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Abstract- The heat exchangers are used to enhance heat transfer by providing high heat fluxes or heat transfer coefficient. 
The second law efficiency increases and the entropy generation decreases by reducing the temperature driving force which is 
caused with the increase in heat transfer coefficient. The present experimental work are carried out with copper and 
aluminium conical rings by varying two pitches of 3 cm and 5 cm respectively. The inserts when placed in the path of the 
flow of the fluid, create a high degree of turbulence resulting in an increase in the heat transfer rate and the pressure drop. 
The work includes the determination of friction factor and heat transfer coefficient for various conical rings with varying 
pitches and different materials. The results of varying pitches in conical rings with two materials will be compared with the 
values for the smooth tube. Conical insert of copper 3mm thick and 30mm pitch has greater nusselt number in the range of 
88 to 141 with approx 6700Re to 13000Re hence found to optimum. 
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I. INTRODUCTION 
 
Heat exchangers are widely used in various industrial 
process for heating and cooling applications such as 
air conditioning and refrigeration systems, heat 
recovery processes, food and dairy processes, 
chemical process plants etc. The major challenge in 
designing a heat exchanger is to make the equipment 
compact and achieve a high heat transfer rate using 
minimum pumping power. Techniques for heat 
transfer augmentation are relevant to several 
engineering applications. In recent years, the high 
cost of energy and material has resulted in an 
increased effort aimed at producing more efficient 
heat exchange equipment. Furthermore, sometimes 
there is a need for miniaturization of a heat exchanger 
in specific applications, such as space application, 
through an augmentation of heat transfer. 
 
They are broadly classified into three different 
categories: 
1. Passive Techniques 
2. Active Techniques 
3. Compound Techniques. 
 
Passive Techniques: These techniques do not require 
any direct input of external power; rather they use it 
from the system itself which ultimately leads to an 
increase in fluid pressure drop. They generally use 
surface or geometrical  
 
Modifications to the flow channel by incorporating 
inserts or additional devices like twisted tapes, 
twisted wires, circular rings etc. They promote higher 
heat transfer coefficients by disturbing or altering the 
existing flow behavior except for extended surfaces.  
Active Techniques: In these cases, external power is 
used to facilitate the desired flow modification and  

 
the concomitant improvement in the rate of heat 
transfer. Augmentation of heat transfer by this 
method can be achieved by Electrostatic fields, it can 
be in the form of electric or magnetic fields or a 
combination of the two from dc or ac sources, which 
can be applied in heat exchange systems involving 
dielectric fluids.  Jet impingement: It involves the 
direction of heating or cooling fluid perpendicularly 
or obliquely to the heat transfer surface.  
 
Compound Techniques: When any two or more of 
these techniques are employed simultaneously to 
obtain enhancement in heat transfer that is greater 
than that produced by either of them when used 
individually, is termed as compound enhancement. 
This technique involves complex design and hence 
has limited applications. 
 
II. LITERATURE REVIEW 
 
Hsieh and Huang [1] conducted experimental studies 
for heat transfer and pressure drop of laminar flow in 
horizontal tubes with/without longitudinal inserts. 
They reported that enhancement of heat transfer as 
compared to a conventional bare tube at the same 
Reynolds number to be a factor of 16 at Re >10000, 
while a friction factor rise of only 4.5. A new method 
was postulated by Sarma[2]  to predict heat transfer 
coefficients with twisted tape inserts in a tube in 
which the wall shear and the temperature gradients 
were properly modified through friction coefficient 
correlation leading to heat transfer augmentation from 
the tube wall. It was found that the performance 
evaluation criteria was about 1.32–1.39 times 
compared to plain tube. Experimental studies on heat 
transfer and flow characteristics for turbulent flow of 
air in a horizontal circular tube with strip type insert 
(longitudinal and Crossed Strip inserts). Hsieh[3] 
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reported that friction factor rise due to inclusion of 
inserts was typically between 1.1 and 1.5 from low 
Re (=27000) to high Re (=55500) with respect to bare 
tube. Experimental investigations for the heat transfer 
characteristics and the pressure drop in horizontal 
double pipes with twisted tape inserts were carried 
out by Naphon [4]. Heat transfer, friction factor and 
enhancement efficiency characteristics in a circular 
tube fitted with conical ring turbulators and a twisted-
tape swirl generator were investigated experimentally 
by Promvonge and Eiamsaard . Ozceyhan and Siebel 
Gunes [5] conducted experimental investigations of 
heat transfer and pressure drop in a tube with coiled 
wire inserts placed separately from the tube wall and 
they found the enhancement ratio of about 1.5 as 
compared to the plain tube.  
 
Dasmahapatra and Rao studied augmentation of heat 
transfer to viscous non-Newtonian fluids in laminar 
flow using full width interrupted twisted tapes under 
the uniform wall temperature condition. Al-Fahed 
and Chakroun [6] investigated the effect of tube-tape 
clearance on heat transfer under fully developed 
turbulent flow conditions in a horizontal isothermal 
tube. Investigations were carried out on twisted tape 
inserts in viscous flow in a horizontal tube  by 
Manglik and Bergles [7]. Experimental data were 
obtained for water and ehtylene glycol with snug-fit 
tape inserts of three different twist ratios, y=3.0, 4.5, 
and 6.0; the tape thickness in each case was 0.483 
mm. In continuation of their research, an extended 
review of the application of twisted-tape inserts in 
tubular heat exchangers and their thermal-hydraulic 
performance was discussed by Manglik and 
Bergles[8].  
 
Twisted tapes promote enhanced heat transfer by 
generating swirl or secondary flows, increasing the 
flow velocity due to the tube partitioning and 
blockage. Experiments were conducted on compound 
heat transfer enhancement in a tube fitted with 
serrated twisted tape in the Reynolds number range of 
10000 to 57000 by Chang[9]. Heat transfer and 
pressure drop characteristics of laminar flow in 
rectangular and square plain ducts and ducts with 
twisted-tape inserts were experimentally investigated 
by Saha and Mallick[10]. Experimental investigation 
of heat transfer and friction factor characteristics of 
circular tube fitted with full-length helical screw 
element of different twist ratio, and increasing and 
decreasing order of twist ratio set have been studied 
with uniform heat flux  by Sivashanmugam and 
Suresh[11].Ozceyhan and Siebel Gunes [12] 
conducted experiments with equilateral triangle cross 
sectioned coiled wire inserts and they found the 
maximum performance evaluation of about 1.38 as 
compared to the plain tube. They performed their 
experiments for various Reynolds numbers and the 
obtained experimental data were then compared with 
those previously reported in the literature. 

OBJECTIVES  
1. To investigate the effect of various thickness 

and pitches of copper and aluminium inserts 
on heat transfer rate. 

2. 2.To correlate theoretical and experimental 
values of heat transfer coefficient, Nusselt 
number, friction factor for copper and 
aluminium. 

3. 3.To find out the optimum result of Nusselt 
number with minimum pressure drop for that 
insert. 

 
EXPERIMENTATION 
 

 
Fig.A Experimental set up for forced convection 

 
SPECIFICATIONS OF SET UP  

1 Inner diameter of pipe =(di) = 0.025 m. 
2 Outer diameter of pipe =(do) = 0.028 m. 
3 Length of test section L =0.5 m. 
4 Capacity of blower =  1 h.p. 
5 Diameter of orifice(d) =0.014m. 
6 Range of Dimmerstat = 0 to 5 amp. 0-480V 

ac. 
7 Temperature indicator =0 to 300 0C. 
8 PR-IN and PR-OUT = Pressure gauge at 

start and end of the test pipe. 0 to 2 kg/cm2 
9 Calibrated for chromel alumel 

thermocouple. 
10 Voltmeter = 0-480 V; ammeter 0-5 amp. 

Nichrome wire heater wound in test pipe 
(band type heater ). 

 
The literature that has been discussed above deals 
with active as well as passive techniques used for 
heat transfer augmentation, but maximum researchers 
have used passive technique as it doesn’t require any 
external agency for heat enhancement, hence it is 
advantageous over the active techniques thus giving 
ample of room for experimental studies.  
The design of cone angle has kept maximum as the 
heat transfer rate increases with increase in cone 
angle . The distance of pitches are kept minimum so 
as to develop the swirling action and to develop the 
centrifugal force so as to increase the turbulence and 
to reduce the force required for the rotation. Conical 
insert at lesser thickness causes lesser dissipation of 
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the dynamical pressure of the fluid, also the viscous 
losses becomes less near the pipe wall hence the 
thickness of insert are kept minimum. The researchers 
have used twisted tape with varying pitches where 
they are getting higher friction factor of about 30% to 
50 % hence an attempt have to be made to reduce this 
friction factor. This attempt can be done by making 
the shape of insert hollow and also by using various 
materials. The inserts used for the experiment are 
conical ring with different thickness and pitches as 
there is no work done on such type of insert. 
 
III. METHODOLOGY 
 

Table: Sample observation table 

 
qair = m Cpair (To-Ti) =   ΔVI-Qloss           (1) 
 
Where, 
To and Ti are the temperatures at outer and inner wall 
of test pipe. 
V= Voltage supplied by the heater. 
I = the current supplied to the test pipe. 
 
The heat provided by the electrical cable in the test 
tube is about 3 to 4% higher than the heat absorbed 
by the air for the thermal equilibrium test because of 
the convection and radiation heat losses (Qloss) from 
the test section to the surroundings. Therefore, only 
the heat transfer rate absorbed by the air is taken into 
consideration for the convective heat transfer 
coefficient calculation. 
q=

π  
         (2) 

 
The procedures for calculating the various parameters 
for with and without inserts are given below. The 
experimentation was done at constant heat supply of 
60V; hence the calculations are done at constant heat 
supply. An sample observation table is shown below 
to understand the parameters need to be observed 
during experimentation. 
 
Where, 
T1 to T4 are the surface temperatures  
Ta andT5 are the ambient temperature and outlet 
temperature. 
hw is manometer difference in cm. 
Avg. Surface Temp.=( )    (3) 

 Avg. Temp of air= ( )     (4)  

Air volume flow rate Qa = a0*
∗ ∗ ∗ρ

ρ
   (5) 

Where, 
a0= cross sectional area of orifice. 

Mass flow rate m= Qa*ρa      (6) 
h = ( )∗( )

                    (7) 
Where, 
  h = heat transfer coefficient. 
 Ts = surface temperature 
The Reynolds number is defined by, Re = 

υ
    (8) 

Where, 
V= velocity of the fluid. 
ν = Kinematic viscosity of the fluid. 
 
For internal flows if Reynolds (Re) number exceeds 
by 2000 then the flow is turbulent. After the flow is 
decided i.e. laminar or turbulent then the Nusselt 
number can be calculated. The theoretical Nusselt 
number is calculated below without considering 
friction which is theoretical Nusselt number and then 
calculated by considering friction which will be 
experimental Nusselt number. 
Nuth = 0.023*(Re)0.8 * (Pr)0.4          (9) 
This equation is called Dittus-Boettier equation.  
fs = (0.790 lnRe-1.64)2         (10) 
This equation is used to find friction factor called as 
Petukhov equation for smooth    surface. [2] 
 
Where, 
fs= Friction factor for smooth tube . 
Re= Reynolds number.  

             
√

= −0.86ln [
ε

.
+  .

√
]        (11) 

This equation is used to find friction factor called as 
Nikuradse equation for rough surface i.e. with inserts. 
[2] 
The actual pressure drop is calculated with the help of 
pressure gauge at both the ends of test pipe and the 
friction factor is calculated from the formula given 
below: 
ΔP= ρ                                                 (12) 
 
Where, 
ΔP= pressure difference at both ends of test pipe. 
L= length of test pipe. 
D= Inner diameter of pipe. 
The experimental Nusselt numbers are calculated for 
smooth as well as for rough surfaces are given below: 

Nu = 
( )

( [ .
.

] )
      (13) 

 
This equation is called as Gnielieski equation to find 
theoretical and actual Nusselt number for smooth and 
rough pipe. [2] 
Where, 
fr = friction factor for rough surface 
Nu = Nusselt number 
Pr = Prandtl number 
The overall enhancement efficiency is expressed as 
the ratio of the Nusselt number of an enhanced tube 
with conical ring insert to that of a smooth tube, at a 
constant pumping power is introduced by Webb [19]. 
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PEC= η =    /⁄
( | / ) /      (14) 

The actual photographs of conical rings for varying 
pitches and thickness are shown below from Fig. (a) 
to (d). 
 

 
Fig. (a) Aluminium inserts with 30mm pitch and 3mm thick 

 

 
Fig. (b) Copper inserts with 30mm pitch and 3mm thick 

 

 
Fig. (c) Copper inserts with 50mm pitch and 4mm thick 

 

 
Fig. (d) Aluminium inserts with 50mm pitch and 4mm thick 

 
 

IV. RESULTS & DISCUSSION 
 

 
Fig 1. Comparison of Nu Vs Re for Aluminium Inserts 

 
From above graph Nu Vs Re it is been observed that 
plate of  aluminium 4mm thick and 50mm pitch has 
greater  nusselt number in the range of 78 to 128 from 
approx. 6700Re to 13000Re hence it is found 
optimum. 
 

 
Fig 2. Comparison of Friction factor Vs Re for Aluminium 

Inserts 
 
From above graph, Fr Vs Re it is been observed that 
aluminium plate 3mm thick and 30mm pitch has 
lesser friction factor in the range of 0.1014 to 0.09187 
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with approx. 7000Re to 10300Re hence it is found  
optimum. 

 
Fig 3. Comparison of Nu Vs Re for Copper Inserts 

 
From above graph Nu Vs Re it is been observed that 
plate of  copper 3mm thick and 30mm pitch has 
greater  nusselt number in range of 88 to 141 with 
approx 6700Re to 13000Re hence it is found 
optimum. 
 

 
Fig 4. Comparison of friction factor Vs Re for Copper Inserts 

 
From above graph, Fr Vs Re it is been observed that 
plate of  copper 4mm thick & 50mm pitch  has lesser  
friction factor in the range of 0.10 to 0.088 with 

approx 6700Re to 13000Re hence it is found 
optimum. 

 
Fig 5. Comparison of Nu Vs Re for all Inserts 

 
From above graph Nu Vs Re it is been observed that 
plate of  copper 3mm thick and 30mm pitch has 
greater  nusselt number in the range of 88 to 141 with 
approx 6700Re to 13000Re hence it is found to 
optimum. 
 
V. FUTURE SCOPE 
 
We can reduce number of pitch distance to get more 
optimum value.Experiments are also possible with 
varying the thick of conical rings.We can try some 
modification in the geometry of conical ring with the 
help of CFD analysis.We can try the same geometry 
with different materials and compare the results with 
the existing material. With aluminium, serious 
problems occur at temperatures above 200ºC, at 
which point the strength of aluminium drops 40% to 
60% compared to its strength at 150ºC. This problem 
can be solved if certain amount of doping of other 
material can be done to improve its performance. 
 
CONCLUSION 
 
The results obtained from the experiment which are 
discussed above are concluded below to find an 
optimum insert as compared to the other inserts to be 
used for this experimental set up. We observe that 
with an increase in the Reynolds number (Re) ranging 
from 6700 to 13000, the heat transfer coefficients 
increases for conical ring whereas the friction factor 
decreases. The 3mm thick and 30mm pitch copper 
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shows higher Nusselt number of 50% to 58% and 
friction factor of 36% as compared to without insert. 
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