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Abstract— Heat exchanger is an important device in all the
thermal systems. The heat exchanger is widely used
equipment in different industries such as process, petroleum
refining, chemicals, pharmaceutical and paper etc. after
studying different literature about heat exchanger and
double pipe heat exchanger problem is identified as To
perform simulation and experimental investigation of double
pipe heat exchanger with inner and annulas twisted tape at
different mass flow rate. The system has followed different
types of flow arrangement and geometric dimension with
twisted tape to attain heat transferred in experimental result
and compare with simulation result. The objective of these
Experiments is to assist the general heat transfer processes
and the methods and devices that can be implemented to
enhance more heat transfer rate. The experimental setup and
apparatus required to carry out the double pipe heat
exchanger experiment. The apparatus includes tube-within-
a-tube heat exchangers and twisted tap with threaded thermo
couple at each end, a water pump and electric motor. These
methods used to find out the heat transfer rate from the
surface and related temperature of fluid motions also used to
found the effectiveness. The Annular method in which
twisted tape is outside the inner tube has higher rate of heat
transfer than other three methods. Also same result wear
found by simulation using ANSYS.
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. INTRODUCTION

Heat exchanger is the apparatus providing heat transfer
between two or more fluids, and they can be classified
according to the mode of flow of fluid or their construction
methods. Heat exchangers with the convective heat transfer
of fluid inside the tubes are frequently used in many
engineering application. Augmentation heat transfer, in
connection with fluid mixing or non-mixing, is also
involved which most heat exchangers have no contact
between the fluids. At present, the technology of the
twisted-tape insert is widely used in various industries.
Insertion of twisted tapes in a tube provides a simple passive
technique for enhancing the convective heat transfer by
introducing swirl into the bulk flow and by disrupting the
boundary layer at the tube surface due to repeated changes
in the surface geometry. It has been explained that such
tapes induce turbulence and superimposed vortex motion
(swirl flow) causing a thinner boundary layer and
consequently resulting in a high heat transfer coefficient and
Nusselt number due to repeated changes in the twisted tape
geometry. On consideration of the heat transfer
enhancement, it can be considered through bringing the
twisted-tape to insert while the pressure drop inside the tube
is higher. Because of low assets and easy setting up, it is
widely used, especially in a compact heat exchanger. A heat

transfer enhancement concept in which swirl was introduced
in the flow was proposed by Kreit and Margolis (1959). In
this concept, part of the fluid enters axially while the
remainder is injected tangentially at various locations along
the tube axis. The radial pressure gradient results in
thinning of the thermal boundary layer with an
accompanying improvement in heat transfer.
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Fig. 1.1: heat transfer concepts

A. Heat Exchanger Type

The principal types of heat exchanger used in the chemical
process and allied industries are listed below:
1) Double-pipe exchanger: the simplest type, used for
cooling and heating.
2) Shell and tube
applications.
3) Plate and frame exchangers (plate heat
exchangers): used for heating and cooling.
4) Plate-fin exchangers.
5) Spiral heat exchangers.
6) Air cooled: coolers and condensers.
7) Direct contact: cooling and quenching.
8) Agitated vessels.
9) Fired heaters.

exchangers: used for all

B. Twisted Tape

Swirl flow devices causes swirl flow or secondary flow in
the fluid .A variety of devices can be employed to cause this
effect which includes tube inserts, altered tube flow
arrangements, and duct geometry modifications. Dimples,
ribs, helically twisted tubes are examples of duct geometry
modifications. Tube inserts include twisted-tape inserts,
helical strip or core screw-type inserts and wire coils.
Periodic tangential fluid injection is type of altered tube
flow arrangement. Among the swirl flow devices, twisted-
tape inserts had been very popular owing to their better
thermal hydraulic performance in single phase, boiling and
condensation forced convection, as well as design and
application issues. Fig 1.5shows a typical configuration of
twisted tape which is used commonly.
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Fig. 1.2: Twisted Tape

Twisted tape inserts increases the heat transfer
coefficients with relatively small increase in the pressure
drop. They are known to be one of the earliest swirl flow
devices employed in the single phase heat transfer
processes. Because of the design and application
convenience they have been widely used over decades to
generate the swirl flow in the fluid. Size of the new heat
exchanger can be reduced significantly by using twisted
tapes in the new heat exchanger for a specified heat load.
Thus it provides an economic advantage over the fixed cost
of the equipment. Twisted tapes can be also used for
retrofitting

It can increase the heat duties of the existing shell
and tube heat exchangers. Twisted tapes with multi-tube
bundles are easy to fit and remove, thus enables tube side
cleaning in fouling situations. Inserts such as twisted tape,
wire coils, ribs and dimples mainly obstruct the flow and
separate the primary flow from the secondary flows.

This causes the enhancement of the heat transfer in
the tube flow. Inserts reduce the effective flow area thereby
increasing the flow velocity. This also leads to increase in
the pressure drop and in some cases causes’ significant
secondary flow. Secondary flow creates swirl and the
mixing of the fluid elements and hence enhances the
temperature gradient, which ultimately leads to a high heat
transfer coefficient.

Il. LITERATURE SURVEY ON EXPERIMENTAL METHODS

S.K.SahaA.Dutta et al. [2001](1)experimentally studied the
flow of servotherm oil in acrylic circular tube fitted with
insulated stainless steel twisted tape insert. They studied the
effect of varying length and varying pitch twisted tape with
different twist ratios on heat transfer rate and friction factor.
The important outcomes were - Short length twisted tape
reduces pumping losses but also reduces the heat transfer
rate, and uniform pitch twisted tape gives maximum heat
transfer rate.

EbruKavakAkpinaret al.(2004)(2)In this study, the
effect on heat transfer rates, friction factor and exergy loss
of swirl generators with holes for the entrance of fluidwere
investigated by placing them at the entrance section of inner
pipe of heat exchanger. Various swirl generators having
circular holes atdifferent number and diameter were used.
Hot air and cold water were passed through the inner pipe
and annulus, respectively. Experimentswere carried out for
both parallel and counter flow models of the fluids at
Reynolds numbers between 8500-17 500.Swirl generators
caused a considerable increase inpressure drop and friction
factor. Inthe case of both counter and parallel flow mode,
the average increase friction factorsat the highest Reynolds
number for swirl element having20 holes with 3 mm
diameter was about 2.9 times in comparison with that for the
inner pipe without swirl generators.

WatcharinNoothong et al. [2006](3)their aim to
investigate the efficiency enhancement and to study the heat
transfer and friction factor characteristics of heat exchanger.
In the experimental study, concentric double tube Plexiglas
materialed heat exchanger was used. Cold water as a
annulus and hot air as a inner fluid used as a medium. In the
inner tube Stainless steel tape with different twist ratios
were inserted. They concluded the efficiency and Nusselt
number increases with decreasing the twist ratio and friction
factor increases with decreasing the twist ratio. The
partitioning and blockage of the tube flow cross-section by
the tape, resulting in higher flow velocities. Secondary fluid
motion is generated by the tape twist, and the resulting twist
mixing improves the convection heat transfer. Optimisation
study shows the guidelines to choose which roughness
geometry offers the best performance for specific flow
conditions.

Vivek Chandna Mohapataret al.(2007)(4)The
present paper includes various heat transfer augmentation
techniques. A literature review of heat transfer augmentation
using twisted tapes has been included. Experimental work
on heat transfer augmentation using a new kind of insert
called TWISTED ALUMINIUM TAPER CLIP (TATC) is
carried out. Inserts when placed in the path of the flow of
the liquid, 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 actor and heat
transfer coefficient for various TATC having different twist
ratios. The results are compared with twisted tapes having
different twist ratios. Four TATC and two twisted tapes
having different twist ratios are used in the study. The
performance evaluation criterion R1 is found out to clearly
depict the enhancement in the heat transfer rate.

1) The difference in the heat transfer coefficient for
the actual and the theoretical values for low
Reynolds number (upto6000) in the smooth tube
can be attributed to the natural convection which
occurs along with the forced convection.

2) The pressure drop and the heat transfer coefficient
increase as the degree of twist in the tapes goes on
increasing.

3) For almost the same twist ratio, twisted aluminium
taper clips show greater friction factor and heat
transfer coefficient than the twisted tapes, because
of higher degree of turbulence generated.

Smith Eiamsa-ardet al. (2007)(5)heat transfer and
friction characteristics were experimentally investigated,
employing louvered strips inserted in a concentric tube heat
exchanger. The louvered strip was inserted into the tube to
generate turbulent flow which helped to increase the heat
transfer rate of the tube. The flow rate of the tube was in a
range of Reynolds number between 6000 and 42,000. The
turbulent flow devices were consisted of (1) the louvered
strips with forward or backward arrangements, and (2) the
louvered strip with various inclined angles (6=15°, 25° and
30°), inserted in the inner tube of the heat exchanger. In the
experiment, hot water was flowed through the inner tube
whereas cold water was flowed in the annulus. The
experimental data obtained were compared with those from
plain tubes of published data. Experimental results
confirmed that the use of louvered strips leads to a higher
heat transfer rate over the plain tube. The increases in
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average Nusselt number and friction loss for the inclined
forward louvered strip were 284% and 413% while those for
the backward louvered strip were 263% and 233% over the
plain tube, respectively. In addition, the use of the louvered
strip with backward arrangement leads to better overall
enhancementratio than that with forward arrangement
around 9% to 24%.

RanjitGoudaet al.(2008)(6)Experimental work on

heat transfer augmentation using twisted tape and a new
kind of insert called twisted angles is carried out. Inserts
when placed in the path of the flow of the liquid, 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 twisted tapes and twisted angles having different
twist ratios. The results of twisted tapes and twisted angles
having different twist ratios have been compared with the
values for the smooth tube. Five twisted angles(y=o,
y=2.915, y=3.612, y=4.105 & y=5.07) and three twisted
tapes(y=2.149, y=3.127 & y=4.705) having different twist
ratios are used in the study.
For twisted angles it was observed that the heat transfer
coefficient could vary from 1.16 to 2.87 times the smooth
tube value but the corresponding friction factor increases by
4 to 9.6 times the smooth tube values. Similarly for twisted
tapes it was observed that the heat transfer coefficient varied
from 1.28 to 2.48 times and the friction factor increased by
3.19 to 9.1 times the smooth tube value. It was also
observed that with an increase in Reynolds number (Re), the
heat transfer coefficient increases where as the friction
factor decreases.

I1l. LITERATURE SURVEY ON NUMERICAL METHODS

Wen-Lih Chen et al .(2008) (10)presented a numerical study
on the flows in parallel and counter flow double tube heat
exchangers with the inner tubes being either alternating
horizontal or vertical oval cross section pipes or circular
pipes. The results include temperature and pressure contours
and velocity vectors at several selected cross sections, axial
averaged Nusselt number distributions and distributions of
overall heat transfer coefficient and heat transfer
enhancement factor versus three different parameters. The
computation shows that the introduction of the inner
alternating oval tube produces axial vortices in both the
inner and outer tube flows, and the tube’s heat transfer
performance is improved as a result. In general, the counter
flow arrangement returns a higher level of overall heat
transfer coefficient than the parallel flow arrangement.
However, in terms of the magnitude of heat transfer
enhancement, the performance of the parallel flow
arrangement isslightly better than that of the counter flow.
Zavala-Rio et al .(2008) (11)an outlet temperature
control scheme for double-pipe heat exchangers is proposed.
Compared to previously proposed approaches, the algorithm
developed here takes into account and actually exploits the
analytical and stability properties inherent to the open-loop
dynamics. As a result, outlet temperature regulation is
achieved through a simple controller which does not need to
feed backthe whole state vector and does not depend on the
exact value of the process parameters. Moreover, the
proposed approach guarantees positivity and boundedness of
the input flow rate without entailing a complex control

algorithm. The analytical developments are corroborated
through simulation andexperimental results.

A. Performance Evaluation of Heat

Exchanger

A simple double pipe heat exchanger consists of one pipe
place concentrically inside another of a large diameter pipe
with appropriate fitting to direct the flow from one section
to the next, shown in Fig.3 One fluid flows through the inner
pipe, the other flows through the annulus. Sieder and Tate
[20] gave the following equation for both heating and
cooling of a number of fluids in pipes:

_0.027 0.8CpHp1Er Bp 10.14
hj == —kpRe, [—kp ]3[pr] (1)

Double Pipe

Fig. 2: Cross sectional view of the double pipe heat
exchanger

Where, h; is the heat transfer coefficient at the
inner surface of inner pipe; d the inner pipe diameter (3); k,,
the thermal conductivity of the fluid flowing in the inner
pipe; C, the specific heat of fluid flowing in inner pipe; W,
the viscosity of fluid flowing in the inner pipe; W, the
viscosity of fluid in the inner pipe at wall temperature; and
Rep the Reynolds number for inner pipe given by

dc
Re, = —F

0= @

Where, G, is the mass velocity of fluid in the inner
pipe given by
m
Gp = ; (3)
Where, m is the mass flow rate of fluid flowing in
the inner pipe; and a, the flow area of inner pipe given by

a, =~ d? 4
Combining Egs. The following equation is obtained:
Am©8
hi = F (5)
Where,
_ 1108, [PMp]3 (M j0.14
A =0032756[] kp[ = ] ) (6)

It is assumed that the process stream is pumped in
the outer pipe and its flow rate is a known quantity, thus
constant for a given problem. However the utility is taken in
the inner pipe and its flow rate can be varied so that the
required heat transfer is achieved. The thickness of the inner
and the outer pipes is also considered negligible with respect
to their diameters. Further, as all the other variables are the
fluid properties, they are constant for a given fluid. Thus, the
heat transfer coefficient of the inner pipe is dependent on its
diameter and the flow rate of the utility only for a heat
exchanger of given length. The equivalent diameter D, for
heat transfer in the outer pipe is given by
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2_42
D, ="" )
Where, D is the diameter of outer pipe . Using
question (3) for calculating the heat transfer coefficient of
the outer pipe one gets

1

0.027 Cpala]3 1 Ma q0.
hi = 257 k,Re, % |22t [Lapors (®)

Where, h;, is the heat transfer coefficient at the
outer surface of the inner pipe; k, the thermal conductivity
of the fluid flowing in the annulus; c,, the specific heat of
fluid flowing in annulus; p, the viscosity of fluid flowing in
the annulus; p,,, the viscosity of fluid in the annulus at outer
pipe wall temperature; and Re, the Reynolds number for the
annulus, given by

DeGg
Rea = W (9)

Where, G, is the mass velocity of fluid in the outer
pipe, given by
Gy == (10)

aaq
Where, w is the mass flow rate of fluid flowing in
the annulus; and a,, the flow area of annulus, given by

a, == (D* —d?) (11)
Further using Eq.(7) to Eq.(11)

Bd°?2
hiO = X (12)
Where,
x =D?—d? (13)
B = 0.032756k,[1]°? [Ci—f]i[u”—;a]m (14)

Therefore, the heat transfer coefficient of the outer
pipe, for a given length of heat exchanger, depends only
upon the diameters of both the pipes, other variables being
constant for the given process stream.

B. Determinations of Heat Transfer Coefficients

The overall heat transfer coefficient, U,, was calculated
using:

2 (23)

0 = A LMTD
LMTD is the log-mean temperature difference,
calculated based on the inlet temperature difference, ATy,

and the outlet temperature difference, AT,:
LMTD = &f2 1w (24)
ln(m)

Heat transfer coefficients for the annulus side, ho,
and for the inner tube side, h;, were calculated using
traditional ‘“Wilson plots’> as described by Rose [17].
Wilson plots have been used in other heat exchanger studies
Briggs [18] & shah [19]. Wilson plots allow the heat transfer
coefficients to be calculated based on the overall
temperature difference and the rate of heat transfer, without
the requirement of wall temperatures. This method was
chosen to avoid the disturbance of flow patterns and heat
transfer while attempting to measure wall temperatures.
Wilson plots are generated by calculating the overall heat
transfer coefficients for a number of trials where one fluid
flow is kept constant and the other is varied. In this work,
the flow in the inner tube was kept constant and the flow in
the annulus was varied for the five different flow rates
mentioned above. The overall heat transfer coefficient can
be related to the inner and outer heat transfer coefficients by
the following equation.

1 Ay AR g
O = T 2 The (25)
Where, D; is the inner diameter of the annulus; d is
the diameter of the inner tube; k is the thermal conductivity
of the wall; and L is the length of the heat exchanger.
After calculating the overall heat transfer coefficients, the
only variables in Eq. (25) that are unknown are the heat
transfer coefficients. By keeping the mass flow rate in the
inner tube constant, it is then assumed that the inner heat
transfer coefficient is constant. The outer heat transfer
coefficient is assumed to behave in the following manner
with the fluid velocity in the annulus,
hy = Cvy" (26)
Eqg. (26) was placed into Eq. (25) and the values for the
constant C and the exponent n were determined through
curve fitting. The inner and outer heat transfer coefficients
could then be calculated. This procedure was repeated for
each inner flow rate, coil size, configuration, and replicate.

IV. CONCLUSION

In double pipe twisted tap heat exchanger attempt has to
design and developed heat exchanger and simulation using
ANSYS. Experiment has been carried out for measuring
Performance analysis of double pipe heat exchanger with
inner and outer twisted tape at different mass flow inlet of
hot pipe.

By conducting experiment as well as simulation
result shows that heat transfer rate of double pipe heat
exchanger with outer twisted tap and hot fluid flowing
outside of inner tube has maximum.

Results obtained from CFD arevalidating with experimental
values and % deviation from it is also very small.
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