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Abstract 

The application of using fins to lose excess heat is affected by many factors such as fin 

surface area, weight of fins, heat transfer coefficient, fins' material, orientation of  fin surface 

of fins, Reynolds value due to the mutually effect between the inertia and viscous force for 

fluid flow. In this manuscript, Numerical simulation and experimental work was done to 

investigate the improvement of heat convection by using cone shape fin with ellipse base at 

low Reynolds number and arrangement as staggered. Where, the fluent Ansys 2020 R1 

program is presented using modified K-  (turbulent model). Moreover, the effect of 

curvature of the fin surface on the amount of heat driven was studied. The thermal 

dissipation of each type of fins are verification with the values of (h) heat transfer coefficient 

that obtained from relations which derived from conservation of energy. The various results 

of h at different value of fin distribution at air velocity (1 m/s and 2.5 m/s) are obtained. The 

results show that, the heat transfer coefficient increase as the fine surface increase. Also, 

there are a good relation between the surface shape and the amount of heat dissipation. The 

result compared with experimental values and gives a good agreement. 

 

Keywords: New shape fin, Ansys 2020R1, heat transfer rate, K-  turbulent model, forced 

convection. 

 

 

Introduction 

Nomenclatures 

A area, [m2] k thermal conductivity, [W/(m·K)] 

l, L length, [mm] or [m] 

Nu average Nusselt number, [-] 

p pressure, [Pa] or [N/m2] 

Po atmospheric pressure, [Pa] 

Pr Prandtl number, [-] 

Qs  heat supplied, [W] 

Re  Reynolds number, [-] 
 

Cp coefficient of friction, [-] 

cp specific heat, [J/(kg·K)] 

A area, [m2] 

cp specific heat, [J/(kg·K)] 

Cf coefficient of pressure, [-] 

C1 arbitrary constant, [-] 

D diameter, [mm] or [m] 

H height, [mm] or [m] 

h heat transfer coefficient, [W/(m2·K)] 

T: temperature, [K] 
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In many heat transfer applications, the forced convection from extended surfaces which called fins 

has not been studied well; despite its great practical importance. In most engineering applications 

like cooling of electronic components the fluid flow velocity is very low with high viscosity low 

space between fins in which the thermal control is very important [1]; this situation the viscosity 

is dominated. Therefore, this flow type will produce low Reynolds number. On the other hand, the 

locations of fins in flow region may produce turbulent flow by the drag force due to flow 

obstruction by fins. Many parameters that may increases of contribution to increases the intensity 

of turbulent in this case like the effect of angle of flow incidence, obstruction body shape and its 

distribution behind the flow source. The references [2-4] presented experimentally and 

numerically investigation of flow around circular and rectangular cylinder in several flow media 

(air and water) that produce turbulent flow at low Reynolds number. There are many works reveals 

that this flow formation in vicinity of fin will enhance the heat rate. Also, there are other parameters 

depends on the applications of fin can be used for improved the performance of fins like geometry 

of fins, weight, size. Where, Saroj Yadav et al [5] conducted the numerically and experimentally 

investigation for triangular with aluminum fins as heat sink. For numerical solution they used the 

finite element method (FEM) to simulate velocity streamline, direction as well as the fins' surface 

temperature [K]. However, they studied the effect of many parameters, number of fins, its 

arrangement's and features of fins length with different orientation angles. The shape of fin has a 

wide effect on the fin performance as presented by numerous previous researchers. Where, Nabil 

et al [6] presented innovate shape fin induced from egg shape to increase the heat dissipation. Also, 

they used the FEM to improve that the fin shape alone may be improved the fin performance. 

Moreover, Khan et al. [7] presented Y-shaped fin for enhancing the heat transfer rate along the 

bottom surface of square cavity. While, Yatendra and Sahu [8] conducted a vertical pin fins array 

that used as heat sinks to increase its thermal performance. Hamid and Mohammed [9] presented 

the numerically analysis of the elliptical pin fin heat sinks. The region of flow were laminar that 

around and above the elliptical foam fin. They found that the fin matel gives pressure drop but 

increases with heat transfer dissipation. Also, Navid et al [10] presented a numerically solution 

using FEM to investigated the multiple shapes effect of fin on enhancement of its thermal 

performance. However, they investigated numerically the thermal features of rectangular, convex, 

parabolic, exponential, sinusoidal, and cosine shape fin. Many researchers presented new models 

for modification to enhance heat rate like added perforated fins, design new shapes…etc. 

Consequently, Vidyadhar Karlapalem  Sukanta Kumar Dash [11] designed new perforated fin 

laminar flow and found the maiximum heat dissipate happened in narrowest space. While, 

Rosnadiah et al [12] designed Hybrid pin fin with connector Heat Sink and discovered that the 

arrangement of pin fins has a huge effect of heat flow rate. Ambarish et al [13] increased the heat 

dissipation rate by conducted circular perforated fins. On the other hand, pressure drop will be 

lower with perforated fin compare with flat one depends on the number and size of holes.     

In the present work, new cone fin shape is experimentally and numerically thermally investigated. 

The vertical wind tunnel is used for experimental work as that shall elaborate in subsequent 

articles. The experimental is very important for distinguish the flow behavior in front and among 

the new shape fin that arrangement with staggered way. On the other hand, the Ansys 2020R1 

program is used for numerical solution at low Reynolds number for simulation and validation of 

the fin arrangement effect on its thermal performance.  



                          

          

 
21 

2. The Numerical and Experimental Model 

The base of the fin is ellipse, while the top of fin is half of sphere as shown in      figure (1).  This 

fin used as heat sinks also used to induce turbulent flow by new shape that will enhancement 

transfer rate. All the thermal fins are made of aluminum placed on a base with dimensions (110) 

mm Length, (100) mm width and the arrangement of fin is staggered.  The staggered arrangement 

is the best one for enhancement the heat dissipation. The height of the hot cone fins are (68) mm.  

 

 
a) Experimental model of fins  b)  Numerical model of fins 

Figure (1): Fins under investigation a) experimental model of fins and b) Numerical model of fins. 

 

3.  Governing Equations and Boundary Conditions 

The Governing Equations of Continuity, Momentum, And Heat Transfer Rate That used for 

numerical simulation  of  the heat transfer rate and turbulent induced by new fin shape have been 

presented in this part. Also, the temperature distribution which induced by air flow over or in 

vinicity region of each hot fin and the its base  for thermal featuers  will be presented as follow 

[15],[16] and [14]:  
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The velocity analysis parts in the x is u while in y-direction have expressed by v. However, T 

refers to the temperature of the fluid very near the hot cone fin surface. The main numbers and 

flow properties will be presented as following: 

𝑅𝑒 =
𝜌𝑉𝐷ℎ

𝜇
     …(5) 

Where Dh is haydrolic diameter and 𝜇 is air viscosity,.  

 The Nusselt Number can be given by 

 𝑁𝑢 =
ℎ 𝐷ℎ

𝐾
                                                    …(6) 
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And the heat trasfer coefficient  can be given by 

ℎ =
1

𝐴𝑠
∫

𝑄

𝑇𝑤−𝑇𝑎
𝑑𝐴

𝐴𝑠
                                     …(7)                   

 The symbol Ta represent the air flow temperature in vinicity region to the fin that have cone shape  

and As is new shape fin outer surfces area and Tw is the fin surface wall temperature. Moreover, 

the k – ε model was choosn with in ANSYS 2020 R1 software and to apply in this case with the 

following assumptions: 

1. The volume of new size of fins in numerical and experimental is identical   

2. No slip of boundary layer around curved triangle. 

3. Steady flow rate and effect dominate between viscouse force and heat dissipation that comes 

from temperature distribution within fluid and around the hot cone fin. 

4. The fins made from aliminum and have ellipse base shape with a small hemisphere at the top 

for each one. 

the k–ε turbulence model can be given by [17]  
𝜕

𝜕𝑡
(𝜌𝑘) +

𝜕

𝜕𝑥𝑖
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] + 𝐺𝑘 + 𝐺𝑏 − 𝜌𝜀 − 𝑌𝑀 + 𝑆𝐾        …(8)                                                 

And 
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4. Mesh Generation and Validation 

Numerically analyses using the finite volume method that base in Fluent ANSYS 2020 R1. Figure 

(2) conducted the mesh generation in the confined fluid among the cone fin shape in two fluid flow 

velocities cases in this work. The element that used is tetrahedron with no. of element 997236. The 

power supply is constant 50w/m2. 

 

Table 1: The number of element with h (heat transfer coefficient) for cone fin with. 

Grid types coarse fine finer 

Number of elements 243132 423365 997236 

h (heat transfer 

coefficient ) 

57.72367 58.896768 58.98652 

 

   

 

   

 

 

 

 

 

 

a) Fins       b) air flow over fins(control volume) 

 

Figure 2. (a, b) Mesh generation for all cases. 
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5. Experimental Device 

Experiments are presented to show the flow                                                                   

performance of a set of aluminum fin that                                                                                         

arranged in a staggered way.                                                                                                         

Figure (1a). The figure 3, shows the experimental set-up                                                                       

used in the current work smoke wind tunnel.                                                                                           

The set-up consists of a square test section                                                                                           

as shown with air flow by located at apparatus                                                                                      

with outlet temperature Sensor.                                                                                                            

Air enters the tunnel from the                                                                                                      

bottom and leaves it from up way.                                                                                                          

The base plate is joined with the heater unit to apply constant heat power behind the base plate 

(50 W/m2). The main purpose of using this apparatus is to investigate the flow visualization over 

and around the cone fin that may induced turbulent flow by its shape and this will increase the 

thermal performance of fin arrangement.  

 

Results and Discussions  

The fin design is very important parameter can be used to increase its thermal performance. The 

novelty of this work is presented new shape fin with ellipse base and cone shape. The main purpose 

of this shape is to induce turbulent flow between the fin system and behind the each one fin. Where, 

this flow type will increase heat dissipation from cone fins. The figure (4) represents the 

experimental flow visualization over cone fin with ellipse base at different air flow velocity. 

Where, part a) at air flow velocity 1m/s while part b) at air flow velocity 2.5 m/s. As shown this 

figure the turbulent concentrated behind the fins and grow up with vertical distance due to the 

narrow distance between adjacent fins. The ellipse base of each fin will increase the intensity of 

turbulence addition to the effect of staggered arrangement. The figure (5) represents the contour 

of temperature distribution on the vertical distance. These figure show the thermal boundary 

rapidly growth by the large and sudden spread of heat drawn from the fins. The ellipse base effect 

can be shown significantly in figure (6). The figure (6) shows that air velocity near to the base 

region around the ellipse base that attach base plate have the maximum velocity that will take the 

red color. The increase in velocity at base will produce the difference in pressure distribution that 

induced disturbance in flow and calling more heat energy from the outer surface of new shape fin 

with plat at bottom. This effect is very clear in figure (5). The overall effect of increasing of air 

flow velocity can be show in figure (7) which represents the numerical temperature distribution of 

air flow due to hot cone fin with ellipse bas at different air flow velocity. The comparison of the 

results of heat transfer coefficient of new fin with other researchers with identical boundary 

conditions of air flow and heat supply can be seen in figure(8). Also, the weight of the new fin 

with cylindrical type that used in reference [18] is the same by equating their volumes and 

materials type. This figure show the modification that happened by new fin design. So, this new 

shape of fin can be used for more thermal performance compare with cylindrical classical one      

Figure (3) smoke wind tunnel. 
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a) air velocity 1m/s                                               b) air velocity 2.5 m/s 

 

                                   
 

 

a) air velocity 1m/s                                               b) air velocity 2.5 m/s 

 

 

 

                                     
 

                a) air velocity 1m/s                                               b) air velocity 2.5 m/s    

 

 

 

Figure (4): Experimental flow visualization over cone fin with ellipse base at different air flow velocity. 

Figure (5): numerical results for temperature contour in the middle of fins staggered system at different air flow velocity. 

 

Figure (6): Numerical flow velocity over cone fin with ellipse bas at different air flow velocity. 
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                a) air velocity 1m/s                                               b) air velocity 2.5 m/s    

 

 

 
Figure (8): comparison the present work results with references [18] circular cylinder that have 

the identical situations. 

 

Conclusions 

The present work conducted the experimental and numerical thermal analysis of new shaped fins 

(cone fin with ellipse base) at different air flow velocity. A comparison is done at staggered 

arrangement with reference [18] and it's observed that the new shape fin gives a heat transfer rate 

greater that of classical cylindrical cylinder. Moreover, it very clear that the new shape will help 

strongly to produce more intensity turbulent flow that will enhance heat dissipation from the outer 

surface of fin systems. The numerical solution is very useful to understand the flow behavior in 

several levels of flow behavior. The new fin shape gives high flexibility in realizing the real effects, 

air movement and heat transfer under different flow conditions. 
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