VAT A i s fllbm for, FEIT T 7 A 4 fdlbmoout

Scp  /common' fdlbm_ori for (Scp  /common/ fdlbm oripro for )
Scp fdlbm orifor  fdlbm for ($cp fdlom orprofor  fdlbm for)
$wvi  fdlbm for

% gfortran -0 fdlbmouwt  fdlbm for

$ / fdlbm out

program fdlbm

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

real*s  (9.5.35). f(9.5.35), £0(9.5.35)
real*8  ux(5.35). uy(5.35), tho(5.35)
real*8  ux0. uy0, rhol, tau, g. nhime, mu
real®*8 dx  dy . dt

mteger nfnl nx ny

character®8 answer*®3

w0 = 0.0; uy0 = 0.0; tho0 = 1.0; tau=0.6; g =0.0005
nfnll = 100; nfnl? = 50;ntime = 0.
dx=10:dyv=1.0:dt=05

m=4; oy = 34

mu = taw/3.
call imtial{cx cv.f f0 ux uyrho nx nyuxd_ uy0 rho0)

100 donl =1, nfnll
don2 =1, nfnl2

dok=19.do1=1.nx;doj=lay
fi(lcif) = |
end do; end do; end do

ntime = ntime + 1

call phys(cx.cy £ux.uv.rho.nx.ay)

call boundary_mac(rho.ux uy.nx ny)

call equiblinmi( D
call collide(f fn 0. tau, mx.ny)

call force(cx.cv.fnrho, g.nux ny)

call stream(| I}
call boundary_muc(cx oy, furhol nx.ny)




dok=19;do1=1nx doj=1ny
fll1y) = fllkay) + fnkag)*de
end do; end do; end do

call phys(cx.cv.fux uyrhonx ny)
end do

call plot{ux_ntime_dt dymu_g nx ny)

end do

call exceldata{ux. dyv.mu. g nx ny)

end

subroutine 1nitial{cx cy.f 0 ux uvrho nx oy ux0 uy0 thol)

real®*8  cx(9). cw(9), £9.5.35). 10(9.5,35). w(9)
real*8  ux(5.33). uwi(5.35). tho(5.35)

real*8 ux0, uy0, rho0, p1

integer nx, 0y

pi=4.0%atan{1.0)

ex(l)= 0.0
cy()= 0.0
dok=29
wik)=1.

ifimod(k. 2) .eq. 1.) w(k) = sqrt(2.)
cx(k) = wik)*cos((k-2)*p1/4.0)

cy(k) = w(k)*smi(k-2)*p1/4.0)

enddo
do1=1nx
doj=1ny

(1) = ux0; uw(ij) = uy0; tho(1,j) = thoO
end do
end do

call equibliumi] b




dok=19
doi1=1nx
doj=l.oy
fik1y) = (k1)
end do
end do
end do

refurn

end

subroutine equiblium(| I}

real*8  ex(9), cw(9). £0(9,5.35)
real*8  wx(5.35), uv(5.35). rtho(5,35)
real*3 w2, tmp. alp

mteger 1, J. k. nx. 0y

doi=1nx
doj=1ny
u2 =ux(1)**2 + uy(1)**2
f0(1.44) =rho(11)®(1. - 3.2 %u2)*4 /9.
dok=14
m=k*2  :tmp = cx(m)*ux(ij) + cy(m)*uy(1y)
D(m.ij) =] |
m=k*2 +1: tmp = cx(m)*ux(1y) + cy(m)*uy(i;)
f0(m.17) =rtho(i)*(1. + 3 *tmp + 9./2 *tmp**2 - 3./2 *u2)/346.
end do
end do
end do

refurn

end

subroutine boundary mic(cx cv fnrho0 nx ny)

real*8  cx(9). cw(9), t(9.5,35), fimp(9.5.35), rhol
real*$  wxtmp(5.35), uytmp(5.35). thotmp(5.35)
wteger bilag. nx. ny



[x]

[x]

bflag=2

bounce-back boudary
ifi bilag .eq. 1) then
doi1=1nx
mG3il)=__ |
f@4il)=[ |
f(si1)=[ ]
f(7iny) =] |
fSio) 4|
f@iny) = |
end do
extrapolation scheme ( 2nd order )
else ifi bflag .eq. 2) then
dok=19
doi1=1nx
milkil) =2%*mk1.2) -f(ki3)

fa(k. Lny) =

enddo
enddo
else ifi bflag .eq. 3) then
extrapolation scheme ( 1st order )
dok=19
do1=1.nx
fa(k.11) = fn(k1.2)
fnk.Lny) = fn(k.1.0y-1)
enddo
enddo
endif

refurn
end

subroutine boundary mac(rho.ux uy.nx.nv)

real*8  ux(5.35), uv(5.35). rho(5.35)
integer nx. ny

doi1=1nx



ux(.2  )=0.
uy(n2 =0
ux(iny-1) =0
uvLny-1) = 0.
enddo
return
end

subroutine streami

c —
real*s  £(9.5.35).f(9.5.35).cx(9).cy(9)
real*3  dx dydt
real*3  tmpl. tmp?2
integer 1, 3. k. 1, jj. sflag. nx. nv

c.. sflag

c.. centered difference - 1

c.. upwind difference

sflag=1

ifi sflag .eq. 1) then

c.. centered difference

dok=19
doi1=1nx
doj=l.ay

il=1+1;12=1-1
ifi1 eq. 1) 12 =nx
1fi1 eq. nx) 11 =1
=3+ 12=5-1
ifij eq. 1) 32 =ny

ifij eq. ny) 1 =1

fn(l 1) = fn(k.17)
- ex(k)*(fk1l.y) - ka2 .))/dx

enddo

+|

|)*5




enddo
else if{sflag .eq. 2) then
c.. upwind difference

dok=19
doi1=1.nx
doj=1ny
iff ca(k). ge. 0.) then
11=112=1-1

ifiieq 1)12=nx

tmp1 = ex(k)*(f(k1ly) - flk12))/dx
else

11=1+1:12=1

ifi1 eq nx)11 =1

tmp1 = ex(k)*(f(k1ly) - fllke12))/dx

endif
1ff cy(k). ge. 0.) then
=532=3-1

ifiy .eq. 1) 12 =y
tmp2 = cy(k)*(fk.ij1) - fkij2))dy
elge
jl1=j+1:52=;
ifij .eq. ny) 31 =1
endif
fn(k i3) = fa(k.ij) - (tmp1 + tmp2)
enddo
enddo
enddo
endif

refurn
end

subroutine collide(f fa f tau, nx nv)

C ———

real*8  {9.5.35). fn(9.5.35). £0(9.5.35). tau
integer 1, J. k. ax. ny

dok=19
doi1=1nx



doj=1lny
fa(leij) = falcif) - (fkif) -[ Diran
end do
end do
end do

refurn
end

subroutme force(cx cy.fnrho g nx ny)

fr—

real*3  cx(9), ew(9), £2(9.5.35), rho(5,35), g
mteger 1. J. k. nx. ny

dok=19
doi=1nx
doj=1.ny
fn(k.1y) = fn(k.1j) + g*rho(i)*ex(k)/6.
end do
end do
end do

refurn

end

subroutine phys(cx,cv,£ux uy.rho,nx ny)

C ———

real*8  cx(9). cw(9). £19.5.35)
real*8  ux(5,35), uv(5,35), tho(5.35)
integer 1. 1. k. nx. ny

doi1=1nx
doj =1y
wx(ij) = 0: uy(ij) = 0: tho(ij) = f{1.ij):
dok=29
wx(if) = | |
uy(if) = | |

o= |
end do

end do




end do

doi1=1nx
do g =11._n1_,r
if (tho(1y) ne. 0.) then
ux(1y) = wx(1j)/rho(sy)
uy(Ly) = wylig)/rho(ry)
else
ux(1,)) = 0.
uy(Lj) =0.
endif
end do
end do

return
end

subroutine plot(ux_ ntime_dt. dy.mu g nx ny)

c ——
real*8 uwx(5.35). ntme, dt, dy, mu, g umax
integer nx, ny
uxmax = (.
do1=1.nx
doj=1.ny
iff ux(1j) ge. uxmax) uxmax = ux(1])
end do
end do
write (*, *) 'Time =", ntime*dt.', ',
. Error=",
(g¥*(ny-3)5*2%dy**2/8 /mu - uxmax)/(g* (ny-3)* *2¥dy**2/8 /mu)
c

write (*(a30.£15.10)") 'U_max (Numerical Solution)', uxmax
write (*(a30.£15.10)") "U_max (Analytical Solution)’,
cg¥oy-3)**2%dy**2/8 /mu

2010  formatix, 34el5.6)
2020  format(x, 4e15.6)



refurn

end

subroutine exceldata(ux.dy.mu. g nx nv)

C-- e e o e e e e e e e e e e s

real®*8 ux(5.35). ntime, dy, mu. g

integer nx. ny

open(unit = 20, file = 'fdlbmwvelocity', status= "unknown')
doj=2, ny-1
write(20.¥) ux(24). "
1 -g/mw/2 *float(j -2)*float(j -(ny - 1))
enddo
close(20)

200 format{1x, 20el5.6)

refurn

end

s )
Time = 2500.00000000000, Error=  4.950218500305833E-003
U max (Numerical Solution) 0.2988258898
U_max (Analyvtical Selution) 0.3003125023




