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Abstract 
 

A study of computational fluid dynamics has been conducted to study the characteristics of the heat transfer and friction 

factor of Al2O3/Ethylene glycol-water nanofluid flowing inside flat tube. The three dimensional realizable k– turbulent model 

with an enhanced wall treatment was utilized. The evaluation of the overall performance of the tested tube was 

predicated on the thermo-hydrodynamic performance index. The obtained results showed that the difference in behaviour 

depending on the parameter that has been selected to compare the nanofluid with the base fluid. In addition, the friction 

factor and the heat transfer coefficient increases with an increase of the nanoparticles volume concentration at the same 

Reynolds number. The penalty of pressure drop is negligible with an increase of the volume concentration of nanoparticles. 

Conventional correlations that have been used in turbulent flow regime to predict average heat transfer and friction factor 

are Dittus-Boelter and Blasius correlations, for tubes are also valid for the tested nanofluids which consider that the 

nanofluids have a homogeneous fluid behaviour. 
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1.0  INTRODUCTION 
 

The use of heat transfer enhancement techniques, 

can improve thermal performance of a tubes. The 

heat transfer techniques can be classified into three 

broad techniques: Passive techniques that do not 

need external power such as rough surfaces, swirl flow 

devices, treated surfaces, extended surfaces, 

displaced enhancement devices, surface tension 

device, coiled tube and additives such as 

nanoparticles. Active technique that need external 

power to enable the desired flow modification for 

increasing heat transfer such as electrostatic fields, 

mechanical aids, jet impingement, suction, injection, 

surface vibration, and fluid vibration: Compound 

technique is the mix of two or more of the techniques 

that mentioned above at one time. There are many 

applications of heat transfer augmentation by using 

nanofluids to get the cooling challenge necessary 

such as the photonics, transportation, electronics, and 

energy supply industries [1-6].A double tube coaxial 

heat exchanger heated by solar energy using 

Aluminium oxide nanofluid presented experimentally 

and numerically by [7]. Forced convection turbulent 

flow of nanofluid (Al2O3 / water) with variable wall 

temperature inside an annular tube has been 

experimentally investigated by [8]. The results shown 
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due to the nanoparticle presence in the fluid the heat 

transfer has been enhanced.  

Another study by [9] Authors examined numerically 

and experimentally horizontal double tube heat 

exchanger with counter turbulent flow. The study has 

included both experimental and simulation by FLUENT 

software. The results showed that significant of the 

nanofluid in heat transfer enhancement and also, 

good agreement with other experimental data. The 

turbulent flow of nanofluids (TiO2, Al2O3 and CuO) with 

different volume concentrations flowing through a 

duct under constant heat flux condition with two-

dimensional model has been analysed numerically 

[10]. The effects of nanoparticle volume 

concentration (1-10% Al2O3) in base fluid of ethylene 

glycol-water mixture was studied in both numerically 

and experimentally, where the results showed that 

with an increase of particle concentration at constant 

Reynolds number the enhance of heat transfer rate 

increased considerably [11]. 

In the current study, the enhancement of heat 

transfer in the straight square channel is carried out. 

The CFD analysis by ANSYS FLUENT15 with the finite 

volume method is adopted. The heat flux, range of 

Reynolds number and the Al2O3 volume 

concentration are 5000W/m2, 104-105 and 2, 3 and 4% 

respectively. The nanofluids of Al2O3 dispersed to 

60:40% Ethylene Glycol water are utilized. Results were 

validated by comparison with experimental data in 

the literatures. 

 

 

2.0  EXPERIMENTAL PROCEDURE 
 

2.1  Nanofluid Preparation 

 

The nanofluids preparation can be classified into two 

different methods. The first technique is one step 

process. Where the nanoparticles are synthesized and 

immediately dispersed in a base fluid. The second 

technique is two-step process. Firstly, the metal 

particles are produced in form of nano-powder, then 

the nano particles dispersed in the base fluid. The 

difficulties of this method is to overcome the 

sedimentation and stability of prepared nanofluids. 

Al2O3 nanoparticle of 13 nm size procured from Sigma-

Aldrich is used in the present study by following the 

preparation steps which explained by [4]. Al2O3 

nanoparticles dispersed in 60:40% ethelyene 

glycol/distilled water nanofluid was prepared using 

the two-step method.  
 

2.2  Thermal Properties Measurement 

 

The nanofluid thermal properties are measured 

experimentally in the nano-laboratory of university 

Malaysia Pahang. The thermal conductivity of 

nanofluid is measured with KD2 Pro thermal property 

analyzer of Decagon Devices, Inc., USA. Its 

noteworthy that many researchers have used KD2 pro 

in their measurement of thermal conductivity such as 

[1, 6, 12-19]. The KD2 Pro transient hotwire thermal 

conductivity meter is used to determine the thermal 

conductivity of the present sample. The sensor is 

calibrated by determining the thermal conductivity of 

distilled water and glycerin. The measured thermal 

conductivity at room temperature are 0.610 and 

0.280 W/mK, respectively for distilled water and 

glycerin, which are in agreement with values in 

literature of 0.613 and 0.285 W/mK, respectively, within 

± 5% accuracy. Furthermore a water bath is used to 

maintain a constant temperature within 0.1 oC. In 

order to ensure the measurement within 5%, at least 

five measurements were taken for each 

concentration at a specific temperature as explained 

by [20] and [21]. Furthermore, a commercial Brookfield 

DV-I prime viscometer has been used for the nanofluid 

viscosity measurement at temperature of 25oC. Firstly, 

distilled water has been utilized to calibrate the 

viscosity measurement. Then the viscosity of nanofluids 

were measured. The hot wire method was used for 

thermal conductivity measurement and viscometer 

utilized for viscosity measurement.  

 

2.3 Thermal Properties  

 

The density (ρnf), specific heat capacity (Cnf), thermal 

conductivity (knf) and viscosity (µnf) ofnanofluid is 

obtained by the relation [22]. 
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The assumption of a problem undertaken is that 

the nanofluid behaves as a Newtonian fluid for 

concentration less than 4.0%. The properties of the 

solid particles are taken to be steady in the present 

operating temperature of 293 K. 

 

 

3.0  NUMERICAL MODEL 

 
The numerical calculation has been carried out using 

CFD code ANSYS FLUENT15 for the studied geometries. 

The governing equations have been solved at every 

cell for all values of flow, pressure and temperature. 

Where the first step involving to creation of the three 

dimensional geometric models of the undertaken 
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problem using design modeller followed by the 

second step which is model mesh generation in ANSYS 

software. The straight circular tube geometry 

considered is illustrated in Figure 1. In the current study, 

Cartesian coordinate system (x, y, z) was used to 

represent flow in the numerical simulation. The heat 

transfer and turbulent flow were established 

simultaneously downstream in the tubes. Additionally, 

the inlet boundary conditions of the water or nanofluid 

were set as velocity inlets likewise the pressure outlets 

were selected for the outlet boundary conditions. 

Moreover, constant heat flux of 5000 w/m2 has been 

applied to the exterior wall. The tube material is 

copper, where the physical properties of copper are 

taken as constant density ρ = 8978 kg/m3, specific 

heat Cp = 381 J/(kg K), and thermal conductivity K = 

387.6 W/(m K). 

 
3.1  Physical Model 

 

The flow is assumed to be steady, incompressible, 

Newtonian, and turbulent with constant 

thermophysical properties of nanofluid, no effect of 

gravity and heat conduction in the axial direction. The 

realizable k- turbulence model with wall heat 

treatment is used for turbulent flow simulation. The 

results of simulation for circular tube with nanofluids 

compared with the equations of Blasius Eq. 5. for 

friction factor and Dittus-Boelter Eq.3 for Nusselt 

number. The assumption of a problem undertaken is 

that the nanofluid behaves as a Newtonian fluid for 

concentration less than 4.0%. For conditions of 

dynamic similarity for flow of the two media, 

nanoparticles and base fluid in tube, the friction 

coefficients can be written as follows [23]. 

 

25.0Re

316.0
ff    (5) 

 
Numbers of investigators derive the empirical 

correlation from experimental data [24-26]. 
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Forced convection heat transfer coefficient under 

turbulent flow may be estimated by Dittus-Boelter Eq. 

7. for base fluid in the range of Reynolds number        104 

< Re < 105. 
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The modified Dittus-Boelter Eq. 8 is applicable for both 

base fluid and nanofluids with spherical shaped 

nanoparticles dispersed in water as [14]. 
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Reynolds number depending on the diameter of the 

tube can be defined as: 

 

nf

nf uD



 
Re    (9) 

 

3.2  Governing Equations 
 

The realizable k- turbulence model with wall heat 

treatment is used for turbulent flow simulation [27]. It 

utilizes a new equation for the turbulent viscosity 

equation and derived the dissipation rate transport 

equation from the mean-square vorticity fluctuation 

equation. Turbulent kinetic energy, k, and turbulent 

dissipation rate,, are combined to the governing 

equations using the relation of the turbulent viscosity 

tρCµwhere Cµand the following values 

have been assigned as an empirical constant: 

 C2and 
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Furthermore, the character L. in Eq. 10 refer to the 

turbulent characteristic length scale, which is set to be 

0.07(d/2) in the current study. As well as the factor of 

0.07 been adopted based on the maximum value of 

the mixing length in fully developed turbulent pipe 

flow. For an initial guess of turbulent quantities (k and 

ε), the turbulent intensity (I) was specified. Where the 

turbulent intensity for each case can be calculated 

based on the Eq. 7. [28] 
 

8/1Re16.0 I   (11) 

 

With regards to the nanofluid, infinitesimal (less than 

100 nm) solid particles assumed to be able using single 

phase approach, so single phase approach adopted 

for nanofluid modelling. For all these assumptions, the 

conservation equations for steady state mean 

conditions are as followed[29]. 
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3.3  Grid Independent Test  

 

A careful grid independent test was conducted 

among three systems to ensure the validity and 

exactness of the numerical results. Figure 1 shows the 

flat grid topology utilized for the 3D grid system. The 

mesh generated for four sets with various grid densities 

from 4.26 × 108 cells/m3 to 8.81 ×108 cells/m3, where the 

grid density is the number of grids (cells) per unit 

volume of modeled tube. Figure 2 illustrate the friction 

factor and Nusselt number versus grid density for the 

circular tube at Re of 10000 and mixture of ethylene 

glycol-water with 20oC inlet temperature. It is clarified 

that the refinement after a mesh density of 5.88×108 

cells/m3 does not effect on the values of the Nusselt 

number or friction factor in any form and based on this 

density a mesh is chosen for analysis. 

 

 

4.0  RESULTS AND DISCUSSION 
 

4.1  Code validation 

 

The verification process is very important to check the 

results. It can be perceived in Figure 3. with an 

increase of Reynolds number, the friction factor 

decreases under turbulent flow condition. The Blasius 

Eq. 1. results indicated as a solid black line. It appears 

that good agreement among the CFD results and the 

equations. Figure 4. shows comparison among the  

equation that  provided by Dittus-Boelter  Eq. 3 and 

the collected data of [12] with the calculated values 

of the Nusselt numbers for Al2O3 nanofluid Ethylin 

glycol- water mixture. As observed, an excellent 

agreement has been obtained with calculated values 

from theoretical equation within a wide range of 

Reynolds numbers.  

 

           
 

Figure 1 Flat Tube Mesh 

 

 

 

 
 

Figure 2 The friction factor and Nusselt number versus grid 

density for the circular tube 

 

       
 

Figure 3 Validation of Friction factor in present numerical 

simulation 

 

 
 

Figure 4 Validation of Nusselt number in present numerical 

simulation 

 

 

4.2  The Effect of Nanofluid Volume Fraction  

 

Heat transfer coefficient for Al2O3 nanofluid and 2% to 

4% volume fraction with Reynolds number 

demonstrates in Figure 5. It seems that the nanofluid 

volume concentration effect is significant. Where the 

increase in volume fraction enhance the heat transfer 

rate. Since the increase in the volume concentration 

gainful but that increase must take into account the 

pumping power. As well as the heat transfer 

coefficient for ethylene glycol-water mixture 60:40 

indicated also in Figure 5. In addition, the percentage 
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of mixing the base fluid play an important role to 

enhance the heat transfer rate through changing 

base fluid thermophysical properties such as viscosity, 

density, specific heat capacity and thermal 

conductivity. While Figure 6 illustrated the Nusselt 

number enhancement ratio versus Reynolds number 

at different nanoparticles of Al2O3 with volume 

fraction of (2, 3 and 4) % in circular tube. The 

enhancement in Nusselt number clearly can be seen, 

where the volume concentration of 4% has the highest 

enhance followed by 3 and 2%. 
 

 
 
Figure 5 Heat transfer coefficient ratio versus Reynolds 

number for circular tube 

 

 
 
Figure 6 Nusselt number enhancement ratio versus Reynolds 

number 

 

 

5.0  CONCLUSIONS 
 

In the present study, thermal properties of Al2O3 

nanoparticles suspended in ethylene glycol- water 

calculated depending on the experimental data of 

[12]. Forced convection heat transfer under turbulent 

flow by numerical simulation with uniform heat flux 

boundary condition of straight tube studied. The heat 

transfer enhancement due to various parameters 

such as Reynolds number and nanoparticle volume 

concentration reported. The governing equations has 

been solved using finite volume method with specific 

presumptions and proper boundary conditions. The 

Nusselt number and friction factor obtained through 

the numerical simulation. The 4% volume 

concentration of nanofluid has the highest values of 

Nusselt number, followed by (3, 2, and 0%). There is a 

good agreement among the CFD analysis of Nusselt 

number and friction factor of nanofluid with 

experimental data of [12]. With deviation not more 

than 10%. 
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