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ABSTRAK

Secara teorinya, prestasi penapis udara adalah mengikut rekabentuk penapis udara, saiz
penapis udara dan jenis bahan yang digunakan. Rekabentuk penapis udara dipilih sebagai
kanta dalam kajian penyelidikan ini. Rekabentuk kon seperti Rezton dipilih sebagai
rekabentuk yang sedia ada kerana prestasi dan rekabentuk yang sama jika dibandingkan
dengan rekabentuk penambahbaikan. Prestasi penapis kon mengikut rekabentuk corong,
sudut batang dan dimensi batang. Oleh itu, ciri-ciri ini diperlukan apabila merekabentuk
penapis kon ini. Konsep berbentuk C peralihan keluk atau juga dikenali sebagai keluk
berprofil tinggi kemudian dicadangkan untuk mengatasi masalah ini. SolidWorks adalah
perisian yang digunakan dalam merekabentuk profil penapis udara sama ada secara sedia
ada atau model rekabentuk penambahbaikan. Skim-skim struktur linear statik dan analisis
“fatigue” digunakan untuk mengetahui kesesuaian struktur antara model dalam mod
statik. Hasil ini menunjukkan bahawa apabila maksimum Von Mises tekanan dan anjakan
adalah lebih rendah, justeru itu, nilai baik faktor keselamatan dapat dicapai. Selain itu,
COMSOL Multiphysics 4.2a adalah pakej dinamik yang digunakan untuk menganalisis

model-model dalam tujuan dinamik. Daripada hasil kajian ini, bagi input halaju yang sama
1aitu 6Ins'1 , halaju, tekanan dan kelikatan untuk rekabentuk penambahbaikan adalah

82.152ms ', 7848.8 Pa dan 3931.4 Pa.s manakala 79.794ms ™', 15366 Pa dan 691.73 Pa.s
untuk rekabentuk sedia ada. la menunjukkan bahawa, rekabentuk penambahbaikan
menghasilkan halaju dan kelikatan dengan nilai tertinggi dan oleh itu, tekanan rekabentuk
penambahbaikan itu dapat dikurangkan. Oleh itu, rekabentuk yang berbentuk C memberi
kesan yang baik dalam merekabentuk penapis udara yang berprofil tinggi yang kemudian

sesuai untuk kereta prestasi.



ABSTRACT

Theoretically, the performance air filter is in accordance to the shape design of air filter,
the size of the air filter and the type of material used. The shape design of the air filter is
selected as a lens on this research study. The conical design such as Rezton is chosen as
an existing design due to its performance and similar design when compared to the
improvement design. The performance of conical filter is mostly considered the design of
the funnel, an angle of stem and the dimensions of stem. Thus, these characteristics are
required when designing this conical filter. The concept of C-shaped transition curve or
also known as high profile curve is then proposed to overcome this issue. SolidWorks is
the software used in designing the air filter profile either in existing or in improvement
design models. The structural schemes such as linear static and fatigue analyses are
applied to find out the structural applicability amongst the models in static mode. The
resulted showed that when the Maximum Von Mises Stress and displacement are lower,
consequently, the good value of safety factor is achieved. Furthermore, the COMSOL
Multiphysics 4.2a is the dynamic package that used to analyze the models in dynamic

purposes. As the results, for the same input velocity where initial velocity is 6 ms”! , the
velocity, pressure and viscosity for improvement design are 82.152 ms™ , 7848.8 Pa and

3931.4 Pa.s whereas 79.794ms "’ , 15366 Pa and 691.73 Pa.s for the existing design. It
shows that, the improvement design produced the highest values of velocity and viscosity
and due to that, the pressure of the improvement design can be reduced. Therefore, the C-
shaped design gives good impacts in designing the high profile air filter which then

suitable for the performance car.



DEDICATION

Specially dedicated to my father, Luming anak Giman and my mother. Sidot anak
Andum who are very understanding, caring, patient and supporting for help me
mentally. Also thanks to my dearest siblings, honorable lecturers and loyal friends for

the guidance, patient and encouragement in my final year project.



ACKNOWLEDGEMENT

I am grateful to Lord for giving me enough strength and courage to finally finish up this
final year project and its report. For without the help He has given along with His
permission, all may not have been completed. With a sincere heart, I would like to thank
to my Co-supervisor, Mr. Saifudin Hafiz Bin Yahaya for valuable support. He inspired
and motivated me to contribute tremendously to this project and has given me a lot of
innovative ideas in solving all the obstacles which rises. Once again I would like to thank
him for all the comments and amendments he has given me with his patience towards my
deficiency. Thanks to Mr. Baharudin Bin Abu Bakar which faithful support of this thesis
was greatly needed and deeply appreciated. I also would like to express my greatest
gratitude for all of my classmate and to those who have been helping directly or indirectly
in completing this final year project as well as its report. All of my hardwork will meant
nothing without the inspirational and motivational from all of them. Lastly, I would like
to give my thanks to the patience and the support from my beloved family. For they, has
given me the strength to complete this report entirely and I will always be grateful for

having them as my family. Thank you.



TABLE OF CONTENT

Abstrak

Abstract
Dedication
Acknowledgement
Table of Content
List of Tables

List of Figures
List of Equations

List of Abbreviations, Symbols and Nomenclature

CHAPTER 1: INTRODUCTION
1.1 Background of the Research Study
1.2 Problem Statement
1.3 Research Objectives
1.4  Research Scope

CHAPTER 2: LITERATURE REVIEW
2.1 History of Air Filter
2.2 Material of Air Filter
2.2.1 Paper Filters
2.2.2 Cotton Fabric Air Filter
2.2.3 Foam Air Filter
2.2.4 Stainless Steel Air Filter
23 Bezier Curve

2.4 Cases of Transition curves

2.4.1 Straight line to circle (J-shaped transition)
2.4.2 Circle to circle with an S-shaped transition

2.4.3 Straight line to straight line

i
il

v

viil
1X
Xiil

XV

10

12
12
14
14
16
17
18
19
21
21
22
23



2.4.4 Circle to circle where one circle lies inside the

other with a C oval transition

2.5  Application of Transition Curve
2.5.1 Railway and Highway Designs
2.5.2 Path Planning for Mobile Robot

CHAPTER 3: METHODOLOGY
3.1  Method of Research
3.2 Air Filter’s Profile Design
3.2.1 Improvement Design: High-Profile Curve Concept
3.2.2 Existing Design: Air filter for Performance Car
33 Method of Analysis
3.3.1 Linear Static Analysis
3.3.2 Fatigue Analysis
3.3.3 Dynamic Analysis

CHAPTER 4: LINEAR STATIC AND FATIGUE ANALYSES
4.1  Linear Static Analysis
4.1.1 Meshing Process
4.1.2 Boundary and Loading Conditions
4.1.3 Materials Selection
4.1.4 Stress and Displacement Distributions
4.1.5 Safety Factor amongst the Models
4.2 Newton Interpolation Polynomial as a Fatigue Predictor
4.3 Design of Efficiency of the Models

4.4 Conclusion

CHAPTER 5: DYNAMIC ANALYSIS OF THE MODELS
5.1 Dynamic Analysis
5.1.1 Creating a Fluid Flow (Turbulent Flow) Model Wizard

23

24
25
26

28
29
31
32
34
36
37
40
44

48
48
50
56
59
60
63
66
70
71

72
72
74

Vi



5.1.2  Creating the geometry in Model Builder for
COMSOL Multiphysics (Single Flow)
5.1.3 Turbulent Flow Defined in COMSOL Multiphysics
5.1.4 The Meshing Process of the Models
5.2 Velocity, Pressure and Viscosity amongst the Models
53 Coefficient of Variation of the Models
5.3.1 Coefficient Variation for Velocity
5.3.2 Coefficient Variation for Pressure

5.4 Conclusion
CHAPTER 6: CONCLUSION AND RECOMMENDATION
6.1 Conclusion

6.2 Recommendation

REFERENCES

APPENDICES

77
79
84
86
92
93
95
96

97

97

98

100

Vi



4.1

4.2

4.3

44

4.5

4.6

4.7

5.1

5.2

53

5.4

5.5

LIST OF TABLES

The mesh information of existing and improvement designs

The properties of AISI 304 Stainless Steel

Stress and displacement results for existing and improvement designs
The results of stress and safety factor for both designs

The pressure applied and safety factor of both designs

Divided difference for newton interpolation polynomial for

existing design

The initial pressure for both designs

Physical Properties of Air

The elements and minimum element quality of amongst the models
The results obtained using COMSOL MultiPhysics 4.2a
Statistical analysis in the design models (velocity)

Statistical analysis in the design models (pressure)

55

59

65

68

68

69

78

85

89

93

95

viii



1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2.1

2.2

23

24

2.5

2.6

2.7

2.8

2.9

LIST OF FIGURES

Panel air filter

Cylindrical air filter

The slicing top off a cone (left) and final conical design (right)

Cone and its application in conical filter

Conical air filter

The relationship between face velocity and dust capacity

The relationship between the face velocity and efficiency

C-shaped transition curve

The example of application transition curve in highway design (left) and

superelevation transition curve for safety and stability of highway design

(right)

Paper filters

Cross section of OEM type filter

Cotton fabric air filter

Foam air filter

The illustration of air flow in foam filter
Stainless Steel air filter

Examples of Bezier curves

Example Bezier curves of various degree

Straight line to circle transition

15

15

16

17

18

19

20

20

21



2.10

2.11

2.12

2.13

2.14

3.1

3.2

33

3.4

3.5

3.6

3.7

3.8

3.9

3.10

S-shaped transition curve
Straight line to straight line
Circle to circle

Railway design

Path in form of a series of linear segments connected by curves

The overview of entire process flow diagram of the research study
A C-shaped transition curve

The process flow diagram of air filter’s profile design using
C-shaped transition curve

The 2D sketching (left) and 3D design model (right) of air filter’s
profile using C-shaped transition curve

The process flow diagram of 2D sketch and 3D design

model high performance air filter (REZTON)

The 2D sketching (left) and 3D design model (right) of the
REZTON air filter

The example TET10 elements in piston

The process flow diagram of linear static analysis for the design
models using SolidWorks software

The process flow diagram of fatigue analysis for existing and
improvement models

The process flow diagram of the detailed fatigue analysis

22

23

24

25

26

29

31

33

34

35

36

37

39

41

43



3.11

3.12

4.1

4.2

4.3

4.4

4.5

4.6

4.7
4.8

4.9

4.10

5.1
52
53
54

The overall flow diagram of the simulation process using
COMSOL Multiphysics 4.2a
The process flow diagram of dynamic analysis using

COMSOL Multiphysics 4.2a

The example of mesh to aircraft wing body components

The unstructured mesh (left) and structured mesh (right) of product
Some of the commonly mesh elements used in programs

Example of TET4 (left) and TET10 (right) on the lower suspension arm

The meshing process in existing (left) and improvement (right) designs

The fixed boundary conditions on the existing (left) and improvement
designs (right)

Example of Newton’s Third Law
The loading condition on the existing (left) and improvement
design (right)

The simulation of o, on existing (left) and improvement design (right) at

p=64x10° N/m*

The simulation of d on existing (left) and improvement design (right) at

p=64x10° N/m?

COMSOL Multiphysics Workbench
The 3D file is imported into the COMSOL Multiphysics Model Builder
The Air selected as the material in dynamic analysis

Boundary condition surface for inlet of improvement design (left) and
existing design (right)

44

46

51

52

52

54

55

57
58

58

61

62

75
77
78

81

Xi



5.5

5.6
5.7

5.8

59

5.10

5.11
5.12

Boundary condition surface for outlet of existing design (left) and
improvement design (right)

The meshing process in existing (left) and improvement (right) designs
Velocity volume for existing (above) and improvement (below) design at

-1
v. =6ms
1

velocity streamlines for existing (above) and improvement (below)

designat v. = 6ms™"
1

Pressure contour for existing (above) and improvement (below)
design atv, = 6ms”'

1
Wall resolution viscosity for existing (above) and improvement

(below) designv, = 6ms™!
1

Velocity distribution amongst of the models

Pressure distribution amongst of the models

83
85

86

87

88

88

91
91

xii



2.1

2.2

23

24

2.5

3.1

3.2

33

3.4

4.1

4.2

4.3

4.4

4.5

4.6

4.7

5.1

52

LIST OF EQUATIONS

The equation Bezier Curve

The equation k in transition curve

The equation of straight line to straight line
The equation of straight line to straight line

The conditions of continuity

The equation of Safety factor (Sf )

The classifications of inequalities
The expressed of Newton Interpolation polynomial equation

The Newton Interpolation polynomial equation after substitution

The equation of pressure

The calculation of system equation in Linear Static Analysis

The n™ order of polynomial equation

The common simplified form of polynomial

The example of Newton Interpolation polynomial for existing design
The substitution equation of existing design in polynomial

The Design Of Efficiency (DOE) equation

The linear dynamic equilibrium equation

The categories of pattern flow

21

22

23

23

24

40

40

40

41

49

49

67

67

68

68

70

73

79

Xiii



53

54

5.5

5.6

5.7

The equation of Reynolds number

The equation of inlet boundary condition
The equation of outlet boundary condition
The equation of Bernoulli’s Principle

The equation of Coefficient of Variation

80

82

83

92

93

Xiv



LIST OF ABBREVIATIONS, SYMBOLS AND

NOMENCLATURE
PH - Pythagorean hodograph
S, - Safety Factor
DOE - Design of Efficiency
OEM - Original Equipment Manufacturer
CFD - Computational Fluid Dynamics
CAGD - Computer Aided Geometric Design
CAD - Computer-Aided Design
FEA - Finite Element Analysis
FEM - Finite Element Method
2D - Two Dimensional
3D - Three Dimensional
FEA - Finite Element Analysis
TET10 - Tetrahedral Elements
p - Pressure
S, - Von Mises Stress
d - Displacement
n - Viscosity
vy - Velocity
\A - Initial Velocity

XV



CHAPTER 1
INTRODUCTION

The Chapter 1 focuses on the general ideas of the research study, which provided an
overview of the air filter profile design using C shaped curve. In this chapter, it consists
of the background of the project, problem statements, objectives and the scope of the

research study.

1.1  Background of the Research Study

Air is not only vital in any life form on earth, but also the important mechanism in vehicles
especially the performance of the car engine. Nonetheless, air is constantly contaminated
with all sorts of pollutants such as fumes, dust, smoke and other atoms. For example,
temperature and humidity, these particles are not always visible to the eye, but they are
harmful to the engine. Chander et al. (2014) observes that these particles reduced the

cleanliness of the air and can lead to severe damage of all engine components.

Basically, Julian (2011) stated that the air filter is an essential part of a car's intake system,
as it is through the air filter that the engine "breathes". In addition, Julian (2011) also
explained that the purpose of the air filter is to filter out dirt and other foreign particles in
the air and improving the combustion efficiency. While an air filter is one of the essential

components of engines as defined by Shukri et al. (2013).

Furthermore, Loud et al. (1991) noted that the important characteristic of an air filter is its
efficiency. Bugli et al. (2004) explained that the factor that causes the efficiency of air

filters are accordance to the shape design of air filter, the size of the air filter and type of

1



material used. Therefore, the shape design of air filter is selected as the lens for this

research study.

In general, profiles define as the surface elevation along an alignment. Profile design is
important in designing the air filter because the profile design will affect the efficiency of
an air filter performance (Bugli et al., 2004). According to Michael et al. (2000), it is
impossible to maintain good air quality with a poorly designed of an air filter. This
statement also supported by Julian (2011) that the poor air quality will significantly impact

the performance of a car engine.

Nowadays, there are several types of air filter such as panel filter, cylindrical filter and
conical filter. In general, the method designing of panel air filter was using rectangular
shape. Mathematically, the volume of a rectangle is increased in contrast to its density is
low. Therefore, the pressure loss in the air filter is low due to low air density. Generally,
the air filter panel was designed to have a high cleaning efficiency, but it shows that

pressure drop is low (Farr, 1940). Figure 1.1 shows the panel of the air filter.

Figure 1.1: Panel air filter (Anonymous, 2014)

Besides, the type of cylindrical air filter was designed by using the cylinder method. Paul
et al. (1996) said that a cylindrical air filter element consist of an inner liner and outer
liner, a closed end and an open end. Paul et al. (1996) also said that the diameter of the
opening is smaller than the outside diameter of that portion of the outlet of the end cap
that extends into the housing. In cylindrical design, air is sucked radially in through the

folded paper forming a thick cylinder wall and where the cleaned air is sucked out from

2



the filter axially through a central opening of the filter (Sundquist, 1998). Mathematically,
the density of the cylinder is low due to its volume is high. Figure 1.2 represents the

cylindrical of air the filter.

Figure 1.2: Cylindrical air filter (Anonymous, 2014)

Moreover, the cone air filter was designed by using the cone method. Beyer (1987) said
that the conical design is created by cutting the top off a cone (with the cut made parallel

to the base) that displayed in Figure 1.3.

-

Figure 1.3: The slicing top off a cone (left) and final conical design (right) (Beyer, 1987)

In cone method, the suitable measurement of filtration through stainless steel folded in
order to form a cone (Bogaty and Carson, 1944). Griffin and Parish (1922) have
highlighted the performance of conical filter accordance to the design of the funnel, angle
and the dimensions of the stem. Thus, when applying the cone method, the designer should

consider these characteristics. The cone method is depicted in Figure 1.4.



Figure 1.4: Cone and its application in conical filter (Bogaty and Carson, 1944)

The example of conical air filter such as Rezton’s air filter. Rezton’s air filter has applied
cone as a basis model of designing it. According to Tadeusz et al. (2004), the pressure loss
coefficient of the conical filter elements is higher than another type of the shape design

while the air velocity is also increased. Figure 1.5 shows the Rezton’s air filter.

Figure 1.5: Conical air filter (Anonymous, 2014)

These shapes of air filters have been compared in term of their functionalities. By referring
Figure 1.6, it shows the relationship between the face velocity and dust capacity among
the type of the shape design air filter. The ‘dust capacity’ of an air filter refers to the
amount of dust the filter is capable of holding during its functional life. While, the ‘face
velocity’ refers to the airflow divided by the total area of the air filter. Figure 1.6 also
depicts the different relationship or curve exist based on the type of air filter and type of

material used to create the filter. These curves are shown in the graph. From the graph,

4
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