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This study focusses on using computational fluid dynamics (CFD) to study the 
enhancement of heat transfer from the use of AL2O3 nanofluid in a microchannel heat sink 
(MCHS) to develop a more efficient cooling device for high-power integrated circuits. The 
objective is to investigate the heat transfer performance, parameters, and enhancement 
rate using Ansys Fluent software, and to compare the results with experiments to show 
the effectiveness of this method. This study will also focus on the relationship between 
the friction fraction and nanoparticles volume fraction to improve the heat transfer 
enhancement in the MCHS. The temperature, pressure, heat transfer coefficient, Nusselt 
number, and friction coefficient are analysed in this study. The results showed that an 
increase in the volume fraction of the nanofluid leads to an increase in the average heat 
transfer coefficient. The results showed that for 4% nanofluid volume concentration, the 
Nusselt Number has improved by 10% compared to pure water. However, an increase in 
volume concentration also resulted in an increase in pressure drop. 
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1. Introduction 
 

In chips that generate a significant amount of heat, air cooling is not effective enough to achieve 
the best temperature reduction. Therefore, the preferred method is to use liquid cooling. 
Microchannel heatsinks, which are small and have excellent heat transfer properties, have been 
extensively researched since they were initially introduced by Tuckerman and Pease [1]. One of the 
most effective approaches to address the challenge of high heat flux is the utilization of 
microchannels in heatsinks operating with a single-phase cooling method (known as MHS) [2]. One 
of the most efficient methods to deal with the heat dissipation issue caused by excessive heat flux is 
to use cooling systems that combine nanofluids with microchannel heat sinks. 

Researchers have recently become more interested than ever in using nanofluids as cooling fluid. 
Choi used the term "nanofluid" for ordinary liquids containing nanoscale metallic and non-metallic 
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particles for the first time. These liquids might be a great contender to improve heat transfer 
performance and shrink the size of heat transfer systems [3]. Common industrial working fluids, 
including water, ethylene glycol, and oil, have poorer thermal conductivity compared to metals and 
metal oxides. Several numerical models and tests have lately been carried out to evaluate the impact 
of nanofluid on increasing the rate of heat transfer in different heat-exchangers. In order to improve 
heat transfer using nanofluid, factors such as the base fluid type, the nanoparticle type, and the 
concentration are taken into account [4-6]. Nanofluids provided greater heat transfer compared to 
base fluids due to their higher thermal conductivity [7]. The absorption of nanofluid heat transfer in 
MCHS was reported to increase compared to lower flow rates [8,9]. Murshed et al., [10] affirmed the 
significant role of nanofluids in the revolution of cooling technologies in the future of the electronics 
industry.  

By adding Al2O3 nanoparticles to water with a volume fraction of 8%, Farsad et al., [11] found a 
4.5% increase in the heat dissipation rate for the flow of aluminium oxide water nanofluid in a copper 
MCHS. In a computational simulation for the laminar flow of water-based Al2O3 nanofluid in an MCHS, 
Hung et al., [12] claimed that as the volume of Al2O3 nanoparticles increased from 1% to 5%, the heat 
exchange rate initially increased and then decreased. According to Seyf and Mohammadian's [13] 
numerical calculations, the friction factor increases as mass flow increases, but volume fraction has 
an effect on pumping power. In a flow of Al2O3-H2O, Snoussi et al., [14] observed an increase in 
pressure drop and heat transfer while also detecting an increase in volume fraction [15,16]. 

This research aims to investigate the heat transfer enhancement of the use of AL2O3 nanofluid in 
a microchannel heat sink (MCHS) for electronic devices. The objectives of the research are to study 
the heat transfer performance in a MCHS, investigate the heat transfer parameters and rate of 
enhancement using AL2O3 nanofluid. Ansys Fluent software is used for numerical investigation and 
analysis of various parameters such as Reynold's Number, fluid flow, and friction factor. The study 
focusses on different volume fractions of the AL2O3 nanofluid to determine its efficiency in enhancing 
heat transfer and reducing pressure drop in the MCHS. The results of this research can be applied in 
the design and development of future electronic devices. 

 
2. Methodology  

 
This research uses numerical investigation to study the enhancement of AL2O3 nanofluid heat 

transfer in a microchannel heat sink (MCHS). The methodology includes selecting parameters, 
defining the problem statement and objectives, importing the model to ANSYS workbench for 
meshing and boundary labelling, and running simulations on ANSYS Fluent with different volume 
fractions of AL2O3 to evaluate the rate of heat dissipation from the MCHS.  

 
2.1 Mathematical Modelling 

 
The governing equations for continuity, momentum, and energy are as follows [17-20] 
 

Continuity equation 
 

∇(𝜌𝑛𝑓𝑣𝑚𝑖𝑥) = 0                                                                                                                              (1) 

 
Momentum equation 
 

∇(𝜌𝑛𝑓𝑣𝑚𝑖𝑥 ∇𝑣𝑚𝑖𝑥) = −∇𝑝 + ∇(𝜇𝑛𝑓 . ∇𝑣𝑚)            (2) 
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Energy equation  
 

∇(𝜌. 𝑐𝑝. 𝑣𝑚. T) = ∇(𝑘𝑛𝑓 . ∇𝑇)                                                                                                                (3) 

 
This study uses nanofluid as a working fluid, modelled as a single-phase fluid, to study the flow 

and heat transfer enhancement in a microchannel heat sink (MCHS). The simulation is done using 
ANSYS Design Modeler to create the geometry of the MCHS, which is then run on ANSYS Fluent to 
evaluate the rate of heat dissipation and heat transfer characteristics of the nanofluid in the MCHS. 
The fluid domain is single-phase, laminar, and incompressible, with the inlet temperature set at 300K. 
The width and height of the microchannel are defined in micrometres, and the length of the 
microchannel is 1000 mm. The results will be used to compare them with previous research done in 
the same field. Figure 1 and Figure 2 show the dimensions used in millimetres to create the geometry 
of the microchannel heat sink. 

 

 
Fig. 1. The length of the microchannel heat sink 

 
Channel section 1 is where the nanofluid enters the fluid domain. It is then flow through the 

heated section which is the channel section 2. Lastly, channel section 3 is where the nanofluid flows 
out of the fluid domain. This section is split is done to study the temperature, pressure, heat transfer 
coefficient, Nusselt number and friction of the fluid domain where the AL2O3 nanofluid with different 
volume fraction flows through. 

 
2.2 Thermal Physical Properties of AL2O3 Nanofluid 

 
After determining the dimension of microchannel heat sink, Table 1 below shows the nanofluid 

properties of different volume fractions which will be used in the fluid domain.  
 

Table 1 
Thermal Physical Properties of AL2O3 Nanofluid 

Volume Fraction, 
φ 

Density, 𝝆 
(kg/m3) 

Specific Heat, Cp 

(J/kgK) 
Thermal conductivity, K 
(W/mK) 

Viscosity, µ 
(kg/ms) 

Φ = 0% 981.3 4189 0.643 0.0006 
Φ = 1% 1007.4 4154.7 0.765 0.000612 
Φ = 3% 1059.8 4086.2 0.798 0.000642 
Φ = 5% 1112.2 4017.8 0.828 0.000672 
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The properties of the equivalent homogeneous fluid are estimated as follows 
 
The density of the nanofluid is [21-23] 

 
𝜌𝑛𝑓 = (1 −  φ)𝜌𝑏𝑓 −  φ𝜌𝑛𝑝            (4) 

 
The specific heat capacity of the nanofluid is defined as 

 
𝐶𝑝𝑛𝑓 = (1 −  φ)𝐶𝑝𝑏𝑓 −  φ𝐶𝑝𝑛𝑝           (5) 

 
The thermal conductivity of the nanofluid is [6] 

 

𝑘𝑛𝑓 =  
𝑘𝑏𝑓+ 𝑘𝑛𝑝+ 2𝑘𝑏𝑓−2φ(𝑘𝑏𝑓− 𝑘𝑛𝑝)

𝑘𝑛𝑝+ 2𝑘𝑏𝑓+φ(𝑘𝑏𝑓− 𝑘𝑛𝑝)
           (6) 

 
The effective dynamic viscosity of the nanofluid is 
 
𝜇𝑛𝑓 = 𝜇𝑏𝑓(123𝜑2 +  7.3φ + 1)           (7) 

 
2.3 Model Validation and Governing Equations 

 
The Reynolds number plays an important role in foreseeing patterns in fluid behaviour. In this 

numerical study, the Reynolds number formula is used to determine the velocity for each Reynolds 
number which is 100, 200, 300, 400 and 500 with different volume fractions. For the width of the 
fluid domain, the microchannel (Wcf) is 35mm, the height of the microchannel (Whf) is 20mm, the 
length L is 1000mm, and the inlet of the microchannel fluid adopts the velocity inlet boundary and 
the temperature of the inlet fluid is set at 300K. 

The microchannel Reynolds number is 
 

𝑅𝑒 =  
𝜌𝑓 𝑈𝑖𝑛 𝐷ℎ

𝜇𝑓
              (8) 

 
where 𝑈𝑖𝑛 is inlet velocity. The scale of microchannels can be defined as follows 

 

𝐷ℎ =  
2𝑊ℎ𝑓𝑊𝑐𝑓

𝑊ℎ𝑓+ 𝑊𝑐𝑓
             (9) 

 
The average temperature 𝑇𝑐 of the heat transfer surface and the average temperature 𝑇𝑓 of the 

whole microchannel fluid domain can be defined respectively as 
 

𝑇𝑐 =  
∫ 𝑇𝑑𝐴

∫ 𝑑𝐴
                        (10) 

 

𝑇𝑓 =  
∫ 𝜌𝑓𝑇𝑑𝑉

∫ 𝜌𝑓𝑑𝑉
                        (11) 

 
Thus, the average heat transfer coefficient can be expressed as follows. 
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ℎ =  
 𝑞𝐴𝑏 

𝐴𝑐(𝑇𝑐− 𝑇𝑓)
                        (12) 

 
where 𝐴𝑏 is the heating area of the bottom of the thermal sink and 𝐴𝑐 is the heat exchange area 
between the fluid domain and the solid domain in the microchannel heat sink. 

The average Nusselt number is defined as follows [24] 
 

𝑁𝑢 =  
 ℎ𝐷ℎ 

𝜆𝑓
                        (13) 

 
3. Results  

 
The simulation in this chapter used ANSYS FLUENT to investigate the enhancement of the heat 

transfer of the AL2O3 nanofluid in a microchannel heat sink with different volume fractions. The 
results of the simulation included a grid independence test, temperature and pressure contours. The 
simulation examined three conditions: heat transfer coefficient, Nusselt number, and friction factor. 
The results were then compared with previous studies on this topic. In general, the simulation and 
analysis aimed to understand the effect of different volume fractions of AL2O3 nanofluid on the heat 
transfer performance of a microchannel heat sink. 

 
3.1 Grid Independence Test 

 
Grid independence test was first conducted using grid resolutions which were applied on MCHS. 

As illustrated in Figure 2, the outward velocity and number of elements converged when fine mesh 
is used. To ascertain the accuracy of the simulation results, the accuracy of the simulation results, 
the third finest mesh sizing (551232 number of elements) were used in this study. 

 

 
Fig. 2.  Grid independence test conducted on Nusselt number 

 
3.2 Pressure Drop 

 
Based on the results of numerical simulations, the effect of the Reynold number and volume 

fraction of the AL2O3 nanofluid on the average pressure in the microchannel heat sink (MCHS) can be 
seen in Figure 3.  
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Fig. 3. Influence of nanofluid volume fraction of pressure in MCHS 

 
This passage discusses the results of a simulation that was run to investigate the effects of 

Reynolds number and volume fraction of a specific type of nanofluid (AL2O3) on pressure within a 
microchannel heat sink (MCHS). The results, which are illustrated in a figure, show that as the 
Reynolds number increases, the pressure within the MCHS also increases. This trend is the same for 
both nanofluids that were tested. Furthermore, the results show that as the volume fraction of the 
nanofluid increases, the pressure within the MCHS also increases. This is explained by the increased 
viscosity of the nanofluid caused by a higher concentration of nanoparticles in the base fluid, which 
leads to an increase in pressure drop. 

 
3.3 Heat Transfer Coefficient 

 
Based on the results of the numerical simulations, the effect of Reynolds number and volume 

fraction of the AL2O3 nanofluid on the average heat transfer coefficient in MCHS can be seen in Figure 
4. 

 

 
Fig. 4.  The effect of nanofluid volume fraction on heat transfer 
coefficient 
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The study found that as the Reynolds number and volume fraction of nanoparticles in the base 
fluid increase, the average convective heat transfer coefficient also increases significantly. This is 
because the thermal conductivity and heat absorption capability of the coolant improves resulting in 
a better heat transfer coefficient. The study also observed that at low Reynolds numbers, the slope 
of the heat transfer coefficient is steep but at high Reynolds numbers, the slope is milder. This is due 
to the increasing thermal length needed for thermal development as the Reynolds number increases. 
Adding (5%) volume fraction raises heat transfer coefficient 12% compared to pure water.  

 
3.4 Nusselt Number  

 
Figure 5 shows the effects of the volume fraction of the AL2O3 nanofluid nanoparticles on the 

Nusselt number with different Reynolds numbers in the microchannel heat sink (MCHS). The results 
show that the average Nusselt number increases with increasing Reynolds number, and that 
increasing the nanoparticle volume fraction can improve the heat transfer ability of the nanofluids. 

 

 
Fig. 5. Influence of nanofluid volume fraction on Nusselt Number 

 
The Nusselt number is a dimensionless number used to measure the heat transfer performance 

of fluid flow in a heat exchanger. It compares the heat transfer rate in a system with the heat transfer 
rate that would occur if the heat were transferred only by conduction. In this case, the study is using 
the Nusselt number to compare the impact of different volume fractions of nanofluid on the thermal 
conductivity of fluid. This is used as a metric for comparison in the analysis to evaluate the 
effectiveness of the nanofluid in improving heat transfer in the system. It is then compared with 
previous study. As it can been in above figure, the effectiveness of the nanofluid increases as the 
Reynolds number increases. 

 
3.5 Friction Coefficient  

 
Based on the results of numerical simulations, the variation of Reynold number and volume 

fraction of AL2O3 nanofluid on the friction coefficient in the microchannel heat sink (MCHS) can be 
seen in Figure 6. The simulation results show that the friction coefficient decreases with increasing 
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Reynolds number. Moreover, the differences in the friction coefficients caused by different 
nanoparticle volume fractions decrease with the increase of the Reynolds number. 

 

 
Fig. 6. Influence of nanofluid volume fraction on friction coefficient 

 
4. Conclusions 

 
In this research a numerical investigation of the flow and heat transfer characteristics of a 

microchannel heat sink is carried out using an AL2O3 nanofluid with different volume fractions. The 
study uses ANSYS FLUENT software to solve the governing equations for incompressible and laminar 
flow in three dimensions. The results show that as the volume concentration of the nanofluid 
increases, the average heat transfer coefficient and the friction coefficient also increase. Further 
research will be carried out for the influence of the aspect ratio of microchannels on the fluid flow 
and heat transfer characteristics of nanofluids in microchannels. 
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