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Abstract – The primary objective of this study is to quantify and compare the convective heat transfer improvement of perforated 
fin assemblies with different fin spacing, perforation angle, perforation diameter, perforation spacing, and heater input. The 
variables for this natural convection cooling with fin surfaces are orientation and geometry. In this study, steady-state heat 
transfer from solid and perforated fin assemblies is measured. In this study, we specify an optimized fin configuration for various 
fin shape parameters and their impact on heat transfer results. The results obtained are in good agreement, showing similar trends 
and good agreement for heat transfer under natural convection. From all the results it can be concluded that the heat transfer 
coefficient of the fin with the maximum number of perforations and the perforations in the middle of the fin gives the best results. A 
rib arrangement with triangular perforations with a 90 degree slope is best suited for horizontal rectangular rib arrangement for 
natural conventions, followed by circular, rectangular, and non-perforated ribs. The perforation geometry of the fins has a great 
effect on convective heat transfer.  
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1. INTRODUCTION 

Convection is the mode of heat transfer between a surface and a liquid moving over it. Energy transfer in convection is 
primarily due to the bulk motion of fluid particles, but molecular conduction within the fluid itself also contributes to some 
extent. If this motion is primarily due to density changes associated with temperature gradients within the fluid, the mode of 
heat transfer is said to be due to free or natural convection. On the other hand, fluid motion is mainly generated by 
superimposed velocity fields (fans, blowers, pumps, etc.), and energy transport is said to be due to forced convection. 

We know that removing heat from a system is very important, so systems employ heat sinks to extract heat from the 
system by exchanging the extracted heat with another fluid or environment. Increase. According to Newton’s Law of Cooling, 
this can be done in two ways: 

i. Increasing heat sink surface area  

ii. Increasing heat transfer coefficient 

Increasing the heat transfer rate requires installing a pump or fan, or replacing the existing one with a larger one, but this 
approach may or may not be practical. In some cases. Alternatively, extended surfaces called fins made of a highly conductive 
material such as aluminium can be attached to the surface to increase the surface area. Such ribbed surfaces are commonly 
used in practice to improve heat transfer, often increasing the heat transfer rate through the surface many times. 

A review of the literature reveals that perforated fin assemblies have been tried using square, triangular, and circular 
perforated fin assemblies to improve heat exchange. It can be seen that for natural convection, the heat transfer coefficient 

depends on the orientation and shape change of the fin assembly.  

2. REVIEW 

2.1 Pramod R. Dabhade 

This paper investigates the trial examination of natural convection heat transfer from horizontal rectangular fins array with 
blind holes. The effect of surface area of fins array were identified as the main controlling parameters for the heat transfer 
augmentation .Heat transfer coefficient was found to be increased with the increase in the diameter of the perforated fins.Three 
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fin array blocks of aluminum with 4 mm, 6 mm & 8 mm perforation diameter and 6 mm fin spacing were experimentally tested 
at various input powers 40W, 60W, 80W, 100W, 120W. Another parameter being various inclinations (0-90) of the fins.  

From this study we concluded as the surface area increases the heat transfer coefficient increases. Convection heat transfer 
coefficient increases with the increase in fin inclination from 0-90. For the given input, heat exchange coefficient of array with 
blind holes is higher than the relating solid one. [1] 

2.2 Wadhah Hussein 

The experimentation on heat exchange through fins with circular holes is examined in this work. In this study, the 
rectangular flat fins are altered by circular holes being drilled into them. The goal of the study was to better understand how heat 
moves through a rectangular fin plate with circular holes acting as heat sinks naturally. The initial fin had 24 circular 
perforations (holes), and each subsequent fin had eight more, for a total of 56 perforations by the time the fifth fin was present. 
There were 614 rows and 4 columns of these holes. 

It was concluded from this that the temperature reduction for the perforated fins was greater than for the non-perforated fins. 
Also, it is inferred from this study that the fins with the most perforations have the most astonishing convective heat transfer 
coefficient. According to the investigation, the perforated fins with a higher number of perforations had a higher heat transfer 
coefficient than those with fewer perforations. [2] 

2.3 Osama Raad 

This study examines the enhancement of natural convection heat transfer in rectangular plate-fins with perforations at the 
top, middle, and bottom. The goal of the investigation was to determine how perforations, perforation diameters, and perforation 
placements affected the thermal performance of solid fins during conditions of natural convection heat transfer. Six different 
aluminium fin arrangement options make up the setup. Three different combinations use rectangular plane fins with 
perforations that are 3 mm, 5 mm, and 7 mm in diameter. The remaining three variants placed a matrix with three columns and 
ten rows, totaling thirty circular perforations, at the bottom, top, and middle of the flat plate fin. 

Each fin has an outside size of 110 mm in length, 1 mm in thickness, and 100 mm in breadth. All the tested fins are receiving 
a steady heat flux in the meantime. Findings showed that regardless of the diameter, the perforations at the centre of the 
perforated fins produce the greatest gain in thermal performance. Also, regardless of the perforations placements, it was 
discovered that 3 mm perforations performed better thermally than 5 mm & 7 mm perforations. [3] 

2.4 Maha A. Hussein 

In the paper, we investigate the influence of the newly proposed tile fin geometry on the thermal performance in heat sinks 
under natural convection conditions. It has 6 fins and its material is aluminum. Each rib is 3mm thick, 240mm long and 100mm 
wide. These six fins were attached through longitudinal slots around the cylindrical heat sink. The first type of fin set was flat (fin 
1), the second type was a square rim (fin 2) and the last type had a circular hole and a square fin rim (fin 3). The parameters 
considered in this study were: 

1. Drill holes by changing the shape, position, diameter, arrangement and number of holes.  

2. Cut the parts by changing the shape, number and position to be cut. 

3. Rib material, thickness, direction, weight and length. 

The power values delivered were 37.5 V, 50 V, 62.5 V, and 75 V for all fin settings. Different values of heat loss were 
4.02395%, 2.6044% and 2.3212% for fin (1), fin (2) and fin (3) respectively. The tested fin (3) was found to dissipate 6.8% and 
12.9% more heat than fins (2) and (1) respectively. The average effects of the investigated fins were 2.9, 3.1 and 3.3 for fins (1), 
(2) and (3), respectively. Efficiencies of all proposed fin geometries were above 90%. [4] 

2.5 Akhilesh Kumar Singh 

This paper examines the investigation of the effect of increase in perforation diameter and angle of inclination on the natural 
convection heat transfer from rectangular fin array. In this paper, the natural convection heat transfer under steady state 
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condition from the solid fin array and the perforated fin arrays with 4 mm fin spacing, fin perforation diameter (4,6 and 8 mm) & 
fin inclination angle (0, 30, 45, 60 and 90) were analyzed & compared.  

Experimentation was carried out on configuration with 10 fins. Dimensions of fin and base plate made of aluminum material 
are taken as (75*27*2mm) and (76*75*2mm) respectively. Heat input was provided as 15 W, 25 W, 35 W, 45 W. Result implies 
that the enhancement in the heat transfer coefficient was achieved with the increase in the fin perforation diameter. With the 
variation in fin inclination angle from 0 to 90 also the heat transfer was enhanced. [5] 

2.6 Basima S. Khalaf  

In this paper, experiments were done to investigate the natural and forced convection of heat transfer along a flat 
surface equipped with various types of rectangular aluminum fins (solid and perforated). Selected rib with dimensions (30 mm 
high x 30 mm wide x 1 mm thick). Perforated ribs have different distributed holes (2mm for 9 holes, 4mm for 5 holes). 
Aluminum is used for the ribs and floor material. Natural convection modes of heat transfer along perforated and non-perforated 
fins were analyzed in steady state. 

The effects of the number, size and arrangement of perforated lamellae were investigated. A higher heat transfer rate is 
observed with an increased number of circular holes, and efficiency is also improved due to the reduced weight of the fins. A 
numerical analysis was also performed to examine this temperature distribution and used in a simulation program 
(SOLDWORKS). Good agreement was found when comparing experimental and theoretical studies. Some observations from this 
study can be summarized as follows: 

1. The temperature difference between the base and tip of the perforated fin was larger than that of the non-perforated 
fin. 

2. The heat transfer coefficient of perforated fins depends on the dimensions of the holes and the width of the fins. 

3. The heat transfer coefficient increased as the number of holes increased. [6]  

2.7 Rashin Nath K.K  

In this work, they numerically investigate the effect of different fin geometries on the overall heat transfer from an air-cooled 
fin assembly mounted on a cylindrical surface. In this paper, the heat transfer and heat transfer coefficient of three fin models 
(rectangular, wavy and zigzag) were studied. The structure was modeled with CATIA V5 software and thermally analyzed using 
ANSYS Fluent software. A cylinder with three ribs used for CFD analysis. The aluminum slat dimensions are assumed to be 220 x 
150 x 1 mm. The outer diameter of the cylinder is 72mm. 70mm inner diameter, 1mm thickness. The length of the cylinder is 
80mm. 

Next, we compared the heat transfer coefficients of different geometries. At low speeds, flat fins were found to have higher 
heat transfer coefficients and heat transfer coefficients. The heat transfer coefficients of the zigzag and wave fins increased with 
increasing vehicle speed compared to the flat fins. The development of a curved zigzag shape can create vortices between the 
two fins, creating turbulence and increasing heat transfer. [7] 

2.8 Ashok Tukaram Pise 

Ashok Tukaram Pise conducted experiment for comparing the heat transfer coefficients of solid and permeable fins. The 
permeable ribs are formed by altering the solid rectangular ribs by drilling three holes per rib, inclined at half the rib length of 
the two-wheel cylinder block. Solid, permeable rib blocks were kept in an isolated chamber and the efficacy of each rib in these 
blocks was calculated. 

An engine cylinder block with solid permeable fins was tested at various power inputs (i.e. 75W, 60W, 45W, 30W, 15W). We 
found that the permeable fins improved the average heat transfer coefficient of the block by about 5.63%, increasing the average 
heat transfer coefficient by 42.3% compared to the solid fins, and reducing the material cost by 30%. [8] 

2.9 Mahathir Mohammad 

This experimental study was conducted to investigate the effect of extended surface perforation shape or geometry on 
forced convection heat transfer, finding the heat transfer properties of various perforated fins to reveal the optimal perforation 
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geometry for planar heat sinks. Studies have shown that the temperature drop along perforated ribs was greater than without 
perforations. For the heatsink we used a solid aluminum block 190mm long, 120mm wide and 7mm thick. The rib was 120 mm 
long, 85 mm wide and 4 mm thick. Each fin is spaced 38mm apart for even heat distribution. To minimize heat loss from the 
baseplate and finplate, the finplate was placed 3mm inside the baseplate and was also soldered to the baseplate and fins to 
reduce heat loss. The parameters studied were temperature distribution and heat transfer coefficient. The average increase in 
convective heat transfer coefficient at 150W is 78.98% for triangles and fins without holes, which is greater than for rectangles 
(74.36%) and circles (41.42%). A similarity can be seen for 100W power consumption, with triangular perforated fins exhibiting 
the highest temperature difference at 54.59%, followed by rectangular at 38.0% and circular at 33.04%. 

From this study it can be concluded that, Fin holes and hole geometry had a significant impact on the temperature 
distribution across the fin, which affects the fin’s performance. A triangular perforated shape gives the best results, followed by 
rectangular and circular. [9] 

2.10 G. M. Sobamowo 

In this study, investigation on the thermal responses of moving irregular porous fins with trapezoidal, concave, and convex 
profiles of copper, aluminum, silicon nitrides and stainless-steel materials were examined. The developed thermal model is 
solved using differential transform method (DTM).  

  In the parametric studies carried out, the effect of physical parameters such as convective-conductive, convective- 
radioactive term, internal heat generation, porosity,   surface emissivity, power index of heat transfer coefficient, Peclet number 
and Darcy number on the thermal behavior of fins were examined and discussed.  The comparative analysis carried out on the 
effect of materials on non-dimensional temperature distribution reveals that copper obtains the highest temperature while the 
stainless steel gets the lowest. More-so, the fins with concave geometry gives the highest volume adjusted efficiency with 
increase in Peclet number while that with convex profile has the least. 

The conclusions made from the experimentations are clear that these result outputs are essential and would be useful in the 
future design of fins with optimum size reduction and high efficiency. [10] 

TABLE -1: Comparison of Parameters 

NAME OF 
AUTHOR 

MODIFICATIONS PARAMETERS 
STUDIED 

ENHANCEMENT 
ACHIEVED 

GEOMETRY 

Pramod R. 
Dabhade [1] 

Rectangular fins 
with Blind holes 

Surface area of 
fins 

Heat transfer rate is 
maximum in 
perforated fins with 
Blind holes as 
compared to fins 
with complete holes. 
(i.e., heat transfer 
rate is depends 
upon the surface 
area of fins. 

Fig 1– Fin Array Block (Pramod R. 
Dabhade et all, 2019) 

Wadhah 
Hussein [2] 

Rectangular fins 
plate with 
circular 
perforations 
(complete holes) 

No. of 
perforations - 
24,32,40,48,56 

Dia. of 
perforations - 12 
mm 

(i.e. variation in 
no. of 
perforations with 
constant 
diameter) 

Temperature drop 
in perforated fins is 
higher than non-
perforated fins. 

Heat transfer rate 
increases with no. of 
holes increases. 

Fig 2– View of the Heat Sink (Wadhah 
Hussein et all, 2011) 
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Osamah 
Raad [3] 

Rectangular fins 
with perforations 
having 
perforated 
positions like 
bottom, middle, 
top. 

Perforations 
diameter - 3,5,7 

No. of 
perforations 
(holes) - 30 

(i.e., variations in 
dia. of 
perforations with 
constant no. of 
holes) 

Perforations 
positions – (Top, 
Middle, Bottom) 

Fin dimensions – 

Length - 110 mm, 

Width - 100mm 

Thickness - 1mm 

Perforations 
positioned at the 
middle of the fin 
regardless of the 
dia. gives maximum 
improvement in the 
thermal 
performance. 

 
Fig 3– Graphical Abstract (Osamah Raad 

et all, 2020) 

Maha A. 
Hussein [4] 

Fins with 
rectangular edge, 
and fins with 
circular 
perforations with 
a rectangular 
edge 

Material – 
Aluminium 

 

Fin dimensions - 

Length - 24 cm 

Width - 10 cm 

Thickness - 3mm 

Heat sink with 
circular perforations 
with a rectangular 
fin edge gives 
maximum 
performance, heat 
dissipation, and 
minimum fins 
weight and cost. 

 
 Fig 4–  The schematic experimental rig 

(Maha A. Hussein et all, 2021) 

Akhilesh 
Kumar 

Singh [5] 

Hole pattern - 
Zigzag 

 

Hole size 

Fin dimensions – 

Length - 75 mm 

Width - 27 mm 

Thickness - 2 
mm 

 

Effect of 
perforations 
diameter & fin 
inclination 

Increase in heat 
transfer coefficient 
with the increase in 
diameter of holes. 
Also heat transfer 
rate increases when 
the fin inclination is 
varied from 0° to 
90°. 

 
Fig 5 – Fin Array Block (Akhiles Kumar 

Sing et all, 2017) 
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Basima S. 
Khalaf [6] 

Square fins with 
circular 
perforations 

Fin dimensions - 

Length - 30 mm 

Width - 30 mm 

Thickness - 1mm 

1] 9 holes 
*dia.2mm 

2] 5 holes 
*dia.4mm 

The temperature 
difference between 
base and tip of 
perforated fins is 
greater than for 
those of non-
perforated fins. 

Rashin Nath 
KK [7] 

Fins with 
different 
geometries 
(rectangular, 
zigzag, wavy) 

Heat transfer & 
heat transfer 
coefficient of 
conventional, 
zigzag & wavy fin 
models. 

Heat transfer rate of 
conventional fins 
are greater for low 
velocity w.r.t. that of 
zigzag & wavy. 

Zigzag & wavy fins 
can be preferred 
over conventional 
fins for higher speed 
vehicles as it 
induces greater 
turbulence and thus 
greater heat 
transfer rate. 

(a) 

(b) 

(c) 

Fig 7 – (a) Wavy Fin, (b) Zig Zag Fin, (c) 
Conventional Fin (Rashin Nath KK et all, 

2017) 

Ashok 
Tukaram 
Pise [8] 

Rectangular fins 
with circular 

perforations in 
application for 2-
wheeler cylinder 

block. 

Fin dimensions - 

Length - 110 mm 

Width - 66 mm 

Thickness - 5mm 

Perforations 
(hole) diameter 

- 5mm 

For the same heat 
transfer, the 
material removed 
by mass in 
permeable fins is 
about 10-30%. 
Therefore, reduction 
in material cost is 
30%. Fig 8 – Images of Fins (Ashok Tukaram 

Pise et all,2010) 

Mahathir 
Mohammad 

[9] 

Circular, 
rectangular & 

triangular 
perforated fins 

Fin dimensions - 

Length - 120 mm 

Width - 85 mm 

Thickness - 4 
mm 

Heat transfer 
coefficient increases 
most for triangular 
perforations 
followed by circular, 
rectangular and no 
perforations. 
Perforation shapes 
of fins shows a 
significant effect in 
convention heat 
transfer. 

Fig 9 -  Heat Sink Design ( Mahthir 
Mohammad et all, 2019) 

Fig 6 –  Perforated Fins (Basima S. Khalaf 
et all, 2020) 
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G. M. 
Sobamowo 

[10] 

Fins with 
trapezoidal, 

concave & convex 
profiles of 

copper, 
aluminium, and 
stainless steel 

Effect of 
different 

materials with 
different 

profiles on heat 
transfer rate 

Copper obtains the 
highest temperature 
while the stainless 
steel gets the lowest. 

Fins with concave 
geometry gives the 
highest volume 
adjusted efficiency 
while convex profile 
has the least. 

 

Fig 10 – (a) Trapezoidal Fin Profile, (b) 
Convex  Fin Profile, (c) Concave Fin 

Profile ( G. M. Sobamowo et all, 2019) 

 
3. CONCLUSION 

From the above, we can obtain a basic understanding of various parameters such as fin shape and orientation when 
structuring a heat sink. The heat transfer coefficient increases with the number of perforations and the size of the perforations. It 
has also been observed that a hole in the center of the fin gives the optimum heat transfer coefficient. 

Moreover, it is well justified that triangular perforated fins give higher heat transfer coefficients, followed by circular 
rectangles than regular (non-perforated) fins. The perforation geometry of the fins has a great influence on the convective 
heat transfer. The performance of perforated fin arrays is very good compared to regular fin arrays. 

A literature review therefore provides preliminary evidence that perforated fin heat sinks are most commonly used 

for practical heat transfer applications compared to plate fin heat sinks. This extensive study will help future heatsink 
design studies. 
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