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Abstract 

This study investigates thermal management challenges in high-performance computing 

systems, with a specific focus on the Intel i7-8700 processor. As computing demands increase, 

effective heat dissipation becomes crucial to prevent thermal throttling and maintain optimal 

performance. The research employs Computational Fluid Dynamics (CFD) using ANSYS-

FLUENT to analyze and optimize heat sink designs. Six different rectangular fin heat sink 

configurations were modelled and simulated under varying airflow conditions, resulting in 24 

distinct test cases. Key design parameters such as fin height, thickness, base thickness, and 

number of fins were systematically evaluated to assess their impact on cooling efficiency. 

Experimental measurements from a physical prototype were used to validate the CFD results, 

ensuring high accuracy in the simulations. The study identifies an optimal heat sink design with 

a 32 mm fin height, 1.5 mm fin thickness, and 5 mm base thickness, which delivers the best 

thermal performance by minimizing resistance and maintaining lower processor temperatures. 

Additionally, the research explores the relationship between airflow velocity and heat 

dissipation efficiency, providing insights into real-world cooling scenarios. The findings 

demonstrate that CFD is a powerful tool for thermal optimization, offering a reliable and cost-

effective alternative to extensive physical prototyping. This work provides engineers with a 

validated framework for designing efficient cooling solutions for modern high-performance 

processors, ensuring stability and longevity in demanding computing environments. Future 

research could expand this approach to other processor models and advanced cooling 

technologies. 

Keywords: Heat sink; Processor; microelectronics; simulation; ANSYS-FLUENT; CFD 

1. Introduction 

To what extent do you comprehend the hardware components of your computer? It is highly 

likely that you have already encountered hard drives, processors, and RAM, as they are the 

principal selling points of computers. Further exploration of computer hardware will reveal the 

significance of graphics cards. What are your thoughts on heatsinks? Do you comprehend their 

function? We must revisit the past to recall a CPU that functioned entirely without a heat sink. 

The initial Intel CPUs generated considerable heat; nonetheless, their modest specifications 

permitted operation without a heat dissipation device [1-2]. 
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Subsequently, owing to the swift advancement of electronic technology, electronic gadgets and 

devices have become ubiquitous in our daily lives. Currently, the trend in electronic product 

design is towards creating devices that are thinner, lighter, shorter, and smaller. Users favor 

high-performance computers utilized for gaming, video editing, 3-D modelling, deep learning, 

rendering, scientific computing, and internet activities. The PC can process data at an 

extraordinary speed. These CPUs required a minimum of one heat sink for optimal functioning 

as processing speed increased [4].  

In recent years, as processors have become increasingly powerful, the integration of multiple 

functionalities in electronic systems and devices has posed significant challenges for thermal 

management. Consequently, it has become essential for a CPU to utilize a multi-fin heat sink 

in conjunction with a fan that guarantees adequate airflow. The cooling fins have a reduced 

maximum lifespan due to overheated processors, frequently resulting in problems such as 

system freezes or crashes [5]. 

The reduction in size of these electrical components will significantly increase the rate of heat 

generation compared to earlier goods. Due to the multifunctionality, increased clock speed, 

reduced package size, and enhanced energy dissipation, the heat flow per unit area has been 

improved [6]. Moreover, the working temperature of the electrical components may be beyond 

the specified threshold. Consequently, efficient heat dissipation and maintaining a safe 

operating temperature are crucial for the reliable and precise functioning of electronic 

components. 

The thermal heat sink is extensively utilized to enhance cooling for electronic components in 

the current electronics industry [7]. Heat flux concentrations within the chips have increased 

due to the circuit density and energy dissipation of integrated circuits. The accumulation of 

substantial heat flux can induce considerable heat stress on chips, substrates, and their packages. 

An overview of the studies undertaken before this study Ledezma and Bejan have investigated 

natural convection related to inclined plate fins on heat sinks. He examined the benefits of 

angling the tip of plate fins in air-cooled heat sinks to improve heat transfer. The outcomes 

were derived from three-dimensional numerical simulations of flow domains and thermal 

transfer. He further compared the simulation results with those of the experiment. The results 

indicate that the buoyancy of the opposing force, caused by downstream wall heating, 

substantially affects the velocity and temperature distribution, the local Nusselt number, and 

the position and size of the downstream recirculation zone [15]. Goshayeshi et al. do numerical 

research related to vertical fins in contact with the ground. The natural heat transmission from 

a heated plane, positioned in air with both horizontal and vertical surfaces, has been 

investigated. As fin spacing reduces, the mean heat transfer rate, determined when the Rayleigh 

number is sufficiently enough for convective motion to occur, initially increases, reaches a 

maximum, and subsequently declines to the value of pure conduction [16]. Mahmoud et al. 

conducted numerical and experimental investigations on external steady natural convection 

heat transfer from vertically arranged interrupted rectangular fins, with fin heights ranging from 

0.25 to 1.0 mm and fin spacings from 0.5 to 1.0 mm. It was determined to be consistent with 

known correlations between the experimental results and those derived from CFD modeling 

[17]. Lin et al. investigated the application of oblique planar fins in heat sink assemblies to 

improve efficiency, modifying the heat sink to boost performance and reduce unwanted 

obstruction of incoming airflow. A heat sink assembly of oblique planar fins and a high-

pressure axial flow cooling ventilator (70x70x15mm³) has been designed, fabricated, and 

evaluated. The engineered fan provides superior heat dissipation compared to the reference fan 

at low flow rates. The static pressure of the cooling fan is the predominant factor in the 

installation of a heat sink with high resistance [18]. R. Mohan and Dr. P. Govindarajan have 

http://www.neuroquantology.com/


Neuroquantology | Aug  2025 | Volume 23 | Issue 7 | Page 304-317| Doi: 10.48047/nq.2025.23.7. nq25030 
Kanhaiya Lal Pandey, Impact of Intermittent Fasting on Metabolic Syndrome Markers in Overweight Adults 

 

EISSN 1303-5150                                                                                                                                                              www.neuroquantology.com 

 
 

 

          306           306 

conducted a study on CPU thermal assessment utilizing composite pin fin heat sinks. The 

computational fluid dynamics concentrate on the CPU's forced air cooling utilizing a heat sink. 

This work employs computational fluid dynamics (CFD) to elucidate a cooling solution for a 

personal computer utilizing an 80 W central processing unit (CPU). This study examines the 

efficacy of the heat sinks and contrasts them with several other heat sinks [19]. Lee has 

researched the best design and selection of several types of heat sinks. He analysed the 

simulation results and examined the impact of various design parameters on the performance 

and optimization of heat sinks. He also delineated the various types and classifications of heat 

sinks, along with their efficiency and cost. The findings of the sample simulation will provide 

a discussion on the optimization of heat-sink models and their suggestive parametric behaviors 

[20]. 

Patel and Belady have examined the modeling and metrology of extremely efficient heat sinks. 

They examined the influence of air velocity on pressure drop and thermal resistance. The 

current methods of thermal sink measurement and modeling do not meet the demands of rapid 

product development cycles. This study presents the modeling and metrology required to 

describe a heat sink and utilize the data in a computational fluid dynamics (CFD) model [21]. 

Ismail et al. have analyzed heat sinks, particularly those linked to Pentium and AMD processors, 

commonly employed to drain heat from microelectronic devices. This study employed four 

distinct types of heat sinks: those of the AMD Athlon, Duron, Pentium III, and Pentium IV. The 

article provides a comparative analysis of heat sinks utilized in the Pentium and AMD 

generations. The modeling and experimental analyses were conducted at various Reynolds 

values. The simulated outcomes closely correspond with the experimental findings [22]. 

Cheng-Hung et al. developed a three-dimensional heat sink model to evaluate optimal design 

variables. The thermal camera is employed to assess optimal heat sink modules, where 

temperature distributions are measured and compared with numerical models to validate the 

design [23] [24]. Sable et al. inspected the natural convection surrounding a heated vertical 

plate fitted with different V-type fins in ambient air. The efficiency demonstrated significant 

improvement with an elevation in the height of the V-plates (fin height) [25]. Li et al. have 

investigated the effectiveness of rectangular plate fin heat sinks in crossflow conditions. The 

influence of multiple factors, including fin width, fin height, Reynolds number, thermal 

resistance of cooling air, and pressure drop across the heat sink, was investigated [26]. Azar et 

al. have examined a narrow channel heat sink employed for the thermal management of high-

power electronic devices utilizing air. He analysed a board of ten components, each dissipating 

20 W/cm² of heat, with a temperature variation from 38 °C to 28 °C above ambient conditions. 

The performance of a narrow channel heat sink is not significantly influenced by the direction 

of flow. Tip clearance (flow bypass) negatively impacts the thermal efficiency of the heat sink. 

The effect is insufficiently large to inhibit its employment in conventional electronic cooling. 

Narrow channel heat sinks can be readily employed for high-power components [27]. Yu et al. 

have investigated the effectiveness of heat sinks utilizing pin and plate fins. He found that the 

thermal resistance of plate-pin heat sinks is superior and approximately 30% lower than that of 

plate-fin heat sinks. This research presents a novel approach to improving the efficiency of 

PFHS heat transfer by integrating many columns into PFHS stream passageways to disrupt 

airflow across the sink. A PPFHS was consequently developed [28]. 

A comprehensive analysis of diverse research publications reveals that numerous researchers 

have investigated different types of heat sinks, such as rectangular fins and pin fins. 

Nevertheless, there are certain constraints, as the majority of research has been conducted on a 

small number of tests with rectangular fin heat sinks for microprocessor chips in 8th generation 

processors. This study aims to simulate a CFD model of a heat sink for the i7 8700 CPU, 
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emphasizing the critical importance of boundary conditions in determining the thermal 

performance of the microprocessor heat sink together with all relevant parameters. 

The ultimate objective is to create CFD methods for accurately predicting the overall heat 

transfer in a route featuring an in-line array of rectangular heat sinks for processors, with the 

aim of improving heat transfer efficiency. Consequently, generic flow scenarios featuring six 

distinct fin geometries, exhibiting typical flow heat transfer characteristics, are examined to 

assess the thermal performance of aluminium rectangular fin heat sinks, as well as aluminium 

alloy 1050 rectangular fin heat sinks. This analysis encompasses the effects of varying fin 

thickness, base thickness, air velocity, and temperature along both the length and height of the 

fins in a free stream, utilizing numerical simulation. 

2. Materials and methods 

2.1 Mathematical Modelling 

A three-dimensional CFD fluent software is used to evaluate three main steps: (1) Pre-

Processing, (2) solver Execution, and (3) post-processing. Pre-Processing has been used where 

the modeling goals are determined, and computational grid is created. In the second step that 

have been applied to numerical models and boundary conditions are set to start up the solver. 

Solvers run until the convergence is achieved. After completion of the solver, the results are 

analyzed, constituting the post-processing phase. The fundamental principles governing fluid 

flow and heat transmission can be articulated through three primary physical laws or equations. 

The continuity equation is given in equation (1), the momentum in x, y, and z direction is given 

by equation (2, 3, and 4).  
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The simulation is considered to be incompressible, with air velocity varying from 2.5 m/s to 

7.5 m/s across the surface of rectangular fin. The current work employed hybrid meshing, 

namely a combination of tetrahedral and hexahedral meshes. The dimensions of the rectangular 

heat sinks depicted in Fig. 1. A rectangular heater of 42×42 mm² with a temperature of 71°C is 

positioned at the bottom surface of heat sinks. Table 1 presents the total surface area, volume, 

and quantity of fins for all heat sinks examined in the current work . 
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Fig. 1. Heat sink with rectangular fins 
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Table 1. The details of the used heat sinks with various geometrical extent 

 

2.2 Numerical simulation 

Numerical calculations were conducted under steady-state circumstances during the solution 

procedure. The model incorporates a coupling mechanism for pressure with velocity and a 2nd-

order upwind scheme for calculating energy and momentum. The model employed in this work 

is the k-epsilon model, commonly utilized for both turbulence and laminar flow analysis. 

The materials utilized in this investigation include air, aluminium (Al), and aluminium 1050 

(Al1050). The fluid domain is designated as air, with each cell zone of the fluid domain 

identified as air, whereas the solid domain comprises cell zones selected as aluminium or 

aluminium 1050. Upon selecting zones, we implement boundary conditions at the inlet face 

with air velocities of 2.5 m/s, 5 m/s, or 7 m/s. At the base of the heat sink, we add 344K, the 

maximum temperature of the i7 8700 processor. The solution is initialized with specific scalar 

values using the hybrid initialization command and executed for up to 500 iterations. 

Table 2. The physical and electrical property of base aluminium 

Property Unit Value 

Thermal conductivity (k) W/m-k 202.4  

Specific heat (cp) J/kg-k 871  

Density (ρ) kg/m3 2719  

 

Table 3. The physical and electrical property of Aluminium alloy 1050 

Property Unit Value 

Thermal conductivity (k) W/m-k 230 

Specific heat (cp) J/kg-k 900  

Density (ρ) kg/m3 2710 

 

2.3 Convergence issues 

A simulation must be well-converged, well-posed, and grid-independent to get accurate results. 

Convergence is determined by the extent of the residuals' reduction. Convergence tolerances 

are established at 10-3 for flow and 10-6 for energy [24]. Implementing the solver to attain a 

Dimensional details of heat 

sink (in mm) 

Total surface area 

(in cm2) 

Total volume (in 

cm3) 

Number of 

fins 

FT = 0.5, BT= 2.5, HF= 32 1530.79 56.227 24 

FT = 1BT= 2.5, HF= 32 1366.55 82.570 21 

FT = 2.5, BT= 2.5, HF= 32 1194.81 99.517 18 

FT = 0.5, BT= 5, HF= 32 1538.77 71.865 24 

FT = 1, BT=5, HF= 32 1374.60 98.550 21 

FT = 1.5, BT= 5, HF= 32 1203.24 115.263 18 
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greater order of magnitude decrease in residuals requires additional iterations to enhance 

solution quality.  

It is imperative that convergence criteria ensure the stability of outcomes across the iterations. 

A common way for accomplishing this is available. The scalar change of specific parameters, 

including temperature, is displayed with the residual monitors. When the scalar values stabilize 

at a certain value without variation over the iterations, the solution is considered to converge. 

Convergence is achieved when the continuity and momentum residuals fall below 10-3 and the 

energy residual decreases below 10-7. 

2.4 Grid Independence 

The sole method to achieve grid-independent solutions is to configure a model with coarse, 

medium, and fine meshes, followed by an analysis to identify significant discrepancies in scalar 

values and vectors. The temperature distributions exhibit considerable similarity. The model is 

grid independent with 127,823 nodes and 585,778 elements using a fine mesh. Given that a 

single analysis requires approximately 8 hours on an i7 8th generation, 3.6 GHz machine, 

achieving a converged solution with an increased number of cells would be excessively time-

consuming. 

 

Fig. 2. The detailed temperature distribution map of heat sink at three velocities (1) 2.5m/s , 

(2) 5m/s and (3) 7.5 m/s 

3. Result and Discussion 

Twenty-four distinct cases were examined to assess the impact of fin quantity, fin thickness, 

base thickness, air velocity, and heat sink material for enhancement objectives. Three heat sink 

cases constructed from aluminium (Al) including a fin thickness of 1.5 mm and a base thickness 

of 5 mm, tested at varying velocities of 2.5, 5, and 7.5 m/s. Three heat sink cases constructed 

from aluminium alloy (Al1050) including a fin thickness of 1.5mm and a base thickness of 

5mm, tested at varying velocities of 2.5, 5, and 7.5 m/s. Nine cases of heat sinks constructed 

from aluminium (Al) using a 5mm base thickness and varied fin thicknesses (0.5mm, 1mm, 

1.5mm) at different velocities (2.5, 5, and 7.5 m/s). Nine aluminium (Al) heat sink cases 

including a base thickness of 2.5mm and varied fin thicknesses of 0.5mm, 1mm, and 1.5mm, 

tested at velocities of 2.5m/s, 5m/s, and 7.5m/s. 

3.1 Fin thickness 

Through CFD analysis, various heat sinks can be optimized for enhanced performance. Upon 

examining the temperature distributions and airflow patterns with the fan activated, it was 

observed that closely arranged fins impede adequate airflow to the hottest central regions of 

the heat sink. By augmenting some fins, a conduit for cool air is established. The data presented 

in Table 4 indicates that the use of 18, 21, and 24 fins sequentially demonstrates that a fin 

thickness of 0.5 mm and an air velocity of 7.5 m/s yield the highest heat transfer rate, which is 

 

(1) (2) (3) 
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1.30% greater than that observed with a fin thickness of 1 mm at the same air velocity, and 

11.10% greater than that with a fin thickness of 1.5 mm at the same air velocity. 

 

Fig. 3. The variation of temperature along length of fin at the various velocity 

The temperature patterns in Table 4 indicate that the incorporation of certain fins influenced 

performance. The total heat transfer area is augmented by the incorporation of fins, as the 

overall surface area expands without altering the fin spacing, hence facilitating improved 

airflow within the heat sink. Despite the significant alteration in the total heat transfer rate, a 

reduction in material usage represents an enhancement for the producer. The removal of more 

fins from the heat sink resulted in a significant decrease in temperature, as indicated in Table 

4. 

Table 4. Comparative analysis of the temperature variation at different number of fins of heat 

sink 

 

 

 

 

Fin thickness 

(in mm) 

No. of 

fins 

Air 

velocity(m/s) 

Temp. variation 

lengthways of fins (K)) 

Temp. variation height 

ways of fins (K) Overall Heat 

transfer rate (W) 
Max. Min. Max. Min. 

1.5 18 

2.5 342.54 335.81 344 340.17 102.8239 

5 339.33 333.12 344 336.61 180.5450 

7.5 336.97 331.89 344 334.80 228.8324 

1 21 

2.5 342.24 332.62 344 339.04 115.3701 

5 337.70 328.73 344 333.95 203.24129 

7.5 326.97 334.33 344 331.25 250.95361 

0.5 24 

2.5 340.78 325.40 344 335.39 118.5356 

5 333.11 320.45 344 327.40 204.000 

7.5 327.96 318.54 344 323.5 254.2338 

http://www.neuroquantology.com/


Neuroquantology | Aug  2025 | Volume 23 | Issue 7 | Page 304-317| Doi: 10.48047/nq.2025.23.7. nq25030 
Kanhaiya Lal Pandey, Impact of Intermittent Fasting on Metabolic Syndrome Markers in Overweight Adults 

 

EISSN 1303-5150                                                                                                                                                              www.neuroquantology.com 

 
 

 

          312           312 

3.2 Heat Sink Material 

After taking the improved design after adding fins as a basis, improving thermal conductivity 

by using aluminium alloy 1050 (Al1050) instead of aluminium is considered. First, it was seen 

that the heat sinks are modified to be aluminium alloy 1050, The thermal performance of the 

heat sink experienced a marginal enhancement in heat transfer rate. Table 5 indicates that the 

aluminium alloy 1050 heat sink, at an air velocity of 7.5 m/s, achieves the highest heat transfer 

rate, which is an increase of 2.19% compared to the aluminium heat sink. This also signifies 

that minor variations in the thermal conductivity of a material do not significantly affect heat 

transport. 

Table 5. Comparative analysis of the different heat sink materials 

 

However, when all the fins were built from aluminium alloy 1050, the maximum temperature 

of the heat sinks rises. The minimum temperature was seen to have risen. Consequently, the 

temperature gradients on the heat sink are diminished due to the elevated thermal conductivity 

of aluminium alloy 1050. The temperature differential between the highest and minimum 

values on the aluminium alloy 1050 heat sink is less than that of the aluminium heat sink. 

3.3 Base Thickness 

To examine the impact of base thickness, the base thickness was reduced by 2.5 mm while 

maintaining a constant fin length, under scenarios utilizing varying fin thicknesses from the 

aluminium heat sink. The heat sink with the narrower base exhibits elevated temperatures. The 

elevated tip temperatures result from a reduction in the total length of the heat sink, which 

consequently diminishes the total surface area; this increase in heat transfer rate leads to higher 

minimum and maximum temperatures. Table 6 indicates that a base thickness of 5 mm and an 

air velocity of 7.5 m/s yield the highest heat transfer rate, which is an increase of 0.68% 

compared to a base thickness of 2.5 mm at the same air velocity. 

 

Material 
Air 

velocity(m/s) 

Temp. variation 

lengthways of fins 

(K)) 

Temp. variation 

height ways of fins 

(K) 

Overall Heat 

transfer rate 

(W) 
Max. Min. Max. Min. 

Aluminium 

(Al) 

2.5 342.58 335.84 344 340.25 102.99231 

5 339.69 333.86 344 337.16 180.54 

7.5 336.95 331.90 344 334.68 227.0882 

Aluminium 

alloy 1050 

2.5 342.75 336.70 344 340.67 104.20116 

5 339.87 334.23 344 337.44 183.95439 

7.5 337.69 333.09 344 335.63 232.07799 
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Fig. 4. The variation of temperature profile along height of fin at the various velocities 

Table 6. Comparative analysis of the different base thickness of heat sink 

 

Fig. 5. Velocity vectors of air along the side view of heat sink at (1) 2.5m/s, (2) 5m/s and (3) 

7.5m/s 

Base 

thickness 

(in mm) 

Air 

velocity(m/s) 

Temp. variation 

lengthways of fins 

(K) 

Temp. variation 

height ways of 

fins (K) 

Overall 

Heat 

transfer rate 

(W) Max. Min. Max. Min. 

2.5 

2.5 342.90 336.01 344 340.68 101.2822 

5 339.92 333.19 344 337.10 180.3597 

7.5 337.36 331.87 344 335 227.2776 

5 

2.5 342.54 335.81 344 340.17 102.8239 

5 339.33 333.12 344 336.61 180.5450 

7.5 336.97 331.89 344 334.80 228.8324 
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(1) 

(2) 

(3) 

Fig. 6. Velocity profile along length of air domain at different velocity (1) 2.5m/s, (2) 5m/s 

and (3) 7.5m/s. 

4. Conclusions 

The current work  investigates the cooling of the i7 8700 microprocessor using six distinct heat 

sinks and various configurations, examining performance at velocities of 2.5, 5, and 7.5 m/s 

for comparative analysis. A roadmap has been established for simulating the heat sink. To 

identify the optimal model with minimal computing cost, the mesh resolution, turbulence 

model selection, convergence criteria, and discretization methods are examined. This roadmap 

is subsequently applied to various heat sink shapes, and the results of the temperature 

distribution variations in the heat sinks were compared with the existing experimental data.  

The numerical methods showed agreement with the experimental data. However, the 

comparison was qualitative and quantitative. The current work  uses lumped parameter models 

due to the impracticality of modeling the fans and resistance with their precise geometry. This 

consistently creates errors during simulation, such as convergence issues, temperature limits, 

and poor mesh quality, since this problem has been rectified. 
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Improvements in models of heat sinks can be achieved via CFD are 

 Selecting aluminium alloy 1050 as the fin material, instead of aluminium, results in a heat 

sink with a maximum heat transfer rate at an air velocity of 7.5 m/s, which is 2.19% greater 

than that of an aluminium heat sink. The heat transmission of the heat sink increases 

unexpectedly. 

 The thickness of the heat sink base is another variable for enhancement. Table 7 indicates 

that a base thickness of 5 mm and an air velocity of 7.5 m/s yield the highest heat transfer 

rate, which is an increase of 0.68% compared to a base thickness of 2.5 mm at the same air 

velocity. Increasing the thickness of the base plate enhances the performance of the heat 

sink; however, spatial constraints within a computer may limit the size of each heat sink. 

 The current analysis indicates that the incremental addition of fins—18, 21, and 24—

demonstrates, as illustrated in Table 5, that a fin thickness of 0.5 mm at an air velocity of 

7.5 m/s yields the highest heat transfer rate. This configuration exhibits a 1.30% increase 

relative to a fin thickness of 1 mm at the same air velocity, and an 11.10% increase 

compared to a fin thickness of 1.5 mm at 7.5 m/s air velocity. 

 The heat sink, with a fin thickness of 0.5mm and a base thickness of 5mm, exhibits a 

maximum heat transfer rate at an air velocity of 7.5m/s, which is an increase of 114.48% 

compared to 2.5m/s and 24.62% compared to 5m/s. 
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