V= A T A A bmtherm for, FIT T 7 /L& lbmtherm out
Scp /common/lbmtherm o for

Scp Ibmtherm orifor lbmtherm for

$wv1  Ibmtherm for

§ gfortran -0 Ibmtherm out  [bmtherm for

$ ./ Ibmtherm out

program Ibm_therm

real*8  cx(9), cv(9)

real*8  £{9.120.120). £0(9.120.120). tmpf(9.120.120)
real*8  £(9.120.120), £0(9.120.120), tmpe(9.120.120)
real*$  u(120.120). v(120.120), tho(120.120). e(120.120)
real*8  £(120.120). f(120.120). £i(9.120.120)

real*s w0, v0, ut. ub, ul. ur. vt. vb. vl vr

real*S rhoD, e0. et, eb, el, er, em. vmax, umun

real*8 w2, tmp, c. tauf ntime, taug, kap. mu, pr, ra, h, beta
real*3  tmpl, tmp2. tmp3

integer 1. . k. m. 11, 37, nx, ny, nfnll, nfnl2

character a(120,120), b(120.120)

nfnll = 100; nfal? = 10; ntime =0._;
nx=36:ny=36; h=ny-1
pr=0.71;

1a =10000.;

wld= 0;v0=0;rhel=1.0;

ut= O0:ub=0;ul = 0:uw=0;
vi= 0:vb=0.vl = 0.w=0;
et= 0:;eb=0;el = 0O er=1_;

em=05:e0=05%el +er)

beta=01/(el - er)'h
kap = sqrt(0. 1*h** 2/pr/ra); taug =kap®*1.5+0.35
mu = pr¥kap; tauf =3*mu +0.5

c=1.

cx(1)= 00;cy(l)= 00
cx(2) = |:|: cv(2) = I:l
cx(3) = l:': cy(3) = I:l
cx(4) = |:|: cvi4) = I:'




cx(5)= -c: cy(5)= ¢
cx(6) =-1.0:cy(®) = |_|
x(N=-10cx(N= [ ]
x(8)= 00:cy(8)= [ ]
x(®)= L0y = [ ]

c.. initial condition
do1=1nx doj=1ny
u(1j) = u0; v(1) = v0: rho(1) = rhoO:
e(tg)=(er-el)*(1- 1) (mx- 1) + el
end do; end do

do1=1nx
wil)=ub; wi1.1)=vh; e(1Ll)=c¢eb
u(iny) = ut; v(Lny) = vi; e(iny) =et
end do
dojy=1ny
uw(l g)=ulv(l g)=vl e(lj)=cel
u(nxy) = ur vinxg) =vr:  e(nx) =er
end do

doi=1nx
doj=1ny
u2 =u(1))**2 + v(1g)**2
f0(1.13) =rho(17)*(1. - 3./2. *u2)*4./9.
dok=14
m=k*2  :tmp = cx(m)*u(1j) + cy(m)*v(ij)

fO(m.ij) =|

m=k*2 + 1: tmp = cx(m)*u(1y) + cy(m)*v(1J)
f0(m.17) = rho(L;)*(1. + 3 *tmp
+ (9./2. *tmp**2 - 3./2. *u2))/36.
end do
end do
end do

doi1=1nx
doj=1.ny
u2 =u(L)**2 + v(1g)**2
g0(1.11) =rho{1.))®e(1.1)*u2*2./3.
dok=14



m=k*2 tmp = ex(m)*u(Ly) + ev(m)*v(i.)

g0(m.ij) =|

m=k*2 + 1 tmp = cx(m)*u(1) + cy(m)*v(1)
g0(m.13) = tho(1j)*e(1)*(3. + 6. tmp
+ 9.2 *tmp**2 - 3./2 *u2)/36.
end do
end do
end do

dok=19doi1=1nx; doj=1ny
fik.1)) = f0(k.1y)
end do: end do: end do

dok=19do1=1nx;doj= Loy
g(k.1g) = g0(ky)
end do: end do: end do

100  donl =1, nfnll; do n? =1. nfnl?
ntime = ntime + 1

do1=1nxdoj=1ny
B(ig)= 0. fy(L)) =beta*(e(1y) - em)
end do; end do

doi1=1lnxdoj= 1oy
w(1) = 0: v(1y) = 0: tho(1y) = {1.19): e(Ly) = g(1.13):
dok=29
u(ij) = | |
vij) = | |
tho(ij) = | |
e(if) = | |
end do
end do; end do

doi1=1nx; doj=1ny

if (tho({11) ne 0 then
u(i) = w(1)/tho(ij)
v(1) = v(1j)/tho(j)



e(1y) =e(1y)/tho(1y)

else
u(yy) =0
viyy) =0
e(1)) =0.
endif
end do; end do

doi=1nx;doj=1ny
vyl = (1) +beta*(e(1) - em)*0.5
end do; end do

doi=1nx
doj=1ny
u2 =ulL))**2 + v(1g)**2
f0(1.13) =rho(i)*(1. - 3./2 *u2)*4 /9.
dok=14
m=k*2 stmp = cx(m)*ult 1) + evm)*wig)

fo(m.ij) =|

m=k*2 +1: tmp = cx(m)*u(ty) + cy(m)*v(1)
f0(m.17) = rho{1)*(1. + 3 *tmp
+ (9./2 *tmp**2 - 3./2.*u2))/36.
end do
end do
end do
doi=1nx
doj=1ny
u2 = ufL))**2 + v(1y)**2
g0(1.11) =-tho{1.))*e(1*u2*2./3.
dok=14
m=k*2 ;tmp = cx(m)*u(Ly) + cy{m)*v(ig)

20(m.ij) =|

m=k*2+1; tmp = cx(m)*u(1) + cy(m)*v(1)
g0(m.1) = tho(1))*e(1.1)*(3. + 6.*tmp
+9./2 #tmp**2 - 3./2 *u2)/36.
end do
end do
end do

doi1=1nx



doj=1nv
tmpl = (1)) * (1) + v(1)* fy(1)
fi(1.13)=4./9*(1. - 0.5/tavf)*rho(1;)*(-3 *tmp1)
dok=14
m=k*2
tmp2 = ex(m)* (1) + cy(m)*fy(1.7)
tmp3 = u(1)*fx(19)* cx(m)*cx(m)
+u())* fy(1g)* ex(m)*cy(m)
+v(11)* (1) *cy(m)*cx(m)
+v(1))* fy(1)*cy(m)*cy(m)
filmag) = 1./9.*%(1. - 0.5/tauf)*rho(1.7)*
(3. *tmp2 + 9.*tmp3 - 3.*tmp1)
m=k*2+1
tmp2 = cx(m)* (1) + cy(m)*£y(1))
tmp3 = u(1))*fx(14)* ex(m)*cx(m)
+u(1))* fy(1)*ex(m)*cy(m)
+v(19)* (1) *ey(m) *cx(m)
+ (1)) * (1) *cy(m)*cy(m)
fi(mag) = 1./36.%(1. - 0.5/tauf)*rho(1)*
(3. *tmp2 + 9.*tmp3 - 3.*tmp1)
end do
end do
end do

c.. collision
dok=19:do1=1.ax; doj=lay
fikif) = flki) - (fkij) -[ |)/tanf+ fi(kij)
o(kij) = g(kij) - (e(kif) -[_ ])itang
end do: end do: end do

c.. streaming
dok=19doi1=1nx;:doj=1ny
tmpfik.iy) = flk1,); mpg(kiy) = glkig)
end do: end do; end do

dok=19

1fik .eq. 1) then
doi=1nx;doj=1ny

u=1 =]
fik.1135) = tmpfik.1 )



g(kiyy) = tmpg(k.iy)
end do; end do

else ifik .eq. 2) then
doi1=1mx-1;doj=1ny
n=1+1:3=]
f{k.11.3y) = tmpfik.13)
g(leiyy) = tmpg(k.iy)
end do; end do

elze 1fik .eq. 3) then
doi=1mnx-1;doj=1ny-1
a=[ Ju=[]
f{k.11.9y) = tmpfk.1)
gl yy) = tmpg(k.iy)
end do; end do

else ifik eq 4) then
doi=1nx;doj=1ny-1
a=i =]
fik1143) = tmpfik.14)
g(leityy) = tmpg(k.iy)
end do; end do

else ifik eq. 5) then
doi1=2nx;doj=1ny-1
i=  fu=[_]
flciy) = tmpfk.ay)
g(lkeuyy) = tmpg(kiy)
end do; end do

else ifik eq. 6) then
do1=2nx; doj=1ny
i= oL
fk.11)) = tmpfk.1)
g(kiyy) = tmpg(k.iy)
end do; end do

else 1fik .eq. 7) then
do1=2nx; doj=2ny



i=[ =[]

fik.11j5) = tmpfik.1)

g(leyy) = tmpg(kay)
end do; end do

else ifik eq. 8) then
doi1=1nx; doj=2.ny
i=[  Fi=[ |
f{le11p) = tmpfik.j)
glleny) = tmpg(kag)
end do; end do

else ifik eq. 9) then
doi1=1nx-1; doj=2.ny
i=[ Fi=[_ |
fik.1157) = tmpfk.ij)
glleny) = tmpg(kag)
end do; end do
end if
end do

c.. boundary condition
doj=1ny

g(3.1y)=-g(7.13)

+2¥(H(3.13) +£7.14))
+rtho(17)%(1. + (ul**2 + 3 *ul®*vl + vI**2))*el/6.
- tho(1.y )*(1. + 3 *%(ul**2 + 3 *ul*vl + v1**2))/9.

g(2.15)=-g(6.13)

+  (f2.1)+1(6.15))

+1ho(1§)*(1.+ (2 *ul**2 _ )y *ell3.
tho(1.,j )¥(2. + 3.%(2 *ul**2 C1*E2))/9.
g(9.15)=g(5.13) +2.%(f(9,15) +1£i5.13))

+rho(1§ (1 +  (ul**2 - 3.%ul*vl+ vI**2))*el/6.
_tho(1,j )¥(1. + 3.*(ul**2 - 3 *ul*vl + vI**2))/9.

g(7.0xj ) =-g(3.0xy)
+2%(f3.mx ) + f{7.0x )
+rhoi(nxj y*(1. + (ur®*2 + 3 *ur*vr + vr**2))*er/6.
- tho(nx g )*(1. + 3. *(ur**2 + 3 Fur®vr + ve**2))/9.
g(6.nxj ) =-g(2.nx )



+  (H2.axy)+ fl6.nx] )
+rho(nxj )*¥(1. + (2 *ur**2 - vr*E2) ) *er/3.
- tho(nx, )*(2. + 3.%(2 *ur**2 -vr**2))/9.
g(5.0xj ) =g(9.nx ) +2.*(f{9.nxy ) + f{5.0x )
+ rho{nx g )¥(1. + (ur**2 - 3 *ur*vr + vr**2)) *er/6.
- tho{nx 1 )¥(1. + 3 *(ur**2 - 3 *ur¥vr + wr**2))/9.
end do
do1=1nx
eb=4%e(1, 2)3.-e(1. 33

et =4 *e(1ov-1)/3. - e(iny-2)/3.

c ebh=ef1. 2)
c et =e(1ny-1)
g(3..1)=g(7.01)
+2¥H341)+67101))
+rtho(1.1 )¥(1. + (ub®**2 + 3 *ub*vbh + vb**2))*eb/6.
- tho({1,1 )*(1. + 3 *(ub**2 + 3 *ub*vb + vh**2))/9.
g4il)=g(811) + (f411)+1(8.11))
+rho(1.1 )*¥(1. - (ub**2 - 2 Fyh**2))*eb/3.
- tho({1,1 )*(2. - 3 *(ub**2 - 2 *yb**2))/9.
g(5.0.1)=g(9.11) +2%(f(5..1)+£9..1))
+rho(1.1 )*¥(1. + (ub®*2 - 3 *ub®*vh + vh**2))*eb/6.
- tho({1,1 )*(1. + 3 *(ub®*2 - 3 *ub®*vb + vb**2))/9.
g(7.L0y) =-g(3.L0y) +2.*(f(3.1.0y) + §7.1.0y))
+ rho{i.ny)*(1. + (ut**2 + 3 FurFyt + vt**F2))¥et/6.
- tho{tav)®(1. + 3 ¥ (ut**2 + 3 FutFvt + wt**2))9.
g(8.1.0y) =-g(4.Lny) +  (f4.1n0y) + f(8.10y))
+ rho(i.nv)*(1. - (ut**2 - 2 FFED) ) Fer/3,
- tho(1ay)*(2. - 3 *(ut**2 - 2 EE2)9.
g(9.Lay) =-g(5.10y) + 2 *(f(5.1.0y) + f9.1.0y))
+ rho{iny)*(1. + (ut**2 - 3 *ut¥vt + vt**2))*et/6.
- tho{tny)® (1. + 3 *¥(ut**2 - 3 Fut¥vt + vt**2))9
end do
.. corner
don=14
ifin eq. 1) then

! Bot - Lef
1= 1;1=1:k1=5k2=9

utmp = (ub+ul)*0.5; vimp = (vb+vl)*0.5; etmp = (ebt+el)*0.5
else 1fin .eq. 2) then ! Top - Rag



1=mx; j=ny. kl=5k2=9
utmp = (ut+ur)*0.5; vtmp = (vt+vr)*0.5; etmp = (et+er)*0.5;
else ifin eq. 3) then | Top - Lef
1= l;j=ny:kl=3k2=7
utmp = (ut+ul)*0.5; vimp = (vi+v1)*0.5; etmp = (et+el)*0.5;
else ifin .eq. 4) then | Bot - Rig
1=mx; 1= 1:kl1=3k2=7
utmp = (ub+ur)*0.5; vimp = (vb+vr)*0.5; etmp = (eb+er)*0.5;
endif
u2 = utmp**2 + vimp**2;
tmp = cx(k1)*utmp + cy(kl ) *vtmp
g(kl.17) =tho(1j)*etmp®(3. + 6. Ftmp
+9./2 *tmp**2 - 3./2.*u2)/36.
tmp = cx(k2)*utmp + cy(k2)*vtmp
g(k2.15) = rho(1y) *etmp*(3. + 6.*tmp
+ 9.2 *tmp**2 - 3./2.*u2)/36.

enddo

doj=1ny
tho(1.g) =(f{1.15) + f4.15) + f{8.1))
+2.%(f5.19) + f(6.19) + §7.15)))(1. - ul)
f{3.1.)) = f(7.1) + 0.5%(f8.1y) - f{4.13))
+ tho(1.3)*(ul/6. + v1/2.)
f12.1.4) = fi6.15) + rho(1.j)*ul*2./3.
f(9.1.) = f{5.1) - 0.5*(f{8.15) - f{4.13))
+ tho(1)*(ul/6. - v1/2.)

tho(nxj) =(f{1.nx ) + fi4.nx) + f{8.nx)
+2.%(f3.0x ) + f(2.0xg) + £{9.0x 1)))/(1. + ur)
f{7.0x) = f(3.0x) + 0.5%(f{4.0x) - f{8.0x 7))
- tho(nx 1)*( ur/6. + vr/2.)
f{6.0x§) = f(2.0x ) - rho(nx.j)*ur*2./3.
f{5.0x ) = f{9.0x) - 0.5%(f{4.0x ) - {8.0x7))
- tho{nx j)*( ur/6. - vr/2))
end do
doi1=1nx
tho(1.1) =(f{1..1) + fi2.0.1) + fl6.1.1)
+2 ¥ H72.1)+ f8.4.1) + §9.0. 1)1, - vb)



f3.1.1)=H7.1.1) - 0.5%(f2.1.1) - f6.0.1))
+ tho(i.1)*( ub/2. + vb/6.)

f4.1.1) = f8.i.1) - tho(i.1)*vb*2./3.

5.4.1) = §9.1.1) + 0.5%(2.1.1) - £6.1.1))
+ tho(i.1)*(-ub/2. + vb/6)

tho(1.ny) =(f{1.1ny) + f{2.Lny) + f6.L0y)
+2.%(f3.1ny) + f{4.10y) + f{5..0¥)))/(1. + v1)
f(7.10y) = f(3.1.0y) + 0.5%(f{2.1.0y) - f6.1.0y))
- tho{Lny)*{ ut/2. + vt/6)
fi8.10v) = f{4.1.0v) - tho(Lov)*vt*2./3.
1(9.10y) = f(5.1.0y) - 0.5*(f2.Lny) - £6.1.0y))
; - tho(Lav)*(-ur'2. + vi/6.)
end do
C.. Cormer
don=12
ifin .eq. 1) then
1=13=1:
utmp = (ub + ul)*0.5; vtmp = (vb + v1)*0.5;
else
1=nx; j = ny;
wtmp = (ut + ur)*0.5; vimp = (vt + vr)*0.5;
endif
u2 = utmp**2 + vtmp**2:
dom=12
ifim eq. 1) k=5
ifim eq 2) k=9
tmp = cx(k)*utmp + cy(k)*vimp
f{k.1) = rho(1)*(1. + 3.*tmp
+(9./2 *tmp**2 - 3./2.*u2))/36.

enddo
enddo
don=12
ifin eq. 1) then
1=1;1=ny;
wtmp = (ut + ul)*0.5; vtmp = (vt + vI)*0.5;
else
1=nx; j=1;

utmp = (ub + ur)*0.5; vtmp = (vh + vr)*0.5;
endif



u2 = utmp**2 + vitmp**2;
dom=1.2
ifim eq 1) k=3
ifim eq 2) k=5
tmp = cx(k)*utmp + cy(k)*vtmp
f{k.1) = rho(Ly)*(1. + 3. *tmp
+(9./2 #tmp**2 - 3./2 *u2))/36.
enddo
enddo

end do

c.. graphics

doi=1 nx: doj=1 ny
a(L))="9"; b(ij)="9

end do; end do

write(*.*) ntime

doi=1 nx:doj=1 ny
ifie(1) le. er*0.9 + el*0.1) a(1y)="8'
ifie(1y) le. er*0.8 + el*0.2) a(1y)="T"
ifie(1) le. er*0.7 + el*0.3) a(1y)="6'
ifie(1) le. er*0.6 + el*0.4) a(1y)="5"
ifie(1) le. er*0.5 + el*0.5) al1y)="4
ifie(1) le. er*0.4 + el*0.6) a(1y)="3"'
ifle(1) le. er*0.3 + el*0.7) a(1y)="2'
ifie(1) le. er*0.2 + el*0.8) a(1y)="1"
ifie(1) le. er*0.1 + el*0.9) a(1y)="0'

end do; end do

umax = 0.; umn = 100.;
doi=1.nx:doj=1 0y
u = sqrt(u() **2 + v(17)**2)
ifilu? gt umax) umax = u?
1f{u2 It umin) umin = u2
end do; end do
doi=1.nx:doj=1, 0y
u2 = sqrt(u(L)) **2 + v(17)**2)
if{u2 le. vmax*0.9 + umin*0.1) b(1,j)="8'



1f{u2 le. umax*0.8 + umin®*0.2) b(1j)="7"
1f{u2 le. umax*0.7 + umin®*0.3) b(1j)="6"
if(u2 le. umax*0.6 + umin*0.4) b(ij)="5"
if{u2 le. umax*0.5 + umin®*0.5) b(ij)="4"
if{u2 le. umax*0.4 + umin*0.6) b(i j)="3'
if(u2 le. umax*0.3 + umin®*0.7) b(ij)="2"
if(u2 le. umax*0.2 + umin*0.8) b(ij)="1"
if{u2 le. umax*0.1 + umin®*0.9) b(ij)="0"
end do; end do

doj=nyl.-1

write(*.*) (a(i)).1= Lox). " (b(1).1 = 1.nx)
end do
write(* ®) "*- -

end do

c.. Excel data writing

200

open(umt = 10, file = ‘velocityx', status= ‘unknown’)
doj=1.nv
write{ 10, 200)(ui1. 7). 1= 1, nx)
end do
close{10)

open(umt = 20, file = ‘velocityy’, status= ‘unknown’)
doj=1.nv
write{ 20 200)(vi1. 7). 1= 1, nx)
end do
close(20)

openfumt = 30, file = 1:', status= "unknown")
doj=1.ny

wrie(30200( )

end do
close(30)

format{1x, 36el5.6)

end



