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1. Introduction 
 
      The convection of heat transfer is an important phenomenon in engineering applications such as 
electronic cooling, thermal system, and heat exchanger. Optimization of heat transfers in these 
applications is important from the energy-saving industrial and perspective. The fins are used in a 
variety of engineering applications to improve convective heat transfer. Fins with several geometries 
and materials can be responsible as the effective emitters of heat for these systems [1]. The cooling 
performance of a device mostly depends on the surface area and shape of a fin. Therefore, many 
previous research has been conducted on optimizing fin shapes [2−7]. Also, it is found that heat 
transfer improvement increases with an increase in Reynolds number and the particle volume 
concentration [8−12]. Additionally, in the air cooling systems, the volume to surface area ratio and the 
aerodynamic properties of the shape are significant aspects  for performance [13–15]. 
      Ghasmi et al. [16] utilized the Differential Transformation Method (DTM)to assess the nonlinear 
temperature equations  of longitudinal fins  in two different  instances where  thermal conductivity 
and 
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The convection heat transfers on a surface exposed to the fluid may be enhanced by 
attaching to the surface, known as the fins. To keep the system stable, heat 
transmission via solids, boundaries, or walls must be continuously dissipated to the 
environment or surroundings.  A large quantity of heat must be dissipated from a 
small space in many engineering applications. A fin can boost the surface area’s 
effectiveness; hence, maximize convectional heat. Two shapes of straight aluminum 
fins have been used, cylindrical and star shape. The result shows that the star fins are 
appealing due to the same diameter and length; it has a lot more heat transfer than a 
cylindrical fin. In electronic devices, cylindrical and star fins are provided on the 
surface of the processor device. The result is done by SolidWorks simulation with 300 
ºC on the surface as well as cylindrical and star fin. Input parameters like thermal 
conductivity, heat transfer coefficient, as well as fin’s density and dimensions are 
measured. The temperature distribution, heat flow, as well as heat flux all resembles 
output parameters. 
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 heat generation change with temperature. The results showed that this method is very convenient 
and effective. The authors found that the analytical (DTM) solution exposes efficiency and higher 
accuracy than the numerical result. Ahmadi et al. [17] employed the FLUENT software to study the free 
convection heat transfer of a perpendicularly placed rectangular fin experimentally and numerically. 
They examined 12 various aluminum alloy heat sinks with different dimensions to examine the fin 
spacing and interruption influence. The outcomes illustrate that providing interruptions to 
perpendicular fins will increase heat flux from the heat sink, increase the heat transfer rate, and 
enhance thermal performance. Fluid flow characteristics and heat transfer for the impingement model 
of single and multi-jets were studied numerically by Chougule et al. [18] for various (Z/d) ratios and 
Reynolds numbers. They discovered that the single jet impingement demonstrates less cooling 
performance than the multi-jet impingement on pin fins heat sinks. The multi-jet impingement has a 
lesser temperature and more uniform temperatures distribution. It is also observed in all ranges of the 
Re and (Z/d) ratio. AL-Hafidh and AL Zubaidy [19] took the water as the based fluid in an annulus 
enclosure of a 3D full of silica sand like a porous media in the middle of two horizontal concentric 
cylinders to numerically study the free convection of heat transfer. The fins were attached to the inner 
cylinder. They reported that the factors which affected the system were volume fraction, cylinders 
radius ratio Rr, and modified Rayleigh number. Hyung Do et al. [20] analyzed the temperature and 
velocity distribution within heat sinks subject to a regularly impinging jet using a similarity 
transformation and a volume averaging technique. An experimental study is showed to verify the 
suggested similarity solutions. The results demonstrate that the modified similarity solution is 
appropriate for calculating the thermal resistance and pressure drops for the heat sinks concerning the 
regularly impinging jet. Jasim et al. [21-24] used experimental and Computational Fluid Dynamics (CFD) 
methods to study the influence of multiple circular stenosis on pin fin designing on improve heat 
transition and decrease pressure drop across the small channel heat sinks [25-28]. The indication of 
the results that the pin fins heat sink with multiple circular stenosis have lesser pressure drop and high 
heat transition, difference to regular pin heat sink. This study aims to show the fin shape effect on 
behavior of heat transfer, the fins are used in a variety of engineering applications such as mechanical 
and electronic devices [29-32]. Two shapes of straight aluminum fins have been used, cylindrical and 

star shape, and maintains the base temperature at 300C. 

2. Methodology  
2.1 Problem description 
 
        In a present paper investigation on a thermal issue from the electronic device, fins were carried 
out.  Investigation yields the heat flux behaviour and temperature of the fins due to high temperature 
in the electronic devices. Solid works is utilized for analysis. The analysis is done for two different 
models of fins commercially available nowadays (cylindrical fin), and a comparison is thus established 
(star fin). A comparison is made between them to know how it will give us a better heat transfer rate. 
 
2.2 Solution methodology 
 
          This section deals with the model and the mesh of the cylindrical and star fin using SolidWorks, 
and its simulation, type of the mesh generation, and boundary conditions are the same for both fins. 
The design of the fins is done using Solid works with the following as shown in Table 1. 
 

                 Table 1 

                Geometrical specifications   

Geometrical Value Units 

Diameter of cylindrical fin D1 =5 mm 

Length of cylindrical fin L1 =50 mm 

Size of the device (source heat) V1 = (1005010) mm
3
 

Diameter of star fin D2 =5 mm 

Thick of star fin t =1 mm 

Length of star fin L2 =50 mm 
Size of the device (source heat) V2 =(1005010) mm

3
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2.3 Case 1: Cylindrical fins modelling 

        The design is done with the help of solid works for a cylindrical fin, Fig. 1, with the above 

geometrical specifications in Table 1. 

 

                                                         Fig. 1. Top view of cylindrical fin, all dimensions in (mm). 

 

2. 4 Mesh generation 

       Solid works software was used to grid generation and discretized using the tetrahedral/ triangular 

mesh. The tetrahedral grid was used to ensure result obtained high accuracy and quality mesh 

generation along with section view in “Fig. 2”. 

  

 

                                                                       Fig. 2. Cylindrical fin mesh view. 

2.5 Boundary conditions 

       After generating the mesh, it is analysed, and boundary conditions are applied for cylindrical and 

star fin. The flow and thermal variables on the model’s boundaries are specified by the boundary 

conditions. Table 2 shows the implemented boundary conditions, the same for cylindrical and star fin. 

The boundary conditions are considered in solid works. The air is taken as a working fluid, and the inlet 

and outlet boundary conditions are set at subsonic flow with total uniform pressure of 1atm. The 

material characteristics are given in Table 2. 
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                        Table  2 
                        Material characteristic for the solid 

Characteristics  Value  Units  

Elastic modulus  6.9e + 10 N/m
2
 

Poissons ratio 0.33 N/A 

Shear modulus 2.7e + 10 N/m
2
 

Mass density  2700 Kg/m
3
 

Tensile strength 68935600 N/m
2
 

Yield strength 27574200 N/m
2
 

Thermal expansion coefficient  2.4e -0.5 1/k 

Thermal conductivity  200 W/ (m. K) 

 

2.6 Case 2: Star Fin  

2.6.1 Modelling 

      The design is done with the help of a solid works for star fin, Fig. 3 and 4, with the same 

geometrical specifications as obvious in Table 1. 

2.6.2 Mesh generation 

     The mesh is used in solid works. Fine tetrahedral meshing is done and mesh generation along with 

section view in Fig. 5. 

 

 

                                                                                     Fig. 3. Top view of star fin. 

             
                                                                Fig. 4. Isometric star fin. 
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                                                                       Fig. 5. Star fin mesh view. 

 

 

3. RESULTS AND DISCUSSION 

           Fig. 6 demonstrates temperature distribution along the fin which represent the comparison 
between the current study and the work made by Madhavadas et al. [26-29] for cylindrical fins heat 
sink. It was illustrated that the present results agree well with Madhavadas et al., for temperature 
distribution along the cylindrical fins. 
       Analysis of cylindrical and star fin is done to study heat transfer and heat flux behaviour at natural 
convection. The discussion of each is outlined as follows: 

3.1 Temperature Distribution  
3.1.1   Case 1: Cylindrical Fin 

In Fig. 7, the line represents the distribution of temperature along the fin, and the fin is at the base 
of domain red colour represent higher temperature and its equal 300C0. Along the fins, there are some 
dark colours represent the temperature variation on the fin [30-34]. There is a variation of the 
temperature due to heat dispersion along the fin [35, 36], and the blue colour in the line represents 
the lowest temperature, equal to 287.581C0 in this case. 

 

 
         Fig. 6. Comparison between the present study and the work made by Madhavadas et al.[26] 
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 Fig. 7. Temperature distribution along the cylindrical fin have maximum temperature is 300  

 at fin base and minimum temperature is 287.581C
0
 at fin top. 

 

 

 3.1.2 Case 2: Star Fin 

        In Fig. 8, the line represents the distribution of temperature along the star fin. The fin is at the 

base of the domain red colour, and it represents higher temperature and equal to 300C0. Above the y-

axis of the fin, some dark colours represent the temperature variation on the fin. There is a variation of 

the temperature due to heat dispersion along the fin, such as the blue colour in the line represents the 

lowest temperature, equal to 268.03C in this case. 

 
              Fig. 8. Temperature distribution along the star fin have maximum temperature is 300 C

0 

                  at fin base and minimum temperature is 268.03C
0
 at fin top. 

 

 

3.2   Heat Flux 

         Heat flux by the fins is dependent on the shape or form of the fins used. Fig. 9 and 10 showed 

distribution of heat flux along the cylindrical and star fin. The larger gap between the maximum and 

minimum heat flux, the larger the quantity of heat transfer. The star fins have a higher heat flux about 

60% in comparison to the cylindrical fins due to the profile as the star fin covers further surface area, 

meanwhile the heat flow from higher to lower temperature. 
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Fig. 9. Distribution of heat flux along the cylindrical fin. 

 

          
 Fig. 10. Distribution of heat flux along the star fin. 

 

 

 

4. CONCLUSIONS 

          The following conclusions arrived when using two types of fins cylindrical and star fin. This 

aluminium alloy has 50 mm length, 5 mm diameter, and 1 mm thickness for the star fin and maintains 

the base temperature at 300C. The result shows that the star fins are fascinating because they 

transmit far more heat than cylindrical fins of the same diameter and length. In electronic devices, 

cylindrical and star fins are provided on the surface of the processor device. The result is done by Solid 

works simulation. The heat transfer coefficient, density, thermal conductivity, and fin dimensions are 

regarded as input factors. Meanwhile, the output parameters, for instance, temperature distribution, 

heat flow, and heat flux, are assessed. Therefore, in comparison to the aluminium alloy cylindrical and 

star fins, we recommend using star fin. 



8 
 

 

 

REFERENCES 

[1] Harnhap, F.; and H. N. Mcmanus Jr. "Natural Convection Heat Transfer from Horizontal Rectangular Fin 

Arrays".  Journal Heat Transfer  (1967): 32-38 ., doi.org/10.1115/1.3614318 

[2] Madhavadas, V.,  D. Das., K. A. Mohta  and S. S. Prabu . (2021)  Comparative analysis on heat transfer of 

various fin profile using solid works: A systematic review.  IOP Conf. Series: Earth and Environmental 

Science 850(2021), 012029., doi.org/10.338/en1305472097.  

[3] Bondareva, N. S.,  M. Ghalambaz  and M. A. Sheremet. (2021)  Influence of the Fin Shape on Heat 

Transport in Phase Change Material Heat Sink with Constant Heat Loads. Energies 14(1389), 23-29, 

doi.org/10.3390/en14051389.  

[4] Setoh, G.,  F. L. Tan  and S. C. Fok . (2010)  Experimental studies on the use of a phase change material 

for cooling mobile phones. Int. Commun. Heat Mass Transf   37(4), 1403–1410. , 

https://doi.org/10.24423/ijs.2020.50.18(SI). 

[5] Djamal Hissein Didane, Muhammad Nur Arham Bajuri, Bukhari Manshoor, & Mahamat Issa Boukhari. 

(2022). Performance Investigation of Vertical Axis Wind Turbine with Savonius Rotor using 

Computational Fluid Dynamics (CFD). CFD Letters, 14(8), 116–124. 

https://doi.org/10.37934/cfdl.14.8.116124 

[6 Ghassan Nasif, Yasser El-Okda, Mouza Alzaabi, & Habiba Almohsen. (2022). Effects of the Conjugate 

Heat Transfer and Heat Flux Strength on the Thermal Characteristics of Impinging Jets. CFD 

Letters, 14(7), 18–30. https://doi.org/10.37934/cfdl.14.7.1830 

[7] Suaib Al Mahmud, & Ahmad Faris Ismail. (2021). Multiphase CFD Investigation on Convective Heat 

Transfer Enhancement for Turbulent Flow of Water-Al2O3 Nanofluid. CFD Letters, 13(10), 11–24. 

https://doi.org/10.37934/cfdl.13.10.1124 

[8] Wadhah Hussein Abdulrazzaq Al Doori. (2022). Experiments and Numerical Investigations for Heat 

Transfer from a Horizontal Plate via Forced Convection Using Pin Fins with Different Hole 

Numbers. CFD Letters, 14(9), 1–14. https://doi.org/10.37934/cfdl.14.9.114 

[9] Jaafer, L. H.,  A. F. Saleh and M.B. Maajel. (2019) CFD Modeling of Laminar Flow and Heat Transfer 

Utilizing Al2O3/Water Nanofluid in a Finned-Tube with Twisted Tape.  Faculty of Mechanical 

Engineering, FME Transactions 47(1),  89-100. 

[10]  Slamet Wahyudi, Nanda Raihan Vardiansyah, & Putu Hadi Setyorini. (2022). Effect of Blood Perfusion 

on Temperature Distribution in the Multilayer of the Human Body with Interstitial Hyperthermia 

Treatment for Tumour Therapy. CFD Letters, 14(6), 102–114. 

https://doi.org/10.37934/cfdl.14.6.102114. 

[11] Alwan, M. S., J.M. Hadi., L.H. Jaafer  and H.K. Jalghaf. (2020) Study the effect of Nano fluid on Heat 

Transfer in Finned Pipe with Internal V-Cut Twisted Tape.  Journal of Mechanical Engineering Research 

and Developments  43(5), 161-177. 

[12] Al-azzawi, M. M., H.M. Hussain  and L.J. Habeeb.  (2020)  An Experimental Study on the Influence of 

Forced Vibration on Longitudinal Fins Heat Sink Subjected to Free Convection Heat Transfer.  Journal of 

Mechanical Engineering Research and Developments  43(1),  326-339. 

[13] Shugata Ahmed, Erwin Sulaeman, Ahmad Faris Ismail, Muhammad Hasibul Hasan, & Zahir Hanouf. 

(2021). Thermal Resistance and Pressure Drop Minimization for a Micro-gap Heat Sink with Internal 

Micro-fins by Parametric Optimization of Operating Conditions. CFD Letters, 13(12), 100–112. 

https://doi.org/10.37934/cfdl.13.12.100112.  

 

 



9 
 

 

 

 

[14] Hosseinirad, E., M. K. Khoshvaght  and F. Hormozi.  (2019)  Effects of splitter shape on thermal-

hydraulic characteristics of plate-pin-fin heat sink (PPFHS). Int. J. Heat Mass Transf  143(4),  118586-

118593., https://doi.org/10.1177/0954410015606939 

[15] Mandal, P. K., S. Sengupta, S. C. Rana  and  D. Bhanja.  (2019)  Effect of orientation angle in thermal 

performance analysis of a horizontal heat sink of perforated pin fins. Aip Conf. Proc   2148(2019), 

030003. 

[16] Ghasemi, E. S., M. Hatami and D. D. Ganji. (2014) Thermal analysis of convective fin with temperature-

dependent thermal conductivity and heat generation.  J Case Studies in Thermal Engineering 4(4), 1–8, 

doi: 10.1016/j.csite.2014.05.002. 

[17] Ahmadi, M.,  G. Mostafavi and M. Bahrami. (2014)  Natural convection from rectangular interrupted 

fins.  International Journal of Thermal Sciences  82(3), 62–71 ., doi: 10.1016/j.ijthermalsci.2014.03.016. 

[18] Rashid, W. T., Ahmad, B. A.,  Jumaah, A. H. . (2022). The optimum conditions of Titanium Recovery 

process from the Iraqi Bauxite Ore. Tikrit Journal of Engineering Sciences, 29(2), 7–14. 

https://doi.org/10.25130/tjes.29.2.2 

[19]   Chougule, N. K.,  G. V. Parishwad  and C.M. Sewatkar.  (2012)  Numerical Analysis of Pin Fin Heat Sink 

with a Single and Multi-Air Jet Impingement Condition.  International Journal of Engineering and 

Innovative Technology  1(3), 44-50., https://doi.org/10.1016/j.ast.2012.02.006 

 [20] Al-hadithi, M. B  and  Y. M. Tayib . (2021) Design and Performance Analysis of Spiral Solar Water 

Heater Using Iron Plate/Sand Absorber for Domestic Use. Iraqi Journal of Science  62(11), 4290–4299. 

https://doi.org/10.24996/ijs.2021.62.11(SI).9 

[21] Abdullah, H. K .,  Faraj, R. Q. (2022). The Effect of Exterior Wall Color on Thermal Performance of 

Building. Tikrit Journal of Engineering Sciences, 29(3), 15–23. https://doi.org/10.25130/tjes.29.3.2 

[22]  Hardan, S. A. .,  Aules, W. A. . (2022). Analysis of CFRP Confined Concrete Cylinders by using ABAQUS 

Software. Tikrit Journal of Engineering Sciences, 29(2), 28–40. https://doi.org/10.25130/tjes.29.2.5  

[23]  AL-Hafidh, M. H and K. A. AL Zubaidy. (2015)  Heat Transfer Investigation of TiO2 Nanofluid in Silica 

Aerogel/Glass Fibber Composite Material Enclosure.  International Journal of Computer Applications 

112(8), 16-23. 

[24]   Mohaisen, H. N  and  Abdalhadi, A. M. (2022)  Influence of the Induced Magnetic and Rotation on 

Mixed Convection Heat Transfer for the Peristaltic Transport of Bingham plastic Fluid in an Asymmetric 

Channel. Iraqi Journal of Science  63(4), 1770–1785. https://doi.org/10.24996/ijs.2022.63.4.35 

 [25] Kyu, H. D., T. H. Kim  and S. J. Kim. (2010)  Analytical and experimental investigations on fluid flow and 

thermal characteristics of a plate-fin heat sink subject to a uniformly impinging jet.   International 

Journal of Heat and Mass Transfer   53(9), 2318-2323, 2010, doi: 

org/10.1016/j.ijheatmasstransfer.2009.12.049. 

[26] Jasim, A. K., M. S. Kassim., A. A. Hussain and L. J. Habeeb. (2021) Investigation of heat Transfer 

enhancement for different shapes pin-fin heat Sink. Journal of Mechanical Engineering Research and 

Developments 44(3), 75-89., https://doi.org/10.1016/j.ast.2012.09.003 

[27]   Alchapar, N   and C. Erica. (2022)  Mathematical models to assessment the energy performance of 

textured cladding for facades.  Journal of Applied Science and Engineering,  25(1), 151-158 . 

doi.org/10.6180/jase.202202_25(1).0015 

 [28] Nurul, N. M.P., N. I. A. Abidin and M. Jamil.  (2022)  Potential use of spherical glass sourced from 

cathode ray tube funnel glass for the application as coarse aggregate in concrete.  Journal of Applied 

Science and Engineering 25(3) 537-545 . .doi.org/10.6180/jase.202206_25(3).0010 

 

 

https://doi.org/10.1177/0954410015606939
https://doi.org/10.25130/tjes.29.2.2
https://doi.org/10.1016/j.ast.2012.02.006
https://doi.org/10.1016/j.ast.2012.09.003


10 
 

 

 [29] Hasen, Saba S., Rabiha S. Kareem,  and  Hayat A. Ali. "Mathematical Analysis of Peristaltic Pumps for 

Fene-P model subject to Hall and Joule impact." Iraqi Journal of Science (2022):  3141–3152. 

https://doi.org/10.24996/ijs.2022.63.7.35 

 [30]  Zedan, A. J. ., Faris, M. R. ., & Bdaiwi, A. K. . (2022). Performance Assessment of Shirin Earth Dam in 

Iraq Under Various Operational Conditions. Tikrit Journal of Engineering Sciences, 29(2), 61–74. 

https://doi.org/10.25130/tjes.29.2.8  

 [31] Madhavadas, V., D. Das., K. A. Mohta and S. S. Prabu.  "Comparative analysis on heat transfer of 

various fin profile using solid works: A systematic review. IOP Conf. Series: Earth and Environmental 

Science 850 (2021) 012029. doi:10.1088/1755-1315/850/1/012029 

 [32]  Nurhabibah N, Nugroho AK, RM, Lukitaningsih E. Formulation and Evaluation of Liquid Self Nano-

Emulsifying Drug Delivery System of Lovastatin". European Chemical Bulletin  11, no. 9 (2022): 54-

59. doi:10.31838/ecb/2022.11.09.010 

[33]  Liew Kai Bin, Fariz Haiqal Bin Ruslan, A.B.M. Helal Uddin, Zaidul Islam Sarker, Ashok Kumar 

Janakiraman. (2022). ORALLY DISINTEGRATING FILM: A REVISIT OF ITS TWO DECADES DEVELOPMENT". 

European Chemical Bulletin  

11, no. 9 (2022): 16 -20. doi:10.31838/ecb/2022.11.09.004 

[ 34]  Jamali, Muhammad Sabaruddin Ahmad, Zuhailiaa , Ismail  and  Norsarahaida Saidina Amin. "Effect of 

Different Types of Stenosis on Generalized Power Law Model of Blood Flow in a Bifurcated 

Artery." Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 87, no . 3 (2021): 172–

183. https://doi.org/10.37934/arfmts.87.3.172183 

https://doi.org/10.24996/ijs.2022.63.7.35
http://dx.doi.org/10.31838/ecb/2022.11.09.010
http://dx.doi.org/10.31838/ecb/2022.11.09.004


 

 

 
 

 


