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ABSTRAK 

 

 

 

 Laporan ini membentangkan kajian tentang corak aliran di dalam Autoclave 

memggunakan dinamik bendalir berkomputer (CFD) oleh perisian FLUENT. Ini 

adalah untuk menganalisis aliran di dalam autoclave semasa proses permulaan 

operasi. Laporan ini memberikan pembaca sedikit maklumat tentang composit, 

sistem pembuatan dan autoclave operasi sistem. Dinamik bendalir berkomputer telah 

muncul sebagai alat analisis and rekabentuk penting dimana di dalam laporan ini ia 

digunakan untuk mencari kedudukan terbaik bagi acuan dibawah beberapa syarat. 

Peredaran corak udara akan menjadi topik utama di dalam laporan untuk mencari 

kesamaan permukaan acuan cure sebagai hasil. Dari segi corak visualisasi, perisian 

dinamik bendalir berkomputer mampu menghasilkan jawapan dalam bentuk grafik 

dan memaparkan sifat aliran seperti gelora dan pusaran. Laporan ini ada 

memasukkan maklumat daripada penyelidik terdahulu dan hasil simulasi sebagai 

perbandingan. Di dalam bahagian akhir laporan ini, hasil dan analisis dikeluarkan 

dalam beberapa keadaan, di mana hasil menunjukkan posisi terbaik untuk acuan 

adalah di kawasan belakang autoclave kerana kelajuan udara di situ adalah sama. 

Cadangan penambahbaikan untuk masa hadapan terdapat di bahagian akhir laporan. 
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ABSTRACT 

 

 

 

 This dissertation presents the study of flow pattern in Autoclave using 

computational fluid dynamics (CFD) by FLUENT software. This is to analyze the 

flow inside autoclave during initialization operation. This report gives reader some 

information about composite, its manufacturing system and operation involving 

autoclave. Computational fluid dynamics has emerged as an important design and 

analysis tool where in this dissertation it’s is used to find the best placement of 

mould on several condition. The air flow circulations will be the main topic of this 

dissertation for uniform cure mould surface outcome. In term of flow visualization, 

Computational fluid dynamics software are able to produce graphically solution and 

the behaviour of low such as turbulent and vortex. This dissertation included data 

from previous researchers and simulation outcome as comparison. In final part, the 

result and analysis is produced under several conditions, where the result shown the 

best placement of mould in autoclave is in the back area of autoclave because of 

uniformity of air velocity in the area. The recommendation of future study is 

available on final part of dissertation. 
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

 

1.0 INTRODUCTION 

 

 In the last decade, the use of composite materials has increased considerably. 

In particular, the aerospace and automotive industries have adopted such high-

performance and lightweight materials in a variety of products. Among the 

fabrication techniques for the composite materials, autoclave curing is used most 

often. However, the quality of the product manufactured using this technique is 

significantly affected by the process conditions. To ensure the product quality and 

reduce the manufacturing cost, on-line control and process optimization are required. 

This thesis is to develop a simulation model of air circulation visualisation inside 

autoclave and analyze it using computational fluid dynamics software. The heat flow 

cannot be seen by human eyes because the medium used are invisible to naked eyes. 

By utilizing CFD software, the heat flow can be visualized and analyzed. Bakker et 

al, state that CFD results can illustrate how a piece of equipment operates, how to 

troubleshoot problems, how to optimize performance, and how to design new 

equipment. This research to develop the best air flow and heat flow under single 

mould and multiple mould during curing in autoclave. 
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1.1 PROJECT OBJECTIVE 

 

 To investigate the flow pattern of air in autoclave using CFD without mould. 

 To investigate the flow pattern of air in autoclave using CFD with mould. 

 To develop a simulation of air circulation using CFD with mould. 

 

 

1.2 PROBLEM STATEMENT 

 

 The visualization of air flow pattern in Autoclave resulted from simulation of 

CFD software to allows the user to fully optimize the usage of autoclave by the 

means of simulations. 

 

 

1.3 PROJECT SCOPE 

 

 Flow simulation in steady state condition without part(mould) on point A. 

 Flow simulation in steady state condition with part(mould) on point A. 

 Flow simulation in Horizontal Autoclave. 

 Material of part are composite. 
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CHAPTER 2 

 

 

 

LITERATURE REVIEW 

 

 

 

2.1 INTRODUCTION TO AUTOCLAVE 

 

 Autoclave is classified as modification of Pressure Vessel. Pressure vessel 

has to comply to strict regulation such as American Society of Mechanical Engineers 

(ASME). Donald define autoclave as an airtight steel vessel used to heat substances 

and objects under very high pressures. An autoclave have many size and 

construction. The operation principle for many type of autoclave are nearly the same. 

Autoclave are used in many area such composite manufacturing and sterilization of 

medical equipment. 

 

 

Figure 1. Industrial Horizontal Autoclave 

(Source : ASC Process Systems,2006) 
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Figure 1. shown the Horizontal Autoclave for Industrial purposed. The operating 

pressure can range from 275 kPa to 67000 kPa and temperature range of 1200 C to 

7600 C ( Taricco - 2007). An autoclave allow a chemical reaction to occur at higher 

temperature and pressure depending on the material type and purposes. The 

pressurize gases used in autoclave are air, nitrogen and carbon dioxide. The 

comparison of gases shown in Table 1. 

 

Table 1. Comparison of Pressurize Gases 

 Air Nitrogen Carbon dioxide 

Advantage 
Cost Cheap 

No Pollution 

Low combustibility 

No Pollution 
Cost Intermediate 

Disadvantage High combustibility Cost Expensive 

Hazardous to Human 

High Density 

 

 

 

2.1.1 Structure Of Autoclave 

 

Figure 2. Schematic of Autoclave 

(Source : Flake C. Campbell,2006) 
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 Figure 2. shown the typical schematic of an autoclave. An autoclave are 

equipped with an heating element, insulation element, autoclave cart, vacuum pump, 

circulation fan, temperature with cure connection and a sealed door. Heating element 

can be compose of electric heater, indirect gas firing based heater or steam heater. 

Heating element release heat into autoclave during cure processes. Insulation element 

is used to prevent too much heat loss and its end result reduce the heating cost during 

cure process. Insulation are also used to prevent the autoclave from exceeding 

maximum operating temperature. Circulation fan is used to provide mass flow for 

temperature uniform and heat transfer to mould. This accomplished with a blower 

mounted at rear of autoclave. The airspeed varies from application but normally in 

range of 1 m/s to 10 m/s. 

 

 

Figure 3. Flow diagram of the autoclave-based manufacturing process 

(Source :D.A. Crump,2010) 
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2.1.2 Operation Principle 

 

 Autoclave operate principle are nearly the same as pressure cooker. The 

mould are place on top of autoclave trolley. In order to cure the part, pressure and 

temperature are applied to the laminate in a predetermined cure cycle (Figure. 4). 

The temperature cycle is necessary to trigger the resin polymerization reaction. After 

the autoclave door are secured, the air inside bag is removed by vacuum pump. The 

chamber are then pressurize until reached cure pressure. The heater are turn on 

slowly on the beginning of cure process and increased pressure. Dwell allows the 

temperatures to equilibrate in the moulding and can be used to control the time at 

which gelation occurs. Note that initially the resin viscosity drops as the laminate 

heats up. Hold serves to extend the time that the resin remains at low viscosity, 

allowing consolidation and elimination of porosity. This pressure and temperature 

are hold until 90 minutes where second pressurize process occur. The higher pressure 

increased the temperature as well. The second stage will occur around 2 hour or 

more. The cooling process are done slowly to allow heat escape the chamber and 

reduce the risk of danger to operator. The mould are removed after cure process is 

completed. 

 

Figure 4. Typical Cure Cycle Diagram 

(Source : Myer Kutz,2002) 

 

 

Point A 
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 The convectional cure cycle is composed of two stages; first stage for 

consolidation and second stage for full cure. The base material used in autoclave 

processing is a pre-impregnated sheet, commonly called prepreg. This prepreg 

contains fibres pre-impregnated with a catalyzed thermoset resin which will cure at 

high temperatures.  

 

 

Figure 5. Prepreg Schematic 

(Source : Pascal Hubert,1996) 

  

The first step of the autoclave process is the lay-up and bagging procedure outlined 

in Figure 5. The prepreg plies are laid-up, forming a laminate, on a tool having the 

shape of the final part. The plies can be oriented in any direction to obtain the desired 

mechanical properties. Layers of an absorbing material forming the bleeder can be 

placed around the laminate if excess resin has to be absorbed from the laminate. 

Dams are placed around the edges of the laminate to restrict resin flow in those 

directions. Inserts and honeycomb cores can be included in the laminate for 

moulding purposes or structural requirements. A breather cloth covers the laminate 

assembly to provide a path for air flow. The complete assembly consisting of tool, 

laminate, bleeder, breather and inserts is bagged in a plastic film (called the vacuum 

bag) that is sealed at the tool plate. A vacuum plug connects the interior of the bag to 

an external vacuum pump. 
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2.2 INTRODUCTION OF COMPOSITE 

 

 Composite in its most basic form is composed of at least two elements 

working together to produce material properties that are different to the properties of 

those elements on their own. In practice, most composites consist of a bulk material 

(the matrix), and a reinforcement of some kind, added primarily to increase the 

strength and stiffness of the matrix. This reinforcement is usually in fibre form. 

 

Three main groups: 

 

 Polymer Matrix Composites (PMCs) : 

 Also known as FRP - Fibre Reinforced Polymers (or Plastics)  These 

 materials use a polymer-based resin as the matrix, and a variety of fibres such 

 as glass, carbon and aramid as the reinforcement. This type are the most 

 common. 

 

 Metal Matrix Composites (MMCs) : 

 Increasingly found in the automotive industry, these materials use a metal 

 such as aluminium as the matrix, and reinforce it with fibres such as silicon 

 carbide. 

 

 Ceramic Matrix Composites (CMCs) :  

 Used in very high temperature environments, these materials use a ceramic as 

 the matrix and reinforce it with short fibres, or whiskers such as those made 

 from silicon carbide and boron nitride. 
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