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ABSTRACT:

In the present study, the influences of snail entry(Volute casing) and Almond Shaped dimple on pressure drop, friction
factor (f), heat transfer and thermal enhancement index are experimentally determined.  The tests are conducted using
the Dimpled tube with Reynolds numbers range Between 10,000 to 50,000 under uniform heat flux conditions. The
experiments using the snail entry with wire coil performed under similar operation test conditions, for comparison. The
experimental results indicate that the tube with the almond shaped dimpes provides considerable improvement of the
heat transfer rate over the plain tube. The experimental results demonstrate that friction factor (f) and thermal
enhancement The results also show that the Almond shaped dimples are more efficient than the plane tube for heat
transfer enhancement.
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I. INTRODUCTION
In the last decades, significant effort has been made
to develop heat transfer enhancement techniques in
order to improve the overall performance of heat
exchangers. The interest in these techniques is
closely tied to energy prices and, with the present
increase in energy cost, it is expected that the heat
transfer enhancement field will go through a new
growth phase. Although there is need to develop
novel technologies, experimental work on the older
ones is still necessary. The knowledge of its
performance shows a large degree of uncertainty
which makes their industrial implementation
difficult. The efficiency of heat transfer equipment is
essential in energy conservation. Furthermore, a
more efficient heat exchanger can reduce the size of
the heat exchanger, thus reducing the costs associated

with both material and manufacturing of the heat
exchanger. There have been numerous attempts to
reduce the size and cost of heat exchangers. Hence,
there have been continuous attempts to improve the
efficiency of heat exchangers by various methods.
One of the best methods to achieve this is the use of
augmented heat transfer surfaces. Improved heat
transfer can make heat exchangers smaller and more
energy efficient.

The main advantage of these types such as dimple,
twisted tape, coiled wire in respect to other
enhancement techniques such as the artificial
roughness by mechanical deformation or internal fin
types is that they allow an easy installation in an
existing smooth-tube heat exchanger. Due to its low
cost, the insert devices which are most frequently
used in engineering applications are wire coils. Heat
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transfer enhancement techniques have been
extensively developed to improve the thermal
performance of heat exchanger systems with a view
to reducing the size and cost of the systems.

The holding diameter of 0.005m is required of
dimple for a length of 0.0215m.

Fig. Almond shaped Dimple

II. LITERATURE REVIEW
1. S. Eiamsa-ard. Department of Mechanical
Engineering, Faculty of Engineering, in this paper
the previous study, the snail with a single inlet nozzle
was mounted at the entry of the RHVT to generate a
stronger swirl flow in the tube leading to higher cold
air temperature reduction in comparison with the
conventional tangential inlet nozzle. A further
improvement in snail geometry is conducted in
present work

2. F. Castigliaa,, M. Giardinaa, G. Moranaa, M. De
alveb, B. Panellab this study concerned with
experimental activities as well code simulations
carried out in the framework of a collaboration
between the Department of Energetics of the
Polytechnic of Torino and the Department of Energy
of the University of Palermo. The goal was the
validation of modelsimplemented inRelap5/Mod3.2
thermal–hydraulic advancedcode to simulate the
hydrodynamic.

3. C. Muthusamy a, M. Vivar b, I. Skryabin b, K.
Srithar c, a Sethu, in this paper, heat transfer, friction
factor and thermal performance characteristics in a
circular tube fitted with conical cut-out turbulator
integrated with internal fins are investigated for three
pitch ratios (PR) 3, 4, 5 and tested with two different
arrangements as convergent mode (C-turbulators)
and divergent mode (D-turbulators). The experiments
were conducted with air as the working fluid and
with Reynolds number range between 6800 and 9700
under constant heat flux of 0.052 W/m2.

4. P. Promvonge a, S. Eiamsa-ard b, this paper
presents the effect of a free-spacing snail entry
together with conical-nozzle turbulators on turbulent
heat transfer and friction characteristics in a uniform
heat-flux tube. Experimental investigations have
been conducted to examine the effect of a
combination of C-nozzle turbulators and a snail with
free-spacing entry on heat transfer rate and flow
friction characteristics in a uniform heat flux tube
using air as the test fluid. The application of the C-
nozzles and free-spacing snail entry results in a
considerable increase in heat transfer rate and friction
loss, especially at smaller pitch ratio. This study
indicates that instead of the snail with no entry
length, the free-spacing snail entry should be
introduced to lower friction loss ass

5.Nopparat Katkhaw et al. investigated Heat transfer
behaviour of flat plate having 450 ellipsoidal dimpled
surfaces. 10 types of dimple arrangements and
dimple intervals are studied, for varying velocity rate
1 to 5 m/s For the staggered arrangement, the results
show that the highest heat transfer coefficients for
dimpled surfaces area bout15.8% better than smooth
surface as dimple span wise pitch of
ST/Dminor=3.125andstream wise pitch
SL/Dminor=1.875 yield the highest heat transfer
coefficient values. And for the inline arrangement,
the results show that the heat transfer coefficients for
dimple surfaces are about21.7% better than smooth
surface as dimple pitch of ST/Dminor =1.875 and
SL/Dminor=1.875yield the highest heat transfer
coefficient values [9].

III .OBJECTIVES:

 Suggest the suitable range for Reynolds number to
calculate the heat enhancement and pressure drop in
plain pipe.

 Determine the suitable parameters for Almond
shaped Dimple

 Calculate the heat enhancement and pressure drop
in Tube with Almond Shaped dimple

 Perform physical experimentation for validating
the results

IV. SCOPE:
Study the parameters effecting the heat enhancement,
friction factor, pressure drop, mass flow rate with
Dimpled tube and snail entry.
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V. METHODOLOGY:
Computational Method:
To evaluate the heat enhancement of the pipe with
coiled wire, Finite Volume Method is used. Using
CAD software such as CATIA, UGNX for solid
modeling for the geometry. The universally
recognized formats for the geometry i.e. iges or step
format is imported into the Preprocessor environment
(e.g. –GAMBIT).The model would be solved using
ANSYS FLUENT software.

Numerical Method:
Heat Enhancement of a pipe is calculated by using
following formulae. And compared with
computational method. In the experiments, the heat
transfer rate in the tube is taken into account under a
uniform heat flux (UHF) condition by using air as the
test fluid. The heat transfer given by the hot surface
to fluid (i.e. air) at any Reynolds number is

Rate at which air is heated

Qa = mCp (To - Ti)

The convection heat transfer from the test section is
given as

Qc = hAs(Ts - Tm)

At steady state condition, the heat transfer is assumed
to be equal to the heat loss from the test section that
can be drawn as

Qa = Qc

The mean temperature of the fluid in the test tube is
given by

Tm = (To + Ti) / 2

Ts is the mean temperature of surface wall
temperature of the test tube. The average wall
temperature is calculated from 4 points of local wall
temperatures lined between the inlet and the exit of
the test tube.

The average heat transfer Coefficient (h) and the
mean Nusselt number (Nu) are estimated by

h = mCp (To - Ti) / hA(Ts - Tm)

The Nusselt number in terms of average heat transfer
coefficient is defined as

Nu = hD / k

The Reynolds number is written as

Re = ρUD / μ
The experiment pressure losses, Δp across the test
tube are arranged in non-dimensional form by using
the following Equation

In which U is mean velocity in the test tube and L is
the test tube length. All of thermo-physical properties
of the air are determined at the overall mean air
temperature (Tm).

VI. EXPERIMENTATION/ VALIDATION:
The test section is surrounded by heating wire, which
is wrapped around the test section with a suitable
pitch ratio as derived from the literature review. This
pitch is expected to provide a nearly uniform heating
on the outer surface of the test section tube. The
heating wire is powered by a variable AC power
supply. The overall electrical power added to the
heating section, Q, was calculated by measuring the
voltage (0–200 V) and the electrical current (0–2 A).
To control the convection losses from the test section
and other components, foam fabric/ cotton insulation
shall be used. Thermocouples are attached to the test
section to measure surface temperature of pipe and as
also the airstream at entrance and exit of test section
to measure air temperature. To avoid floating voltage
effects, the thermocouple bead is insulated from the
electrically heated tube wall surface so as not to be
effected from electricity. The responses for the Test
would be recorded for the variants using Snail entry,
coiled wire and inserts. This would be done for
Reynolds number varying in a few steps. The results
shall be documented for comparison with the
Analytical results.

Fig-Multiple views of `Fluid Domain’ 3D Model
for Snail Entry Inlet
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Fig-3D Model of `Snail Entry’ Inlet

Fig-3D Model Tube with Almond shape dimple

Geometrical configuration of Test Tube
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