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ABSTRACT 

The purpose of this study is to investigate the heat and flow profile of nanofluid flow inside multilayer microchannel heat sink. Two 
different cooling fluid; water and water-based Aluminum Oxide is compared. The heated surface of the heat sink is set as constant 
heat flux of 200W/cm2 and mass flow rate is varied as 20, 40, 60 and 80kg/hr. From the results, it shows that the use of Al2O3 
nanofluid is better in terms of heat transfer compared to water because the percentage of increment of Nusselt number is higher 
(83%) compared to the percentage of increment of friction factor (23.5%). Therefore, Al2O3 nanofluid is better in terms of heat 
transfer compared to water but the pressure drop is still a drawback as it is higher compared to water. 
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1. Introduction 
 

Technologies in this century are integrated with computerized systems that are designed to work 
in a more complicated and complex manner. The past decade also shows a minimizing trend in terms 
of size of devices but still maintaining their purpose yet, increasing their functionality. Reduction in 
size and increased functionality, increases the workload. Hence, heat generation by devices raises a 
point of concern as it needs to be regulated for device to work optimally. Therefore, the use of micro 
channels has been adopted in order to regulate heat flux generated by electronic components [1,2]. 
Multilayered microchannel is more convenient to use compared to single layer microchannel due its 
better heat dissipating properties [3-5]. Vafai et al., used a numerical study to show that two-layer 
microchannels had greater advantages than single layer microchannels [6].  

The use of coolants also signifies the difference in heat transfer performance. Recent studies 
found improvement in terms of heat transfer when incorporating the use of nanofluids instead of 
water. Nanofluids are made by suspending nanoparticles in based fluid to be used as coolants. An 
investigation done by Wen and Ding [7] on the heat transfer enhancement of flowing nanofluid 
through copper tube with laminar flow showed that when 1.6% volume fraction of nanoparticles 
were dispersed in water, an enhancement up to 47% in terms of Nusselt number was observed.  
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However, in terms of pressure drop, there seems to be an increase for nanofluids compared to 
water. Fotukian and Esfahany [8] in an investigation on pressure drop and convective heat transfer 
of nanofluid based in water with volume fraction less than 0.2% inside a circular tube at Reynolds < 
35,000 resulted in a significant increase in heat transfer but at the same time the pressure drop of 
the nanofluid was much larger than the base fluid. Therefore, this study aims to see the heat transfer 
performance and pressure drop of nanofluids when incorporated with multilayered microchannels. 

 
2. Methodology  

This research will be conducted using a multilayered micro-channel which has a better thermal 
performance than a normal single layered micro-channel. However, in this research, the focus will be 
more on the working fluid which is Aluminium Oxide nanofluid coolants that flow through the micro-
channel. This is because nanofluids are comprised of nano sized particles that have good thermal 
conductivity suspended in a base fluid [9]. 

The model of the multilayered microchannel was referred from Kamaruzaman et al., [10]. Further 
research done on 3 arrangements of multilayer microchannel arrays (model 1, model 2 and model 3) 
found that the following model (model 2) was the most efficient. The arrangement of the model has 
4 layers where the 1st and 3rd layer consists of 8 microchannel, while the 2nd and 4th layer had 7 
microchannels placed in between the top layers. Therefore, for this study, the following model will 
be used in the analysis and simulation of nanofluids.  

 

 

Fig. 1. Multilayer microchannel geometry 

 
The dimension of the model is 2.95mm in depth, 1cm in length and the width is 0.6mm while the 

detailed dimension of the microchannel is 100um in height, 200 um in width with length of 800 um. 
The validation model and the tested model will be of the same shape geometry and arrangement as 
the reference model. The validation model will be tested with water to compare the accuracy with 
past research before proceeding with the tested model. The tested model will be using Aluminum 
Oxide 𝐴𝑙2𝑂3 based with water. The properties and material used for the multilayer microchannel are 
stated below: 

Copper 
Density   : 8940 kg/m 
Thermal Conductivity : 401 W/m.K (at 300K) 
Specific Heat  : 385 J/kg.K (at 298K) 
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In this research, a 4% - volumetric fraction of Aluminum Oxide 𝐴𝑙2𝑂3 based with pure water will be 
used whereby its properties are referred from Yu et al., [11]. The properties of the water and 
Aluminum Oxide 𝐴𝑙2𝑂3 are as stated below: 
 
Table 1  
Properties of water and Aluminum Oxide 𝐴𝑙2𝑂3 nanofluid at 27°C 

Material μ (kg/ms) ρ (𝑘𝑔/𝑚3)  Cp(J/kg.K) k (W/m.K) 

Pure Water 1.003 ×  10−3 997.10 4179.00 0.6130 
𝐴𝑙2𝑂3Nanofluid with 
volume fraction φ = 
4% 

1.098 ×  10−3 1113.47 3706.84 0.6926 

 

The parameters set for this research is with constant heat flux throughout the surface of the heated 
block, with increasing mass flow rate from the inlet and pressure gauge set to zero at the outlet. The 
parameters and that boundary condition is the model is illustrated as below: 
 
Table 2 
Parameters setting for the simulation 

Mass flow rate (kg/hr) 20 40 60 80 

Heat flux, (W/𝑐𝑚2) 200 200 200 200 

 

 

(a)                                                                   (b) 

 

                     (c)                                                                      (d) 
Fig. 2. (a) Heating surface, (b) inlet (left) and outlet (right), (c) symmetry walls and (d) microchannel arrangement 

 
The output parameters that are obtained from the simulation includes temperature at inlet, 

outlet and surface in contact with microchannel. Besides that, the values of pressure and velocity are 
also taken at the inlet and outlet. These raw data are then used to solve the governing equations 
related to the heat transfer and pressure drop. The governing equations that are involved in the 
process of numerical analysis are as below. 
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Heat flux equation 

 𝑞 =  𝑚𝐶𝑝∆𝑇 (1) 

 

 𝑞 =  ℎ𝐴𝑠∆𝑇 
 

(2) 

Where q is the heat flux, m is the mass flow rate, h is the coefficient of convective heat transfer, 𝐴𝑠 
is the surface area of microchannel in contact with the heated surface, 𝐶𝑝 is the specific heat and ∆𝑇 

is the temperature difference. 
 

Nusselt number, 

 
𝑁𝑢 =

ℎ 𝐷ℎ

𝑘
 

 

(3) 

Hydraulic diameter, 

 
𝐷ℎ =  

2𝐻𝑐𝑊𝑐

𝐻𝑐 + 𝑊𝑐

 

 

(4) 

Reynolds number,  

 
𝑅𝑒 =  

𝑢 𝐷ℎ

𝑣
 

 

(5) 

Pressure drop, 

 
∆𝑃 =  

2𝑓𝑎𝑝𝑝𝑥𝜌𝑢2

𝐷ℎ

 

 

(6) 

Where 𝑘 represents the thermal conductivity, 𝐻𝑐 represents that height of channel, 𝑊𝑐 is the width 
of channel, 𝑢 is the average velocity, 𝑣 is the kinematic viscosity, 𝑓𝑎𝑝𝑝 is the apparent friction factor, 

𝑥 is the channel length, and 𝜌 is the density of fluid.  
Grid independent testing is done by applying mesh at critical points that are going to be studied 

such as the internal channel walls, inlet and outlet, the heated wall with uniform heat flux and the 
insulated adiabatic wall throughout the microchannel. The meshing applied will be further fined 
because the finer the meshing, the more accurate the result will be. The element sizing of first 
meshed model was then further increades until the values of temperature outlet converged and no 
longer changed. The difference of the results between the first to the converged mesh is 
approximately 0.21% more accurate. This will help enhance the accuracy of the of the desired results. 
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Fig.1. Grid independence test 

3. Results and Discussion 
 

The visualization of flow can be seen in terms of velocity and temperature. The following Figure 
3 shows the velocity profile of the flow from the inlet to the outlet of the model. The fluid closer to 
the inlet experience a higher velocity as compared to the microchannel that is further away from the 
inlet. The fluid has to travel a further distance to reach the microchannel hence losing its velocity 
along the way. The fluid that flows out of the microchannel experience higher velocity and as fluid 
converges toward the outlet, the velocity of fluid is at the highest at this point.  

 

                                                                     

Fig. 3: (a) velocity flow at inlet and (b) velocity flow at outlet 

a) 

b) 
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The heated surface is cooled by the coolant that flows through the microchannel. At this point, 
the residual heat from the surface that is in contact with the fluid will be absorbed by the coolant 
and make its way through the outlet distribution channel. Figure 4 below shows the heat flow from 
heating block to the microchannel. The heat flow in the microchannel is seemed to be uneven where 
more heat is being transferred at the right section of the model than the left part. A hotspot is located 
at the right most corner of the model. This is due to the flow of coolant out of the microchannel and 
causes stagnation point. At this point the velocity flow is very small and causing the heated coolant 
to accumulate at this area before gradually flowing out of the outlet distribution channel. 

 

 

Fig. 4.(a) heat flow on the heating block and (b) cross section of microchannel in contact with heating block 

Figure 5 shows the temperature difference between surface temperature and the fluid bulk mean 
temperature. The temperature difference for the lowest mass flow rate (20 kg/s) is similar for both 
water and 𝐴𝑙2𝑂3. However, as the mass flow rate increasing, the 𝐴𝑙2𝑂3 nanofluid experienced a 
much lower temperature difference compared to water. This due to the density difference between 
both fluids. Higher fluid density contributes to a higher Reynolds number which indirectly increase 
the heat transfer rate to the fluid. This is also shown by the following Figure X of Nusselt number 
versus Reynolds number 

 

 

a) 

b) 
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Fig.  5: Temperature difference against mass flow rate 

Both nanofluid and water shows an increment of Nusselt number as the Reynolds number 
increase. However, as the mass flow rate increases, the average velocity increase together with the 
Reynolds number show a significant increment of Nusselt number in nanofluid compared to water. 
The increment of heat transfer capability is also related to the thermal conductivity of the nanofluid. 
High thermal conductivity reduces the thermal resistance of the flow and increase the capability of 
the fluid to transfer heat. Nusselt number range of both fluids can be seen in Figure 6 below. 

 

 

Fig. 6. Nusselt number against Reynolds number 

In terms of pressure drop as shown in Figure 6, at the lowest mass flow rate (20kg/hr) there is no significant 
difference of pressure drop for both water and 𝐴𝑙2𝑂3 nanofluid. However, as the mass flow rate increases, 
the pressure drop of 𝐴𝑙2𝑂3 nanofluid increase exponentially up to an average of 14% higher than that of water. 
This means that at the end of the flow, which is the outlet, the pressure loss in 𝐴𝑙2𝑂3 nanofluid is more than 
water. This is expected as 𝐴𝑙2𝑂3 has higher viscosity compared to water.  

In the case of apparent friction factor, nanofluid has approximately 23.5% higher compared to water. This 
is because apparent friction factor has relations regarding friction that occur over specified length across the 
wall surface of the channel and related to the wall shear stress. The presence of nanoparticles in causes it to 
contact the surface of the wall and producing friction and causes depreciation of momentum of fluid due to 
the increase in wall shear stress. The apparent friction factor of both fluids can be seen in Figure 8. 
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Fig. 7. Pressure drop against mass flow rate 

 

 

Fig. 8. Apparent friction factor against mass flow rate 

4. Conclusion 

This study is comparing the differences portrayed by using pure water and Aluminium Oxide 
nanofluid as coolants on a multilayer microchannel. The simulation is performed using ANSYS 
software and parameters of constant heat flux of 200W/ with an increasing mass flow rate from 20, 
40, 60 up to 80kg/hr. From the simulation done, it is noticed that the used on nanofluid poses better 
heat transfer performance compared to water. This can be seen from the amount of heat dissipated 
from the surface of microchannel in contact with the heating block up to the outlet distribution 
channel. The Nusselt number of nanofluid shows a higher value compared to water. However, in 
terms of pressure drop, water has better advantage as the pressure drop of water is lower than that 
of nanofluid. This is because nanofluid has higher friction factor compared to water. Overall, it can 
be said that nanofluid has good heat dissipating properties however pressure drop is still that should 
be taken into consideration.  
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