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Abstract:  

Rapid development in manufacturing technology and consumer demands has driven the electronic technology towards increasing the 

functionality and compactness of the components. The miniaturization of electronics results in higher rate of power dissipation per 

unit volume. Thus effective thermal management becomes ever more critical to maintain the operation temperature which would 

ensure the efficiency and reliability of the electronic components. The design of heat sink device is predicated upon optimizing the 

opposite demands of maximizing thermal dissipation rate. There is various shape forms of fins generally used in practical 

applications. Aluminium is the basic metal preferred to make fins due to their less weight and cost with high thermal conductivity. In 

general the heat transfer from fins depends upon different factors, like the material used to make fin, thermal conductivity of the 

material, its shape, surface area, mode of heat transfer allowed, size of fin etc,. In the present work, an attempt is made to fabricate 

circular pin fin made of Aluminium with different geometric holes and analyze their performance in terms of fin efficiency, fin 

effectiveness, heat transfer rate and temperature distribution along the fin. 

 

Keywords: pin fin apparatus, perforated pin fin, fin efficiency, fin effectiveness. 

 

1. INTRODUCTION 

The heat conducted through solids, walls or boundaries has to be 

continuously dissipated to the surroundings or environment to 

maintain the system in steady state conduction. In many 

engineering applications large quantities of heat have to be 

dissipated from small areas. Heat transfer by convection between 

a surface and the fluid surroundings it can be increased by 

attaching to the surface thin strips of metals called fins. The fins 

increase the effective area of the surface thereby increasing the 

heat transfer by convection [1]. The fins are also referred as 

“extended surfaces”. Fins are manufactured in different 

geometries, depending up on the practical applications Most of 

the engineering problems require high performance heat transfer 

components with progressively less weights, volumes, 

accommodating shapes and costs. Extended surfaces (fins) are 

one of the heat exchanging devices that are employed 

extensively to increase heat transfer rates. The rate of heat 

transfer depends on the surface area of the fin. It increases the 

contact surface area, for example a heat sink with fins [2]. The 

heat transferred through the fins provides the problem of 

determination of heat flow through a fin requires the knowledge 

of temperature distribution through it. This can be obtained by 

regarding the fin as a metallic plate connected at its base to a 

heated wall and transferring heat to a fluid by convection. The 

heat flow through the fin is by conduction. 

 

The heat transferred through the fins provides the problem of 

determination of heat flow through a fin requires the knowledge 

of temperature distribution through it. This can be obtained by 

regarding the fin as a metallic plate connected at its base to a 

heated wall and transferring heat to a fluid by convection. The 

heat flow through the fin is by conduction. Thus the temperature 

distribution in a fin will depend upon the properties of both the 

fin material and the surrounding fluid. In this section, we will 

analyze certain basic forms of fins, with respect to heat rate, 

temperature distribution and effectiveness.  

 

The experiment is conduct to investigate the effect of the 

pressure loss and heat transfer characteristics in pin-fin channel, 

where dimples are located on the pin-fins. An aluminum fin of 

rectangular cross section with various dimple depth is fitted in a 

long rectangular duct [3]. In the present work aluminum & brass 

plate were used as a test surface. Most of the engineering 

problems require high performance heat transfer components 

with progressively less weights, volumes, accommodating 

shapes and costs. Extended surfaces (fins) are one of the heat 

exchanging devices that are employed extensively to increase 

heat transfer rates.  

 

The rate of heat transfer depends on the surface area of the fin. 

In this the heat transfer rate and efficiency for circular and 

elliptical annular fins were analyzed for different environmental 

conditions. Based on Newton’s law of cooling, convective heat 

transfer can be calculated as the product of heat transfer 

coefficient, heat transfer surface area and the temperature 

difference between the wall of the tube and the fluid flowing 

inside the walls. The wall to fluid temperature difference is 

usually adjusted oneself based on the operating conditions and 

therefore it cannot be used to enhance the heat transfer rate [4]. 
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One can increase the heat transfer surface area or the heat 

transfer coefficient, or both of them simultaneously.  

 

2. EXPERIMENTAL METHODS 

 

An Aluminum fin of circular cross section in fitted across a long 

rectangular duct. The other end of the duct is connected to the 

suction side of a blower and the air flows past the fin 

perpendicular to the axis. One end of the fin projects outside the 

duct and is heated by a heater. Temperature at five points along 

the length of the fin [5].  

 

The air flow rate is measured by an orifice meter fitted on the 

delivery side of the blower. The apparatus consists of a pin-fin 

placed inside an open duct the other end of the duct to connected 

to suction side of a blower the delivery side of a blower is taken 

on through on orifice meter to atmosphere, the air flow rate can 

be varied by the blower speed regular and can be measured on 

the u tube manometer connected to one end of the pin fin. The 

panel of the apparatus consists of voltmeter, ammeter and digital 

temperature indicator, heat regulator in it. 

 

 
Figure.1. Schematic diagram of pin fin apparatus 

Extended surfaces of fins are used to increase the heat transfer 

rate from a surface to a fluid wherever it is not possible to 

increase the value of the surface heat transfer coefficient or the 

temperature difference between the surface and the fluid. The 

use of this is variety of shapes Circumferential fins around the 

cylinder of a motor cycle engine and fins attached to condenser 

tubes of a refrigerator are a few familiar examples [6]. 

 

2.1 COMPONENTS OF THE SETUP: 

DUCT: 

The duct is rectangular shaped of dimension135mm x100mm 

cross section. Length of duct is 400 mm. The material used for 

duct manufacturing is Aluminum. 

 

 
Fig2: Rectangular duct for experiment 

 

BLOWER: 

The blower used operates on 1 HP motor 

 
Figure.3. Blower for forced convection 

 

HEATER: 

The heater used is a nichrome wire heater of 50 mm diameter 

and 50 mm length. 

 

 
Figure.4.  Heater connected to pin fin 

 

MANOMETER: 

The manometer used is water manometer of specification 250-0-

250 mm 

 

 
Figure.5. Manometer for air velocity 

 

FIN: 
Fins of various materials are used with standard dimension of 12 

mm diameter and 130 mm length [7]. Five thermocouples of K 

type are fitted on the length of fin for temperature measurement 

at 32.5 mm interval. 

 

 
Figure.6. Fin inside the duct 
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2.2 NOMENCLATURE: 

A  = Cross sectional area of the fin (m2) 

D  = Diameter of the fin (m) 

D  = Diameter of the duct (m) 

H  = Heat transfer coefficient (W/m2-K) 

K  = Thermal conductivity (W/m-K) 

Kf  = Fin material thermal conductivity (W/m-K) 

Ka  = Thermal conductivity of air (W/m-K) 

L  = Length of the fin (m) 

M  = Fin parameter (m-1) 

P  = Perimeter of the fin (m) 

Q  = Heat transfer rate (W) 

T  = Temperature (
0
C) 

Tf  = Film temperature (
0
C) 

Tavg  = Average surface temperature (
0
C) 

Ta  = Air inlet temperature (
0
C) 

U  = Air velocity (m/s) 

ΔT  = Temperature difference (
0
C) 

Re  = Reynolds number 

Nu  = Nusselt number 

Pr  = Prandtl number 

ɳf  = Efficiency of the fin (%) 

υ  = Kinematic viscosity of air (m2/s) 

ρ  = Density of air (kg/m3) 

S1 = Pure solid rod made of aluminium 

S2 = Solid rod with perpendicular holes 

S3 = Solid rod with P.H and axial hole of one by third   

                  length             

S4 = Solid rod with P.H and  axial hole of one by two   

                  length 

 

2.3 OBSERVATIONS: 

 Diameter of the orifice = 14mm.  

 Diameter of the delivery pipe = 32mm  

 Coefficient of discharge (or orifice meter) Cd = 0.62 

 Thermal conductivity of fin material (Brass) = 110w/m 
0
C 

 Thermal conductivity of fin material (Aluminium) = 

220w/m 
0
C  

 Temperature indicator = 0 – 300 
0
C  

 Dimmerstat for heat input control 230V, 2 Amps.  

 Heater suitable for mounting at the fin end outside the 

duct =150 watts (Band type)  

 Voltmeter = 0-500V.  

 Ammeter = 0-5Amps.  

 Ambient Temperature T6  = Tf = 27 
o
C  

 Voltage (V) = 60 V  

 14)Current (I) = 0.17 A  

 

2.4 EXPERIMENTAL SET UP: 

An Aluminium fin of circular cross section in fitted across a long 

rectangular duct. The other end of the duct is connected to the 

suction side of a blower and the air flows past the fin 

perpendicular to the axis [8]. One end of the fin projects inside 

the duct and is heated by a heater. Temperature at five points 

along the length of the fin. The air flow rate is measured by an 

orifice meter fitted on the delivery side of the blower. The 

apparatus consists of a pin-fin placed inside an open duct the 

other end of the duct to connected to suction side of a blower the 

delivery side of a blower is taken on through on orifice meter to 

atmosphere, the air flow rate can be varied by the blower speed 

regular and can be measured on the u tube manometer connected 

to one end of the pin fin [9]. The panel of the apparatus consists 

of voltmeter, ammeter and digital temperature indicator, heat 

regulator in it. Extended surfaces of fins are used to increase the 

heat transfer rate from a surface to a fluid wherever it is not 

possible to increase the value of the surface heat transfer 

coefficient or the temperature difference between the surface and 

the fluid [10]. The use of this is variety of shapes (Refer fig. 8, 9 

and 10).The main objective of this experimental set up is to 

study temperature distribution in a simple pin fin. The materials 

selected for the project work is pure aluminium have been 

selected for experimentation due to easy availability. For the 

experimentation one set of solid fin and three sets of perforated 

fins were taken for different perforations and compared their 

performance. Place the pin fin in position, Make the connection 

with dimmerstat. Put on power supply. Adjust the heater input 

i.e. voltage [11]. Wait till steady state is reached and note down 

the temperature (T1) to (T5). Similar readings can be taken for 

various pin fin material with different perforation [12]. By 

keeping the fixed heater input different set of reading are to be 

taken. Similarly take the observations for different perforation 

by replacing pin fin one by one. 

 

2.4 DESIGN CONSIDERATIONS: 

 

 
Figure.7. Pure solid rod made of aluminium (S1) 

 

 
Fig8: Solid rod with perpendicular holes (S2) 

 

 
Figure.9. Solid rod with P.H and axial hole of one by third 

length (S3) 

 

 
Figure.10. Solid rod with P.H and  axial hole of one by two 

length (S4) 
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3. DATA REDUCTION: 

Table.1. Temperature values at thermo couples 

Fin Dimensions 

Height of fin = 135 mm 

Diameter of Fin = 12mm 

Dia. of perpendicular hole = 3 mm 

No. of perforation =1, 2, 3, 4 

Dia. of axial hole = 6mm 

β = (d0/dp) 

Velocity of orifice, V0 = Cd ((2*g*h (ρm-ρa))/(ρa*(1-β))) 

Mean Temperature, Tm = (Ts+Tα)/2 

Where,  Ts  = (T2+T3+T4+T5)/4 

Here the properties of air fare, 

ν  = 1.8288*10
-⁵ m²/s 

Pr  = 0.697 

K  = 0.02849 W/mK 

δT  =(BaseTemperature-Atmospheric 

Temperature) 

Reynolds Number,  Re  = (Va*df)/ν 

Nusselt Number,   Nu  = c*Re
n 

*Pr
1/3

 
  
Where, c = 0.683 and n = 0.466 

 

Heat transfer coefficient,  h  = (Nu*K)/df 

m  = (h*P/K*A)
 1/2

 

Where,    P  = πD  

Efficiency, η = Qfin/Qmax 

Where,Qfin=(P*h*K*A)
1/2

*(T0-

Ta)*(tanh(mL)+(h/Km))/(1+(h/Km)*tanh(mL)) 

   

Qmax = h*P*L*(T0-Ta) 

Effectiveness,  ɛ = (Q with fin / Q without fin) 

  

Table.2. Table for pin fin parameters of various types of 

solids 

   Geometric       

  Models 
    

 Base 

Temp-

Atm 

Temp(⁰C) 

  Heat 

Transfer  

Rate(Q) 
  (W) 

      

Efficiency 
    (η)  

  

Effectiveness 
      (ɛ)  

Pure Solid                   

72.7  

                 

8.32  

          

77.75  

                  

35.7  

Solid with 

Perpendicular  

holes 

            

72.4  

          

8.45  

           

78.76  

               

36.52  

Solid with 

perpendicular 

holes and 
through hole of 

one by third 

length         

            

70.4  

         

9.12  

           

79.3  

              

40.53  

Solid with 
perpendicular 

holes and 

through hole of 
one  by two 

length 

            

             
70.1  

          
9.889  

            
81.12  

        
          43.93  

4. RESULTS AND DISCUSSIONS: 

 

In the experimentation different materials, different perforation 

is used to compare the enhancement of heat transfer coefficient. 

The effect of different material of pin fin on natural convection 

heat transfer is studied for different perforation (one, two, three 

and four). Calculations are carried out for aluminium pin fin. 

The enhancement in heat transfer coefficient due to use of 

perforated fin. In this experimentation four set of fins were 

taken, one solid fin set and three set of perforated fin at constant 

voltage. Five observations taken at respective perforation. 

 

4.1 Comparison of Temperature verses length on solid type 

S1: 

 
From the given graph  

Maximum Temp – minimum Temp = 31
0
C. 

 

4.2 Comparison of Temperature verses length on solid type 

S2: 

 
 

From the given graph  

Maximum Temp – minimum Temp = 30
0
C. 
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4.3 Comparison of Temperature verses length on solid type 

S3: 

 
From the given graph  

Maximum Temp – minimum Temp = 28.6
0
C. 

 

4.4 Comparison of Temperature verses length on solid type 

S4: 

 
From the given graph  

Maximum Temp – minimum Temp = 26.9
0
C. 

From the given graphs the difference of maximum and  

Minimum temperature is minimum for pin fin type S4, i.e. the 

convective heat losses are maximum from the pin fin S4.   

 

4.5 Comparision of heat transfer coefficient with various 

solid types: 

 
From the given graph the heat transfer coefficient for various 

types of solid pin fins based on pure aluminium solid pin fin is 

given by 

Percentage increase in Heat transfer coefficient from S1 to S2 = 

0.028% 

Percentage increase in Heat transfer coefficient from S1 to S3 = 

0.049% 

Percentage increase in Heat transfer coefficient from S1 to S4 

=0.381% 

 

4.2 Comparison of Heat transfer rate with various solid 

types: 

 
From the given graph the heat transfer rate for various types of 

solid pin fins based on pure aluminium solid pin fin is given by 

Percentage increases in Heat transfer rate from S1 to S2 = 

0.961% 

Percentage increases in Heat transfer rate from S1 to S3 = 9.615 

% 

Percentage increases in Heat transfer rate from S1 to S4 = 18.85 

%  

 

4.3 Comparison of Efficiency with various solid types: 

 
From the given graph the Efficiency for various types of solid 

pin fins based on pure aluminium solid pin fin is given by 

Percentage increase in Efficiency from S1 to S2 = 1.29 % 

Percentage increase in Efficiency from S1 to S3 = 1.99 % 
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Percentage increase in Efficiency from S1 to S4 = 4.33 % 

 

4.4 Comparison of Effectiveness with various solid types: 

 
From the given graph the Effectiveness for various types of solid 

pin fins based on pure aluminium solid pin fin is given by 

Percentage increases in effectiveness from S1 to S2 = 2.29 % 

Percentage increase in effectiveness from S1 to S3 = 13.52 % 

Percentage increase in effectiveness from S1 to S4 = 23.05 % 

 

5. CONCLUSION: 

 

The experimental studies of forced convection heat transfer with 

perforated fins were made. Average heat transfer coefficient for 

pin fin type S4 is higher than that of other type of pin fins S1, 

S2, and S3. At the same heat input, Efficiency and Effectiveness 

for a pin fin type S4 are also higher than that of other pin fins. 
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