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$v1 IbmthermMRT for

$ gfortran -0 IbmthermMRT out  IbmthermMRT for

$ ./ IbmthermMRT out

program HalfWayBounceBack

real*8  g£(5.100,100), g0(5.100.100). gtmp(5.100,100)
real*8  mg(5.100,100). mg0(5.100,100), mc(5.100,100)
real*8  cx(5). cv(5). q(5.5). s(5.5). mm(5.5). ms(5.5)
real*s  u(100.100). v(100.100). &(100.100), ea(100.100)
real*3 tau. kap. pi. wav, u0_h. emax_emin_ err, tmp
mteger 1, J. k. m. 1p. 1m_ jp. ym. nx. ny. nfl. nf2. time
complex*8 beta, img. ec(100.100)

character (100,100, b(100.100)

c.. discrete velocity
cxil)= 0;cy(l)= 0.
cx(2)= 1:cv(2)= 0:cx(3)= 0:cv(3)= 1.
cx(d)=-1:cy(4)= 0;cx(5)= 0:c¥(5)=-1

c.. colliston matrix (g)
mm{1.1=1.0:mm(1.2)=1.0:mm(1.3)= 1.0;mm(1 4)=1.0:mm(1.5= 1.0;
mm(2.1)= 0.0;mm(2.2)= 1.0:mm(2.3)= 0.0;mm(2 4)=1 0:mm(2 5= 0.0;
mm(3.1)= 0.0;mm(3.2)= 0.0;mm(3.3)= 1.0;mm(3.4)= 0.0;mm(3.5=1.0;
mm(4.1)=4.0:mm(4.2)=-1.0:mm(4.3)=1.0:mm{4 4)=-1.0;mm(4.5)=1.0;
mmi5.1)= 0.0;mm(5.2)= 1.0:mm(5.3)=1.0:mm(5.4)= 1.0:mm(5.5)=1.0;

q(1.1)=0.2:q(1.2)= 0.0:q(1.3)= 0.0:q(1.4)= 0.20:q(1.5)= 0.00:
q(2.1=02:q(22F 05.q9(2.3)=0.0:q(24)=0059(2.5=025;
q(3.1=0.2:q(3.2=00:q(3.3)= 0.5,q(3.4)=0.05,9(3.5)=0.25;
q(4.1)=0.2:q(4.2)=0.5:q(4.3)=0.0;q9(4.4)=0.05q4.5)=025;
q(5.1)=0.2:q(5.2)=0.0:q(5.3)=-0.5:q(5.4)=0.05,q(5.5)=0.25;

tau = 0.503; kap = (tau - 0.5)/3;
dok=15dom=15;s(km) =0;enddo:; enddo:

s(1.1)=1;
s(2.2)=1/tau;
s(3.3) =1 /tau;
s(44)=1;
s(5.5)=1;

dok=15dom=15;

ms(k.m)=10.

do n =1.5; ms(k.m) = ms(k.m) + qken)*s(n.m); endde;
enddo; enddo;

time = 0; nx = 31; nv=nx + 1; h= float(ny - 2); ud =0.001
mmg = (0.0, 1.0); p1 =4 *atan(1.); wav = 2_*p1/float{nx)




.. exact solution
beta = wav¥sqri( 1. + img*ul/kap/wav)
doi1=1,nx;doj=1 0y
ec(i))exp(img*wav*float(1-1) ) beta/h/{exp(beta*h)-exp(-beta*h))
*( (1. + exp(-beta*h)) *exp( beta*(float(s) - 1.5))
.+ (1. + exp( beta*h))*exp(-beta*(float(y) - 1.5)) )
end do: end do

doi=1nx;doj=1.nv
ea(i) = real(ec(i)): e(i) = ea(i)
u(L) =ul: v{ig) =0
enddo; enddo

do1=1nx; doj=l.ay
g(Liy) =elLy)/3.
dok=25
tmp = cx(k)*u(i) + cy(8)*v(ii)
g(k.1g) = e(rg)*(1. + 3. *tmp)/6.
end do;
end do: end do

c.. calculation start
do nfl = 1. 20; do nf2 = 1,500
fime = fime + 1

doi1=1nx:doj=1lay
g0(1.1) = e(1)/3.
dok=25
tnp = cx()*u(ig) + cy(k)*v(3)
g0(k.1y) = e(11)*(1. + 3 *tmp)/6.
end do;

end do: end do

c.. multi-relaxation time
doi=1.nx: doj=1.nyv;
dok=1 5 mgk1y) =0 mgl(kiy)=0.
dom=1, 5;
mgkiy) = meg(kiy)+mm{em)* glmiy)
mg0(k 1) = mg0(k.1y) + mm(k.m)*g0(m.15)
enddo: enddo;
enddo; enddo:

doi=1l.nx:doj=11y;
dok=1. 5 meclkiy)=0.
dom=1.35:
me(k 1) = me(k.i5) + ms(k.m)*(mg(m.1) - mgl(m.iy))
enddo: enddo:;
enddo; enddo;



dﬂi=l._m§;dnj_=_l,ﬂ3-'; B B
dok=15: glk1y) = g(kiy) - me(liy); enddo;
enddo; enddo

c.. streaming
doi1=1nx: doj=lay;
dok=1.5; gmp(k.ij) = g(k.1y): end do:
end do; end do

doi1=1lmx
1p = mod(1 nx) +1;
1m = mod(1 + nx - 2nx}+l 3
doj=1lny :g(2ipj  )=gtmp(2.1); enddo
doj=1lny-1: g(3i j+ 1) = gtmp(3.1); end do
doj=lny :g(4umj )=gtmp(4.ij): enddo
doj=2ny  :g(5.1-1)=gmp(5.1)). enddo
end do;

c.. boudary condition
do1=1lmx
ip=1+1;1f{1 eq nx)1p=1
m=1-1;if(1 eq 1) m=nx
g(3..2  )=g(5.1.1 )+ cos(wav*float(1 - 1))h*kap;
g(5.1ny-1) = g(3.10y) + cos(wav*float(i - 1))/h*kap;
end do;

c.. physics
doi=lnx: doj= lay
ef1y) = g(1.13)
dok=23
ei)= ey +eglkiy)
enddo
end do; end do

g
:

(E(u) ca(u) 2,
tﬂ:lp tmp + ealL))**2;
end do; end do

err = sqri{err/tmp)

n

graphics
doi1=1 nx;doj=1.0v
a(1))='0" b(ry)="0'
end do; end do



doj=1.ny
nb = mi(u(nx/2 ;) / umax * 20)
doi=1.nb
A=~
end do
end do

emax = -1000; enun = 1000;
doi1=1nx;doj=1. 1y
if{ea(1) .ge. emax) emax = ea(1j)
if{ea(1;) le. emumn) emun = ea(1)
enddo; enddo;

doi=1.nx;doj=1.0v

iffea(1y) le. emax*1.0 )alLy='Y

ifiealiy) le. emax*0.9 + enun*0.1) a(i)="8"
ifleali)) le. emax*0.8 + enun*0.2) aliy)="T"
ifiealiy) le. emax*0.7 + enun®0.3) ali = "6
ifiealiy) le. emax*0.6 + enun™®0.4) ali )= "5
ifiea(iy) le. emax*0.5 + enun®0.5) ali )= "¢
ifiealiy) le. emax*0 4 + enun*0.6) al1y)="3"
ifiealiy) le. emax®0.3 + enun®0.7) a(iy)="2"
ifiealiy) le. emax*®0.2 + enun*0.8) a(1)="1"
ifiealiy) le. emax*0.1 + enun®*0.9) a(1y)= "0
end do: end do

emax = -1000; equn = 1000;
doi1=1.nx;doj=1.0v;
) e ) = (i)
if{e(1) le. emun) enun = e(1)
enddo; enddo:

doi=1nx;doj=1 0y

if(e(ij) le. emax*1.0 ) bij)="9"

if{e(1) le. emax*0.9 + emin*0.1) b(1j)="8"
if{e(1) le. emax*0 8 + emin*0.2) b(ij)="7T"
if{e(1) le. emax*®0.7 + emin*0 3) b(1j)="6'
if{e(1)) le. emax*0.6 + emin*0.4) b(1y)="5"
ifie(1)) le. emax®0.5 +emin*0.5) biiy)="4"
ifie(1)) le. emax®0.4 + emin*0.6) biiy)="3"
ifle(1) le. emax*0.3 + emin*0.7) b(ij)="2"
ifle(1)) le. emax*®0.2 +emin*0.8) biiy)="1"
ifie(i)) le. emax*0.1 +emin*0.9) b(ij)="0'
end do: end do

write(* *) "*— Neumann boundary condition -—*

write(* '(2,16,2.e17.10)) time " time,". err’ err

write(*'(2.i3.2f16.10))y =2  .ea(mx/2.  2).e(nx/2,
write(*'(2.i3.2f16.10))y =3  .ea(mx/2.  3).e(nx/2.

2)
3)

write(*,'(a,13,2f16.10)")'y = .nv-2.ea(nx/2 ny-2) e(nx/2 ny-2)



write(* (a.13.2f16.10))'y = ny-1 ea(nx2 ny-1) e(nx/2 ny-1)
doj=nyl1.-2

write(* *) (a(Ly)i=1mx 2)" "(biig)i=1.nx7)
end do

c.. loop nfl
end do

99 wrte(*, *)'end'




