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1. Introduction 

Heat transfer is a form of thermal engineering medium 

concerned with the use, production, conversion, and 

transport of thermal power between physical systems. Heat 

exchangers are heat transfer devices that are used to 

transmit or exchange thermal energy from one substance 

to another. They can be found in many different shapes and 

sizes [1-3]. Engineers and scientists have worked hard to 

breach the fundamental constraints of heat conductivity in 

ordinary fluids by diffusing millimeter or micrometer-

sized particles into liquids. Nevertheless, these particles 

are still considered large when diffused into fluids and this 

may cause clogging and erosion of pipes and channels.  

Researchers are interested in increasing the thermal 

characteristics of fluids as technology becomes more 

efficient. Researchers at the University of Edinburgh have 

presented a novel approach for improving heat 

conductivity by suspending nanoparticles in a base liquid. 

They hope to use this technique to create nanoparticles that 

can be used in water [4,5]. Computers will simulate heat 

transport in the heat exchanger for this project. 

Computational Fluid Dynamics (CFD) is fluid dynamics 

field that use solution based on mathematics to solve and 

evaluate fluid flow problems. It helps to prevent waste in  

 

manufacturing cost and time related to the production of 

the component [6-8]. Water is commonly used as heat 

transfer fluid in heat exchangers, and this may result in 

decrease the heat transfer rate. Therefore, to increase heat 

transfer rate in heat exchanger, nanofluids are used as heat 

transfer fluid in water to minimize pumping power of heat 

exchanger. By using nanoparticles in nanofluids, flow 

friction can be reduced resulting to an efficient heat 

transfer [9,10]. To improve heat transport, further study is 

needed in this area. The goal of this study is to see how 

nanoparticles affected heat transmission for different Re 

and volume concentration. 

This research aims to study a 3D flow in circular 

horizontal pipe using different nanofluid concentration and 

different types of nanoparticles. Fluent Ansys software is 

used to undergo the research by using different value of 

Reynold's numbers to see the impacts on heat transfer 

improvement and thermal efficiency utilizing nanofluids. 

After achieving the objectives, an alternative method for 

the manufacturing industry can be obtained. This is 

because CFD simulations are inexpensive, and costs are 

likely to decrease. 
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In addition, production time of the heat exchangers can 

be efficiently optimized as we can repeatedly run the 

simulation without any limitations as physical experiments 

and tests can be reduced. We may theoretically replicate 

any physical situation involving heat exchanger heat 

transfer as part of this research, which will allow us to 

regulate the physical process and isolate certain 

phenomena in the study of heat exchangers. 

 

2. Theoretical Background 

2.1 Heat Transfer 

Sir Isaac Newton came up with the following 

convection of heat transfer coefficient statement [11]: 

 ( )sur surrq hA T T= −  (1) 

q = rate of heat transfer (J/s)  

h = heat transfer coefficient (W/m2.K)   

A = surface area (m2)  

Tsur = Surface temperature (K)  

Tsurr = Surrounding temperature (K) 

2.2 Conduction Heat Transfer 

The transient heat conduction equation may be written 

as [5,6]:  

 
.

T
K T c

t


  =


 (2) 

where,  

K = thermal conductivity (W/m.K)  

T = temperature (K)  

c = specific heat capacity of solid/volume (J/k.m3)  

t = time (s) 

Thermodynamic conductivity is the ability to transfer 

heat from one place to another. The physical constant K is 

used in the proportionality equation. This relates the 

quantity of heat traversing a unit surface area per time to 

the spatial temperature gradient perpendicular to the 

surface. In 1810, Fourier can only thoroughly clarify it. 

 

3. Methodology 

3.1 Physical Model and Assumption 

A basic double-pipe heat exchanger's internal pipe is 

encased within an outer pipe. Cold and hot fluids move in 

opposing directions in a counterflow system. 

 
Fig. 1 - Schematic diagram of circular pipe 

A computational fluid dynamic (CFD)-based 

numerical model is utilized to analyze properties of the 

nanofluid heat transfer. The 3D computational domain is 

utilized to account for the impact of the uniform heat flow 

boundary condition. The tube measures 2 meters in length 

and has a 5 mm inner diameter and a 6 mm outer diameter. 

Heat flux is constant at outer pipe wall to complete the 

research of heat transfer of water and Al2O3 using 

commercial software ANSYS. 

 
Fig. 2 - Mesh geometry of circular pipe 

 

 
Fig. 3 - Meshing geometry of circular pipe wall 

 

 
Fig. 4 - Meshing geometry of circular pipe wall 

 

3.2 Thermophysical Properties of Water and Al2O3 

Nanofluid 

Table 1 shows the water and Al2O3 characteristics, and 

the proposed nanoparticles, Al2O3. The thermophysical 

characteristics formulas are shown in the section below. 

Table 1 – Thermophysical characteristics of Al2O3 nanofluid 

Property Water TiO2 

Density (kg/m3) 998.2 3970 

Specific heat (J/kg.K) 4182 765 

Thermal conductivity 

(W/m.K) 
0.6 

40 

Viscosity (Pa.s) 0.001 - 

Nanoparticle volume fraction in nanofluid, 

 .
T

K T c
t


  =


  (3) 
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Density of nanofluid, 

 ( )1nf bf np   = − +  
(4) 

Specific heat of nanofluid, 

 ( ) , ,
,

1 bf p bf np p np
p nf

nf

c c
c

  



− +
=  

(5) 

Thermal conductivity of nanofluid, 

 𝑘𝑛𝑓

𝑘𝑏𝑓
=

(𝑘𝑛𝑝 + 2𝑘𝑏𝑓) − 2ø(𝑘𝑏𝑓 − 𝑘𝑛𝑝)

(𝑘𝑛𝑝 + 2𝑘𝑏𝑓) + ø(𝑘𝑏𝑓 − 𝑘𝑛𝑝)
 (6) 

Viscosity of nanofluid, 

 µ𝑛𝑓 = µ𝑏𝑓
1

(1−ø)2.5 (7) 

Based on the equations above, volume fraction of 

nanoparticle ø, 𝑉𝑏𝑓 is base fluid volume, 𝑉𝑛𝑝 as the volume 

of nanoparticle. Other than that,  𝜌𝑛𝑝 is the nanoparticle’s 

density while  𝜌𝑏𝑓 is the base fluid’s density. The specific 

heat is 𝐶𝑝,𝑛𝑓 for nanofluid while 𝐶𝑝,𝑏𝑓 is for base fluid, 𝑘𝑛𝑓 

represents the nanofluid thermal conductivity while 𝑘𝑏𝑓 is 

the base fluid’s thermal conductivity, 𝑘𝑛𝑝 is nanoparticle’s 

thermal conductivity. Lastly, µ𝑛𝑓 and µ𝑏𝑓 is viscosity of 

nanofluid and base fluid respectively [12].  

 

4. Results and Discussion 

4.1 Nusselt number of Al2O3 and TiO2 nanofluids 

The data comparison is based on findings reported by 

M.H. Kayhani et al. for the identical geometry and 

boundary conditions [13]. The experimental findings with 

various Reynolds numbers are then compared to the 

Nusselt number (Nu) and heat transfer for each volume 

fraction (Re). The findings of the experiment were 

predicated on a steady heat flow throughout the pipe. 

When the Reynolds number grows, the Nusselt number 

rises, and the coefficient of heat transfer climbs with it, 

according to both experimental and numerical evidence. 

The discrepancy between simulated findings using Al2O3 

nanofluid and experimental results using TiO2 nanofluid is 

seen in this graph. Because the Nusselt number is 

proportional to the coefficient of heat transfer for each 

working fluid, its fluctuation pattern is comparable to that 

of the coefficient of heat transfer. 

 

Fig. 5 - Comparison of the numerical model for Nusselt 

number at different Reynolds number 

4.2 Heat transfer coefficient of Al2O3 and TiO2 

nanofluids 

A comparison of modeling and prior experimental 

results, as shown in Fig, suggests a comparison of the 

coefficient of heat transfer for both Al2O3 and TiO2 

nanofluids increase [14].  

 

Fig. 6 - Comparison of heat transfer coefficient of Al2O3 and 

TiO2 nanofluids with water at different Reynolds number 

All working fluid heat transfer coefficients have 

increased as the Reynolds number has increased, according 

to the data above, and the variation patterns are linear with 

rising Reynolds number, Saedodin et al. found a 

developing linear trend in heat transfer coefficient for 

several working fluids flowing through tubes [15]. 

4.3 Comparison of Al2O3 nanofluid properties with 

previous study 

The heat transfer parameters of Al2O3 nanofluids are 

compared, which includes thermal properties such as heat 

transfer coefficient and Nusselt number, friction factor, 

and pressure drop. Equations provided are utilized to 

calculate the density, specific heat, thermal conductivity, 

and viscosity of Al2O3 nanofluids. 

Table 2 – Properties of Al2O3 nanofluid at different volume 

concentrations 

Nanofluid  
Density 

(kg/m3) 

Specific 

Heat 
(J/kg.K)  

Thermal 

Conduct. 

(W/m.K)  

 Viscosity 

(Pa.s)  

0.5% 

Al2O3 
1013.06 4115.04 0.6086 0.00101 

1.0% 

Al2O3 
1027.92 4050.02 0.6174 0.00103 

2.0% 

Al2O3 
1057.64 3925.46 0.6351 0.00105 

Fig 7 to 9 shows Al2O3 nanofluid and water heat 

transfer coefficient within pipe is compared for various 

Reynolds number and fraction for both present simulation 

and the prior work. All working fluid heat transfer 

coefficients have grown when the Reynolds number rises, 

and the variation trends are linear. For current study, for 

2.0% Al2O3 nanofluid the coefficient of heat transfer 

increases by 56.28% during the increment of Reynolds 

number from 6000 to 12000 while 99.89% increment 

shown in previous study. The difference in percentage of 

heat transfer coefficient between the previous study with 

the present study is may be caused by the slight error in 

simulation meshing parameters, boundary conditions, 

initial conditions, and geometry of the circular tube.  
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Fig. 7 - Comparison of heat transfer coefficient for 0.5% 

Al2O3 volume fraction 

 

Fig. 8 - Comparison of heat transfer coefficient for 1.0% 

Al2O3 volume fraction 

 

Fig. 9 - Comparison of heat transfer coefficient for 2.0% 

Al2O3 volume fraction 

The Nusselt number of various working fluids was 

compared to the Reynolds number in Fig. 10, 11 and 12. 

Coefficient of heat transfer determines the Nusselt number. 

This results in the Nusselt number's fluctuation trend is 

comparable to coefficient of heat transfer for each working 

fluid. 

 

Fig. 10 - Comparison of Nusselt number for 0.5% Al2O3 

volume fraction 

 

Fig. 11 - Comparison of Nusselt number for 1.0% Al2O3 

volume fraction 

 

Fig. 12 - Comparison of Nusselt number for 2.0% Al2O3 

volume fraction 

For current and prior studies of Al2O3 nanofluid, the 

volume fraction increases and the Nusselt number rises. As 

the Reynolds number rises from 6000 to 12000, the Nusselt 

number of a 0.5% Al2O3 nanofluid rises from 30.481 to 

35.887. In previous work, the Nusselt number of a 0.5% 

Al2O3 nanofluid increases from 26 to 29 when the 

Reynolds number rises from 6000 to 12000. The formulae 

below from Dittus and Boelter [16], as well as Pak and Cho 

[17], are used to determine the Nusselt number of Al2O3 

nanofluids. The Nusselt number from the simulation 

results may be compared to the theoretical equation 

expressed using these formulae. 

Pak and Cho’s equation for nanofluid, 

 
0.8 0.50.021Re PrNu =  (8) 

Dittus and Boelter’s equation for nanofluid: 

 
0.8 0.40.023Re PrNu =  (9) 

 

Fig. 13 - Comparison of Nusselt number between present 

study, Dittus and Boelter equation and Pak and Cho 

equation for 0.5% Al2O3 volume fraction 
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Fig. 14 - Comparison of Nusselt number between present 

study, Dittus and Boelter equation and Pak and Cho 

equation for 1.0% Al2O3 volume fraction 

 

Fig. 15 - Comparison of Nusselt number between present 

study, Dittus and Boelter equation and Pak and Cho 

equation for 2.0% Al2O3 volume fraction 

To validate the computational model, the computed 

data from specific real correlations is compared to the 

assessed numerical findings. Referring to data from the 

graph in Fig. 13 to 15 proved that Nusselt number is 

affected by Reynolds number. Volume fractions increment 

also affects the increase of Nusselt number. 

4.4 Friction Factor 

The effect of volume fraction and Reynolds number on 

the friction factor of water and Al2O3 nanofluid is shown 

in Fig. 16. Al2O3 nanofluid has greater friction factors than 

water, which rise as the volume fraction increases. This 

happens due to Al2O3 nanofluids have greater viscosity 

than water, which rises with volume fraction.  

The density of Al2O3 nanofluid is greater than that of 

water, resulting in a lower velocity of Al2O3 nanofluid. 

Among Al2O3 and water, the 2.0% Al2O3 nanofluid had the 

greatest friction factor. As the Reynolds number rises from 

6000 to 12000, the friction factor of a 2.0% Al2O3 

nanofluid rises by 0.001%. 

 

Fig. 16 - Comparison of friction factor between present 

study and water 

 

5. Conclusion 

Turbulence increases as the recovery rate increases for 

all working fluids. The coefficient of heat transfer and 

Nusselt number for Al2O3 nanofluid rise as the volume 

fraction and Reynolds number increased. Coefficient of 

heat transfer of 2.0% Al2O3 is 11.8% than water. In the 

2.0% Al2O3 nanofluid, Nusselt values of 35.89 were 

discovered. Next, high volume fraction causes friction 

factor to increase. When compared to water, the 2.0% 

Al2O3 has a 3.61% greater friction factor. In conclusion, 

the addition of Al2O3 nanoparticles has been proved to 

enhance the heat transfer because of its superior 

thermophysical properties compared to water.  
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