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ABSTRACT

An autoclave was a sealed welly container which used for the process involved high

temperature and pressure. Past researches focused on the efficiency of autoclave by reduction of

cycle time and other properties. This project aimed to investigate the velocity and temperature

distribution inside the autoclave, determined the suitable fan and heater position for uniform

velocity and temperature distribution inside the autoclave. To illustrate the velocity and

temperature distribution inside the autoclave, CFD simulation apps such as Computational Fluid

Dynamic, FLUENT ANSYS was used. From the result gained from simulations, the required

parameter that velocity distribution for achieving the uniform flow was 1m/s. While the

temperature distribution was in stable that surrounded the mold with the required velocity of air

flow above 1m/s. From the comparison of different velocities towards each temperature

distribution, the recommended was air with 1m/s velocity.
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ABSTRAK

Autoklaf adalah wadah penyerlah yang digunakan untuk proses yang melibatkan suhu

dan tekanan tinggi. Penyelidikan yang lalu memberi tumpuan kepada kecekapan autoklaf oleh

pengurangan masa kitaran dan sifat-sifat lain. Projek ini bertujuan untuk menyiasat pengedaran

halaju dan suhu di dalam autoklaf, menentukan kedudukan kipas dan pemanas yang sesuai untuk

halaju seragam dan pengedaran suhu di dalam autoklaf. Untuk menggambarkan halaju dan

pengedaran suhu di dalam autoklaf, aplikasi simulasi CFD seperti Computational Fluid Dynamic,

FLUENT ANSYS telah digunakan. Daripada hasil yang diperolehi dari simulasi, parameter yang

diperlukan bahawa pengagihan halaju untuk mencapai aliran seragam adalah 1m/s. Walaupun

pengedaran suhu berada dalam keadaan stabil yang mengelilingi acuan dengan halaju yang

diperlukan aliran udara di atas 1m/s. Daripada perbandingan halaju yang berbeza ke arah setiap

pengagihan suhu, yang dicadangkan adalah udara dengan halaju 1m/s.



v

ACKNOWLEDGEMENT

I would like to express my sincere appreciation towards my supervisor, Dr Ernie Binti

Mat Tokit. She has guide me along the whole PSM 1 from start to the end and share her

knowledge on how to do the CFD simulation and project report writing skills. I would also like

wish to extend my gratitude towards my housemates who help me in software technics and share

their information about the PSM project with me.



vi

TABLE OF CONTENT

CHAPTER CONTENT PAGE

SUPERVISOR’S DECLARATION

ABSTRACT

ABSTRACK

ACKNOWLEDGMENT

i

ii

iii

iv

TABLE OF CONTENT v

LIST OF FIGURES viii

LIST OF TABLES xi

LIST OF ABBREVIATIONS xii

LIST OF SYMBOLS xiii

CHAPTER
1

INTRODUCTION 1

1.0 BACKGROUND 1

1.1 PROBLEM STATEMENT 3

1.2 OBJECTIVES 4

1.3 SCOPE 4

CHAPTER
2

LITERATURE REVIEW 5



vii

2.1 THE CONCEPT OF OVENS AND

AUTOCLAVES

5

2.2 FLOW VISUALIZATION OF OVENS AND

AUTOCLAVES

9

2.3 TEMPERATURE DISTRIBUTION OF OVENS

AND AUTOCLAVES

15

2.4 CURRENT DESIGN IN OPTIMIZE THE

PERFORMANCE IN BOTH OVENS AND

AUTOCLAVES

18

CHAPTER
3

METHODOLOGY 20

3.2.0 NUMERICAL WORK 22

3.2.1 MODEL THE DOMAIN 24

3.2.2 MESHING TYPE 25

3.2.3 MATERIAL PROPERTIES SET-UP 26

3.2.4 BOUNDARY CONDITION SET-UP 27

3.2.5 RUN THE SOLVER 28

3.2.6 REDO MESHING WITH DIFFERENT

PROPERTIES

28

CHAPTER
4

RESULT & DISCUSSION 29

4.1 VALIDATION TOWARDS JOURNAL 28

4.2 VERIFICATION USING DIFFERENT

NUMBER OF MESHING

31



viii

4.3 COMPARISON ANALYSIS OF BOUNDARY

CONDITION OF PRESSURE OUTLET AND

EXHAUST FAN

36

4.4 FLOW DISTRIBUTION AT DIFFERENT

VELOCITY

38

4.5 TEMPERATURE DISTRIBUTION AT

DIFFERENT VELOCITY

41

CHAPTER
5

CONCLUSION 45

5.2 RECOMMENDATION 48

REFERENCE 49

APPENDIX 51



ix

LIST OF FIGURES

FIGURES DESCRIPTIONS PAGES

Figure 2.1: The mimic of autoclave systems 5

Figure 2.2: The model of the sample used for validation purpose 7

Figure 2.3: The curing process for metal specimen inside the autoclave 7

Figure 2.4: The oven and its main parts 8

Figure 2.5: The cross diagram of the oven and its particular usage 8

Figure 2.6: The figure of different inlet against the heat flow pattern 9

Figure 2.7: The air velocity flow diagram with temperature differences 10

Figure 2.8: The flow pattern inside the oven when obstacles are placed 10

Figure 2.9: The schematic diagram of air circulation inside an autoclave 11

Figure 2.10: The heated air flow of a coke oven with its structure 12

Figure 2.11: The overview of heat flow across the coke oven 13

Figure 2.12: The air flow of the autoclave model 13

Figure 2.13: The streamline of the symmetrical plane 14

Figure 2.14: The velocity distribution of LDPE autoclave reactor with different

impellers

14

Figure 2.15: The streamline pattern and the present simulation 15

Figure 2.16: The temperature field simulation inside the oven 15



x

Figure 2.17: The temperature distribution of the fairing and tools at 60 minutes 16

Figure 2.18: The temperature distribution on the surface of the model 17

Figure 2.19: The references of conveyer belt speed 18

Figure 2.20: The modified conveyer belt speed 19

Figure 2.21: The improvement of cycle time as a function of different

modification

19

Figure 3.1 The general methodology used 21

Figure 3.2: a) cylinder-like autoclave model. b) combined model with brick-

shape mold.

24

Figure 3.3: The brick is moved into the center of the cylinder 24

Figure 3.4: The final pattern of the sample inside gambit drawing 25

Figure 3.5: The edge meshing of the sample 25

Figure 3.6: a) The final meshing b) The examined cross-section plane skewness 26

Figure 3.7: The material selection command to insert corresponding material 26

Figure 3.8: The setting of pressure outlet in Boundary Condition command 27

Figure 3.9: The iterate command in FLUENT command 28

Figure 3.10: The number of iterations 28

Figure 4.1: The turbulent kinetic energy of the steady-state flow of the reference 29

Figure 4.2: The turbulent kinetic energy of the steady-state flow of the model 29

Figure 4.3: The different design of the mold 30

Figure 4.4: Volumetric meshing on cylindrical volume 31

Figure 4.5: Worse meshing element occurring at aside of mold which in-

contacted with cylinder volumetric mesh

32



xi

Figure 4.6: The geometry of the model with all represented edges’ symbols 33

Figure 4.7: Unaccepted meshing with skewness greater than 0.97 34

Figure 4.8: The error showed after volumetric meshing with all the data in Table

4.1 on the cylinder volume

34

Figure 4.9: Geometry without panel 34

Figure 4.10: Comparison between boundary condition of pressure outlet and

exhaust fan

36

Figure 4.11: Velocity contour for inlet velocity of 1m/s, 2m/s, and 3m/s 38

Figure 4.12: The red circles show the difference between three different cases 39

Figure 4.13: Temperature contour for inlet velocity of 1m/s, 2m/s, and 3m/s 42

Figure 4.14: Temperature contour for inlet velocity of 0.2m/s, 0.5m/s, and 1m/s 44

Figure 5.1: The red circle is the predicted area that heater to be located 46

Figure 5.2: The white circle is the area that blower applied, while green circle is

the exhaust fan

47



xii

LIST OF TABLES

TABLE TITLE PAGES

Table 4.1: Table of numbers of nodes that applied on each particular side edge 32

Table 4.2: Table of numbers of nodes that applied on each particular side edges

for geometry without panel

34



xiii

LIST OF ABBREVIATIONS

FLUENT Fluent-Ansys apps

CFD Computational Fluid Dynamics

2D Two Dimensional

3D Three Dimensional

LDPE Low-Density Polyethylene



xiv

LIST OF SYMBOLS

A = related area

= density of fluid

= velocity of fluid

= characteristic linear dimension

= dynamic viscosity of fluid

= kinematic viscosity of fluid

= time taken

= diameter of circle

= vorticity



1

CHAPTER 1

INTRODUCTION

1.0 BACKGROUND

An autoclave is a pressurized chamber which used to carry out industrial processes such

as curing, body piercing and other processes that required elevated temperature with different

pressures. While the heat flow is the pattern of the temperature of the air that flows through the

whole chamber with different temperature and velocity.

The normal dimensions of the autoclave chamber for common usage such as the cooling

process for small scale, medium scale, and large-scale productions respectively. With the aids of

Computational fluid dynamics (CFD) simulations, the purposes for improvement of the curing

process in the autoclave chamber are being done. CFD simulations are able to analysis the fluid

flow in a certain space with several parameters like velocity, density, pressure, temperature, and

viscosity. To analysis the aeroplane wing in the autoclave curing chamber, the represented model

is put inside the chamber and analysis through CFD.

In this research, the objectives of the autoclave have to fulfill a requirement of the model

of an aeroplane wing size about 2m weight,1m height, and 5mm thickness. Therefore, the design

of the autoclave chamber dimensions must be wider than the aeroplane wing’s dimensions with

13m length and 3m of radius cylindrical shape chamber.
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Nowadays simulation has used as a prediction for most of the specialized categories not

only included for the industry. Simulation acts as a second chance to avoid any mistakes that

happened before the actual test-drive experiment that cost expensively. The problems of the

curing process for aeroplane wings need a huge concrete chamber that cost significantly. Thus,

the simulation is the best choice to estimate the dimensions and other related properties of the

chamber before the real construction of it.

The autoclave chamber has several scales for different type production purpose such as

range of 12 inches diameter X 24 inches length for small scale production, 60 inches diameter X

240 inches length for medium scale production inches and 120 inches diameter X 240 inches

length for large scale production. These standard models type autoclaves are normally used for

composite curing autoclave technology. There is custom-made autoclave with for another

process that includes wood, glass, dewaxing, and AAC concrete. Normally, the chamber is made

up of stainless steel with the cylindrical shape-like tube.
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1.1 PROBLEM STATEMENT

Nowadays, air transportation used for crossing from one country to another. The process

of improvement and sub-parts of airplane has to be fast produced and easy to change for

commercialized purposed. Therefore, the new autoclave chamber has to be designated for the

curing process of the composite parts. To achieve fast curing process for an aeroplane wing, the

inlet air flow velocity and temperature distribution in the chamber should be controlled to cure

the composite at the specified condition. When the heat distribution in the chamber is not

uniform, the flow of fluid inside the chamber will not flow smoothly throughout the whole

chamber but will form vortexes along the path of flow. At the center of circulate flow, the

stagnation area appeared and it caused the velocity approximate to zero. Therefore, the

elimination of the stagnation area should able to improve the curing efficiency inside the

chamber. The efficiency of the autoclave is based on reduction of cycle time. Reduction of cycle

time basically based on both the temperature uniformity of airflow and achieving uniformity in

the velocity of the airflow inside the chamber in this project.
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1.2 OBJECTIVES

 To investigate the velocity and temperature distribution inside an autoclave

 To determine the suitability of exhaust fan or pressure outlet at outlet boundary condition

for uniform temperature distribution

 To determine the stagnation area inside the autoclave

1.3 SCOPE

The research project will be priority focus on the controllable variables that not

customized such as the fan size with radius of 1m, inlet size dimension of air flow (nozzle),

model size dimension of 2m X 1.6m X 5mm, inlet air velocity in range of 1 to 5 m/s and the

chamber dimension about 4.5m X 4.5m X 4.0m. Moreover, the temperature inside the chamber

has to be fixed accordingly due to the material of the chamber to avoid any additional heat lost to

the surrounding. Other aspects such as detailed pressure distribution, the detail function of

autoclave and improvements on design are not covered in this project.



5

CHAPTER 2

LITERATURE REVIEW

2.1 THE CONCEPT OF OVENS AND AUTOCLAVES

Figure 2.1: The mimic of autoclave systems (Ramaswamy Setty et al., 2011)

Basically, autoclave consists of several main systems that contain certain parts of

autoclave machine. The main part of the system is the pressurized system which correlated

towards the heating system. The pressurized system which contains the main shell and quick-

lock door to create a completely sealed space for sterilization where the temperature increases

together with pressure inside the main shell. The heating system is built up from some heating

coils which attached on the inner wall of the main shell. The heating system provided indicates
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the result of one megawatt of heater capacity is needed for an autoclave with a size of diameter

about 4.5m and length of 9m. To maintain the uniformity of the air flow inside the autoclave, the

air circulation system is provided with aids of the blower fan. There is a cooling system inside

the autoclave not simply to reusing the condensed water while for another extra process like

cooling progress and icing process. (Ramaswamy Setty et al., 2011) Furthermore, the

pressurization system of the autoclave is using a rate of 2 bar/min with the inlet gas of nitrogen

as the medium instead of air. Due to air is far more inflammable inside autoclave which in the

end cause massive loss towards the sterilized instruments, therefore the nitrogen gases able to

ensure the autoclave cure cycles run in a fire-free condition. Figure 2.1 is a mimic of the

autoclave.

Furthermore, due to the large scale of actual refers autoclave, the used autoclave is on a

smaller scale with a certain ratio compared to the actual. Therefore, a validation by using the

previous model is made through simulating the same dimension of autoclave model. The

validation is purposely to indicate the feasibility of the simulation on that particular case and to

determine the result of the made simulation with the references to have a comparison. Figure 2.2

is the view of the sample of the model used for validation, it consists of a cylinder act as

autoclave with a size of 2000mm×4000 mm, with a large frame mold with the size of

3200mm×1600mm×850 mm. (Xu et al., 2017)
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Figure 2.2: The model of the sample used for validation purpose (Xu et al., 2017)

Autoclave also capable in curing of composite material which strengthening the material

through the reposition of inner particles under high temperature. The phenomenon that causes the

exposing metal under a high-temperature environment to achieve the enhancement of metal is

called stress relaxation. (Holman, 1989) With the assists of thermal stress relaxation, the contour

of the metal specimen remains and the inner fiber of metal is protected from the stress beyond

their yield stress. It is used to retain all of the properties of a metal specimen while changing its

shape. The slightly changing of shape after curing process is due to the elasticity of the inner

metal fiber. It has said that the autoclave is suited to be used for forming panels for the aircraft

and aerospace structures. Figure 2.3 shows the curing process of the specimen.

Figure 2.3: The curing process for metal specimen inside the autoclave (Holman, 1989)



8

Basically, the oven is considered as a machine for heating up things to achieve different

purpose like microwaving the food. Figure 2.4 shows the main element of oven included five

walls (bottom, right, left, rear and top), glass door and the air cavity. (Lucchi and Lorenzini,

2019)

Figure 2.4: The oven and its main parts (Lucchi and Lorenzini, 2019)

The study of the oven is made to understand the specific setting inside the oven which

related to its result. (Burlon et al., 2017) By studying the research on the oven, the heat flow

inside is able to comprehend clearly. Figure 2.5 is an example of the oven to study the evaluation

of energy performance during both steady state and transient state operation.

Figure 2.5: The cross diagram of the oven and its particular usage (Burlon et al., 2017)
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