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The challenge for designers is to try to make electronic boards smaller. From this point of view, 

in this study, the size of a heat sink installed on a central processing unit for a computer that 

generates 100 W was reduced to 50 % by changing the type of metal as well as adding a 

modification to the geometric shape of the fin. A numerical investigation was conducted for the 

results of a practical experiment. Six different types of heat sinks, differing from each other in 

terms of fin shape, were designed using commercial design software, taking into consideration 

the uncomplicated design, ease of manufacture, and cost avoidance. The material of the heat sink 

was copper, all designs were of the same sizes, the comparison was conducted to evaluate the 

efficiency fairly. The conjugate method is used. After the computational fluid dynamics 

simulation tool was set under forced convection conditions, and the cooling air flow velocity was 

set in a laminar form, which was set to 1 m/s. The comparison was based on the pressure 

difference as well as the thermal resistance, it was shown that separated short angled plate fins 

were superior to the rest designs as it had the lowest thermal resistance 0.3610 ℃/W, but on the 

other hand, recorded the highest-pressure difference which was 5.6340 Pa, thus was the worst for 

the pressure difference. The results showed that the intermittent zigzag fins were superior in 

terms of pressure difference, which had the lowest value of 3.2040 Pa, but on the other hand, it 

was the worst in terms of thermal resistance, as it recorded the highest value 0.4720 ℃/W. 

Through all of the above, it can be concluded that the process of reducing the size of the heat 

sink to 50% was completed by changing the type of material as well as making some 

modifications to the design of the fin, and in addition to that, the geometric shape of the fin 

affects the performance of the heat sink where it was evident in each of the pressure difference as 

well as of thermal resistance factors. 

Keywords: Fin geometry, Thermal resistance, Heat sink, Forced convection, Pressure drop. 
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In light of the rapid development in all industries such as food, health, military, and space 

sciences, the total dependence on the development of these industries is based on electronic 

devices such as computers and other electronic devices. Most modern devices contain 

electronic panels including many electronic elements, for example in military industries such 

as radars, smart weapons, missiles, and aircraft navigation devices. All of these devices have 

electronic panels with many units that generate heat while working, so it is necessary to cool 

these pieces to work efficiently. However, in the current development in terms of many 

designers seeking to design small electronic parts to reduce both size and weight for electronic 

devices, another challenge has emerged for designers in terms of cooling these parts. 

One of the most well-known electronic pieces in the process of generating heat is the 

computer central processor unit (CPU), where many studies have shown that the heat 

generated in electronic parts during their work must be within certain limits, since if they rise 

too much may cause either inaccuracy in the work of the piece or electronic chip, such as the 

process of reading data and others, or may cause collapse and burning and thus lead to damage 

to the electronic panel or device completely resulting in material losses[1]. 

There has been previous research has shown that the number of fins harms the fluid flow rate 

because it increases the pressure drop, but on the other hand, it increases the surface area of 

the heat sink which has a positive role in heat dissipation. The study concluded that if the fin 

height increases, the number of fins decreases[2].  In a previous study focusing on the speed of 

flow, they found that the rectangular plate-fin heat sink outperformed the cylindrical pin-fin 

heat sink in terms of the thermal resistance factor, it proved that thermal resistance was 30% 

less in plate fins comparing to pin-fin[3]. Some previous experiences using computational 

fluid dynamics (CFD) have extracted abundant and very detailed information about the 

performance of the heat sink[4]. Another research using CFD (ANSYS FLUENT) compared 

four different types of a heat sink that were used to cool some computers, and the study 
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concluded that the distance between the fins, or what is known as the pitch, as well as the 

surface area, have a clear effect on the performance of the heat sink[5]. Also, using CFDs, 

another research was found through thermal analysis during a comparison between a 

rectangular plate-fin heat sink and cylindrical pin fin heat sink, both of the same dimensions 

and under the same conditions, surpassed the rectangular plate fin to the cylindrical pin fin, 

because it achieved less thermal resistance, and that is clearly because of its large area[6]. 

There are many methods to cool electronics, one of these methods is using a heat sink. The 

process of cooling electronic parts depends on the principle of two ideas, either free cooling or 

forced cooling, through the use of a heatsink. To understand the working principle of the 

heatsink, it is necessary to touch upon the basic idea of its working principle, which is the heat 

transfer process. 

 

 

The heat transfer process is a phenomenon that occurs when there is a difference in 

temperature between two mediums so that the heat transfers from the higher temperature to the 

less hot medium through three methods of the heat transfer process, which are conduction, 

convection, and radiation. 

 

 

In this process, heat is transferred between the solid bodies from the higher temperature body 

to the lower temperature body by the vibration of the solid body atoms, so the heat passes 

through the body according to the temperature gradient, until it is transferred to the adjacent 

body by the same principle. But this process depends mainly on the thermal conductivity of 

the body, so if the thermal conductivity is high, the heat transfers inside the body very fast and 

effectively. Otherwise, if the conductivity is low, then the heat transfer process is negatively 
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affected, and thus the thermal insulation appears. All calculations for this process are governed 

by Fourier’s law, by the following equation[7]:  

 

 𝑞" = −𝑘
𝑑𝑇

𝑑𝑥
 (1.1) 

Where  𝑞" is the heat flux (W/m2), k is the thermal conductivity of the body (W/m·K) and  
𝑑𝑇

𝑑𝑋
  

is the temperature gradient. 

The method of heat transfer by conduction plays an important role in the work of the heat sink, 

where the heat is transferred by conduction from the electronic part to be cooled to the base of 

the heat sink adjacent to it as a first stage, then the heat is transferred by the same principle 

from the base to the fins as a second stage. 

 

 

In this case, the heat transfer is between the fluids, such as between liquids, gases, or a liquid 

and a solid body or gas and a solid body, where the heat is transferred from the higher 

temperature medium to the lower temperature medium, through the density (density variation) 

or in other meaning by the movement of the fluid molecules. Calculations for this process are 

governed by Newton's law of cooling and through the following equation[7]: 

 

 𝑞" = ℎ(𝑇𝑠 − 𝑇∞) (1.2) 

Where  𝑞" is convection heat flux (W/m2  ), h is convection heat transfer coefficient (W/ 

m2·℃),  Ts is surface temperature (℃ or K) and  T∞ is fluid temperature (℃ or K). 

The method of heat transfer by convection is shown in two forms, either forced convection 

heat transfer, which requires the presence of an external influence such as a pump or fan to 
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direct the flow of liquid or air directly to the fins of the heat sink or the other form is free 

convection heat transfer, as this type does not require the presence of an external influence like 

the previous one. Moreover, the convection heat transfer process has an effective and 

important role in the work of the heat sink too, so after the heat is transferred by conduction 

from the base of the heat sink to the fins, the role of the fins comes in dissipating the heat to 

the surrounding medium, whether it is liquid or gas, where the principle of heat transfer by 

convection is evident. 

 

 

In this case, the heat transfer is done, but the presence of a medium is not required, which is 

known as the transfer of heat by radiation, as this is done through electromagnetic waves. This 

phenomenon is subject to Stephen-Boltzmann's law in terms of calculations and through the 

following equation[7]: 

 

 𝑞" = 𝜀𝜎(𝑇𝑠
4 − 𝑇𝑠𝑢𝑟

4 ) (1.3) 

Where   𝑞"  is the heat flux (W/m2), Ɛ is the emissivity of the surface (no units), σ is Stefan-

Boltzmann constant = 5.67×10−8  (W·𝑚−2·𝐾−4), 𝑇𝑠 is surface temperature (K) and  𝑇𝑠𝑢𝑟 is 

surrounding surfaces temperature (K). 

 

 

Most electronic devices generate heat working through some of the parts inside them, and thus 

this heat poses a great threat to electronic parts, which may affect their performance.  From this 

standpoint, designers have devoted their efforts to get rid of this generated heat by innovating 

some technologies for cooling, so that these devices can work safely and effectively, so the 

heat sink is the most famous and most used of these technologies. It can be classified 
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according to the way it works and the idea of heat transfer through it, either the heat transfer 

through it is free or forced. 

 

 

It is a device used to cool the electronics that generate heat while working, to protect them, to 

operate safely and efficiently. Where the principle of its work is based on absorbing heat from 

the part to be cooled and spreading it to the surrounding medium.  There are two types of the 

heatsink: 

 

 

In this type, the cooling process is without the presence of any external influences such as the 

presence of a fan or a pump (which is known as free cooling), so the principle of heat transfer 

is among the three methods mentioned above. 

 

 

In this type, the cooling process requires an external influence such as the presence of a fan or 

a pump (which is known as forced cooling). Here, two phenomena of heat transfer processes 

are evident, which are heat transfer by convection and heat transfer by conduction. Where 

previous researches have shown that when forced cooling is present, the transfer of heat by 

radiation is of little value so that it can be neglected[4]. 
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As mentioned earlier, the idea of the working principle of the heat sink depends on the thermal 

conductivity of the material, as most of the widely used and famous heat sinks are made of 

aluminum and copper. 

When coming to aluminum, it is cheap, light in weight, easy to shape, and has good thermal 

conductivity reaching k = 237 W/m·K. While copper is more expensive in terms of price, 

heavier in weight, also easy to form, but it is superior to aluminum in terms of thermal 

conductivity where k = 401 W/m·K. 

One of the most popular and widely used forms of the heat sink is the plate-fin heat sink and 

the pin fin heat sink, due to their ease of manufacture and efficiency in cooling. 

 

 

It is a form of a heat sink and its name is inspired by its shape, as it is a flat base of thickness 

as required, and the fins emerge from it upwards, so that they are perpendicular to this base 

and the fins are in the form of sheets. These plates can also be of various geometric shapes, 

such as the rectangular, which is the most popular being, the trapezoidal, and the triangular. 

The plate-fin heat sink is the most widely used in cooling electronic parts due to several 

factors, including its cheapness, its ease of manufacture, and its efficiency in cooling, as it 

covers the largest area of the part to be cooled from the direction of the base, and it can 

dissipate heat efficiently, due to its large surface area, and that by having a large area of 

contact between it and the surrounding medium. Taking into account concerning the direction 

flow of the refrigerant fluid (inlet and outlet) in the case of forced consideration cooling[8]. 

 



 7 

 

It is also widely used and it is a type of heat sink consisting of a base and fins, but it differs 

from the previous type through the fins, as the fins emerge from the base in the form of pins, 

and in certain numbers, so that increasing the number of these pins increases the surface area 

of the heat sink. And where the location of these pins on the base is coordinated in two forms, 

either in a regular alignment or in a staggered form, and the process of choosing the 

coordination of the location of the pins is due to the design process to enhance the fluid flow 

process. These pins can take many different geometric shapes, such as square, cylindrical, 

triangle, etc., to increase the cooling efficiency. What distinguishes this type is the lack of 

compliance with the direction of the coolant flow, except in some special designs of the pin 

shape to increase the performance efficiency[9]. 

 

 

The technological progress in the various fields of the industry and the latest development 

through modern innovative technologies, has helped many designers as well as manufacturers 

to create some strange geometric shapes and may be complex at other times, to push the 

research and development process to solve the problems and obstacles facing process to 

improve heat sink performance. Through the results of previous experiments and research, it 

has been proven that the geometry of the heat sink, which is the shape of the fin, affects its 

thermal performance. 

In this research, several different geometric shapes of the heat sink are studied and analyzed 

under the same conditions, so that their results are compared with each other to find out their 

thermal performance to determine the most efficient among them. Drawing on the knowledge 

of the heat transfer process and fluid dynamics, peculiarly shaped heat sinks were designed in 

this study to improve heat sink performance. 
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It is a software package used by a computer to simulate the experiments to be worked on or 

developed. Like (ANSYS FLUENT), and other programs, it is efficient and quick to show 

results if used correctly. The extensive use of CFD for experiments as well as the required 

development processes made it the most suitable tool for experimenting and simulation as it is 

fast, cheap, time-saving, and cost-effective. In addition to its ability to analyze fluid movement 

in terms of flow speed and friction as well as the type of flow being laminar, transition, or 

turbulent, also to its ability to analyze strains and stresses in solid objects, the (ANSYS 

FLUENT) package is also highly efficient in thermal analysis, both solid and fluid.  That's 

why (ANSYS FLUENT) was selected to conduct the necessary investigation to develop and 

enhance the thermal capabilities of the heat sink in this research. 

 



 9 

 

 

In this chapter, some of the previous relevant researches are reviewed in-depth to the study 

and analysis of the possibility of improving the performance of the heat sink, as well as all the 

results obtained on the subject of heat transfer.  

Our almost dependent on electronic devices in performing a lot of our tasks has made it a 

permanent goal of development, meeting all needs, which has led designers to harness their 

efforts to operate safely and effectively[6]. One of the most common methods used to cool 

electronic parts is a heat sink and it is for several reasons, that it is cheap, easy to manufacture, 

and efficient in cooling. 

An experiment was conducted with the use of the simulation method to evaluate the heat sink 

performance installed on the CPU of a computer, to dissipate 115 W. Copper oxide  (CuO) 

nanofluid and water has been used as a coolant. The results showed that the experiment and 

the simulation method were identical. Also, water is considered to be very sufficient if used in 

the cooling process[10]. 

The heat sink's cooling efficiency was studied through a mini channel. Air and water were 

used together as a coolant in this channel. The idea was to make this channel so that the air 

passes from the outside and the fins are interspersed, while the water flows inside it. They 

found that the Nu decreases as the ratio between the height and width of the channel decreases. 

But on the other hand, the pressure drop increases. It is known that any increase in Re is also 

accompanied by an increase in Nu[11]. Also, through previous research similar but with the 

hypothesis that the surface temperature is as constant as the boundary conditions, intending to 

enhance the best performance evaluation of heat sink. However, the results were not 

satisfactory or unpromising, due to the difficulty of the hypothesis that the surface temperature 

was fixed[12]. 

Another study was conducted using a CFD computer software program to evaluate and 

analyze the performance of four different types of heat sink, installed on four different types of 
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computers. The simulation results were verified by comparing them to the results of the 

experiment. The temperature for the fields as well as the flow of the heat sink, and at different 

values of Re have been analyzed. They have found that Pentium IV is the best and that when 

the big pitch gives preference to heat sink. Furthermore, the appropriate number of fins and 

the larger area give preference to the heat sink. As for the thermal resistance, it decreases as 

the Re increases[5]. 

 

Thermal resistance (Rth ) is the difference in temperature between both the temperature of the 

heat sink base and the temperature of the surrounding medium, divided by the amount of heat. 

Equation (2.1)  below illustrates how to calculate thermal resistance[13]: 

 

 𝑅𝑡ℎ =
𝑇𝑏𝑎𝑠𝑒 − 𝑇∞

𝑄
 (2.1) 

Where  𝑅𝑡ℎ is the thermal resistance, 𝑇𝑏𝑎𝑠𝑒 is the temperature of the heat sink base and Q is 

the amount of heat. 

Equation (2.2) below shows how to calculate Reynolds number[7]: 

 

 𝑅𝑒 =
𝑉∞𝐿

𝒱
 (2.2) 

Where Re is Reynolds number, 𝑉∞ is the speed of the fluid flow, L is characteristic length and 

𝒱 is kinematic viscosity. 

There was a previous study a CFD is used in their research, which two heat sinks were chosen, 

cylindrical pin fin and rectangular plate fin. Thermally analyzed with respect of heat flux, and 

the temperature at the same boundary conditions, also they were the same in dimensions. It 
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was proven that the amount of heat transfer  is bigger in rectangular plate-fin, in another word, 

rectangular plate fin is more efficient than cylindrical pin fin heat sink[6]. 

In another study, also using CFD, was used in the design development process for a heat sink. 

Once again, using CFD properly saves time and effort during making experiments and 

development processes, as well as predictability of every detail that is expected for each 

design or experiment that is worked on in detail and effectively[4] This is the motivation that 

encouraged the selection of CFD as a tool in the process of analysis and showing results in this 

thesis. 

In another research to develop the efficiency of the heat sink, all the factors affecting, such as 

cost, were taken into account, as well as the process of developing pin fins. It has been 

concluded from experience that for each specific design process to increase the efficiency of 

the heat sink, it requires a suitable and specific length of the fin to suit that design[14].  

In previous research, an investigation was conducted on the efficiency of the heat sink, 

considering that the process of heat transfer is in the manner of free convection, where the 

experiment was to use a horizontal channel and a plate-fin heat sink at the same time, by 

placing the heat sink inside the channel. The experiment concluded that the ideal value of the 

pitch is between 8 and 12 mm while increasing the number of fins increases the surface area of 

the heat sink and thus increases the possibility of dissipating as much heat as possible, but in 

return increases the pressure drop and also decreases the speed of the fluid flow[15]. 

The possibility of developing the design was studied in another research, in which the 

relationship between pressure drop and heat transfer was studied, in a pin fin heat  sink. The 

research revealed that the development processes in the design gave different results according 

to the shape of the fin, as well as the fluid flow varies according to the design[16].  Three 

different types of heat sink fin shapes were studied, triangular, trapezoidal, and rectangular. 

The experiment was to perform a comparison between a fin array heat sink and a single fin 

heat sink to determine efficiency. The study found that for the fin array type, the trapezoidal 

fins were the most efficient. As for the single fin type, the triangular fin was the most 

efficient[17]. 
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Previous research was conducted, by using a digital method that deals in three-dimensional 

(3D), to investigate the efficiency of the heat sink, with using a mini channel, in which water 

and airflow through it. The experiment has proven that the effectiveness and efficiency of 

these mini channels in enhancing the heat sink's cooling capabilities[11]. 

There are other methods used in cooling operations, such as impinging jets, as they are used 

just like using a heat sink, but they are used when the transfer of heat and mass is required in 

large quantities. They appear in various forms in many applications, such as in turbine blades 

as well as missile platforms[18]. 

Many fluids are used in the cooling process that can be used to enhance the efficiency of the 

heat sink. Among the additives that have been used to improve the performance of the heat 

sink are fans, which greatly contribute to the heat transfer process from the heat sink to the  

ambient air. Air is one of the most prominent refrigerants used to cool panels and electronic 

devices. This is due to the properties that encourage designers to use it in cooling operations. 

As it is characterized by being safe on devices, it does not cause any kind of damage or 

pollution and besides, it is available and free[19]. 

There was a previous study on enhancing the efficiency of the heat sink, through using it in a 

cooling process, by using air as a coolant, and taking into account that the cooling process 

took place under conditions of forced convection. The study showed encouraging results[20].  

A previous study was conducted, using a simulation system to analyze and know the effect of 

the surrounding environment on the efficiency of the heat sink, especially if it is inside an area 

that is crowded with parts that generate heat, and the effect of this type of thermal load on the 

performance of the heat sink. The composition of the heat sink material was modified, which 

was of a pin-fin type and the surrounding environment was adopted from a computer chassis. 

The heat sink design has also been changed several times, keeping the parts inside the chassis 

in place unchanged. They concluded from their research that the performance of the heat sink 

is affected by the surrounding environment, as it generated heat that warms the surrounding 

air, and also affected the velocity of flow through the heat sink. The study also concluded that 
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the use of a plate-fin is better than the pin fin-type to reduce the hot air generated inside the 

computer chassis, which negatively affected the performance of the heat sink[21].  

One of the salient factors, which is a clear challenge for designers when designing a heat sink, 

is weight and thus designers devote their efforts to reduce the weight of the heat sink, as much 

as possible, as this reduction positively contributes to reducing the weight of the electronic 

board or device, therefore, light devices are desired by everyone. From this standpoint, a study 

was conducted that aimed to obtain an ideal weight for the heat sink, as two different types of 

heat sink were used for the shape of the fin, the first type was a heat sink with continuous 

rectangular plate fins in length, and the other was with non-continuous rectangular plate fins,  

in terms of the shape of the fin, and two other models of the same previous two types were 

used, but with the creation of holes in the fins. They found that the perforated fins contributed 

to this weight reduction on the one hand, as well as the airflow through these holes enhanced 

the heat transfer process. Moreover, the performance of the heat sink with rectangular plate 

fins that were interrupted and perforated was the best[22]. 

In order to improve the heat sink design, several methods can be applied to obtain a design 

that effectively serves the requirements. One of these methods is the topological method, and 

this method is characterized by a broad physical, and thermal analysis, and the topology is 

somewhat complex, but it helps in the process of speeding up and improving the design, 

especially for complex design forms, but taking into account the inclusion of factors to be 

improved during the design process, such as the inclusion of pressure drop, weight and 

thermal resistance[23]. 

One of the modern manufacturing methods used to further improve heat sink designs is the 3D 

printing method. It is a method that is controlled digitally through computers, where the idea 

of creating any design in this method depends on building the design in the form of continuous 

layers. This method facilitated the creation of many engineering designs for the heat sink, 

especially the most complex ones[24]. 
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One of the most important methods used in the process of cooling electronic parts is the 

microchannel. It is a device used to dissipate heat, but in larger quantities just like a heat 

exchanger does, but it is small in size. Furthermore, it is the product of the development of the 

heat sink design, but the idea of its operation in most designs depends on the flow of the 

coolant inside it, and thus the liquid inlet and outlet are determined in the design process.  

Extra more, is considered an effective tool in the cooling process, however, its performance is 

affected by the shape of the design as well as the size[25]. 

A numerical investigation was performed on the micro-channel module and hybrid jet, to 

determine the effect of the sectional channel shape on the cooling performance. Three 

microchannels, different in shape, but with the same cross-sectional area, were selected, 

trapezoidal channel module, circular channel module, and rectangular channel module. Firstly, 

they found that at the same flow rate, the cooling performance was affected by the duct shape. 

Secondly, they found that at the same flow rate, the cooling performance was affected by the 

duct size. Thirdly, they also found that the trapezoidal channel is the best in terms of cooling 

performance and finally, they found that the highest pressure drop value was in the circular-

shaped channel[26]. 

A new study was conducted on how to improve the performance of the micro-channel, with 

the addition of a jet-injection technique, which in turn reduced the flow path inside the 

channel. This technique has proven its effectiveness in improving the cooling performance of 

the mini-channel, and as this experiment opened the way in the process of improving the 

channel design, in terms of the presence of curves, the inlet speed, the channel height, the 

channel distribution, and other matters related to the design in the first place, as well as 

everything that leads to improving the cooling performance concerning the duct to obtain an 

efficient heat sink[27]. 

Research aimed at fluid flow analysis as well as thermal analysis by a numerical method based 

on the 3D simulation system on a semi-circular microchannel. Where the idea of the 

experiment states the change in the geometry of the channel as affecting the cooling 
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performance. Thus, three channels were created with different shapes, rectangular, triangular, 

and trapezoidal. From the study, the superiority of the triangular channel over the other two 

forms was extracted in terms of quality of performance[28]. Once again, this experiment 

demonstrated the effect of shape on channel performance.  

An experiment was performed on a microchannel with a rectangular shape of various 

dimensions for heat transfer analysis. The experiment resulted in a decrease in the thermal 

resistance compared to the high aspect ratio of the microchannel[29]. And in (Figure 2.1) is an 

illustration of one of the microchannels used frequently in cooling operations in order to 

clarify the idea regarding the shape and design: 

 

 

Figure 2.1: Microchannel heat sink schematic diagram [30] 

 

Through the experiments and researches conducted by researchers on developing, and 

enhancing the efficiency of the heat sink, until they reached the manufacture of 

microchannels, which contributed to enhancing the process of heat transfer, and dissipation as 
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they made many modifications to the design, such as the channel shape, flow rate, and other 

developments which resulted in the quality of its performance. 

A study was carried out for the purpose of enhancing the cooling performance of a 

microchannel heat sink designed with dimples and a jet injector, where several additions were 

used to the design of the microchannel, so a comparison was made between channels that do 

not contain dimples, others that contain dimples, including convex and concave, and others 

mixed with two types of dimples. They prove that the lowest cooling performance was in the 

channels that included the concave dimples, and the performance of the channels containing 

the mixture of dimples was slightly better than the previous one, while the best cooling 

performance was in the channels that included the convex dimples[31]. 

A numerical study was performed in a three-dimensional domain on a rectangular channel to 

evaluate the performance, by using several forms of protrusions on the surface, trapezoidal, 

rectangular, and triangular, also by adopting the flow using an air jet. The study concluded that 

channels that include protrusions require a higher pump capacity compared to channels that do 

not contain protrusions, furthermore, channels that contain protrusions in a triangular shape 

are the best in performance[32]. 

Through numerous researches aimed to improve the performance of the heat sink, from 

several aspects, such as the material used in manufacturing, as well as the engineering design 

for the plate-fin heat sink. An experiment was conducted on the heat sink, but through the 

development of the design by adding cross fins in addition to the longitudinal fins and 

considering the process of heat transfer by free convection to know the effect of performance 

concerning radiation and convection[8].  

(Figure 2.2) illustrates the comparison between the ordinary plate-fin heat sink and the 

developed sample: 
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Figure 2.2: Diagram of (a) ordinary plate-fin heat sink and (b) cross fin heat sink [8] 

 

It was found that developing the design by adding the cross fins enhanced the radiation heat 

transfer coefficient by an increase of 15%, as well as for convection by 11%[8]. 

A numerical experiment and a study were performed under forced convection and another 

condition under free convection on the plate-fin heat sink. The fins were modified in such a 

way that they were designed diagonally to see their effect on cooling performance. The study 

summarized through its results that the fins with an inclined top contributed to enhancing the 

efficiency concerning cooling, as well as the amount of flow when switching to forced 

convection[33]. 

The research was performed under free convection conditions to analyze the thermal 

performance of the plate-fin heat sink. The idea of the experiment was to study changing the 

thickness of the fin and in the direction of normal flow. The study showed that changing the 

multiple fin thickness contributed to enhancing the performance. Also, when the switch was 

made to air cooling, the thermal resistance decreased to 10% for the multi-thickness fin heat 

sink[34]. 

An experiment was conducted under free convection to study the effect of the fin shape on the 

performance of the heat sink. which a hollow cylindrical fin and a solid cylindrical fin heat 
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sinks were selected, so the study aimed to analyze the heat flux in each of the two models. The 

study proved the superiority of the hollow finned heat sink in terms of performance compared 

to the other solid fin model[35]. 

 

There are many factors that directly or indirectly affect the performance of the heat sink, and 

therefore the methods of evaluating these factors differ in terms of their impact on 

performance efficiency. A study was conducted on several factors related to the performance 

impact and it was summarized as follows: 

i. The thermal resistance factor of the heat sink. 

ii. Pressure drop factor and maximum temperature measurement of the heat sink base. 

iii. Fan rotation speed and its relationship to pressure drop in the active heat sink[36]. 

 

Some of the variables that can affect heat sink performance such as fin geometry, number of 

fins, location of heat source, size of fin array, and power of the fan or pump used[19]. 

Some problems are facing the development process of improving the performance of the heat 

sink, and its solution may be somewhat complicated, but with some effective methods to solve 

these problems, which opened the way for improving performance[17]. 

The fact that many researchers use numerical methods in analyzing all the problems related to 

improving the performance of the heat sink, has helped a lot in the development process, as 

the possibilities of numerical methods are wide, which includes saving time and effort 

especially in complex problems, and designs that are an obstacle to the capabilities of the 

human mind. 
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Through reviewing previous studies and researches, whose results are proven by experiments, 

some points can be drawn which are related to the research topic, so that they act as a guide, as 

follows: 

a. Heat sink performance is affected by fin size and shape. 

b. The possibility of reaching the optimum performance of the heat sink is obtained in a 

moderate region. 

c. For evaluating the performance of the heat sink both pressure drop and thermal 

resistance are effective methods. 

d. The performance of a heat sink is affected by the fluids used in its operation. 

e. The material of the heat sink affects performance. 

f. Numerical methods are considered one of the effective tools used in evaluating the 

performance of a heat sink, in order to save time and effort. 

 

This thesis aims to add something new, and useful about enhancing the efficiency of the heat 

sink, through researches, summaries, and results of previous experiments, and to try to find 

some solutions to problems not previously solved, as well as to add new knowledge based on 

scientific research and analysis. By reviewing previous experiences, and researches, which 

have saved a lot of time and effort on many researchers, and also has enriched the field of 

improving the performance of the heat sink with much valuable information that would reduce 

errors as well as push forward development, also, these experiments especially the practical 

ones, have become the real, and realistic reference in any new development process, and from 

this using of numerical methods appeared widely as they are an appropriate, and effective tool 

in development processes, especially complex ones. However, they need an initial setup, so it 

is the most important step in them, which requires the compatibility of the outputs of its results 

with the results of the real practical experiment, and this is referred to previously, which is 

known as the validation case. From this standpoint, the main goal of this dissertation was to 
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use the numerical CFD methods in the correct manner after performing the validation process 

on the practical experience of the previous researchers, and then go to the simulation system 

through, which a development process is made on the design of the heat sink to reduce the size 

50% and also to evaluate the performance, by designing a different set of shapes on the one 

hand, and by changing the heat sink material on the other hand. The targeted improvement 

process is by comparing the results of the new designs with the results of the traditional, 

popular, and most commonly used plate-fin heat sink, this is in an attempt to enrich or add 

new information to the process of improving performance or to provide some answers to the 

unsolved problems of the heat sink. 
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In this chapter, computer-aided design (CAD), CFD analysis methods, and techniques 

employed in generating, and simulating heat sink models are discussed. This chapter also 

discusses best practices and related parameters used to simulate different geometry heat sinks 

via the (ANSYS FLUENT 19.2 R) CFD tool[37]. The models selected for the type of heat sink 

were analyzed to explain the physics behind models of real-world results accuracy. 

Also, in this part of the research, and before going into details of the methods used in 

numerical studies and analysis processes, it is necessary to review some special concepts about 

the transfer of heat between objects, and adjacent surfaces to facilitate understanding of the 

theory of the working of the heat sink, as well as the possibility of enhancing its capabilities in 

cooling operations. 

 

It is about enhancing the process of heat transfer from the bodies to be cooled so that the idea 

lies in the process of mixing conduction and convection in the method of heat transfer, so this 

is evident in the idea of the fins working, which therefore is based on the principle of its work 

on the principle of increasing the surface area, which is an important factor in the process of 

heat loss. (Figure 3.1) illustrates two surfaces which (a) is a normal surface and (b) after 

extended by the extrusion of fins, so it can be seen obviously how the surface area is 

maximized, which is considered a positive thing in enhancing the heat loss[38].  
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Figure 3.1: Normal surface (a) and extended surface (b)[38] 

 

Some equations can be used to calculate everything about fins, like the heat rate at which the 

fin can dissipate to the surrounding. Furthermore, the thermal resistance and the efficiency of 

the fin. 

 

 𝜃(𝑥) = 𝑇(𝑥) − 𝑇∞ (3.1) 

Where  𝜃 is the temperature excess and 𝑇∞ is the fluid temperature. 

 

 𝑇 = 𝑇∞ + (𝑇𝑏 − 𝑇∞)𝑒
−𝑚𝑥 (3.2) 

Where 𝑇𝑏 is the fin base temperature. 
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 𝑚2 =
ℎ𝑝

𝑘𝐴𝑐
 (3.3) 

Where  𝑚2  is parameter of the fin, h is the convection heat transfer coefficient, 𝐴𝑐 is fin 

across section area, p is perimeter of the local fin and k is the thermal conductivity of fin. 

  

 𝑞𝑓 = √ℎ𝑃𝑘𝐴𝑐𝛳𝑏 (3.4) 

 Where  𝑞𝑓 is fin heat rate and  𝜃𝑏 is the fin base. 

 

 𝜀𝑓 =
𝑞𝑓

ℎ𝐴𝑐,𝑏𝜃𝑏
        (3.5) 

 Where  𝜀𝑓 is fin effectiveness. 

 

 𝑅𝑡,𝑓 =
𝜃𝑏
𝑞𝑓

 (3.6) 

 Where  𝑅𝑡,𝑓 is fin thermal resistance. 

 

 𝜀𝑓 =
𝑅𝑡,𝑏
𝑅𝑡,𝑓

 (3.7) 

Where  𝑅𝑡,𝑏 is the thermal resistance of the fin base. 

 

 ɳ𝑓 =
𝑞𝑓

𝑞𝑚𝑎𝑥
=

𝑞𝑓

ℎ𝐴𝑓𝜃𝑏
 (3.8) 

Where  ɳ𝑓 is fin efficiency and 𝐴𝑓 is fin surface area. 
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Extra more, it can be seen obviously that the efficiency of the fin is a very important factor for 

choosing the prober shape of fins in heat dissipation. Since fins have many different shapes, 

and as a result, each fin shape has its formulas for thermal calculations. 

Rectangular fin efficiency can be calculated as follows[7]: 

 

 ɳ𝑓 =
tanh𝑚𝐿𝑐
𝑚𝐿𝑐

 (3.9) 

 

 𝐴𝑓 = 2𝑤𝐿𝑐 (3.10) 

 

 𝐿𝑐 = 𝐿 + (
𝑡

2
) (3.11) 

 

 𝐴𝑝 = 𝑡𝐿 (3.12) 

Where L is fin length or height, w is fin width, t is fin thickness and 𝐴𝑝 is profile area. 

 

What is meant by adjacent or contiguous surfaces or objects, is a description of the heat 

transfer process through several different or similar surfaces in terms of type, as well as taking 

into account the method of heat transfer, whether by conduction, convection, or radiation.   

Hence, it can be said that the heat transfer inside the body or one surface is by conduction as 

well as between adjacent or contiguous objects and surfaces. But there may be surfaces 

contiguous to each other, one of which is exposed to a fluid, where the process of heat transfer 

from the solid surface to the fluid through convection is clearly visible. 
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Moreover, the investigation main idea is depending on heat transfer from the electronic piece 

which produces or generates heat by the concept of contacted bodies, so the heat flows from 

the hottest body to the cooler adjacent one, which is the heat sink by conduction method, after 

that the heat sink dissipates the heat to the surrounding by convection method. 

Extra more, if considered that there are two bodies (A) and (B) are in contact with each other, 

and no gaps of air or high spots between them, and to explain in detail the hottest body is (A) 

which is the CPU which is to be cooled, and (B) is the heat sink. As mentioned earlier, the 

heat flow through the heat sink faces thermal resistance, which is made by the thermal 

conductivity of the heat sink material. Furthermore, the thermal conductivity k is one of the 

most important factors which is to be taken into considerations in the conduction method, so if 

the thermal conductivity is high so this is a positive thing, and the heat flows smoothly as well 

as a high amount of heat loss from the body. However, if the thermal conductivity is very low 

that is a negative thing, and the heat flow interrupts and of course, it is considered as an 

insulation material.  

(Figure 3.2) illustrates the previous explains to make a very clear understanding of the 

technique which is followed in the thesis procedure. 

 

Figure 3.2: Illustrates temperature distribution and thermal resistances 
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In (Figure 3.2) it can be seen obviously the direction of the heat flow, but it must be mentioned 

that there are a few assumptions that are taken in explaining the heat flow concept. Firstly, one 

side of the (A) body which is the (CPU) which generates heat is considered as insulated part, 

so to focus on calculation in one direction which is the heat sink direction. Secondly, the 

radiation heat transfer is negligible because of forced convection. The temperature distribution 

which is mentioned by the red line shows a parabolic diagram in the body (A) the (CPU) 

because of the heat generation, and shows a linear diagram in the body (B) the heat sink, 

because of the conduction method, in which the thermal conductivity k plays the main role. 

Finally, the diagram significantly changed from linear to make a mixture of linear, and 

parabolic, because of the convection method which is the velocity of the fluid which is here is 

air, and convection thermal coefficient h plays the main role. 

 

 𝑞" =
𝑞⦁

𝐿𝐴
2 −

𝑇𝑠1 − 𝑇∞
𝑅𝑡𝑜𝑡

 (3.13) 

 

 𝑅𝑡𝑜𝑡 =
𝐿𝐵
𝑘𝐵
+
1

ℎ
 (3.14) 

 

The strategy which is followed here in this research is to move from the traditional 

experiments inside the labs to the numerical analysis, and investigations in terms to save time 

and money. So (SOLIDWORKS 2020)[39], is used in designing the various geometries of the 

heat sink as well as (ANSYS FLUENT 19.2R)[37], is used to simulate and validate the 

experiments. 
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In this study, it was important to apply the combined heat transfer methods in the simulation 

of models to a solid and fluid region. This approach enables the modeling of the physics of the 

heat sink (solid) as well as of the air (fluid) at their interface. In the passive heat sink system, 

the heat transfer mechanism dominates as a consequence of the interaction or clash between 

inner particles within the material. The heat is transmitted firstly from the warmer bottom 

towards the other areas of the heat sink (copper). Also, in the fluid region convection prevails. 

The effect of heat transmission seen between the heat sink, as well as its environment (ambient 

air) is essential for this process simulation. So conjugate method means the unification of the 

two methods of heat transfer convection, and conduction at the same time. 

 

 

In order to make sure that the results are valid especially in comparison to the various 

simulations of heat sink shape, assumptions have been made in order to replicate the fluid flow 

behavior around heat sinks. The combined heat transfer method, thus the existence of the solid 

or fluid regime, was used in this research. With all heat sink data sets, the fluid characteristics, 

and therefore its quantity was constant, and the air properties are shown in Table 3.1. 

  

Table 3.1: The fluid (Air) properties 

Viscosity (µ) 1.7891·10-5 kg/m·s 

Thermal conductivity (k) 0.0242 W/m·K 

Specific heat (CP) 1006.430J/kg·K 

Density (ρ) 1.225 kg/m3 

 

The fluid stream has been designed to remain in the laminar region. When refers to laminar 

flow that means smooth fluid or fluid flow with little or no disturbance corresponds. This kind 
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of flow is moving on a normal path and is supposed to have a much steadier speed and 

pressure drop. Then it is presumed that laminar flow behavior is stable all over its flow path. 

The laminar flow model was considered appropriate because the current flow was extremely 

slow, and even the flow channel was rather small due to weather conditions, in which the heat 

sink analyzed was to be used in this study. In the scenarios when fluid temperature is regarded 

as separate from the solid under a conjugal heat transfer mechanism, the segregated fluid 

temperature concept is being used. The energy equation with a different temperature is fixed 

by this model. 

 

To characterize the flow of any fluid, and its type as it is laminar regular or random turbulent, 

this is defined by the Reynolds number, which is a dimensionless quantity. Where the flow 

type of the fluid is described by calculating the value of the Reynolds number through some 

equations[40]: 

 

 𝑅𝑒 =
𝜌𝑉𝐷ℎ
𝜇

 (3.15) 

Where 𝑅𝑒 is Reynolds number, 𝜌 is fluid density, V is fluid velocity, 𝐷ℎ  is hydraulic 

diameter and 𝜇 is fluid viscosity.  

 

 𝐷ℎ =
4𝐴

𝑃
 (3.16) 

Where A is sectional area and P is wetted perimeter.  
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The equation mentioned calculating the Reynolds number probably represents the inertial-

viscous-potential proportion, and forecasts flow characteristics due to the two specified fluid 

flows laminar and turbulent. So, at a low Reynold number, less than 2,300 the laminar flow is 

slower and steadier. The transition between laminar and turbulence starts between a Reynolds 

number range from 2,300 to 4,000. In this condition either the laminar and turbulence flow 

environments coexist, and thus a fluid has laminar and turbulent flow attributes in this state. 

The turbulent regime is achieved after just a Reynolds number of 4,000. Within that regime 

the flow is chaotic as the inertia force is more powerful, causing more disruption inside the 

flow. Equation (3.15) shows that the fluid types in an analysis of this kind have been 

constantly maintained, for the various models of heat sink analysis, the variables 𝜌, V and μ 

probably remain the same. The hydraulic diameter 𝐷ℎ remains constant, as with the geometry 

examined so that the Reynolds number changes in speed. Therefore, a continuous speed of 1 

m/s, is selected as approaching airflow speed all around the heat sinks. As already indicated, 

the simulation flow was all maintained no more than 1257 of Reynolds number, and within the 

laminar flow area. This induces quite practical results to become achievable even though, most 

of the fans used to perform airflow speed via heat sinks are typically unable to generate 

turbulent flow at the needed higher ventilation speed. 

 

The control formulas used for fluid flow dynamics are computational algorithms for the 

simulation of fluid behavior across the heat sinks. Fluid motion calculations are generally 

extremely complicated and require computing capabilities, and expertise to achieve better and 

precise results. In such cases where fluid behavior is required around and inside a three-

dimensional object it becomes a great challenge to solve the continuity equations for fluids 

due to various dimensions. Navier-Stokes’s formula is incorporated into the analytical 

program[37] used in this analysis. As related to the flow of fluids under pressure, this equation 

can be derived from Newton’s 2nd law. As a consequence of both the conjunction of 
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propagation viscous term and force, the pressures through which the Navier-Stokes formula is 

obtained. The following is a differential version of the Navier equation[40]: 

 

 
𝜕𝜌

𝜕𝑡
+ 𝛻⦁(𝜌𝑉⃑ ) = 0 (3.17) 

Where ∇ is Nabla which represents the quantity partial derivative in all directions in the 

coordinate system, and it can be found as: 

 

 𝛻 =
𝜕

𝜕𝑥
𝑖 +

𝜕

𝜕𝑦
𝑗 +

𝜕

𝜕𝑧
𝑘⃗⃑ (3.18) 

 

 
𝜕

𝜕𝑡
(𝜌𝑉⃑ ) + 𝛻⦁(𝜌𝑉⃑ 𝑉⃑ ) = −𝛻𝑃 + 𝛻⦁(𝜏̿) + 𝜌𝑔 ⃑⃑  ⃑ + 𝐹  (3.19) 

Where 𝜌 is density, P is static pressure, 𝜏̿ is stress tensor, 𝜌𝑔 ⃑⃑  ⃑ is the gravitational body force,𝑉⃑  

is velocity vector and  𝐹   external forces of the body.  

 

 𝜏̿ = 𝜇 [(𝛻𝑉⃑ + 𝛻𝑉⃑ 𝑇) −
2

3
𝛻⦁𝑉⃑ 𝐼] (3.20) 

Where 𝜇 is the viscosity of molecular and I is the tensor unit. 

 

 
𝜕

𝜕𝑡
(𝜌𝐸) + 𝛻⦁ (𝑉⃑ (𝜌𝐸 + 𝑃)) = −𝛻⦁(∑ℎ𝑗𝐽𝑗

𝑗

) + 𝑆ℎ (3.21) 

Where E is the energy total, J is the flux diffusion, h is enthalpy and 𝑆ℎ is volumetric heat. 
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In removing heat along its surface, the fluid flow via the extrusion fins is a major function. 

With both pin, and plate fins of the heat sink, various fin arranges can be created to increase 

heat transfer. Because of the flow across fins space amongst fins, height and the width of the 

fins are essential characteristics. This study took steps to optimize flow through the fins of the 

heat sink to create an efficient flow of energy, from the heat sink to the operating fluid. 

 

For the beginning of this research, an evaluation case was built based on a review of the 

literature to ensure correct simulation outcomes, and the validity of the hypotheses as well as 

models used. An experimental study was developed using to compare heat sink pressure loss 

measurement through methodological approaches. So, in their research, a mathematical, test, 

and computational analysis was carried out and compared for validation. In the mathematical 

method, the equations were derived through the equilibrium force on the heat sink, which is 

three equations for each of Flemings and Darcy to calculate the pressure loss[42] which they 

are: 

 

 𝛥𝑃 = (
𝑓𝑎𝑝𝑝𝑁(2𝐻𝐿 + 𝑏𝐿)

𝐻𝐿
+ 𝐾𝑐 + 𝐾𝑒)(

1

2
𝜌𝑉𝑐ℎ

2 ) (3.22) 

Where ΔP is the heat sink pressure drop, 𝑓𝑎𝑝𝑝 is the apparent friction, N is fins number, H is 

fin height, L is fin length, b is the channel width of the heat sink, 𝐾𝑐 is contraction coefficient,  

𝐾𝑒 is expansion coefficient, W is heat sink width, ρ is the density and 𝑉𝑐ℎ is the velocity of the 

heat sink channel.  
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𝛥𝑃 = (4𝑓𝑎𝑝𝑝𝑥

+ + 𝐾𝑐 + 𝐾𝑒) (
1

2
𝜌𝑉𝑐ℎ

2 ) (3.23) 

 

 𝛥𝑃 = 4(𝑓𝑎𝑝𝑝𝑥
+ + 𝐾𝑐 + 𝐾𝑒)(

1

2
𝜌𝑉𝑐ℎ

2 ) (3.24) 

 

Two separate channel speed formulas (𝑉𝑐ℎ) were inserted in and compared with the pressure 

drop equations above. 

 

 𝑉𝑐ℎ = 𝑉𝑎𝑝 (1 +
𝑡𝑓

𝑏
) (3.25) 

Where 𝑉𝑐ℎ is the velocity of the heat sink channel, 𝑉𝑎𝑝 is velocity approach, 𝑡𝑓 is the fin 

thickness and b is the channel width of the heat sink. 

 

 𝑉𝑐ℎ = 𝑉𝑎𝑝 (
𝐴𝑓

𝐴𝑡𝑓
) (3.26) 

Where 𝐴𝑓  is the frontal area with the base of the heat sink and 𝐴𝑡𝑓 is the area which fluid flow 

through. 

They reveal that the most precise calculation of the mathematical pressure drop was found by 

a comparison of the outcomes of equations (3.23) and (3.26)[42]. 

In this thesis, the simulation system as defined has been used as a foundation for the validation 

scenario. They divided the research into three parts, which was first the theoretical part, in 

which the results were extracted by using five mathematical equations to calculate the pressure 

difference, and air flow velocity through the heat sink. Secondly, the practical part, in which 

four types of heat sink were used, differing in sizes as well as the type of metal, by placing 
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them inside the wind tunnel as shown in (Figure 3.3), and also sensors were placed inside the 

tunnel to measure pressure, and temperature as well as air velocity, also a heater was placed 

under each of the four models.  

 

 

Figure 3.3: The wind tunnel which is used in the experiment case[42]  

 

Thirdly, a (FLOTHERM)[43], a simulation program was used to apply the same experiment to 

make a comparison between the results of the theoretical part, the practical part, and the 

numerical part. The tested heat sink was a rectangular plate fin which is illustrated in (Figure 

3.4), as well as its dimensions, which are shown in Table 3.2. 
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Figure 3.4: CAD model of the validation case heat sink[42] 

 

Table 3.2: Dimensions of validation case heat sink[42] 

Base thickness (b) 7.0 mm 

Channel width (g) 1.55 mm 

Fin thickness (t) 1.0 mm 

Height (H) 63.0 mm 

Length (L) 75.0 mm 

Width (W) 126.0 mm 

 

The heat sink sample was surrounded by the duct to avoid any leak of flow, this allowed the 

exact higher pressure drop to be measured via the extrusion heat sink fins. The test was done 

with an air-speed level from 1 m/s to 4 m/s with 0.5 intervals. The experiment[42], 

computational (FLOTHERM) is a commercial simulation program that is used to conduct 

thermal analysis as well as to characterize fluid motion in reference experiments, and digital 

investigations [43], and measurement findings at different air velocities are shown in (Figure 

3.5). 
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Figure 3.5: The outcomes of the validation experiment[42] 

 

(Figure 3.5) represents a comparison of the results of the experiment referred to previously, 

where the comparison between the three parts of the experiment. By comparing the results of 

the three parts of the aforementioned experiment, it can be concluded that some of the 

mathematical equations used in theoretical studies may achieve results very close to reality, 

which is exactly what happened when using equation (3.23), but others may not achieve 

similar results, which is what actually happened with equations (3.24), (3.25), and (3.26) 

which confirms the importance of the correct choice of equations that serve the experiment 

correctly, and also it can be confirmed that the simulation results of computer programs are 

very close to reality, and can be relied upon in showing as well as predicting the expected 

results.            

As described in the previous chapters, active heat sinks are supported by a fan or a fluid 

pushing unit. All test samples are active heat sinks with a particular direction of the inlet, as in 

(Figure 3.6) since a very well airflow path (inlet) is modelized in this analysis. 
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Figure 3.6: Airflow scheme active heat sink[44] 

 

Where all symbols shown in (Figure 3.6) are defined as follows: 

b is the thickness of the base, h is fin’s height, W is width of heat sink, L is the length of heat 

sink, H is heat sink’s height, g is spacing of fins and t is fin’s thickness. 

 

In this thesis, the (SOLIDWORKS 2020) program was chosen to design, and develop the 

shapes used in numerical analysis, because of the many features, and options that this program 

has,66 that make it superior to other programs in terms of accuracy, speed of completion, and 

saving time[39]. The process of designing a heat sink using (SOLIDWORKS) can be divided 

into two stages so that in the first stage, the base is drawn in the required dimensions, and then 

the fins are made. First  of all, from the part option, a file is opened, and from the sketch 

option, the surface to be drawn on is selected, then the top  plane is selected to draw the base, 

after that the dimensions are adjusted, then extrude command is given to obtain the required 
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thickness. After that, the fins are drawn, and from the linear sketch pattern option, the fins 

array is distributed in both vertical, and horizontal directions to save time. And finally, from 

the extrude option again to give the desired height for the fins. In this way, the heat sink was 

created, and thus the file must be saved according to the required format.  

 

The simulation process in this study, as mentioned previously, is by using the forced 

convection heat transfer method with a focus also on conduction heat transfer, and this method 

is known as a conjugate, which is the unification of both methods of heat transfer. The heat 

sink that was used in the experiment as found in (Figure 3.4), and according to the 

measurements in Table 3.2, was drawn using (SOLIDWORKS), and then it was loaded into 

the (ANSYS FLUENT) program. Likewise, the same procedure was followed with the rest of 

the targeted designs in the study subject. To create the simulation, the (ANSYS) program deals 

with the model to be analyzed based on two parts. One part is solid, which is the heat sink, and 

the other part is fluid, which simulates the movement of air around the heat sink, and also 

covers all sides of the heat sink. (Figure 3.7) illustrates the sample which is surrounded by the 

fluid. 
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Figure 3.7: The validation heat sink surrounded by the fluid 

Then, the mesh is designed for both the fluid, and the steel. Hexahedron mesh is chosen for the 

solid for two reasons, firstly, to decrease the number of the mesh in one hand, and also to 

decrease the time of calculations in another hand, and also the fluid tetrahedron is chosen as 

the general form of the mesh because it is the most suitable type to describe the fluid motion. 

Besides, the mesh size was chosen through the size option, which was set to 1 mm. Then, 

inflation was added, which was set on 10 layers. After this adjustment process, the number of 

mesh elements reached 6532031, while the number of nodes reached 2557371, which is the 

total number of the whole simulation sample. All these measures have been taken in terms of 

the physical properties of the fluid, and the solid as well as controlling the simulation to obtain 

a real environment that is very close to reality. Table 3.3, Table 3.4, Table 3.5, and (Figure 

3.8) show domain physics, mesh, sufficient mesh, and boundary conditions respectively. 

Table 3.3: Validation case domain physics 

 

 

Domain Type 

Chip Solid 

Fluid domain Cell 

Heat sink Solid 
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It should be noted that the number of mesh for both the heat sink as well as the chip has 

changed several times by increasing their number each time, and the effect of the increase on 

the results, especially the temperature, to obtain somewhat accurate results, and the best 

suitable number of mesh was chosen as shown in Table 3.4, to accurately describe the flow of 

heat within the two components, taking into account that the number of mesh is very 

appropriate on the one hand, as well as to avoid the large number, which in turn increases the 

calculation process and time. 

 

Table 3.4: Validation case mesh information 

 

 

 

 

In order to choose the appropriate and, sufficient number of meshes to obtain an accurate 

thermal analysis of both the heat sink, as well as the chip to avoid a large number of meshes 

on the one hand, which in turn increases the time, and operations of the computer solution, and 

on the other hand, to obtain an accurate sensitivity to the heat distribution. Table 3.5, shows 

the change of the mesh size several times to calculate the temperature at the point (X = -

0.00175 m, Y = 0.017 m, Z = 0 m) taken on the heat sink, and the result was that the 

temperature change is very small, and can be neglected. 

 

 

 

Domain Nodes Elements 

Chip 208 84 

Heat sink 5488 2394 

Fluid domain 2548239 6524578 

All domains 2553935 6527056 
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Table 3.5: The sufficient mesh number 

Domain Nodes Elements 
Temperature at                   

( -0.00175, 0.017, 0)m 

Chip 8160 5841 337.705 K 

Heat sink 51224 28564 337.705 K 

Chip 986 448 337.705 K 

Heat sink 6147 2856 337.705 K 

Chip 504 220 337.702 K 

Heat sink 25100 14568 337.702 K 

Chip 270 112 337.697 K 

Heat sink 11797 7284 337.697 K 

Chip 208 84 337.695 K 

Heat sink 9084 5609 337.695 K 

 

 

 

Figure 3.8: Validation case boundary conditions 
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By applying all the previously mentioned set steps to conduct a simulation very close to 

reality, the simulation results were very encouraging and satisfactory. The simulation results 

were compared with the results of the experiment referred to in the presentation of previous 

studies, and this is evident from (Figure 3.9). The mean absolute percentage error (MAPE) 

was 7.4%, which is considered a very good percentage, through the use of (ANSYS FLUENT 

19.2R). 

 

 

Figure 3.9: The comparison between the experimental and numerical studies 

 

(Figure 3.10) and, (Figure 3.11) illustrate the temperature gradient through the heat sink 

efficiently, and the air is played a very well role by flowing around the fins to help in 

spreading the heat. Furthermore, it can be seen clearly that from the gradient color over the 

fins.  
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Figure 3.10: Temperature gradient of the validation sample 

 

(Figure 3.11) shows the temperature distribution through the validation case of the heat sink. 

 

Figure 3.11: Temperature gradient through heat sink validation case 
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All conditions that were set to achieve a real environment for the simulation process to obtain 

results very close to the results of the experiment referred to in the literature review, in terms 

of fluid specifications, as well as the type of mesh used in both parts, whether solid or fluid, 

are the same that were used in order to perform thermal analysis of different types of the heat 

sink. Whereas, the fluid used is air, with the previously mentioned specifications. The air 

entering speed was 1 m/s, the temperature inlet was 300 K, and the pressure inlet and outlet 

was 101,325 Pa. The simulation calculation has also been adjusted for 1000 iteration. To 

compare the performance of the different forms of the heat sink, both the thermal resistance 

and pressure drop factors were selected. The material which is chosen for the different designs 

of the heat sink was red copper, and the properties are given in Table 3.6. 

 

Table 3.6: The heat sink material (copper) properties 

 

 

 

There was a process of changing the design of the heat sink, in terms of material as well as by 

changing the design of the fin shape, to obtain several different models to evaluate the 

performance of each and the extent of the effect of the fin shape. These designs are as follows: 

a. Traditional rectangular plate-fins heat sink. 

b. Separated short plate fins heat sink. 

c. Separated short angled plates fin heat sink. 

d. Separated short airfoil fins heat sink. 

e. Continuous zigzag fins heat sink. 

f. Intermittent zigzag fins heat sink. 

 

Specific heat (𝐶𝑃) 381 J/kg·K 

Thermal conductivity (k) 387.6 W/m·K 

Density (ρ) 8978 kg/𝑚3 
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The following equation is used to determine the number of fins[45]: 

 

 𝑁 =
𝑊

𝑡 + 𝑔
 (3.27) 

Where W is the width of heat sink, N is the number of fins, g is the width of channel and t is 

the thickness of fin. 

 

Table 3.7, represents all the boundary conditions, and initials that are used in the numerical 

analysis in this dissertation. 

 

Table 3.7: The boundary conditions and initials  

 

 

 

 

 

 

Among the steps that have been taken in this research, especially in the design process, the 

dimensions of the model used in the validation case have been reduced to 50% to reduce the 

cost of the material on the one hand, as well as reduce the volume of the heat sink on the other 

hand. As a result of that simulation process, and the time it takes in the calculations is also 

reduced. Moreover, the number of fins was 18, and also for heat sinks contain arrays of fins. 

The array was designed to be a 4X18 matrix. Furthermore, the modified design of the heat 

Inlet velocity 1 m/s 

Inlet pressure 101325 Pa 

Inlet temperature 300 K 

Turbulence intensity 5 % 

Quantity of heat 100 W 

Outlet pressure 101325 Pa 
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sink, and the target in the analysis in this research, and its dimensions are shown in Table 3.8. 

And it should also be noted that the thickness of the fin, as well as the distance between the 

fins, are constant for all types of a heat sink used in the simulation, until the comparison 

between their performance is done fairly, and also to obtain results that enhance heat sink 

performance. 

 

Table 3.8: The dimensions of the sample heat sink 

Width (W) 63.0 mm 

Length (L) 37.5 mm 

Height (H) 31.5 mm 

Fin thickness (t) 1.0 mm 

Channel width (g) 2.5 mm 

Base thickness (b) 3.5 mm 

 

 

 

 The performance evaluation of the different types of heat sinks used in this thesis was based 

on the pressure drop and thermal resistance parameters. Through a table, and a bar chart, the 

comparison was represented to give a clear, and simple idea of the performance evaluation 

that was analyzed through the numerical studies that were conducted. 
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In this section, the results of the numerical studies that were performed computationally on all 

the different models of the heat sink used in this research were collected, analyzed, discussed, 

and their performance was compared as previously indicated to determine their efficiency. 

Furthermore, the process of reducing the size of the validation case heat sink to 50%, which 

was applied to the simulation design, has achieved its goals, and this is evident by comparing 

the weight of the two models, so the weight of the heat sink before the size was reduced was 

734.27 g, but after miniaturization, it became 241.8 g. 

 

In order to know the performance of each design in the cooling process of the resulting heat, 

the calculations were based on the thermal resistance factor Rth, which can be calculated using 

equation (4.1). The highest temperature is at the base of the heat sink  𝑇𝑏𝑎𝑠𝑒 , as it is in direct 

contact with the part to be cooled, then the temperature gradually decreases to the last point in 

the fin, which in turn is in contact with the cooling air  𝑇∞ , and thus the heat is transferred by 

the convection method between the fin, and the air as explained previously. It is important to 

note that the temperature is not equal in all parts of the heat sink, for several reasons, including 

the fact that the heat sink is in good contact with the heat source, and there are no spaces 

between them or high spots that prevent the contact process well, as well as the process of 

airflow through, and around the fins, and the location of each fin from the cooling airflow. 

Through the results obtained from numerical studies after performing the simulation 

calculations of 1000 iterations, and by representing the temperature distribution in each heat 

sink design, it can be said that as expected, the highest temperature is at the base of the heat 

sink, and the temperature gradient varies across the rest of the parts of the heat sink. Where it 

is obvious that the lowest temperature on the front ends of the heat sink, because comes first to 
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contact the cooling air through the fan, and then the temperature increase starts on the back 

because the cooling air became hotter after touching the front group since the air has absorbed 

heat from the front ends of the sink. 

The thermal resistance is given in equation (4.1)[46]: 

 

𝑅𝑡ℎ =
𝑇𝑏𝑎𝑠𝑒 − 𝑇∞

𝑄
 (4.1) 

Where  𝑅𝑡ℎ is thermal resistance, 𝑇𝑏𝑎𝑠𝑒 is base temperature of the heat sink, 𝑇∞ is temperature 

of fluid and Q is heat rate. 

 

The process of calculating the pressure drop in the heat sink is done by finding the difference 

between the pressure when the fluid enters the heat sink, and the pressure after the fluid leaves 

it, as the pressure drop is given in equation (4.2): 

  

 𝛥𝑃 = 𝑃𝑖𝑛 − 𝑃𝑜𝑢𝑡 (4.2) 

Where ΔP is pressure drop, 𝑃𝑖𝑛 is pressure inlet and 𝑃𝑜𝑢𝑡 is pressure outlet. 

 

Moreover, the pressure drop calculation has an important, and effective role in choosing the 

right fan for cooling. The higher-pressure difference leads to a greater capacity of the fan 

motor, and consequently the increase in its size, which is undesirable in terms of weight gain, 

as well as the increase in electricity consumption, and also its price in terms of cost. The extra 

more, smaller pressure difference, leads to smaller fan size as well as cheaper in price, also as 

a result of that weight of the product, become lighter, which is required in terms of design. 
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Below is a review of each of the designs used in this research in terms of showing the shape of 

the fin design, the distribution of heat, the pressure difference, and airstream across them 

illustrated in some figures. 

 

 

As it was previously explained, using a computer program, the heat sink whose fins are 

rectangular plate, and as shown in (Figure 4.1), was designed through several steps, so that the 

base was first drawn, given the required size, and then from the extruded option to give it the 

required thickness. After that, the shape of the fin was drawn, and from the linear sketch 

pattern command, which is a feature in the program to save time, and effort to give the 

required number of fins, and then through the extruder also to obtain the required fin height. 

 

 

Figure 4.1: The CAD design of rectangular plate fins heat sink 
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(Figure 4.2) shows the heat spread across the rectangular plate fins heat sink in different 

degrees, through the gradation of colors on the figure, where the red color indicates the highest 

temperature, was 339.734 K which appears clearly at the base, due to its direct adhesion to the 

heat source, and then the temperature gradually decreases until it reaches the furthest point 

from the heat source, which is the end of the fin tip with the blue color, was 336.082 K which 

in turn is less hot. 

 

 

Figure 4.2: The result of temperature through the rectangular plate-fin heat sink 

 

(Figure 4.3) shows the temperature difference across the rectangular plate fins heat sink, 

where a straight line has been drawn starting from the base, and ending after the end of the fin 

height to reach the surrounding air in order to collect points across this line to represent them 

as shown. 
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Figure 4.3: The temperature distribution of rectangular plate fin 

 

(Figure 4.4) shows the gradient of the pressure difference across the rectangular plate fins heat 

sink through the gradation of colors, where the highest pressure difference appears in red, 

which was 2.941 Pa, which appears on the front face of the heat sink from the base to the end 

of the height of the fins, due to its geometric shape, and facing the air stream directly, while 

the lowest pressure difference appears in blue, which was -1.035 Pa and, the negative sign (-) 

means that it is less than zero, as the program considers the normal atmospheric pressure of 

101,325 Pa as zero, and accordingly shows the results. 
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Figure 4.4: The pressure differences result from the rectangular plate fin 

 

(Figure 4.5) shows the airflow through the rectangular plate fins heat sink with a group of 

lines in different colors to show the places where the maximum speed is shown in red, which 

was 2.174 m/s, while the places where the flow speed is least are shown in blue. 
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Figure 4.5: Velocity path through the rectangular plate-fin heat sink 

 

 

The heat sink with fins, which are in the form of separated short plates as shown in (Figure 

4.6), was designed using the previously mentioned computer program in two stages. In the 

first stage, the base was designed, its dimensions were adjusted, given the required thickness, 

and in the second stage, the fins were designed as well as they were adjusted in terms of 

measurements. 
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Figure 4.6: The CAD design of separated short plate fins heat sink 

 

The results showed the distribution of heat across the separated short plate heat sink as shown 

in (Figure 4.7) through the gradation of colors, and the highest temperature was 339.281 K  

appeared distributed on the base, which was represented by red color, while the blue color 

indicated the lowest temperatures, which appeared at the top of the fins of the first row, due to 

the heat exchange between them, and the cooling air, then the temperature began to gradually 

rise for the rear rows because the cooling air had passed over them after gaining heat from the 

first row of fins. 
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Figure 4.7: The result of temperature through separated short plate fins 

(Figure 4.8) shows through several points, the spread of temperature across the separated short 

plate fins heat sink starting from the base, where the temperature was the highest, and then 

began to gradually decrease until the last point in the fin, which indicates that the heat sink has 

played an active role in the cooling process. 

 

Figure 4.8: Temperature distribution through separated short plate fins 
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The distribution of the pressure difference across the separated short plate fins heat sink, and 

as shown in (Figure 4.9) across the color gradient, showing the highest value of the pressure 

difference, which was 3.093 Pa, indicated in red, as well as highlighting the region where the 

pressure difference is less in blue. 

 

 

Figure 4.9: The result of pressure differences through separated short plate fins 

 

The airflow through the separated short plate fins heat sink has been described through several 

lines of different colors showing the difference in velocity at each place. The highest flow 

velocity was 2.2 m/s, which was indicated in red, while the rest of the colors indicated the 

lower velocities, as shown in (Figure 4.10). 
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Figure 4.10: Velocity stream through separated short plate fins 

 

 

As it was previously detailed that changing the design of the heat sink has an impact on the 

efficiency of the heat sink, the heat sink was designed with fins in the form of separated short 

angled plate fins as shown in (Figure 4.11), using the numerical design program, so that the 

model was designed with two steps base as a first step, and fins as a second step.  
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Figure 4.11: The CAD design of separated short angled plate fins heat sink 

 

The results showed the temperature distribution across the separated short angled fins heat 

sink as shown in (Figure 4.12), by representing the colors for each temperature, where the 

results indicated the highest temperature in red, which was 335.979 K, while the lowest 

temperature was represented in blue, and the rest of the colors indicate the temperature 

between maximum and minimum.   
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Figure 4.12: The result of temperature through the separated short angled plate fins heat sink 

(Figure 4.13) illustrates the temperature distribution through the separated short angled plate 

fins heat sink from the highest temperature which was across the base to the lowest 

temperature which was in the top of the fin.  

 

Figure 4.13: Temperature distribution through separated short angled plate fins 
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The distribution of the pressure difference in the separated short angled plate fins heat sink 

through the results, was represented based on the maximum pressure difference, and the 

lowest pressure difference by color gradation, and as shown in (Figure 4.14), where the 

highest-pressure difference was 4.100 Pa represented by the red color, which appeared on the 

front end of the heat sink, while the rest of the values were represented by several colors to the 

other values, where the blue color was representing the smallest value.  

 

 

Figure 4.14: Pressure result through separated short angled plate fins heat sink 

 

The results of the velocity of cooling airflow through the separated short angled plate fins heat 

sink as shown in (Figure 4.15), by clarifying the places of the maximum speed, which were 

represented in red color, where it was 2.561 m/s, then the colors were gradually inserted to the 

lowest speed. 
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Figure 4.15: Velocity stream through separated short angled plate fins heat sink 

 

 

Among the designs that were selected in this study, the separated short airfoil fins heat sink as 

shown in (Figure 4.16) was designed using the design program adopted in this research, by 

designing the base firstly, and then after that designing the fins.  
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Figure 4.16: The CAD design of separated short airfoil fins heat sink 

 

Through the results, and as shown in (Figure 4.17), which shows the distribution of 

temperature across the heat sink in several different colors, where the maximum temperature 

was 339.577 K, and represented in red, while the rest of the lower temperature was 

represented by other different colors where the blue color represented the lowest temperature.  
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Figure 4.17: The result of temperature through the separated short airfoil fins heat sink 

 

(Figure 4.18) shows the distribution of heat across the separated short airfoil fins heat sink, 

with the highest temperature at the base, and the lowest temperature at the top of the fin. 

 

Figure 4.18: Temperature distribution through separated short airfoil fins 
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The results of the pressure difference across the separated short airfoil fins heat sink as in 

(Figure 4.19), and as shown in colors to represent the largest pressure difference which was 

2.720 Pa indicated in red, as well as the minimum pressure difference indicated in blue, and 

also indicating the rest of the pressure difference values in different colors between the largest, 

and smallest value.  

 

 

Figure 4.19: Pressure result through separated short airfoil fins heat sink 

 

(Figure 4.20) shows the speed of the cooling air through the separated short airfoil fins heat 

sink, which was represented in several colors to show the airspeed at each part of the heat 

sink, where the maximum airspeed was 2.129 m/s, and represented in red, while the rest of the 

colors show the lower and lower speeds.  
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Figure 4.20: Velocity stream through separated short airfoil fins heat sink 

 

 

The heat sink, which has fins in the form of a continuous zigzag, was designed as shown in 

(Figure 4.21) using the same design program, and the same steps were followed for the rest of 

the previous designs. 
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Figure 4.21: The CAD design of continuous zigzag fins heat sink 

 

The results showed in (Figure 4.22), the distribution of heat that transmitted from the heat 

source through the continuous zigzag fins heat sink, where it was represented by several 

different colors, so the maximum temperature was 343.818 K, which was represented in red 

color, and most of it was in the base area, while the temperature began to gradually decrease 

until it reached the last point in the fin in which the temperature was the lowest, which is 

indicated in blue. 
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Figure 4.22: The temperature result of continuous zigzag fins 

(Figure 4.23) shows that the highest temperature in the continuous zigzag fins heat sink was at 

the base 344 K, and then continued to decrease gradually across the fin due to heat flow from 

the base to the fins, and also due to the heat exchange between the fins and the cooling air. 

 

Figure 4.23: The temperature distribution through the continuous zigzag fins heat sink 
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(Figure 4.24) represents the pressure differences across the continuous zigzag fins heat sink, 

where the maximum pressure difference was indicated in red, which was 2.439 Pa, and the rest 

of the lowest pressure difference values were indicated by several colors, up to the lowest 

pressure difference represented in blue.  

 

 

Figure 4.24: Pressure result through the continuous zigzag fins heat sink 

 

(Figure 4.25) represents the path of the cooling airflow velocity through the continuous zigzag 

fins heat sink by several colors, where the maximum speed was 2.028 m/s, and represented in 

red color, while the airspeed at each area of the heat sink was illustrated through the color 

gradation, which reflects the lower speeds. 
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Figure 4.25: The velocity stream through the continuous zigzag fins heat sink 

 

 

A supplement to the rest of the designs used in this study, in addition to choosing some strange 

designs for the fin shape, to improve the performance of the heat sink, and as shown in (Figure 

4.26), the intermittent zigzag fins heat sink was designed using the design program, and the 

same previous steps followed but taking into account the difference in the shape of the fin. 
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Figure 4.26: The CAD design of intermittent zigzag fins heat sink 

 

(Figure 4.27) shows the temperature distribution across the intermittent zigzag fins heat sink, 

where the maximum temperature was represented in red, which was 347.224 K, and the 

minimum temperature was 333.591 K which is represented in blue, while the rest of the colors 

represented the temperatures between the maximum and minimum. 
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Figure 4.27: The temperature result of intermittent zigzag fins 

 

(Figure 4.28) represents the temperature distribution across the intermittent zigzag fins heat 

sink from the base, where the maximum temperature is 347 K, and then it started declining 

through the fins until it reached 336 K, as shown in the figure.  
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Figure 4.28: The temperature distribution through the intermittent zigzag fins heat sink 

Through the results of the pressure differences across the intermittent zigzag fins heat sink 

shown in (Figure 4.29), the maximum pressure difference was 2.475 Pa indicated in red, while 

the rest of the pressure differences were gradually represented by several colors to distinguish 

each region in the heat sink with a color that reflects the value of the pressure difference.  

 

Figure 4.29: Pressure result through the intermittent zigzag fins heat sink 



 72 

(Figure 4.30) represents the results of the cooling airflow velocity through the intermittent 

zigzag fins heat sink, showing the maximum speed in red, which was 2.033 m/s, and the rest 

of the velocities at each area of the heat sink were represented in a different color.  

 

 

Figure 4.30: The velocity stream through the intermittent zigzag fins heat sink 

 

 The results obtained from the simulation process for each of the targeted designs in the study 

were compared, by comparing the pressure difference as well as the thermal resistance and 

collecting these results in Table 4.1. 
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Table 4.1: The comparison between all heat sink types results 

 

These results were also compared, and clarified in (Figure 4.31), and (Figure 4.32) to give a 

simplified idea of the comparison process as well as to facilitate the distinction between 

designs in terms of efficiency. 

 

 

 

Figure 4.31: Thermal resistance comparison 

 

Heat sink type Thermal resistance (𝑹𝒕𝒉) W/K Pressure drop (ΔP) Pa 

Ordinary rectangular plate fins 0.397 3.9730 

Separated short plate fins 0.394 3.9198 

Separated short angled plate fins 0.361 5.6340 

Separated short airfoil fins 0.386 3.8050 

Continuous zigzag fins 0.440 3.2588 

Intermittent zigzag fins 0.472 3.2040 
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Figure 4.32: Pressure drop comparison 

 

Through the process of comparing the results of the targeted models in this study, it is clear 

through the evaluation process that the separated short angled plate fins heat sink indicated in 

(Figure 4.12) is superior to the rest of the designs in terms of thermal resistance, as it has the 

lowest resistance. Thus, the heat flows from the heat source through the heat sink adjacent to it 

smoothly, and without hindrance, so that the heat sink later dissipates it through the 

surrounding medium, thus fulfilling its role satisfactorily. While the results in terms of 

pressure difference comparison showed that the heat sink with intermittent zigzag fins shown 

in (Figure 4.29) is the lowest in the pressure difference, it outperformed the rest of the designs 

by recording the least resistance to the flow of cooling fluid through it. Thus, it gave an 

important indication in the process of selecting the fan as it is a major factor in terms of 

economic cost. The larger the pressure difference, which leads to choosing a larger fan with 

higher capacity, and thus a greater cost, which is not desirable. 
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In this research, reducing 50% of the heat sink size by changing the fin shape as well as 

changing the material is done successfully, and the performance of six different heat sink 

models in terms of fin shape was studied, and analyzed. Where a commercial program was 

used in the design of these models, taking into account that the design is not complicated, as 

well as easy to manufacture, and inexpensive. A CFD digital analysis tool was used, and it 

was set to give a simulation model to be as close as possible to the real conditions, by 

comparison with the results of the previously mentioned experiment. The designs were 

analyzed under conditions of forced convection, so that the uniformity of both the conduction 

heat transfer phenomenon that appears between the heat source, and the heat sink on the one 

hand, and the convective heat transfer phenomenon that appears between the heat sink, and the 

surrounding medium, on the other hand, was studied, which is known as the conjugate. As 

indicated earlier in the objectives of the thesis, taking into account both the thermal resistance 

parameters as well as the pressure drop are the basis for the principle of analysis, and the study 

of all models. Through the results, the heat sink with fins that are in the form of separated 

short angled plates was superior to the rest of the models, as it showed the lowest thermal 

resistance, which amounted to 0.3610 K/W, but on the other hand, possessed the highest 

pressure drop which was 5.6340 Pa. As for the pressure drop parameter, the heat sink with fins 

in the form of intermittent zigzag was distinguished over the rest of the designs, as it had the 

lowest pressure drop, which was 3.2040 Pa, but also had owned the highest thermal resistance 

which was 0.4720 K/W. As for the rest of the designs, the results were different. In the 

ordinary rectangular plate fins heat sink, the thermal resistance was 0.3970 K/W, and the 

pressure difference was 3.9730 Pa. The heat sink in the fin form of the separated short plates 

was a thermal resistance of 0.3940 K/W, while the pressure difference was 3.9198 Pa. The 

airfoil fins heat sink has a thermal resistance value of 0.3860 K/W, and the pressure difference 

was 3.8050 Pa. Also, the continuous zigzag fins heat sink has a thermal resistance of 0.440 

K/W, and the pressure difference was 3.2588 Pa. It can be said from the above results of this 
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research that the digital CFD instrument is an effective tool that can be relied upon in the 

analysis, and study as it saves time, effort as well as cost, and also in extracting results that are 

considered accurate, so that if they are set correctly from the beginning in any research. In 

addition to this, the geometry of the fin, as well as the distance between the fins or what is 

known as the fin duct, affect the performance of the heat sink in terms of heat dissipation on 

one hand and the pressure difference on the other hand. 
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In order to strive to increase the improvement, and enhancement of the efficiency of the heat 

sink so that it performs its tasks in the cooling process at the lowest possible cost, as well as 

reducing its size, on the one hand, to comply with the requirements of advanced electronic 

manufacturing, and also to ensure that it meets the design requirements. In the next research, 

work will be done to enhance the efficiency of the heat sink through several steps, including: 

 

i. Working to strengthen the material from which the heat sink is made by adding some 

materials (composite material) to it that would enhance the conductivity of the heat 

sink. 

ii.  Designing the fins with shapes that aim to increase the surface area of the heat sink on 

the one hand and the other hand, not to generate a high-pressure difference. 

iii.  It is possible to work on the used cooling fluid to obtain higher efficiency by changing 

the type or using more than one fluid in a single cooling process. 

iv.  Also, the type of cooling fluid flow can be worked on, being laminar or turbulent or a 

mixture between the two to obtain the best results. 
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