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CHAPTER 1

INTRODUCTION

1.1 Lab-on-a-chip Technology

Figure 1.1. 



 

 
 

1.2 Fluid Propulsion in LOC

a) Pressure-driven flow 

Kopp et al., 1998; Fu 

et al., 2002; Park et al., 2003

Fu et al., 2002



 

 
 

b) Electrokinetically Driven Flow

Probstein, 1 4
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2003

c) Surface tension-driven Flow
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d) Centrifugally Driven Flow

Johnson et al., 2001; Chen et al., 2004

e) Buoyancy-driven Flow

( Krishnan et al., 2002; Chen et al., 2004



 

 
 

f) Magneto-hydrodynamics(MHD) Flow

Woodson and Melcher et al.,1969; Bau et al., 2003; Qian et al., 

2005;Homsy et al., 2007; Fatemeh et al., 2011)



 

 
 

Table 1.1. 

Means Description Advantages Disadvantages

Pressure

Electroosmosis

Surface tension

Centrifugal 

force

Buoyancy

MHD



 

 
 

1.3 Magnetohydrodynamics (MHD) Flow 

Figure 1.2. 

(Woodson and Melcher, 1969; Davidson, 2001)

(Jang and 

Lee, 2000; Lemoff and Lee, 2000; Huang et al., 2000; Bau, 2001; Zhong et al., 2002; 



 

 
 

Bau et al., 2002, 2003; Sawaya et al., 2002; West et al., 2002, 2003; Ghaddar and 

Sawaya, 2003; Bao and Harrison, 2003a, 2003b; Eijkel et al., 2004; Wang et al, 2004; 

Arumugam et al., 2004, 2006; Qian and Bau, 2005b; Homsy et al., 2005, 2007; 

Affanni and Chiorboli, 2006; Aguilar et al., 2006; Kabbani et al., 2007; Patel and 

Kassegne, 2007; Duwairi and Abdullah, 2007; Ho, 2007) (Bau et al., 2001; Yi 

et al., 2002; Qian et al., 2002; Gleeson and West, 2002; Xiang and Bau, 2003; 

Gleeson et al., 2004; Qian and Bau, 2005a) (Bau et al., 2002, 2003),

(Sviridov et al., 2003; Singhal et al., 2004; Duwairi and Abdullah, 2007)

(Leventis and Gao, 2001; West et 

al., 2002, 2003; Bao and Harrison, 2003a; Lemoff and Lee, 2003; Eijkel et al., 2004; 

Clark and Fritsch, 2004; Homsy et al., 2007; Gao et al., 2007; Panta et al., 2008)

(Panta and Qian et al., 2009)

(Panta and Farmer et al., 2010)



 

 
 

Figure 1.3.

1.4 Reduction-Oxidization based Magnetohydrodynamics (RedOx-MHD) Flow
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Figure 1.4.
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1.5 Thesis Structure



 

 
 

CHAPTER 2

MODELING OF MICROCHANNELS

2.1 Geometrical Modeling

,



 

 
 

Figure 2.1



 

 
 

Figure 2.1(b)

Figure 2.1 (c)



 

 
 

Figure 2.2.

2.2 Mathematical Model 
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Figure 2.3. 
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2.2.1 Mathematical Model of Fluid Flow

a) Continuity Equations
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b) Momentum Equations
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c) Navier-Stokes Equations
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2.2.2 Physics of Multi-Ionic Mass Transport
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CHAPTER 3

NUMERICAL MODELING



 

 

Table 3.1.

Solver Type Usage

Stationary Segregated

3.2 Multiphysics Solver Techniques



 

 

3.1  Multiphysics Methodology

Figure 3.1. 

Solid modeling
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3.2  Multiphysics Solver Techniques

3.2.1  Stationary Segregated Algorithm
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3.2.3  Convergence Criteria
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Rectangular Micro Channel

.
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Figure 4.1. 



 

 



 

 

Figure 4.2.



 

 



 

 



 

 



 

 

Figure 4.3.

Aguilar et al. 2006)



 

 



 

 



 

 

Figure 4.4.



 

 

Figure 4.5.

4.2. Comparison of Diverging and Converging Microchannels with Straight 

Microchannel



 

 

Figures are shown later with the results 

of velocity vectors).

(Figures are shown later



 

 

with the results of velocity vectors).

4.2.1     Velocity Vectors and Velocity Contours

a. Straight Microchannel

,



 

 

Figure 4.6.



 

 

b. Diverging Microchannel



 

 

Figure 4.7.



 

 

c. Converging Microchannel



 

 

Figure 4.8.



 

 

4.2.2 Concentration of Ionic Species (K+, Fe(CN)6
3-, and Fe(CN)6

4- )
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Figure 4.9.



 

 

Figure 4.10.



 

 

Figure 4.11.

4.2.3  Comparative Study of Velocity Profiles 



 

 

Figure 4.12.



 

 

Figure 4.13.



 

 



 

 

Figure 4.14.



 

 



 

 

Figure 4.15.



 

 

(a)

(b)

Figure 4.16.

Straight Channel 

Converging Channel 

Diverging Channel 
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4.3 Conclusions



 

 



 

 

CHAPTER 5

CONCLUSION AND FUTURE WORK

5.1 Conclusions



 

 

5.2 Future Works
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