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Abstract: The present paper reports on the results of experimental study on combined conduction-mixed convection of pin-fins with 

and without perforations having uniform internal heat generation. Different types of fin configurations viz., solid, hollow, solid pin fin 

with four perforations, solid fin with knurling and solid pin fin with a single perforation having equal weight are considered for the 

study. A comparative study has been done on the performance of fins used in various applications. An experimental set-up was designed 

and fabricated for the purpose. Further an effect heat transfer parameters on perforated fin were discussed in detail. 
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1. Literature Review 
 

The study on fin geometry and its effect on heat transfer rate 

is not new in the literature. Starting with Kern, and Kraus [1] 

who gave the concept of usage of fins in various electronic 

applications to enhance the dissipation of heat. Then Kraus 

and Bar-Cohen [2] has optimized the geometry of the fin. 

Though the usage of a fin increases the heat transfer rate it 

leads to increase in weight and cost of a device. Hence, it is 

the design engineer who has to strive for compact devices in 

improving the overall efficiency of a device. 

 

Shaeri et al. [3] have presented that the fins are the good 

examples of the passive method where there is no need to 

have an external agency to increase heat transfer rate and 

hence are regularly used in industries for better design 

applications.  

 

Bayram and Alparslan [4] have introduced anisotropic 

composite as well as perforated fins for enhancement of heat 

transfer rate. 

 

Subsequently, different processes in improving the heat 

transfer viz., Active and Passive methods is explained by 

Bergles [5] to decrease and optimize the weight and size of a 

fin.  

 

Further, the results of modeling and simulation in CFD by 

experiment on the fluid flow and heat transfer characteristics 

of a fin arrays with lateral circular perforation are presented 

by Dhanawade Hanamant [6]. They found that the increase 

in the fluid flow movement around the fin resulted in 

increase in the heat dissipation rate by adding perforation to 

the fins. Further, they concluded that new designed 

perforated fins have an improvement in average Nusselt 

number, over its external dimensionally equivalent solid fin 

arrays. 

 

Al-Essa Elshafei [7] have strived to increase the heat transfer 

area and heat transfer coefficient. He has introduced shape 

adjustments by making cavities, holes, slots, grooves or 

channels through the fin body. Wadhah, Hussain [8] 

explained the concept of enhancement of natural convection 

heat transfer from rectangular fins by circular perforations. 

 

The minimization of an entropy generation and application 

of an EGM technique for determining the thermodynamic 

losses caused by heat transfer and pressure drop in 

cylindrical pin-fin heat sinks was discussed by Khan et al. 

[9]. They have obtained a general expression for the entropy 

generation rate by considering the whole heat sink as a 

control volume and applied the conservation equations for 

mass and energy with the entropy balance. They showed that 

all relevant design parameters for pin-fin heat sinks, 

including geometric parameters, material properties and flow 

conditions can be simultaneously optimized. 

 

It can be seen from the literature that there are no 

experimental studies on pin fins with various configurations. 

Hence an attempt is made to study the comparisons of 

performance of different pin fin configurations. 

 

2. Introduction 
 

Exhaustive applications uses Fins to increase the heat 

transfer from surfaces. Typically, the fin material has a high 

thermal conductivity. Fins are used to enhance convective 

heat transfer in a wide range of engineering applications, and 

offer 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 viz., computer power 

supplies or substation transformers and other applications 

include cooling of Internal Combustion engine such as Fins 

in a car radiator. Fins are widely used in the trailing edges of 

gas-turbine blades, in electronic cooling and in the aerospace 

industry.  

 

The relative fin height (H/d) affects the heat transfer of pin-

fins, and other affecting factors include the velocity of fluid 

flow, the thermal properties of the fluid, the cross-sectional 

shape of the pin-fins like perforation, the relative inter-fin 

pitch, the arrangement of the pin-fins like in-line, staggered 

arrangement and others. It is proposed to study the 

parameters affecting the heat transfer through perforated pin 

fin with different configurations have been investigated. 

 

Here an attempt is made on experimental investigation on the 

effect of heat transfer parameters by introduction of 

perforations with different configurations such as solid pin 
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fin, hollow pin fin, solid pin fin with four equal perforations, 

solid pin fin with one large perforation, knurled fins, hollow 

fin. 

 

3. Experimental Set-Up 
 

To study the heat transfer parameters, an experimental set-up 

has been fabricated for the purpose. This set-up primarily 

consists of a Rectangular Duct, a Heating Unit, a blower, a 

Data Unit and an Anemometer. Fig. 1 shows a line diagram 

of the set-up. This experimental set up was fabricated based 

on an experimental studies made by Amol B et al. (2013). 

 

A Rectangular Duct is made of galvanized iron with a 

thickness of 0.5 mm. It is made up of 130×150 mm internal 

cross-section and the length of the channel was taken as 890 

mm. 

 

A 2.4 HP capacity Blower is used to allow the air to flow 

with a required velocity. It will be operated from 0 to 2800 

rpm, 130W, 180/230V, 50 Hz, Single Phase. It is operated 

from a convergent channel made of Galvanized Iron. It has a 

convergent and divergent section at both ends having the 

inclination of 30°.  

 

An Anemometer is used to measure the mean inlet velocity 

of the air flow entering and leaving the test section. The 

specification of anemometer used is:  Range: 4 to 30 m/s or 

1.4 to 108 KMPH, Vane Probe, Model No. AM 4201, LT – 

Lutron, Made in Thaiwan.  

 
Figure 1: Experimental setup used for the Study 

 

The range of the Reynolds number used for the 

experimentation is 4,000 – 10,000, which is based on the 

hydraulic diameter of the channel over the test section (Dh = 

139.286 mm) and the average velocity (U). The heating unit 

for the test section mainly consisted of an electrical heater. 

The heater output has a power of 180 W at 220V and a 

current of 10 A. The whole assembly was mounted on a Flat 

Table made up of wood. The temperature measurement of 

the base plate is done by RTD Sensors which can sense the 

temperature from 0°C to 600°C. The RTD „s are screwed 

into the heater and temperature is obtained from on the data 

unit as shown in Fig.1. 

 

4. Solution Methodology 
 

The net rate of heat transfer is obtained from the energy 

balance which is given as follows: 

q heat generated due to electric power = q net, conduction + q net, convection 

                                                                            + q net radiation        [1] 

Rearranging the above equation we get,  

q net, convection = q heat generated due to electric power  - q net, conduction  

                       - q net radiation                                                [2] 

The heat generated in terms of voltage and current is given 

by: 

qheat generated due to electric power = VI          [3] 

 

Where I is the current in amperes and V is a voltage in Volts 

supplied to the heating unit. 

q heat generated due to electric power, represents is electrical heat 

generated in the primary surface 

q net, conduction is the net rate of heat transfer due to conduction,  

q net, convection net rate of heat transfer due to convection, 

q net radiation net rate of heat transfer due to radiation.  

 

As per the literature review the net rate of heat transfer due 

to radiation is 0.5 % of the total heat supplied in the form of 

power and hence can be neglected. The heat losses due to 

side, bottom and top walls of the test section were assumed 

to be neglected since the side walls are insulated. Thus the 

heat transfer due to convection is equal to net rate of 

electrical heat generated in the primary surface. 

 
   [4] 

As = Surface area of the fin, Ts = Surface temperature of the 

fin, Tout and Tin represents the duct inlet and outlet 

temperatures of the ambient air. 

 

Rearranging the above equation, we get the average heat 

transfer coefficient as follows: 

                 [5] 

From the above the Nusselt number is found by using the 

following equation: 

            [6] 

The correlation used for Nusselt Number without fin is given 

by following equation: 

         [7] 

 

5. Results and Discussion 
 

The effect of heat transfer parameters are discussed here in 

detail. 
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Figure 2: Variation of local temperature difference along the 

pin fin in forced convection mode of heat transfer 

 

Figure 2 the comparative studies on variation of temperature 

difference along the fine for two different fin configurations 

viz., fin with knurling and fin without knurling is presented. 

This study was performed in forced convection mode of heat 

transfer. A fixed electrical input power of 54W is maintained 

throughout the study. A uniform velocity of air at 20 m/s is 

maintained. Curve 1 shows the variation in knurled fin and 

curve 2 shows the variation of temperature difference in 

solid fin. It can be seen from that the heat transfer rate is 

more in knurled fin than that of a solid fin. Further it can be 

seen that the temperature difference increases as we move 

from primary surface to the fin tip. 

 

An attempt is done to study temperature difference variation 

temperature along the pin fin for two modes of heat transfer 

viz., the free convection and forced convection. Figure 3 

shows the local temperature difference [∆T(x)] profiles along 

the vertical hollow cylindrical perforated pin fin and vertical 

solid cylindrical perforated pin fin with same cross sectional 

area and of same length. The experiment was performed in 

free convection mode. The fixed electrical power input of 54 

W is used at the primary surface of the pin fin. It can be seen 

that at a given location along the perforated fins the local 

temperature difference is more for hollow-cylindrical 

perforated pin fin than that of the solid perforated pin fin. 

This is so because more surface area of hollow-cylindrical 

perforated pin fin was exposed to air which increases the 

convective heat transfer rate both from inside as well as 

outside surface of the pin fin. Also, as we move from 

primary surface to the tip of the fin, the temperature 

difference decreases and reaches to the minimum for both 

the cases. Here, we can see that the drop in fin temperature is 

found to be decreasing by 3.21 % and 4.86 % at the tip and 

primary surface respectively. Also the drop in temperature 

for hollow and solid perforated pin fins as we move from 

primary surface to tip of the fin are given by 8.33 % and 5.11 

% respectively. 

 
Figure 3: Variation of local temperature difference along the 

pin fin in free convection mode of heat transfer 

 
Figure 4: Variation of local temperature difference along the 

pin fin in forced convection mode of heat transfer 

 

A similar study was also performed by using the same set up 

under forced convection mode of heat transfer. As shown in 

Fig. 4.The air was pumped at the velocity of 20 m/s at inlet 

of the duct and as it reached the outlet it is reaching 

approximately 5 m/s. This study is also performed for a 

constant input power of 54 W. As in Fig. 2 here also the 

temperature difference drops down as we move from the 

primary surface to the tip of the pin fin. But the drop in 

temperature at the tip is decreasing by 44.89 % and that of at 

primary surface is 34.14 %.  This show that there is a large 

increase in the heat transfer from the surface by using forced 

convection instead of free convection mode of heat transfer. 

Also here too the temperature difference is decreasing as we 

move from primary surface to the tip of the pin fin. The tip 

and surface temperature is decreasing by temperature is 

decreasing by 29.63 % and 42.85 % respectively. 
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Figure 5: Solid Pin fin used for the purpose 

 

 
Figure 6: Perforated Pin Fin used for the purpose 

 

 

 
Figure 7: Fin with four perforations used for the purpose 

 

 
Figure 8: Temperature difference profiles along the pin fin 

with change in orientation 

 
Figure 9: Temperature difference profiles along the solid pin 

fin and Single perforated solid pin fin 

 

The variation of temperature difference along the pin fin 

with change in orientation of pin fin is shown in Fig. 8. This 

is study is performed for a forced convection heat transfer 

mode with the air being pumped through the duct by using 

blower at constant air flow rate of 15 m/s at inlet of the duct. 

The figure shows that the temperature difference is decreases 

from the primary surface to the tip. The temperature 

difference at a given location for a fin is more for the case 

where the air is restricted to flow through the perforations 

than that when we allow the air pumped into the 

perforations. The temperature difference is dropping by 8.51 

% at primary surface, 10.67 % at center and 8.45 % at the 

tip. Also, it can be seen that the temperature difference drop 

is high at centre than that of at tip and primary surface as the 

air is flowing into the perforation there by increasing the 

interactive surface area at the center and thus increasing 

convective heat transfer rate. 

 

Figure 9 shows the temperature difference profiles for two 

cases viz., Solid pin fin with no perforations and Solid pin 

fin with a single large perforation. The volume of the 

perforation is same as that of the sum of the small 

perforations made in perforated fin. From the figure it can be 

seen that the temperature difference is very less as for single 

perforated pin fin than that of non-perforated pin fin. The 

temperature difference is dropping as large as 40. 81 % for 

perforated fin as we move from primary surface to the tip of 

the fin.  Thus it would be more suitable to use perforated pin 

than that of the solid fin to enhance the heat transfer rate. 

 

6. Conclusions 
 

An experimental study was made to comparison of solid with 

two different configurations knurled and fin without 

knurling, pin fin with four perforations and single large 

perforation was discussed. A brief comparison has been done 

to select an appropriate pin fin. Different temperature 

difference profiles are discussed for validation. 

 

7. Nomenclature  
 

As Surface are of the fin pin 
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Dh Hydraulic Diameter, m 

h heat transfer coefficient, W/m
2
 K 

h  mean heat transfer coefficient(W/m
2
 K) 

I        Current, A 

kf thermal conductivity of air, (W/m K) 

k thermal conductivity of pin fin, (W/m K) 

Pr Prandtl number of air 

Nu  Nusselt Number 

q heat transfer rate, (W) 

Re Reynolds number 

Tin Inlet temperature of the air from duct, K or °C 

Tout Outlet temperature of the air from duct, K or °C 

Ts average temperature of pin fin, K or °C 

Ts (x) temperature at any location on pin fin, K or °C 

Tw wall temperature of the pin fin, K or °C 

T free stream temperature of air, K or °C 

u velocity air along the pin fin, (m/s) 

u free stream velocity of air, (m/s) 

V           Voltage, V 

x Horizontal distance of the pin fin, m 

GREEK SYMBOLS 

υf  Kinematic viscosity of air, (m2/s) 

ρ  Density of air, Kg/m
3 

SUBSCRIPTS 

conduction        conduction heat transfer through pin fin 

convection        convective heat transfer through pin fin 

radiation radiation heat transfer through pin fin 
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