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program iblbm

real*2 £9.40.40), fN9.40,40), fop(9.40, 40}
real*8 u(40.40), w40 40), tho(40,40)

real*8 £(40.40), fy(40.40), cx(9), cy(9)
real*& xp(100), yp(100), fxpe(100), fype(100)
real*2 upt(100), vpt(100), upe(100), vpe(100)
real*2 wl, tmp, t, wd, v, thol, p0, pL, tau
real* fxp. fyp, fxe, fic, umax, vmax

real*8 1p, =xpe, ype, torg, thop

real*2 up, vp, upl, vpl, up2, vp2, mp, np
real*® omega, omegal, omegal, theta

real*® tmpl, tmp2, tmp3, d, zeta, g

integer i, j. k. m. nfl, nf2, in jo. nx. ny, np
character a(40.40), b{40.40)

t=0;d=2:p1=4*atan(1.)

nx=31; oy = 31;

c.. discrete velocity
cx(l}= 0;ecy(l)= 0.
cx(2)= 1;eyi2)= 0;ex(3)= 0;cy(¥)= 1;
cx(d)=-l;cyid)= 0;cx(3)= 0O:cyld)=-L
cx(B)= Ll;cy(6)= 1l;cx(M=-1;cy(T)= L
cx(8)=-L;cy(®) =-1;cx(9= 1;cy®=-1

c.. Imtial condifion
ul =0;vll =0.0; thol =1 p0=rhol3.

c.. immersed boundary
np = 80; thop=12;
Ip = 5. mp = pi*rp*¥2; dip = pifrp* 405
up=0;upl =0;up2=0;




wp=0;vpl=0;vwp2=0;

fp=0;fp =0 torg=0;

omega =0; omegal =0.; omega? =0.; theta=0.;
xpe= 8. ypc =20 tau =0.8; g=-0.0001

dom=1, np;
®p(m) = xpc + rp¥*eos(2. *pi*(m - 1)/float(np))
yp(m) = ype + 1p*sin(2. *pi*(m - 1)float(up))
enddo

dom =1, np;
frpe(m) = 0.; fype(m) =0.;
upe(m) = 0.; vpe(m)=0;
enddo

doi=1lnx;doj=1ny
u(Lj) = 0.; wir) =0 rho(ij) = thol;
enddo; enddo

doi=1nx;doj=1ny
w? = ulij)**2 + w(i)**2
f0{1,1]) = tho(Lj)*(1. - 3.2 *u2)*4./9,
dok=25
tmp = ex(k)*u(ij) + cyl)*v(ij)
f0(k.1,)) = tho(ij)*(1. + 3. *tmp + 9./2 #tmp**2 - 3.2 *u2)/9.
end do;
dok=69
tmp = ex(k)*u(ij) + cy(k)*v(ij)
f0(k.i,)) = tho(Lj)*(1. + 3. *toap + 9./2. *tmp**2 - 3.72.*u2)/36.
end do;
dok=19; flkij)=100ki;); end do;
end do; end do

c.. calculation start
do nfl = 1, 500; do nf2 = 1,100
t=t+1

c.. equliboum dismbution fimetion
doi=1lnx; doj=1ny



w2 =u{Lj)** 2 + vy =2
(1100 = tho(ij)*(1. - 3.2 *u2)*4 /9
dok=235
tmp = cx(k)*u(ij) + cy®)*v(j)
Ok i) =rho(Ljy*(1. + 3 *mp + 9.2 Fmp**2 - 3.2 *u2)0.
end do;
dok=2629
tmp = ex{k)*ulL)) + cyk)*vig)
fOlk 1)) = tho(L)*(1. + 3. *tmp + 9./2 *mp**2 - 3./2.*u2)36.
end do;
end do; end do

c.. collision
doi=1lnx;doj=1ny,dok=109;
flk.1)) = fik.1j) - (fk.1)) - (k1)) tan
end dozend do; end do

c.. forcing
doi=1nx; doj=1my;
dok=25;
1k i) =Rk L) o)+ ey ()3,
end do;
dok=619;
1k i) =Rk Fen)+fy G ey ()12,
end do;
end do; end do

c.. streaming
doi=1lnx;doj=1lmy,dok=109;
ftmp(k.1j) = fk.]):
end do; end do; end do

doi= lnx-1;doj= Iluny
f21+ 1) )= fimp(2.1));

end do; end do

doi= lnx;doj= 1my-l
fi3ij+1)="~fmp(3.ij)

end de; end do

doi=2nx;doj= lny
f4i- 1)) = fap(4i]):



end do; end do

doi= Ilanx;doj=2ny
f5: - 1) = Fmp(5.i);

end do; end do

doi= lnx-l:doj= Lny-1
fi6.1+ 1)+ 1) = foap(6,1);

end do; end do

doi=2nx; doj= 1lmy-1
§7.i- 1j+ 1)= fmp(7.4);

end do; end do

do1=2nx; doj=2mny
£8i- 1] -1)= fmp(8.);

end do; end do

doi= lmnx-1:doj=2ny
£9.i+ 1 - 1) = fmp(9.1,);

end do; end do

¢.. bonmdary condition

doi= 1nx;
fi3.L D=1£51 1)
fi6.1 1)=1£8., 1);
f7.1 1)=1091, 1)
f(5.iny) = f3.i.my);
£{8.10y) = £6.10y);
£9.1my) = f7.10y);

end do;

doj= lay;
£2, 1j) =14, 1);
£6, 1) = £8, 1;
£9, 1j)=£7. 1)
f{4.mx j) = (2 nx j);
8. ) = 6. )
£9.mx j) = £7.0x );

end do;

c.. physics
doi=1lnx; doj=lny
u(ij) =0 w(ij) =0.; tho(ij) =(Lij):
dok=29
uip=  u)+ fkipex®)



vi= v+ fkijrey®)
rho(Lj) = rho(ij) + flk i)
end do; end do; end do
doi=1nx; doj=1mny
if (tho(i)) .ne. 0.) then
u(i,)) = u(Lj)rho(ij)
Vi) = v(L])/tho(i])

glze
ulpy =0;vip =0;
endif
end do; end do

c.. immersed boundary condition
do m= 1, np; fxpe(m) =0.; fype(m) =10.; enddo

c.. Interpolation: properties (w, v) -—= (upt, vpt)
dom=1, np;

upt{m) = 0_; vpt{m) = 0.;

do i = int(xp(m)) - 3, int(xp(m)) + 3

do j = int(yp(m)) - 3, int(yp(m)) + 3
tmp1 = abs(xp(m) - 1); tmp2 = abs(yp(m) - )
m=1mn=j
iffi lee. 0)in=nx+ i
ifli.gt mx)m=1 -nx
iffj le. 0 jn=ny+ ]
ifj gt ny)jn=j -ny

if{tmpl le. d) then
tmp3 =|
else

tp3 = 0.
endif

ifftmp2 le. d) then
tup3 = |
elze
tmp3 =10.
endif
upt(m) = upt(m) + ulinjn)*mp3
vpt(m) =| |




enddo; enddo
enddo

dom=1, np;
fipe(m) = upe(m) - upt(m)
fype(m) =|

enddo

c.. Spreading: force (fyib, fiib) -— (&, fy)
do1=1nx;doj=lmy;
fif) = 0 fy(ij) =0
enddo; enddo

dom=1. np;
if(xp(m) gt nx)xp(m)=mod(xp(m), float(nx}))
iflyp(m) gt ny) yp(m) = mod(yp(m), float(ny))
do 1 = mt{xp{m)) - 3. mt(xp{m)) + 3
do j = int(yp(m)) - 3, int(yp(m)} + 3
tmp1 = abs(xp(m) - i); tmup2 = abs(yp(m) -
m=Lm=].
ifitle. m=mx+ 1
ifil .gt. nx)in=mod(1nx)
iffj le. O)jn=ny+ j
1) gt ny) jn=mod(j.ny)

ifitmpl le. d) then
tmp3 =|
elze
tmp3 = 0.
endif
ifitmp? le. d) then
tmp3 =|
elze
tmp3 = 0.
endif
fic(in jn) = fi(injn) + Fepe(m) *tmp3*2. *pi*rp/float(up)

fy(in.jn) = fy(injn) +|

enddo; enddo
enddo



.. parficle-wall collision
zeta= /8
.. left wall
tmp] = abs(xpec - 1. + 1p)
if{apl 1t 2 *rp + zeta)then
free = fxe + (xpe - 1. + p)fabs(xpe-1.+1p)
*((2.*1p - tmp1 + zeta)/zeta)**2*0.00001
endif
.. bottom wall
tmpl = abs(ype - 1. +1p)
if{apl 1t 2 *rp + zeta)then
fyre = fyc + (ype - L. + rp)/abs(ype-1.+1p)
*((2.*1p - tmp1 + zeta)/zeta)**2¥0.00001
endif
.. Tight wall
tmp] = abs(xpe - nx - 1p)
if{tmpl 1t 2 *rp + zeta)then
e = fxe + (xpe - nx - p)fabs(xpenx-rp)
*((2.*1p - tmp1 + zeta)/zeta)**2*0.00001
endif
.. top wall
tmpl = abs(ype - ny - 1p)
if{opl 1t 2 *rp + zeta)then
fyre = fyc + (ype - ny - 1p)/abs(ype-ny-1p)
*((2.*1p - tmp1 + zeta)/zeta)**2*0.00001
endif

.. particle motion
fp=0;fp=0;torg=0.
dom= 1, np;
fxp = fxp + fxpe(m);
fyp = fyp + fype(m)
torq=torq +  fype(m)*(xp(m) - xpc)
- fxpe(m)*(yp(m) - ypc)
enddo
fip = -fxp*2. *pi*rp/float(up)
fyp = -£yp*2. *pi*p/foat(zp)
torg= torg*2. *pi*p/float(np)

de  =(fp + fxc)Thopmp +(1. - 1.7hop)*g



dy =(fyp+ fyc)thop/mp +(1.- L/thop)*g
up =(1+Llihop)*upl - Lithop*up2 + dx

v

omega={ 1 + 1_thop)*omegal- 1 /Thop*omega?
- torg/thop/ip

xpe = xpc + (up +upl)*0.5

ype =| |

theta = theta + (omega + omegal)}*0.5

upl= upl:  upl=  up:
wpl=  vpl; wl=
omegal =omegal; omegal =omega;

dom=1, np;
xp(m) = xpc + rp*cos(2. *pi*(m - 1)/float(np))
yp(m) = ype + rp*sin(2. *pi*(m - 1)/float(np))
enddo;

dom=1, np;
upe(m)=up - omega*(yp(m) - ypc);
vpe(m) =vp +omega*(xp(m) - xpc);
enddo

c.loop nf2
enddo
c.. graphics
doi=1 nx;doj=1ny
a(L)= "+ blrp="9"
end do; end do

doi=1nx;doj=1 ny
if{(1-xpc)**2 + (-ype)**2 le. p**2) alij)=""
end do; end do

umax = (.; umin = 100 ;
doi=1nx;doj=1ny
w2 =ulL)**2 + w(L))**2
iflu? gt nmax) umax =u?
if{u? It. umun) umin = ul
end do; end do



doi=1nx;doj=1,my
w2 =uli ¥ + vl )2
if{u2 le. umax*0.9 + umin®*0.1) bij)= "8
if(u2 le. umax*0.8 + umin®0.2) b{ij)="7
iffu? le umax*0.7 + umin®0 3) biij}= "¢
iffu? le umax*0.6 +umin®0.4) biij}="y
iffu2 le. umax*0.3 + umin®0.5) biij)= "4
if(u2 le. umax*0.4 + umin®*0.6) biij)= "3
iffu2 le. umax*0.3 + umin®0.7) biij)= "2
if(u2 le. umax*0.2 + umin®0.8) b{ij)="1"
iffu? le umax*0.1 + umin®0 %) biij}="0'
end do; end do

write(*,*) £, xpe.ype
doj=ny1.-1

write(*.*) (a(ij)i= Lax). *, (blij)i = Lux)
end do

c.. loop nfl
end do

stop
end



