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Abstract— Enhancement in heat transfer due to helical coils has
been reported by many researchers. While the heat transfer
characteristics of double pipe helical heat exchangers are
available in the literature, there exists no published experimental
or theoretical analysis of a helically coiled heat exchanger
considering ﬂuid-to-ﬂuid heat transfer, which is the subject of
this work. After validating the methodology of CFD analysis of a
heat exchanger, the effect of con- sidering the actual ﬂuid
properties instead of a constant value is established. Heat transfer
characteristics inside a helical coil for various boundary
conditions are compared. It is found that the speciﬁcation of a
constant temperature or constant heat ﬂux boundary condition
for an actual heat exchanger does not yield proper modelling.
Hence, the heat exchanger is analysed considering conjugate
heat transfer and temperature dependent properties of heat
transport media. An experimental setup is fabricated for the
estimation of the heat transfer characteristics. The experimental
results are compared with the CFD calculation results using the
CFD package FLUENT 6.2. Based on the experimental results a
correlation is developed to calculate the inner heat transfer
coefﬁcient of the helical coil.

II. CHARACTERSTIC OF HELICAL COIL
Fig. 1 gives the schematic of a helical coil. The pipe has an
inner diameter 2r. The coil has a diameter of 2Rc (measured
between the centers of the pipes), while the distance between
two adjacent turns, called pitch is H. The coil diameter is
also called pitch circle diameter (PCD). The ratio of pipe
diame- ter to coil diameter (r/Rc ) is called curvature ratio, ı.
The ratio of pitch to developed length of one turn (H/2rRc )
is termed non-dimensional pitch, A. Consider the projection
of the coil on a plane passing through the axis of the coil.
The angle, which projection of one turn of the coil makes
with a plane perpendicular to the axis, is called the helix
angle,
Similar to Reynolds number for ﬂow in pipes, Dean Number
is used to characterize the ﬂow in a helical pipe.

key words: Helical coil Heat exchanger,CFD or computational
fluid dynamics .

I. INTRODUCTION
In this paper, it is proposed to generate correlations for inner
heat transfer coefﬁcient considering ﬂuid–ﬂuid heat exchange
in a helically coiled heat exchanger. An experimental setup is
built for carrying out the heat transfer studies representing the
equipment under study.In addition, the heat transfer
phenomena in the exchanger is analysed numerically using a
commercial CFD code FLUENT Version 6.2 (2004). In
contrast to the earlier similar analyses, instead of specifying
an arbitrary boundary condition, heat transfer from hot ﬂuid to
cold ﬂuid is modeled by considering both inside and outside
convective heat transfer and wall conduction. In these
analyses, we have used temperature dependent values of
thermal and transport properties of the heat transfer medium,
which is also not reported earlier. The numerical predictions
are veriﬁed against the experimental results.
The paper is organized as follows: we begin with the
introduction of helically coiled system followed by the
description of the experimental setup used for heat transfer
studies and the methodology of experimentation. In the next
section, the numerical results for heat transfer characteristics
of a helical pipe are presented. Subsequently the actual heat
exchanger is analyzed for the case of ﬂuid–ﬂuid heat transfer
and the computational results are compared with the
experimental ones. In the last section, the validated results
are converted into a correlation for the estimation of heat
transfer inside a helical coil as appropriate to the

Fig. 1 – . Basic geometry of a helical
pipe.
Many researchers have identiﬁed that a complex ﬂow pattern exists inside a helical pipe due to which the enhancement
in heat transfer is obtained. The curvature of the coil governs
the centrifugal force while the pitch (or helix angle)
inﬂuences the torsion to which the ﬂuid is subjected to. The
centrifugal force results in the development of secondary
ﬂow. Due to the curvature effect, the ﬂuid streams in the outer
side of the pipe moves faster than the ﬂuid streams in the
inner side of the pipe. The difference in velocity sets-in
secondary ﬂows, whose pattern changes with the Dean
number of the ﬂow
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III. EXPERIMENTAL SETUP
III.I)Helical coil test section
The pipe used to construct the helical section has 10 mm
inner diameter and 12.7 mm outer diameter.The tube
material is SS 316. The Pitch Circle Diameter (PCD) of the
coil is 300 mm and tube pitch is 30 mm. The remaining parts
of the setup are made of SS 304.
The helical coil is enclosed in a vessel to simulate the
shell side of heat exchanger. The details are given in Fig. 2.
The cold ﬂuid enters the shell through the bottom connection
and ﬂows up. It leaves the shell through the nozzle at the top.
The coil and the bafﬂe are welded to a top ﬂange in such a
way that they can be replaced with another coil assembly.
The helical coil test section is connected to a loop, which
provides the necessary ﬂow through the tube and shell side
of the test section and the required instrumentation. Fig. 3
illustrates the loop used for the estimation of heat transfer
coefﬁcient.
A tank with electrical heaters is provided to heat the
water to be circulated through the helical coil. There are
three heaters, with a total power of 5000 W. A controller is
pro- vided to maintain the temperature of water at the inlet of
the test section at the set value. The hot ﬂuid from the tank is
pumped through the test section using a centrifugal pump of
1/2 hp power rating. Flow rate of hot ﬂuid is measured using
a rotameter. Both inlet and outlet temperatures of the hot
ﬂuid are measured by using RTDs and the values are
available on digital displays.
Cooling water from a constant temperature tank is
Circulated through the shell side. Its ﬂow rate, inlet and
outlet temperatures are measured. Flow rate of cooling water
is kept constant. Its ﬂow is adjusted such that the rise in
temperature of the cooling water is approximately 3 to 5 ◦ C.
IIII.II) Experimental procedure
Measurements are taken only after the temperatures
attain steady values. Experiments are conducted for ﬁve
different ﬂow rates through the coil and for three different
values of temperature at the inlet of the helical pipe. During
the course of each set of experiments, the ﬂow rate through
the shell side is kept constant, which ensures a constant heat
transfer coefﬁcient on the shell side. The experiment is
carried out by changing the ﬂow rate through the tube. Once
a steady state is attained, values of ﬂow rates of the hot and
cold ﬂuids, tem- peratures at the inlet and exit of the hot and
cold ﬂuid, and the power input to the heater and the pump
are noted.
IV. NUMERICAL EXPERIMENT
CFD has been used to investigate the performance of heat
exchangers.

Fig. 2 – Experimental setup.
The contents of the present section can be divided into
three parts. The effect of using temperature dependent
Thermal and transport properties of the heat transfer
medium for ﬂow inside a helical pipe is investigated ﬁrst.
Then the comparison of the heat transfer characteristics of
the helical coil obtained for various boundary conditions
such as constant wall temperature, wall heat ﬂux and wall
heat transfer coefﬁcients are presented. The analysis has
then been extended to a shell and tube heat exchanger with
helically coiled tube bundles, in which conjugate heat
transfer from hot ﬂuid in the tube to cold ﬂuid in the shell is
modelled. In these investigations, commercial CFD package
FLUENT 6.2 (double precision, segregated, 3D version)
was used.
Before carrying out CFD analysis of ﬂow through helical
pipe, the methodology of modelling of conjugate heat
transfer has been validated. For this, a straight pipe in a shell
and tube heat exchanger was analysed using FLUENT for
ﬂuid-to-ﬂuid heat transfer through the metal wall. It has been
found that the heat transfer coefﬁcient predicted by the
Dittus–Boelter equation (Dittus and Boelter, 1930) are
comparable with those calculated by FLUENT, with a
maximum error of 5%. Hence, the use of the CFD modelling
for the prediction of heat transfer coefﬁcient can be
employed with conﬁdence.
IV.I) Effect of property values on CFD modelling of
Heat transfer in a helically coiled tube
In the present analysis, we consider the transport and
thermal properties of the heat exchange medium (both hot
and cold ﬂuids) to be dependent on the temperature; rather
than studying the inﬂuence of Pr alone as reported by Rennie
and Raghavan (2006b). The plots of density, viscosity,
thermal conductivity and speciﬁc heat of water are given in
Fig. 3. It can be seen that the viscosity of water changes from
14e−04 Pa s to 3 Pa s as the temperature is increased from
280 to 370 K. Also signiﬁcant changes are observed in
density and thermal conductivity.
For modelling temperature dependent properties, the
Following polynomial functions (Equations 1 to 4) were
programmed in FLUENT. In CFD code, the governing
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equations are solved with the ﬂuid properties evaluated at
the cell temperatures.
p(T) = 2.1897e − 11T4 − 3.055e − 8T3 +
1.6028e − 5T 2 −0.0037524T + 0.33158

(1)

p(T) = −1.5629e − 5T3 + 0.011778T 2 − 3.0726T +
1227.8
(2)
k(T) = 1.5362e − 8T3 − 2.261e − 05T2 + 0.010879T −
1.0294

(3)
3
2
Cp(T) = 1.1105e − 5T − 0.0031078T − 1.478T +
4631.9
(4)
These relationships were obtained by regression analysis using MATLAB. In the above relationships, temperature
is speciﬁed in K. It may be noted that since the pressure of
the ﬂuids does not change appreciably and, also since the
pressure dependency of the properties of an incompressible
ﬂuid is negligibly small, only the temperate dependency was
taken into account in the studies.
In order to study the effect of ﬂuid properties on the
modelling of heat transfer, the case of heat transfer to ﬂuid
ﬂowing inside a helical tube, which is heated to a constant
wall temperature is analysed. The grid used in the analysis is
shown in Fig. 3. A constant wall temperature of 300 K was
speciﬁed as the boundary condition. Hot water at a
temperature of 360 K is entering the helical coil at the top
(velocity inlet boundary condition) and leaving at the bottom
(pressure outlet boundary condition). Analysis has been
carried out by varying the inlet ﬂow rate. In the ﬁrst series of
analyses, the properties of water were kept constant
corresponding to the ﬂuid inlet temperature and pressure
(360 K temperature, 1 atm pressure). Second set of analyses
were done using the temperature dependent properties of
water; as given by Eqs. (1)–(4). These equations were
programmed in FLUENT as polynomial functions to
compute the properties. In both the sets of analysis, shell
conduction through the pipe wall of 1.35 mm thickness was
taken into account.
Before carrying out the actual analysis, a grid dependency of
the solution was studied. The grids used are The grid given
in was chosen because further reﬁnement does not result in
reduction of mass and energy errors.

Fig. 3 – Properties of water as function of
temperature.
The velocity and temperature proﬁles at the exit of the
helical pipe for the constant and temperature dependent
properties of the cooling medium are given in Fig. 7. In all
the ﬁgures, the right side is the outer side of the coil. It can
be readily seen that unlike for ﬂow through a straight tube
high velocity is on the outer side of the coil. It is also noted
that the shapes of contours are different for the constant and
temperature dependent cases. For the case of constant
properties, the proﬁles are much skewed on the inner side of
the coil. Since the ﬂuid properties in each cell volume are
same to satisfy the continuity, smaller area is available for
the high velocity regions. This is especially prominent in the
inner side of the coil, as the velocity gradients at this
location are higher.
The results of computation considering temperature
Dependency of the ﬂuid properties are given in Fig. 8. The
Dean number is calculated based on the ﬂuid properties at
the inlet. These ﬁgures show the results of three analyses. In
Fig. 8(a), the ﬁrst one (symbol •) is the results where the
properties at ambient conditions (as reported by Rennie and
Raghavan, 2006) are used for computations. The next one
(symbol *) is the results obtained when properties evaluated
at mean temperature of the ﬂuid is used in the entire
computational domain. The last one, represented with
symbol +, is the results of temperature dependent properties
as given by Eqs. (1) to (4) is used.
From the analysis, it can be seen that an error Nu is about
24% when the properties at ambient conditions are used. The
maximum error in Nu for the case when the properties at
mean temperature are used is about 10%. When the ﬂow rate
of the hot ﬂuid through the helical pipe is low, its change in
temperature along the pipe length is small. This leads to the
Nu of the three cases to be closer at low values of De.
The amount of heat removed from the hot ﬂuid in these
cases is given in Fig. 8(b). It is seen that the amount of
heat transferred predicted when constant values of properties
are used differ appreciably from the actual situation, where
279

1st International Conference on Recent Trends in Engineering & Technology, Mar-2012
Special Issue of International Journal of electronics, Communication & Soft Computing Science & Engineering, ISSN: 2277-9477

temperature dependent properties are considered. Since the
implications in considering properties temperature dependant are high, subsequent analyses were carried out with
incorporation of variable properties.

Fig. 4 – Grids used for helical pipe ﬂuid volumes.

Fig. 5 – (a) Inside Nusselt number in a helical pipe
with constant and temperature dependent properties
of the heat transfer medium.

(b) Heat removed from a helical pipe considering
constant and temperature dependent properties of the
heat transfer medium
IV.II) CFD modelling of heat transfer in a helically
Coiled tube for various boundary conditions
A study was carried out to estimate the inﬂuence of boundary
condition on the nature of heat transfer. The heat transfer
characteristics for ﬂow inside a helical pipe was analysed for
three boundary conditions. The boundary conditions selected
were
(a) Constant wall temperature (300 K),
(b) Constant heat ﬂux (50 kW m−2) a
(c) Constant convective heat transfer coefﬁcient (2000 W
m−2
K−1 ).
The sensitivity of the results on the value of the imposed
boundary condition was studied. On changing wall ﬂux from
50 to 250 kW, changes in Nusselt number was marginal. This
change is attributable to differences in the ﬂuid temperature
distribution along the pipe. Similar results were obtained for
other BCs, viz., constant wall temperature and constant wall
heat transfer coefﬁcient.
The grid used was the same as the one given in Figs. 5
Shell conduction in pipe material was considered. In all the
cases, the inlet conditions were kept the same and the
analyses were carried out by changing the ﬂow through the
helical pipe. The results of computation are given in Fig. 6.
V. CFD MODELLING
Heat transfer from the hot ﬂuid ﬂowing inside the helical
pipe to the cold ﬂuid ﬂowing through the tank is modelled
using FLUENT. The mass ﬂow rate of the cold water was
kept at
0.2124 kg/s, which is same as the one used in the experiment. Flow velocity through the pipe considered were 1.0 to
3.0m/s in steps of 0.25 m/s. This gives a range of De from
3500 to 11,000. Hot water inlet was at 360 K and the cold
water inlet was at 300 K. The Realizable k–ε turbulence with
standard wall functions was used in this analysis.
Pressure–velocity coupling was resolved using the
SIMPLEC algorithm with skewness correction factor 1. For
pressure, linear discretization was used. For momentum,
turbulent kinetic energy and turbulent dissipation rate the
Power law scheme was used. For the energy equation,
second order up winding was employed. A convergence
criterion of 1.0e−05 was used for continuity and x, y and z
velocities. The convergence criterion for energy equation
was 1.0e−08, while that for the k and ε was 1.0e−04.
Grid independency of the solution was established. Grid
for the simulation is the same as the optimum one selected
earlier, as given in Figs. 5 and 6. The mesh density of the
shell side ﬂuid was changed from 3.5563e8 cells m3to
12.365e8 cells m3 . It is found that reﬁnement after a mesh
density of 9.963e8 cells m−3 does not decrease the energy and
mass errors in any appreciable way. This grid size is approximately 30 times smaller than those used by Kumar et al.
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(2006). The optimum mesh was chosen for the further
analysis and it has 873,760 nodes, 4,516,224 faces and
1,915,833 volumes. Each of the runs took about 3 hour of time
in a Lenovo 2.8 processor machine with 2 GB RAM.
Temperature proﬁle of the hot ﬂuid for of the cases (inlet
velocity = 1.5 m/s ) is given in Fig.6. The effect of cross ﬂow
in the shell region is visible from the temperature contours.
Velocity proﬁle along a section on the YZ plane is shown
in Fig. 12. This is the plane passing through the shell
inlet/outlet. Irregularity of the ﬂow in shell as compared to a
double pipe heat exchanger is very dominant in this case.
The velocity contours in the XZ plane. The coil section at
top left is hot ﬂuid inlet, where a circular velocity contours
are observed. As the ﬂuid ﬂows down, the ﬂow gets
developed due to the centrifugal and torsional effects
induced by the helical nature of the pipe. This ﬁgure also
indicates the irregular velocity proﬁles existing in the shell
side.
The results of the analysis of the CFD simulation are used
to estimate the overall heat transfer coefﬁcient. Fig. 14 gives
a comparison of the overall heat transfer coefﬁcients
obtained from the experiment and those calculated using the
CFD code. It is found that the values are well within5%.
During the experiments, care was taken to obtain nonoscillatory ﬂow rates. For this, stabilized power supply was
used for the experimental setup, which maintains speed of the
pumps at a constant rpm. Proper thermal insulation was
provided for the heating tank and the pipes. No insulation
need to be provided to the test section as the cold water at
ambient temperature was ﬂowing on the shell side. Thus,
enough care was taken to minimize uncertainties in the
experiments.

Fig. 7 – Comparison of overall heat transfer
coefﬁcient.
The methodology for estimation of heat transfer for a
helically coiled heat exchanger has been successfully validated against experiments. The CFD simulations can now be
extended to coils of various (i) pitch circle diameters, (ii)
tube pitches and (iii) pipe diameters. The next step would be
to develop a uniﬁed correlation generated by CFD analysis
applicable to all helical conﬁgurations.
As mentioned earlier, CFD analysis was carried out using
Realizable k–ε model with standard wall functions.
Applicability of this model with strong centrifugal and
torsional effects predominant in the case of ﬂow through
helical coils needs to be further investigated. In addition,
usage of a ﬁxed set of model constants without considering
the temperature effects on them, can result in uncertainties
in the CFD predictions. In future analysis, these factors need
to be taken into account.
VI. CONCLUSION

Fig. 6 – Contours of temperature (K) of the pipe ﬂuid.

It is observed that the use of constant values for the thermal and transport properties of the heat transport medium
results in prediction of inaccurate heat transfer coefﬁcients.
Also for prediction of heat transfer in a situation of
ﬂuid-to- ﬂuid heat transfer, as it occurs in the case in a heat
exchanger, arbitrary boundary conditions such as constant
wall temp constant heat ﬂux, etc., are not applicable. In this
situation, it is essential to model the equipment considering
conjugate heat transfer. An experimental setup is fabricated
to study ﬂuid–ﬂuid heat transfer in a helically coiled heat
exchanger. Heat transfer characteristics of the heat
exchanger with helical coil are also studied using the CFD
code FLUENT. The CFD predictions match reasonably
well with the experimental results within experimental error
limits. Based on the results a correlation was developed to
calculate the inner heat transfer coefﬁcient of the helical
coil. Based on the conﬁdence gained in the CFD
predictions, the results generated under different conditions
may use further to obtain a generalized correlation,
applicable to various coil conﬁgurations.
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