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Abstract— Recently, Energy is essential for domestic 

industry development and it is the main problem issue in the 

world. A plenty of energy problems are necessary to be 

urgently improved and developed. Paying the attention and 

efficiently economically exploiting energy are the effective 

way to bring down energy problems. The heat exchange 

process has been involved in many engineering applications 

of production process in industrial factories and necessary, is 

the parameter of great interest temperature. This paper 

describes the experimental work on heat transfer 

augmentation in the double pipe heat exchanger using a new 

kind of insert called twisted wire mesh. Inserts when placed 

in the path of flow of liquid, create a high degree of 

turbulence resulting in an increase in heat transfer rate and 

the pressure drop. The work includes determination of 

friction factor and heat transfer coefficient for twisted wire 

mesh having different twist ratios of (p/d)=4,6,8 the 

experimental data obtained for plain tube were verified with 

standard correlation two ensure validation of experimental 

result.     
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I. INTRODUCTION 

Heat exchangers are popular used in industrial and 

engineering applications. The design procedure of heat 

exchangers is quite complicated, as it needs exact analysis of 

heat transfer rate, efficiency and pressure drop apart from 

issues such as long-term. performance and the economic 

aspect of the equipment. Whenever inserts technologies are 

used for the heat transfer enhancement, along with the 

improvement in the heat transfer rate, the pressure drop also 

increases, which induces the higher pumping cost. Therefore 

any augmentation device or methods utilized into the heat 

exchanger should be optimized between the benefits of heat 

transfer coefficient and the higher pumping cost owing to the 

increased frictional losses. In general, heat transfer 

augmentation methods are classified into three broad 

categories 

A. Heat Augmentation Techniques: 

1) Active method: 

This method involves some external power input for the 

enhancement of heat transfer and has not shown much 

potential owing to complexity in design. Some examples of 

active methods include induced pulsation by cams and 

reciprocating plungers, the use of a magnetic field to disturb 

the seeded light particles in a flowing stream, mechanicals 

aids, surface vibration, fluid vibration, electrostatic fields, 

suction or injection and jet impingement requires an external 

activator/power supply to bring about the enhancement.  

B. Mechanical Aids:  

Such instruments stir the fluid by mechanical means or by 

rotating the surface these include rotating tube heat 

exchangers and scrapped surface heat and mass     exchangers.  

1) Surface vibration:  

They have been applied in single phase flows to obtain higher 

heat transfer coefficients.  

2) Fluid vibration:  

These are primarily used in single phase flows and are 

considered to be perhaps the most practical type of vibration 

enhancement technique.  

3) Electrostatic fields:  

It can be in the form of electric or magnetic fields or a 

combination  

4) Injection:  

Such a technique is used in single phase flow and pertains to 

the method of injecting the same or a different fluid into the 

main bulk fluid either through a porous heat transfer interface 

or  upstream of the heat transfer section. 

5) Suction:  

It involves either vapour removal through a porous heated 

surface in nucleate or film boiling, or fluid withdrawal 

through a porous heated surface in single-phase flow. 

6) Jet impingement:  

It involves the direction of heating or cooling fluid 

perpendicularly or obliquely to the heat transfer surface. 

1) Passive method  

 This method does not need any external power input and the 

additional power needed to enhance the heat transfer is taken 

from the available power in the system, which ultimately 

leads to a fluid pressure drop. The heat exchanger industry 

has been striving for improved thermal contact (enhanced 

heat transfer coefficient) and reduced pumping power in 

order to improve the thermo hydraulic efficiency of heat 

exchanger. This method generally uses surface or 

geometrical modifications to the flow channel by 

incorporating inserts or additional devices. For example, 

inserts extra component, swirl flow devices, treated surface, 

rough surfaces, extended surfaces, displaced enhancement 

devices, coiled tubes, surface tension devices and additives 

for fluids. Although there are hundreds of passive methods to 

enhance the heat transfer performance, the following nine are 

most popular used in different aspects:  

1) Treated Surfaces: 

They are heat transfer surfaces that have a fine scale alteration 

to their finish or coating. The alteration could be continuous 

or discontinuous, where the roughness is much smaller than 

what affects single phase heat transfer, and they are used 

primarily for boiling and condensing duties.  

2) Rough surfaces: 

They are generally surface modifications that promote 

turbulence in the flow field, primarily in single phase flows, 

and do not increase the heat transfer surface area. Their 
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geometric features range from random sand grain roughness 

to discrete three dimensional surface protuberances.  

3) Extended surfaces: 

They provide effective heat transfer enlargement. The newer 

developments         have led to modified fin surfaces that also 

tend to improve the heat transfer coefficients by disturbing 

the flow field in addition to increasing the surface area.  

4) Displaced enhancement devices: 

These are the insert techniques that are used primarily in 

confined force convection. These devices improve the energy 

transfer indirectly at the heat exchange surface by displacing 

the fluid from the heated or cooled surface of the duct/pipe 

with bulk fluid to the core flow.  

5) Swirl flow devices: 

They produce and superimpose swirl flow or secondary 

recirculation on the axial flow in a channel. These devices 

include helical strip or cored screw type tube inserts, twisted 

tapes. They can be used for single phase or two-phase flows 

heat exchanger.  

6) Coiled tubes: 

These techniques are suitable for relatively more compact 

heat exchangers. Coiled tubes produce secondary flows and 

vortices which promote higher heat transfer coefficient in 

single phase flow as well as in most boiling regions. 

7) Surface tension devices: 

These consist of wicking or grooved surfaces, which directly 

improve the boiling and condensing surface. These devices 

are most used for heat exchanger occurring phase 

transformation.  

8) Additives for liquids: 

These include the addition of solid particles, soluble trace 

additives and gas bubbles into single phase flows and trace 

additives which usually depress the surface tension of the 

liquid for boiling systems.  

9) Additives for gases: 

These include liquid droplets or solid particles, which are 

introduced in single-phase gas flows either as dilute phase 

(gas–solid suspensions) or as dense phase (fluidized beds). 

2) Compound method: 

  Combination of the above two methods, such as 

rough surface with a twisted tape swirl flow device, or rough 

surface with fluid vibration, rough surface with twisted tapes. 

This work focuses on reviewing the passive methods in pipe 

heat exchanger. The passive heat transfer augmentation 

methods as stated earlier do not need any external power 

input. For the convective heat transfer, one of the ways to 

enhance heat transfer rate is to increase the effective surface 

area and residence time of the heat transfer fluids. The 

passive methods are based on this principle, by employing 

several techniques to generate the swirl in the bulk of the 

fluids and disturb the actual boundary layer so as to increase 

effective surface area, residence time and consequently heat 

transfer coefficient in existing system.  

II. DESIGN CONSIDERATIONS  

A. Boundary layer effect: 

In order to increase the heat transfer, the techniques must 

affect the boundary layer (laminar and buffer layers) by 

reducing its thickness, or increasing its surface area, or 

increasing the turbulence. The boundary layer thickness may 

be reduced by fitting protuberances to the heat transfer 

surface. These interrupt the fluid flow so that a thick 

boundary layer cannot form. Alternatively a boundary layer 

thickness may be reduced by imparting a rotational motion to 

a fluid flowing inside a tube. The boundary layer surface area 

may be increased by extending the surface with fins, spines, 

coils and strips, etc. The turbulence may be increased on the 

internal and external surfaces by artificial roughening, or 

using special devices inside tubes known as turbulence 

promoters.  

B. Relative thickness of the thermal and momentum 

boundary layers: 

The thickness of the momentum and thermal boundary layer 

are not necessarily the same. For many fluids the viscous 

boundary layer is thicker than the thermal boundary layer. 

Liquid metals are notable exceptions to this rule. The 

relationship is generally expressed in a dimensionless group 

called the pandtl number, after the great German physicist 

Ludwig Prandtl.  

The Prandtl Number Pr is defined simply as the ratio  

Pr = ν/ά  

Where,  ν = Kinematic viscosity of fluid  

ά = Thermal diffusivity of fluid. 

The kinematic viscosity is indicative of the rate at 

which momentum diffuses through a fluid because of 

molecular motion. The thermal diffusivity is indicative of the 

rate of diffusion of heat in the fluid. The ratio of these 

quantities is therefore a measure of the relative magnitudes of 

diffusion of momentum and heat in the fluid. These diffusion 

rates are precisely the quantities that determine how the thick 

boundary layer will be for a given flow: large diffusivity 

means that viscous or temperature effects are expressed 

further out in the flow.  

The Prandtl number is therefore correction between 

the velocity field and the temperature field. 

 Now  

ν = μ/ρ and ά = k/ (ρ Cp)  

Then Pr = ν/ά = Cp μ / k  

The common values of 0.7 < Pr < 1 for many gases 

is striking. Also many liquids, apparently dissimilar have a Pr 

in range 2 to 4.  

III. EXPERIMENTAL SETUP 

 
Fig. 1: Schematic Diagram of Experimental Setup. 

Twisted Wire Mesh insert with three different twist 

ratios (p/d) that are p/d= 4,6,8 

p/d=4 
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Fig. 2: 

p/d=6: 

 
Fig. 3: 

 P/d=8: 

 
Fig. 4: 

IV. DATA DEDUCTION 

The average Nusselt number and the friction factor are 

depends on the inner diameter of the test tube of hot side fluid. 

Heat absorbed by the cold water in annulus area〖 Q〗_C 

can be determined by, 

QC = ṁCCPC( TCo − TCi)                                      (1)                                                                        

Where, m ̇_C is the mass flow rate of cold water, 

C_PC is the specific heat of water,  T_Co is the outer 

temperature and T_Ci is inlet temperature of cold water. The 

heat supplied by hot water Q_h is given by, 

Qh = ṁhCPh( Tho − Thi)                                (2) 

Where, m ̇_h is the mass flow rate of hot water, 

C_Ph is the specific heat of water, T_ho and T_hi are the 

outer and inner temperatures of hot water respectively. Due 

to the convection and radiation heat losses to the 

surroundings, the average value of heat transfer rate, supplied 

and absorbed by water is given by, 

Qavg =
(QC+Qh)

2
                                                      (3) 

For fluid flow in a tube in tube heat exchanger, the 

heat transfer coefficient h_i is calculated by,  

Qavg = UAi∆TLMTD                                               (4) 

Where,  Ai = πDiL 

∆TLMTD =
(Th1−TC2) − (Th2 − TC1)

ln
(Th1−TC2)

(Th2−TC1)

 

Now, the tube side heat transfer coefficient h_i is 

determined (neglecting the thermal resistance of wall) by, 
1

U
=

1

hi
+

1

ho
                                                            (5)     

Where, the annulus side heat transfer coefficient h_o 

was calculated by using standard correlation of Dittus-

Boelter, 

Nuo =
hoDh

k
= 0.023 Re0.8Pr0.3                        (6)     

So, ho =
k Nuo

Dh
 

Where, D_h   is a hydraulic diameter,  D_h=D_o-

D_i 

By using above calculations the experimental 

Nusselt number is determined by           

Nui =
hiDi

k
                                                           (7) 

Where, k is the local thermal conductivity of the 

fluid and it is calculated from the fluid properties at a bulk 

mean fluid temperature. 

The Reynolds number is depends on the various 

flow rate and given by, 

Re =
ρVD

μ
                                                             (8)    

Where, μ is the dynamic viscosity of working fluid. 

Now, experimental friction factor f is determined by, 

f =
∆P

(
ρV2

2
)(

L

D
)
                                                         (9) 

And friction factor standard correlations by Blasius 

and Petukhov is given by, 

fBlasius = 0.316 Re−0.25                                    (10) 

fPetukhov =
1

(0.790 ln Re−1.64)2                             (11) 

Where, V is the mean velocity in tube and ∆P is the 

pressure drop and is given by,  

∆P = ρg∆h                                                        (12) 

V. RESULT AND DISCUSSION  

 
Fig. 5: 

The experiment is carried out for plain tube for five 

different flow rates from 100-200 LPH. For this Reynolds 

number is range from 5000-21000 approximately. Fig. shows 

the graph of Nusselt number versus Reynolds number of plain 

tube and the available correlation of Dittus-Boelter. The 

graph shows the average deviation  ±14%. So it is within a 

permissible limit of below 15%. Hence the correlation values 

validate the experimental values. The above graph shows that 

as the Reynolds number increases the Nusselt number is also 

increases. 

 
Fig. 6: 
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Similarly, figure  shows graph of friction factor 

versus Reynolds number. The experimental results of friction 

factor are compared with Blasius and Petukhov correlation it 

shows similarity with a deviation of ±8% which is within a 

limit. Above graph shows that as the Reynolds number 

increases the friction factor goes on decreasing for given 

Reynolds number range. 

 
Fig. 7: 

Figure  shows the variations of Nusselt number with 

Reynolds number for Twisted wire mesh strips at various 

twist ratios (P/d). Nusselt number increases with the rise in 

Reynolds number for all twist ratios of Twisted wire mesh 

strips. Also Nusselt number is decreases with the increase in 

twist ratios and gives the maximum value for 4 twist ratio of 

Twisted wire mesh strip and it gives Nusselt number values 

134.51 for maximum Reynolds number. This happens 

because of the strong turbulence is generated and leading to 

the rapid mixing of flow specially 4 twist ratio of Twisted 

wire mesh.  

 
Fig. 8: 

The heat transfer coefficient versus Reynolds 

number of various Twisted wire mesh twist ratios is shown in 

figure no. From experimental data the heat transfer 

coefficient for tubes fitted with Twisted wire mesh at lower 

twist ratio  of 4 gives the maximum heat transfer coefficient 

for all Reynolds number. Plain tube gives the minimum heat 

transfer coefficient for all Reynolds number. The installation 

of Twisted wire mesh in a tube provides the better mixing of 

flow and disturbs the boundary layer resulting in greater heat 

transfer. 

 
Fig. 9: 

Figure shows the graph of pressure drop against 

Reynolds number; in this less the pitch distance of Twisted 

wire mesh it produces the maximum pressure drop. The 

pressure drop of plain tube is smaller as compared to other 

tubes. The behavior of pressure drop is slightly nonlinear and 

increases as the Reynolds number increases. The Twisted 

wire mesh strip act as obstacle to the flow of water and 

reduces kinetic energy of flow converted in pressure drop. 

 
Fig. 10: 

The variations of friction factor with Reynolds 

number for Twisted wire mesh at various twist ratios is shown 

in figure  The friction factor is high at lower Reynolds 

number and then decreases gradually as Reynolds number 

increases. The friction factor with twisted wire mesh insert 

gives the highest friction factor for all Reynolds number 

compared to plain tube. With smaller twist ratios of 4 of 

twisted wire mesh gives the maximum friction factor. The 

friction factors at maximum Reynolds number are nearly 

same for all twist ratios. 

 
Fig. 11: 

The variation of ratio of Nusselt number with 

Reynolds number with various Twisted wire mesh strip twist 

ratios . The Nusselt number ratio for lower twist ratios shows 

the greater values than the other strips. It is seen that the 
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Nusselt number ratio is high for lower Reynolds number and 

decrease for rise in Reynolds number. The Nusselt number 

ratios for all cases are greater than unity. It shows that 

advantageous gain of using Twisted wire mesh over the plain 

tubes. 

 
Fig. 12: 

The variation of friction factor with Reynolds 

number for various twist ratios is shown in figure. The 

friction factor ratio for lower twist ratios shows greater values 

than other strips. It is seen that friction factor ratios for lower 

Reynolds number are high and decreases as the Reynolds 

number rises. 

VI. CONCLUSION 

The experimental investigation is carried out in double pipe 

heat exchanger with counter flow arrangement by using 

twisted wire mesh inserts. The inserts used are of various 

twist ratios like p/d= 4, 6, 8 is used in experiment. The results 

then compared with the available correlations like Dittus-

Boelter, Blasius and Petukhov. Then by experimental 

investigation the conclusions are as below for Reynolds 

number range of 5000-21000. 

 The double pipe heat exchanger with counter flow 

arrangement using twisted wire mesh insert shows the 

heat transfer enhancement as compared to plain tube. By 

using inserts the turbulence is created and augmentation 

of heat is achieved. 

 The highest heat transfer rate was achieved for the lower 

twist ratio of p/d=4 and it is of 20-30% increase 

compared to plain tube.  

 Due to the obstruction in fluid flow the pressure drop 

increases as the Reynolds number rises. 

 By using twisted wire mesh insert the friction factor 

increase by 50-60% approximately compared to plain 

tube. 
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