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Appendix I

The boundary condition for v?, and v*C must be handeld carefully, and should

only be imposed on terms related to the free energy. Since the boundary conditionfor the
chemical potential is also a no-flux condition, it can be treated as the same as the other
physical quantities. The following boundary condition for the composition and it can be
shown thar it recovers following equation

nvC|, :%(CS -c?)

Along flat walls, where a flat wall is one that has a clearlydefined normal along one
of the coordinate direction.

étea.VC:(n.eaét)%(C(xs)—C(xs)z) for (ne,&)=0.

nVC = 1 Zta(n.ea){(n.eaci)%(C(xs)—C(xs)z)}: 1 ﬂ(c:(xs)—c:(xs)z)Zta(n.ea)2

C_52 K a=0

CSZ& a=0

s 7ij

For flat wall, n= (+1,0,0) or n= (0,£1,0) or n= (0,0,£1). Since > t.e e, =CZ5,

where i, ] = X, y or z above equation can be written as
nvC|, = %(CS -c?)

This boundary condition is applied in following equation replacing any composition
located inside the wall

Vg

1
0 = Cz—&zzta (3, 0V°") 4

Therefore, this equation can be descritized as follows
1 ¢ 2
S[C(x e, ) -Cx, —e, )] = (ne, )7 (C(x) ~C(x)*)

Here either C(X, +e,0t) or C(x,—e,ot)is located inside the wall while the other

must be in the fluid domain, and therefore known. Where (n., )=-1. Using this scheme,

only lattice nodes in the fluid domain (either or solid boundaried or in the bulk) are
utilized and the bounfary condition that recovers the contact angle at equilibrium is
applied.

At the corner in two dimensions, a traditional normal cannot be defined. As a
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heuristic solution, we traet the unkown quantities in the similar manner as in the case of
the flat wall. If x,+e_otis located in the solid wall, the unknown composition is given

by:
C(x, +£,0) = C(x, ~&,0) -2 (C(x) - C(x.))

Where we are effectively assuming that the normal is in the directione,, , a diagonal

direction, pointing away from the solid. This can be thought of as a symmetric way of
imposing the boundary conditions, rather than choosing one of the normal defining the
flat surfaces that meet at the corner.

In which

(Os _Osl) .
cos b, ZQT =-Q., 6, isthe contact angle and Q. =g, /2K
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Apendix 11

In section 3, implemented equations of LBM proposed by Lee and Liu [] entirely
presented in details. In the first equation, F,, renders the external body forces and the

intermolecular ones.

Df, :afa e, of,, :_E(fa_f;q)_i_wfeq
Dt ot OX; A :
ot |14 Call Ly~ cau_u_

a ap Cs ZCS iUj

Where intermolecular force can be defined as

F=VpC —(Vp-CVyu)

Where p is related to the dynamic pressure. Also one can take into account the body
force effect by adding the following term to above equation in which F; can be related to

the gravitational force and g is gravitational acceleration. For example, buoyant force:

F,=9(p—n)

Where, g can be obtained through involved dimensionless numbers in the
simulation such as Bond number (Bo), Eotvus number (Eo) and Ohnesorg number (Oh).
In the present thesis, Bo number was used to apply the effects of the centrifugal

acceleration as gravitational acceleration (g =7 @?).

Lee [2009], with the definition of another variable, presented his model as follows:

ga = fa +(sz_pjna(0)

S

Equilibrium distribution function for g, could be calculated by

p iU e,u, €,€,—C 25.u.U.
gzq = a{2+p( Iz +p( 2 + ! z . J
C; C, C, 2c

In which material derivation of g, is of the form

Dy, _ bf, 1 Dp — =l e (e _Ui)ai(PCsz - p) _
Dt Dt ' ¢ Dt o 1O H(O) (ga 9%) + & [T, (u) -1, (0)]

a0, 0, p0,0) -0, (ajp—aip)]na(”)

S

Distribution function to compute the value of composition C is defined as
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h, =),
Yo,

And its equilibrium state yields h* = (E) f* and similarly total derivative of h,
P

is of the form of

ne
Dt p

C
Dt c? A
Yo

S

—1.)0. 2 _
Phse,vn, = S (1, - 1)+ L )2 p)F[Ha(u)—na(0)1=—j(ha—hz‘*)+fa
Yol

w[vpcf —(Vp+CVu+F )]H,Z(U)

S

Therefore, distribution functions can be introduced with external force as follows:

g, (x+e,d,t+q)—g,(xt)

- (@ -+ (e, —U) [VACA(T, ~T, (0)) + (1VC + F)T, ] e
7+0.5

ha(X+e,d,t+a&)—ha(x.1)
1
7+05

wy TAV.(MVUT,
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Abstract
Since microfluidic systems are of the modern issues and technologies, have attracted

researchers' attention. The main purpose of the thesis has been devoted to the
investigation of Lab-On-Disk microfluidic systems using Lattice Boltzmann Method
which is one of the most robust methods in numerical simulation. This simulation not
only provides development of LBM in a new context but also prepare the possibility of
comprehensive understanding about the performance of these systems through
investigation of influential parameters. Since LBM particularly Lee's method has been
employed to simulate the two immiscible phase, the method, its features and its related
boundary conditions have been presented in details. In this regard, according to the
proposal, in the last section of the thesis, all results in various steps of validation and their
purposeful development have been rendered. In section related to droplet dynamic,
increase of droplet generation has been assessed through aligning a funnel or triangular
obstacle. Both LOD and LOC systems have been inquired. In these sections, not only
different flow regimes but also some innovations have been introduced. Hence, some
techniques have been represented in order to making delay in second phase releasing
known as valving and augmentation of droplet generation rate applicable in Nucleic Acid
assays. Furthermore, effects of change in channel geometry, related dimensionless
parameters and combination of the influential parameters have been studied.

Key words: microfluidic systems, Lab-On-Disk, two-phase flows, droplet generation,

Lattice Boltzmann Method



Shahrood university of technology

Mechanical engineering department
Mechanical Engineering-Energy conversion

Ph.D thesis

Simulation of immiscible fluid LOD
microfluidics using Lattice Boltzmann
Method

By: Batool Hoseinpour Ganjaroudi

Supervisor:

Dr. Ali Sarreshtehdari

Adviser:
Dr. Hamidreza Ashorinezhad

January, 2019



