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Abstract 
Despite numerous studies of shell and helically coiled tube heat exchangers, a few 
investigations on the heat transfer and flow characteristic consider the geometrical 
effects like coil pitch. Moreover, this scarcity is highlighted for the shell side of this 
type of heat exchangers. This study reports experimental and Computational Fluid 
Dynamics (CFD) investigations on heat transfer and flow characteristics of a shell 
and helically coiled tube heat exchanger. The experiments were carried out using a 
helically coiled tube, which was placed in a cylindrical shell. Hot and cold water 
were used as the process fluids on the tube and shell side, respectively. The CFD 
modeling technique was employed to describe the experimental results, fluid flow 
pattern, and temperature profiles as well as dead zones in the heat exchanger. 
Quantitative predicted results of CFD modeling show a good agreement with the 
experimental data for temperature. The effect of the coil pitch on heat transfer rate 
was numerically studied and it was found that the heat transfer coefficient intensifies 
with an increase in coil pitch. The average turbulent kinetic energy (k) for the old 
coil tube and twice coil pitch heat exchanger was computed as 2.9×10-3 and 3.3×10-3 
m2/s2, respectively. This indicates an increase of about 14% in flow turbulent kinetic 
energy. Nusselt numbers were compared with those estimated using published 
correlation and a mean relative error (MRE) of 14.5% was found between the 
experimental and predicted data. However, a good agreement was obtained in lower 
shell Reynolds numbers (lower than Re=200). 
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1. Introduction  
Heat exchangers with helically coiled tubes 
have been employed in many industrial 
applications such as power plants, process 
plants, refrigeration process and heat 
recovery systems [1-5]. High heat transfer 
coefficient and the compact structure of these 
heat exchangers are the main reasons for 
these applications [5,6]. In helically coiled 
tubes, the centrifugal force generated by the 
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curvature of the tube leads to a secondary 
flow which causes a higher heat transfer 
coefficient. However, in this type of heat 
exchanger a higher pressure drop is observed 
compared with those of straight tubes. 

Naphon and Wongwises [6] studied the 
thermal and fluid flow characteristics of 
single and two phase flows in helically and 
spirally coiled tubes. In their review, relevant 
correlations related to the heat transfer 
coefficients and friction factors of single and 
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two-phase flows in curved tubes were 
presented. Numerical modeling of the flow 
and thermal characteristics of nanofluids in 
curved tubes was done by Ebrahimnia-
Bajestan and Niazmand [7]. They used 
control volume technique to solve 
incompressible Navier-Stokes and energy 
equations. The results show that the heat 
transfer rate was increased. Moreover, 
employing the nanoparticles leads to more 
uniform cross sectional temperature 
distributions. Beigzadeh et al. [8] 
investigated the effects of curvature ratio and 
torsion of the coiled tubes on thermal and 
flow characteristics. They applied a genetic 
algorithm-based multi-objective optimization 
method to obtain optimal geometric 
parameters for the coiled tubes which leads 
to a trade-off between Nusselt number (Nu) 
and friction factor (f). Moreover, the 
Artificial Neural Network (ANN) and 
Adaptive Neuro-Fuzzy Inference System 
(ANFIS)  modeling  were  done  to  predict  the  
heat transfer and flow characteristics in 
helically coiled tubes by Beigzadeh and 
Rahimi [9,10]. 

Shell and helically coiled tube heat 
exchanger is one of the wide uses of coiled 
tubes in heat transfer process. Salimpour [11] 
experimentally investigated the heat transfer 
rate of shell and helically coiled tube heat 
exchangers with different coil pitches for 
parallel-flow and counter-flow configur-
ations. Also, empirical correlations were 
reported for prediction of Nu in tube side and 
shell side of the heat exchanger. In another 
work, Salimpour [12] studied heat transfer 
characteristics of temperature dependent-
property engine-oil in shell and helically 
coiled tube heat exchangers. In his work, a 

correction factor was applied to consider the 
effect of variable properties such as specific 
heat capacity and viscosity of the fluid in the 
empirical correlation for the prediction of Nu 
number. 

Various types of shell and tube heat 
exchangers have been investigated in 
literature experimentally and numerically 
[13-16]. On the other hand, modeling of 
hydrodynamics and heat transfer 
characteristics of coiled tubes have been 
considered in other literature [17-20]. CFD 
modeling has been performed in various 
publications [19,20] and the effect of 
dimensionless geometrical parameters of 
helically coiled tubes such as curvature ratio 
and  coil  pitch  on  heat  transfer  and  flow  
characteristics have been investigated. CFD 
analysis inside helically coiled tubes for 
single-phase flows was done by Jayakumara 
et al. [20]. In their study, a correlation was 
developed to estimate the local Nu as a 
function of the angular location of a point. 

In the previously cited modeling studies, 
the focus has been on heat transfer 
characteristics inside the coiled tubes, and no 
attempts have been made on pressure drop 
and characterizing the different zones of the 
heat exchanger. In the present work, an 
experimental setup of a shell and helically 
coiled tube heat exchanger has been designed 
and CFD modeling of the shell side of the 
heat exchanger has been done to study the 
hydrodynamics and heat transfer behavior. 
The main issue in this study is prediction of 
dead and turbulent zones in the shell side of 
the heat exchanger. Distribution of turbulent 
intensity, temperature profile and tangential 
velocity vectors have also been predicted 
using the CFD technique. Moreover, the 



Beigzadeh, Parvareh, Rahimi 

Iranian Journal of Chemical Engineering, Vol.12, No. 2 15 

effects of geometrical parameters such as 
coiled tube pitch on hydrodynamics and heat 
transfer rate were investigated. 
 
2. Experimental work 
A schematic diagram of the experimental 
setup  is  shown  in  Fig.  1.  The  setup  consists  
of a single-phase heat exchanging system in 
which hot water passes through the helically 
coiled tube and exchanges heat with cold 
water flows inside the shellside. 
The heat exchanger includes an insulated 
cylindrical shell which is equipped with a 
copper helically coiled tube. Characteristics 
of the heat exchanger have been presented in 
Table 1. 

In the experiments, the hot water fluid was 
supplied from a storage tank equipped with 
an electric heater. The hot fluid was 
circulated from the tank through the coiled 
tube by a pump at a temperature in the range 
of 43.6 to 45.5°C. Mass flow rate of each 
stream was measured using two flowmeters. 
Both the parallel-flow and counter-flow 
configurations for the shell and coiled tube 
heat exchanger were investigated and 

compared frequently with the literature 
[11,21]. In this study only a parallel-flow 
configuration was considered in the 
experiments. The pressure drop of each 
stream was measured using pressure 
transducers installed at the inlet and outlet of 
each side. In addition, the inlet and outlet 
temperatures were measured using 4 K-type 
thermocouples installed at the inlets and 
outlets. 
 
Table 1 
Characteristics of the heat exchanger. 

  Shell side Tube side 
Process fluid Cold water Hot water 
Diameter (cm) 14.5 0.54 
Length (cm) 34.5 300 
Coil diameter (D) (cm) - 8.5 
Coil pitch (H) (cm) - 3.2 

 
Physical properties of each fluid have 

been evaluated at the inlet and outlet average 
temperatures. After beginning each run, it 
was allowed to reach a steady state condition 
and then data recording was performed. 

 

 
Figure 1. The experimental setup. 
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3. CFD modeling 
In this study, a three-dimensional numerical 
simulation of the turbulent flow and heat 
transfer developments is conducted by means 
of the CFD code FLUENT [22]. 

The solution domain consists of the 
cylindrical shell and helically coiled tube 
which was meshed using 906368 tetrahedral 
unstructured meshes. These mesh layouts 
were obtained through examination of 
different cell sizes as no further significant 
changes are revealed for finer meshes. Fig. 2 
shows the actual coiled tube used in the 
experiments and the meshed configuration of 
the shell and coiled tube heat exchanger.  
 

 
 
Figure 2. The meshed shell and coiled tube heat 
exchanger. 
 

Some of the geometrical characteristics of 
the coiled tube, coil pitch (H) and coil 
diameter (D), are shown in the figure. 
Conservative equations of mass and 
momentum together with the energy equation 
were conducted for all of the cells in the 
solution domain. The  standard 
turbulence model [23] with the standard wall 
functions was employed to simulate the 
turbulent flow regime and heat transfer 
development. 

Segregated method is chosen as the solver 
type and the SIMPLE pressure–velocity 

coupling algorithm, the standard pressure, the 
first order upwind discretization scheme for 
momentum, energy, turbulent kinetic energy 
and dissipation energy were applied in the 
model. Due to a reduction of the CPU time 
and no significant differences between the 
obtained results, the first order scheme was 
preferred over the more relevant second 
order one. Moreover, a convergence criterion 
of 10 8 was selected for energy and a value 
of 10 4 was employed for other calculated 
parameters. 
 
4. Results and discussion 
4-1. Experimental results 
In order to investigate the heat transfer rate in 
the shell and helically coiled tube heat 
exchanger, the overall heat transfer 
coefficients were found using the following 
procedure. 

The heat transfer rate from the hot fluid in 
the coiled tube and cold fluid in the shell side 
were calculated as follows: 
 

)(Cm)(CmQ p,oip, iosstt TTtt  (1) 

 
Where Q is the heat transfer rate, m is the 

mass  flow  rate,  T  is  the  shell  side  flow  
temperature, t is the tube side flow 
temperature, and Cp is the specific heat 
capacity. The subscript ‘s’ refers to the shell 
fluid  and   ‘t’  refers  to  tube  side  fluid.  
Furthermore, the subscripts ‘i’ and ‘o’ refer 
to the inlet and outlet, respectively. As 
mentioned before, physical properties of the 
fluids were evaluated at their mean inlet-
outlet temperatures. The criterion for thermal 
equilibrium is: 



Beigzadeh, Parvareh, Rahimi 

Iranian Journal of Chemical Engineering, Vol.12, No. 2 17 

%
Q

QQ

t

ts 10100  
(2) 

This takes into account the heat transfer 
losses from the shell side of the heat 
exchanger to the surrounding air. The overall 
heat-transfer coefficient was obtained from 
the following equation: 
 

LMTDo
o TA

QU  (3) 

where Ao is the external surface area of 
the coiled tube and TLMTD is the logarithmic 
mean temperature difference, based on the 
inlet temperature difference ( T1)  and  the  
outlet temperature difference ( T2) as 
follows: 
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Fig. 3 illustrates the variation of the 

obtained overall heat transfer coefficients for 
three flow rates of 3.1, 3.5 and 4.9 lit/min in 
the shell  side at  various tube side flow rates.  
As  shown  in  this  figure,  an  increase  in  flow  
rate either in the tube side or in the shell side 
enhances the overall heat transfer coefficient. 
The main reason for the enhancement of the 
overall heat transfer coefficient during the 
increasing flow rates is the increase of fluid 
flow turbulence intensity and consequently 
the increases of local convection heat transfer 
coefficient in both sides.  

Shell side Reynolds number (ReS) and 
Nusselt number (NuS), are defined as 

Figure 3. Overall heat transfer coefficient for three 
shell side flow rates at various tube side flow rates. 
 

DV
Re hS

S  
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f
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Nu  

(6) 

 
where kf is the thermal conductivity of the 

fluid and VS, hS, and Dh are average velocity, 
convective heat transfer coefficient, and the 
hydraulic diameter of the shell side, 
respectively. Fig. 4 illustrates the variation of 
the Nusselt number with Reynolds number 
for the shell side of the heat exchanger which 
was calculated based on hydraulic diameter 
of  the  shell.  The  NuS increased with 
increasing ReS due to increase in convective 
flow rate. Moreover, the experimental results 
from this study for Nusselt number were 
compared with those estimated using 
published correlation [11]. The mean relative 
error (MRE) of 14.52% was found between 
the experimental and correlation. However, 
good agreement was obtained in lower shell 
Reynolds numbers (lower than ReS=200). 
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Figure 4. Nusselt number versus Reynolds number for 
shell side of the heat exchanger. (Points: Experimental 
data; Dashed line: Salimpour [11] correlation). 
 
4-2. CFD modeling results 
The measured outlet temperature of the 
helically coiled tube and shell are compared 
with those obtained from CFD modeling in 
Table 2. The mass flow rates and inlet 
temperatures in the CFD modeling were 
considered equal to corresponding 
experimental values and the outlet 
temperatures obtained from the experimental 

measurements and CFD predictions have 
been compared. Acceptable differences 
between experimental and predicted data can 
be found that indicate the validity of the 
model. 

The conditions of test number 1 in Table 2 
were considered for the CFD analysis of the 
heat exchanger. 

In the first  step of the CFD modeling,  the 
tangential velocity vectors in a vertical plane 
passing through the shell diameter are 
compared with those of a single shell without 
the coiled tube. As shown in Fig. 5, similar 
main flow patterns are dominated for both 
cases. The strength of the input stream 
pushes the fluid in the shell to the other side 
near the outlet and a small amount of the 
fluid goes out from the shell. However, most 
fluid returns to the inlet side. This causes a 
circulating flow in both cases, but the 
existence of the coiled tube led to further 
swirling flows near the coiled tube wall. 

 
Table 2 
The model validation for three data points. 

  Experimental Predicted 

Test number  1 2 3 1 2 3 

Tube side mº(kg/s) 0.1239 0.1238 0.1415 - - - 

 tin (K) 316.78 318.65 318.45 - - - 

 tout(K) 313.45 315.65 315.95 314.42 316.62 316.56 

Shell side mº(kg/s) 0.0828 0.058 0.0526 - - - 

 Tin(K) 288.2 290.65 287.75 - - - 

 Tout(K) 293.15 297.61 295.11 291.28 294.63 292.52 
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(a) 

 
(b) 

Figure 5. The tangential velocity vector in a vertical 
plane of the shell (a) without coiled tube and (b) with 
coiled tube and its grid. 

A better understanding of the coiled tube’s 
effect on flow pattern in the shell can be 
obtained from turbulent intensity distribution. 
Fig. 6 (a, b) shows the turbulence intensity 
contour plots with and without the coiled 
tube in the above mentioned vertical plane of 
the shell. As can be seen in these figures, in 
both cases the turbulence intensity in the 
entrance  part  of  the  shell  is  stronger  than  in  
other parts due to higher velocity 
components in this region.  
 

 

 

 
 

 

L=5 cm 

 

L=15cm 

 

L=25cm 

 

L=35cm 

 

Figure 6. The turbulence intensity: 
(a) In a vertical plane of the shell without the coiled tube.  
(b) In a vertical plane of the shell with the coiled tube.  
(c) In various slices along the shell length. 
(for a better display limited to range of 0.18 – 7%). 

(a) 

(b) 

(c) 
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The existence of the coiled tube reduces 
the turbulence intensity due to reduction of 
the input stream strength. Trapping of fluid 
parts inside the coiled tube causes formation 
of dead zones that can clearly be seen in Fig. 
6 (c). The turbulence intensity for various 
vertical slices along the heat exchanger 
length at distances of 0.05, 0.15, 0.25, and 
0.35  m  from  the  left  head  are  presented  in  
Fig.  6 (c). For better illustration, the 
distribution of turbulent intensity in all 
figures is limited in a range between 0.18 and 
7%. Increasing of the turbulence intensity in 
the shell has a significant effect on increasing 
the heat transfer rate. Hence greater heat 
transfer rate is expected in the areas with 
more turbulence intensity. 

The temperature contour in the vertical 
plane of the heat exchanger and also various 
vertical slices along the shell length have 
been shown in Fig. 7.  

Higher temperature values can be seen in 
the central regions of the shell where the 
dead zone is formed. Higher temperature 
values occurred in the dead zones due to the 
lower turbulent intensity that was followed 
by a lower heat transfer rate. Therefore, 
reduction of the dead zone in the central part 
of the coiled tube can lead to increase in the 
turbulence intensity and consequently 
increasing the heat transfer rate. Increasing 
the coil pitch can have a significant effect on 
dead zone volume. 

The equivalent value related to 
temperature and turbulence of Figs. 6 and 7 
is shown in Fig. 8. In this figure, variation of 
turbulent kinetic energy (m2/s2) and 
temperature at different cross sections along 
the shell side of the heat exchanger have 
been reported.  
 

 
 

 
 

 

L= 5 cm 

 

L= 15 cm 

 

L= 25 cm 

 

L= 35 cm 

 
Figure 7. The temperature (K) contour (a) in a vertical slice of the heat exchanger and (b) at various planes along 
the shell (for a better display limited to range of 288.2 – 293 K). 
  

(a) 

(b) 
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(a) 

 
 

(b) 
 

 
 

Figure 8. The area weighted average of (a) turbulent kinetic energy (m2/s2) and  
(b) temperature (K) in planes along the shell. 

 
As can be seen, the turbulent kinetic 

energy flow rapidly decreases at the first 
one-third of the shell due to its contact 
with the coiled tube. This causes a rapid 
heat transfer between the shell and tube 
fluid, and consequently the mean 
temperature  of  the  shell  has  a  sharp  
increasing rate at this region. Minimum 

turbulent kinetic energy has been 
predicted at the length of 12 cm. After this 
region, the turbulence intensity increases 
very slowly along the shell and the mean 
temperature at different cross section 
along the shell will increase slowly. 
 

4-3. CFD modeling of new coil pitch design 
One of the main effective parameters on 
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heat transfer rate in this type of heat 
exchanger is the coil pitch. Based on 
successful agreement between the 
experimental and CFD predicted results, a 
new design for a coiled tube heat 
exchanger was modeled in order to study 
the effect of coil pitch on heat transfer 
rate. All conditions in the new design are 
the same as the previous coiled tube (Test 
number 1 in Table 2), and only the tube 
pitch has been considered twice (H=6.4 
cm). The turbulence intensity of the 

previous coiled tube has been compared 
with the new design.  

Fig. 9 shows the comparison between 
the turbulence intensity of the previous 
and new coil designs. The contours show a 
meaningful difference between these two 
designs. In the new case, where the coil 
pitch is doubled, the turbulence intensity 
is increased and consequently the dead 
zones are reduced. So, the heat transfer 
rate becomes greater than in the old 
design. 

 

 
(a) 

 
(b) 

Fig. 9. Comparison of turbulence intensity for: 
(a) the old coil tube heat exchanger  
(b) the new design (twice coil pitch) 

 
Fig. 10 shows the temperature contour 

plots for the two studied cases. The predicted 
results show that increasing the coil pitch 
causes a fairly uniform temperature profile 

inside the shell. On the other hand, when the 
coil pitch increases, the turbulence intensity 
will rise and this causes an increase in heat 
transfer rate. 
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(a) 
 

 
(b) 

Figure 10. Temperature contour for a shell and coiled tube heat exchanger  
with twice the coil pitch compared the studied heat exchanger. 

 
The resulted average turbulent kinetic 

energy (k) for heat exchanger with twice the 
coil pitch was 3.3×10-3 m2/s2. Whereas 
observed k for the old coil tube heat 
exchanger, 2.9×10-3 m2/s2, indicates an 
increase of about 14% in flow turbulent 
kinetic energy. 
It should be noted that the lower length of 
the helically coiled tube can be embedded in 
a certain shell for a higher coil pitch that 
causes lower total heat transfer. On the other 
hand, the lower length and higher coil pitch 
of a coiled tube led to decrease of the 
pressure drop in the tube (less pump energy 
consumption) and decrease in the 
convection heat transfer of the fluid in the 
tube side due to loose-coiling conditions [8]. 
Therefore, finding the optimal operating 
conditions and geometric parameters of the 
heat exchanger which leads to a trade-off 
between heat transfer rate and pressure drop 
can be very useful. 

5. Conclusions 
In this research, an experimental and CFD 
investigation was carried out to analyze fluid 
flow pattern and heat transfer in the shell of a 
helically coiled tube heat exchanger.  The 
experimental setup consisting of a cylindrical 
shell and a helically coiled tube with parallel-
flow configuration was employed. Overall, 
heat transfer coefficients and pressure drop in 
the shell and coiled tube side of the heat 
exchanger were evaluated. The CFD 
modeling was done to further analyze the 
heat exchanger. Modeling results values were 
validated using the experimental data. In the 
CFD analysis of the heat exchanger it was 
observed that the existence of the dead zone 
in the center of the coiled tube leads to a 
higher  temperature  than  in  other  parts  of  the  
shell. Lower heat transfer rate occurred in the 
dead zones due to the higher temperature. 
Increasing the turbulent intensity was 
observed with increasing the coil pitch. 
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However, it should be noted that a lower 
length of the embedded coiled tube with a 
higher coil pitch can cause lower total heat 
transfer. 
 
Nomenclature 
A heat transfer area (m2) 
Cp specific heat capacity (kJ/kg K) 
D coil diameter (m) 
f friction factor 
H coil pitch (m) 
m mass flow rate (kg/s) 
Q heat transfer rate (W) 
T tube side flow temperature (K) 
T shell side flow temperature (K) 

T1 temperature difference at inlet (K) 
T2 temperature difference at outlet (K) 

U overall heat-transfer coefficient 
(W/m2 K) 

 
Subscripts 
i inlet 
LMTD log mean temperature difference (K)  
o outlet/outer/overall 
s shell side 
t tube side 
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