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Abstract  

This study systematically evaluates optimal heat sink geometry for enhanced thermal performance in 

electronic cooling applications. ANSYS-Icepak and COMSOL Multiphysics software assessed four 

distinct fin geometries (square, rectangular, circular, and conical), all uniformly sized for accurate 

comparison. Vital performance parameters were analyzed, including maximum temperature reduction, 

pressure drop, and airflow velocity. These indicators provide a holistic assessment of cooling efficacy 

and aerodynamic characteristics. Findings highlight the effectiveness of rectangular fins, which 

significantly reduce maximum temperatures due to their efficient balance of conductive and convective 

heat transfer. While conical fins display lower pressure drops and circular fins achieve higher airflow 

velocities, these attributes do not consistently enhance cooling capabilities. The importance of this study 

resides in its provision of definitive guidance for selecting fin geometry in designing efficient heat sinks, 

crucial for electronic devices. This knowledge is particularly vital for developing advanced cooling 

systems in compact, high-power electronics, underscoring the significant impact of fin geometry on 

overall thermal management efficiency. Quantitative data supporting these findings is available in the 

full study. 

 

Keywords: 

Fin geometry; Electronic cooling; Heat sink; Thermal management; ANSYS-Icepak 

 

1. Introduction 

The progress in electronic chip technology has reached a stage where significantly potent chips can 

now be accommodated within more compact packages [1]. Consequently, the increased power densities 

in these devices have made it imperative to implement more efficient thermal management solutions to 

prevent them from potentially surpassing the maximum allowable operating temperature. To mitigate 

heat dissipation from the components, it is conceivable to incorporate fins made of materials exhibiting 

high thermal conductivity [2,3]. However, to achieve even greater heat dissipation rates, forced air or 

liquid cooling techniques involving these fins are employed, although these methods entail the utilization 

of additional components such as pumps or fans. Such approaches can lead to increased system costs and 

physical dimensions, and may not be universally suitable for all applications [4]. Passive approaches, 
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such as employing phase-change materials, provide a method to delay the accumulation of sensible heat 

during a chip's operational cycle. These PCMs are composed of materials characterized by a substantial 

latent heat of fusion, selected in such a way that their melting point is lower than the maximum 

operational temperature of the electronic device's constituent components. Instead of experiencing a 

gradual increase in sensible heat, the PCM undergoes a phase change, transitioning from a solid to a 

liquid state by absorbing the heat generated by the chips [5]. As long as not all of the PCM has 

transformed into a liquid, the assembly will maintain a temperature close to its melting point. It is only 

when the latent heat storage within the PCM is exhausted that the temperature will begin to rise once 

more. This approach is well-suited for devices with established duty cycles wherein the PCM undergoes 

a phase change, melting during operation, and resolidifying during shutdown.  

Due to the inherent limitations in thermal conductivity of materials commonly employed as PCMs, 

they may not efficiently dissipate heat quickly enough to prevent chip overheating [6]. To enhance the 

effective thermal conductivity of the system, fins made of highly conductive materials such as aluminum 

are introduced. These fins aid in the efficient transfer of heat from the chip to the PCM. Consequently, 

the addition of fins results in an increase in thermal conductivity, albeit at the expense of some latent 

heat storage [7-10]. In the cooling enhancement of electronic devices, heat sinks are used to achieve the 

optimum cooling function in the electronics industry [8-17]. The challenge for designers lies in 

effectively dissipating the heat generated by the component while simultaneously maintaining the 

component's temperature at the necessary level to ensure the reliable operation of the system [18]. Over 

the past two decades, researchers have devised a solution to improve heat dissipation by using different 

shapes of micro pin-fin heat sinks [19-22]. The objective is to achieve the most efficient cooling 

performance for the designed system, taking into account both cost and size considerations. To pursue 

this goal, an investigation of various geometries was conducted to evaluate the influence of heat sink 

designs on the cooling performance. Jalal et al. [23] numerically investigated the impact of thermal 

performance of micro pin fins. Several fins with different configuration such as in-line and staggered 

ones were analyzed. The results indicated an enhancement in cooling performance ranging from 7.9% to 

9.3% with an increase in the number of fins from 902 to 1312, and an improvement of 10.2% to 11.1% 

when the number of fins increased from 902 to 1640.  

Oguzhan et al. [24] conducted experimental investigations to assess the cooling performance of plate 

fin and pin fin heat sinks, utilizing both water (as the base fluid) and Al2O3 nanofluid as cooling mediums. 

For the plate fin heat sink, the results showed that the maximum enhancement in heat transfer, compared 

to an unmodified surface, was approximately 64.25% for the base fluid and 82.8% for the nanofluid. 

Ekpu [25] studied the influence of fin arrangement on the thermal performance of microelectronic 

devices by using the ANSYS finite volume design software. The findings clearly demonstrated that the 

configuration of heat sink fins has a substantial influence on both the thermal resistance and the overall 

efficiency of the microelectronic device. Furthermore, the rectangular fin configuration showed 

advantages over the other fin configurations studied. Tanda [26] conducted experimental research to 

explore heat transfer and pressure drop in a rectangular channel equipped with arrays of diamond-shaped 

fins. The study investigated both in-line and staggered fin arrangements. The results demonstrated that 

incorporating diamond-shaped fins resulted in enhanced heat transfer compared to a rectangular channel 
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lacking fins. This improvement reached a maximum of 4.4 times when maintaining an equal mass flow 

rate and 1.65 times when keeping the pumping power constant. 

Debich et al. [27] conducted a parametric study to assess the influence of various factors on the 

overall thermal efficiency of a PCM heatsink assembly. The study utilized plate-style fins and altered 

parameters such as the PCM type, the number of cavities in the assembly, and the materials of both the 

wax and fins. According to their findings, the geometry of the fins had the most significant effect on the 

chip's ability to transfer heat into the PCM. Choudari et al. [28] performed a numerical analysis to 

examine different cross-sectional shapes for fins encircling a high-temperature battery. The study 

considered five distinct shapes, each with different PCM thicknesses and fin counts. Their findings 

revealed that by implementing the optimal design, the temperature of the battery could be reduced by 

9.28 °C. Shatikian et al. [29] conducted a numerical investigation focusing on a design featuring internal 

fins with exposed tips, allowing contact with the surrounding air. In their study, they varied both the 

thickness of the fins and the proportion of the fins exposed to the surrounding air. The computational 

findings indicate that the transient phase-change process, as quantified by the volume melt fraction of 

the PCM, is influenced by the thermal and geometrical characteristics of the system, including the 

thickness and the exposed portion of the fins.  

Jaworski [30] observed that to achieve a more uniform heat distribution, employing a heatsink 

featuring thin-walled pipes filled with paraffin wax was advantageous. This design offered a significant 

surface area directly in contact with the PCM. When compared to a larger assembly filled with wax, the 

results showed that this approach lowered the heat resistance between the fins and the wax. The enlarged 

contact area expedited the rapid distribution of higher heat density into the wax, resulting in a noticeable 

improvement, particularly in situations with higher heat flux. Kamkari and Shokouhmand [31] conducted 

an experimental study that centered on the operation of a PCM heatsink assembly with fins located on 

the side wall. Their study involved varying the number of fins, and it was found that the configuration 

with three fins exhibited the most overall effectiveness. Pakrouh et al. [32] optimized a square housing 

with pin fins by varying the number of fins from 0 to 100 to find the ideal fin-to-wax ratio. They 

considered parameters like the number of fins, fins' height, fins' thickness, and base thickness for 

optimization. Simulations factored in natural convection and PCM volume changes during melting at 

different critical temperatures (50°C, 60°C, 70°C, and 80°C). For a critical temperature of 50°C, the 

optimal configuration featured 100 pin fin heat sinks with 4 mm thick fins, resulting in a 60.61% PCM 

volume fraction.  

In a study conducted by Bondareva and Sheremet [33], the heat source was placed in close proximity 

to the PCM. This approach could be beneficial for electronic packaging designs that need to minimize 

the risk of PCM degradation. Ali et al. [34] conducted a study to investigate the influence of rectangular, 

round, and triangular pin fins on the heat storage ratio of a heatsink, while considering a range of energy 

levels from 5 to 8 W. Their findings indicated that triangular pin fins were particularly effective because 

they allowed for more fins to be accommodated within the same area while simultaneously reducing the 

surface area ratio. Consequently, this configuration resulted in a larger heat storage ratio. Senthilkumar 

et al. [35] examined three extruded fin shapes combined with PCMs in the 28 to 44°C melting range. 

They improved melting duration and thermal conductivity through wax volume fraction adjustments. In 

a related study, they analyzed a rectangular brass fin for free convection cooling in diverse applications. 
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Thermocouples measured temperature and heat transfer rates. They enhanced heat transfer by coating 

the brass with carbon nanotubes. Using the Taguchi method, they investigated temperature and heat 

transfer characteristics, finding a 12% increase in heat transfer rate for carbon nanocoated rectangular 

brass fins. Ji et al. [36] proposed a heat sink with varying fin lengths to ascertain the optimal length ratio 

between two fins for PCM melting. Additionally, non-standard fin shapes, such as branch-shaped fins, 

were explored by Xie et al. [37]. It is worth noting that these non-standard fin shapes may entail higher 

costs compared to more conventional solutions. 

This work will analyze the effect of fin geometry on the dissipated heat generated from heat sinks 

using the ANSYS-Icepak, which is a common computational software for analysis and design of thermal 

management of electronic devices and systems.  

Sana et al. [38] investigated heat sinks with in-line and staggered fin arrangements using CFD 

software to explore the optimal heat sink design for microelectronic devices. This study provides an 

analysis of the thermal performance and pressure drop of two different types of fin cross-sections. Two 

fin configurations, in-line (CIA) and staggered (CSA), are analyzed with 36 fins each. When comparing 

the performance of circular pin and cone fins at the same power and mass flow rate, the results indicated 

the maximum temperature for circular pin fins is 0.46% of the maximum temperature for cone fins, and 

they have a higher pressure drop, especially for staggered arrangements. Moreover, the maximum 

temperature for staggered arrangements is lower than that for in-line configurations by a factor of up to 

1.17% and 2.035% for circular fins and cone pin fins, respectively. 

Based on the described findings, several previous studies dealt with the same topic, in particular 

studying the shape or number of a fin in the heat sink and the rate of its effect on heat transfer. In the 

current research, five forms of fins were studied and compared. In that sense, fin geometries, including 

longitudinal, square, rectangular, circular, and conical were assessed, which are considered among the 

most common forms of fins and are used in electronic devices. The developed design methodology is 

versatile enough to be applied to different circuit boards, and it is effective in attracting manufacturers 

attention to the comparative performance data of the different fin assemblies presented in this study. The 

results obtained included the cooling performance of each heat sink, maximum temperature reduction, 

pressure drop, and airflow velocity are selected as performance indicators. In the current study, numerical 

simulation considering the variations in cross section of fins at constant fin thickness and base heights, 

the optimal dimension of the heat sink was determined to achieve minimum target temperature of the 

heat sink. Furthermore, the significance of this research lies in its ability to offer clear recommendations 

for choosing the appropriate fin shapes when designing effective heat sinks, which is essential for 

electronic devices. This understanding becomes particularly crucial for the advancement of cooling 

systems in compact, high-power electronics, highlighting the substantial influence that fin shapes have 

on the overall effectiveness of thermal management.   

 

2. Materials and Methods  

 

2.1 The Physical model and Problem Description 
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In this research, a heat sink with fins of different cross-sections was studied. A schematic diagram 

of the heat sink with different fin cross sections is presented in Figure 1, all the walls of the heat sink are 

insulated except of two regions (the entrance, which is air as cooling fluid, with a known speed and 

temperature) and (the exit, which is exposed to atmospheric pressure). The current study is conducted to 

investigate the influence of the fin cross-section on the heat sink performance. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

    (a) Heat sink                                                    (b) The domain 
 

Figure 1: Schematic diagram of the present case. (a) Heat sink. (b) The domain with heat sink.  
 

The model used is a cabinet containing a heat sink mounted on an electronic heat source (chip). The 

heat sink is made of aluminum and air is used as the cooling fluid. The total dissipated power is set at 

8W, and the heat sink dimensions are given in Table 1. The dimensions of the computational domain are 

based on the investigation presented in Ref. [39]. 

 

Table 1: Geometric dimensions of the entire domain. 

Parameter Dimensions (cm) 

Cabinet 6x5x4 

Source 0.3x0.8x0.1 

Heat Sink 3x3.5x2 

Fins Number of fins=8 

Base Height 0.2 

Cross Section 

Circular Square Rectangular Conical 

D=0.0845 L=0.3 0.25x0.36 
Rlarge = l0.169 

Rsmall = 0.05 

 

Five shapes of fins were studied: longitudinal, rectangular, square, circular, and finally conical as 

shown in Figure 2. In these five cases, the entry conditions were constant and the amount of heat flux 

6 cm 

Domain 

Heat 
sink 

3 cm 
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was applied by a heat source located at the bottom of the heat sink. The five cases which were studied 

vary by changing the fin cross-section and all the other boundary conditions are fixed and do not change. 

 
Figure 2: Schematic of fin geometries: (a) whole domain, (b) longitudinal fins, (c) square fins, (d) 

rectangular fins, (e) circular fins, and (f) conical fins. 

 

The ANSYS-Icepak uses the solver of FLUENT. In this study, a HEXA-dominant mesh was 

generated in the preprocessing module. The purpose of the results obtained is to know the best section 

that can be chosen for the fins in order to reduce the temperature of the heat sink and avoid exposing it 

to high temperatures that exceed what the metal of the heat sink can withstand, as well as to study the 

pressure gradient along the section, which changes depending on the change in the shape of the fin 

section. 

 
2.2 The Numerical Analysis Assumptions and Conditions 

     A numerical analysis is conducted using the ANSYS-Icepak software to assess the cooling of a heat 

sink, and air is used as the coolant fluid. The Icepak software relies on the ANSYS FLUENT solver to 

provide calculations of the thermal and fluid flow tasks and to create a diagram, add boundary conditions, 

and extract graphics and values for all studied cases. The problem under consideration concerns the flow 

through the cabinet and heat sink. Heat transfer in the heat sink unit is a conjugate process, which 

combines conduction heat transfer in the solid parts and convection heat transfer through the fluid. The 

(a) 

inlet 

 
outlet 

(b) 

(c) 
(d) 

(e) (f) 
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simulation utilizes the 3D Navier-Stokes and energy equations, in addition to mass conservation, to 

model temperature and flow fields. This involves the application of simplifying assumptions to the 

momentum and energy equations. 

1) 3D, incompressible, laminar, and steady-state flow condition is assumed. 

2) There will be no slip flow close to the walls.  

3) The viscous dissipation in the energy equation is negligible. 

4) The radiation is negligible. 

5) The effect of gravity is negligible. 

6) Constant fluid and solid properties. 

After applying this set of assumptions, the 3D equation system that governs the single-phase model 

includes the continuity, momentum, and energy equations, which can be described as [40]: 
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Energy equation:  
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The variables "T" and "P" represent the fluid temperature and pressure, whereas u, v, w, ρ, μ, 𝑐𝑐𝑝𝑝 and k 

represent the fluid velocity components, density, dynamic viscosity, specific heat capacity and thermal 

conductivity, respectively. 

The equation of the energy equation for the solid walls, is given by [9]:  
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‘s’ refers to the solid region. 

 

2.2.1 The average Nusselt number 
 

The Nusselt number (𝑁𝑁𝑢𝑢𝑎𝑎𝑎𝑎𝑎𝑎) is a dimensionless number that characterizes the efficiency of 

convective heat transfer relative to conductive heat transfer across a boundary layer. Higher Nusselt 

numbers indicate more effective convective heat transfer. 

The local Nusselt number indicates how the local rate of heat transfer varies along the hot surface and 

can be defined as [42]: 
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𝑁𝑁𝑢𝑢𝑎𝑎𝑎𝑎𝑎𝑎 = ℎ𝑙𝑙
𝑘𝑘𝑓𝑓

                                                                                                                                              (7) 

 
Where ℎ is the average heat transfer coefficient, 𝑙𝑙 is the characteristic length and 𝑘𝑘𝑓𝑓 is the thermal 

conductivity of the fluid. 

The forced convection heat transfer coefficient (ℎ) of the air inside a heat sink is calculated using 

Newton's equation, where ℎ is determined by measuring the amount of heat transferred (Q), the surface 

area (A), and the temperature difference (ΔT) between the surface and the air.  

The following three steps are used to calculate the heat transfer coefficient (ℎ):  

Step 1: Determine the temperature difference (ΔT): Since air is heated up as it passes through the heat 

sink 

 
ΔT =  𝑇𝑇𝑠𝑠−  𝑇𝑇𝑖𝑖𝑖𝑖                                                                                                                                                   (8) 

Where, 𝑇𝑇𝑠𝑠 is the surface temperature of the heat sink, and 𝑇𝑇𝑖𝑖𝑖𝑖 is the inlet temperature.   

 

Step 2: Measuring the Heat Transfer rate (Q): 

This can be calculated using the air mass flow rate (𝑚𝑚) and the specific heat capacity of air (𝑐𝑐𝑝𝑝) as 

follows:  

Q =  𝑚𝑚 𝑐𝑐𝑝𝑝 (𝑇𝑇𝑖𝑖𝑖𝑖−  𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜)                                                                                                                                   (9) 

Where, 𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜  is the outlet temperature. 

 

Step 3: Calculating the Heat Transfer Coefficient (ℎ), from Newton's Law of Convection as follows: 

 
ℎ = Q

A ΔT
                                                                                                                                                            (10) 

Where, A is the surface area of the heat sink exposed to the air. 

 

Note: The forced convection heat transfer coefficient in air-cooled heat sinks typically ranges between 

20 to 250 W/m²K. 

 

      The boundary conditions (BC) for this problem are stated as follows. The air is uniformly induced 

with a constant temperature and velocity at inlet portion of the Cabinet. At the downstream boundary of 

the computational domain, which is located at the outlet of the Cabinet in X-direction, a pressure 

boundary condition is employed. No slip conditions with thermal insulation are provided on all the other 

confined walls. At the bottom of the heat sink, a uniform constant heat flux is applied from the source 

heat. The adiabatic thermal boundary conditions are utilized at the outer perimeter of the base of the heat 

sink except for the heated area.  

1) BC for the flow field: uniform velocity at the inlet of channel. No-slip condition is used for all 

the walls, i.e., u=0, v=0, w=0.  

2) Adiabatic boundary conditions are applied to all the boundaries of the solid region except for 

the heat sink bottom wall, where a heat source with constant power is applied. The power is 
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8W. At the inlet, the temperature T=Tin = 298 K, vin=0.1 m/s, −𝑘𝑘𝑠𝑠
𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= −𝑘𝑘𝑓𝑓
𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

 at the fluid–

solid interface, 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= 0 at the outlet 

 

2.3 Verification of Grid Independence 

      The effect of grid refinement on the numerical solutions is investigated for the cases of 8 solid circular 

fins in an in-line arrangement. The grid independence is investigated by using different mesh sizes as 

shown in Table 2. The grid independence test is first conducted by using several different numbers of 

elements and nodes. The results obtained from these meshes are summarized in Table 2. 

 
Table 2: The number of nodes, elements, and maximum source temperature. 

Test No. Number of Elements Number of Nodes Temperature of the Source (C0) 

1. 40560 45738 138.688 

2. 82784 91800 136.888 

3. 90902 100320 136.112 

4. 111585 122496 135.998 

5. 136912 249600 135.948 

 
Table 2 reveals that increasing the number of cells beyond 122,496 results in a negligible 

temperature variation of less than 0.04% for the source. In the case of solid fins, a significantly lower 

number of cells, specifically 122,496 nodes, demonstrates grid independence. Beyond this point, further 

grid refinement does not appreciably impact the solution. As a result, the fourth mesh size is selected for 

calculations across all fin geometries to maintain maximum accuracy. Figure 3 shows the 3D 

computational quadratic mesh of the domain.  

 
Figure 3: 3D computational quadratic mesh of the domain. 

 

3. Simulation Results  

 

3.1. Validation of the Numerical Model 
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      In computational thermal analysis, ensuring the accuracy of numerical models is essential, and this 

accuracy can be established through rigorous validation against well-established benchmarks. This 

subsection aims to validate the precision of the computational framework by directly comparing it to the 

numerical results obtained by Rosli et al. [39]. To achieve this, a model was employed, featuring a heat 

sink with vertical fins. This model meticulously adhered to the dimensions and boundary conditions 

outlined in the reference study [39], including a vertical height of 0.2 cm, a length of 4 cm, and a width 

of 57 μm. Additionally, the model considered an inlet temperature of 25°C, an inlet velocity of 0.1 m/s, 

and a constant power thermal load of 5W applied at the heat source located at the base of the heat sink. 

Figure 4 illustrates a top-view depiction of the temperature distribution within a pin fin heat sink 

featuring in-line circular fins, akin to the configuration examined by Rosli et al. [39], denoted as Model 

CIA 3. In the present model, the maximum temperature reached 104.423°C, closely mirroring the 

reference value of 107.43°C. This slight temperature variance of 2.8% falls well within the widely 

acknowledged error tolerance range for thermal simulations within this field [36], affirming the high 

accuracy of the simulation results. Such a slight variance can typically be attributed to minor differences 

in mesh discretization, numerical methods, or the precise implementation of boundary conditions 

between the two models. Comparing the temperature distribution between our current results and the 

corresponding ones by Rosli et al. [39] which is performed for pin fins with CIA arrangements, is 

presented in Table 3. 

The close proximity between the outcomes of the present simulation and those of the reference study 

lends support to the validity of the present numerical approach, affirming its capability to accurately 

predict the thermal behavior of heat sink fin configurations. While this validation establishes the accuracy 

of the model for the specific scenario examined, it is acknowledged that a broader range of validation 

tests is necessary to enhance the model's applicability. Further validation efforts should encompass 

different fin geometries, flow rates, and thermal loads to expand the model's suitability for a wider 

spectrum of thermal management scenarios. In conclusion, this validation underscores the reliability of 

the employed computational approach and reinforces the subsequent findings of the study.  

 
Figure 4: Top view plot of temperature for circular fin heat sink models with in-line arrangements. A 

comparison between the result presented by (a) Rosli et al. [39], and (b) our current result.  

Flow direction Flow direction 

(a) Result By Rosli et al.   (b) The current Result 
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Table 3: Comparing the temperature distribution between our current results and the corresponding 

ones by Rosli et al. [39] which is performed for pin fins with CIA arrangements.  

Temperature in (C0) [starting 

from Maximum to Minimum]   

The Current Results Results by Rosli et al. [39] 

Maximum Temperature 104.423 107.43 

--- 83.32 84 

---- 72.76 70 

---- 62.21 60 

---- 30.55 30 

Minimum Temperature 20 20 

 

 

Figure 5 displays the highest temperature of the heat sink at different inflow velocities, serving to 

verify the precision of our numerical model. We juxtaposed this data with the discoveries of Adhikari et 

al. [43]. Their study utilized a combination of experimental and numerical techniques to examine the 

heat transfer process of rectangular fins under forced convection conditions, specifically at low Reynolds 

numbers. This comparison is an essential step in showcasing the dependability of our computational 

technique. Fortunately, the data demonstrate outstanding concurrence. The highest discrepancy between 

our computational forecasts and the data obtained from Adhikari et al. [43] is below 3.68%. The strong 

association between our selected numerical approaches and the simulation of forced convection heat 

transfer in rectangular fin shapes highlights their effectiveness. 

 
Figure 5: Maximum temperature of the heat sink at different inlet velocities. 

 

 
3.2. Temperature Distribution Results  

3.2.1. Temperature Distribution within the Cabinet 
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      In thermal management systems, especially in electronic cabinets, it is crucial to consider the 

significant consequences of both high and low temperatures. Higher temperatures can result in reduced 

efficiency and the risk of electronic component failure, whereas lower temperatures typically indicate 

efficient heat dissipation [1]. Therefore, analyzing the temperature distribution within a cabinet provides 

essential information about the effectiveness of the cooling system in use. 

In Figure 6, the temperature distribution within the cabinet is illustrated, showing a clear gradient 

from the cooler entrance region to the warmer exit region. This gradient indicates the progressive heating 

of the cooling air as it absorbs heat from the cabinet's components. The temperature increase aligns with 

the direction of airflow, supporting the understanding of convective heat transfer, where air, entering at 

a lower temperature, absorbs heat from the electronic components and the heat sink. 

The cooler temperatures at the cabinet inlet suggest that the incoming air effectively absorbs heat, a 

positive indicator of the initial thermal management strategy. As the air moves through the cabinet, the 

increasing temperature gradient towards the exit signifies that the air becomes less efficient at removing 

heat due to its own temperature rise. Figure 6 visually represents this temperature change, transitioning 

from cooler blues to warmer reds. 

This distribution pattern is critical as it reflects the thermal load within the cabinet and assesses the 

cabinet's design effectiveness in facilitating airflow and heat transfer. The elevated temperatures near the 

exit raise concerns about potential hotspots, localized areas of concentrated heat that could surpass the 

operational temperature limits of the electronic components housed within the cabinet. 

Furthermore, this pattern implies the possibility of optimizing the cabinet's cooling design. Potential 

enhancements might include improving airflow through strategic placement of vents or fans, optimizing 

the layout of internal components to achieve more uniform heat distribution, or incorporating heat sinks 

with more efficient fin designs for enhanced heat dissipation. 

 
Figure 6: Temperature distribution on the cabinet. 

 

The observed temperature distribution offers valuable insights into the thermal behavior within the 

cabinet, underscoring the significance of considering both the design of the thermal management system 

and the layout of electronic components to ensure the sustained effectiveness of cooling air throughout 

the entire cabinet. 
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3.2.2. Temperature Distribution of Different Fin Geometries 

      The thermal performance of heat sinks is significantly influenced by the temperature distribution 

within different fin designs. Elevated temperatures observed on the fins may signal suboptimal heat 

dissipation, raising the risk of component overheating. Conversely, lower temperatures typically signify 

efficient heat removal. Consequently, analyzing the temperature profiles of diverse fin configurations 

offers valuable insights into their cooling effectiveness. Figures 7 to 11 illustrate a comparative 

examination of temperature distributions across various fin geometries (longitudinal, square, rectangular, 

circular, and conical) implemented on heat sinks, indicating the nuanced impact of fin design on thermal 

performance. 

Starting with the examination of longitudinal fins, as depicted in Figure 7, the temperature 

distribution pattern shows that the temperature distribution along the fins is the same and that it has a 

large value along the heat sink and all the sink has warmer extremes, peaking at around 135.99°C. This 

consistent thermal gradient along the length of the fins implies an effective heat conduction pathway 

from the heat source to the fin tips. It is observed that the temperature distribution along the fins ranges 

between approximately 121°C and 136°C. The figure also shows that the temperature is highest at the 

base of the fins because it is close to the heat source located below the heat sink, the temperature 

decreases from fin base to fin tip. Furthermore, the Figure 7 (b) illustrates that along a single fin, the 

temperature decreases as we approach the end of the sink. This is because, the air absorbs heat through 

convection from the fins, causing the air temperature to rise and the fin temperature to decrease from the 

inlet to the outlet. 

 

               (a)                                                                   (b) 
Figure 7: Temperature distribution of longitudinal fins on: (a) heat sink, (b) Y cut plane. 

 

In contrast, Figure 8 presents the temperature profile for square fins, where an evident central heating 

zone is discernible, characterized by a sharper gradient reaching its maximum at approximately 

131.54°C. This indicates a concentration of heat directly above the heat source. The square fin design, 

while effective, may benefit from optimization strategies, such as alterations to fin spacing or increased 

airflow, to address the relatively less efficient heat transfer in this particular region. Figure 9 illustrates 

the temperature distribution for rectangular fins, with the highest temperature recorded at around 

124.55°C. The temperature gradient observed across the fins is notably uniform, suggesting efficient heat 

distribution. The design of rectangular fins seems to maximize the surface area in contact with the cooling 

air, thereby promoting effective convective heat transfer. This is reflected in the relatively cooler 
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temperatures observed across the entirety of the heat sink. Upon examining circular fins in Figure 10, a 

higher maximum temperature is evident, particularly noticeable in the z-plane, where it reaches up to 

144.78°C. The circular design might be impeding airflow, leading to a less effective convective cooling 

process in comparison to the more streamlined rectangular fins. The thermal pattern suggests that while 

circular fins provide an efficient conductive pathway, the convective cooling may not be as effective, 

likely due to airflow disruption caused by the fins' shape. Lastly, Figure 11 presents conical fins, 

exhibiting the highest maximum temperature among the various geometries, ascending to 146.81°C. The 

conical shape, though visually distinctive, appears to yield diminishing returns in terms of cooling 

performance. As the fins taper towards their tips, the available surface area for heat dissipation decreases, 

which likely contributes to the reduced effectiveness of convective heat transfer. 

The temperature distribution of square fins in Figure 8 reveals a distinctive thermal pattern when 

analyzed from two perpendicular planes along the y and z axes. This dual-plane analysis offers a more 

intricate understanding of the heat sink's thermal behavior, highlighting the anisotropic nature of heat 

transfer in different directions. In the y-direction, which likely corresponds to the direction of airflow,  

there is a gradual increase in temperature from the cooler inlet, depicted by blue-green colors at 

approximately 33.94°C, to the warmer outlet regions represented by yellow and red hues, peaking at 

around 131.54°C. This temperature gradient is significant as it illustrates how air absorbs heat while 

passing over the fins. The square fins' geometry, despite providing a substantial surface area for heat 

transfer, may induce airflow patterns resulting in uneven cooling. Specifically, the central region directly 

above the heat source exhibits a noticeable hotspot, indicating that the air passing through this area 

becomes saturated with heat, becoming less effective at cooling the downstream fins. This phenomenon 

suggests that there may be a limit to the cooling capacity of square fins due to airflow dynamics, which 

could potentially be optimized by adjusting fin spacing or height to enhance cross-flow and improve 

convective heat dissipation. In the z-direction, the temperature distribution along the height of the fins is 

observed, with lower sections of the fins closer to the heat source having higher temperatures, as expected 

due to conductive heat transfer. However, the temperature profile indicates a rapid decrease in 

temperature when moving away from the base, transitioning from red to green on the color scale. This 

decline suggests that while the fin bases effectively conduct heat away from the source, the tips of the 

fins may not be as efficient in dissipating this heat into the surrounding air. The heat distribution in the 

z-direction is particularly significant as it impacts the overall thermal resistance of the heat sink. The 

observed temperature variation along the height of the fins may imply the need for a design that 

encourages better airflow around the fin tips or the use of materials with higher thermal conductivity to 

ensure more uniform heat dissipation along the entire fin. 

The temperature stratification observed in both the y and z directions highlights the intricate 

interaction between heat conduction along the fins and convective heat transfer to the surrounding air. 

An effective heat sink design must take into consideration these directional variations to prevent 

performance limitations. The implications grabbed from Figure 8 can provide valuable insights for design 

modifications, including adjustments to fin aspect ratios, alterations in material selection, or 

improvements to the thermal interface between the fin base and the heat source, all aimed at enhancing 

the thermal management capabilities of square fin heat sinks.  
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In conclusion, this comparative analysis underscores the critical role of fin geometry in the field of 

thermal management. Among the examined designs, rectangular fins emerge as the most efficient, 

striking a harmonious balance between conductive and convective heat transfer. In contrast, circular and 

conical fins, which exhibit higher temperatures, may necessitate design modifications or supplementary 

cooling strategies to achieve comparable levels of thermal performance. The rectangular fins provided a 

reduction of the maximum temperature by approximately 8.42% compared to longitudinal fins, 5.29% 

compared to square fins, 13.97% compared to circular fins, and 15.16% compared to conical fins, 

respectively. These insights bear significant relevance in the context of designing cooling systems for 

microelectronics, where the effective management of peak temperatures stands as a fundamental 

requirement for ensuring reliability and optimal performance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Temperature distribution of square fins on heat sink and through y and z planes. 

 

 
Figure 9: Temperature distribution of rectangular fins on heat sink. 
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(a) (b) 

(a)                                                       (b) 
Figure 10: Temperature distribution through: (a) the circular fins on heat sink, and (b) z-plane. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 11: Temperature distribution of conical fins on heat sink and through z-plane. 

 

3.3. Pressure Distribution Results  

      The pressure distribution patterns across various fin geometries, as illustrated in Figure 12, provide 

valuable insights into the aerodynamic efficiency and its consequential impact on thermal performance. 

Elevated pressure levels detected on the inlet side of the heat sink fins suggest resistance to incoming air. 

This resistance may be attributed to either insufficient spacing between the fins or suboptimal fin shapes, 

resulting in increased airflow hindrance. While this situation may imply enhanced forced airflow through 

the heat sink, potentially leading to improved heat transfer rates, it could also necessitate higher energy 

consumption by fans or pumps tasked with air or coolant circulation within the system. Furthermore, 

excessive pressure could induce airflow bypass, wherein air circumvents the fin array rather than passing 

through it, thereby diminishing the heat sink's effectiveness [31]. Conversely, lower pressure values 

signify smoother airflow through the fin array, with reduced resistance. This is generally desirable as it 

indicates that less energy is required to move air through the system, leading to increased cooling system 

efficiency. However, excessively low pressure could imply insufficient contact time between air and fins 
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for effective heat transfer, particularly if the airflow velocity is too high [32]. Striking the right balance 

is crucial; airflow should be adequate to facilitate efficient heat removal but not so swift that it fails to 

absorb adequate heat from the fins. 

The pressure distribution data for square fins in Figure 12 (a), which shows a peak pressure of 

0.176982 N/m2 near the inlet, gradually decreasing towards the outlet. This pattern suggests that square 

fins induce a higher pressure drop, possibly due to airflow disruption caused by the sharp edges and 

corners of these fins, resulting in separated flows and vortices that elevate overall aerodynamic drag. In 

Figure 12 (b), pressure drop over the rectangular fins is slightly lower, with a maximum of 0.138312 

N/m2, indicating relatively smoother airflow compared to square fins. The elongated shape of rectangular 

fins likely guides airflow more smoothly between the fins, minimizing flow separation and the associated 

pressure drop.  

This suggests a better-balanced design in terms of thermal and aerodynamic performance. Circular 

fins in Figure 12 (c), exhibit a higher-pressure region with a maximum of 0.172057 N/m2 at the inlet, 

similar to square fins, but the pressure gradually decreases towards the outlet. The rounded shape of 

circular fins likely contributes to maintaining a more laminar flow, reducing the occurrence of flow 

separation and consequently the pressure drop. Interestingly, conical fins in Figure 12 (d), show the 

lowest maximum pressure at 0.109152 N/m2. This can be attributed to the tapered design, which 

facilitates a streamlined airflow with reduced resistance. This shape aids in efficient redirection of the 

flow, minimizing aerodynamic drag and resulting in a lower pressure drop across the fins. 

When comparing these fin designs, square fins exhibit the highest pressure drop, indicating lower 

aerodynamic efficiency. Rectangular and circular fins offer improvements in airflow management, with 

circular fins particularly enhancing flow smoothness. Conical fins stand out with the lowest pressure 

drop, indicating superior airflow resistance, but this may not necessarily translate to improved heat 

dissipation, as observed in the temperature distribution analysis. Relating these pressure findings to 

earlier temperature distribution observations reveals a complex trade-off between achieving low thermal 

resistance and low aerodynamic drag. Conical fins exhibit a 38.07% reduction in pressure drop compared 

to square fins, a 21.01% reduction compared to rectangular fins, and a 36.63% reduction compared to 

circular fin geometries, respectively, indicating a more streamlined airflow through the fin array and 

reduced aerodynamic resistance. However, despite the reduced pressure drop, conical fins also exhibit 

the highest temperatures, suggesting that while airflow through the fins encounters less resistance, it may 

not be the most effective for heat transfer. In contrast, square and circular fins, despite causing higher 

pressure drops, do not necessarily result in higher temperatures compared to conical fins, indicating a 

complex interplay between airflow patterns and thermal efficiency. Rectangular fins, with their balanced 

pressure drop and lower temperatures, appear to offer an optimal geometry for effective heat dissipation 

in this study. 

This analysis underscores the importance of considering both aerodynamic and thermal aspects 

when designing heat sinks. The goal is to identify a configuration that minimizes both thermal resistance 

for efficient heat transfer and aerodynamic drag for lower pressure drops, ultimately enhancing the 

overall performance of the cooling system. 
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Figure13: Pressure distribution over the rectangular fins. 

 
 

 

(d) 
 

Figure 12: Pressure distribution over: (a) the square fins, (b) rectangular fins, (c) Circular fins, and (d) 

conical fins. 
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3.4. Velocity Distribution Results   

      A comprehensive examination of airflow patterns across various fin configurations plays a pivotal 

role in gaining insights into heat sink behavior, a critical determinant of convective heat transfer 

efficiency. Within the array of fins in a heat sink, elevated velocity values suggest the rapid movement 

of air through the inter-fin channels. This accelerated airflow can be advantageous for heat transfer, as it 

promotes convective cooling by ushering more air over the fin surfaces and reducing the thickness of the 

thermal boundary layer [44]. Consequently, this promotes the efficient extraction of heat from the heat 

sink. However, excessively high velocities may compromise heat transfer efficiency by diminishing the 

time air spends in contact with the fins, limiting heat absorption. Furthermore, heightened velocities can 

elevate noise levels in the cooling system and potentially lead to increased wear on mechanical 

components such as fans, owing to greater forces involved [45]. Conversely, lower velocity values 

indicate a gentler airflow, implying less efficient heat transfer due to a thicker thermal boundary layer, 

which allows more heat to accumulate within the heat sink. While this reduced airflow speed may result 

in quieter operation and less mechanical stress, it may not suffice for effective cooling, particularly under 

high thermal loads [46]. It is imperative to strike a balance and ensure that the velocity does not dip too 

low to maintain adequate cooling performance, especially in compact or high-powered electronic devices 

where thermal management holds paramount importance. In essence, the optimization of velocity 

distribution is a meticulous task, necessitating careful design considerations to align with the specific 

cooling requirements of the electronic device or system under investigation.  

Figure 13 reveals that the velocity distribution over different shapes of fins. Figure 13(a) shows that 

the square fins peaks velocity at approximately 0.327 m/s, indicating a substantial airflow through the 

fin channels, which can augment convective heat transfer. However, this high-velocity airflow may also 

lead to increased pressure drop and turbulence, particularly in the vicinity of the square fin edges, as 

elucidated in the earlier discussion on pressure distribution. Figure 13(b) depicts slightly lower peak 

velocities of around 0.263 m/s for rectangular fins, suggesting a more moderate airflow. This velocity 

profile could reduce the power requirements of fans and potentially yield quieter operation while still 

delivering sufficient airflow for cooling and minimizing energy consumption for air movement. In Figure 

13(c), circular fins exhibit the highest peak velocity at approximately 0.340 m/s, indicating that their 

rounded design may streamline airflow, reducing resistance. Nevertheless, as observed in the temperature 

analysis, this does not invariably translate into the most effective cooling, possibly due to the circular 

fins suboptimal surface area for heat transfer. Last Figure 13(d) presents conical fins with a peak velocity 

of roughly 0.272 m/s. The tapered configuration of these fins may aid in guiding airflow smoothly 

through the heat sink, contributing to the lowest pressure drop among the various fin geometries. 

Nonetheless, and as previously noted, this does not align with the best thermal performance, as conical 

fins exhibit the highest temperatures compared to other fin designs. 

Circular fins demonstrate approximately a 29.28% increase in peak airflow velocity over rectangular 

fins, a 3.98% increase over square fins, and a 25.0% increase over conical fins. This indicates that their 

rounded shape may facilitate a more streamlined airflow path, contributing to the acceleration of air 

through the fin array. Rectangular fins exhibit slightly reduced velocity, signifying potentially less 

airflow turbulence, while conical fins display a moderate velocity profile. Nevertheless, the high 
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velocities observed with circular and square fins do not necessarily translate into lower temperatures, 

underscoring that merely augmenting airflow velocity does not invariably enhance heat sink 

performance. Instead, heat transfer efficiency also hinges on the available surface area and the behavior 

of the thermal boundary layer.  

The overarching objective is to optimize heat dissipation while concurrently minimizing both 

aerodynamic drag and the power needed to sustain airflow, which is a pivotal consideration for the overall 

performance and energy efficiency of cooling systems in electronic devices. Combining data on velocity, 

pressure, and temperature furnishes a holistic perspective on cooling performance. Although conical fins 

offer the lowest pressure drop and moderate velocities, they lead to the highest temperatures, suggesting 

that their shape may not be the most suitable for thermal management, despite favorable aerodynamic 

attributes. In contrast, rectangular fins strike an optimal equilibrium, with moderate velocities 

corresponding to both lower temperatures and pressure drops, signifying their superior suitability for 

cooling applications. These findings underscore the necessity of an integrated approach that takes into 

account all three parameters in designing efficient heat sinks. The ultimate aim is to maximize heat 

dissipation while simultaneously minimizing both aerodynamic resistance and power consumption, 

critical for the overall performance and energy efficiency of cooling systems in electronic devices. 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 
 

 

           

             

 

          Figure 13: Velocity distribution over the different types of fins circular fins: (a) the square fins, 
(b) the rectangular fins, (c) the circular fins, and (d) the conical fins. 

 

3.5. The Average Nusselt number 
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The Nusselt number (𝑁𝑁𝑢𝑢𝑎𝑎𝑎𝑎𝑎𝑎) is calculated for different types of fins, the result is listing in Table 4 below. 

 
Table 4: Average Nusselt number for each type of fins 

Type of Fins Average Nusselt Number 

Rectangular 10.0380 

Longitudinal 9.1690 

Square 8.739 

Circular 7.887 

Conical 6.134 

 

Given the Nusselt numbers for different types of fins illustrated in the Table 4, their thermal performance 

can be interpreted as follows: 

1) Rectangular Fins (𝑁𝑁𝑢𝑢𝑎𝑎𝑎𝑎𝑎𝑎= 10.0380) 

Rectangular fins exhibit the highest Nusselt number, indicating superior convective heat transfer 

efficiency. This suggests that the rectangular fins have the most effective surface area and geometry for 

promoting both conductive and convective heat transfer. The large surface area of rectangular fins 

facilitates better heat dissipation from the fin surface to the surrounding air, maximizing thermal 

performance. 

2) Longitudinal Fins (𝑁𝑁𝑢𝑢𝑎𝑎𝑎𝑎𝑎𝑎 = 9.1690) 

Longitudinal fins have a slightly lower Nusselt number than rectangular fins. They still provide 

efficient heat transfer, but their geometry may not promote as much airflow interaction or surface area 

as rectangular fins. Nevertheless, they are still quite effective in enhancing heat transfer compared to 

simpler or less optimized geometries. 

3) Square Fins (𝑁𝑁𝑢𝑢𝑎𝑎𝑎𝑎𝑎𝑎 = 8.7390) 

Square fins demonstrate a good level of heat transfer, but less than that of rectangular and 

longitudinal fins. The edges and geometry of square fins might cause some flow separation or less 

optimal airflow patterns compared to the more streamlined shapes, reducing their overall efficiency. 

4) Circular Fins (𝑁𝑁𝑢𝑢𝑎𝑎𝑎𝑎𝑎𝑎 = 7.8870) 

Circular fins, while promoting high airflow velocity, have a lower Nusselt number, indicating less 

effective convective heat transfer. The round shape may lead to reduced surface contact area for heat 

transfer compared to flat or elongated shapes, which can diminish the overall heat dissipation capability. 

5) Conical Fins (𝑁𝑁𝑢𝑢𝑎𝑎𝑎𝑎𝑎𝑎 = 6.1340)  

Conical fins have the lowest Nusselt number, signifying the least effective convective heat transfer. 

The tapering shape reduces the surface area available for heat transfer as air moves along the fin, limiting 

their thermal performance. Additionally, the pointed tips may not contribute significantly to heat 

dissipation, further decreasing efficiency. 

Overall Interpretation: 

Rectangular fins are the most efficient for heat transfer, making them ideal for applications requiring 

maximum cooling efficiency. Longitudinal and square fins also perform well, making them suitable for 

situations where slightly lower performance can be tolerated or where geometric constraints favor their 
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use. Circular fins have lower efficiency but might be preferred in scenarios where airflow velocity needs 

to be maximized or where design constraints require a streamlined shape. Conical fins are the least 

efficient in terms of heat transfer, and their use would be more specialized or limited to applications 

where other factors (such as minimal pressure drop) are more critical than thermal performance. 

In conclusion, the physical interpretation of the Nusselt number for each fin type provides insight 

into their relative effectiveness for heat dissipation in electronic cooling applications, guiding the design 

and selection of heat sinks based on specific thermal management needs. 

 

4. Comparisons and Discussion  

      This section presents a comparison of the various fin geometries assessed in this study based on the 

results analyses, including longitudinal, square, rectangular, circular, and conical shapes, with a specific 

emphasis on their performance across three key performance metrics: maximum temperature reduction, 

pressure drop, and airflow velocity. Furthermore, Table 5 offers a concise summary of this comparative 

analysis based on the results analyses. 

 

Table 5: Comparative Ranking of Fin Geometries. 
 

Performance 
Indicator 1st (Best) 2nd 3rd 4th 5th (Lowest) 

Maximum 
Temperature 

Reduction 
Rectangular 

fins 
Square 

fins 
Longitudinal 

fins 
Circular 

fins Conical fins 

Pressure Drop 
Conical fins Circular 

fins 
Rectangular 

fins 
Square 

fins 
Longitudinal 

fins 
Airflow Velocity 

Circular fins Conical 
fins 

Rectangular 
fins 

Square 
fins 

Longitudinal 
fins 

Overall Cooling 
Efficiency 

Rectangular 
fins 

Square 
fins Circular fins Conical 

fins 
Longitudinal 

fins 
 
 

4.1. Maximum Temperature Reduction 

It can be noticed that the rectangular fins demonstrated the highest efficacy in reducing heat sink 

temperatures, achieving reductions of 8.4% compared to longitudinal fins, 5.3% compared to square fins, 

14.0% compared to circular fins, and 15.1% compared to conical fins. This high performance can be 

attributed to their larger surface area, which facilitates both conductive and convective heat transfer. 

While, longitudinal fins exhibited a moderate level of performance when in terms of temperature 

reduction. Square fins offered temperature control that was close to longitudinal fins, but they were 

slightly less efficient than rectangular fins. While, circular fins having high airflow velocity, circular fins 

were less effective in reducing temperatures, possibly due to suboptimal surface area contact with the 

surrounding air. Conical fins displayed the least effectiveness in temperature control, likely because of 

their reduced surface area at the tips, which hindered efficient heat dissipation. 

 

4.2. Pressure Drop 
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It can be noticed that the conical fins stood out with a significant reduction in pressure drop, 

indicating streamlined airflow. They achieved reductions of 38.1% compared to square fins, 21.0% 

compared to rectangular fins, and 36.6% compared to circular fins. Rectangular fins offered a well-

balanced pressure drop, neither too high to cause excessive energy consumption for air movement nor 

too low to compromise effective heat transfer. Both square and circular fins experienced higher pressure 

drops, suggesting potential airflow hindrance due to their respective shapes. 

 

4.3. Airflow Velocity 

It can be noticed that the circular fins demonstrated the highest increase in airflow velocity, implying 

that their shape promotes streamlined airflow. They showcased a 29.3%, 4.0%, and 25.0% increase in 

peak airflow velocity over rectangular, square, and conical fin geometries, respectively. Conical fins 

exhibited a moderate airflow velocity, aligning with their reduced pressure drop and aerodynamic design. 

Rectangular fins displayed a balanced airflow velocity, conducive to effective cooling without excessive 

energy consumption. Square fins showed slightly lower velocities than circular fins, possibly due to 

airflow disturbance caused by their sharp edges. 

 

4.4. Discussion 

This comprehensive analysis yields crucial insights into how the geometry of fins influences the 

thermal management of heat sinks. It emphasizes the necessity of considering multiple factors, including 

surface area, airflow dynamics, and pressure characteristics, when selecting a fin geometry for heat sinks, 

particularly in applications demanding efficient cooling in compact and high-powered electronic devices.  

The findings from this study can serve as a valuable guide for designing and choosing heat sinks in 

various electronic cooling applications, striking a balance between effective temperature control and 

considerations of aerodynamic efficiency and energy efficiency. 

Given these performance metrics, rectangular fins stand out as the optimal choice for such 

applications. Their ability to reduce maximum temperatures surpasses that of other fin shapes, 

demonstrating their effectiveness in thermal management. Moreover, their balanced airflow velocity and 

moderate pressure drop indicate their efficiency in maintaining aerodynamic stability while minimizing 

energy usage. This makes rectangular fins particularly well-suited for high-performance electronic 

cooling, where optimizing heat dissipation and energy efficiency are crucial. Their versatility and 

effectiveness in various conditions reaffirm their status as a preferred choice in advanced electronic 

cooling solutions. 

 

5. Conclusion and Future Work 

      In this study, the effect of fin geometry on heat sink performance was investigated. Evaluation of the 

cooling effectiveness of each heat sink relied on comprehensive performance indicators, including 

maximum temperature reduction, pressure drop, and velocity distribution across the fins. These metrics 

collectively contributed to the assessment of each design's thermal performance. The main outcomes of 

this investigation are as follows: 
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1) Fin geometry is a key determinant of the heat sink's temperature, pressure drop, and airflow 

velocity, crucially affecting its thermal and aerodynamic efficiency. 

2) Rectangular fins outperform longitudinal, square, circular, and conical geometries in reducing 

maximum temperature by 8.4%, 5.3%, 14.0%, and 15.1% respectively. This suggests a more 

efficient heat dissipation capability, striking the most harmonious balance between conductive 

and convective heat transfer. 

3) Conical fins exhibit a 38.1%, 21.0%, and 36.6% reduction in pressure drop compared to square, 

rectangular, and circular fin geometries, respectively, indicating a more streamlined airflow 

through the fin array and reduced aerodynamic resistance. 

4) Circular fins demonstrate a 29.3%, 4.0%, and 25.0% increase in peak airflow velocity over 

rectangular, square, and conical fin geometries, respectively, implying that their shape may 

promote a more streamlined airflow path, accelerating air passage through the fin array 

5) The comprehensive analysis of temperature, pressure, and velocity data reveals that rectangular 

fins offer the best balance, achieving optimal heat dissipation with efficient aerodynamics and 

lower energy requirements, thus emerging as the most effective design for heat sink 

applications. 

6) Balancing thermal resistance to enhance heat transfer efficiency with reducing aerodynamic 

drag to lower pressure drops and increasing airflow velocity is crucial for the optimization of 

cooling system performance. 

In near future works, it is crucial to investigate varying environmental conditions, including changes 

in ambient temperature and airflow patterns, to gain deeper insights. The utilization of advanced 

computational models capable of simulating dynamic thermal loads and real-world operational scenarios 

is pivotal for heat sink design refinement. Additionally, experimenting with innovative fin geometries, 

potentially drawing inspiration from biomimicry or novel engineering concepts, could unlock fresh 

possibilities for managing thermal concerns in compact, high-powered electronic devices. It is also 

recommended to study hybrid or irregular geometric shapes of fins, or to conduct a study combining two 

or more types of fin shapes and investigate/evaluate the effect of this combination on the efficiency of 

the heat sink.  
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