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Abstract— The active heat transfer enhancement techniques 

have not found commercial interest because of the capital 

and operating cost of the enhancement devices. The majority 

of passive techniques employ special surface geometry or 

fluid additives for enhancement i.e. no direct application of 

external power. Whenever it is difficult to increase the rate 

of heat transfer either by increasing heat transfer coefficient 

or by increasing the temperature difference between the 

surfaces and surrounding fluid, the fins are commonly used.  

A perforation in the plate or fins is the one way that used to 

improve its effectiveness. Studies have introduced shape 

modifications by cutting some materials from fins to make 

cavities, holes, slot, grooves or the channels through the fin 

body to increase heat transfer areas and or the heat transfer 

coefficient. This work concentrates on experimental 

investigation of Natural convection heat transfer from 

perforated heated vertical plate with varying diameter 

circular perforations. The results of perforated plates are 

compared with heat transfer from the plain vertical heated 

plate. 
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I. INTRODUCTION 

The removal of excessive heat from system components is 

essential to avoid the damaging effects of burning or 

overheating. The enhancement of heat transfer is an 

important part the subject of thermal engineering. The heat 

transfer from surfaces may in general enhanced by 

increasing the heat transfer coefficient between a surface 

and its surroundings, by increasing the heat transfer area of 

the surface.  

Generally the area of heat transfer is increased by 

utilizing the extended surfaces in the form of fins attached to 

base of the plate. Fins, as heat transfer enhancement devices, 

have been quite common. As the extended surface 

technology continuous to grow, new design ideas have 

emerged, including fins made of various materials. Due to 

high demand for lightweight, compact, and economical fins, 

the optimization of the fin size of great importance. 

Therefore fins must be designed to achieve maximum heat 

removal with minimum material expenditure, taken into 

account, and also with the ease of manufacturing the fin 

shape. A large number of studies have been conducted on 

optimizing fin shapes.  

Other studies have introduced shape modifications 

by cutting some materials from fins to make cavities, holes, 

slot, grooves or the channels through the fin body to 

increase heat transfer areas and or the heat transfer 

coefficient. One popular heat transfer augmentation 

technique involves the use of rough or interrupted surfaces 

of different configurations. The concept of heat transfer 

through perforated material is one method of improving the 

heat transfer characteristic in the natural convection. 

Continuous research is going on to improve its effectiveness 

by reducing the thermal boundary layer thickness and 

increasing the heat transfer surface area. 

II. LITERATURE SURVEY  

Two earliest studies Abd et al. (2007) [1] has been done 

theoretical study for a three-dimensional natural convection 

heat transfer from an isothermal horizontal , vertical and 

inclined heated square flat plates (with and without circle 

hole) which involved the numerical solution of the transient 

Navier-Stokes and energy equations by using Finite 

Different Method (F.D.M.), & Ali et al. (2007) [2] has been 

done experimental study for isothermal square flat plate 

(with and without square hole) with extension surface. The 

experiments covered the laminar region with a range of 

Rayleigh number of order of 106, and included the 

manufacturing of four square models of aluminum (10cm) 

length, (1cm) thickness and perforation ratio 

(m=0.0,0.04,0.16&0.36) respectively with heater for each 

model for inclined position for square plate of constant 

temperature. Table (1) shows the results of previous studies. 

Large number of studies has been conducted on optimizing 

fin shapes. Other studies have introduced shape 

modifications by cutting some material from fins to make 

cavities, holes, slots, grooves, or channels through the fin 

body to increase the heat transfer area and/or the heat 

transfer coefficient [3]. One popular heat transfer 

augmentation technique involves the use of rough or 

interrupted surfaces of different configurations. The surface 

roughness or interruption aims at promoting surface 

turbulence that is intended mainly to increase the heat 

transfer coefficient rather than the surface area [4].  

It was reported that non-flat surfaces have free 

convection coefficients that are 50% to 100% more than 

those of flat surfaces. Several other researchers reported a 

similar trend for interrupted, perforated, and serrated 

surfaces, attributing the improvement to the restarting of the 

thermal boundary layer after each interruption, indicating 

that the increase in convection coefficient is even more than 

enough to offset lost area [5]. 

In 2007 A. M. et al. [6] studied the natural 

convection heat transfer from perforated fins. The 

temperature distribution was examined for an array of 

rectangular fins (15 fins) with uniform cross-sectional area 

(100 x 270 mm) embedded with different vertical body 

perforations that extend through the fin thickness. The 

patterns of perforations include 18circular perforations 

(holes). Experiments were carried out in an experimental 

facility that was specifically design and constructed for this 

purpose. The heat transfer rate and the coefficient of heat 

transfer increases with perforation diameter increased. 

AlEssaet.al. [7] experimentally investigated the 

enhancement of natural convection heat transfer from a 

horizontal rectangular fin embedded with rectangular 

perforations of aspect ratio of two. The results of perforated 

fin compared with its equivalent solid one. An experimental 
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study was carried out for geometrical dimensions of the fin 

and the perforations. The study investigated the gain in fin 

area and of heat transfer coefficients due to perforations. 

They concluded that, values of rectangular perforation 

dimension, the perforated fin enhances heat transfer. The 

magnitude of enhancement is proportional to the fin 

thickness and its thermal conductivity 

Shaeriet al. [8] studied the turbulent fluid flow and 

convection heat transfer around an array of rectangular solid 

with different number of perforation and different size. 

Experiments were conducted for the range of Reynolds no. 

from 2000 to 5000 based on fin thickness and pr= 0.71.This 

Study is aimed mainly at examining the extent transfer 

enhancement from vertical rectangular fins under natural 

convection. Conditions as a result of introducing body 

modification (perforations) to the fin body. Perforated fins 

can be used to increase the heat transfer coefficient and 

effective heat transfer area. The change in magnitude of the 

surface area depends on the geometry of the perforations 

(Abdullah et al. 2009) [9]. 

Jassemet al. [10] performed an experimental study 

submitted to investigate the heat transfer by natural 

convection in a rectangular perforated fin plates. Five fins 

used in this work first fin non-perforated and others fins 

perforated by different shapes these fins perforation by 

different shapes (circle, square, triangle, and hexagon) but 

these perforations have the same cross section area(113 

mm2). These perforations distributed on 3 columns and 6 

rows. Experiments produced through in an experimental 

facility that was specifically design and constructed for this 

purpose. The results show that the drop in the temperature of 

the non-perforated fin from 72 to 57 oC while the 

temperature drop in perforated fins, at the same power 

supplied (126W) was (72-52 oC), (72-51.5 oC), (72-50 oC) 

and (72 -48 oC) for shapes (hexagonal, square, circular and 

triangular) respectively. The largest value of RAF at 

triangular perforation and the smaller value occurred in 

circular perforation. Also, triangular perforation gives best 

values of heat transfer coefficient and then the circular, 

square, hexagonal, and non-perforation respectively. 

III. DESIGN AND DEVELOPMENT OF EXPERIMENTAL SETUP  

A schematic diagram of the experimental setup is as shown 

in Fig. 1. The experimental setup consists of the components 

such as RTD’s, Temperature Indicator, Heating element, an 

arrangement to vary the heat input, Duct, Stand and Hanger 

etc.   

 
Fig. 1: Schematic layout experimental setup. 

1) Duct, 2) Heated Plate, 3) Heater, 4) Heater Socket, 5) 

Thermocouple Socket, 6) Acrylic Sheet, 7) Stand, 8) Hanger 

A. Test Plate: 

This stage of work concentrates on developing the 

perforated plates with circular shapes with different 

diameter of perforation. Thermal performance of the 

proposed perforated plates will be compared with the plain 

vertical heated plate. The plain vertical plate and proposed 

perforated plates with variation in the diameter of circular 

perforations are as shown in Fig.No.2. Material for plate is 

aluminium and copper. These materials are selected 

considering the thermal properties, manufacturing 

feasibility. (One having higher thermal conductivity and one 

having lower cost) 

 
a) 

 
b) 

 
c) 

 
d) 

Fig. 2: 
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1) Vertical plain plate (15 cm x 15 cm x 0.5 cm) 

2) Set 1- Perforated plate (15 cm x 15 cm x 0.5 cm)  

with ø = 5 mm 

3) Set 2- Perforated plate (15 cm x 15 cm x 0.5 cm)  

with ø = 10 mm 

4) Set 3- Perforated plate (15 cm x 15 cm x 0.5 cm)  

with ø = 15 mm 

(ø = Diameter of perforation) 

B. Test Methodology: 

In order to Experimental Evaluation of Natural heat transfer 

coefficient through vertical heated roughened surface, it has 

been decided to vary the heat input from 25 W to 100 W in 

the step of 25 W. Readings are taken at steady state. Heater 

is placed between two test plates. Whole teat set up is 

mounted vertically. Voltage supplied is varied with the help 

of dimmerstat. 

C. Test Parameters and Calculations: 

Experimentation was carried on the circular pipe at various 

frequencies of pulsation. 

Parameter Description 

Heat load (W) 25W,50W,75W,100W 

Time Up to Steady State 

Table 3.1: Test parameters 

All the necessary components were assembled and 

experimental set was developed. The necessary instruments 

were attached at correct configuration and the set up is ready 

for the experimentation. 

D. Formulae Used: 

Grashof Number (Gr) = 
          

  
 

 

Nusselt Number (𝑵𝒖) = 𝟎.59×𝑹a𝟎.25
 

 

Relays Number (Ra) = Gr×Pr 
 

Heat Transfer coefficient (hth) = (𝑁𝑢)/𝑘L 

IV. RESULTS AND DISCUSSION  

Experiments were carried out by using four test plates one 

of these is plain plate and other three are perforated with 

various diameters. The effect of perforation on the heat 

transfer characteristics are presented by heat transfer 

coefficient and Nusselt number. The heat transfer coefficient 

and Nusselt number is calculated by varying Heat input to 

the perforated plate. The results are depicted in Figs. 4.1-

4.7. The variation of various parameters, namely, heat input, 

Nusselt Number and Heat transfer coefficient.  

 
Fig. 4.1: Comparison of heat transfer coefficient calculated 

experimentally and theoretically for plane plate 

Fig 4.1 and 4.2 showed that the value of Nusselt 

Number calculated by experimental and theoretical method 

is similar. From this graphs it is proved that experimental 

setup is validated. 

 
Fig. 4.2: Comparison of Nusselt number calculated 

experimentally and theoretically for plane plate 

 
Fig. 4.3: Variations in Heat Transfer Coefficient with Heat 

Input for various Perforated Plates 

For increment in heat input, it can be seen from 

Fig.4.3 that enhancement is found in heat transfer 

coefficient in comparison of perforated and plain plate. Fig. 

4.3 shows that the values of heat transfer coefficient are 

increases with increasing heat input. 

 
Fig. 4.4: Variations in Nusselt Number with Heat Input for 

various Perforated plate Plates 

For increment in heat input, it can be seen from 

Fig.4.4 that enhancement is found in Nusselt Number in 

comparison of perforated and plain plate. Fig. 4.4 shows that 

the values of Nusselt Number are increases with increasing 

heat input. 
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Fig. 4.5: Variations in Surface temperature with Heat Input 

for various Perforated plate Plates 

For increment in heat input, it can be seen from 

Fig.4.4 that enhancement is found in Surface Temperature in 

comparison of perforated and plain plate. Fig. 4.4 shows that 

the values of Surface Temperature are increases with 

increasing heat input. 

V. CONCLUSION 

Experimentation is carried out for the analysis of perforated 

plates with two opposite perforated plates on which all 

configuration peaks lie in a staggered arrangement. 

Perforated plates are structured with three different 

perforation patterns for Nusselt number and heat flux in the 

ranges of 27 to 98 and 3.61 to 1.89 W/m2k, respectively. 

It is found that the perforated surface has a 

significant effect on the enhancement of heat transfer and 

Nusselt Number. The heat transfer rate is higher as 

perforation of plate is increases. For a given heat input 

Nusselt number and heat flux, the average plate 

temperatures at higher perforated diameter are higher than 

those from lower perforated diameter. However, heat 

transfer rate is increases as the heat supplied to plate is 

increases Therefore, the surface temperature of plate tends 

to increase as the heat supplied to plate increases. The 

surface temperature continues to increase with Nusselt 

number. The measured heat transfer coefficient obtained 

from the perforated surface at higher diameter is 1.66 times 

higher than those from the plane surfaces. 
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