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Abstract. Heat sinks are essential elements that disperse thermal energy from systems operating at high 

temperatures, including aerospace vehicles, semiconductor chips, and turbine engines. Over the last several decades, 

significant research has been focused on heat sinks to improve heat dissipation, reduce hot spot area temperatures, 

and lower components' temperature in the hot section. The enhancement of heat sink thermal performance faces 

several obstacles and requires the adoption of novel designs, materials, and adaptable production techniques. This 

study aims to provide a comprehensive review of the previous research on enhancing the thermal efficacy of heat 

sinks, the effect of fins arrangements on the final heat transfer efficiency and identify the improvement in the 

heating transfer. The effect of natural and forced convection on the heating transfer efficiency in heat sinks has been 

investigated in the current review with a focus on the utilization of different heat sink types of applications and uses 

along with the benefits and drawbacks of each type. 

 

Keywords: heat sink, heat transfer, natural convection, forced convection, fins efficiency, fins shapes, fins 

arrangement. 

 

Introduction 

The temperature (Temp) rise has a detrimental impact on the functioning of several devices. For instance, a 

literature survey found that 55% of electronical component failures are resulting by over-temp [1], as depicted in 

Fig. 1. These components' failure rate doubles when the temperature rises by 10 °C. Conversely, a temperature 

duction of 1 degree Celsius can result in a 4% decrease in the failure rate. Moreover, the performance of solar 

modules is directly influenced by the temperature of the cells [2]. It is significant to observe that only 20% of the 

sun rays received are transformed into electricity. The remaining surplus energy must be removed since any increase 

in temperature may have a detrimental influence on the system's performance. A temperature rise of 1 degree 

Celsius may decrease the electrical conversion efficacy of crystalline silicon cells by 0.5%. Similarly, for amorphous 

silicon cells, the efficacy drop is 0.25%. In general, a temperature rise of 1 degree Celsius may reduce power 

production by around 0.4 - 0.5% [3]. 

 

 
 

Fig. 1. The significant reasons for most electronic devices' failure [4].  

 

Based on this data, it is evident that excessive heat or temperature rise poses a genuine issue that needs to be 

addressed. It is crucial to maintain the temp of various systems in the suggested limits set by producer and achieve 

the required performance [5]. In the last decades, there has been a dramatic transformation in microelectronic, 

computer, and smartphone technology, leading to their rapid dominance in the global industry [6]. The electronic 

business is being driven by consumer demands, leading to significant developments in device design and 

manufacture. In response to this need, the industry is innovating by producing more powerful and quicker goods 

than traditional equipment, which is considered outmoded [7]. The societal need for more advanced and efficient 

gadgets and the growing tendency in the electronics industry to make devices smaller but more powerful has driven 

significant technical progress in the engineering and design of portable electronics [8]. Tremendous progress in the 

thermal management of portable electronics has occurred alongside refining their power and size. Thermal 

management refers to the technique involved in generating, controlling, and dissipating the heat generated by 

electrical equipment. Insufficient thermal management may negatively impact an electronic device's reliability, 

performance, and power. Heat is an unavoidable consequence of all electronic devices, and due to its propensity to 
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negatively impact the dependability of these devices, it has become a crucial factor for designers to consider while 

creating advanced technology [9,10]. 

 

1. Background on Heat Sink 

 
1.1. Fundamentals of Heat Sink 

A heat sink is utilized to exchange heat and facilitate the passage of heat from a heat-producing equipment or source 

to a surrounding fluid. The fluid used is often air. However, it may also be any non-conductive fluid for heating 

transfer. The Heating sinks may be cooled passively via natural or forced convection involving a fan. Heat sinks are 

often fabricated using aluminum or copper [11]. A heat sink is specifically designed to efficiently disperse excess 

heat generated by the functioning of mechanical or electrical apparatus. If the waste heating is not effectively 

dissipated from the component, it might accumulate and lead to device malfunctions or decreased performance. A 

heat sink utilizes the principles of radiation, convective, and conductive transfer of heating to transfer heat from a 

higher-source temp to a lower-fluid temp [12]. Thermal energy is transferred from this source to the sink by 

conduction. Heat sinks are fabricated using materials with high heat capacity, meaning they can retain more heat per 

unit mass. Radiation and convection transfer heating from the sink to the neighboring fluid [13,14]. Increasing the 

surface area in contact with the heating exchange fluid enhances the heat transmission rate. Adding fins to the heat 

sink base material may significantly enhance the surface area. A heat sink might be either passive or active. An 

active heat sink utilizes forced convection generated by a fan or pump to efficiently move heat from the device, 

whereas a passive heat sink relies on natural convection [15]. 

A passive heat exchanger, a heat sink transfers thermal energy from an electrical or mechanical equipment to air or a 

liquid coolant [16]. This method disperses heat from the device, allowing temperature control. Computers utilize 

heat sinks to disperse heat from central processing units (CPUs), GPUs, chipsets, and RAM modules [17]. High-

power semiconductor devices like power transistors and optoelectronics like lasers and light-emitting diodes (LEDs) 

need heat sinks when their natural heat dissipation capability is insufficient to maintain their temperature. Every heat 

sink is needed in changing applications [18].  Heat sinks are widely used for thermal management in several 

domains, including technology, industry, and natural systems. These components are so widespread that they may 

be easily disregarded, even by those knowledgeable about the technology [19]. A heat sink is specifically engineered 

to maximize the contact area between its surface and the surrounding cooling medium, including air, in order to 

enhance its cooling efficiency. The effectiveness of a heat sink is impacted by factors including airflow speed, 

choice of materials, design of protrusions, and treatment of the surface. The temp of integrated circuits is influenced 

by heat sink conduction mechanisms and thermal interface materials. Thermal paste or glue improves the efficiency 

of the heat sink by filling up any gaps between the heat sink and the heat spreader on the apparatus. In several 

engineering applications, a heat sink is often fabricated utilizing either aluminum or copper [16]. 

This review paper identifies and highlights the heat sinks from different perspectives including design, 

manufacturing, optimization, and applications. Also, the geometries and characteristics of heat sinks in previous 

studies are reviewed classified and summarized. It is focused on geometry design features to strengthen the impact 

of heating transfer and pressure drop. The correlation between geometric characteristics and heating transfer is also 

presented, and future research orientations are discussed.  Furthermore, it provides and offers a clear vision of the 

majority of recent resources and contributions for many researchers in this direction and involves many analyses and 

evaluations about the methods of heat transfer techniques with some classification and how to conduct these 

techniques to be more useful and efficient. It also focuses on the methods of the design optimization process. 

 

1.2. Temperature and Reliability 

A heat sink represents a specialized apparatus that enhances the heating transfer process from a high-

temperature surface, created by an electronic component, to a lower-temperature environment [13]. A fluid medium, 

such as oil, refrigerants, water, or surrounding air, might provide a colder atmosphere [20–23]. Cold plates, as 

referred to by Lee (2022), are heat sinks that use water as their fluid medium. Heat sinks primarily serve to augment 

the surface area of an electrical component that directly interfaces with a coolant. This design enhances the process 

of effectively dispersing heat, leading to a reduction in the operational temp of the device. The dependability of 

temp may greatly influence components such as steady-state temperature during continuous operation and 

temperature cycling. Within the temperature range relevant to electronical tool, it is well recognized that the 

dependability of electronics is significantly influenced by the temperature of their components, with a strong 

negative relationship that approaches exponential dependence. For every 2 degrees Celsius increase in temp, the 

dependability of a silicon chip decreases by around (10 percent) [24]. The standard temperature threshold for a 

silicon chip is 125 degrees Celsius. Nevertheless, there is sometimes a strong preference for a far lower design 

threshold to maintain an acceptable level of dependability, particularly in military goods. The failure rate of the 

component is also influenced by temperature cycling. Research funded by the U.S. Navy [25] found that equipment 

exposed to intentional temperature cycling of over 20 degrees Celsius had a failure rate that was eight times higher 

than usual. 
Reliability may be assessed by examining the likelihood that a device can successfully carry out its 

designated tasks under specified circumstances for a particular duration. Product dependability is often regarded as 
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the paramount component in establishing the quality and excellence of a gadget within the industry. To guarantee 
the reliability of electrical equipment, it is essential to have sufficient thermal management in place [26]. Using a 
heat sink is the primary method of regulating thermal management in a tiny device.  
 
2. Heating Transfer Technology 
The thermal designs of electronic equipment have incorporated all three transfer of heating modes (radiation, 
convection, and conduction), as well as phase changes like boiling, condensation, melting, and solidification. 
Nevertheless, it is essential to note that electronic systems have no one-size-fits-all design approach. Several 
research [27–30] have reported a comprehensive overview of the advancements in the transfer of heating technology 
for the thermal control of electronic equipment since 1977. However, most selected techniques are based on 
Conduction, Convection, and Radiation. Numerous heat transfer methods are used across diverse applications. 
Several heat transfer methods are widely used in various applications as shown in Fig. 2 [31–36].  

 heat exchangers are apparatuses that facilitate the transmission of thermal energy between two fluids. They 
are extensively utilized in many domains, including air conditioning systems, power generation facilities, and 
chemical processing plants.  

 heat pipes are mechanisms for transporting heat via evaporation and condensation. These components are 
often used in electrical devices for heat dissipation. 

 phase change materials are materials that are subject to a phase transition (changing from solid to gas or 
liquid) at a specific temperature. Thermal storage, cryogenics, and heat insulation are among the several applications 
they find useful. 

 microfluidic heat transfer is a technological approach that employs diminutive channels to transmit heat. It 
is used in several fields, such as lab-on-a-chip technologies and medical implants. 

 

 
                                                                                            а) 

  
b) 

 
c) 

Fig. 2. - Heat transfer applications: a) heat exchanger; b) heat pipes; c) Microfluidic [37–39] 

 

2.1.1. Principle of Heating Transfer via Heat Sink 

A heat sink enables the transfer of thermal energy from a high-temperature device to a lower-temperature 

fluid medium. The frequently utilized fluid medium is air, however it can additionally include oil, refrigerants, or 

water. Once water is employed as the fluid medium, the heat sink is frequently referred to as a cold plate. In the field 

of thermodynamics, a heat sink refers to a reservoir that has the ability to absorb an unlimited amount of heat 

without experiencing a significant change in temp [40]. To efficiently conduct, radiation, and convection, heat sinks 

for electronic devices must maintain a temp higher than that of the surrounding environment. Electronic power 

supplies exhibit low efficacy, generating excess heat that may impair the device's functionality. 

Consequently, the design incorporates a heat sink to dissipate heat. Utilizing the average air temperature 

represents an acceptable expectation for heat sinks of relatively limited duration. The logarithmic average air 

temperature calculates compact heat exchangers [41]. Based on Fourier's law of heat conduction, heating will flow 

from a location with a higher-temp to a region with a lower-temp once there is a temp difference in a system. The 

rate of heat conduction is directly related to the temp difference and the cross-sectional area in which heat is 

transmitted [42].  
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2.1.2. Natural and Forced Convection 

Natural convection systems provide significant benefits in several disciplines and engineering scenarios 

because of their simplicity, low energy use, dependability, quietness, economy, and ease of maintenance. The items 

mentioned include heating systems, cooling systems, heat exchangers, radiators, heaters, photovoltaic panels, solar 

cells, condensers, evaporators, power stations, food businesses, and nuclear reactors [43]. 

A significant drawback of an essential natural convection system is its relatively poor transfer of heating rate 

compared to forced convection [44,45]. A widely used technique to enhance natural convection was to improve the 

transfer of the heating surface since this helps maintain relatively constant ambient temp and coefficients of thermal 

convection in most scenarios. Extended surfaces may be created by connecting or appending additional surfaces 

using components called "fins." Using fins in systems has become a prevalent technological and industrial 

convention. A multitude of research was performed on the transfer of heating using fins, demonstrating their 

significant efficacy in enhancing heat transmission [46]. 

Nevertheless, including a substantial quantity of comparatively large fins is likely not the favored approach 

owing to constraints on space efficacy and financial concerns. Furthermore, the fins' geometric characteristics will 

impact their transmission effectiveness favorably or unfavorably [47,48]. Hence, the fins' morphology, quantity, 

arrangement, altitude, and alignment are crucial factors in the study and must be considered to enhance thermal 

efficacy [49–52]. 

Over time, the designs of fins have developed to enhance the heat transmission rate within the limited area 

enclosed by the fins. Various considerations, including weight, construction material, and ease of manufacturing, 

have been considered design constraints. The fins may have a basic form, such as rectangular, triangular, elliptical, 

or pin-shaped, or a complicated design, such as corrugated or spiral, according to the requirements. Nevertheless, 

the tilt orientation has significance and warrants consideration for at least two causes. Firstly, the surface requiring 

cooling might not be in a vertical or horizontal position [53,54]. Secondly, a heat sink that is initially vertical or 

horizontal might tilt during operation. 

Forced convection is a heat transmission process where the movement of external factors, including pumps, 

fans, suction devices, and others, influences the movement of the fluid, which is valuable for creating fluid motion 

as shown in Fig. 2. 

 
 

Fig. 3. - Forced and Natural convection [55]. 

 

This approach is critical due to its excellent transfer of heating capabilities from a heated item. Notable 

instances of this technique involve turbines, steam air conditioning, and so on [54]. Once analyzed, the forced 

convection process exhibits a more intricate mechanism than natural convection because, in this approach, we need 

to control two parameters: heat conduction and fluid velocity. These two aspects are closely linked since fluid 

motion could enhance heat transmission. 

 

2.1.3. Heat Sinks Materials 

Manufacturers generally use aluminum as their preferred metal since its great heat conductivity, around 235 

W/(m/K). Another determinant of its appeal is its cost-effectiveness in production and exceptionally lightweight 

nature, which minimizes the strain exerted on a computer's motherboard. Copper is often considered optimal for 

creating highly efficient heat sinks due to its high thermal conductivity of around 400 W/(m/K), surpassing all other 

naturally occurring metals. Despite its superior heat transmission capabilities, copper is less favored by 

manufacturers because of its higher cost and weight than aluminum [56]. 

Some contemporary and practical heat sink designs are now exploring combining aluminum and copper in 

constructing a heat plate. This approach combines aluminum's lightweight characteristics with copper's superior 

thermal conductivity. The designs will combine the components mainly composed of aluminum, chosen for its 

reduced cost, and encased by a copper plate, selected for its excellent heat conductivity. Conceptually, these designs 

present a dynamic resolution to each of the metals' potential issues. Nevertheless, if the copper fails to form a 
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sufficiently strong bond with the aluminum (a common occurrence with low-cost heat sinks), the inclusion of a. In 

that case, copper plate can have a detrimental effect on the heat sink rather than a beneficial one [57]. 

Graphite composite materials were suggested as an alternative to copper and aluminum. However, their 

thermal conductivity is lower than that of copper, measuring 370W/(m/K). Graphite materials provide a significant 

advantage in their exceptionally lightweight nature, 70% lighter than aluminum [58]. An established principle 

followed by electronic designers in the industry is that the lower the cost of a heat sink, the higher the long-term 

expenses would be due to the need to replace components and conduct repairs. Cost-effective heat sinks often use 

elements like sleeve bearings in their construction, which are prone to rapid deterioration and may lead to 

lubrication issues. Heat sinks with ball bearings may have a higher initial cost, but they will undeniably have a 

longer lifespan, resulting in lower long-term expenses for the user. 

 

2.1.4. Significance of thermal conductivity 

Heat sinks are often constructed from metal because of their great thermal conductivity, enabling them to 

dissipate heats from the CPU and prevent overheating efficiently. Various metals may be used to construct a heat 

sink, each possessing distinct thermal conductivity properties [59]. The thermal conductivity of a substance may be 

precisely described as its capacity to transmit heat through it. Materials with greater thermal conductivity facilitate 

expedited and more effective heat transmission, whereas materials with lower thermal conductivity function as 

insulators by impeding the heat flow. Copper and aluminum are frequently utilized metals for constructing heat 

sinks since their exceptional thermal conductivity features. 

 

2.1.5. Interface Thermal Resistances 

Heat conduction is the main mechanism of heat transmission inside a component, which commonly 

necessitates transmitting thermal energy via several materials and surfaces that are layered, fastened, and joined 

together [60]. Using heat sinks, brackets, and circuit boards to mount components cooled using conduction is a 

widely used approach. A temperature gradient arises when heat is transferred across these contacts because only a 

small portion of points are touching each other for any two surfaces that are supposed to be flat, as seen in Fig. 3. 

 

 
Fig. 4. - Heat flows between two faces [61].  

 

The thermal interface resistance is a multifaceted function that depends on several aspects. The key 

parameters that influence thermal contact resistance are the surface qualities (such as roughness and flatness), filler 

materials, contact pressure, and the mechanical and thermal features of the contact solids, including hardness and 

thermal conductivity [62]. 

Several methods can be employed to reduce thermal contact resistance. These include using thermal grease, 

inserting a soft foil, coating surfaces with a soft metal’s coating, by a low melting temp alloy between surfaces, or 

using the capillary actions of a filled liquid by microscopic reentrant cavities at the interface [63]. The primary 

factor that significantly influences the thermal contacting resistance is the filler's hardness, with a lower hardness 

being more favorable. It is important to emphasize that adding a filler that is harder comparison with the base 

substances are often increase the total contacting resistance, independent of the thickness or filler substances’ 

thermal conductivity. Every approach to decrease contact resistance contact resistance has advantages, which vary 

based on varying specifies. Thermal grease, for instance, is the most affordable option. However, it presents 

challenges in achieving uniform application over a wide surface area and tends to evaporate in low-pressure 

environments and spread to neighboring surfaces. In order to be successful, metallic foils must have a thin and 

pliable nature, making them challenging to manipulate for practical purposes. In contrast, soft metallic coatings 

exhibit no wrinkling or folding and demonstrate exceptional stability, even under vacuum conditions. 

Nevertheless, this strategy may incur significant costs. Molten materials' limitations in increasing interface 

resistance are due to their inability to hold the molten alloy at the interface and the subsequent separation of portions 

upon cooling. Using liquid-filled tiny holes may be impractical due to their inherent complexity. 
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3. Various Heat Sink Types 

 
3.1. The generated heat source 

The source in question may include any system that generates heat and necessitates removing it for proper 

operation. Examples include friction, nuclear, solar, chemical, electrical, and mechanical systems. 

 

3.2. Transfer of heating 

Heat pipes may also aid in facilitating this process. When the heat sink and the heat source are in direct 

contact, heat is transported from the source to the heat sink by natural conduction. The heat sink material's thermal 

conductivity directly affects this process. Copper and aluminum are frequently utilized in the production of heat 

sinks because of their exceptional thermal conductivity. 

 

3.3. Heat distribution throughout the heat sink 

Heat is transferred via the heat sink by conduction, moving from a location with higher temp to a region with 

lower temp along the thermal gradient. As a result, it is necessary for the thermal profile of the heat sink to be more 

uniform. Heat sinks typically display elevated temps in proximity to the heating source and decreasing temps 

towards the outside borders of the sink. 
 

Table 1. Summary of different heat sink information. 

T
y

p
e Ref. 

Description Applications Performance Pros Cons 
Photo 

E
x

tr
u

d
ed

 

[64–

67] 
Applicable in 

most situations; 

easy to automate 

production after 

the design is 

completed. 

Many Differs Cheap  

Limited to 

dimensions of 

extruded 

aluminum 

 

S
ta

m
p

ed
 

[68–

70] 

Stamped from a 

single piece of 

metal, it is easy to 

automate 

production. 

Low-power Low Cheap 
Poor 

performance 

 

B
o

n
d

ed
 F

in
 

[71,7

2] 

Produced by 

bonding 

individual fins to 

a base, 

manufacturing 

can be easy. 

 Uninterruptible power 

supplies (UPS) 

 Variable speed motor 

controls 

 Welding units 

 Power rectification 

equipment 

 Laser power supplies 

 Traction drives 

Medium 

Existing 

in large 

sizes 

Expensive 

 

F
o

ld
ed

 F
in

 

[73,7

4] 

The fin pitch is 

optimized for 

airflow; it may be 

plastic. 

Ducted air Exceptional 

High heat-

flux 

density 

Expensive; 

ducting 

necessary 

 

A
ct

iv
e 

[75–

77] 

It includes a 

powered fan or 

blower for air 

movement; 

however, this is 

not a viable long-

term solution, as 

the moving parts 

wear out and 

break down. 

Emergency or quick-fix 

situations 

Used in cooling high-end 

graphics processors 

(GPUs) on graphics 

boards. 

High 

Simple, 

“Band-

aid” 

solution 

Poor 

reliability; 

high cost; 

recirculation 

of warm air 
 

F
o

rg
ed

 

[78,7

9] 

It is manufactured 

by compressing 

aluminum or 

copper. 

 Cooling solutions for 

electric vehicle 

controllers. 

 Battery pack cooling 

solution. 

 Motor housing cooling. 

 Inverter cooling. 

 IT telecommunication 

Medium Cheap 
Limited 

design 
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cooling. 

 
S

w
a

g
ed

 

[80–

82] 

Like forged heat 

sinks, they are 

manufactured by 

forming metal 

into a die. 

 Telecommunications 

 Computing 

 LED Lighting 

 Automotive and 

Transportation 

 Medical Devices 

 Aerospace and Defense 

Medium 

Ideal for 

power 

devices 

Heavy and 

unwieldy; 

poor flow 

management 

 

S
in

g
le

 F
in

 

[83,8

4] 

Versatile devices 

designed to be 

employed in tight 

spaces. 

Versatile for all 

applications. Their 

performance can scale 

from low to high 

performing. 

Varies 

Lightweig

ht, low-

profile 

Expensive 

 

S
k

iv
ed

 

[85,8

6] 

Fins are cut 

(skived) from a 

single metal block 

(usually copper). 

 Computers and 

electronic 

components. 

 Telecommunication 

equipment. 

Medium-High 
High fin 

density 

Thick base 

and high 

weight; 

directionally 

sensitive 
 

 

4. Fin Efficiency 

The efficiency of the fins represents one of the elements that contribute to the significance of a material with 

greater thermal conductivity. A heat sink fin could be a flat plate with heat flowing in one end and dissipating into 

the fluid around it as it goes to the other end [87]. In the transfer of heating via the fin, the temp of the fin and, 

consequently, the transfer of heating to the fluid will drop from the base to the end of the fin, which is because the 

heat sink's thermal resistance impedes the flow of heat, and the heat lost due to convection will cause the temp of the 

fin to fall. The term "fin efficiency" refers to the ratio of the heat transmitted by the fin to the transfer of heating that 

would occur if the fin were isothermal (that is, if the fin had an infinite thermal conductivity). 

Due to the requirements for aviation, cryogenic auxiliaries, air conditioning, gas turbines, and aerospace, 

there has been a particular focus on the compactness of the heat exchanger surface. This is especially true for 

surfaces that cause modest variations in pressure in the fluids that are cycled via them. Some of these are seen in 

Fig. 4. Within the context of heat exchangers, compactness is defined as the ratio of the transfer of the heating 

surface to the exchanger volume. 

An early definition of a compact exchanger element was created by [88], who said it was defined as an 

element that included more than 245 square meters of exchanger per cubic meter. On the other hand, traditional heat 

exchangers with tubes ranging from 5/8 inches to 1 inch have a capacity of 65 to 130 square meters per cubic meter. 

In contrast, compact exchanger components have a capacity of approximately 4100 square meters per cubic meter. 

Many pieces that make up compact heat exchangers comprise main surface plates or tubes separated by spines, bars, 

or plates that also function as fins. By the illustration in Fig. 4d, every fin might be considered a single fin, with the 

fin height equal to half of the spacing between the separation plates and the separation plate serving as the primary 

surface. As a result, the compact heat exchanger is regarded as an additional kind of extended surface. 

 

  

a) b) 

  

c) d) 

 
Fig. 5. - Regular instances of compact heat exchanger surfaces: (a) cylindrical tube; (b) cylindrical tube with radial fins; (c) flat tube 

with continuous fins; (d) plate fin. 
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It is easy to demonstrate that once a fin and its prime surface are subjected to a uniform thermal environment, 

a unit of fin surface will be less efficient than a unit of prime surface, which can be shown relatively easily. Please 

consider the plate in Fig. 5, which has a longitudinal fin with a rectangular cross-section. The internal plate surface 

should be able to extract heat from a source that has a uniform coefficient of transfer of heating and temp T1. In 

contrast, the outside plate and fin surfaces should be able to reject heat to cooler surrounds with a coefficient of 

uniform transfer of heating and temp Ts. The plate's cooler surface is at a temp somewhere in the middle, denoted 

by Tp, and the heat that originates from the source exits the plate due to the temp potential, which is Tp minus Ts. A 

similar situation occurs when the surface of the fin is at a certain temp, denoted by T, and the heat escapes the fin 

due to the temp potential, denoted by T-Ts. The heat can reach the fin through its base, which meets the plate and 

passes through it continuously through the conduction process. The temp at the base of the fin will usually be 

extremely close to an identical magnitude to that of Tp. When there is a temp differential inside the fin, such that Tp 

is more significant than T, can heat that the fin has absorbed via its base move toward its tip? Because of this 

circumstance, the temp T will be different from the base to the tip of the fin, which means that the temp potential T-

Ts will be lower than the temp potential Tp-Ts. Additionally, a unit of fin surface will have a lower efficacy than a 

unit of plate or prime surface. 

When compared with a unit of prime surface, the inefficacy of the fin is equivalent to the unavoidable loss of 

performance that occurs when a unit of fin surface is utilized. The fin efficacy is the proportion of a fin's actual heat 

dissipation to its ideal dissipation if the whole fin was at the same temp as its base. This definition is maintained 

throughout the entirety of this book. Other performance indices are utilized, including the fins' efficacy, the fins' 

weighted efficacy, the overall passage efficacy, the fins' resistance, and the fins' input admittance. Most of these 

topics are covered in subsequent chapters. Fins of a specific size, shape, and material can have varying degrees of 

efficacy. The efficacy of any fin will vary depending on its thermal conductivity and the manner of heat 

transmission to its surroundings. 

 

 
 

Fig. 6. Temp potential variations in fins. 

 
5. Identify the coefficient of heating transfer  

The coefficient of heating transfer needed is dependent on the flow patterns present and the velocity, V, 

which is utilized to calculate the Reynolds number. The evaluation of    for the surface of plate fins involves the use 

of a formula for the Nusselt number, which describes the heat transfer for developing flow between isothermal 

parallel plates [89]: 

 

                                                                                        
           

                    
                                          (1) 

 

Whereas   
 

    Re.Pr 
 and       for parallel fins plate, and    has been gained from formula (2): 

 

                                                                                                  
    

 
air 

                                                       (2) 

 

5.1. Overall Surface Efficiency 

The efficacy of the fin and surface area based on fin geometry. Supposing that the shape of the fin is 

rectangular, the single fin efficacy could be stated as: 

 

                                                                      
         

  
                                   (3) 
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Whereas   refers to the length of fin,    is the efficacy of fin, and: 

 

                                                                           √
  

    
                              (4) 

 

Whereas    and     refer to fins’ thickness and conductivity, respectively. 

The efficiency of fin    measures the performance of an individual fin, whereas the overall surface efficacy 

   describes the performance of a group of fins and the surface they are connected  [90]: 

 

                                                                                               
   

  
                                       (5) 

 

Whereas   refers to the fins’ number in array and each surface area   . 

 

5.2. Identify the rate of heating transfer 

The rate of heating transfer has been identified as following [91]: 

 

                                                                           ( out   in )                               (6) 

 

Whereas    was the rate of air flow mass,    provided the air-specific heating capacity,  in refers to the inlet temp, 

and  out  refers to the outlet temp. 

 

The coefficient of heating transfer was presented as following: 

 

                                                                                                                          

(7) 

 

In formula 7,   was the heating exchange surface area: 

 

                                                                                 
(( 

toull 
  

in 
) ( 

wall 
  

out 
))

  (
( 

wall 
  

in 
)

( 
wall 

  
out 

}
)

                                   (8) 

Whereas  wall provided the outer wall fins’ temp. 
 

                                                                                                     (9) 

 

whereas   and    were the air density and fluid velocity at the min section of the tube row, respectively [92,93]. 

 

                         
                      

                                                                 
  

                                                              (10) 

 

The factors of heating transfer   and London goodness (JF) have been identified as following [30]: 

 

  
     

    

  

                                                                          
          

    

      

                                          (11) 

 

5.3.  Fins Arrangement 

A heat sink called a pin-fin heat sink has pins that grow outward from its base. The pins can be square, 

elliptical, or cylindrical. Pin heat sinks are among the most prevalent heat sinks now accessible in the market. The 

straight fin is the second form of heat-sink fin configuration that may be achieved. Throughout the whole of the heat 

sink, they are continuous. The cross-cut heat sink is a variant of the often- utilized straight-fin heat sink. Cuts are 

made at predetermined intervals on a heat sink with a straight fin-the flow of free convection around a heat sink with 

a pin face. In a broad sense, the larger the surface area of a heat sink, the more effectively it functions. 

On the other hand, this is only sometimes the case. When designing a pin-fin heat sink, the goal is to reduce 

the amount of surface area contained inside a particular volume as much as feasible. In addition, it functions 

effectively in any orientation. Kordyban has compared the performance of a straight-fin heat sink and a pin-fin heat 

sink with comparable dimensions.  

The temp difference between the straight-fin's heat-sink base and the ambient air was 44 degrees Celsius, 6 

degrees Celsius higher than the temp difference for the pin-fin, which comes even though the straight-fin has 58 
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square centimeters of surface area. In contrast, the pin-fin is 194 square centimeters. Then, utilized in the application 

for which they were designed, the performance of pin-fin heat sinks is much superior to that of straight fins because 

the fluid travels axially along the pins rather than simply tangentially across the pins. There is also the flared-fin heat 

sink, which has a different design. The fins of this heat sink are not parallel to each other. The flow resistance is 

reduced when the fins are flared, allowing more air to travel through the heat-sink fin channel. More air would pass 

through the channel if the fins were not flared. Changing the angle of the fins results in longer fins while 

maintaining the same overall proportions. They concluded that the thermal performance is at least twenty percent 

superior to straight-fin heat sinks when the air approach velocity is modest, generally about one meter per second. 

Additionally, they discovered that the flared heat sink worked better than the other heat sinks evaluated for the 

bypass configurations they studied. 

Bochicchio et al., and Giorgi et al., [94,95] have conducted considerable research on the model, which has 

been detailed by [96,97]. Nguyen and Aziz [97] presented a novel indicator for the efficiency of longitudinal, 

convicting–radiating fins to dissipate heat. This new indication assesses the dissipation, by entropy rates, of the 

steady state of the fin in comparison to the same dissipation of an ideal fin with the highest dissipation possible. 

Based on [98], there is no doubt that the efficiency of the matching fin will be greater if it is closer to the ideal fin 

than the actual fin. Additionally, a comparison is made about the traditional concept of efficiency for the fins, which 

is additionally examined. When the temp is in a steady state, the temp distribution along the fin is associated with 

the function that describes the profile of the longitudinal fin. The impact of altering the fin profile may result in 

drastically diverse temp distributions, even when the boundary conditions remain the same. 

Consequently, the efficiency magnitudes are determined by the temp distributions and the boundary 

conditions individually, which is an old problem that has been considered by many researchers from a variety of 

perspectives (see, for example, [96–101]). The issue is about how the difference in the temp, the boundary 

conditions, and the many thermodynamic parameters that describe the system affect the efficiency magnitudes. 

Within this article, we offer an investigation of the concept of entropy presented in [102] and an examination of the 

fin profile's function in selecting an efficient method of heat dissipation. It is common knowledge that various fin 

profiles correlate to varied levels of efficiency in terms of the fin's ability to remove heat. Within the context of [96], 

it provides the efficiency of longitudinal fins simultaneously corresponding to rectangular, triangular, and parabolic 

profiles. 

Additionally, these profiles were researched and examined in Gardner [101]. Since then, many publications 

have been published about the effectiveness of fins that have appropriate profiles. The performance of fins with 

rectangular, triangular, trapezoidal, and parabolic shapes was investigated by Nguyen and Aziz [97] to determine 

how well they performed at varying levels of the [103] conducted a mathematical analysis of the issue by placing 

limitations on the volume or perimeter of the fin and obtaining non-existent conclusions for both problems., which 

was done to determine whether the problem existed. The review by [104] provides an overview of the performance 

of finned tubes with fins with varying profiles. Another review is provided by [105], which focuses on the impact 

that geometrical dimensions, dimensionless numbers, and fin position play in determining the performance of the 

fin, particularly when it is utilized in latent heat thermal energy storage systems. Based on their findings, [106] 

conduct a numerical analysis of radiation's impact in conjunction with the appropriate fin profile. 

 
Table 2. The impact of fins arrangement on the heat transfer efficiency. 

Ref. Main methodology  Images Findings 

[107] An oblique array of flat-

plate fin heat sinks has 

been tested to prevent 

flow resistance from 

improving as the 

number of fins is 

increased to enhance the 

surface area for heat 

transfer. 

 

 Their suggested heat-sink design outperformed 

the one with vertical plate fins because of the 

increased surface area and faster flow between the 

fins.  

 By adding oblique fins, the additional cooling 

impact might result in a 6 oC drop in CPU case temp 

at high flow rates.  

 Their innovative design outperformed the 

conventional one regarding heat-dissipation 

performance at low flow rates. 

[108] A stationary heat sink 

with a spinning air jet 

impingement under 

turbulent flow 

conditions has been 

studied.  

 

 They discovered that the Nu number rose with 

the Re number for a stationary heat sink. In a 

rotating heat sink with jet impingement, the average 

Nu number was more affected by the Re number for 

small Re than for stationary heat sink; however, this 

influence diminished as Re increased. They claimed 

that altering the fins' shape could maximize the heat-

sink's hydrothermal performance. 
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[109] The impact of the 

orientation on the 

natural convection and 

radiation for a 

cylindrical heat-sink 

utilized to cool an LED 

light bulb 
  

 As the inclination angle grew, stagnation sites 

and flow separation developed.  

 The drag coefficient grew as Nu dropped.  

 The drag coefficient rose dramatically with the 

orientation angle as the fin length or number of fins 

increased, intensifying the orientation impact. 

[110] Improved the thermal 

performance of the 

heat-sink for a LED 

lamp operating under 

natural convection 

conditions.   

 According to reports, registering the goal core 

temp of 65 oC included decreased fin thickness and 

increased fin number and height.  

 These geometric parameters may result in a 

significant drop in temp but an increase in the heat 

sink mass of around 24% of the starting mass. 

[111] The thermal 

performance of a heat-

sink having fins 

branched in the 

direction average to 

water flow. 

 

 It was shown that the optimized branched-fin 

heatsink's Rth dropped by as much as 30% compared 

to a normal heatsink. By reducing the heatsink's 

length and raising the pumping power, the Rth was 

reduced even further. 

[112–

114] 

The fin widths and 

heights have been 

adjusted to enhance the 

heat-sink design. 

  

 

 Both numerically and empirically, the Rth 

dropped 3.10%. Furthermore, the magnitude of Nu 

rose by 3.20% compared to the initial heat-sink.   

[115] The effectiveness of the 

perforated pin-fins heat 

sink in enhancing heat 

transmission was 

established. 

 

 The study showed that the staggered 

configurations of strip fins exhibited superior 

performance compared to the in-line configurations. 

Using perforated fins can enhance heat transmission 

while mitigating pressure loss and reducing heat sink 

bulk. Fig. 1 depicts a line of perforated fins arranged 

in an in-line configuration.  

[116] The thermal efficacy of 

pinfin heat sinks with 

rectangular slotted or 

notched perforations 

was computationally 

evaluated.  

 

 The researchers observed a positive correlation 

between the size of the rectangular hole, the heat 

transfer rate, and the pressure reduction. The study 

achieved an ideal heat transfer augmentation of 10%, 

with a maximum decrease in fan power consumption 

of 30%. 

[117] Improved the cooling 

efficacy of the micro 

square pin-fin heat sink 

by manipulating the 

porosity of the pinfin 

and the angle at which 

the pinfin is positioned.  
 

 An ideal porosity was achieved, and an angle was 

determined to optimize thermal performance. 

 

Conclusions  

To satisfy the criteria for power system design, heat-sink optimization will help determine the dimensions, 

weight, and thermal performance. Finding the ideal number of fins is the most important step when determining the 

optimum solution for the temperature at the sink's base.  

This endeavor aims to ascertain the ideal number of fins to gain maximum heat transmission. The thickness 

of the fins is the most critical metric for optimal heat-sink performance. Although smaller fins increase the optimal 

number of fins, they decrease the heat sink's weight and enhance its thermal performance. 

Optimized heat-sink design and airflow provide a more compact cooling system with excellent heat 

extraction. A small power converter with high power density and a heat sink with good cooling may increase system 

power density. 
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Research is required to improve heat sink natural convection heat transmission. Agitation or pulsation flow 

may increase heat sink heat dissipation. Heat sink thermal design may be optimized by considering fin number, fin 

shape, channel form, channel aspect ratio, grooved channel, inlet/outlet location, and ribs and turbulators between 

channels. There is little data on enhancing spinning heat sink thermal efficiency. Filling the substrate base changed 

the heat sink's thermal design. 
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