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Abstract
The present work has been carried out with a view to predict
the performance of a helical coil heat exchanger in the light of
waste heat recovery applications. The computational analysis
has been performed using the CFD package Ansys fluent. The
analysis has been done using standard k-ε turbulence model.
Due to the highly irregular nature of the helical tube and shell,
an unstructured grid system has been employed to solve the
model. The CFD simulation results have been used to estimate
the overall heat transfer coefficient. The results obtained from
the computational and experimental analysis have been
compared. A correlation has been developed to estimate the
tube side heat transfer coefficient in the turbulent regime using
regression analysis and the same has been used to evaluate the
effectiveness of the helical coiled tube heat exchanger.
Keywords: helical coil, Analysis fluent, unstructured grid,
overall heat transfer coefficient, effectiveness

INTRODUCTION
The core of a heat recovery system is the heat exchanger.
Decreasing size and increasing heat load is the typical feature
of the modern day Heat Exchanger. Helical coils have more
heat transfer surface due to their compact configuration.
Compact heat exchanger can be used for heat recovery purpose
because of its several advantages over conventional type.
Compact heat exchangers are characterized by having a high
area density, which means a high ratio of heat transfer surface
to heat exchanger volume. Helical tube heat exchanger comes
under the category of compact heat exchanger due to its
compact configuration. The waste gas from various sources at
different temperature ranges are usually dumped into the
environment which could otherwise be used for some useful
purposes.
Compact heat exchangers are primarily used in gas-flow
systems where the overall heat transfer coefficients are low and
it is desirable to achieve a large surface area in a small volume.
Compact heat exchangers offer a high surface area to volume
ratio typically greater than 700 m2/m3 for gas-gas applications,
and greater than 400 m2/m3 for liquid-gas applications. They
are often used in applications where space is usually a premium
such as in aircraft and automotive applications. They rely
heavily on the use of extended surfaces to increase the overall
surface area while keeping size to a minimum. As a result,
pressure drops can be high. Typical applications include gas-

to-gas and gas-to-liquid heat exchangers. They are widely used
as oil coolers, automotive radiators, intercoolers, cryogenics,
and electronics cooling applications.
Several studies have indicated that helically coil tubes are
superior to straight tubes when employed in heat transfer
applications. In one of the work carried out by D.G.
Prabhanjan et al. [1] on “Comparison of heat transfer rates
between a straight tube heat exchanger and helically coiled heat
exchanger”, it was observed that the heat transfer rate was
affected by the geometry of the heat exchanger and the
temperature of the water bath surrounding the heat exchanger.
Also the flow rate did not affect the heat transfer coefficient,
most likely from the fact the flow was turbulent and increasing
the flow rate does not greatly change the wall effects.
Temperature rise of the fluid was found to be effected by the
coil geometry and by the flow rate. In another work carried out
by M.R. Salimpour et al. [2] on “Heat transfer coefficient of
Shell and coiled tube heat exchanger”, Heat exchanger with
three different coil pitches were tested for counter flow
configuration. From the result of the study, it was found that
the shell side heat transfer coefficient of the coil with larger
pitches is higher than those for smaller pitches. Finally based
on the result of the study, two correlations were developed to
predict the inner and outer heat transfer coefficient of the coiled
tube heat exchanger.
M.R. Salimpour [3] also made an investigation to study the
heat transfer coefficient of temperature dependent property
engine oil flow inside shell and coiled tube heat exchanger
experimentally. From the result of the study, it was observed
that increasing the coil tube pitch decreases the inner nusselt
number. Also, increase of coil tube pitch leads to higher value
of shell side Nusselt number because in smaller coil pitches, the
coolant water is confined in the space between successive coil
rounds and a semi dead zone is formed, as in this region the
flow is decelerated, heat transfer coefficient will be descended.
Another similar work was carried out by W. Witchayanuwat
and S. Kheawhom [4] on “Heat transfer coefficient for
particulate air flow in shell and coiled tube heat exchanger”.
From the result of the study it was found that variation in the
pitches of coiled tube slightly affects the shell side heat transfer
coefficient. Two empirical correlations were also developed to
predict the inside and outside heat transfer coefficient of the
coiled tube heat exchanger for the particulate air-flow water
system. In another work by H. Shokouhmand et al. [5] on
“Experimental and investigation of Shell and Coil tube Heat
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exchanger using Wilson Plot”, an experiment was performed
for both the Parallel flow and counter flow configuration.
Overall heat transfer coefficients of the heat exchangers were
calculated using Wilson plots. It was observed that the shellside Nusselt numbers of counter-flow configuration were
slightly more than the ones of parallel-flow configuration.
Finally, it was observed that the overall heat transfer
coefficients of counter-flow configuration are 0–40% more
than those of parallel-flow configuration.
Paisarn Naphon et al. [6] made a detailed survey on Single
phase and double phase flow and Heat transfer characteristic in
helically coiled tubes, spirally coiled tubes and other coiled
tubes. In one of his paper “Thermal performance and pressure
drop of the Helical coil Heat Exchanger with or without
helically crimped fins”, [7] he studied the thermal performance
and pressure drop of Heat Exchanger in which the heat
exchanger consists of thirteen turns concentric helical coil
tubes with coil tubes consisting of two different coil diameters.
He concluded that outlet cold water temperature increases with
increasing hot water mass flow rate. Inlet hot and cold water
mass flow rates and inlet hot water temperature also have a
significant effect on the heat exchanger effectiveness. Paisarn
Naphon et al. [8] also made a study on effect of curvature ratio
on the heat transfer and flow development in the horizontal
spirally coiled tubes. It was observed that because of
centrifugal force, the heat transfer and pressure drop are more
in spirally coil tube compared to that of straight tube.
Andrea cioncolini et al. [9] made a study on laminar to
turbulent flow transition in helically coiled tubes. The influence
of curvature on the laminar to turbulent flow transition in
helically coiled pipes was analyzed from direct inspection of
the experimental friction factor profiles obtained for twelve
coils. The coils studied had ratios of coil diameter to tube
diameter ranging from 6.9 to 369 while the coil pitches were
small enough to neglect the effect of torsion on the flow.
Unlike the study made by Andrea cioncolini et al. [9] on
laminar to turbulent flow transition in helically coiled tubes,
R.A. Seban et al. [10] have done an investigation on laminar
flow of oil and turbulent flow of water in coiled tubes having
ratio of coil to tube diameter of 17 and 104. The friction factor
for laminar and turbulent flow corresponding with the results
of Ito and are predictable by his equations when for nonisothermal flow the properties are evaluated at the mean film
temperature. B.V.S.S.S. Prasad et al. [11] also conducted
experiments on helical tube heat exchanger and developed a
correlation for pressure drop and heat transfer coefficient for
the tube and shell side. In the tube side, the laminar friction
factor and Nusselt numbers are represented as functions of
Re√(d/D), whereas in turbulent flow the results are correlated
with Re(d/D)2. The pressure drop and heat transfer values for
the shell side are found to follow the classical Blasius and

Dittus-Boelter type relations, while a strong dependence on the
coil to tube diameter ratio is detected. The performance of the
exchanger has been tested not only as simulated experimental
exchanger but also as a waste heat recovery device for a 60 HP
gas turbine.

MATERIALS AND METHOD
The most fundamental consideration in CFD is how one treats
a continuous fluid in a discretized fashion on a computer. One
method is to discretize the spatial domain into small cells to
form a volume mesh or grid, and then apply a suitable algorithm
to solve the equations of motion (Euler equations for inviscid
and Navier-Stokes equations for viscous flow). In addition,
such a mesh can be either irregular (for instance consisting of
triangles in 2D, or pyramidal solids in 3D) or regular; the
distinguishing characteristic of the former is that each cell must
be stored separately in memory. It is possible to directly solve
the Navier-Stokes equations for laminar flows and for turbulent
flows when all of the relevant length scales can be resolved by
the grid (a direct numerical simulation). In general however,
the range of length scales appropriate to the problem is larger
than even today's massively parallel computers can model. In
these cases, turbulent flow simulations require the introduction
of a turbulence model. Large eddy simulations (LES) and the
Reynolds-averaged
Navier-Stokes
equations
(RANS)
formulation, with the k-ε model or the Reynolds stress model,
are two techniques for dealing with these scales. In many
instances, other equations are solved simultaneously with the
Navier-Stokes equations. These other equations can include
those describing species concentration (mass transfer),
chemical reactions, heat transfer, etc. More advanced codes
allow the simulation of more complex cases involving multiphase flows (e.g. liquid/gas, solid/gas, liquid/solid), nonNewtonian fluids (such as blood), or chemically reacting flows
(such as combustion).
a.

Basic approach to using CFD

a) Pre-processor: Establishing the model
 Identify the process or equipment to be evaluated.
 Represent the geometry of interest using CAD tools.
 Use the CAD representation to create a volume flow
domain around the equipment containing the critical
flow phenomena.
 Create a computational mesh in the flow domain.
b) Solver:
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Indentify and apply conditions at the domain
boundary.
Solve the governing equations on the computational
mesh using analysis software.
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Figure 1. Algorithm of Numerical approach used by simulation software [15]
b.

b) Momentum Equation:

Governing equations of CFD

Each CFD software package has to produce a prediction of the
way in which a fluid will flow for a given situation. To do this
the package must calculate numerical solutions to the equations
that govern the flow of fluids. For the analyst, therefore, it is
important to have an understanding of both the basic flow
features that can occur, and so must be modeled, and the
equations that govern fluid flow. The physical aspects of any
fluid flow and heat transfer are governed by three fundamental
principles .
a) Continuity equation
b) Momentum equation and

The momentum equation are derived from Newton’s second
law of motion, which states that mass times the acceleration in
a given direction is equal to the external force acting on the
body in the same direction. The external force acting on the
volume element in a flow field is considered to consist of the
body forces and the surface forces.
Body forces acting in
[Mass] [Acceleration in ] = [
]+
i direction
i direction
Surface force acting
[
]
(3)
in i direction
x Momentum: 𝜌 [𝑢

𝜕𝑢

y Momentum: 𝜌 [𝑢

𝜕𝑣

c) Energy equation.
a) Continuity Equation:
The continuity equation is essentially the equation for the
conservation of mass. It is derived by the mass balance on the
fluid entering and leaving a volume element taken in the flow
field. The equation for the conservation of mass for two
dimensional steady flows may be stated as
[

Net rate of mass flow entering
Net rate of mass flow entering
]+[
]=0
volume element in y direction
volume element in x direction

(1)

For an incompressible fluid, the continuity equation for a
steady two dimensional flow can be written as
𝜕𝑈
𝜕𝑋

+

𝜕𝑉
𝜕𝑌

=0

𝜕𝑥

𝜕𝑥

+𝑣
+𝑣

𝜕𝑢

] = 𝐹𝑥 −

𝜕𝑝

] = 𝐹𝑦 −

𝜕𝑝

𝜕𝑦
𝜕𝑣
𝜕𝑦

𝜕𝑥

𝜕𝑦

+𝜇[
+𝜇[

𝜕2 𝑢
𝜕𝑥 2
𝜕2 𝑣
𝜕𝑥 2

+
+

𝜕2 𝑢
𝜕𝑦 2
𝜕2 𝑣
𝜕𝑦 2

]

(4)

]

(5)

where Fx and Fy are the body forces per unit volume acting in
the x and y direction respectively.

The physical significance of the various terms in equation (3.4)
is as follows: The terms on the left hand side represent the
inertia forces, the first term on the right hand side is the body
forces, the second term is the pressure forces, and the last term
in the parentheses is the viscous force on the fluid element.

(2)
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c) Energy Equation:

b.

The temperature distribution in the flow field is governed by
the energy equation, which can be derived by writing an energy
balance according to first law of thermodynamics for a
differential volume element in the flow field. If radiation is
absent and there are no distributed energy sources in the fluid,
the energy balance on a differential volume element may be
stated as

Table 1. Properties of Tube side fluid (water) at 26°C

rate of energy
rate of energy
rate of energy
input due to
input due to
[ input due to ] + [
]+[
]=
work done by
work done by
conduction
conduction
surface stress
rate of increase
[ of energy in ]
(6)
element

𝜕𝑇
𝜕𝑥

+𝑣

𝜕𝑇
𝜕𝑦

𝜕2 𝑇

] = 𝑘[

𝜕𝑥 2

+

𝜕2 𝑇
𝜕𝑦 2

] + 𝜇𝜙

(7)

Where the viscosity-energy-dissipation function ϕ is defined
as
𝜕𝑢

𝜕𝑣

𝜕𝑢

𝜕𝑥

𝜕𝑦

𝜕𝑥

𝜙 = 2 [( )2 + ( )2 ] + (

+

𝜕𝑣 2
)
𝜕𝑦

Sl.no.

Property

Unit

Value

1.

Density

Kg/m3

998.5

2.

Viscosity

Kg/m-s

899.9x10-6

3.

Specific heat

KJ/kgK

4178.0

4.

Thermal
conductivity

W/mK

6068.6x10-4

Table 2. Properties of Shell side fluid (Exhaust gas) at 120°C

The energy equation for two dimensional flow of an
incompressible, constant property, Newtonian fluid is
determined as
𝜌𝑐𝑝 [𝑢

Properties of fluid and material

(8)

Sl.no.

Property

Unit

Value

1.

Density

Kg/m3

897.7x10-3

2.

Viscosity

Kg/m-s

1011.0

3.

Specific heat

KJ/kgK

323.5x10-4

4.

Thermal
conductivity

W/mK

226.4x10-7

Table 3. Properties of Tube material (Copper)

RESULT AND DISCUSSION
a.

CFD modeling of a helical tube heat exchanger

It is the pre-processing process where the model development
is done and meshing of model is followed for further analysis.
The geometry used for CFD modeling is the same as the
experimental setup. The model consist of a helical tube and a
shell in which the hot exhaust gas flows through the shell and
transfer heat to the water which is flowing through the helical
tube. The helical tube consists of twenty two numbers of turns.
The analysis has been done for cross-counter flow
configuration by varying the tube side fluid velocity from 0.5
m/s to 3 m/s while the shell side fluid velocity was kept
constant. The investigations were carried out using the CFD
package Ansys FLUENT .

Property

Unit

Value

1.

Density

Kg/m3

8030.00

2.

Specific heat

J/kgK

502.48

3.

Thermal
conductivity

W/mK

16.27

Table 4. Properties of Shell material (Steel)

c.

Figure 2. 3D outline view of helical tube and shell after
modeling

Sl.no.

Sl.no.

Property

Unit

Value

1.

Density

Kg/m3

8978.0

2.

Specific heat

J/kgK

381.0

3.

Thermal
conductivity

W/mK

387.6

Grid Independence Test

To find out the most independent grid for CFD analysis of a
helical tube heat exchanger, grid independency of the solution
was established. The resolution of the grid has a great
quantitative impact over the result obtained. There exists a level
of refining of a computational domain beyond which there is
no significant changes in the results achieved. Based on the
different grids, analysis have been made and it was observed
that after refining the grid from nodes 209686, results are not
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varying significantly. So, nodes 209686 have been used for
further analysis.

Case I: Tube side fluid velocity: 0.5 m/s, Shell side fluid
velocity: 0.3 m/s

Table 5. Overview of all the grids used for Grid Independence
Study
Sl.no.

No. of nodes

Nusselt number

1.

157848

4.7

2.

179010

7.1

3.

190038

6.9

4.

209686

8.2

5.

215050

8.2

9

209686, 8.2

8

Inner Nusselt Number

Figure 4. Temperature contour of helical tube

215050, 8.2

179010, 7.1
7
190038, 6.9

6
5
4

157848, 4.7

3
2
140000

160000

180000

200000

220000

No. of Nodes

Figure 3. Grid Independence Test
Using the above mentioned nodes, the analysis has been carried
out for seven cases i.e by varying the tube side fluid velocity
from 0.5 m/s to 3.0 m/s.

d.

Figure 5. XY plot of total temperature of helical tube

Results from CFD analysis of helical tube heat
exchanger

The analysis has been carried out for seven cases by varying
the tube side fluid velocity from 0.5 m/s to 3.0 m/s. The shell
side fluid velocity was kept constant at 0.3 m/s. The purpose of
CFD analysis was to see the effect of temperature rise and
pressure drop in the helical tube with the increase in mass flow
rate of the tube side fluid. And also to obtain the Overall heat
transfer coefficient and the Effectiveness of the helical tube
heat exchanger for cross counter flow configuration.

Figure 6. Pressure drop plot of helical tube
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Figure 7. Temperature contour of Shell

Figure 10. Velocity profile at the exit of the shell for the case
of inlet velocity 0.3 m/s.

Case II: Tube side fluid velocity: 0.75 m/s, Shell side fluid
velocity: 0.3 m/s

Figure 8. XY plot of total temperature of shell

Figure 11. Temperature contour of helical tube

Figure 9. Pressure drop plot of shell

Figure 12. XY plot of total temperature of helical tube
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Figure 16. Temperature contour of shell
Case IV: Tube side fluid velocity: 1.75 m/s, Shell side fluid
velocity: 0.3 m/s

Figure 13. Pressure drop plot of helical tube

Figure 14. Temperature contour of shell

Figure 17. Temperature contour of helical tube

Case III: Tube side fluid velocity: 1.0 m/s, Shell side fluid
velocity: 0.3 m/s

Figure 15. Temperature contour of helical tube

Figure 18. Temperature contour of shell

e. Data from FLUENT analysis
Table 3. Tube side CFD data from FLUENT analysis
Sl. Velocity
no. (m/s)
1.
2.
3.
4.

0.50
0.75
1.00
1.75

Inlet
temperature
(K)
299
299
299
299

Outlet
temperature
(K)
337
334.4
332.5
328.8

Mean
temperature
(K)
318.0
316.7
315.8
313.9

Inner tube heat
transfer coefficient
(hi) (W/m2K)
832
1059
1106
1412
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Outer tube heat
transfer coefficient
(ho) (W/m2K)
37.7
38.8
39.3
42.9

Overall heat transfer
coefficient (U)
(W/m2K)
36.6
37.4
38.0
41.6
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It is observed that with the increase in velocity of the fluid,
there is a decrease in temperature rise but increase in heat
transfer coefficient. The decrease in temperature rise might be
due to the decreased residence time of the fluid. And the
increasing heat transfer coefficient is most likely from the fact
that the flow was turbulent and increasing the flow rate does
not greatly change the wall effects. The increased heat transfer
coefficients are a consequence of the curvature of the coil,
which induces centrifugal force to act on the moving fluid,
resulting in the development of secondary flow. Fluid from the
inside of the tube is thrown through the centre of the tube
towards the outer wall and then returns to the inner wall through
the wall region. The secondary flow enhances heat transfer and
temperature uncertainty due to increased mixing.
CONCLUSION
An investigation was carried out to study the Shell and helical
tube heat exchanger computationally The analysis was done
for seven cases and the effect on temperature rise and the
pressure drop in the helical tube and shell was observed. The
results from the analysis appear to be in good agreement and as
such the correlation so developed for helical tube heat
exchanger and the turbulence model used therein can be said to
be applicable for helical configurations. There is an
augmentation of heat transfer coefficient on helical coil. This
happens due to secondary flow thereby causing greater amount
of turbulence in the coil.The pressure drop in the coil is very
high thereby making the necessity of large pumping power. It
is recommended to use shorter length of coil.The effectiveness
of the helical tube heat exchanger is quite comparable with
other conventional heat exchanger design.
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