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ABSTRACT 

 

 

 

 Annular fin has used widely in the industrial application that need heat 

transfer from higher to lower temperature and there are several type of fin that 

commonly been used in industry such as straight rectangular fins, straight triangular 

fins, straight parabolic fins, circular fin of rectangular profile, pin fins of rectangular 

profile, pin fins of triangular profile, pin fins of parabolic profile, and pin fin of 

parabolic profile (blunt tip). By using the theoretical study the best performance of 

the annular heat sink is predicted and few parameters are taking into consideration 

such as pitch diameter of fin, number of fin and also thickness of the fin. The overall 

allowable size of this heat sink is 180 mm x 98 mm x 20 mm. In the end of this 

study, it is found that the best efficiency is 93.28% achieved at case 4 where the 

thickness is 3 mm and pitch diameter is 4 mm at 25W/m2.K  of convection heat 

transfer coefficient. In the end of the analysis, it can be said that the fin thickness is 

one of the important variable that need to consider because it effect the overall 

efficiency of the fin. The experimental should be done to compare the result of 

theoretical study and fabrication of heat sink need to be done. 
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ABSTRAK 

 

 

 

 Sirip anulus banyak digunakan untuk aplikasi industri yang memerlukan 

kadar pemindahan haba daripada suhu yang tinggi kepada suhu yang rendah. 

Terdapat beberapa jenis sirip yang biasanya digunakan di dalam industri seperti sirip 

segi empat tepat lurus, sirip segi tiga lurus, sirip parabola lurus, sirip bulat bentuk 

segi empat tepat, sirip pin  bentuk segi empat tepat, sirip pin bentuk segi tiga, sirip 

pin bentuk parabola, sirip pin bentuk parabola ( hujung tumpul). Dalam projek ini, 

Keberaliran haba dan jarak sirip merupakan aspek yang perlu dipertimbangkan untuk 

mencapai prestasi sirip annulus yang terbaik. Dengan menggunakan kajian teori 

prestasi terbaik bagi sink haba anulus ditentukan. Beberapa parameter 

dipertimbangkan seperti aspek seperti bilangan sirip, ketebalan sirip, pic diameter 

bagi sirip. Keseluruhan saiz yang dibenarkan pada sink haba ialah 180mm x 98mm x 

20 mm . Di akhir kajian ini, diketahui bahawa kecekapan terbaik adalah pada kes 4 

pada kecekapan 93.28% di mana ketebalan sirip adalah 3mm, jarak antara fin adalah 

4mm pada 25W/m2.K olakan pekali. Di akhir analisis ini, boleh di dikatakan bahawa 

ketebalan sirip adalah salah satu pemboleh ubah yang perlu dipertimbangkan kerana 

ia memberi kesan kepada kecekapan keseluruhan sirip. Eksperimen perlu dilakukan 

untuk membandingkan keputusan dengan analisis teori dan pembikinan sink haba 

perlu dilakukan. 
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  CHAPTER 1 

 

 

 

INTRODUCTION 
 

 

 

1.1 Background 
 

 Heat sink such as annular fin heat sink has been used widely today such as in 

radiator and internal heat exchanger in domestic applications such as radiator in 

rooms, condensing central heating exchanger, air conditioning equipment for the 

basic element of heating, cooling, conditioning and internal and external surfaces in 

refrigeration unit, electronics board such as computer processor cooling units and 

other electronics chips.  

 

 Lot of operations engineering system producing heat and some product will 

facing a big problem when the product is overheating that also can make failure to 

the system. In order to maintain the system operate at its suitable working 

temperature and function effectively, the heat from the system must be release to the 

surrounding and heat sink will be needed in order to got more effectiveness heat 

release. 

 

 Heat sink can be determine in many geometry variations i.e. rectangular fin, 

annular fin etc. In this project, annular fin was been chosen because it is commonly 

known as a simple shape, cheap and higher the efficiency rate among the others fin 

shape (Cengel, 2006).  
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 1.2 Problem Statement 
 

 The primary goal in heat sink design is to increase the heat transfer rate while 

decreasing the momentum resistance.  Based on this objective, determine the highest 

efficiency of the heat sink on the maximum allowable size of fins that already given. 

This theoretical analysis is to determine the best efficiency at allowable maximum 

size of fin. Previous study shown that the maximum allowable size of heat sink for 

MTEG application is 0.18 m x 0.098 m x 0.02 m and to determine the best efficiency 

of annular heat sink with maximum allowable size of 0.18 m x 0.098 m x 0.02 m in 

term of fin thickness, pitch and the number of fin. However the efficiency of the fin 

also influence by the thermal conductivity material of the fin. The thermal 

conductivity is depending on the material that been used to manufactured the fin. 

There are several type of the material that commonly used in the industrial such as 

silver, copper, aluminium, copper and vice versa 

 

 

 

1.3 Objective 
 

 To investigate the effect of annular fin's thickness and pitch to the overall 

surface efficiency of the heat sink 

 

 

1.4 Scope 
 

The scope of this study are as follows 

 

1. Literature review on related topics. 

2. Theoretical analysis on the performance of the heat sink. 

3. Cross sectional area of annular fin with maximum allowable size. 

4. Case of finite fin with convective heat transfer made at the tip of the fin. 

5. Fixed material for fin.  

6. Provide solutions and recommendation based on findings. 
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CHAPTER 2 

 

 

 

LITERITURE RIVIEW 
 

 

 

2.1 Introduction 
 

 Annular fin based heat sink that been used in heat transfer process usually 

related to the fins radius, cross sectional area and the thermal conductivity of the 

material to obtaining the high efficiency values. The purpose of fin annulus is to 

increase the contact surface area thus increase the value of convection heat transfer 

between the object and surrounding area.  

 

 In general, there are several type of the fin that commonly used in the 

industrial such as straight rectangular fins, straight triangular fins, straight parabolic 

fins, circular fin of rectangular profile, pin fins of rectangular profile, pin fins of 

triangular profile, pin fins of parabolic profile, and pin fin of parabolic profile (blunt 

tip). Fin design usually made to minimize the fin material or the manufacturing costs 

that required achieving the cooling effectiveness that already been set (Incropera 

2007).  

 

 The selection of fins is made on the basics of thermal performance and cost. 

The selection of a suitable fin geometry require a compromise of factors such as cost, 

weight, available space, pressure drop of transfer fluid, and the heat characteristics of 

the extended surface. For all type of fins, triangular and parabolic type contain less 

material and more efficient than the ones with rectangular profiles and thus more 
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suitable for applications that require minimum weight, such as application in outer 

space (Rathore 2011).  

 

 The efficiency of the fin will decrease when the length of the fin is increase. 

In this regard, heat dissipation per unit volume is largest for a parabolic Profile and 

slightly larger than triangular profile and it rarely used because it takes greater 

manufacturing costs compared to the other fin. Usually the annular fin of rectangular 

profile is commonly used to increase the heat transfer rate. The efficiency of most 

fins that used in industrial is above 90% (Cengel 2006). 

 

 The heat transfer rate may be increase by increasing the surface area across 

the convection occurs. This can be done by using fins that extend from the wall into 

the surrounding fluid. Thermal conductivity of the fin can influence the temperature 

distribution along the fin and it also can increase the heat transfer rate for the fin. The 

higher the value of thermal conductivity the higher the transfer. Preferably, the 

material of the fin should have the larger thermal conductivity to minimize the 

temperature variations form the bas to the tip. The other example of fin application is 

the arrangement for cooling engine heads an motorcycles and lawn mowers or for the 

cooling electric power transformer (Incropera 2007). 

 

 Fin efficiency is the parameter that makes a higher thermal conductivity 

material of fin is important. A fin of a heat sink may be considered to be a flat plate 

with heat flowing in one end and being disappear into the surrounding as it moves to 

the other side. As heat flows through the fins, the thermal resistance of the heat sink 

prevents the flow and the heat lost causes by convection, the temperature of the fin 

and, because of that, the heat transfer to the fluid, will decrease from the base to the 

tip of the fin. This is called the fin efficiency and is defined as the actual heat 

transferred by the fin and divided by the heat transfer were the fin to be 

isothermal(Incropera 2007). 

 

 Annular fin is mostly used extensively in heat exchanger device to increase 

the heat transfer rate from the heat source or reducing differences temperature 

between the heat source and the heat sink (Yovanovich 1988). 
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2.2  Heat Transfer 
 

 Heat is the thermal form of energy and it has been proclaimed by the well 

known conservative law " energy can never be created or destroyed". This make 

possible to consider the conversion of one form energy to other. The different 

branches of science and technology deal with the conversion of different of form 

energy. For example electrical sciences deal with conversion of electrical energy to 

other forms and vice versa, chemical science deal with chemical energy conversion 

and so on (Das 2010). Heat transfer is the transmission of energy form one region to 

another region as a result of the temperature difference between them. Whenever 

there is exist temperature difference in media or within a medium, heat transfer must 

occur. When a temperature gradient exist in a medium which may solid, fluid or gas 

then the heat transfer occur is called conduction. In contrast, convection refers to the 

heat transfer that will occur between a surface and a moving medium when they are 

at different temperature. The third mode of heat transfer is thermal radiation. All 

surface at a finite temperature emit energy in the form of electromagnetic waves. 

Thermal radiation can also occur in the absence of any medium (Rathore 2011). 

 

 

 

2.2.1 Conduction 
 

 Conduction is the transfer of energy from the more energetic particle of 

substance to the adjacent less energetic ones as a result of interactions between 

particles. Conduction can take places is solid, liquid, or gases. In gases and liquids, 

conduction is due to collision and diffusion of the molecules during their random 

motion. In the solid, it is due to the combination of vibrations of the molecule lattice 

and the energy transport by free electrons. The rate of the heat conduction through a 

medium depends on the geometry of the medium, its thickness, and the material of 

the medium, as well as the temperature differences across the medium. Example of 

conduction heat transfer are legion (Cengel 2006). 
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 These equation used to compute the amount of energy being transfer per unit 

time. For heat conduction, the rate equation is known as Fourier's Law. For one 

dimensional plane wall shown in figure 2.1, having a temperature distribution T(x), 

the rate equation is (Incropera 2007) 

 

௫"ݍ = −݇ ௗ்
ௗ௫

      (Eqn 2.1) 

 

 
Figure 2.1 : One dimensional heat transfer by conduction (diffusion energy) 

(source : Incropera, (2005)) 

 

 The heat flux ࢞"ࢗ (W/m2) is the heat transfer rate in the x direction per unit 

area perpendicular to the direction of transfer and it proportional to the temperature 

gradient, ݀ܶ/݀ݔ, in this condition. The proportional constant k is a transport property 

known as thermal conductivity and is a characteristic of the wall material. Under the 

steady-state conditions, the temperature distribution is linear, the temperature 

gradient expressed as  

 
ௗ்
ௗ௫

= మ்ି భ்
௅

      (Eqn 2.2) 

 

and the heat flux is  

 

௫"ݍ = −݇ మ்ି భ்
௅

     (Eqn 2.3) 
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Or described by 

 

௫"ݍ = −݇ మ்ି భ்
௅

= ݇ ∆்
௅

    (Eqn 2.4) 

 

 

 

2.2.2  Radiation 
 

 Thermal radiation is energy emitted by matter is that is at finite temperature. 

The emission may be attributed to changes in the electron configuration of the 

constituent atoms or molecules. The energy of the radiation is transport by 

electromagnetic waves(or alternatively, photons). Radiation that is emitted by the 

surface originates from the thermal energy of matter bounded by the surface., and the 

rate at which energy is released per unit area (W/m2) is termed the surface emissive 

power E. There is the upper limit to the emissive power, which is prescribed by the 

Stefan-Boltzmann Law  

 

௕ܧ = ߪ ௦ܶ
ସ      (Eqn 2.5) 

 

where T is absolute temperature (K) of the surface and σ is the Stefan-Boltzmann 

constant (σ=5.67 x 10-8W/m2.K4). The net rate of radiation heat transfer from the 

surface, expressed per unit area of the surface is 

 

௥௔ௗ"ݍ = ௤
஺

= )௕ܧ߳ ௦ܶ)− ܩߙ = )ߪ߳ ௦ܶ
ସ − ௦ܶ௨௥

ସ ) (Eqn 2.6) 

 

this expression provides the difference between the thermal energy that is released 

due to radiation emission and that which is gained due radiation absorption. There 

are application for which it is convenient to express the net radiation heat exchanger 

in the form 

 

௥௔ௗݍ = ℎ௧ܣ( ௦ܶ − ௦ܶ௨௥)    (Eqn 2.7) 
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where radiation heat transfer coefficient ht is  

 

ℎ௧ = )ߪߝ ௦ܶ + ௦ܶ௨௥)( ௦ܶ
ଶ + ௦ܶ௨௥

ଶ )   (Eqn 2.8) 

 

In this sense linearized the radiation rate equation, making the rate proportional to a 

temperature different rather than to the differences between two temperatures to the 

fourth power. However, that ht depends strongly on temperature, while the 

temperature dependence of the convection heat transfer coefficient h i generally 

weak. The total rate of heat transfer from the surface is 

 

ݍ = ௖௢௡௩ݍ + ௥௔ௗݍ = ℎܣ( ௦ܶ − ஶܶ) + )ߪܣߝ ௦ܶ
ସ − ௦ܶ௨௥

ସ ) (Eqn 2.9) 

 

 

 

2.3 Convection 
 

 Convection heat transfer mode is comprised of two mechanisms. In addition 

to energy transfer due to random molecule motion (diffuser), energy is also 

transferred by the bulk, or macroscopic, motion of the fluid. This fluid motion is 

associated with the fact that, at any instant, large number of molecules are moving 

collectively or as aggregates. Because the molecule in the aggregate retain their 

random motion, the total heat transfer is due to a superposition of energy transport by 

the random motion of the molecules and by the bulk motion of the fluid.  

 

 In convection heat transfer, which occur between the fluid motion and a 

bounding surface when the two are at different temperature. At the figure 2.2, 

consider fluids flow over the heated surface. A consequence of the fluids-surface 

interaction is the development of the region in a fluid through which velocities varies 

from zero at the surface to finite value ݑஶ associated with the flow. This region is 

called the thermal boundary layer  may be smaller, larger or the same size as that 

through which velocity varies. 
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Figure 2.2 : Boundary layer development in convection heat transfer (source : 

Incropera, (2005)) 

 
 Regardless of particular nature of convection coefficient heat transfer 

process, the appropriate rate equation is form 

 

"ݍ = ℎ( ௦ܶ − ஶܶ)    (Eqn 2.10) 

 

Where q", the convective heat flux (W/m2), is proportional to the difference between 

the surface and fluids temperature, ௦ܶ and	 ஶܶ, respectively. This expression known as 

Newton's Law of cooling, and the proportionally constant h(W/m2.K) is termed the 

convection heat transfer coefficient. It depend on conditions in the boundary layer, 

which are influenced by surface geometry, the nature of the fluid motion, and 

assortment of fluid thermodynamics and transport properties. Any study of 

convection ultimately reduces to a study of the mean by which h may be determined. 

In the solution of such problems h to be known suing typical value in the table 2.1. 

The equation 2.11 used for convection of heat flux is presumed to be positive if heat 

is transferred from the surface ( ௦ܶ > 	 ஶܶ) and negative if heat is transfer to the 

surface (	 ஶܶ > ௦ܶ). However, if 	 ஶܶ > ௦ܶ, there is to preclude from expressing 

Newton's law of cooling as  

 

"ݍ = ℎ( ஶܶ − ௦ܶ)    (Eqn 2.11) 
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