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f middle(i,j,k)=0.d0;
g middle (i, 3,k)=0.d0;
f(i,3,%k)=0.d0;
g(i,j,k)=0.d0;
feq(i,J,k)=0.d0;
geq(i,J,k)=0.d0;

!**********************
density (i, j)=0.d0;

!**********************
ul(i,§)=0.0;
v1l(i,j)=0.0
u x(i,3)
u y(i,Jj)
Muo (i,7)

=0.0;
=0.0;
=0.0;
end Do

end Do

end Do

ksi=1.5D0;
sigma=0.01D0

Ga=4.0;
Kk=(3*sigma*ksi)/4.D0;
aa=(2*Kk) / (ksi**2.D0) ;

e "
! !
www (9)=(4.0/9.0);
alpha (9)=-4*2/6;
do k=1 , 4

www (k)=(1.0/9.0);

alpha(k)=1/6;

www (k+4)=(1.0/36.0);

alpha (k+4)=1/6;
end Do
Cx(9)= 0.0 ; Cy(9)= 0.0 ;
Cx(1)= 1.0 ; Cy(l)= 0.0;
Cx(2)= 0.0 ; Cy(2)= 1.0;
Cx(3)=-1.0 ; Cy(3)= 0.0;
Cx(4)= 0.0 ; Cy(4)=-1.0;
Cx(5)= 1.0 ; Cy(5)= 1.0;
Cx(6)=-1.0 ; Cy(6)= 1.0;
Cx(7)=-1.0 ; Cy(7)=-1.0;
cx(8)= 1.0 ; Cy(8)=-1.0;
| o o _ |
e initialization-------------"-"-"-"-"-"-"-—-——--————— !
| o o ___ |
do j=1,jm

densityl(i,j)=0.0;"!
density2(i,j)=1.0

15



density (i, j)=densityl (i, j)+density2(i,j);

Phi (i, j)= (densityl(i,j)- density2(i,j))/ density(i,j):
end Do
end Do
1 |
do j=1,7m

do i=1,im
if ((1>=60.0-20.0) .AND. (i<=60.0+20.0) .AND. (j>=60.0-20.0) .AND.
(j<=60.0+20.0) ) then

densityl (i, j)=1.d0;
density2(i,j)=0.d0;!10"(-6);
density (i, j)=densityl (i, j)+density2(i,j);
Phi(i,j)= (densityl(i,j)- density2(i,j))/ density(i,j):
end if
end Do
end Do
i
v 3
| |
e MaCro———————————————————————————— !
1 i
do j=1,Jm
do i=1,im
density(i,j) = sum( f(i,3,:) ):
Phi(i,J) = sum( g(i,3,:) )
end Do
end Do

do j=1,jm
do i=1,im
ul (i, )=( f(i,3,1)-£(1,3,3)+£(1,3,5) -f(1,3,6)-f(1,3,)+£(i,3,8) )
u x(i,3j)= (ul(i,3)+0.5*Muo(i,])*GradPhix(i,]))/density(i,J);
vl(i,J)=( £(1 :],2)—f(irj,4)+f( /3,9 +E(,3,6)-£(1,3,7)-£(1,3,8) )
u y(i,j)=( vl(i,j)+0.5*Muo(i,J)*GradPhiy(i,J))/density(i,]);
end Do
end Do

do i=1,im
do j=1,jm
Muo (i,3j)=aa*Phi (i,3)* ((Phi (i, 3)**2.0)-1) -Kk*LapPhi (i,7);
o(i,3)=0.5*(1-Phi(i,J))*no2+0.5* (1+Phi(i,Jj)) *nol;
taof (i,3)= ((no(i,j)*3)/density(i,J))+0.5;
end Do
end Do




do i=1,im
do j=1,Jjm
GradPhix (i, j)=dPhix (i,73);
GradPhiy (i, j)=dPhiy (i, J);
end Do
end Do

dPhix (i,73)=3.0*%0.5*((1.D0/9.D0) *2* (Phi (ip,j) -Phi (in,Jj))+(1.D0/36.D0) *2* (Phi (ip, jp) -
Phi (in, jn) +Phi (ip, jn) -Phi (in, jp)))

dPhiy (i,3)=3.0*0.5*((1.D0/9.D0)*2* (Phi (i,jp) -
Phi(i,jn))+(1.D0/36.D0)*2* (Phi (ip, jp) -Phi (in, jn) +Phi (in, jp) -Phi (ip, jn)))

CF o

do j=1,7jm
do i=1,im
femp2=(u x(i,3)*u x(i,3))+( u y(i,3) * u y(i,3) )
gemp2=(u_x(i,3)*u_x(i,3))+( u_y(i,3) * u y(i,3) );
do k=1, kp
femp3= Cx(k)*u x(i,J)+Cy(k)*u y(i,3);
gemp3=Cx (k) *u_x(i,3j)+Cy (k) *u y(i,]);
feq (i, j, k)=www (k) * (A(i,J,k)+(density(i,j)*( 3.0*femp3 + (9.0/2.0)* (femp3**2.0) -
(3.0/2.0)*femp2))) ;
geq (i, J,k)=www (k) * (B(i,J,k)+(Phi(i,]J)*( 3.0*gemp3 + (9.0/2.0)* (gemp3**2.0) -
(3.0/2.0) *gemp2))) ;

end Do
end Do
end Do
| |
!
do j=1,3jm
do i=1,im
B(i,3,9)=(Phi(i,]J)-(1l-www(9))*Ga*Muo (i,3) *3) /www (9) ;
do k=1,ik-1
B(i,j,k)=Ga*Muo (i, ]) *3;
end Do
end Do
end Do
I}
do j=1,3jm
do i=1,im
A(i,j,9)=(density(i,Jj)-(1l-www(9)) *Pressure (i, ) *3) /www(9);
do k=1,ik-1
A(i,j,k)=Pressure(i,j) *3;
end Do
end Do
end Do
|
|=======——=====—————====—c——=—mmmm=——m—mmmme=—==
! Pressure
I EEEEEEEEEES———————————.—.—.,
do j=1,jm
do i=1,im
Pressure(i,j) = (density(i,j) /3.0)+(Phi(i,])*Muo(i,]j)):;
end Do
end Do




| =============== collision======================
| o o ___.____
do j=1,jm
do i=1,im
do k=1,kp
femplx=Cx (k)-u x(i,3);
femply= Cy(k)-u_y(i,3);
fempd= ( (3* femplx)+ (9*femp3*Cx(k)))*GradPhix (i, j) *Muo (i, )
femp5= ( (3* femply)+ (9*femp3*Cy(k))) *GradPhiy (i, j) *Muo(i,]);
fimiddle(i,j,k)=f(i,j,k)—((f(i,j,k)—feq(i,j,k))/taof(i,j))+((1—
(1.0/(2.0*taof (1i,73)))) *www (k) * ( fempd+ femp5));
g_mlddle(lljlk):g(lljlk) - ( (g(lrjrk) _geq(irjrk) ) /taog) ;
end Do
end Do
end Do
|
'—; Ckauué
!
e streaming-------——-—-—-————-———— !
1
do j=1,jm
if (j>1) then
jn=3-1;
else
jn=jm;
end if

if (j<jm) then
jp = j+1;
else
jp=1;
end if

do i=1,1im
if (i>1) then
in=i-1;
else
in=im;
end if

if (i<im) then

ip=i+1;
else

ip=1;
end if
£(1,3,9) = f middle(i,Jj,9);
f(ip,j,1) = f middle(i,j,1);
f(in,j,3) = f middle(i,3,3);
g(i,3,9) = g middle(i,3,9);
g(ip,J,1) = g_middle(i,j,l);
g(in,3j,3) = g middle(i,3j,3);
f(i,3jp,2) = £ middle(i,J,2);
f(ip,Jjp,5) = £ middle(i,Jj,5);
f(in,jp,6) = £ middle(i,3,6);
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end Do

end

g(i,Jjp,2)
g(ip,Jjp,5)
g(in/jp/ 6)

£(i,3n,4)
f(in,jn,7)
f(ip,Jjn,8)

(i,Jn,4)
(in,jn,7)
(ip,Jn,8)
Do

g9
g
g9

g middle(i,3,2);
g middle(i,j,5);
g middle(i,3,6);

=f middle(i,j,4);

f middle(i, ],

= f middle(i, 3],

) ;
8);

’

= g middle(i,j,4);

g middle(i,3,7);
g middle(i,j,8);

do j=1,jm
if (is_solid node (i, J)==1) then
Phi (i,j)=Phi w;
end if -
end do
end do

Phi w=-1;! motanaseb ba contact angle 180 daraje

do i=1
£(i,2
f(i,?2
£(i,2

,im
,2)
’9)
, 6)

do i=1,im

f(i,jm-1,4)
f(i,3m-1,7)
f(i,jm-1,8)

g(i,jm—l, 4)

g(i,jm—l, 7)

g(i,jm—l, 8)
end do

f middle(i,2,4);
f middle(i,2,7);
f middle(i,2,8);

g middle(i,2,4);
g middle(i,2,7);
g middle(i,2,8);

f_middle(i,jm—l,2);
f middle(i,jm-1,5);
f middle(i,jm-1,6);

= g_middle (i, jm-1,2);

g middle (i, jm-1,5);
g middle(i,3jm-1,6);
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Abstract:

In this study, the lattice Boltzmann method is used to simulate the droplet formationand breakup
process from mixing of immiscible fluids. The dimensionless numbers such as Capillary,
viscosity ratio and velocity ratio are most important dimensionless numbers in determination of
fluid flow characteristics in micro-channel. Two medels is used to simulation: The
intermolecular potential model of the lattice Boltzmann method and free-energy model. In this
research free-energy model is used to simulate Newtonian phase droplet in Newtonian
continuous fluid in a T-junction micro-channel and explaine the dynamics of problem and
importan parameters that effect on the droplet formation are investiged. Flow pattern is divided
into three different regimes such as sqeezing, dripping and jetting. The influence of capillary
number, velocity ratio, viscosity ratio and contact angle on the detachment time and length of
droplet are investiged. We found that by increasing the capillary number and velocity ratio,
droplet detachment time decreases and detachment length increase, and by increasing the
viscosity ratio, droplet detachment time and detachment length increases. also at low capillary
number that named squeezing regime, Capillary number doesn’t have significant effect on
droplet size and droplet size number is heavily dependent on the ratio of flow rates and
increases with increasing flow rate but in dripping regime , capillary number has significant
effect on droplet length and droplet size is almost independent of flow rate ratio. at next part, the
intermolecular potential model of the lattice Boltzmann method is used to simulate the non-
Newtonian droplet formation in Newtonian continuous phase in a co-flowing micro-channel. the
influence of capillary number, the non-Newtonian fluid carrio-yasuda exponent and velocity
ratio on the droplet formation. The final droplet size, droplet generation frequency, and
detachment point of the droplet has been studied.The results reveal that with the increasing
carrio-yasuda exponent n, the viscosity of the fluid is increased, the time of starting of
detachment point of the droplet is decreased and length of starting of detachment point of the
first droplet is decreased. also increasing of the Capillary number leads to a reduction in the
detachment point of the drop. The size of drop decreases, due to reducing the velocity ratio and
Capillary number and increasing Carrio-yasuda exponent n. The effect of Carrio-yasuda
exponent n on the distance of droplets is studied. The droplet generation frequency increases

with the decreasing of the droplet length and this leads to reduction in the distance of droplets.

Keywords: micro-channel, lattice Boltzmann method, non-Newtonian fluid,

droplet
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