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PERKOMPUTERAN BENDALIR DINAMIK (CFD) UNTUK SALURANMICRO
PERANTI BENDALIRMICRO

ABSTRAK

Peranti bendalir-mikro mengalami pembangunan yang amat pesat sejak konsep
bendalir litar bersepadu, teknologi makmal berasaskan chip, dan sistem analisis penuh-
mikro (UTAS) diperkenalkan. Kelebihan teknologi ini bukan sahaja mengecilkan saiz
peranti malah penghasilan bahan untuk tujuan fabrikasi juga murah. Walaupun
menggunakan bahan cecair yang agak mahal, tetapi hasilnya ia dapat mengawal suhu
dan ciri-ciri system lain. Pengecilan sistem juga dapat meningkatkan kadar kualiti
pengeluaran di dalam industri kimia, kejuruteraan, biologi dan aplikasi perubatan serta
dapat mengurangkan masa pemprosesan. Lebih penting lagi, peranti bersaiz mikro
mempunyai potensi di dalam merevolusikan sesuatu kawasan dan industri berkaitan.
Rekabentuk, fabrikasi, dan aplikasi terhadap bendalir-mikro telah menarik minat
penyelidik yang datang dari pelbagai aspek pekerjaan termasuk industri kimia, biologi,
fizik, kejuruteraan dan aplikasi matematik. Lantaran itu, laporan ini akan
membincangkan dan memberi tumpuan serta difinasi tentang bendalir-mikro yang
mengalir secara teratur. Cecair akan mengalir melalui saluran yang berdiamensi mikro
di mana pecutan aliran berpandukan di bawah aras number Reynold, Re dan jenis aliran
adalah teratur. Permukaan pemecutan aliran adalah licin jika menggunakan dimensi
biasa tetapi akan berlaku perubahan aras secara rawak mengikut masa. Semakin kecil
saluran (bersaiz mikro) aliran akan menjadi satu hala; semua bendalir bergerak selari
dengan orientasi dinding saluran. Pergerakan seperti ini akan menyebabkan momentum,
hadirnya sifat-sifat bendalir, dan haba bergerak normal sealiran dengan mekanisme
molekul, sifat menghalang rintangan bendalir bermolekul, kemeresapan bermolekul, dan

pengaliran haba.



ABSTRACT

Microfluidic devices have been developing rapidly since the concept of fluid-
integrated-circuits, lab-on-a-chip or micro-total-analysis systems (uUTAS) was
introduced. Among the great benefits of miniaturized devices are that they require less
fabrication material and can also be manufactured as cheap disposable test kits. They
consume smaller amounts of expensive reagents in comparison to conventional macro-
scale devices and can control temperature and other system properties precisely.
Miniaturized systems can increase Yyields significantly in chemical, engineering,
biological and clinical applications and can also reduce process time. More importantly,
micro-devices can have additional functionalities beyond those of conventional devices,
with the potential to revolutionize many scientific areas and associated industries. The
design, fabrication and application in microfluidics has attracted researchers from a
variety of disciplines including chemistry, biology, physics, engineering and applied
mathematics. This report focused on laminar flow which is the definitive characteristic
of microfluidics. Fluids flowing in channels with dimensions on the order of certain
micron size and at readily achievable flow speeds are characterized by low Reynolds
number, Re as described in introduction, flows in this regime are laminar, not turbulent:
The surfaces of constant flow speed are smooth over the typical dimension of the
system, and random fluctuations of the flow in time are absent. In the long, narrow
geometries of microchannels, flows are also predominantly uniaxial: The entire fluid
moves parallel to the local orientation of the walls. The significance of uniaxial laminar
flow is that all transport of momentum, mass, and heat in the direction normal to the
flow is left to molecular mechanisms: molecular viscosity, molecular diffusivity, and

thermal conductivity.



TABLE OF CONTENTS

ACKNOWLEDGMENT

APPROVAL AND DECLARATION SHEET
ABSTRAK

ABSTRACT

TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

CHAPTER 1 INTRODUCTION

1.1  Computational Fluids Dynamic (CFD)
1.2 Microfluidics
1.2.1  What is micro fluidic
1.2.2  Basic principles of microfluidic
1.2.3  Pressure Driven Flow
1.2.4  Electrokinetic Flow
1.3 Project scope
1.4 Objective

CHAPTER 2 LITERATURE REVIEW
2.1  Fundemental problem of microfluidics
2.1.1 Simple liquids slipping over solid surfaces
2.1.2 Conclusion
2.2  Chaotic mixing of liquids in Microsystems
2.3 Multiphase flows in Microsystems
2.3.1 Conclusion
2.4 Bottleneck effect
2.4.1 Conclusion

2.5 Simulation and Experimental Validation of Electroosmotic Flow

NN bW

10
12
14
15
15
16
17

Vi



CHAPTER 3 METHODOLOGY
3.1  Project properties

3.2  Equation of fluids

3.3 Parameters

3.4 Project Description

CHAPTER 4 RESULTS AND DISCUSSION
41  Result
4.1.1 Internal Channel Count
4.1.2 Iteration time
4.1.3 Fluids Velocity
4.1.4 Skin Friction Coefficient
4.1.5 Fluids Velocity (Different Axis)
4.1.6 Velocity Profile
4.2  Result
4.2.1 Internal Channel Count
4.2.2 Fluids Velocity
4.2.3  Skin Friction Coefficient
4.2.4 Fluids Velocity (Different Axis)
4.2.5 Velocity Profile
4.3  Result
4.3.1 Internal Channel Count
4.3.2 Fluids Velocity
4.3.3 Skin Friction Coefficient
4.3.4 Fluids Velocity (Different Axis)
4.3.5 Velocity Profile
44  Result
4.4.1 Internal Channel Count
4.4.2 Fluids Velocity
4.4.3 Skin Friction Coefficient
4.4.4 Fluids Velocity (Different Axis)
4.4.5 Velocity Profile
4.4.6 Problems

20
20
22
24

30
30
31
33
34
35
36
38
38
39
41
43
45
47
47
49
50
51
52
55
55
55
56
56
57
58

vii



CHAPTER 5 CONCLUSION
51 From The Bench 60
5.2 Recommendation 61

REFERENCES 62

viii



LIST OF TABLES

Tables No. Page
3.1 The various length and width divider values used 22
3.2 Time Recorded For Simulation of the Channel 26-29

5.1 The Velocity 61



Figures No.

11
1.2

13

13

2.1

2.2

2.3

2.4
2.5
2.6

LIST OF FIGURES

Page

Microfluidics Volumes [1] 2
Velocity Profile [2] 4

The very uninteresting flow velocity profile calculated 5
for electroosmotic pumping in an open channel. Such a

channel (in the absence of backpressure) exhibits plug

flow. Shown in the simulation for negatively charged

walls, the anode is at the left and the cathode is at the

right. In fact the profile is very interesting close to

the walls, since velocity drops to zero at the walls over

a distance that is comparable to the thickness of the

electrical double layer. [2]

Two views of the electroosmitic flow velocity vector in a closed 6
channels. Note that the recirculation results in equal total flows of

the right and the left at all vertical planes through the channel. In

both images the anode is on the left and the cathode is on the right

and the walls are negatively charged. Images from result of
calculations using Coventorware software. [3]

Cross-section of the microchannel used to confirm a slip effect. 10
The channel is 1.40+0.02 um high (or deep), and 100 or 200 um
wide.It is etched in glass, and covered by an atomically flat

Silicium wafer. The working fluid is hexadecane. [11]

Viscosity Factors [11] 10

Schematic diagram showing how chaos is induced in a cross-flow. 12
For the upper drawing, a cross-flow is superimposed to the

mean flow (schematized by the arrows), and for the lower one,

the cross-flow is switched off. The process is repeated indefinitely.

Top view of the mechanical micromixer [11] 13
Showing a highly convoluted interface [11] 13

Chaotic mixing by the mechanical micro-mixer [11] 14



2.7

2.8

2.9

2.10

3.1

3.2

3.3

3.4

Schematic view of the flow. Yellow represents tetradecane, 14
although the opposite configuration has also been investigated [11]

Three regimes observed in the experiment, for different flow 15
conditions. (a) bubbly (water drops), (b) pearl necklace

(c) slug flow.Water is marked by fluorescent and therefore appear

as white on the figure. The channel width is 100 mm in each case,

and the height 20 mm [11]

Schematic representation of a geometry giving rise to an effect 15
called "bottleneck effect” [11]

SEM micrograph of the PDMS replica of the SU-8 master 17
structure [11]

Velocity Profile Description [2] 19
Channel Description, Straight Channel 23
Nodes Description 24

Nodes Divides 25

Xi



