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Abstract 

  

Heat dissipation is a drastic issue to tackle due to continued integration, miniaturization, compacting and lightening of 

equipment. Heat dissipaters are not only chosen for their thermal performance; but also for other design parameters that 

includes weight, cost and reliability, depending on application. The present paper reports an experimental study to 

investigate the heat transfer enhancement over horizontal flat surface with rectangular fin arrays with lateral square and 

circular perforation by forced convection. The cross sectional area of the rectangular duct was 200 mm x 80 mm. The 

data used in performance analysis were obtained experimentally for fin arrays of   material aluminum, by varying 

geometry  and size of perforation as well as by varying Reynolds number from 21 10
4
to 8.7 10

4
. It is observed that the 

Reynolds number and size perforation have a larger impact on Nusselt number for the both type of perforations. 
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1. Introduction 

 
1
 The enhancement of heat transfer is an important subject 

of thermal engineering. The removal of excessive heat 

from system components is essential to avoid the 

damaging effects of burning or overheating. The heat 

transfer from surface may, in general, be enhanced by 

increasing the heat transfer coefficient between a surface 

and its surrounding, or by increasing heat transfer area of 

the surface, or by both. Extended surfaces that are well 

known as fins are commonly used to enhance heat transfer 

in many industries. Various types of fins like rectangular 

plate fins, square pin-fins and circular pin-fins are 

commonly used for both natural and forced convection 

heat transfers. (Ugur and Kadir, 2006) conducted an 

experiment to investigate the heat transfer and friction loss 

characteristics in a horizontal rectangular channel having 

attachments of hollow rectangular profile fins. They 

studied in-line and staggered fin arrangements for one-

fixed spanwise and four different streamwise distances.  

They also found correlation equations for Nusselt number 

and friction factor.  (Souidi and Bontemps, 2001) studied 

countercurrent gas-liquid flow in narrow rectangular 

channels simulated by plain and perforated fins.  They 

observed different flow patterns depending on fluid flow 

rates. (AIEssa, et al, 2004,2008,2009,20012) studied the 

heat dissipation from a horizontal rectangular fin 

embedded with square perforation, rectangular 

perforations with aspect ratio of two, equilateral triangular 

perforations of bases parallel and towards its fin tip, by 
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using finite element technique under natural convection.  

They compared the results of the perforated fin with its 

external dimensionally equivalent solid fins. They showed 

that perforation in the fins enhances heat dissipation rates. 

Also, the heat transfer of perforated fin enhances with 

increase in the fin thickness. Suryawanshi and Sane (2009) 

investigated experimentally the heat
 
dissipation from fin 

array with inverted
 
notch at the central bottom portion of 

fin to modify
 

its geometry for enhancement of heat 

transfer on normal and inverted
  

notched fin arrays 

(INFAs). They found that the average heat transfer 

coefficient for
 

INFAs is nearly 30–40% higher as 

compared to normal array. (Sara, et al,2000,2001) 

investigated the thermal performance of solid and 

perforated rectangular blocks attached on a flat surface in 

a rectangular duct. When the blocks were perforated, loss 

in the net energy was recovered and depending on the 

geometrical and flow conditions, a net gain in energy, up 

to 20% was achieved. They also found that a perforation in 

the blocks enhances the heat transfer and enhancement 

increases with the increasing degree of perforations.  

 (Bayram, et al, 2008) experimentally investigated the 

overall heat transfer, friction factor and the effect of the 

various design parameters on the heat transfer and friction 

factor for the heat exchanger equipped with square cross-

sectional perforated pin fins and circular cross section 

perforated pin fins in a rectangular channel.  They found 

that the Nusselt number that is based on the projected area 

would reflect of the variation in the surface area as well as 

that of the disturbance in the flow due to pin fins on the 

heat transfer. (Rahman, et al, 2005) have studied 

numerically as well as experimentally heat transfer 

http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ASMEDL&possible1=Sane%2C+Narayan+K.&possible1zone=author&maxdisp=25&smode=strresults&pjournals=AMREAD%2CJAMCAV%2CJBENDY%2CJCNDDM%2CJCISB6%2CJDSMAA%2CJEPAE4%2CJERTD2%2CJETPEZ%2CJEMTA8%2CJFEGA4%2CJFCSAU%2CJHTRAO%2CJMSEFK%2CJMDEDB%2CJMDOA4%2CJMOEEX%2CJPVTAS%2CJSEEDO%2CJOTRE9%2CJOTUEI%2CJVACEK%2CJTSEBV&aqs=true
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characteristics from a horizontal flat plate. They found 

changes in the average Nusselt number and heat transfer 

rates due to the use of number of equally spaced high 

conductivity drilled fins placed at the heater surface at 

different humid conditions. Thermal performances of the 

solid fins and drilled fins compared under same condition.  

They suggested that permeable or drilled fins can be very 

useful in situations which require higher heat transfer rates 

than what can be achieved by the use of regular solid 

fins.(Khoshnevis,et al,2009) carried experiments and 

investigation showed that increasing perforation’s open –

area ratio augments heat transfer and decreases pressure 

drop. Increasing perforation angle diameter improves both 

heat transfer and pressure drop over the channel. (Shaeri, 

et al, 2009) worked numerically on three-dimensional 

array of rectangular perforated fins with square window 

that was arranged in lateral surface and longitudinal of 

fins. Navier- strokes equations and RNG based k-
turbulent model were used. Fin efficiency of perforated 

fins was determined and compared with the equivalent 

solid fin. They showed that new perforated fins have 

higher total heat transfer and considerable weight 

reduction in comparison with solid fins. (AI-Widyan and 

AI-Shaarawi ,2012) worked numerically on perforated fins 

under natural convection. They found that the heat transfer 

from the perforated fins increased with Grashof number as 

well as by decreasing spacing between the holes.  

  (Foo and  Seng ,2012) investigated experimentally the 

use of staggered perforated pin fins to enhance the rate of 

heat transfer while subject to an vertical impinging flow.  

Chamoli, et al, (2011) worked on CFD to investigate the 

heat transfer and friction loss characteristics in a 

horizontal rectangular channel having attachments of 

circular profile fins over one of its heated surfaces. 

(Baruah, et al, 2011)   worked on CFD to investigate heat 

transfer and pressure drop characteristics of elliptical pin 

fins in rectangular channel in a staggered manner. They 

found that perforated elliptical pinfins perform better than 

the solid elliptical pin fin. (Wadhah, 2011) experimentally 

investigated enhancement of natural convection heat 

transfer from the rectangular fins by circular perforations.  

He showed that the heat transfer rate and the coefficient of 

heat transfer increases with increased number of 

perforation. From the literature survey it has been 

observed that most of the parameters affecting the heat 

transfer and pressure drop processes were studied, but 

none emphasized the experimental investigation of lateral 

perforated fins with higher Reynolds number, because it 

requires vast number of experimentation, which 

enormously increases the experimental cost and period.  

One more limitation for the study is lack of 

experimentation in the forced convection.  

 For many practical applications it is necessary to 

determine the economical benefits for the heat transfer 

enhancement.  

 

2. Nomenclature 

 

AT   :Total heat transfer area (m
2
) 

C/H   :Clearance ratio 

S/H   :Inter-fin spacing ratio 

Dh   :Hydraulic diameter of the duct (m) 

dtb        :Temperature difference across   insulating bricks 

dxb   :Thickness of insulation bricks (m) 

H   :Fin height (m) 

 t   :Thickness of fin (m) 

L   :Length of fin (m) 

hav        :Average Heat transfer coefficient (W/m
2  

K) 

Kb       :Thermal conductivity of insulating bricks (W/m
 
K) 

Ka    :Thermal conductivity of air (W/m
 
K) 

Nu    :Nusselt number  

QN   : Net heat transfer rate (W) 

Re    :Reynolds number 

NP         :Number of perforations 

Q           :Heat input ( Watt)  

Tin   :Temperature of inlet air (
o
C) 

Tout   :Temperature of outlet air (
o
C) 

Tmean   : Mean bulk temperature (
o
C) 

Ts         :Average surface temperature of fins (
o
C) 

 V   :Velocity over test section (m/s) 

 

Greek Symbols 

 

µ           :Viscosity of air(kg/ms) 

a        :Density of air(kg/m
3
) 

 

3. Experimental set up 

 

The experimental set up is as shown in Fig.1. The internal 

cross-section of the test section was 200 mm x 80 mm x 

260 mm. and the hydraulic diameter Dh= 114.28 mm. 

Total length of the duct was 2800 mm.  Its position was 

horizontal and in suction mode. Fig. 2 shows the 

schematic of the fin arrays used in experiment. Fig.3 

shows that cross sectional view of the test test section 

Geometries of various types of fin arrays are given in 

Table 1. The C/H (Clearance ratio) and (S/H Inter-fin 

spacing ratio) values were constant i.e. 0.29 and 0.32 

respectively. The Reynolds number range was 2.110
4
- 

8.710
4 

which is based on hydraulic diameter (Dh) of the 

channel over the test section and average velocity (V). A 

450 watt electric heating coil was used as a heat source 

and was placed between upper plate and bottom base 

plate. To minimize heat loss through base, the base plate 

was placed inside the insulating firebricks of 70 mm 

thickness, such a way that only upper surface of base plate 

exposes to duct environment.  The variac transformer was 

used to control the electric power input of the heating coil 

to get constant heat flux along the test section.  The 

experiments were conducted at heat inputs of 200watts. 

Total 14 Copper constantan k type thermocouples were 

fixed on the fins and base at different points to measure 

the temperature at different   locations. Two 

thermocouples were fixed inside the insulating bricks at 

some depth from base plate to find out heat losses to the 

surrounding.  One thermocouple was fixed to measure 

outlet temperature of the air and the other thermocouple 

was used to measure the air temperature at inlet. The 

digital temperature indicator calibrated to  0.1 degree, 

having range from 0
o
C to 600

o
C was used to measure the 

temperatures.  The mean inlet velocities of the air flow 
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entering to the test section was measured by AM4201A 

THERMO ANEMOMETER. The pressure drop across the 

test model was measured using two static pressure tapings 

mounted at the top of the test section. The pressure taps 

were connected to differential pressure transmitter that can 

measure in the range 0 - 100 pa. (KIMO CP100). The 

accuracy of the pressure transmitter is  1.5% of reading. 

 

 
 
1-Effuser, 2 - Diffuser, 3 - Motor with fan, 4 - Panel Board (1), 5 - Screw 

jack, 6- Insulation Box, 7 - Fin arrays, 8 - Thermocouples, 9 - 
Anemometer, 10 - Panel Board (2), 11 – Pressure Transmitter , 12 - 

Temperature Indicator. 

 

Fig. 1 Experimental setup 

 

 
 a) Solid fin arrays 

 

 
b) Square Perforation fin arrays 

 

 
  

c) Circular perforation fin arrays 

 

Fig. 2 Schematic of the fin arrays 

 
 

Fig. 3 Cross sectional view of the test section 

 

Table 1Geometry of various types of fin arrays studied 

 
Type of fins Size of fin in 

mm( L   H   

t) (mm) 

No.of 

fins 

Size of  

perforati

on ( mm) 

No.of 

perfor

ations 

Without 

perforation 
120   62  3    8   -       - 

With square 

perforation 

120   62  3    8 10Square      21 

120   62  3    8 8 Square      21 

120   62  3    8 6 Square      21 

 With 

circular 

perforation 

120   62  3    8 10 Dia.      21 

120   62  3    8  8  Dia.      21 

120   62  3    8  6 Dia      21 

 

4. Data reduction 

 

The convective heat transfer rate from electrically heated 

test surface is calculated by using a relation. 

 

QN   = Q(electrical) – Q(conduction) – Q(radiation)                         (1)  

 

The electrical heat input is calculated from the electrical 

potential and current supplied to the surface. The radiation 

heat loss can be neglected. Conduction heat loss can be 

calculated by using (2). 

Q (conduction) = 
b

b

bb
dx

dt
AK                                              (2)  

The heat transfer from the test section by convection can 

be expressed as  
















 


2

inout

sTavN

TT
TAhQ                                                   (3) 

The area AT in equation (3) is total area of fin that touches 

fluid passing through the duct. This area includes outer 

surfaces of fins and also the inner surfaces of perforations.  

Hence average convective heat transfer coefficient avh can 

be find out as  








 




2

inout
ST

N

av
TT

TA

Q
h                                                   (4)   

The dimensionless groups are calculated as follows  

Nu = 
a

hav

K

Dh
                                                        (5)  
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Re = 


 haVD
                                                                   (6) 

f    

2

2V

D

L

p

h












                                                             (7) 

 

In all calculations, the values of thermo Physical 

properties of air are obtained at the bulk mean 

temperature, which is 

 

2

inout

mean

TT
T


                                                                (8)                                    

 

5.  Results and discussions 

 

5.1 Experiment on smooth duct 

 

In order to have a basis for the evaluation of the effects of 

the fins, some experiments were carried out for smooth 

duct (without any fins). Experimental data obtained from 

these test, the average Nusselt number (Nusd)and friction 

factor (fsd) for smooth duct is correlated as the function of 

Reynolds numberwhich is given below.   

 

Nusd  
816.0Re015.0                                                                        (9)                  

 

fsd 344.0Re001.0                                                               (10) 

 

Above equations are valid for tested range of Reynolds 

number from 2.110
4
 Re  8.710

4
, 200 watt heat 

input and  Pr 0.7. 

 Experimental results for smooth duct are compared 

with the correlation of the (Dittus- Bolter, Sieder and Tate, 

1997) for turbulent flow in cylindrical ducts, (B. Sahin, A 

Denmir 2008) and (K Bilen 2006) for rectangular channel 

and found in good agreement with range of experiment. 

 

5.2   Heat transfer  

 

The data used in the analysis is obtained experimentally 

for varying Reynolds number and geometry of perforation. 

The Nusselt number (Nu) that is based on the average heat 

transfer area as well as that the turbulence of flow in the 

duct. Performance of Nusselt number by varying Reynolds 

number is shown in Fig.4 for 6 mm size of circular and 

square perforation including solid fin arrays.. Similarly 

Fig. 5and Fig.6 shows for 8 mm and 10 mm size of 

perforation. The Nusselt numbers of perforated fin arrays 

as well as solid fin arrays increases with increase in 

Reynolds number. The Nusselt number of all types of 

perforated fin arrays is higher than external dimensionally 

equivalent solid fin arrays for the whole tested range of 

Reynolds number. It is may be due to perforation and 

turbulence of flow in the duct. Thermal performance of 

arrays of square perforation minutely higher  than circular 

perforation of  same size for lower range (15000 < Re < 

4500) of Reynolds number at the same time the arrays of 

circular perforation giving slightly better performance for 

higher range of Reynolds number  (60000 <  Re < 90000).  

 

 
 

Fig 4 Performance of Nu Vs Re for arrays of  6 mm size 

of circular and square perforation   heat input200 watt 

 

 
 

Fig 5 Performance of Nu Vs Re for arrays of  8 mm size 

of circular and square perforation,   heat input200 watt 

 

 
 

Fig 6 Performance of Nu Vs Re for arrays of  10 mm size 

of circular and square perforation,   heat input200 watt 

 

5.3Fin Performance 

 

For evaluating the effectivness of new lateral  perforation 

fin arrays, it is required to find out fin performance for 

different size of perforation. To determine effectiveness  

of fin , the ratio of the actual  heat transfer rate from the 

fin arrays (Qf) having convection heat transfer coefficient 

and average surface temperature  to heat transfer rate that 

without fin arrays (Qfs) at base temperature. 

sf

f

f
Q

Q
                                                                     (11) 
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The variation of effectiveness of fin arrays with Reynolds 

number for different size and shape of perforation are 

plotted in Fig.7, It shows that the Reynolds number 

increases , fin effectiveness  of the fin arrays decreases for 

all tpyes of fin arrays. The effectiveness of fins  (
f ) are 

higher than unity for all type fin arrays.This means that the 

use of fin arrays leads to an advantage on the basis of heat 

heat transfer enhancement.  

 

 
 

Fig. 7 Performance of fin effectiveness with Reynolds 

number for different size of perforation, 200 watt 

 

5.4 percentage improvement of perforated fins 

 

The comparision of percentage  effectiveness of perforated 

fin arrays to solid fin arrays can calculated using following 

equation. 

100)( 


sf

sfpf

f
Q

QQ
Percentage                                        (12)    

  
 

Qpf  is the heat transfer rate of  the perforated fin arrays 

having convection heat transfer coefficient and average 

surface temperature .Similarly Qsf is the heat transfer rate 

of the solid  fin arrays Due to perforation, the percentage 

effectivness  (
f ) of fin arrays are increases wth increase 

in size of perforation which is given in the Table no. 2 

 

Table 2  Percentage improvement of perforated fin arrays 

over solid fin arrays 

 
Size of 

perforation 
(

f ) Percentage 

(%) circular 

(
f ) Percentage 

(%) square 

6 mm 5.45 5.71 

8 mm 9.98 10.38 

10 mm 12.35 12.64 

 

5.5 Friction factor 

 

The pressure drop over the test section with fin arrays 

inside the duct were measured under the heated conditions. 

Friction factor claculated by using equation (9). Fig 8 

shows plot of friction factor against the reynolds number 

for the perforated aswell as solid fin arrays.Friction factor 

of the arrays of square perforation is highest than all other 

type of fin arrays.Friction factor of arrays of the perforated 

fin is more than the arrays of solid fins for tested range of 

Reynolds number, it may be due to turbalance and 

resistance againat flow because of perforation. 

 
 

Fig. 8 Plot of friction factor Vs Reynolds number for fin 

arrays, heat input 200 watt 

 

6.  Experimental uncertainties 

 

By using the estimation method of ( Moffat R. J. 1988) 

maximum uncertainties of the investigated non 

dimensional parameters are Nu= 4.98%, Re= 4.47%, f= 

9.48%. The individual contributions to the uncertainties of 

the non dimensional parameters for each of the measured 

physical properties are Velocity of air 3.9%, Mean 

temperature 3.7%, Pressure difference 1.13%, Hydraulic 

diameter 0.1%, Thermal conductivity 0.118%, Dynamic 

viscosity of air 0.217%, Density of air 0.257%. 

 

Conclusion 

 

 In this study, the effect of the various parameters like 

geometry, Reynolds number and friction factor on the 

heat transfer for the rectangular fins with square and 

circular perforation are investigated experimentally. 

The effects of perforation and Reynolds number on 

the heat transfer characteristics were determined.  It is 

found that the most important parameter affecting the 

heat transfer is Reynolds number and secondly and 

geometry of perforation.  

 The Nusselt numbers of perforated fin arrays as well 

as solid fin arrays increases with increase in Reynolds 

number.. 

 Percentage improvement in Nu of Perforated fin 

arrays  over solid fin array is found . Reslut shows 

that  average of percentage improvement of square 

perforated fin arrays is more than fin arrays of 

circulated perforated fin of same size.  

 Friction factor slightely increases with increase in the 

size of perforation.. 

 Utilization of perforated fins increases heat 

dissipation rate, simultaneously reduction in fins 

weight, low weight means saving material of fin and 

which decreases the expenditure on the fin material 

and related equipment. Hence it may be utilized for 

cooling of air cooled I C engines and many other 

industrial applications. 
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