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Abstract— Heat transfer enhancement is the major research 

area in which many researchers are working to fulfil the need 

of equipments which are capable to provided high heat 

transfer density. The removal of excessive heat from system 

components is essential to avoid the damaging effects of 

burning or overheating. Therefore, the enhancement of heat 

transfer is an import subject of thermal engineering. The heat 

transfer from surfaces may in general be enhanced by 

increasing the heat transfer coefficient between a surface and 

its surroundings, by increasing the heat transfer area of the 

surface, or by both. In most cases, the area of heat transfer 

increased by utilizing extended surfaces in the form of fins 

attached to walls and surfaces. Extended surfaces frequently 

used in heat exchanging devices for the purpose of increasing 

the heat transfer between a primary surface and the 

surrounding fluid. In last few decades, energy crises have 

created need of usage of higher efficient heat exchanging 

devices. A lot of research work in this area of heat transfer 

has already done and still in process by various researchers. 

This topic of heat transfer enhancement has acquired position 

of special branch of heat transfer. Increasing heat transfer 

coefficient by changing surface geometries, so that thermal 

and hydrodynamic boundary layer is avoided. Now the time 

has come to standardize the heat transfer enhancement 

techniques. Increasing the roughness of heat transfer surface 

area will increase the heat transfer rate but also increase the 

pressure drop across the section which increases the pumping 

power. Fins are commonly applied for heat management in 

electrical appliances, such as computer power supplies or 

substation transformers and other applications include IC 

engine cooling, Fins in Automobile radiator. Extensions on 

the finned surfaces is used to increases the surface area of the 

fin. When the surface area increase the more fluid contact to 

increase the rate of heat transfers from the base surface as 

compare to fin without the extensions provided to it. The 

concept of heat transfer through perforated in fin array also 

one of the method to improve the heat transfer character. 
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I. INTRODUCTION 

Fins can be defined as the arrangement of extended surfaces 

to increase the heat transfer from the hot bodies. Fins increase 

the convective surface area of hot body so increases the 

convective heat transfer. Fins have many applications such as 

heat engines, computer chips, refrigerators, heat exchangers, 

electric motors, transformers etc. So that due to wide and 

important application of fins in area of heat transfer it’s the 

topic of interest of many researchers. 

 Fins are used to enhance convective heat transfer in 

a wide range of engineering applications, and offer a practical 

means for achieving a large total heat transfer surface area 

without the use of an excessive amount of primary surface 

area. Fins are commonly applied for heat management in 

electrical appliances such as computer power supplies or 

substation transformers. 

 Other applications include Internal Combustion 

engine cooling, such as fins in a car radiator. It is important 

to predict the temperature distribution within the fin in order 

to choose the configuration that offers maximum 

effectiveness. Natural convection heat transfer is often 

increased by provision of rectangular fins on horizontal or 

vertical surfaces in many electronic applications, motors and 

transformers. The current trend in the electronic industry is 

miniaturization, making the overheating problem more acute 

due to the reduction in surface area available for heat 

dissipation. 

 This work is conducted for Experimental 

Investigation of fin arrays with various shapes of perforations 

and at different angle of inclinations under Natural 

Convection conditions. In this work fin arrays with 

perforations are tested and their results are studied to find out 

their effect on the heat transfer from fin array. In this study 

fin arrays with different shapes of perforations like circular, 

triangular, square etc. are studied. 

II. EXPERIMENTAL ANALYSIS 

Fin array is placed on aluminum base plate which is common 

through ought the experiment. Plate heater is used to give heat 

to fins array setup. There are arrangement of 9 thermocouple 

from which 8 for measuring fin temperature and one is to 

measure ambient temperature. 

 This total fin array setup is placed in closed box to 

generate natural convection. This box have arrangement for 

making inclinations to get reading from various angles. 

 Experiment is done on various shapes of perforated 

fin array (perforations used are circular, triangular and of 

square in shape) at various inclinations. 

A. Design Parameter 

Aluminum fins are used due to easily availability of 

aluminum. 

Fin Dimensions 

 Length of fin = 100 mm 

 Height of fin = 40 mm 

 Thickness of fin = 5 mm 

 No. of perforations = 5 

 No of fins = 4 

 Circular perforation diameter = 10 mm 

 Triangular perforation side = 14 mm 

 Square side = 9 mm 

Base plate dimensions = 100 mm *100 mm 

B. Formulae & Equations used for Calculations 

Heat Lost by Radiation (Qrad): 
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Qrad = σ × ε × A × [ Ts
4 – Tamb

4 ]...................(1) 

Where, 

σ = Stefan Boltzmann Constant 

= 5.67 × 10-8 W/mK4 

ε = Emissivity of Aluminium = 0.1 

A = Area available for radiation through fin array 

= 0.0516 m2 

Ts= Average surface temperature in K 

= 
T1+T2+T3+T4+T5+T6+T7+T8

8
 

Tamb= Ambient temperature in K = T9 

 

QConv= Q - Qrad 

Where, 
Q = Heater Input 

Qrad= Heat lost by radiation through fin array 

h = 
QConv

A × ΔT
 ............................................(2) 

Where, 

A = Area available for Convection 

𝚫T = TS-Tamb 

III. EXPERIMENTAL SETUP 

 
Fig. 1: Experimental Setup 

Place the fin array in position and make connections with 

thermocouple and dimmer stat. Adjust the power input and 

take the readings of thermocouple T1 to T9 when steady state 

achieved. Same procedure is for different inclinations and for 

different perforated fin array at 60, 90, 120 & 150 watt heater 

input. 

IV. RESULT & CONCLUSION 

Graph no.6.1 is plotted for change in heat transfer coefficient 

for various angle of for plain fin arrays. From this graphs it’s 

found that for Plain fin arrays the heat transfer coefficient is 

maximum for an inclinations of 90⁰  angles i.e. when fin 

array is in vertical direction. Maximum heat transfer 

coefficient is found 20 W / m2 k for heater input 90 W. 

 
Graph 6.1: Heat Transfer vs Heat Transfer Coefficient at 

Various Angle of Inclinations 

(For plain fin array without perforations) 

 Graph no 6.2 are plotted for change in heat transfer 

coefficient for various angles of for circular perforated fin 

arrays. From this graph it’s found that for circular perforated 

fin arrays the heat transfer coefficient is maximum for an 

inclination of 90⁰  angles i.e. when fin array is in vertical 

direction. Maximum heat transfer coefficient is found 18 W / 

m2 k for heater input 90 W. Second highest heat transfer 

coefficient is at 60⁰  and at 30⁰ . 

 
Graph 6.2: Heat Transfer Vs Heat Transfer Coefficient at 

Various Angle of Inclinations 

(For Plain Fin Array with Circular Perforations) 

 Graph no.6.3 is plotted for change in heat transfer 

coefficient for various angles of for Triangular perforated fin 

arrays. From this graph it’s found that for Triangular 

perforated fin arrays the heat transfer coefficient is maximum 

for an inclinations of 90⁰  angles i.e. when fin array is in 

vertical direction. Maximum heat transfer coefficient is found 

20 W / m2 k for heater input 90 W. Second highest heat 

transfer coefficient is at 60⁰  and at 30⁰ . 

 
Graph No.6.3 Heat Transfer Vs Heat Transfer Coefficient at 

Various Angle of Inclinations 

(For Plain Fin Array with Triangular Perforations) 

 Graph no.6.4 is plotted for change in heat transfer 

coefficient for various angle of for Square perforated fin 

arrays. From this graph it’s found that for Square perforated 
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fin arrays the heat transfer coefficient is maximum for an 

inclination of 90⁰  angle i.e. when fin array is in vertical 

direction. Maximum heat transfer coefficient is found 18 W / 

m2 k for heater input 120 W. Second highest heat transfer 

coefficient is at 60⁰  and at 30⁰ . 

 
Graph No.6.4 Heat Transfer vs. Heat Transfer Coefficient at 

Various Angle of Inclinations 

(For Plain Fin Array with Square Perforations) 

V. SUMMERY & CONCLUSION 

An experimental investigation of natural convection heat 

transfer from various shapes of perforated fin array at 

different inclinations are done from which it is found that for 

heat transfer coefficient is high for triangular perforations. 

Heat transfer coefficient is higher for circular perforations 

than fin array without perforations. Also heat transfer 

coefficient is high for square perforations than circular 

perforations. 

 From various angle of inclinations heat transfer 

coefficient is higher for 90⁰  that is when fin array is vertical 

in direction. 

 Also there is saving 10% of material compared to fin 

array without perforations. 
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