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Numerical Simulation of Heat Transfer Turbulent Flow for Non-Newtonian Nanofluid 
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ABSTRACT:  In this research, the thermal and hydrodynamic behavior of a non-Newtonian nanofluid 
turbulent flow in the counterflow arrangement in a double pipe helical heat exchanger is numerically 
simulated. A solution of carboxymethyl cellulose powder in water with a mass percentage of 0.1% 
with a nanoparticle of aluminum oxide as a working fluid has been used. The computational fluid 
dynamics commercial software Fluent was used to solve the governing equations, the results were 
in a good agreement with experimental data. The effect of important parameters such as curvature, 
Reynolds number and volume percentage of aluminum oxide nanoparticles on the heat transfer has 
been investigated. The results show that as the curvature ratio increases in constant Dean (Dn) numbers, 
the Nu number and the coefficient of friction increase. The addition of nanoparticles of aluminum oxide 
to the base fluid for the flow with the constant Reynolds and Dn number increases the heat transfer 
and increases the pressure drop in the helically coiled tubes. The centrifugal force generated by the 
curvature of the coiled tubes results in a secondary flow in the heat exchanger so that the heat transfer 
and pressure drop increased up to 35% and 30%, respectively, compared to the straight tubes. The 
effect of heat transfer enhancement methods on the hydrodynamic index has also been studied, so that 
in the helical coils, the amount of hydrodynamic index increased with decreasing curvature ratio and 
increasing the volume concentration of nanoparticles.
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1. INTRODUCTION
The use of extensive surfaces and nanoparticles is an 

effective way to increase heat transfer in the heat exchangers, 
which attracted the attention of many researchers in the 
last two decades. Nowadays, the recognition of the thermal 
behavior of a double pipe helical heat exchanger is important 
because of its wide application in nuclear reactors, food 
processing, electronics, air-conditioning and etc. So far, 
researching on thermal characteristics of nanofluids in 
helically coiled heat exchangers are scarce. Majidi et al. 
[1] evaluated experimentally the heat transfer in a double 
pipe helical heat exchanger with a copper-wire fin around 
the inner tube. The results showed an enhancement in the 
overall heat transfer coefficient due to the presence of fin in 
the annulus section. Narrein and Mohammed [2] investigated 
numerically the effects of different geometrical parameters, 
material, diameter and volume concentration of nanoparticles 
on the hydrodynamic and thermal characteristics in helically 
coiled tube heat exchangers for laminar flow. A review of heat 
transfer in helical coil heat exchangers is provided in ref [3].

2. METHODOLOGY
A Double Pipe Helical Heat Exchanger (DPHE) is 

simulated numerically with a nanofluid flowing in the annulus 
side. The schematic of the DPHE is represented in Fig. 1. The 
configuration details of the heat exchanger are presented in 
Table 1.

The governing equations including, conservation of mass, 
momentum, and energy are solved numerically using the 
commercial software Fluent. A k-ε turbulent model was used 

  

Fig. 1. Schematic of helical coil DPHE 

  

Fig. 1. Schematic of helical coil DPHE
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to analyze the nanofluid turbulent flow. Further information 
for mathematical and numerical turbulent modeling is 
available in [4, 5]. The no-slip boundary condition is applied 
to all walls while the outer surface of the annulus is assumed 
to be adiabatic. Physical properties of nanofluid are a function 
of the physical properties of nanoparticles and base fluid 
which are calculated as ref [6]. 

The following equations and dimensionless numbers are 
defined to present the characteristic of turbulent convection 
heat transfer and pressure drop in a double pipe helical heat 
exchanger [7].

 Reynolds number:

 huD
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ρ
µ

=          �        (1)

 where Dh=Do-Di hydraulic diameter and u is mean 
velocity inside the annulus side. Heat transfer coefficient of 
nanofluid h is defined as:
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The local and averaged Nusselt number is determined as 
follows:
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The non-Newtonian power-law model is used to analyze 
the dynamic viscosity of flow as Eq. (4). The rheological 
properties of the non-Newtonian fluid are available in ref 
[8]:

nKτ γ=         �         (4)

A helical DPHE was simulated numerically to examine 
thermo hydrodynamic characteristics in the numerical 
validation. So the well-known correlations were used to 
validate the numerical process. Fig. 2 shows the comparison 
between numerical results and suggested correlations for the 
turbulent flow of water in the annulus side of helical DPHE. 
It’s found good agreement with the maximum 5% and %2 
relative deviations for Nu number in comparison with 
Gnielinski [10] and Schmidt [11] correlations.

3. RESULTS AND DISCUSSION
Curvature is one of the main geometric parameters of the 

helical pipes which induces centrifugal force in fluid results 
in secondary flow. Fig. 3 shows the streamlines in the helical 
coil for annulus and inner tube. It’s expected the secondary 
flow established by helical coil causes more heat transfer in 
comparison with straight tubes.

Table 1. Geometric parameters of the heat exchanger 

 

  

Outer pipe Inner pipe  
15.87 6.35 Outer diameter (mm) 

14.07 4.75 Inner diameter (mm) 

180-240-300 180-240-300 Coil diameter (mm) 

31.74 31.74 Coil pitch (mm) 

0.043-0.032-0.025 0.026-0.020-0.016 Curvature 

10-25 2-5 Flow rate (l/min) 

20 50 Inlet temperature  (°C) 

Table 1. Geometric parameters of the heat exchanger

 

Fig. 2. Validation of Nu number 
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Fig. 2. Validation of Nu number

a                                           b 

 

Fig. 3. The effect of curvature ratio on velocity distribution a) annulus b) inner pipe 

  

Fig. 3. The effect of curvature ratio on velocity distribution 
a) annulus b) inner pipe

 

Fig. 4. The effect of curvature on the friction coefficient   
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Fig. 4. The effect of curvature on the friction coefficient
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Fig. 4 shows the effect of curvature on the friction 
coefficient in the annulus side.  The higher curvature ratio 
causes greater friction coefficient in the constant Dean 
number. Consequently, the increase in the curvature ratio 
increases the amount of centrifugal force and secondary flow 
intensity which leads to % 30 enhancements in pressure drop.

Fig. 5 indicates the heat transfer coefficient of the non-
Newtonian Al2O3 / CMC (0.1%) nanofluid with the volume 
concentration of 2%-1% and 0.5% based on the Re number 
in the annulus region. Adding the nanoparticles increases 
the thermal conductivity of the fluid, as a result, 10 % 
enhancement in heat transfer coefficient was observed.

4. CONCLUSIONS
Convection heat transfer and flow characteristics of a 

non-Newtonian nanofluid were investigated numerically 

in a double pipe helical heat exchanger. 35 % and 30 % 
enhancement was observed for heat transfer and pressure 
drop respectively in comparison to straight tubes. Adding 
aluminum oxide nanoparticles increased the heat transfer 10 
% and pressure drop 8 % for f=2 % in comparison to the base 
fluid.
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Fig. 5. Annulus side heat transfer coefficient 
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Fig. 5. Annulus side heat transfer coefficient
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