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ABSTRACT

Small-scale electronic devices required long hours operation and fast charging
time. Potential technology to support requirement of small-scale electronic device is
micro scale combustor. Production of heat in micro level from progression of
exothermic chemical reaction between reactants is known as micro combustion and
may be utilized to generate electricity for small-scale electronic devices.
Unfortunately, micro scale combustion is prone to combustion instability. This
research is to study micro scale combustion with slit. Therefore, objective of this
study is to investigate the combustion characteristics, mechanism that stabilize the
flame and combustor performance of the 2-D microchannel combustor with bluff
body having various slit percentages gap using ANSYS Fluent 15.7. Effects of the
bluff body with slit in the micro-channel combustor have been studied numerically.
Two-dimensional computational domain with the height and length of the channel H
=1 mmand L = 16 mm is used respectively. The height of the bluff body is 0.5 mm
and located at 2 mm from the inlet. The slit gap percentage varied in this study is 0%
to 70%. The percentage of the slit size is the ratio between slit gap height and the
bluff body height. The one-step reaction mechanism of CHa/air mixture is utilized.
Equivalence ratios of 0.8 to 1.0 with inlet velocities 1.0 m/s to 5.0 m/s were used.
The results show that the combustion characteristic such as stable flame, wavy flame,
blow-off and flame split into two parts is significantly influenced by the slit gap
percentage. Flame is moving downstream and blow-off at the slit percentage of 10%
to 25%. At the slit percentage of 30%, the flame zone moves towards the upstream
result in stable flame. From the observation is suggested due to the secondary vortex
exist behind the bluff body as slit gap increases and pull or push the flame to the
upstream or downstream. The reaction zone is split into two parts at 60% and 70%
slit gap percentage. It is due to the incoming fresh mixture of CHa/air mixture flows
through the slit and cut the flame zone. It is also found that by increasing inlet
velocity beyond 2.0 m/s, the flame become unstable and lead to blow-off as increase
in equivalence ratio up to 1.0. Lastly, the highest emitter efficiency is found for the
case of 40% slit which is 25 W/m.



ABSTRAK

Alatan elektronik mudah alih memerlukan penggunaan untuk jangka masa
lama dan masa pengecasan yang cepat. Teknologi yang berpotensi untuk memenubhi
keperluan alat elektronik ini adalah ruang pembakaran mikro. Penghasilan haba di
peringkat mikro dari proses tindak balas kimia eksotermik antara bahan bakar dikenali
sebagai pembakaran mikro dan ia boleh digunakan untuk menjana elektrik bagi alat
elektronik mudah alih. Malangnya, pembakaran mikro terdedah kepada
ketidakstabilan pembakaran. Kajian ini bertujuan untuk mengkaji ruang pembakaran
mikro bersama bluff body yang mempunyai belahan. Oleh itu, objektif kajian adalah
untuk melaksanakan kajian terhadap karakter pembakaran, mekanisma yang
menyebabkan api stabil dan keupayaan ruang pembakaran mikro dalam dua dimensi
bersama bluff body yang mempunyai belahan di tengah dengan menggunakan
ANSYS Fluent 15.7. Kesan-kesan dari bluff body yang mempunyai bukaan di tengah
telah dikaji secara berangka. Ruang pembakaran secara 2 dimensi yang mempunyai
ketinggian H = 1 mm dan panjang L = 16 mm telah digunakan. Ketinggian bluff body
adalah sebanyak 0.5 mm yang ditempatkan 2 mm dari bahagian masuk ruang
pembakaran. Peratusan bukaan bluff body yang digunakan adalah dari 0% sehingga
70%. Peratusan ini dikira berdasarkan nisbah ketinggian bukaan dibahagikan kepada
ketinggian bluff body itu sendiri. Bagi reaksi kimia pula, mekanisma satu langkah
reaksi dari campuran methane dan udara CHa/air telah digunakan bagi keseluruhan
kajian. Pemboleh ubah yang dimanipulasikan dalam kajian ini adalah nisbah
keseimbangan campuran bahan bakar iaitu sebanyak 0.8 hingga 1.0 bersama kelajuan
masuk bahan bakar tersebut iaitu 1.0 m/s hingga 5.0 m/s. Keputusan kajian mendapati
sifat pembakaran seperti api yang stabil, api yang berombak, api yang tertolak keluar
dan api terpisah kepada dua bahagian adalah hasil dari kesan peratusan bukaan pada
bluff body tersebut. Didapati juga bagi bukaan 40%, keberkesanan pemancar adalah
yang tertinggi. Selain itu, didapati setelah ditambah peratusan bukaan melebihi 10%,
pembakaran akan bergerak kearah belakang ruang pembakaran dan terpadam.
Apabila peratusan bukaan ditambah sebanyak 30%, pembakaran akan bergerak ke
bahagian hadapan ruang pembakaran disebabkan kehadiran vortex kedua di belakang
bluff body yang menarik pembakaran ke hadapan. Selain itu, pada bahagian tengah
pembakaran telah terpecah kepada dua disebabkan kehadiran bahan bakar methane
dan udara CHa/air baharu yang telah menembusi pembakaran tersebut dan seterusnya
memotong zon pembakaran menjadi dua bahagian. Didapati juga dengan peningkatan
kelajuan masuk melebihi 2.0 m/s, api tersebut menjadi tidak stabil dan akhirnya
mengakibatkan terpadam apabila nisbah bahan bakar ditingkatkan sehingga 1.0.
Kesimpulannya, ruang pembakaran yang paling efisien adalah dicadangkan di dalam
lingkungan 40% bagi belahan bluff body iaitu sebanyak 25 W/m.



ACKNOWLEDGEMENTS

I would like to express my gratitude to The One and The Most Merciful Allah
S.W.T due to His blessings for giving me the strength and opportunity to complete
my master research project. | am deeply indebted to my helpful supervisor, Dr. Mohd
Rosdzimin bin Rahman. His supervision, guidance and moral support have helped

me to achieve the goals for this project.

I would also like to thank my beloved wife Nazirah binti Kamal Basah, my
lovely daughters Wan Amirah 1zzah and Wan Ayesha Tasneem for sacrificing their
valuable family time for my study. Thank you for your continuous moral support and

kindness.

In addition, I would like to thank my superiors, seniors, colleagues and juniors
at the Royal Malaysian Air Force (RMAF) for giving me the opportunity, advice and

support to continue this master programme in part time.

Last but not least, I am particularly grateful to the Ministry of Higher
Education, Malaysia (MOHE) and Universiti Pertahanan Nasional Malaysia
(UPNM) for giving me the opportunity to complete my master programme under Dr.

Mohd Rosdzimin bin Rahman’s supervision.



APPROVAL

The Examination Committee has met on 26" September 2018 to conduct the final
examination of Wan Mohd Amin bin Wan Shuib on his degree thesis entitled
‘Numerical Solution On The Effects Of Bluff Body With Slit In Micro-channel
Combustor’

The committee recommends that the student be awarded the Master of Science
(Mechanical Engineering)

Member of the Examination Committee were as follows:

Prof Ir. Dr. Wan Ali bin Wan Mat
Faculty of Mechanical Engineering
Universiti Pertahanan Nasional Malaysia

(Chairman)

Dr. Norwazan binti Abdul Rahim
Faculty of Mechanical Engineering
Universiti Pertahanan Nasional Malaysia

(Internal Examiner)

Dr. Fudhail bin Abdul Munir
Faculty of Mechanical Engineering
Universiti Teknikal Malaysia Melaka

(External Examiner)



APPROVAL

This thesis was submitted to the Senate of Universiti Pertahanan Nasional Malaysia
and has been accepted as fulfilment of the requirements for the degree of Master of
Science (Mechanical Engineering). The members of the Supervisory Committee
were as follows:

Ir. Dr. Mohd Rosdzimin Abdul Rahman
Faculty of Engineering
Universiti Pertahanan Nasional Malaysia

(Main Supervisor)

Dr. Azam Che ldris

Faculty of Engineering
Universiti Pertahanan Nasional Malaysia

(Co-Supervisor)

Vi



UNIVERSITI PERTAHANAN NASIONAL MALAYSIA

DECLARATION OF THESIS

Student’s full name : WAN MOHD AMIN BIN WAN SHUIB

Date of birth : 19 MARCH 1987

Title :NUMERICAL SOLUTION ON THE EFFECTS OF
BLUFF BODY WITH SLIT IN MICRO-CHANNEL
COMBUSTOR

Academic Session :2017/2018

| hereby declare that the work in this thesis is my own except for quotations and
summaries which have been duly acknowledged.

| further declare that this thesis is classified as:
CONFIDENTIAL  (Contains confidential information under the Official
Secret Act 1972)*

RESTRICTED (Contains restricted information as specified by the
organization where research was done)*
OPEN ACCESS | agree that my thesis to be published as online

open access (full text)

I acknowledge that Universiti Pertahanan Nasional Malaysia reserves the right as
follows:

1. The thesis is the property of Universiti Pertahanan Nasional Malaysia.

2. The library of Universiti Pertahanan Nasional Malaysia has the right to make
copies for the purpose of research only.

3. The library has the right to make copies of the thesis for academic exchange.

Signature Signature of Supervisor/ Dean of CGS/
Chief Librarian
870319-02-5269 MOHD ROSDZIMIN BIN ABDUL
RAHMAN
Date: Date:
Note:* If the thesis is CONFIDENTIAL OR RESTRICTED, please attach the

letter from the organization stating the period and reasons for
confidentiality and restriction.

vii



TABLE OF CONTENTS

ABSTRACT

ABSTRAK

ACKNOWLEDGEMENTS

APPROVAL

DECLARATION

TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS AND SYMBOLS

CHAPTER
1 INTRODUCTION

1.1 Introduction
1.2 Problem Statement
1.3 Objectives of the Study

1.4 Scope of the Study
1.5 Outline of the Thesis

2 LITERATURE REVIEW
2.1 Introduction
2.2 Micro Power Generation and Micro Combustion
2.2.1 Fuel used in Micro Combustion
2.2.2 Micro Combustor
2.2.2.1 Swiss-roll Type Micro Combustor
2.2.2.2 Disk-type Micro Combustor
2.2.2.3 Tube-type Micro Combustor

2.2.2.4 Micro Combustor with Baffle-
bluff Configuration

2.2.2.5 Double-layer Four Channel
Micro Combustor

2.2.2.6 Micro Combustor of Micro-pin-
fin Arrays

2.2.2.7 Micro Combustor of Plate Flame
Holder

2.2.2.8 Wafer-like Micro Combustor

viii

Page

Vii
vii
Xi
Xii
XV

11
12
14
15
15
16
17
18

19
20
21

22



2.3

2.4

Flame Stability

2.3.1 Various Methods to Stabilize Flame in
Micro Combustor
2.3.1.1 Combustor Geometry

2.3.1.2 Combustor with Wall Cavity
2.3.1.3 Micro Combustors with Baffle
2.3.1.4 Combustor with Bluff Body

2.3.1.5 Combustor Consist of Bluff
Body with Slit Gap
Conclusion

METHODOLOGY

3.1
3.2

3.3
3.4
3.5
3.6
3.7
3.8

Introduction

Numerical Analysis

3.2.1 Flame Speeds

3.2.2 Computational Domain
3.2.3 Governing Equations
3.2.4 Chemical Reaction
3.2.5 Boundary Condition
3.2.6 Computational Method
Determining Equivalence Ratio
Determination of Flammability Limits
Blockage Ratio

Efficiency

Heat Loss

Conclusion

RESULTS AND DISCUSSIONS

4.1

4.2
4.3
4.4

4.5
4.6

Introduction

4.1.1 Validation of the One-step Reaction
Model
4.1.2 Overview of Overall Research Work

Effects of Inlet Velocity
Effects of Equivalence Ratio and Inlet Velocity

Effects of Slit Gap Percentage and Equivalence
Ratio
Analysis on Heat of Reaction

Effects of Flame Velocity Magnitude

4.6.1 Difference of Velocity Contour Among
Slit Gaps

4.6.2 Analysis on Vortex Produced by 3 Blow-
off Slit Gaps

23
24

25
29
32
33
35

36

38
41
41
44
44
46
49
50
51
52
53
54
55
56

57
58

59
61
61
63

69
73
73

77



4.7 Heat Loss
4.8 Efficiency

4.9 Overall Frequency of Combustor Efficiency
Based on Slit Gap Percentage

4.10 Overall Frequency of Heat Loss Based on Slit
Gap Percentage

4.11 Overall Frequency of Blow-off Based on Slit
Gap Percentage

4.12 Conclusion

5 CONCLUSION AND RECOMMENDATIONS
5.1 Conclusion
5.2 Recommendations
REFERENCES
APPENDIX A

BIODATA OF THE STUDENT

LIST OF PUBLICATION

84
86
87

89

93

95

96

104

106

114

124

125



LIST OF TABLES

TABLE NO. DESCRIPTION PAGE

2.1 Half Major Axis Length and Minor Axis Length 29
of The Cross Section of Combustion Chamber in
Four Micro Elliptical Tube Combustors

2.2 Geometrical Parameter 32

3.1 Flame Speeds Definitions 42

3.2 Flame Speeds in a Planar Unstretched Flame 43

3.3 Flammability Limits, Quenching Distance and 52
Minimum Ignition Energies for Various Fuels

3.4 Summary Concepts and Constant Taken 56

4.1 Summary for Combustion Characteristics of All 60

Simulations Carried Out

5.1 Research Outcomes 99

5.2 Overall Flame Characteristics 100

Xi



FIGURE NO.

1.1

1.2

2.1

2.2

2.3

24

2.5

2.6

2.7

2.8

2.9

3.1

3.2

3.3

4.1

LIST OF FIGURES

DESCRIPTION

World energy consumption by energy source (1990-
2040)

Specific energy for hydrocarbon fuels and traditional
batteries

3-D “Swiss-roll” type combustor
Disk-type micro combustor
Tube-type micro combustor

The configuration of micro combustor of combined
baffle-bluff model

Configuration of double-layer four channel micro
combustor

Configuration of micro combustor of micro-pin-fin
arrays with dimension

Configuration of micro combustor of plate flame
holder

Configuration of wafer-like micro combustor
Schematic diagram of elliptical tube combustor

Flowchart for simulation of micro combustion with
slit gap bluff body using ANSYS Fluent 15.0.7

Variations of flow, displacement, absolute and
consumption speeds in a one-dimensional planar
laminar flame

Model of micro combustor with zero percentage slit
gap of bluff body

Flame structure at stoichiometric equivalence ratio

Xii

PAGE

16

17

18

19

20

21

22

23

28

40

43

49

58



4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

411

4.12

4.13

4.14

Laminar flame speed at various equivalence ratio

Temperature contour and heat of reaction contour of
equivalence ratio 0.8 and 0% slit gap in various inlet
velocity

Temperature contour and heat of reaction contour for
0% slit of velocity 1 m/s and 4.5 m/s for various
equivalence ratios

temperature contour and heat of reaction contour of
inlet velocity 1 m/s in various slit gap percentage for
equivalence ratio 0.8 and equivalence ratio 1.0

heat of reaction contour for equivalence ratio 0.8 in
various slit gap percentage for inlet velocity 1 m/s
and inlet velocity 2.0 m/s

Graph of heat of reaction versus slit gap percentage
for inlet velocity 1 m/s and 2 m/s of equivalence ratio
0.8

Close up look for heat of reaction contour for
different inlet velocity

Small scale mesh is used at bluff body area
Velocity contour for equivalence ratio 0.8 and
velocity 1 m/s and equivalence ratio 1.0 and velocity
1m/s

Wing tip vortices of a helicopter

Close up look for blow-off phenomena due to vortex
for equivalence ratio 0.8 and velocity 1.0 m/s and
equivalence ratio 1.0 and velocity 1 m/s

Graph of velocity magnitude versus position in y
direction for equivalence ratio 0.8 and inlet velocity
1m/s

Velocity contour for equivalence ratio 1 and velocity
2.5m/s

Xiii

59

62

64

66

70

72

72

74

75

77

79

81

84



4.15

4.16

4.17

4.18

4.19

4.20

4.21

4.22

Heat loss versus slit gap percentage for equivalence
ratio 0.8 graph

Temperature contour for equivalence ratio 0.8 and
velocity 5.0 m/s

Efficiency versus slit gap percentage for equivalence
ratio 0.8 graph

Pie chart of overall frequency percentage of
combustor efficiency based on slit gap (SG)
percentage

Pie chart of overall frequency percentage of
combustor heat loss based on slit gap (SG)
percentage

Comparison temperature contour for equivalence
ratio 0.8, inlet velocity 2 m/s for slit gap percentage
40% and 70%

Graph of total heat flux wversus position for
equivalence ratio 0.8 and inlet velocity 2 m/s

Pie chart of overall frequency percentage of blow-
off phenomenon based on slit gap (SG) percentage

Xiv

85

86

87

88

90

91

91

94



LIST OF ABBREVIATIONS AND SYMBOLS

C
CH4

CO2

H.0

exp

Carbon
Methane

Oxygen

Carbon Dioxide

Water

Hydrogen

Exponential

Temperature

Arrhenius reaction / Radial coordinate
Density

Mass fraction of species i
Diffusion coefficient of species i
Static pressure

Dynamic viscosity

Sum of

Reynolds number

Equivalence ratio

Fuel

Air

Stoichiometric

Height of micro channel

Length of micro channel

XV



Hbiuft

Hslit

Qloss

hout

Bluff body height

Height of slit

Blockage ratio

Emitter efficiency

Diameter of inner combustor
Wall thickness of combustor
Surface emissivity
Stefan-Boltzmann constant
Temperature of micro combustor walls
Position from inlet of combustor
Heating value of CH4

Mass flow rate of CH4

Heat loss by the convection
Heat loss by the radiation

Total heat loss

Heat transfer coefficient of the natural
convection

Ambient temperature
Emissivity of the solid surface
Flame consumption speed
Flame displacement speed
Flame absolute speed

Isolevel

Velocity of burnt gas move to remain on the
surface

XVi



SU

<l

A
Sh

Ri

D; or

All

Yi

Velocity of burnt gas to fresh reactants
Flow speed
Reduced temperature

Flow velocity ahead of the flame

Speed of a laminar planar unstretched freely
propagating in one-dimensional flame

Axial coordinate

Species i diffusion flux

Chemical reaction heat formation
Spec!es i net production rate by chemical
reaction

Species i mass diffusivity in the mixture
stress tens

Species i mass fraction

thermal diffusion coefficient

Thermal conductivity

Species i molar concentration

Species i rate of change in the molar
concentration

Specific reaction rate constant

Activation energy

Pre-exponential factor

Reac_tion rate order with reference to the i th
species

Radial velocity

Axial velocity

Xvii



CHAPTER 1

INTRODUCTION

1.1 Introduction

Electronics system and mechanical system required a power to be operated.
Power is the usage of energy over the time. Energy neither can be created nor
destroyed. Energy comes in multiple forms including radiation, chemical,
gravitational potential, electrical potential, latent heat, kinetic and others. Study on
energy is a never-ending story along with its resources. The United States Energy
Information Administration (US EIA) had published the latest amendment of its
International Energy Outlook 2017 (IEOQ2017), which is a research for world energy
markets and reported that fuel sources are the main usage for energy consumption
and have been increased year by year. Fast growing energy source is expected by
renewable and nuclear power but the world is still dependent on fossil fuels as its
primary principle energy source well into the future. Figure 1.1 illustrated the world

energy consumption by energy source (1990-2040).
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Figure 1.1 World energy consumption by energy source (1990-2040)
(Kleven, 2017)

This study is one of the efforts to improve the energy supply for electronics
or particularly on Microelectromechanical System (MEMS) technology.

Contribution for this study can be divided into several points, which are enhancement
safety for aviation, supporting green campaign for environmental safety,
enhancement in energy density for MEMS, and prolonged serviceability of

electronics component.

Top management for high-risk work at any company is always emphasizing
safety and health at work. By having reliable machine or system as medium to execute
the mission or task, safety and risk management is easy to manage. Although most of
the machines in aviation industry use electrical power from electric power station,
aircraft engine or generator, they still require secondary power or back up power at
least to operate the mandatory component. For example, in the case of an aircraft that
totally loses its power, pilots are able to avoid collision with the other aircrafts and
landed safely when communication and navigation devices are still functioning. This

back up power can be energized by batteries or alternatively micro combustor in



MEMS technology. Microscale combustion is the production of heat in micro level
from progression of exothermic chemical reaction between reactants in which
combustor geometry less than 1 mm (Bui, 2013). This research is to elucidate the
stability and efficiency of micro combustor so that it can be used for a longer period

of operation.

Other than that, nature is paramount to be concerned for the sake of people
interact with nature consistently and these interactions can influence health variation
and quality of life (Healthy People Team, 2018). Chemical waste contributes to
pollution and pollution contributes to diseases. Batteries are made from chemical
substance. For instance, lithium, zinc, alkaline, and silver. These chemical may
jeopardize the stability of nature especially water and land. The widespread use of
batteries has created many environmental concerns, such as toxic metal pollution,
and also contributes to electronic waste. Americans purchase nearly three billion
batteries annually (Sharman, 2014). Batteries may also explode due to misuse or
malfunction, or short circuit and the other factor is corrosion due to many batteries
chemicals are corrosive, poisonous, or the chemicals released could be dangerous
(Sharman, 2014). As for the effects of water pollution due to batteries waste, several
diseases may occur such as Cholera, Malaria, and Typhoid. Besides that, aquatic life
may also be destroyed. Thus, micro combustion energy generated system may

contribute for environmental safety and at the same time keeps our world green.

In addition, micro combustion has other incomparable advantages.

Hydrocarbon fuels make a relatively low environmental footprint in utilization while



disposal of used battery can cause serious environmental issues (Fernandez-Pello,
2002, Kaisare and Vlachos, 2012). Moreover, unlike batteries suffering from vital
drawbacks of long recharging but short operating time, micro combustion based
devices take advantage of instant rechargeability just by replacing the fuel cartridge
(Ju and Maruta, 2011, Kaisare and Vlachos, 2012). In combination with these
benefits, other strong points for micro combustion process are constant voltage
during operation, no memory effect, better chemical stability, and longer lifetime
that make it quite attractive and promising for providing power in various small-scale

applications (Chia and Feng, 2007).

1.2  Problem Statement

The main problem in small-scale electronic devices such as smartphones,
unmanned aerial vehicles (UAV), and MEMS is the capability to sustain long
operation hours. Conventional batteries and even the latest technology of common
alkaline batteries (lithium-ion) can only provide an energy storage of 0.6 MJ/kg
whereby sustainability is about three to six hours for non-stop operation (Fernandez-
Pello, 2002). Thus, requirement for new method of energy-generated system is highly
demanded. Currently, every user demands for the most reliable system to ease their
workload. With that concern, electronic devices such as smartphones are required to
be operated in longer hours to avoid communication break down or any unwanted
incident. Epstein and Senturia (1997) proposed new method of power generated

system for small electronics devices by creating micro combustor to supply heat



energy to be converted to electrical power. Every new finding has its own challenges;
major issue in micro combustor is how to stabilize the combustion in small volume
area. Several methods have been proposed to overcome the issue in micro combustor
such as adjusting the geometry of the combustor, making cavities, wire insertion and
adding bluff body at the inlet of combustor. To the author’s knowledge, bluff body
with a slit in micro combustor has minimal studies in micro combustion field. Thus,
this topic builds an author’s interest. One of the contributions of this study is the
improvement the combustion stability on supplying heat towards achieving higher
energy density for micro-scale system. In conjunction with higher energy density, the

serviceability of electronic components or system can be prolonged.

The most valuable micro-scale system is MEMS Technology. MEMS grows
rapidly as well as nanotechnology and makes the world competing for development
for tiny scale devices out of the blue for the field, such as small-scale sensors, small
unmanned aerial vehicles, printers, cars industries, smartphone industries,
biomedical engineering, defense technology and aviation industries. On the other
hand, the progression on developing small-scale energy source to empower those
devices is still lacking specifically when mass to volume and energy density play an
important role to determine the capability of certain devices (Fernandez-Pello, 2002,
Chia and Feng, 2007, Ju and Maruta, 2011, Maruta, 2011, Kaisare and Vlachos,
2012). Presently, conventional batteries experience many difficulties due to low
energy density and unable to solve the challenge as batteries always take
considerably more mass fraction and volume fraction of the devices and thus

contribute to logistical issue (Fernandez-Pello, 2002).



Utilization of micro combustor with high energy density of hydrocarbon as
one of reactants is highly required to fulfill the needs of compress and high energy
density power sources for power generating system. Figure 1.2 indicates that typical
liquid hydrocarbons are capable of providing a high specific density at 25 MJ/kg
while common alkaline batteries (lithium-ion) can only provide an energy storage of
0.6 MJ/kg (Fernandez-Pello, 2002). Therefore, in reality, the energy conversion
efficiency from chemical to electrical energy should be scaled with power generating
systems. It is predicted that the replacement of traditional batteries with this

competitive small-scale combustion based power systems is possible.
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Figure 1.2 Specific energy for hydrocarbon fuels and traditional batteries
(Fernandez-Pello et al., 2002)

However, there are essential obstacles for micro combustor, which are the
stability of the flame internally due to short flow residence time at small-scale, and
heat losses from the combustor walls that contributes to increasing surface-to-volume
ratio (Kang et al., 2017). There are many methods to stabilize the flame inside micro

combustor and one of it is by using bluff body inside micro combustor. Yan et al.

6



(2018) had studied combustion characteristics of methane/air in a micro combustor
with a regular triangular pyramid bluff body and found that blow-off limit was
extended 2.4 times more than micro combustor without bluff body. In addition, by
increasing blockage ratio of the bluff body, the temperature behind bluff body
increased. Liu et al. (2014) had investigated the blowout in slit bluff-body stabilized
flames for macro scale and found out that blowout limit can be improved by optimal
slit ratio. Thus, gap for new research was found that bluff body with a slit in micro
combustor has never been studied previously. Therefore, the research problem is to
investigate the effects of slit gap percentage of trapezoidal bluff-body on flame

dynamics of methane/air combustion in a micro-channel.

In the nutshell, this study may contribute some useful information for the
improvement of thermal efficiency and flame stability of micro combustion system.
Consequently, it will contribute to work-life balance because the work can be done

effectively, continuously and safely.



