{1] =0
a2]=0: 2] =1
axf3] =L ey3] = 0
axf4] =0 oyl =

afs]=1: oyfs] =




ex[6] =1 cy{6] = 1
ex[7] =1 cy{7] =1
cx[8] = 1. cy[8] =1

for (i=0; < x; #+4) { for (1= 0:j <y j+*) {
u2 =ufa][]*ufslh] + v{db]*v1]0):
01111 = rholil[T*(L. - 3./2.5u2)*4./9.:
for (k=1:k=5 k=) {
tmp = cx[k]*u[1][] + cy[k]*v[1][]:
fI[E][] = rho[i][{]*(1. + 3. *tmp + 9./2 *tmp*tmp - 3./2.*u2)/9.;
}
for (k=5:k =9 k) {
tmp = cx[k]*u[1][] + cy[k]*[1][]:
fI[EI] = thofi][{]*(1. + 3.*tmp + 9./2 *tmp*tmp - 3./2.*u2)/36.-
}
1y

for(loopl = 0; loopl = 100; loopl++){

for(loop2 = 0; loop2 < 50; loop2++){
fime++;

/! collision
for (1=0:1 < mx: ) { or 1= 0:§ <ay: 749 {
w2 =ufi][i1*uf1]0] + vl *vidb:
f0[0][1][] = tho[1] [1*(1. - 3./2.%u2)*4./9.
for (k=1 k<5 k+) {
tmp = ex[k]*u[1][s] + ey[k]*v{1][]:
fO[K][A]0] = tho[d][1]*(1. + 3 *tmp + 9./2 Ftmp™tmp - 3./2. *u2)/9.;
}
for (k=5 k=9 k) {
top = ex[k]*u1][y] + ey[k]*v[]]:
fO[K][A]0] = tho[a][H]*(1. + 3 *tmp + 9./2 Ftmp*tmp - 3./2. *u2)/36.;
}
1}

for(a = 0; 1= mx; 1++){ for(y = 02 3 < my: j+H){ for(k = 0: k = 9; k++){
flk][1]0] = fk]RI0] - (AkI[EIG] - fork][R]0] Y tau:
b}

// force



for(1=0: 1= ox; 1++){ for() = 0: 3 < my: j+0){ for(k = 0: k = 9; k++){
flk][1]0] = fk][I0]  + rho[i] ] *(exlk]*gx + cy[k]*gy)/6.:
bii

{/ streanung
for(1=0: 1= mx; 1++){ for(j = 0: 3 = ny; 7+){ for(k = 0: k = 9: k++){
fmp[k][1][5] = fTk][][]:

il

for(x = 0: 1< mx; +++){ for(y = 0: j < ny. j+){
m=1+1;1f{1—=mx-1) mm=0;
f11][wn][] = fmp[1][1][1]:

1}

for(i = 0: 1< mx; i++){ for(j = 0; j < ny-1; j++){
m=j+1
f12][1][n] = famp[2][1][5]:

T}

for(1 = 0: 1< nx; 1++H){ for(y = 0: 5 < ny: ;+){
m=1-1; 1f{1=20) in=nx-1;
f3][n][] = fmp[3][1][1]:

1}

for(t =0: 1< nx; r++){for = 1.3 <ny: ;+){
m=j-1
f4][1]0n] = fmp[4][1][1]:

1}

for(1 =0; 1< nx; 1+H){ for(y = 0; ) < ny-1; 7+H)4
m=1+1;1f{i=mx-1) n=10;
m=j+1;
f[5][n][n] = fimp[S][1]0]:

1}

for(1 = 0: 1< nx: 1) { forlj = 0.y < ny-1; y++){
m=1-1;1f{1=0)in=nx-1;
m=j+1
f6][mn][sn] = fimp[6][1][1]:

I

for(1=0:1 < nx; r+H){ for(j = 1.3 < ny. ;+){
m=1-1;1f{1=10) mn=nx-1;
m=j-1
f{7][wn][n] = fimp[7][1][]:

1}

for(t =0: 1< nx; 1++){ for(j = 1. ) < ny: j+){



m=1+1; 1if{1 =mx-1) m=0;

m=j-1;

f[8][mn][m] = ftmp[8][1][1]:
1

/! bounce back boundary condition

for(1=0; 1= nx; 1++){
ififlag=1) {

/{ Bounce Back
M20E0  o]=fALQE ol
1l ol=f JEI ol
f6JEl  o1=ALfE  ol:
f4][[ny-1] = ] [Ililfny-1]:
7] fny-1] = f]_|J[ilfny-1]:
fI8][i[ny-1]= ] [I[i]ny-1]:
} else{

// Q. Zou and X. He, Phys. Fluids 9, 1591 (1997).

tho[i][ny-1] =f{0][i][ay-1] + f11]i)[ay-1] + 3] [i][ny-1]
+ 2*(f[2][i][ay-1] + 5] (i)[ny-1] + f6][i]fay-1]):

f4](i1[ny-1] = _JIfilfny-1]:

f7][ny-1] = f]_{Ililfny-1]+ 0.5*(E]_[ilny-1] - f_[Iilfny-1]):

18] (i)[y-1] = f_JI[ilfny-1] - 0.5* (A I [ny-11 - A finy-1]):

tho[1][0] = fl0]i][0] + fI1][i][0] + 3] [i][0]
+2%(f{4][i][0] + {7][][0] + fI8][i)[0]):
f[2fi1[o] = f]_{rillol:
f[5](i][0] = f_Jitil[o] - 0.5*(A[_fiLilfo] - f_fitilroD:
fl6][1[0] = fL_NIfi[0] + o.s*(A{_l1rilro] - AL Nrilioly:
}
}

/! physics
for(1=0: 1= mx: ) { for() = 0:) < my: j++) {
tho[1][3] = 0] [1]L]: uli]l] = 0: v{1]l] = O
for(k=1: k<9 k++){
tho[1][1] = thefs][y] + fTk[1][1]:
uftli]= ufa]b] + fK][0] * ex[k]:
vhl= viab] + fK][0] * eylk]:



b

iffchof1][1] = 0){
uf1]i1] = u[a]h)rhofs][i]:
vl1][5] = v{alh)rho[a][j]:

telse{
ufi][j] =0: v[1]§] =0

b

I

} /Moop2

printf{"time = Yad¥n" time);
printf "umax(analytical) = %610 8e¥n" mx/8mm*(ny-1)5(nv-1));
printf "umax(mumerical ) = %10 8e¥n" u[nx/2|[nv/2]);

for(y = 0: y = my: y++) {for(1 = 0: 1 <nx; 1++) {
af1][j]=0"
1}

for(y =03 <ny. 1) {
nb = u[nx/2][7] ¥ 20000%mm;

for(i=0: 1< nb: i+4) {
afi]hl="-"
}
}

for(y =03 < ny. y++) {
for(i=0; 1< nx; 1++) {

printf("%ec”.al1][1]):
}
prmntf("¥n"):
1
 MNoopl

return 0;






