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Abstract— 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. 

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. This paper reviews the various 

geometries of pin fins used to enhance the heat transfer rate 

and also the outcomes of the research work done in different 

countries. 

Key words: Heat Transfer, Pin Fin, various Geometry of 

Cavities and Projection, Grooves and Threads 

I. INTRODUCTION 

A fin is a surface that extends from an object to increase the 

rate of heat transfer to or from the environment by 

increasing convection. Extensions on the finned surfaces is 

used to increases the surface area of the fin in contact with 

the fluid flowing around it. So, as 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. At the same time fins are 

increasing the conduction path to heat flow thus increases 

conduction resistance which decreases the heat transfer rate. 

Therefore it is very important to study the optimization of 

size and shape of the fin to minimize increase in thermal 

conduction resistance and to maximize the total surface area 

exposed to fluid for heat transfer. 

Heat sink is a device which absorbs the heat from 

heated component and dissipates heat to surrounding air. Air 

cooling is the most widely used technique for heat rejection. 

Heat sink dissipates heat to surrounding air by convection. 

In forced convection heat dissipated by means of some 

external sources such as fans. In natural convection, the 

extended surfaces are used which increases surface area by 

adding fins to the surface in order to achieve required rate of 

heat transfer. Heat transfer from a pin fin heat sink depends 

on many parameters; shape and size of the fins, spacing 

between the pin fins, number of pin fins, number of 

perforation, diameter of perforation ,thermal conductivity, 

the type of flow and the fluid, temperature difference 

between the heat sink and the fluid. 

II. PROBLEM STATEMENT 

The  problem statement as, to optimize the size, shape and 

geometric construction of pin fin to identify the best suitable 

pin fin for the heat transfer use to decrease the overall size 

of the arrangement of heat sink.  

III. OBJECTIVES 

There are two main objectives in this work, 

 To investigate different geometric construction used in 

pin fin to enhance the heat transfer rate. 

 To identify the best pin fin geometry to optimizing the 

performance of heat sink. 

IV. EXPERIMENTATION 

Abhijit G. Dhere, Hemant S. Farkade [1], the heat generated 

while operating several engineering system may cause 

severe over heating problems and consequently leads to 

failure of the systems. So it is imperative to add superior 

heat transfer elements having smaller weights, volumes and 

cost. The heat generated in a system such as transformers, 

refrigerators, boiler super-heater tubes, condenser coils, 

electronic components, compressors, air cooled engines, gas 

turbines etc. must be dissipated to its surroundings in order 

to maintain the system functioning at its recommended 

working temperatures and operating effectively and reliably. 

 
 Fig. 1: Square perforated fin in inline arrangement [1] 

 
Fig. 2:  Cylindrical perforated fin in staggered arrangement 

[1] 
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In his work, he concluded that, Most of the 

researchers conclude that the highest heat transfer can be 

achieved in staggered arrangement. So the staggered 

arrangement should be employed for further investigation of 

other shapes.  

Rahul Sonawane, D.D.Palande, [2] the electronic 

systems during their operation generate heat which 

continuously increases the temperature of electronic 

component and causes their failure at high temperature. This 

generated heat need to be dissipated quickly to surround 

atmosphere to keep working temperature of electronic 

device at protected and portable level. A heat sink is a 

passive device that dissipates heat to surroundings air using 

extended surfaces such as fins. Perforation means circular 

hole is provided on pin fin. Perforation on pin dissipates the 

heat rapidly to surrounding fluid because it disturbs fluid 

flow. Perforation on pin also helps to reduce the overall size, 

weight and cost of heat sink. 

 
Fig. 3:  Solid Pin fin [2] 

 
Fig. 4: Perforated Pin Fin [2] 

He compared two different cases such as solid pin 

with pin with four perforations and pin with single large 

perforation. It was observed that, perforated pin fin gives 

more heat transfer rate than that of a solid fin. He also found 

that, the variation of local temperature difference is more in 

free convection for hollow perforated pin fin compared to 

that the solid perforated pin fin. 

Shrikant Vasantrao Bhunte1, Sanjay Kumbhare, [3] 

improve the overall heat transfer performances for pin fin 

heat exchangers, porous metal pin fin arrays may be used 

instead of traditional solid metal pin fin arrays. As porous 

media can significantly intensify the mixing of fluid flow 

and increase the contact surface area with fluid inside, it has 

been regarded as an effective way to enhance heat transfer 

by using porous media. The flow and heat transfer in porous 

pin fin heat exchangers for present study can be modeled as 

forced convective heat transfer in partially filled porous 

channels. The laminar forced convection in a fully or 

partially filled porous channel containing discrete heat 

sources on the bottom wall. He found that when the width of 

the heat source and the space between the porous layers 

were of same magnitudes as the channel height, the heat 

transfer enhancement in the partially filled channel was 

almost the same as that in the fully filled porous channel 

while the pressure drop was much lower. 

 
Fig. 5:  Circular form of porous pin fin cross-section [3] 

 
Fig. 6: Elliptic form of porous pin fin cross-section [3] 

He concluded from his work, that  the variations in 

pressure drop Δp, as PPI increases from 20 to 40, the 

pressure drops and heat fluxes in porous pin fin channels 

increase for both air and water cases while the overall heat 

transfer efficiencies decrease, also as PPI increases, the 

solid-fluid interfacial surface areas inside porous media also 

increase quickly and the volumetric heat transfer coefficient 

between porous matrix and fluid phase increases, which 

would lead to increases in heat fluxes.  

Pardeep Singh, Harvinder lal, Baljit Singh Ubhi, 

[4] the heat transfer performance of fin is analyzed by 

design of fin with various extensions such as rectangular 

extension,  trapezium extension, triangular extensions and 

circular segmental extensions. The heat transfer 

performance of fin with same geometry having various 

extensions and without extensions is compared. Near about 

ranging 5% to 13% more heat transfer can be achieved with 

these various extensions on fin as compare to same 

geometry of fin without these extensions. In this thermal 

analysis, temperature variations w.r.t. distance at which heat 

flow occur through the fin is analyzed. Extensions on the 

finned surfaces is used to increases the surface area of the 

fin in contact with the fluid flowing around it. So, as 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. On comparison, 

rectangular extensions provide on fin gives the greatest heat 

transfer than that of other extensions having the same length 

and width attached to finned surface. The effectiveness of 

fin with rectangular extensions greater as compare to other 

extensions on fin. 

 
Fig. 7: Fin with Rectangular extensions [4] 

 
Fig. 8: Fin with Trapezium extensions [4] 
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Fig. 9: Fin with Triangular extensions [4] 

 
Fig. 10: Fin with Circular segmental extensions [4] 

Ganesh Murali J, Subrahmanya S. Katte, [5] a 

radiating pin fin with grooves and threads on its outside 

surface is investigated experimentally. A test facility with a 

vacuum chamber and instrumentation is fabricated. The heat 

input to the fin is varied such that the base temperature is 

maintained constant under steady state. Based on a study of 

effect of vacuum, using available resources, the chamber is 

designed for a vacuum of 80 mm Hg such that the 

contribution of convection to the total heat transfer could be 

ignored. The study shows that there exist optimum angle of 

grooves and number of threads per inch for which the heat 

loss per unit mass is a maximum. The grooved / threaded 

radiating fin loses 1.4 and 1.2 times greater heat per unit 

mass, respectively, compared to the bare pin fin. 

 
Fig. 11: Fin Cylindrical Surface [5] 

 
Fig. 12: Fin with Threaded Surface [5] 

 
Fig. 13: Fin with Grooves on Surface [5] 

Kiran Nagargoje, A. M. Patil, [6] use of annular 

fins is the field which has good potential to increase the heat 

transfer rate. In past few decades research on heat transfer 

enhancement using fins is continuously increasing, fine with 

many shapes, size and grooves are analyzed for heat transfer 

enhancement. Out of which annular fins with circular and 

elliptical cross section can be prove efficient method. The 

aim of his work is to provide a review on heat transfer 

enhancement with application of annular fins with circular 

and elliptical cross section. 

 
Fig. 14: Fin with Triangular extensions [6] 

In this work of the heat transfer rate and efficiency 

for circular and elliptical annular fins is made. If space 

restriction is there along one particular direction while the 

perpendicular direction is relatively unrestricted elliptical 

fins could be a good choice. Alternatively, given a fin 

profile, dimensions are obtained that satisfy the optimization 

conditions. The resulting fin profile achieved through the 

first criterion of the above two optimization techniques is 

always difficult to manufacture. Moreover, the fins with 

optimum profile are long and narrow; they need larger space 

and are weak near the tip. 
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