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ABSTRACT:  Heat transfer enhancement has been the goal of many researches carried out over the 
past three decades. Employing the modified fluids, changing the flow geometry, and active methods are 
among the commonly used techniques. The effects of three referred techniques, employing pulsation 
flow as active method, nanofluids instead of conventional fluid as modified fluids and helical-coil tube 
as changing the flow geometry on the fluid flow and heat transfer have been investigated numerically. 
The results of interests with pulsation flow and non-pulsation flow have been presented. In this research, 
the results indicated that, the coil pitch tube and coil diameter have a minor effect on the Nusselt number 
(5 and 7%, respectively). But the Reynolds number has a major effect on the Nusselt number, so that 
by increasing the Reynolds number from 5000 to 100000, the Nusselt number will be enhanced by 
more than 200%. The nanofluid pressure drop and heat transfer coefficient increased with nanoparticles 
volume fraction. In addition, by introducing a concept as the performance evaluation criteria, the mutual 
effects of the pressure drop and Nusselt number were investigated with referred concept. Performance 
evaluation criteria revealed that employing the nanofluid in lower Reynolds numbers yields higher 
effects on the fluid flow and heat transfer.
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1. INTRODUCTION
On the one hand, the size reduction of heat transfer systems, 

and the significant increase of heat production in the thermal 
equipment, on the other hand, encourage the researchers to 
focus on the devices with higher heat transfer in short time and 
high intensity. Nanofluid technology offers high potential for 
the development of high-performance cooling systems with 
the small and economical manners [1-8]. The application of 
nanoparticles offers an opportunities to achieve to the modify 
thermophysical properties (thermal conductivity) as well as 
better (higher) transfer properties (friction factor, convection 
heat transfer and Nusselt number). A large number of 
investigators [9-12] have carried out an extensive researches 
in this field and have shown that the nanofluids can realize the 
above objectives. Another method used to increase the heat 
transfer is using the helical-coil/spiral-coil tubes instead of 
direct tubes. Helical-coil/spiral-coil tubes are one of the most 
commonly used technique in the industrial heat transfer. The 
use of these tubes in heat exchangers not only improves their 
performance, but also reduces the size of the heat exchanger 
significantly. The efficiency of heat exchangers can also be 
increased by employing the active techniques. One of the 
active technique, is to create a shock in the fluid flow that 
increases the heat transfer. Pulse generators can be used to 
enhance the heat transfer rates. The pulsation flow increases 

the heat transfer rate due to increasing the turbulent surfaces 
in the boundary layer. In the following, the previous studies 
on the heat transfer and pressure drop in a helical-coil/spiral-
coil tube for a pulsation flow in the presence of nanofluids are 
reviewed and discussed.

Ramezani Kharvani et al. [13] analyzed empirically 
the heat transfer in a spiral-coil tube along with the flow 
of water as the working fluid in the turbulent flow regime. 
Their results showed that the highest increase in the overall 
heat transfer coefficients, for upstream and downstream of 
fluid flows is about 26% and 19%, respectively. They showed 
that use of pulse in the spiral-coil or straight tubes increases 
the heat transfer rate too. They attributed this enhancement 
to the production of turbulent flow, while generating a 
pulsation flow increases the required pumping power. Jun et 
al. [14] studied empirically the increase of heat transfer by 
pulsation flow to examine the effect of pulsation on the heat 
transfer rate. They concluded that, in general, the pulsation 
flow increases the heat transfer, because, it can break the 
thermal boundary layer on the wall, so the thermal resistance 
decreases. Doshmanziari et al. [15] studied the characteristics 
of heat transfer of water-alumina nanoparticles in a spiral-coil 
tube for turbulent flow regime. Their results indicated that, the 
heat transfer of the base fluid increases by replacing with the 
nanofluid or applying the pulsation to the flow. In addition, 
the pulsation can increase or decrease the heat transfer rates 
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of the fluid flow based on the impact frequency, flow rate and 
nanofluids concentration. Zohir et al. [16] studied the heat 
transfer and pressure drop inside an annuli equipped with 
coiled wires in turbulent flow regime. Their results showed 
that the highest rate of increase in the Nusselt number 
compared to that of the smooth ring without pulsation was 
about 12.7, while the friction coefficient was about 8.7 times 
in the same conditions. In this research, an experimental 
relationship was proposed, that provides the Nusselt number 
in terms of different parameters with a maximum deviation 
of 13% too. Hassanzadeh Afrouzi et al. [17] studied the fluid 
flow and heat transfer in a helical-coil tube considering 
constant heat flux boundary condition. Their results showed 
that the frequency has an important effect on the heat 
transfer rate. The Nusselt number also increased dramatically 
by increasing the pulse range. However, the twisting step 
has no significant effect on the fluid flow and heat transfer 
characteristics. Based on their report, the curvature ratio is 
a key parameter in the flow field and heat transfer in such 
tubes. They also reported that, the average Nusselt number 
decreased with increasing the curvature ratio and increased 
by increasing the curvature ratio. Patro et al. [18] conducted 
a numerical study to predict the heat transfer in pulsating 
turbulent flow regime. The results showed that for a special 
frequency and Reynolds number, the local Nusselt number 
decreases along the tube with partial oscillation. Naphon and 
Wiriyasart [19] examined the heat transfer of water-titanium 
dioxide nanofluid in a pulsed stream inside the spiral-coil 
tubes with different magnetic fields. Pulse frequency and 
magnetic field have an important effect on the heat transfer 
enhancement. They also showed that the pulsation flow 
Nusselt number is higher than that the continuous one, while 
the pulsation flow and the applied magnetic field slightly 
increase the friction coefficient. Sivasankaran and Narin [20] 
investigated numerically the two-phase pulsating nanofluid 
flow in the spiral microchannel in the presence of porous 
media. They reported that, the pulse input flow will be able 
to increase the convection heat transfer substantially with an 
average of 6%. In addition, the Nusselt number increases with 
decreasing the power due to increasing the mixing, and also 
the thermal performance coefficient increases with increasing 
the frequency. Rahgoshay et al. [21] investigated the nanofluid 
pulsation flow in laminar flow regime inside a curved tube 
with constant heat flux boundary condition. They showed 
that increasing the amplitude and frequency resulted in a 
slight increase in the Nusselt number, but a higher rate of heat 
transfer was observed with increasing the Reynolds number 
and nanoparticles volume fraction. Ishino et al. [22] studied 
the effect of pulsating on the fluid flow and heat transfer by 
varying the three parameters, the amplitude, the frequency 
and the mean velocity under constant wall temperature 
boundary condition. Their results showed that the Nusselt 
number decreases initially with increasing the amplitude and 
then recover gradually and finally increase much greater than 
original values. They concluded that in the pulsation flow with 
non-zero mean velocity pulsation cannot always promote the 
heat transfer, but sometimes suppresses it, depending mainly 

on the pulsation mean velocity and amplitude. Elshafei et al. 
[23] published a numerical research on the fluid flow and heat 
transfer of pulsation air flow in turbulent flow regime with 
uniform tube wall heat flux as boundary condition. The results 
of this study indicated that the values of Nusselt number are 
increased and decreased depending to the applied frequency 
in pulsation flow compared with steady-state flow. Jarrahi and 
Castelain [24] examined the patterns of secondary flow and 
composition in a laminar pulsating flow in a coil-tube. The 
effects of independent parameters such as velocity, Womersley 
number and Reynolds number on the secondary flow structure 
were studied and the secondary flow was analyzed at zero, 
90, and 180 degrees of fuzzy positions. Selimefendigil and 
Öztop [25] analyzed the effects of the fuzzy shift on the heat 
transfer properties during the pulsating mixed convection in 
a multiple vented cavity. Their research showed that the heat 
transfer is affected by changing the independent parameters 
as phase shift and Richardson number. Wang and Zhang [26] 
conducted a numerical analysis on the heat transfer in the 
turbulent flow regime inside the coil-tube. Their investigation 
shown that, the Womersley number is a key parameter in this 
type of flow and heat transfer. Their results indicated that, 
in the pulsating turbulent flow, there is a special Womersley 
number, in which the heat transfer achieved maximum value.

By reviewing and summarizing the recent investigations, 
it has been found that a little studies have been carried out 
on the fluid flow and heat transfer inside the coiled tubes 
considering the effect of pulsating flows in the presence of 
nanofluids. In this work, the flow field and heat transfer of 
pulsating turbulent flow regime of water-Al2O3 nanofluid 
inside the helical-coil tube was studied numerically. 

2. NUMERICAL MODELING
In this section, the problem geometry, considerations 

of the flow regime, the system of governing equations, the 
working fluid properties, the turbulence criteria, the fluid and 
thermal boundary conditions, and the numerical simulation 
of straight and coiled-tube with pulsating and non-pulsating 
flows have been presented. In the following, the calculation 
of heat transfer coefficient, pressure drop, Performance 
Evaluation Criteria (PEC), and developed region length are 
presented to simulate the fluid flow and heat transfer inside 
the tube.

2-1-Physical model
The schematic diagram and geometric profile of the 

helical-coil tube are shown in Fig. 1. Geometric characteristics 
of helical-coil include: coil diameter (D), coil step (pitch) 
(P), and coil inner diameter (d). In Table 1, the geometric 
characteristics of the studied helical-coil tube in this research 
are presented. In this research, the Al2O3-water nanofluids 
flow inside the coiled-tube is simulated numerically in 
different flow regime and geometric configuration.

2-2-System of governing equations in turbulent flow regime
The system of governing equations for the incompressible 

viscous fluid flow and heat transfer inside the helical-coil tube 
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are presented as follows:
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where, ρ is the fluid density, ui is the velocity component 
of the fluid, μ, u’i and uj, are the fluid viscosity, the oscillating 
part of fluid velocity and the fluid velocity, respectively. In 
addition, i ju uρ ′ ′− , is the average turbulent shear stress. Using 
the Reynolds’s similarity analysis, the term “average turbulent 
shear stress” can also be obtained. In other words, in order 
to simulate the fluid flow and heat transfer in the turbulent 
flow, an expression for the turbulent shear stress needs to be 
presented. In addition,  and  are the molecular thermal 
diffusivity and turbulent thermal diffusivity, respectively and 
are given by
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Here, k-ε turbulence model is used to continue the 
solving the problem. Based on this model, using the 
Boussinesq hypothesis, the relationship between the average 
turbulent shear stress known as Reynolds stresses is proposed 
as follows: 
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In the recent term μt, the so-called turbulent viscosity 
coefficient or eddy viscosity, is calculated using a suitable 
turbulence model, which can be modeled as follows:
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where, Gk is the generated turbulent kinetic energy due to 
the velocity gradient:
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C1ε and C2ε are constant and σ k and σ ε are turbulent 
prandtl numbers of k and ε respectively, which are presented 
in the Table 2. With averaging from the variables, the 
Reynolds stress and then the eddy viscosity are obtained. 
Effective viscosity for the turbulent flow is obtained from the 
fluid viscosity and eddy viscosity.

2-3-Boundary condition
The boundary conditions on the inlet of helical-coil 

tube, are considered to be pulsating flow. The boundary 
conditions on the outlet of helical-coil tube, are considered 
as pressure equal to zero (atmosphere pressure). The 

   

 

 

 

 
Fig. 1. Geometry of helical-coil tube 

  

Fig. 1. Geometry of helical-coil tube

Table 1. Characteristics geometry of helical-coil tube
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boundary conditions on the tube wall, are also fixed as 
constant heat flux equal to 922 W/m2 for heat transfer, and 
non-slip boundary condition for fluid flow and heat transfer. 
Therefore, the inlet flow velocity is a periodic function of 
time and is defined as:

8 
 

Table 2. Constants used in the k- turbulence model [27, 28] 

t  K 2C 1C C 
1 1.3 1 1.92 1.44 0.09 
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where, Um is the average flow velocity, the UA is the amplitude and f is flow frequency of the fluid flow. In 

addition, the inlet temperature was fixed at 300 K. 
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where, Um is the average flow velocity, the UA is the 
amplitude and f is flow frequency of the fluid flow. In addition, 
the inlet temperature was fixed at 300 K.
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of governing equations of fluid flow and heat transfer of 
the nanofluid in the straight tube and helical-coil tube were 
performed using the ANSYS FLUENT software version 15. 
In the energy and momentum equations, a second-order 
upwind scheme is used to discretize the convection term, and 
to discretize the turbulence equations, the first-order upwind 
scheme is employed. To obtain the convergent response, 
the used under relaxation coefficient is 0.7 for momentum 
equations and 0.8 for energy and turbulence equations.

The grid created by the software for simulating the 2 
Dimensional (2D) straight tube and the 3D simulation of the 
coiled tube is shown in Fig. 2. For this propose, the size of 
the grid along the wall should be small enough. To do this 
purpose, in the straight tube the Bias factor is considered to 

be 3 in the direction of radius. The length of the straight tube 
is 1200 mm and the tube diameter is 15.5 mm. To find the 
proper grid, air flow into the straight tube for Re = 22300, L = 
1200 mm and d = 15.5 mm with constant heat flux boundary 
conditions was applied. 

In addition, the velocity distribution with radios in a cross 
section inside the straight tube for various element number is 
provided in Fig. 3. As can be seen with increasing the element 
number from the 2250 to 3750 the variation in velocity is 
negligible. 

In the Tables 3 and 4, the heat transfer coefficient and the 
pressure drop for the turbulent flow regime are shown for the 
straight and coiled tubes respectively. As can be seen from the 
Table 3, the change in heat transfer coefficient and pressure 
drop from the element number of 2250 to 3750 is small, so the 
grid number of 2250 elements is considered for straight tube.

To determine the proper grid, fluid flow of water flow 
inside the coiled tube for Re = 12600, d = 9 mm and D = 116 
mm, with constant heat flux as boundary conditions is applied. 
For coiled tube similar manner were used. A grid with the 
number of elements equal to 993856 was considered for the 
coiled tube. In addition, the value of grid’s y+ was between 32 
and 94 (Table 4).

3-1-Validation
In order to validation, the fluid flow of air in the straight 

tube and the fluid flow of water inside of coiled tube is 
simulated and compared with selected references.



t  K 2C 1C C 
     

 

Table 2. Constants used in the k-ε turbulence model [27, 28]
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Fig. 2. The grid used in the grid independence test. A) Straight tube B) Helical-coil tube 

  

Fig. 2. The grid used in the grid independence test. A) Straight tube B) Helical-coil tube
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3-1-1-Pulsating flow inside straight tube
In order to validate the numerical results, the results of 

simulation of the present study are compared with the results 
of Elshafei et al. [29]. They conducted a numerical and 
experimental study to measure the pulsating airflow efficiency 

coefficient. They performed their test under the constant heat 
flux boundary conditions. In Fig. 4, the simulation results 
of present investigation for the straight tube with pulsating 
flow are compared with the data of Elshafei et al. [29]. As can 
be seen, the simulation results of present study are relatively 

 

Fig. 3. Velocity distribution in cross section of straight tube with radios for various element numbers 

 

  

Fig. 3. Velocity distribution in cross section of straight tube with radios for various element numbers Fig. 4. Comparison between the 
results of present simulation for the coefficient of performance in the straight tube with the data of Elshafei et al. [29] at f=13.3 Hz.
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Table 3. Heat transfer coefficient and pressure drop for different 
grids for straight tube

Table 4. Heat transfer coefficient and pressure drop for different 
grids for coiled tube

 

Fig. 4. Comparison between the results of present simulation for the coefficient of performance in the straight tube with the data 
of Elshafei et al. [29] at f=13.3 Hz. 

  

Fig. 4. Comparison between the results of present simulation for the coefficient of performance in the straight tube with the data of 
Elshafei et al. [29] at f=13.3 Hz.
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close to the experimental data with acceptable accuracy. 
The minimum and maximum deviations are 0.2% and 
11.9% respectively. Based on the exist comparison between 
the numerical study and experimental data reported in the 
literature, the obtained deviation is in the accepted range.

3-1-2- Un-pulsating flow inside coiled tube
In order to validate the results, the results of the present 

numerical simulation are compared with the numerical 
results of Khairul et al. [30]. Their numerical investigation has 
been conducted for a coiled tube with the constant heat flux 
boundary condition. In Fig. 5, the simulation results of present 
study for the average Nusselt number are compared with the 
numerical results of Khairul et al. [30] in term of Reynolds 
number. The numerical simulation conditions are considered 
to be the same with the numerical investigation of Khairul 
et al. [30]. As can be seen, the numerical results of present 
simulation have a fairly good accuracy when it compared with 
the numerical results of Khairul et al. [30]. Maximum and 
minimum deviation is 6% and 12%, respectively.

4. DATA PROCESSING
4-1-Total heat transfer coefficient

The average temperature at each tube section for the 
constant heat flux boundary condition is linear as follows:
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For helical-coil tubes, instead of the Reynolds number, 
the Dean number is used similar to Reynolds number, and is 
defined as:
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4-2-Pressure drop 

The pressure drop inside the duct having the hydraulic diameter Dh, and the tube length of L is obtained 

from the Darcy equation as follow: 
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where fd is the average friction factor. As it can be seen from this equation, the determination of the pressure 
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where fd is the average friction factor. As it can be seen 
from this equation, the determination of the pressure drop 
inside the duct is depends on the average friction factor, 
which the average friction factor depends on the flow regime, 
the geometrical shape of the duct and the hydrodynamic 
length from the inlet.

4-3-Performance coefficient criteria
Two types of efficiency indexes (named as performance 

evaluation criteria, PEC) which are based on the comparison 
between the applying of pulsation flow instead the steady 
flow, and the other related to the using the nanofluid instead 
of the base fluid are presented, respectively as [34]:
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5. NANOFLUID PROPERTIES
5-1-Thermal conductivity coefficient

By using a regression analysis on the several valid 
experimental data, Corcione [35] presented the following 
experimental correlation with the maximum error of 1.86% 
for nanofluid thermal conductivity:

0.4 0.66 10 0.03 0.661 4.4 ( ) ( )pnf

f fr f

kk TRe Pr
k T k

φ= + ,	 (26)

where, Re is the nanoparticles Reynolds number, Pr is the 
base fluid prandtl number, T is the nanoparticle temperature 
in K, Tfr is the base fluid freezing temperature in K, kp is 

the nanoparticles thermal conductivity, kf is the base fluid 
thermal conductivity, and ϕ  is the nanoparticles volume 
fraction. The thermal conductivity of the base fluid (water) 
and the aluminum oxide nanoparticles are 0.59 W/m.K and 
40 W/m.K, respectively.

The nanoparticles Reynolds number is defined as:
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where ρf and µf are the density and viscosity of the base fluid, respectively. dp and uB represent the 

nanoparticles diameter and average Brownian velocity, respectively. Brownian velocity of nanoparticles uB 

is the ratio of dp and the required time to traverse this distance (Brownian motion penetration time). 

Brownian's penetration time is obtained as follows: 

	 (27)

where ρf and µf are the density and viscosity of the base 
fluid, respectively. dp and uB represent the nanoparticles 
diameter and average Brownian velocity, respectively. 
Brownian velocity of nanoparticles uB is the ratio of dp and 
the required time to traverse this distance (Brownian motion 
penetration time). Brownian’s penetration time is obtained as 
follows:
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where kB is the Boltzmann constant. So:

2

2 B
B

f p

k Tu
dπµ

= .	 (29)

By replacing the Eq. (29) in Eq. (27), the nanoparticles 
Reynolds number is obtained as follows:
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f p
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The Corcione [35] correlation covers a wide range of 
nanoparticles including aluminum oxide, copper oxide, 
titanium oxide and copper, and the base fluids including 
water and ethylene glycol, the nanoparticle diameter is in the 
range of 10 nm to 150 nm, the nanoparticles volume fractions 
ranging from 0.002 to 0.9 and the temperature range from 294 
to 324 K.

5-2-Dynamic viscosity
Corcione [35] used a regression analysis on the valid exist 

experimental data and presented the following experimental 
correlation for the viscosity prediction with the maximum 
deviation of 1.86%.

0.3 1.03

1
1 34.87( )

nf

f p fd d
µ
µ φ−=

−
,	 (31)

where df is the molecules diameter of the base fluid which 
is defined as follows:

( )0

1/3
0.1 6f fd M Nπρ= ,	 (32)

where M is the base molecular mass, N is the Avogadro 
number, and ρfo is the density of the base fluid at the temperature 
of T0 = 293 K. It should be noted that the viscosity of the base 
fluid (water) is obtained from the following equation:
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5-3-Density and specific heat capacity
To calculate the density and specific constant pressure 

heat capacity of the nanofluid, Ho et al. [36] proposed the 
following equation derived from the mixture theory:
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5-4-Length of the developed region
During a laminar flow, the length of the hydrodynamic 

and thermal developing regions are approximated through 
the following equations [37]:
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According to Eq. (38), the maximum length of the 
hydrodynamic and thermal developing region of the turbulent 
flow is about 155 mm in straight tube, and 90 mm in coil tube. 
As can be seen the length of straight tube is 1500 mm and the 
coil tube is about 3650 mm. Due to presented information, 
fully developed flow and heat transfer condition is exist in the 
straight tube and in the coil tube.

6. RESULTS AND DISCUSSION
In this work, the fluid flow and heat transfer of water/

aluminum oxide nanofluid inside the helical-coil tube in 
turbulent flow regime was simulated numerically. A parametric 
study, including the effects of Reynolds number, frequency, 
pulse amplitude and helical coil geometry characteristic 
on the fluid flow and heat transfer has been examined. The 
pulsating flow enters the tube at 300 K. The heat flux on the 
wall is fixed at 100000 W/m2. The output boundary condition 
is fixed at zero pressure. The results are obtained with the 
Reynolds number ranging between 5000 and 100000, the 
frequency between 5 and 50, and the amplitude ranging from 
0.1 to 0.5 times the average speed.

6-1-Steady state flow simulation
6-1-1- Temperature contours

The temperature contour, the eddy viscosity, the eddy 
dissipation, and the turbulence kinetic energy at the exit 
point of the helical-coil tube are shown in Fig. 6. As can be 
seen from the Fig. 6, the temperature near the wall and the 
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Fig. 6. Contour on the helical-coil tube exit. A) The temperature contour. B) The eddy viscosity; C) The eddy dissipation; and D) 

The turbulence kinetic energy 

  

Fig. 6. Contour on the helical-coil tube exit. A) The temperature contour. B) The eddy viscosity; C) The eddy dissipation; and D) The 
turbulence kinetic energy
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secondary vortices, which has the highest displacement due 
to secondary vortices, is the highest. The eddy dissipation 
and the turbulence kinetic energy are also the smallest in the 
vicinity of the secondary vortices.

6-1-2- Helical-coil tube pitch effect on the fluid flow and heat 
transfer

The variation of Nusselt number with Reynolds number 
at various pitch value are presented in Fig. 7. As can be seen 
from the Fig. 7, as the pitch increases, the Nusselt number 
decreases. As the pitch is increased, the curvature effect of the 
coil decreases and the effect of secondary vortices decreases 
too. 

By reducing the effect of vortices, the heat transfer will 
be also reduced, and as a consequence, the Nusselt number 
decrease. The obtained result of present investigation 
shows that with a pitch increment from 10 to 60 mm in the 
Reynolds number of 5000, the reduction of Nusselt number 
is small, and by increasing the Reynolds number to 100000, 
this decrease reaches to the maximum value of 5%. As the 
Reynolds number increases, the Nusselt number increases 
too, as well as changes in the Nusselt number with the coil 
pitch (5% maximum in 10 mm coil pitch) (Fig. 7).

When the Reynolds number increased from 5000 to 
100000, the Nusselt number enhance from 28 to 95, which 
represents an increase of about 240% for a coil pitch of 10 
mm. The increase of the Nusselt number for coils with other 
pitches have similar trend, because the change in the Nusselt 
number with the coil pitch, as presented at the beginning of 
this section, is negligible. In addition, as can be seen the effect 
of Reynolds number is greater than pitch value. In fact, with 
increasing the pitch, the effect of curvature is reduced, but 
the variation of Nusselt number with Reynolds number cover 
the effect of pitch values. Referred phenomenon is due the 
negligible effect of pitch value in comparison with the effect 
of Reynolds number on Nusselt number.

In fact, in investigated flow and heat transfer conditions, 
the fluid flow and heat transfer is affected mainly from the 
Reynolds number, and changing the geometry has not 
important effect on the fluid flow and heat transfer. On the 
other hand, increasing the Reynolds number increased the 

fluid activity that provided higher Nusselt number.

6-1-3- Coil diameter effect on the fluid flow and heat transfer
The variation of Nusselt number with Reynolds number 

at various coil diameter are presented in Fig. 8. As can be 
seen from the Fig. 8, as the diameter increases, the Nusselt 
number decreases. As the diameter is increased, the curvature 
effect of the coil decreases and the effect of secondary vortices 
decreases too. By reducing the effect of vortices, the heat 
transfer will be reduced also, and thus the Nusselt number will 
decrease. Variation of Nusselt number with diameter for each 
Reynolds number in studied diameter range is small. As the 
Reynolds number increases, the variation of Nusselt number 
with diameter increases. The difference in the Nusselt number 
for the Reynolds number of 100000 with the diameters of 50 
mm and 300 mm is about 6.5%. As the Reynolds number 
increases, the Nusselt number increases also, as well as the 
changes in the Nusselt number with the coil diameter. When 
the Reynolds number increases from 5000 to 100000, the 
Nusselt number increase from 30 to 95; an increase of about 
210% for a diameter of 50 mm. Similar trend for Nusselt 
number for other diameters is observed.

Fig. 9 show the effect of Reynolds number variation on the 
ratio of the Nusselt number of nanofluid to that of the base 
fluid flows in the helical-coil tube, the pressure drop ratio and 
the performance coefficient criteria for the water/aluminum 
oxide nanofluid. 

The pressure drop and the Nusselt number of the nanofluid 
decrease in comparison to their respective values for the base 
fluid by increasing the Reynolds number. Increasing the 
Reynolds number increases the secondary circulation stream 
power and the power of the turbulent flow, and intensifies 
the gradient of the near-wall velocity. Therefore, the effect 
of nanoparticles on the increasing the pressure drop and 
the Nusselt number, relative to the Reynolds number for 
the helical-coil tube, decreases, especially in comparison 
with the effect of increasing the mixing effect or convection, 
due to increasing the turbulent flow or secondary vortices. 
As the nanoparticles volume fraction increases, the ratio of 
pressure drop and Nusselt number increases, and decreases 
with increasing the Reynolds number. In the lower Reynolds 

 

Fig. 7. Variation of Nusselt number with Reynolds number 

for various coil pitch 

 

  

Fig. 7. Variation of Nusselt number with Reynolds number for 
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Fig. 8. Variation of Nusselt number with Reynolds number 
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Fig. 8. Variation of Nusselt number with Reynolds number for 
various coil diameter
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numbers, the performance coefficient increases with 
increasing the Reynolds number, then decreases and then 
increases. Therefore, in a particular Reynolds number, there 
is an optimal performance coefficient that determines the 
best point. By increasing the nanoparticles volume fraction, 
the performance coefficient decreases. Reduction of the 
performance coefficient by increasing the nanoparticles 
volume fraction is due to the increasing in the pressure drop.

6-2. Pulsating flow simulation
6-2-1. The effect of flow amplitude

In Fig. 10, the ratio of Nusselt number of pulsating flow 
to that of the steady flow, the ratio of the pressure gradient 
of pulsating flow to that of the steady flow, and the efficiency 
with the ratio of the flow amplitude to that of the mean flow 
for various Reynolds number are shown. By increasing the 
amplitude ratio, the Nusselt number ratio and the pressure 
drop ratio increase. 

The performance coefficient for the lower Reynolds 
numbers is decreasing and lower than 1, and for the higher 

Reynolds numbers is increasing and higher than 1.

6-2-2. Effect of frequency 
In Fig. 11, the variation of the Nusselt number with time is 

shown for two frequencies of 10 and 50 Hz.
As the frequency of the input flow increases, the frequency 

of the Nusselt number increases and the range of Nusselt 
numbers decreases. The reason for the Nusselt number 
decrease, is the increase in the integral area which is due to 
the increase in frequency. The effect of flow frequency on 
the ratio of the Nusselt number in the pulsating flow to the 
Nusselt number in the steady-state flow (Fig. 12(a)), the ratio 
of the pressure drop of pulsating flow to the pressure drop of 
steady-state flow (Fig. 12(b)), and the performance coefficient 
with nondimensional frequency for various Reynolds number 
are presented in Fig. 12.

As can be seen from the Fig. 12, as the frequency increases, 
the Nusselt number ratio and the pressure drop ratio increase. 
By applying the pulsation effect, the vortex power increases, 
which increases the mixing and thus increases the heat 
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Fig. 9. A) Nanofluid Nusselt number to that of the base fluid ratio variation, B) Nanofluid pressure drop to that of base fluid 

ratio variation, C) Nanofluid performance evaluation criteria to that of the base fluid variation with Reynolds number for various 

water/aluminum oxide nanofluid nanoparticle volume fraction flowing inside the helical-coil tube for d = 9 mm and D = 112 

mm . 

 

  

Fig. 9. A) Nanofluid Nusselt number to that of the base fluid ratio variation, B) Nanofluid pressure drop to that of base fluid ratio 
variation, C) Nanofluid performance evaluation criteria to that of the base fluid variation with Reynolds number for various water/

aluminum oxide nanofluid nanoparticle volume fraction flowing inside the helical-coil tube for d = 9 mm and D = 112 mm.
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Fig. 10. A) The Nusselt number of pulsation flow to that of steady-state ratio variation, B) the pressure drop of pulsation flow 

to that of steady-flow variation, and C) thermal performance criteria with the ratio of the flow amplitude to that of the mean 

flow for various Reynolds number of water flow inside the helical-coil tube for d = 9 mm and D = 112 mm. 

 

  

Fig. 10. A) The Nusselt number of pulsation flow to that of steady-state ratio variation, B) the pressure drop of pulsation flow to that 
of steady-flow variation, and C) thermal performance criteria with the ratio of the flow amplitude to that of the mean flow for various 

Reynolds number of water flow inside the helical-coil tube for d = 9 mm and D = 112 mm.
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transfer and increases the pressure drop, too. The performance 
coefficient for the lower Reynolds numbers is almost constant 
and below 1, and for higher Reynolds numbers is increasing 
and higher than 1.

7. CONCLUSION
In this study, the results of the simulation of the pulsating 

flow inside the helical-coil tube with the constant heat flux 
as boundary conditions were presented and compared with 
the steady-state flow condition. In addition, the effect of 
using water/aluminum oxide nanofluid on the heat transfer 
and pressure drop was investigated. The flow lines for the 
helical-coil tube indicate that besides the main lines of the 
flow, which are in the direction of the main axis of the tube, 
a secondary flow is also formed due to the centrifugal force, 
which increases the heat transfer and the pressure drop. As 
the nanoparticles volume fraction increases, the pressure 

drop and the heat transfer coefficient for the water/alumina 
nanofluids flow inside the helical-coil tube increases compared 
to the base fluid flowing inside the straight tube. The pulsating 
flow together with increasing the vortices due to coil tube can 
increase the heat transfer and pressure drop too. The increases 
in the heat transfer and pressure drop in pulsating flow are 
in competition with each other, and if each one dominates 
another, the performance coefficient is affected as well.
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