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ABSTRACT 
In the present study effect of cylindrical perforated 

insert (CPI) on heat transfer, friction factor and thermal 

performance factor is investigated and estimated 

through experimental results. The different parameters 

used in this experiment includes diameter ratios (DR = 

d/D = 0.5, 0.65 and 0.8) and perforation index (PI = 

AP/AT = 8%, 16% and 24%). The working fluid is air 

and the experiments are carried out under the flow 

range of Reynolds number (Re) from 6000 to 27,000.The 

experiment is carried out and it is noticed that as the PI 

increases the heat transfer and friction factor decreases 

but thermal performance factor increases. For DR=0.65 

and PI=8%, heat transfer enhances around 2.6 times in 

comparison of plain tube heat exchanger. The minimum 

friction factor was around 2.9 times higher as compared 

to plain tube heat exchanger. It is also found that on the 

basis of experimental data, the most optimum results for 

the entire range of the flow and geometrical parameters 

is given by PI=24% and DR=0.65 and for this range the 

thermal performance factor is 1.49 times more in 

comparison of plain tube heat exchanger. 

 

Keywords: Friction factor, Heat transfer enhancement, 

perforated cylindrical insert, Nusselt number, Reynolds 

number and Thermal performance factor. 

 

I. INTRODUCTION 

 
Heat exchangers are a device that facilitates the 

transfer of energy from one medium to another by virtue of 

temperature difference. When the net heat transfer rate is 

very less in case of heat exchanger tube then heat transfer 

enhancement is required.Heat transfer enhancement method 

refers to improve the working of heat exchanger and reduce 

its size. In last decades, consistent emphasis has been given 

in order to develop a method to enhance the rate of heat 

transfer in the heat exchangers and also to reduce the 

frictional losses and enhance thermal performance. Some of 

the heat transfer enhancement methods are: active, passive 

and compound techniques. Active techniques uses the 

external power input and are complex in design whereas 

passive techniques does not require any external power 

input and are cheap, simple (compact) in design and easy to 

maintain and compound techniques are thecombination of 

above two. Therefore, passive techniques are most effective 

to enhance the heat transfer.Researchers have used passive 

techniques in which different insert geometry and 

parameters are taken in order to perform their experimental 

workP.Kumar et al[1] has used Protruded surface as their 

insert geometry with different parameter of stream wise 

spacing and span wise spacing. It was observed that thermal 

hydraulic performance improves 14-56% as compare to 

plain tube. A.Kumar et al[2] used Solid hollow circular 

disk as their insert geometry with different parameter like 

diameter ratio(DR), perforation index(PI), pitch ratio(PR), 

thickness ratio(TR) etc. It was noticed that for DR, as the 

value of DR increases there is a significant decrease in the 

amount of heat transfer. The same trend is noticed for 

friction factor also. 

Researchers like M.M.K Bhuiya et al[3] and 

S.Eiamsa-ard et al[4] used some modified form of twisted 

tape like perforated and serrated twisted tape respectively 

for their experimental investigation. Effect of perforation 

was significantly noticed in pressure drop in case of 

perforated twisted tape. Friction factor in perforated and 

serrated twisted tape were less as compared to the normal 

twisted tape inserts. Some of the researchers like H. Bas et 

al[5] andM.M.K Bhuiya et al[6, 7] used twisted tape and; 

double and triple twisted tape to investigate the effect on 

heat transfer and friction factor. It was observed that as the 

value of twist ratio decreases, its significant effect is seen in 

heat transfer and friction factor, heat transfer increases with 

a decrease in the value of twist ratio and friction factor also 

increases. Using twisted tape as insert geometry, only core 

disturbance of the fluid takes place.P. Promvonge et al[8, 

9] used twisted tape with uniform coiled wire and with 

conical insert respectively. Here also a significant 

enhancement in the heat transfer is noticed with respect to 

the plain tube heat exchanger. K. Nanan et al[10] used 

perforated helical twisted tapes and found that the reduction 

in heat transfer and friction factor occurs as compared to 

helical twisted tapes and also found an increase in heat 

transfer, friction factor and thermal performance factor with 

decrease in diameter ratios and with increasing perforation 

pitch ratios. 

P. Murugesa et al[11] reports modification on tape 

geometry by inserting small wire nails on the plain twisted 

tape. S. Gunes et al[12]use of coiled wire inserts leads to a 

considerable increase in heat transfer and pressure drop over 

the smooth tube. V. Kongkaitpaiboon et al[13,14] uses 

circular disc and;perforated conical ringrespectively and 

investigated that heat transfer rates are augmented 

around57% to 195% for circular disc and the results also 

reveal that thermal performance factor improves 0.92 times 

for perforated conical rings. O. Keklikcioglu and V. 

Ozceyhan[15] improves the heat transfer efficiency with the 



INTERNATIONAL JOURNAL OF RESEARCH IN TECHNOLOGY AND MANAGEMENT (IJRTM) 
ISSN 2454-6240   
www.ijrtm.com   

2 
Volume 3 Issue 5, October 2017 

 

destruction of the laminar boundary layer so the coiled-wire 

inserts were installed with a separation (by Teflon rings) 

from the inner wall with two different clearances of 1 mm 

and 2 mm, three pitch-to-tube diameter ratios of 1, 2 and 3. 

Similarly, some more work carried out in this field includes, 

S. Eiamsa-ard et al [16-20], V. Singh et al [21], S. W. 

Chang etal [22], P. Promvonge [23-25],A. Saysroy et al 

[26], C. Thainponget al [27], M. Pourramezan et al [28], 

S. Tamna et al [29] and P. Li et al [30] who worked on 

twisted tape with non-uniform wire coil and circular rings, 

short length twisted tape, double-sided delta-wing tape, V-

nozzle turbulators,multiple twisted tape with solid rings, 

broken twisted tape, conical ring, conical nozzle, inclined 

vortex rings, square cut twisted tape, perforated twisted tape 

with parallel wings, twisted conical strip, double V-ribbed 

twisted tapes and drainage inserts in their study. 

In this present study the experimental investigation is 

done to enhance the heat transfer and thermo-hydraulic 

performance with the use of perforated cylindrical inserts 

for the flow range of 6,000 to 27,000. With the help of 

literature studies perforated cylindrical inserts with different 

diameter ratios and perforations is taken as insert geometry. 
 

II. EXPERIMENTAL PROCEDURE 

 
The experiment is carried out by using air as the 

working fluid to investigate the heat transfer and friction 

factor characteristics. The facility includes a blower, a 

nozzle, an orifice plate, a calming tube and the heat transfer 

copper test tube with a perforated cylindrical type insert. 

Uniform heat flux was applied to the test tube with the help 

of electrical heaters and Variac transformer which provide 

constant heat flux throughout the entire length of the test 

section. The test section was well insulated by using glass 

wool tape, thermocol and polystyrene foam to mitigate the 

convective heat loss to the surroundings.  

 

 

 
 

Fig. 1: Schematic of the experimental test setup 

 

The J-type thermocouples are calibrated on the surface 

oftube wall as shown in fig. 1 which measures the surface 

temperature. Each and every component of the experimental 

setup was carefully installed for accuracy in measurements. 

Special emphasis has been given on calibration of 

measuring instruments in order to minimize the uncertainty 

in the measurement. 

 

III. DATA REDUCTION AND 

VALIDATION: 
 

At the steady state condition of the experimentation, the 

energy balance equation can be written as: 

𝑄𝑎𝑖𝑟  =  𝑄𝑐𝑜𝑛𝑣     (1) 

 

In equation 1, 

𝑄𝑎𝑖𝑟  =  𝑚𝐶𝑝(𝑇𝑜  –  𝑇𝑖)   (2) 

 

And the convective heat transfer is given by: 

𝑄𝑐𝑜𝑛𝑣  =  ℎ𝐴(𝑇𝑤𝑚  –  𝑇𝑏)   (3) 

 

Where Tb is bulk mean temperature of fluid and it is 

calculated as: 

𝑇𝑏  =  
(𝑇𝑜  + 𝑇𝑖)

2
    (4) 

 

And 

𝑇𝑤𝑚  =  
Ʃ𝑇𝑤

20
     (5) 
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Where, Tw is the local wall temperature at which 

thermocouple was placed. The average heat transfer 

coefficient (h)and the average Nusselt number(Nu) is 

estimated as follows: 

h =  
mCp  (To  – Ti )

A(Twm  – Tb )
    (6) 

 

Nu =  
hD

k
     (7) 

 

The value of Reynolds number is obtained by equation: 

Re =  
ρVD


     (8) 

 

And the value of Friction factor is obtained by: 

f =  
∆𝑃

 (𝐿/𝐷)((𝜌𝑉2)/2) 
    (9) 

In which V is the mean velocity of the tube. 

 

Finally the thermal performance factor is calculated by 

the equation: 

η =
Nu /Nu s

(f/fs )1/3     (10) 

 

Thorough check of test set-up and instruments was 

followed by experiment on conventional smooth pipe. 

The average values of Nusselt number and friction 

factor were then are compared with the values obtained 

from the standard correlations like Blasius equation for 

friction factor and Dittus-Boelter equation for Nusselt 

number respectively in case of plain tube. The standard 

equations for Friction factor and Nusselt number are 

given as: 

 

Blasius equation: 

fs = 0.316 Re−0.25      (11) 

  

Dittus-Boelter equation: 

Nus = 0.023 Re0.8Pr0.4    (12) 
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Fig. 1: Validation curve of Nusselt number (Nu) and friction factor (f) 

The graph shown in the above Fig. 1 shows the validation of 

Nusselt number and friction factor as compared to the 

standard plain tube equation. Deviation of 8% is noticed in 

the case of Nusselt number and 10% is seen in the case of 

friction factor, as compared to plain tube which shows the 

accuracy of data obtained from this setup. 

 

IV. RESULTS: 
4.1 Effect on Heat Transfer for different Diameter 

Ratios: 

There is jet impingement as fluid strikes the insert 

geometry. When fluid passes from perforated cylinder, 

because of the obstruction fluid layer detached from each 

other and as it moved forward it again reattaches and near 

the perforated cylinder there is formation of swirl and 

because of that fluid mixing takes places. Because of these 

dominant disturbances in the fluid flow, high turbulence is 

obtained and heat transfer enhances. From fig 3(a) to 3(c) 

describes the effect of perforation ratio on Nusselt number 

with Reynolds number ranging from 6,000 to 27,000 and for 

Diameter ratios of 0.5, 0.65 and 0.8.It is observed that as the 

perforation index increases there is a significant decrease in 

the heat transfer and as the Reynolds number increases heat 

transfer also increases. The minimum heat transfer is 

observed in case of PI=24% for DR=0.5 of approx. 37. The 

maximum heat transfer is found in case of PI=8% for 

DR=0.65of approx. 145. For DR=0.8, the augmentation in 

heat transfer is better as compared to DR=0.5.  
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Fig. 3(a): Nusselt number (Nu) vs Reynolds number 

(Re) for DR=0.5 
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Fig. 3(b): Nusselt number (Nu) vs Reynolds number 

(Re) for DR=0.65 
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Fig. 3(c): Nusselt number (Nu) vs Reynolds number 

(Re) for DR=0.8 
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Fig. 4(a): Friction factor (f) vs Reynolds number (Re) 

for DR=0.5 
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Fig. 4(b): Friction factor (f) vs Reynolds number (Re) 

for DR=0.65 
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Fig. 4(c): Friction factor (f) vs Reynolds number (Re) 

for DR=0.8 

a. Effect on Friction factor for different 

Diameter Ratios: 

From fig 4(a) to 4(c) represents the effect of 

perforation ratio on friction factor with Reynolds 

number ranging from 6,000 to 27,000 and for Diameter 

ratios of 0.5, 0.65 and 0.8. It can be easily seen that, as 

the Reynolds number and Perforation Index increases 

the friction factor decreases. The maximum friction 

factor is obtained at PI=8% for DR=0.65 i.e. approx. 

0.162 and the minimum friction factor is obtained at 

PI=24% for DR=0.5 i.e. approx. 0.043. As compared to 

the DR=0.65 and DR=0.8, DR=0.5 has minimum 

friction factor for all the corresponding value of 

geometrical and flow parameter. For DR=0.65, the 

friction factor is maximum for all the insert geometry as 

compared to other diameter ratios, because of flow 

blockage is optimum in this case. In fig 4(c) for PI=8% 

and DR=0.8, the friction factor recorded was of order 

0.152 and for PI=24% and DR=0.8, the friction factor 

was of order 0.062. 

 

4.3 Effect ofPerforation Index on Nusselt number 

ratio (Nu/Nus): 

From fig 5(a) to 5(c) shows the variation of perforation 

ratio on Nu/Nus with Reynolds number ranging from 

6,000 to 27,000 and for Diameter ratios of 0.5, 0.65 and 

0.8. Though the heat transfer is higher for the higher 

value of Reynolds number but when it is compared with 

plain tube the experimental results are different and also 

with increase in Perforation Indexthe value of Nu/Nus 

decreases. In fig 5(a) for PI=8% and DR=0.5, 

approximate 2.23 times improvement in Nusselt 

number is noticed as 
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Fig. 5(a): Nusselt number variation with respect to 

plain tube (Nu/Nus) for DR=0.5 
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Fig. 5(b): Nusselt number variation with respect to 

plain tube (Nu/Nus) for DR=0.65 
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Fig. 5(c): Nusselt number variation with respect to 

plain tube (Nu/Nus) for DR=0.8 
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Fig. 6(a): Friction factor variation with respect to plain 

tube (f/fs) for DR=0.5 

 

compared to plain tube heat exchanger and minimum 

heat transfer is of approximate 1.495 times as compared 

to plain tube heat exchanger. In fig 5(b)for PI=8% and 

DR=0.65, maximum heat transfer is of approximate 

2.35 times as compared to plain tube heat exchanger. In 

fig 5(c) forPI=8% and DR=0.8, approximate 2.28 times 

improvement in Nusselt number is observed as compare 

to plain tube heat exchanger. 

 

 

4.4 Effect of Perforation Index on Friction factor 

ratio (f/fs): 

From fig 6(a) to 6(c) shows the variation of 

perforation ratio on f/fs with Reynolds number ranging 

from 6,000 to 27,000 and for Diameter ratios of 0.5, 

0.65 and 0.8. The f/fs is maximum for higher Reynolds 

number as the trend changes when the friction factor of 

roughened tube is compared to plain tube heat 

exchanger and as perforation index increases f/fs 

decreases significantly. Minimum f/fs is noticed for the 

PI=24% and DR=0.5, i.e. about 1.65 times as compared 

to plain tube because flow blockage is minimum which 

results in significant decrease in the order of friction 

factor. Maximum friction factor as compared to plain 

tube is noticed in case of PI=8% and DR=0.65 of about 

4.6 times as compared to plain tube as flow blockage is 

maximum. Hence the friction factor causes a main 

obstacle in the thermal performance of heat exchangers. 

Therefore, it is necessary to mitigate the friction factor 

to get the maximum thermal performance. 
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Fig. 6(b): Friction factor variation with respect to plain 

tube (f/fs) for DR=0.65 
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Fig. 6(c): Friction factor variation with respect to plain 

tube (f/fs) for DR=0.8 

4.5Effect ofPerforation Index onThermal 

Performance Factor: 

Thermal performance factor is a most important 

aspect for the utilization of heat exchanger. Therefore, it 

is very important to use only such type of geometry in 

which thermal performance factor is maximum or more 

than unity. From fig 7(a) to 7(c) illustrate the effect of 

perforation ratio on thermal performance factor with 

Reynolds number ranging from 6,000 to 27,000 and for 

Diameter ratios of 0.5, 0.65 and 0.8. It is noticed that as 

the Perforation Index increases thermal performance 

also increases, as there is a decrease in friction factor 

and as the Reynolds number increases thermal 

performance factor decreases. According to Fig 7(a)for 

DR=0.5, the maximum thermal performance factor was 

observed at PI=24% i.e. of order 1.39 while the lowest 

thermal performance factor is obtained at PI=8% i.e. of 

order 1.21. According to Fig. 7(b)for DR=0.65, the 

maximum thermal performance factor is obtained for 

PI=24%of around 1.49 times and the lowest thermal 

performance factor is noticed for the PI=8% i.e. 1.27 

times. Thermal performance factor in case of DR=0.65 

is more for all geometrical and the flow parameters as 

compared to DR=0.5 & DR=0.8. According to graph 

Fig 7(c) for DR=0.8, the maximum thermal 

performance factor is at PI=24% i.e. 1.43 times while 

the lowest thermal performance factor is found for the 

PI=8% is 1.24 times. 
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Fig. 7(a): Thermal performance factor (η) vs Reynolds 

number (Re) for DR=0.5 
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Fig. 7(b): Thermal performance factor (η) vs Reynolds 

number (Re) for DR=0.65 
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Fig. 7(c): Thermal performance factor (η) vs Reynolds 

number (Re) for DR=0.8 

 

V. CONCLUSION: 
On the basis of experimental investigation of heat 

transfer and fluid flow characteristics of heat exchanger tube 

with perforated cylindrical insert, a significant enhancement 

is obtained in the values of heat transfer and thermal 

performance factor. Our experimentation has been carried 

out for a given range of Reynolds number 6,000 to 27,000. 

Different values of geometrical parameters like diameter 

ratios (DR) and perforation index (PI) has been used in the 

experiment. The major conclusions drawn from this work 

are as follow: 

 

1. According to the validation test of the experimental 

setup, error in the value of Nusselt number and friction 

factor were 8% and 10% respectively. This shows that 

the error was in the permissible range for 

experimentation. 

 

2. The value of heat transfer rate has been found to 

increase with increase in Reynolds number. When 

compared to the plain tube, maximum enhancement in 

heat transfer was obtained for the lower value of 

Reynolds number i.e. 6,000 and the 

maximumenhancement in heat transfer was obtained 

was for DR=0.65 and PI=8% of around 2.6 times in 

comparison of plain tube heat exchanger.As the value 

of perforation index increases heat transfer rate 

decreases significantly i.e., maximum for PI=8%. 

 

3. The value of friction factor decreases as the Reynolds 

number and perforation index increases and vice-versa. 

When compared to the plain tube, minimum 

enhancement in friction factor was obtained for the 

lower value of Reynolds number i.e. 6,000 and the 

minimum enhancement in friction factor was obtained 

for PI=24% and DR=0.5 of about 1.65 times in 

comparison of plain tube heat exchanger. 

 

4. It is noticed that as the Reynolds number increases, 

thermal performance factor decreases significantly and 

as the value of perforation index increases thermal 

performance factor also increases. It is also noticed that 

on the basis of experimental data, a single set of 

geometry gives most optimum results for the entire 

range of the flow and geometrical parameters and is 

given as;   

 

Diameter ratio (DR) = 0.65 

Perforation index (PI) = 24% 

 

Because in case of DR = 0.65, both of the surface and 

core disturbance in the fluid flow is dominant in a 

balanced manner. So proper mixing of fluid stream 

takes place which enhances heat transfer, leading 

enhancement in thermal performance factor and the 

enhancement at this parameter is about 1.49 times as 

compared to smooth tube.
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PCI Perforated Cylinder Insert To Air exit temperature 

Re Reynolds number Twm Wall mean temperature 

f Friction factor Tb Bulk mean temperature 

Nu Nusselt number Cp Specific heat of fluid 

Ƞ Thermal performance factor Ao Area of orifice plate 

AT Total surface area of cylindrical element µ Dynamic viscosity of fluid 

AP Total perforated area of cylindrical element 𝛽 Open area ratio for orifice plate 

PI Perforation Index (AP / AT  ratio) Cd Coefficient of discharge 

d Diameter of Cylindrical element A Surface area of tube 

D Diameter of tube m  Mass flow rate 

DR Diameter Ratio (d/D ratio) V Velocity of fluid 

n Number of holes used in perforation K Thermal conductivity of fluid 

dh Diameter of hole in cylindrical element h Convective heat transfer coefficient 

L Length of tube 𝜌 Density of fluid 

Ti Air inlet temperature 𝛥P Pressure drop across test section 
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