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Abstract 

  

This paper presents the details of an experimental and numerical investigation of natural convection around a Radial 

fined heat sink, with a horizontal circular base and rectangular shape fins. The flow pattern is that of an Exhaust of 

Boiler or chimney; i.e. ambient cooler air enter from outside and is heated as it passes between the fins, then rises 

from the inner region of the heat sink. Parametric studies are performed to compare the effects of geometric 

parameters (fin length, fin height, and number of fins) and a single operating parameter (heat flux) on the thermal 

resistance and the average heat transfer coefficient for the heat sink array.  
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1. Introduction 

 

    Light-emitting diode LED lights have attracted the 

attention of the illumination industry, due to their 

lower power consumption, smaller, more durable 

structure and longer life compared to other light. 

However, their use presents a thermal problem, since 

about 65-70% of their total energy consumed is 

emitted in the form of heat. An efficient heat sink 

design is essential to solve this problem. Natural 

convection heat sinks are appropriate for LED lights. 

However, natural convection heat sinks commonly 

have rectangular bases, whereas LED lights are 

generally circular. 

                                   Numerous experimental and studies 

of rectangular fin heat sinks have been carried out. 

Experimentally investigated natural convection heat 

transfer from four heat sinks of differing dimensions, 

with the heat sink. Welling and Wool Bridge conducted 

an experimental study of vertically oriented 

rectangular fins of constant length attached to a 

vertical base . They found that an optimal fin height, 

corresponding to a maximum rate of natural 

convection heat transfer, for any given fin spacing. 

Performed experiments to calculate the average heat 

transfer coefficients for two different fin lengths, and 

established a correlation with the non-dimensional 

parameters and relevant fin dimensions.  However, 

most of these studies were concerned with heat sinks, 

which might be inefficient for cooling circular LED 

lights. In this study, natural convection from a heat sink 

with a circular base and rectangular fins is numerically 

and experimentally analysed. The effects of the number 

of fins, fin length, fin height, and heat flux on the 

thermal Resistance and the average heat transfer 

coefficient are investigated. A correlation is proposed 

to predict the average heat transfer coefficient for this 

type of heat sink, as a function of heat sink dimensions 

and heat flux  

 

 

 

2. Mathematical modelling 

 

Fig. 1 shows a radial heat sink consisting of a circular 

base and rectangular fins. The fins were arranged 

radially at regular intervals. The heat sink base was 

oriented horizontally. The heat sink was made of 

aluminum, whose properties are listed in Table 1. 

 

 
 

Fig.1. Radial Heat sink having a circular base and 

rectangular fin structure. 

 

Assumptions: 

For the numerical analysis, the following assumptions 

were imposed. 

 

1. The Heat Transfer takes place only in radial 

direction. 

2. Analysis can be done on steady state condition. 

3. The  standard  value  used  in  the  analysis  itself  

given  by  CFD software. 

4. Heat lost in outer cylinder is to be zero as the 

thickness is very small. 

5. The flow is laminar. 

6. The assembly is vertical. 

7. No heat lost take place in heater itself. 

 

 

Calculation: a  Base surface area of fin Ab =  / do −di   
b) Single fin surface area A1 = 2(L×H)+2(H×t)  

c) Toal fin surface area (Af) = (N× A1)  

d) Total surface area (AT) =Base surface area of fin 

(Ab) + Total fin surface area (Af)  e  AT =  / do −di  + N× A  

 



International  Engineering Research Journal  

Special Edition PGCON-MECH-2017 
 

 
 

A.Heat transfer coefficient and thermal resistance:  

According to Newton’s law of cooling,  Q= hA ΔT   
Heat transfer coefficient,  h =Q / AΔT  
Thermal resistance, 

 R=1/ hA 

 

B.Effectiveness of fin= √hPKA T −T∞                                         tanhmL+h/mK /  + tanhml* h/mK / hA t −ta  

 

C. Calculation of mass 

M (kg) =2800 × [(ro2-ri  × t +N×L×H ×t  

         Gr = g.β.ΔT   L  /  μ  

Ra=Gr×Pr  

Correlations of Nusselts number are  

Nu = 0.59 (Gr×Pr) 0.25 (For laminar flow 104<GrPr 

<109)  

Nu= hL/K 

 

Taguchi methodology: 
 

To provide efficient optimization, traditional 

optimization techniques like Design of Experiments are 

generally chosen as a tool. The heat sink geometry 

design factors like length of the fin (L), height of the fin 

(H), and number of fins (N) are chosen as the design 

parameters at three different levels to increase the 

total heat transfer from heat sink and are shown in 

table below. 

 

Parameter Code Level 

  1 2 3 

Length of fins L 35 45 55 

Height of fins H 15 20 25 

Number of fins N 24 28 32 

 

In this research nine experiments are been 

conducted at different parameters. For this Taguchi L9 

orthogonal array was used, which has nine rows 

corresponding to the number of tests, with three 

columns at three levels.   

 

Model No Level 1 Level 2 Level 3 

Model 1 1 1 1 

Model 2 1 2 2 

Model 3 1 3 3 

Model 4 2 1 2 

Model 5 2 2 3 

Model 6 2 3 1 

Model 7 3 1 3 

Model 8 3 2 1 

Model 9 3 3 2 

3. Experimental Setup 

 

 
 

Fig.2 Block diagram for experimental analysis of natural 

convection 

 

 
Fig.3 Actual Experiment setup  

 

 

 

4. Results & Discussion  

 

A) Theoretical & Experimental analysis results  

 

In Below plotted graph no.1 & 2 it is shown that, how 

Heat transfer coefficient changes with No. of models for  

experimental and theoretical analysis for of natural 

convection around a Radial fined heat sink, with a 

horizontal circular base and rectangular shape fin 

structure. Resistance variation is plotted along it. 
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Fig. 4 Experimental heat transfer coefficient and 

thermal resistance 

 

 
 

Fig. 5 Theoretical heat transfer coefficient and thermal 

resistance. 

 

 

 
 

Fig. 6 Optimistic fin structures experimental analysis 

results. 

 

 
 

Fig. 7 An Optimistic fin structures Theoretical analysis 

results - 1. 

 

 
 

Fig. 8 An Optimistic fin structures Theoretical analysis 

results -2. 

 

Optimistic fin is selected after completion of CFD 

simulation. When compares the temperature 

differences between the experimental and numerical 

results in terms of the heat flux applied to the heat sink 

base. This implies that the present numerical model 

can correctly predict the natural convection flow 

around a radial heat sink 

 

B) Numerical simulation using CFD software:  

 
 

Fig.4 Iterations required to achieve desired results 
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Fig.5 Thermo-flow characteristics 

 

In above plot thermo flow characteristics are shown 

for the fin structures, which show the results in 

different colors for different results of CFD simulation. 

 

 

 

Velocity vectors for heat sink:  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig.6 Temperature contour 

 

Above analysis results are for temperature pattern. An 

ambient cooler air enter from outside and is heated as 

it passes between the fins, then rises from the inner 

region of the heat sink. Parametric studies are 

performed to compare the effects of geometric 

parameters (fin length, fin height, and number of fins) 

and a single operating parameter (heat flux) on the 

thermal resistance and the average heat transfer 

coefficient for the heat sink array.  

 

 

5. Conclusions  

 

1) The results obtained by the CFD software are very 

close to the experimental results. So by this numerical 

simulation using CFD software, we are in position that, 

the experimental methodology that, we have adopted 

is correct & that is valid by CFD or numerical 

simulation.  

2) The numerical results were compared with 

experimental data by considering the differences 

between the ambient and heat sink temperatures.  

3) The geometric parameters of the experimental 

model were n = 32, ro = 80 mm, L = 35 mm, H = 25 mm, 

and t = 2 mm.  

4) When compares the temperature differences 

between the experimental and numerical results in 

terms of the heat flux applied to the heat sink base.  

5) This implies that the present numerical model can 

correctly predict the natural convection flow around a 

radial heat sink. 
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