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Introduction 

Micro-pin-fin heat[1] sinks have emerged as a crucial innovation for managing the thermal challenges faced 

by modern electronic devices. Rapid advancements in electronic and information technologies have enabled 

computers and other devices to process vast amounts of data at exceptional speeds. However, this progress 

has also resulted in significant heat generation, particularly in the microprocessor[2] (CPU). Effective 

thermal management is crucial for maintaining the reliability and extending the lifespan of these systems. 

The low thermal conductivity of gases, with heat transfer coefficients approximately 100 times lower than 

liquids, adds complexity to heat dissipation in electronic systems. Consequently, specialized designs 

incorporating highly efficient enhancement elements are indispensable. Micro-pin-fin heat sinks[3], known 

for their compact size[4], high heat transfer efficiency[5], and large surface area per unit volume, are among 

the most effective solutions[6] for managing heat in microelectronic chips. 

These heat sinks play a pivotal role in cooling processors, maintaining optimal operating temperatures, and 

preventing issues such as component deterioration, increased resistance, insulation breakdown, and 

Abstract: 

Micro-pin-fin heat sinks have become an essential solution for effective thermal management in modern 

electronic devices, particularly microprocessors, which generate substantial heat during high-speed 

operations. The low thermal conductivity of gases poses challenges for effective heat dissipation, requiring 

the development of heat sinks with improved heat transfer capabilities. This research examines how 

variations in slot sizes and fin geometries influence the thermal and fluid flow performance of micro-pin-

fin heat sinks. Various fin shapes—triangular, rectangular, elliptical, hexagonal, and square—were 

examined with different slot sizes (ranging from 0.1 mm to 0.5 mm) at varying Reynolds numbers (500, 

1000, 5000, and 10,000). Results show that elliptical fins outperform other configurations in terms of heat 

transfer efficiency, with Nusselt numbers (Nu) reaching as high as 112 at a Reynolds number of 5000 and 

a slot width of 0.5 mm, and a performance evaluation criteria (PEC) ranging from 2.7 to 3.15. In contrast, 

triangular fins exhibited the lowest Nu values, ranging from 15.8 to 16.8 at Re = 500. These results 

emphasize the crucial role of fin geometry and slot width in thermal management, providing key insights 

for optimizing heat sink designs to enhance cooling efficiency in electronic systems. 
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potential circuit failure. By mitigating these risks, micro-pin-fin heat sinks improve the reliability and 

performance of electronic systems, ultimately prolonging their service life. 

 

Furthermore, the integration of micro-pin-fin arrays in heat sinks facilitates effective heat dissipation in 

constrained spaces, like those in computer processors [7] and motherboards. Incorporating fins into channel 

covers significantly increases the heat transfer rate, effectively managing localized hotspots[8] and 

improving overall thermal performance[9]. These advancements ensure the stability[10] of electronic 

circuits and contribute to the structural integrity of computing systems, which is critical for maintaining 

service continuity and minimizing disruptions.         

This study examines the potential of micro-pin-fin heat sinks to optimize heat dissipation in electronic 

devices. By analyzing their hydrodynamic and thermal characteristics, this research aims to enhance cooling 

efficiency, supporting the development of more reliable and high-performance electronic systems. 

2. Methodology 

2.1. Geometric details 

The geometry was modelled in 3D using Autodesk Fusion software. The model geometries[11] and their 

dimensions are shown in Figure 1. The microchannel's upper surfaces and outer walls, measuring (13 × 21), 

were assumed to be adiabatic. The heat sink base (13×11), positioned beneath the pin fins, experienced a 

constant heat flux of 2 kW/m². The air, acting as the refrigerant, enters through the inlet, flows over the pin 

fins, and exits through the outlet. Micro pins, designed with slots of varying sizes to enhance performance, 

are detailed in Figure 1. The flow was analyzed within a Reynolds number range of 500 to 10,000. Thermal 

performance was evaluated for a finless model and five distinct fin designs, as illustrated in Figure 1. The 

analysis also considered various Reynolds number values. These models were referred to as circular-finned, 

square-finned, triangular-finned, elliptical-finned, and hexagonal-finned. The fins are made of aluminum, 

exposing their base to the cooling channel. A steady-state 3D turbulence heat transfer problem was 

addressed to assess the flow and thermal performance of the fins with different meshing techniques. 
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Figure 1: Details of the Analysis Domain 

 

This study thoroughly investigates the impact of slot sizes on the thermal performance and fluid flow 

characteristics of fin arrays with various fin shapes[12]. The figure 2 shows the line diagram of different 

types fin geometries with slots. The results offer valuable insights into optimizing fin design for efficient 

heat dissipation while maintaining a compact structure. Through experiments and analysis, it offers a 

detailed understanding of how different slot sizes[13] influence thermal management and flow behavior in 

fin assemblies. 

 

Figure 2: Different types of Fins shape (A) Circular (B) Rectangular (C) Triangle (D) 

Elliptical (E) Hexagonal with slots  

The Table 1 presents the different types of fins and their corresponding slot sizes used in the study of heat 

transfer performance through CFD techniques. techniques. Example A1 is related to circular fin with no 

slot and as its moves A2, A3, A4, A5, and A6 are the circular fins with 0.1mm, 0.2mm, 0.3mm, 0.4mm, 

and 0.5mm slots. Similarly, B, C, D, and E are the series of Square, Triangle, Elliptical, and Hexagon fins.  

Table 1: Designation of Fin type with Slot Size 

Fin Type Without Slot 0.1mm Slot 0.2mm Slot 0.3mm Slot 0.4mm Slot 0.5mm Slot 
Circular A1 A2 A3 A4 A5 A6 
Square B1 B2 B3 B4 B5 B6 
Triangle C1 C2 C3 C4 C5 C6 
Elliptical D1 D2 D3 D4 D5 D6 
Hexagon E1 E2 E3 E4 E5 E6 

 

2.2. Boundary conditions 

"Heat generated by a CPU[14] is distributed through a process that involves conduction, convection, and 

sometimes radiation. The amount of heat generated by a processor (CPU) depends on several factors, such 

as its power consumption, design, workload, and cooling solution. CPU heat dissipation occurs primarily 
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through conduction, convection, and occasionally radiation. CPU cooling methods encompass air cooling 

(using heatsinks and fans), liquid cooling (employing water or coolant-based systems), passive cooling 

(through heat spreaders and natural airflow), and advanced techniques like thermoelectric or phase-change 

cooling for high-performance applications. "As a result, the fins are not directly attached to the CPU but 

are integrated into the heat sink base, which comes into direct contact with the CPU's Integrated Heat 

Spreader (IHS). Figure-1 clearly illustrates this situation and the corresponding boundary conditions. 

All micro-pin–fin channel flow simulations were conducted using ANSYS Fluent, a computational fluid 

dynamics (CFD) software. The realizable k−ε turbulence model[15], as defined in the mathematical 

expressions, was used for the simulations. The regions close to the boundary walls and fin surfaces were 

meshed with high density to guarantee precise results. Additionally, a 20-layer inflation was applied to the 

fin surfaces, where heat transfer is most effective, as well as to the contact surfaces between the fins and 

the heat sink. In the solution settings, the "Second Order Upwind" scheme was utilized for momentum 

discretization, while the "Simple" scheme was employed for the numerical method. A no-slip boundary 

condition was applied by setting the fluid velocity to zero at all solid surfaces, with a turbulence intensity 

of 0.5%. All heat sink surfaces were considered adiabatic, except for the bottom surface in contact with the 

fins.2.3. Meshing details 

The meshing process utilized polyhedral meshing techniques[16] in Ansys Fluent, known for enhancing 

the accuracy and efficiency of computational simulations. Five different mesh sizes were generated: 

105,056, 125,586, 175,256, 205,286, 221,753, and 252,357. The Nusselt number and friction factor were 

calculated across the full range of meshes. Figure 3 depicts the variation in the Nusselt number and friction 

factor for all mesh sizes at a Reynolds number of 5000. A mesh size of 221,753 was ultimately chosen for 

the simulations, as the variation in results was less than 2%.  

 

Figure 3: Grid Analysis test for Fins 

 

2.4. Numerical scheme and boundary conditions 
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Simulations were conducted using ANSYS Fluent's pressure-based solver to address the steady-state 3D 

heat transfer flow problem. The Realizable K-Epsilon turbulence model was employed to accurately capture 

complex fluid interactions, while the SIMPLE algorithm[17] facilitated pressure-velocity coupling for 

convergence. Discretization was performed using the Second Order Upwind scheme to ensure precise 

representation of flow and thermal fields.  

Boundary conditions included a velocity inlet defined by the Reynolds number and a pressure outlet to 

control exit pressure distribution. Adiabatic walls with no-slip conditions were applied to model heat 

transfer and fluid-solid interactions. A heat flux of 2000 W/m² was applied to the base of the fins, and the 

operating pressure was set to atmospheric. Air properties were defined with a density of 1.177 kg/m³, a 

viscosity of 1.85 × 10⁻⁵ Pa·s, and a thermal conductivity of 0.02624 W/m·K. 

The simulation modelled the governing equations for continuity, momentum, energy, and turbulence, as 

detailed in equations (1) to (5). 

𝐶𝑜𝑛𝑡𝑖𝑛𝑢𝑖𝑡𝑦 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 𝛻. (𝜌𝑣⃗⃗⃗⃗ ) = 0                                 (1) 

𝑀𝑜𝑚𝑒𝑛𝑡𝑢𝑚 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛  𝜌𝑣.⃗⃗ ⃗⃗  ⃗  𝛻𝜈 = 𝜇𝛻2𝜈 − ∆𝑃                                                        (2) 

𝐸𝑛𝑒𝑟𝑔𝑦 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 𝜌𝐶𝑝𝛻. (𝜈  𝑇) = 𝛻.(k 𝛻T)                                (3) 

𝑇𝑢𝑟𝑏𝑢𝑙𝑒𝑛𝑐𝑒 𝐾𝑖𝑛𝑒𝑡𝑖𝑐 𝐸𝑛𝑒𝑟𝑔𝑦
𝜕

𝜕𝑥𝑗
(𝜌𝑘𝑢𝑗) =  

𝜕

𝜕𝑥𝑗
[(𝜇 +

𝜇𝑡

𝜎𝑘
)

𝜕𝑘

𝜕𝑥𝑗
] +  𝐺𝑘 + 𝐺𝑏 − 𝜌𝑒 + 𝑌𝑀   (4) 

𝑅𝑎𝑡𝑒 𝑜𝑓 𝐷𝑖𝑠𝑠𝑖𝑝𝑎𝑡𝑖𝑜𝑛 
𝜕

𝜕𝑥𝑗
(𝜌𝜀𝑢𝑗) =  

𝜕

𝜕𝑥𝑗
[((𝜇 +

𝜇𝑡

𝜎𝜀
)

𝜕𝜀

𝜕𝑥𝑗
)] −  𝜌𝐶2

𝜀2

𝑘+√𝜈𝜀
+  𝐶1𝜀

𝜀

𝑘
𝐶3𝜀𝐺𝑏   (5) 

 

2.5. Calculation Procedure 

The Reynolds number (Re) for a flow regime is calculated using Equation (6), which depends on the fluid 

density (ρ), inlet velocity (ui), hydraulic diameter (Dh), and fluid viscosity (µ). 

𝐷ℎ =  
4.𝐴𝑖𝑛

𝑃𝑖𝑛
       (6) 

The hydraulic diameter (Dh) is a defining length used to characterize the flow geometry in ducts or channels. 

It is determined by taking four times the cross-sectional area (Ain) and dividing it by the wetted perimeter 

(Pin) of the flow. For circular pipes, the hydraulic diameter is equivalent to the pipe's diameter. However, 

for non-circular geometries, it plays a key role in describing the flow and is crucial for calculating the 

Reynolds number and other fluid dynamic properties. 

The heat transfer coefficient, “h” quantifies the rate of heat transfer between a solid surface and a fluid. The 

wall heat flux (qw)is derived from the difference in energy flow rates between the inflowing and outflowing 

fluids, The bulk fluid temperature (Tb) is determined as the arithmetic average of the inlet (Ti) and outlet 

(To) fluid temperatures. The base wall temperature (Tw) refers to the temperature of the surface where heat 

is transferred between the solid and the fluid. 

                                                              ℎ =  
𝑞𝑤

𝑇𝑤−𝑇𝑏
                                                                   (7) 

 



Thejaraju R1*, Madhusudhan M2, Santhosh V3, 

KB Girisha4, Sajna S Panigrahi5, Kaushik 

KH6, Gowtham Sanjai S7, Hadiya Pritesh 

Dulabhai8 

 

Optimization of Micro-Pin-Fin Heat Sinks: 
Influence of Fin Geometry and Slot Size on Thermal 
Performance 

 
 
 
 

Cuest.fisioter.2025.54(2):3243-3267                                                                                                                             3256 
 

The Nusselt number (Nu) represents the heat transfer rate within the fluid. It is calculated using the heat 

flux applied at the base of the fins (q), the thermal conductivity of air (kair), the base wall temperature of 

the fin (Tw), and the inlet (Tin) and outlet (Tout) temperatures of the air. 

The Nusselt number (Nu) describes the heat transfer rate along the fluid flow. It is defined in Equation (7), 

where h is the heat transfer coefficient, Dh is the hydraulic diameter, and kair is the thermal conductivity 

of air. Additionally, q denotes the heat flux applied at the base of the fins, Tw is the base wall temperature 

of the fin, Tin is the inlet air temperature, and Tout is the outlet air temperature. 

                                                                      𝑁𝑢 =
𝑞𝐷ℎ

𝑘𝑎𝑖𝑟(𝑇𝑤− 
𝑇𝑖𝑛+𝑇𝑜𝑢𝑡

2
)
=

ℎ𝐷ℎ

𝑘𝑎𝑖𝑟
                                       (8) 

 

The pressure drop of the fluid along the fins is calculated as the difference between the inlet pressure (Pin) 

and the outlet pressure (Pout).  

                                                                              ∆𝑃 = 𝑃𝑖𝑛 − 𝑃𝑜𝑢𝑡                                                                 (9) 

The friction factor along the flow regime is determined by the length of the domain “L” and other flow 

parameters. 

                                                                     𝑓 =
2
𝐿

𝐷ℎ

∆𝑃

𝜌𝑣2                                                                            

(10)                                                                                              

The thermal performance factor, referred to as the PEC (Performance Evaluation Criteria) number, is 

influenced by both the Nusselt number and the friction factor. The PEC number gauges the effectiveness 

of heat transfer enhancement while considering the impact of hydrodynamic forces. As such, it serves as 

an important measure of a cooling surface's efficiency. Higher PEC values indicate improved heat transfer 

performance. Additionally, a PEC value greater than 1 signifies that the heat transfer rate exceeds the 

increase in pressure drop. The PEC number is calculated using the equation 

                                                                       𝑃𝐸𝐶 =  
𝑁𝑢/𝑁𝑢0

𝑓/𝑓0
(
1
3
)
                                                                     (11) 

Results: 

The results present the temperature distribution and streamlines along the mid-plane of the heat sink fin 

region. Contour plots illustrate heat dissipation and flow patterns from the CPU surface to the surrounding 

environment for various fin configurations. Additionally, the dimensionless parameters—friction factor, 

Nusselt number, and performance evaluation criteria[18]—are analyzed and plotted for Reynolds numbers 

of 500, 1000, and 5000. The study investigates six slot configurations, ranging from no slot (Type 1) to 

incremental slot sizes of 0.1 mm, 0.2 mm, 0.3 mm, 0.4 mm, and 0.5 mm, corresponding to Types 2 through 

6, respectively. 

Temperature Contours: 

The contour plots are generated using a common temperature range for all fin geometries to ensure a 

consistent comparison. Figure 4 presents the temperature contour plots for various fin configurations, as 

detailed in Table 1, alongside a plain surface without fins. All sections are analyzed at the mid-plane of the 

geometry and along the fin length. The contours indicate that elliptical fins[19] exhibit improved 
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temperature distribution, lower core temperatures, and an extended cooling fluid travel length. In contrast, 

triangular fins experience higher core temperatures, shorter fluid travel lengths, and poorer temperature 

distribution. 
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Figure 4: Temperature Distribution over CPU surface 

Streamlines:  

 

Figure 5: Flow pattern Distribution over CPU surface 
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Streamlines illustrate the flow characteristics within the fluid domain, providing insight into circulation and 

flow disturbances. It is observed that rectangular and triangular fin surfaces generate higher circulation and 

increased turbulence, leading to disrupted flow patterns. In contrast, elliptical fins facilitate a smoother and 

more continuous fluid motion, with an extended travel path for fluid particles. This streamlined flow 

enhances heat transfer efficiency by promoting better thermal exchange[20] and reducing localized 

overheating. The results suggest that minimizing disturbances and optimizing flow paths, as seen with 

elliptical fins, can significantly improve overall cooling performance. 

Nusselt Number (Nu): 

The Nusselt number (Nu) is a critical parameter in convective heat transfer, where higher values indicate 

enhanced heat dissipation. To achieve efficient cooling performance, maximizing the Nusselt number is 

desirable. As illustrated in Figure 6, Nu increases with an increase in slot width across all fin geometries 

on the CPU surface. This trend suggests that introducing and enlarging slots improves convective heat 

transfer by promoting better airflow[21] and thermal exchange. 

Among the examined fin configurations, triangular fins exhibit the lowest Nu values, ranging from 15.8 to 

16.8, while elliptical fins demonstrate the highest values, varying from 18.6 to 20.3 for a Reynolds number 

(Re) of 500. The superior performance of elliptical fins can be attributed to their streamlined shape, which 

facilitates smoother airflow, reduces flow separation, and enhances convective heat transfer. In contrast, 

the sharper edges and abrupt geometry of triangular fins contribute to higher flow resistance and localized 

thermal buildup, leading to lower heat dissipation efficiency. These findings highlight the significance of 

fin geometry and slot design in optimizing heat transfer performance for electronic cooling applications. 

 

Figure 6: Nusselt Number at Re 500 

Figure 7 illustrates the variation in Nusselt number (Nu) with increasing slot width for different fin 

geometries on the CPU surface at a Reynolds number (Re) of 5000. The results indicate that, except for 

elliptical fins, the Nu value decreases beyond a slot width of 0.3 mm. This suggests that while moderate 

slot widths enhance heat transfer by improving airflow and turbulence, excessive slotting may lead to flow 

separation or reduced surface area for heat exchange, thereby diminishing thermal performance. 

Among the different fin configurations, triangular fins exhibit the lowest Nu values, ranging from 83 to 87, 

indicating comparatively poor heat transfer efficiency. In contrast, elliptical fins achieve the highest Nu 

values, varying from 94 to 112, demonstrating their superior ability to enhance convective heat transfer. 
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The remaining fin geometries show intermediate performance, with Nu values ranging between 88 and 105. 

These findings highlight the critical role of fin geometry and optimized slot width in maximizing heat 

dissipation, particularly under high Reynolds number conditions. 

 

Figure 7: Nusselt Number at Re 5000 

Figure 8 presents the variation of the Nusselt number (Nu) with slot width for different fin geometries on 

the CPU surface at a Reynolds number (Re) of 10,000. The results indicate that fins without slots exhibit 

superior heat transfer performance compared to their slotted counterparts. This suggests that, at higher 

Reynolds numbers, the presence of slots may disrupt the thermal boundary layer and reduce the effective 

heat transfer area, leading to diminished convective cooling efficiency. 

Among the examined fin geometries, hexagonal fins achieve the highest Nu value, reaching up to 450, 

demonstrating their effectiveness in enhancing convective heat transfer. In contrast, triangular fins exhibit 

the lowest Nu values, ranging from 130, indicating relatively poorer thermal performance. These findings 

emphasize the importance of selecting appropriate fin geometries and design parameters, particularly at 

high flow conditions, to optimize heat dissipation and cooling efficiency in electronic applications. 

 

Figure 8: Nusselt Number at Re 10000 
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Friction Factor(f): 

The friction factor (f) should be minimized to reduce the energy required to pump or blow fluid from the 

inlet to the outlet, thereby improving overall system efficiency. As shown in Figure 9, the friction factor 

decreases with increasing slot width from 0.1 mm to 0.5 mm at a Reynolds number (Re) of 500. This 

reduction suggests that larger slot widths facilitate smoother fluid flow by reducing flow resistance and 

turbulence. 

Among the different fin geometries, elliptical fins exhibit the lowest friction factor, ranging from 0.985 to 

0.97, indicating minimal flow resistance and efficient fluid motion. In contrast, hexagonal fins demonstrate 

the highest friction factor, varying from 1.065 to 1.05, suggesting greater obstruction to fluid movement. 

These findings highlight the influence of fin geometry and slot width on fluid dynamics, emphasizing the 

need to balance heat transfer performance with flow resistance for optimal thermal management. 

 

Figure 9: Friction factor at Re 500 

Figure 10 illustrates the variation in the friction factor (f) with increasing slot width from 0.1 mm to 0.5 

mm for different fin geometries at a Reynolds number (Re) of 5000. The results indicate a decreasing trend 

in the friction factor as the slot width increases, suggesting that larger slots contribute to smoother fluid 

flow by reducing flow resistance and pressure drop. 

Among the examined fin configurations, elliptical fins exhibit the lowest friction factor, reaching a 

minimum value of 0.51 at a slot width of 0.4 mm. This highlights their superior aerodynamic efficiency, 

which minimizes energy losses associated with fluid movement. In contrast, square fins without slots 

exhibit the highest friction factor, with a value of 0.65, indicating greater resistance to fluid flow. These 

findings emphasize the impact of fin geometry and slot design on flow characteristics, underscoring the 

importance of optimizing these parameters to balance heat transfer efficiency and pressure drop in thermal 

management systems. 
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Figure 10: Friction factor at Re 5000 

Figure 11 presents the friction factor (f) variation for various fin geometries at a Reynolds number (Re) of 

10,000. The results show that for all slotted fin configurations—circular, square, triangular, elliptical, and 

hexagonal—the friction factor remains relatively unchanged, suggesting that the presence of slots does not 

significantly affect flow resistance under these conditions. 

In contrast, for the unslotted fins, elliptical fins exhibit the lowest friction factor, with a value of 0.15, 

indicating minimal flow resistance. On the other hand, circular fins exhibit the highest friction factor, with 

a value of 2.6, signifying a higher energy cost for fluid movement due to increased flow obstruction. These 

findings highlight the significant influence of fin geometry on flow dynamics, particularly in unslotted 

configurations, and underscore the importance of selecting appropriate fin designs for optimizing thermal 

and flow performance in high Reynolds number applications. 
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Figure 11: Friction factor at Re 10000 

PEC: 

The performance evaluation criteria (PEC) is a key indicator of fin efficiency, with higher PEC values 

reflecting better thermal performance. Figure 12 illustrates the variation of PEC at a Reynolds number (Re) 

of 500 for different fin configurations. Among the various geometries, elliptical fins achieve the highest 

PEC values, ranging from 2.26 to 2.48, indicating their superior heat transfer performance. In contrast, 

triangular fins exhibit the lowest PEC values, ranging from 1.9 to 2.06, suggesting that their thermal 

performance is less efficient compared to other fin designs. These findings underscore the importance of 

fin geometry in optimizing cooling efficiency and highlight the potential for elliptical fins to deliver the 

best performance in thermal management applications 

 

Figure 12: PEC at Re 500 

Figure 13 presents the variation of the performance evaluation criteria (PEC) at a Reynolds number (Re) of 

5000 for different fin configurations. Elliptical fins achieve the highest PEC values, ranging from 2.7 to 

3.15, indicating their exceptional thermal performance and efficiency in heat transfer. In contrast, triangular 

fins exhibit the lowest PEC values, ranging from 2.25 to 2.4, suggesting relatively lower heat dissipation 

capabilities compared to other fin geometries. These results reinforce the superior performance of elliptical 

fins and highlight the importance of fin configuration in optimizing thermal management in high Reynolds 

number conditions. 
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Figure 13: PEC at Re 5000 

Figure 14 illustrates the variation of the performance evaluation criteria (PEC) at a Reynolds number (Re) 

of 10,000 for different fin configurations. Elliptical fins attain the highest PEC values, ranging from 2.7 to 

3.15, indicating their superior efficiency in heat transfer and overall performance. In contrast, triangular 

fins exhibit the lowest PEC values, ranging from 2.25 to 2.4, reflecting relatively lower thermal efficiency. 

These results highlight the significant impact of fin geometry on heat dissipation performance at high 

Reynolds numbers, with elliptical fins demonstrating the best performance across the configurations 

studied. 

 

Figure 14: PEC at Re 10000 

Conclusion: 

This study provides a comprehensive analysis of the thermal and fluid flow characteristics of micro-pin-fin 

heat sinks with varying fin geometries and slot sizes. The results underscore the importance of fin geometry 

in optimizing heat dissipation and fluid dynamics. Elliptical fins were found to offer superior performance 

in enhancing heat transfer, with Nusselt numbers (Nu) ranging from 18.6 to 20.3 at a Reynolds number of 

500, and a reduction in the friction factor (f) to as low as 0.51 at a slot width of 0.4 mm at Re = 5000. These 
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fins also exhibited the highest performance evaluation criteria (PEC), reaching values of 2.7 to 3.15 at Re 

= 5000, indicating their excellent thermal performance. In contrast, triangular fins exhibited the least 

efficient thermal performance, with Nu values between 15.8 and 16.8 at Re = 500, and the highest friction 

factors, ranging from 1.065 to 1.05 at Re = 5000. Additionally, while introducing slots improved convective 

heat transfer to some extent, excessively large slots were found to negatively impact thermal performance, 

with a decrease in Nu beyond 0.3 mm slot width at high Reynolds numbers. These findings contribute 

valuable insights into the design and optimization of micro-pin-fin heat sinks, emphasizing the need for a 

balanced approach to maximize both heat dissipation and flow efficiency in electronic cooling systems. 

Conflicts:  

No conflicts between the authors. 

References: 

[1] T. Coşkun and E. Çetkin, “Heat Transfer Enhancement in a Microchannel Heat Sink: 
Nanofluids and/or Micro Pin Fins,” Heat Transfer Engineering, vol. 41, no. 21, pp. 1818–1828, 
Nov. 2020, doi: 10.1080/01457632.2019.1670467. 

[2] M. W. Alam et al., “CPU heat sink cooling by triangular shape micro-pin-fin: Numerical 
study,” International Communications in Heat and Mass Transfer, vol. 112, Mar. 2020, doi: 
10.1016/j.icheatmasstransfer.2019.104455. 

[3] F. Ismayilov, A. Akturk, and Y. Peles, “Systematic micro heat sink optimization based on 
hydrofoil shape pin fins,” Case Studies in Thermal Engineering, vol. 26, Aug. 2021, doi: 
10.1016/j.csite.2021.101028. 

[4] Y. Khetib, K. Sedraoui, and A. Gari, “Numerical study of the effects of pin geometry and 
configuration in micro-pin-fin heat sinks for turbulent flows,” Case Studies in Thermal 
Engineering, vol. 27, Oct. 2021, doi: 10.1016/j.csite.2021.101243. 

[5] D. Jung et al., “Thermal design and management of micro-pin fin heat sinks for energy-
efficient three-dimensional stacked integrated circuits,” Int J Heat Mass Transf, vol. 175, p. 
121192, Aug. 2021, doi: 10.1016/j.ijheatmasstransfer.2021.121192. 

[6] T. Baig et al., “Thermal performance investigation of slotted fin minichannel heat sink for 
microprocessor cooling,” Energies (Basel), vol. 14, no. 19, Oct. 2021, doi: 
10.3390/en14196347. 

[7] Z. Feng, Z. Hu, Y. Lan, Z. Huang, and J. Zhang, “Effects of geometric parameters of circular 
pin-fins on fluid flow and heat transfer in an interrupted microchannel heat sink,” 
International Journal of Thermal Sciences, vol. 165, Jul. 2021, doi: 
10.1016/j.ijthermalsci.2021.106956. 

[8] Y. Zheng, H. Yang, H. Mazaheri, A. Aghaei, N. Mokhtari, and M. Afrand, “An investigation on 
the influence of the shape of the vortex generator on fluid flow and turbulent heat transfer of 
hybrid nanofluid in a channel,” J Therm Anal Calorim, vol. 143, no. 2, pp. 1425–1438, Jan. 
2021, doi: 10.1007/s10973-020-09415-2. 



Thejaraju R1*, Madhusudhan M2, Santhosh V3, 

KB Girisha4, Sajna S Panigrahi5, Kaushik 

KH6, Gowtham Sanjai S7, Hadiya Pritesh 

Dulabhai8 

 

Optimization of Micro-Pin-Fin Heat Sinks: 
Influence of Fin Geometry and Slot Size on Thermal 
Performance 

 
 
 
 

Cuest.fisioter.2025.54(2):3243-3267                                                                                                                             3266 
 

[9] E. Hosseinirad, J. A. Esfahani, F. Hormozi, and K. C. Kim, “Analysis of entropy generation and 
thermal–hydraulic of various plate-pin fin-splitter heat recovery systems using Al2O3/H2O 
nanofluid,” Eur Phys J Plus, vol. 136, no. 5, May 2021, doi: 10.1140/epjp/s13360-021-01540-
7. 

[10] K. Altaf, A. Tariq, S. W. Ahmad, G. Hussain, T. A. H. Ratlamwala, and H. M. Ali, “Thermal and 
hydraulic analysis of slotted plate fins heat sinks using numerical and experimental 
techniques,” Case Studies in Thermal Engineering, vol. 35, Jul. 2022, doi: 
10.1016/j.csite.2022.102109. 

[11] M. A. Alfellag, H. E. Ahmed, O. T. Fadhil, and A. Sh. Kherbeet, “Optimal hydrothermal design 
of microchannel heat sink using trapezoidal cavities and solid/slotted oval pins,” Appl 
Therm Eng, vol. 158, Jul. 2019, doi: 10.1016/j.applthermaleng.2019.113765. 

[12] M. A. Alfellag, H. E. Ahmed, and A. S. Kherbeet, “Numerical simulation of hydrothermal 
performance of minichannel heat sink using inclined slotted plate-fins and triangular pins,” 
Appl Therm Eng, vol. 164, Jan. 2020, doi: 10.1016/j.applthermaleng.2019.114509. 

[13] Y. Li, T. Wang, Z. Wang, C. Zhu, J. Yang, and B. Yang, “Thermal–Hydraulic Performance 
Analysis of Combined Heat Sink with Open Microchannels and Embedded Pin Fins,” 
Energies (Basel), vol. 17, no. 21, Nov. 2024, doi: 10.3390/en17215301. 

[14] H. Li and D. Jing, “Hydraulic and thermal performances of micro pin fin heat sink with 
increasing pin fin height,” Case Studies in Thermal Engineering, vol. 53, Jan. 2024, doi: 
10.1016/j.csite.2023.103912. 

[15] C. Zhi, X. Wang, and Y. Liu, “NUMERICAL INVESTIGATION ON THE EFFECTS OF SLOTTED 
HEIGHT ON PERFORMANCE OF LOUVER AND SLIT FINS AT DIFFERENT FIN PITCHES,” 
Thermal Science, vol. 28, no. 1, pp. 437–451, 2024, doi: 10.2298/TSCI230327147Z. 

[16] Y. Muralikrishna, M. Mohan Jagadeesh Kumar, B. Aravind, and M. K. Sahu, “Comparative 
studies on performance of plain, perforated, threaded, and threaded–perforated pin fin: A 
numerical approach,” Heat Transfer, vol. 52, no. 4, pp. 3333–3352, Jun. 2023, doi: 
10.1002/htj.22830. 

[17] D. Shi, K. T. Lin, M. A. Jog, and R. M. Manglik, “Experimental and Computational Study of 
Enhanced Forced Convection Heat Transfer in Novel Slotted Wavy-Plate-Fin Channels,” 
ASME Journal of Heat and Mass Transfer, vol. 145, no. 4, Apr. 2023, doi: 10.1115/1.4055763. 

[18] H. A. Hussein, “Numerical hydrothermal evaluation of heat transfer in a multi-mini-channel 
heat sink: Effect of square pin fins,” Dec. 01, 2023, Elsevier B.V. doi: 
10.1016/j.rineng.2023.101403. 

[19] P. Bhandari, K. S. Rawat, Y. K. Prajapati, D. Padalia, L. Ranakoti, and T. Singh, “Design 
modifications in micro pin fin configuration of microchannel heat sink for single phase liquid 
flow: A review,” Aug. 30, 2023, Elsevier Ltd. doi: 10.1016/j.est.2023.107548. 



Thejaraju R1*, Madhusudhan M2, Santhosh V3, 

KB Girisha4, Sajna S Panigrahi5, Kaushik 

KH6, Gowtham Sanjai S7, Hadiya Pritesh 

Dulabhai8 

 

Optimization of Micro-Pin-Fin Heat Sinks: 
Influence of Fin Geometry and Slot Size on Thermal 
Performance 

 
 
 
 

Cuest.fisioter.2025.54(2):3243-3267                                                                                                                             3267 
 

[20] M. Jiang and Z. Pan, “Optimization of micro-channel heat sink based on genetic algorithm 
and back propagation neural network,” Thermal Science, vol. 27, no. 1 Part A, pp. 179–193, 
2023, doi: 10.2298/TSCI220307121J. 

[21] F. Koca and T. B. Güder, “Numerical investigation of CPU cooling with micro-pin–fin heat 
sink in different shapes,” Eur Phys J Plus, vol. 137, no. 11, Nov. 2022, doi: 
10.1140/epjp/s13360-022-03489-7. 

  


