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Abstract. The utilisation of Multi-walled carbon nanotubes (MWCNTs) 
nanofluids is considered to be a highly efficient approach in the field of 
thermal engineering, specifically for the purpose of cooling electronic 
processors. The usage of a microchannel along with an electronic chip for 
liquid cooling of electronics presents a compelling substitute to the 
conventional bulky aluminium heat sinks. A minichannel heat sink 
employing MWCNTs nanofluid as a coolant is further enhanced in thermal 
and hydraulic performance. In order to analyze the performance of the 
minichannel heat sinks, a conjugate heat transfer model has been solved 
using the commercial software ANSYS-CFD. Theoretically, it showed that 
the presence of MWCNTs reduced thermal resistance and increased the 
thermal conductivity of liquid cooling system. The results reveal a 
maximum enhancement of in average heat transfer coefficient ( h ) for 
minichannel heat sink using MWCNTs as a coolant at volume  40%, 46%, 
and 52% concentrations of 0.25%, 0.5% and 0.75%. The performance 
evaluation shows that the overall performance of the minichannel heat sink 
using MWCNTs cooled minichannel heat sink at 0.75% volume 
concentration is roughly enhanced more as compared to water. 

1 Introduction 
Researchers and scientists have been actively investigating thermal dissipation 

materials for high-power electronic devices. In addition to advancements in device density 
and processing speed, improving thermal dissipation is crucial. One approach to enhancing 
cooling system efficiency is by exploring new materials and configurations that improve heat 
transfer performance within the working fluid without modifying mechanical designs or key 
components. Nanofluids have emerged as a topic of interest in recent studies, referring to 
fluids that contain suspended nanoparticles to enhance their thermal properties. These 
nanoparticles can be made from a variety of materials including metals, oxide ceramics, 
nitride ceramics, carbide ceramics, semiconductors, carbon nanotubes, and composite 
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materials. Compared to conventional heat transfer fluids like oil, water, and ethylene glycol, 
nanofluids exhibit improved thermophysical properties such as thermal conductivity, thermal 
diffusivity, viscosity, and convective heat transfer coefficients. For example, carbon 
nanotubes (CNTs) have exceptionally high thermal conductivity compared to materials like 
silver. Methods such as ultrasonication, surfactant treatment, or functionalization can 
disperse multi-walled carbon nanotubes (MWCNTs) in specific solutions. This presents 
possibilities for utilizing MWCNT-based liquids in thermal dissipation systems for computer 
processors and other high-power electronic devices. The focus of this work is on the 
application of MWCNT-based liquid for an electronic chip. 

1.1 Methodology 

To address this problem through numerical analysis, the equations of continuity, momentum 
(accounting for the Lorentz force), and energy have been formulated. The model assumes a 
2D laminar steady-state flow and considers thermodynamic and chemical equilibrium 
between water and MWCNT. Therefore, the equations that govern the system, including 
continuity, momentum, and energy equations, can be represented as follows: 

Continuity equation: 
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕 + 𝜕𝜕𝜕𝜕

𝜕𝜕𝜕𝜕 + 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕 = 0                                                                                                 (1) 

 
Momentum equation: 

𝜌𝜌𝑓𝑓 (𝜕𝜕
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕 + 𝜕𝜕 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 + 𝜕𝜕𝜕𝜕𝜕𝜕

𝜕𝜕𝜕𝜕) = −𝜕𝜕𝜌𝜌
𝜕𝜕𝜕𝜕 + 𝜇𝜇𝑓𝑓 (

𝜕𝜕2𝜕𝜕
𝜕𝜕𝜕𝜕2 + 𝜕𝜕2𝜕𝜕

𝜕𝜕𝜕𝜕2 + 𝜕𝜕2𝜕𝜕
𝜕𝜕𝜕𝜕2)                       (2) 

 

𝜌𝜌𝑓𝑓 (𝜕𝜕
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕 + 𝜕𝜕 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 + 𝜕𝜕𝜕𝜕𝜕𝜕

𝜕𝜕𝜕𝜕) = −𝜕𝜕𝜌𝜌
𝜕𝜕𝜕𝜕 + 𝜇𝜇𝑓𝑓 (

𝜕𝜕2𝜕𝜕
𝜕𝜕𝜕𝜕2 + 𝜕𝜕2𝜕𝜕

𝜕𝜕𝜕𝜕2 + 𝜕𝜕2𝜕𝜕
𝜕𝜕𝜕𝜕2)                       (3) 

 

𝜌𝜌𝑓𝑓 (𝜕𝜕
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕 + 𝜕𝜕 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 + 𝜕𝜕𝜕𝜕𝜕𝜕

𝜕𝜕𝜕𝜕) = −𝜕𝜕𝜌𝜌
𝜕𝜕𝜕𝜕 + 𝜇𝜇𝑓𝑓 (

𝜕𝜕2𝜕𝜕
𝜕𝜕𝜕𝜕2 + 𝜕𝜕2𝜕𝜕

𝜕𝜕𝜕𝜕2 + 𝜕𝜕2𝜕𝜕
𝜕𝜕𝜕𝜕2 )                   (4) 

Where ρf and µfare the density and dynamic viscosity of the coolant, respectively, and p is 
the coolant pressure. 
Energy equation for the coolant  
 

𝜌𝜌𝑓𝑓𝐶𝐶𝑝𝑝,𝑓𝑓 (𝜕𝜕
𝜕𝜕𝑇𝑇𝑓𝑓
𝜕𝜕𝜕𝜕 + 𝜕𝜕

𝜕𝜕𝑇𝑇𝑓𝑓
𝜕𝜕𝜕𝜕 + 𝜕𝜕

𝜕𝜕𝑇𝑇𝑓𝑓
𝜕𝜕𝜕𝜕 ) = 𝐾𝐾𝑓𝑓 (

𝜕𝜕2𝑇𝑇𝑓𝑓
𝜕𝜕𝜕𝜕2 +

𝜕𝜕2𝑇𝑇𝑓𝑓
𝜕𝜕𝜕𝜕2 +

𝜕𝜕2𝑇𝑇𝑓𝑓
𝜕𝜕𝜕𝜕2 )                     (5) 

2 Geometry details and numerical model 
As previously mentioned, the thermal and hydraulic properties of a minichannel heat sink are 
assessed and compared using water and MWCNT as working fluids. The specific design 
details of the minichannel heat sink used in the investigation are shown in Figure 1. 
Aluminum is utilized to construct the heat sink channels in order to improve heat dissipation 
from the surface of the electronic chip. Figure 2 displays the heat sink with its channels, 
which are protected by a glass cover to prevent any potential leakage. 
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Fig. 1. Schematic view of mini-channel Heatsink 

 

 

Fig. 2. Schematic view of mini-channel Heatsink with closed glass cover. 

3 Results and Discussion 
 In this research, the performance of a channel heat sink model is analyzed using 
computational fluid dynamics (CFD) simulations. The study compares the performance of 
two different coolants: water and nanofluids containing multi-walled carbon nanotubes 
(MWCNTs). The focus is on evaluating the impact of various volume concentrations of 
MWCNTs, specifically 0.25%, 0.5%, and 0.75%. The objective is to assess and compare 
parameters such as heat transfer coefficient, Reynolds number, Nusselt number, thermal 
resistance, friction factor, power consumption, and reliability for different volume fractions 
of nanoparticles in comparison to water.  

 
Fig. 3. Relationship between the heat transfer coefficient and Reynolds number is studied for nanofluids 

The study's results reveal a significant improvement in the heat transfer coefficient of 
MWCNT-water nanofluids compared to pure distilled water. At volume concentrations of 
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φ=0.25%, φ=0.5%, and φ=0.75%, the heat transfer coefficient increases by approximately 
40%, 46%, and 52% respectively. This enhancement is depicted in Figure 3, which 
showcases the heat transfer coefficient of MWCNT nanofluids at different Reynolds 
numbers. The improved heat transfer coefficient is attributed to the higher thermal 
conductivity of nanofluids and the presence of a larger quantity of nanoparticles dispersed in 
the base fluids. 

 
 
Fig. 4. Top view of Channel Heatsink Mesh Structure  

Fig. 5. Mesh Structure for channel 

3.1 Mesh Independence 

The process of discretizing solid and fluid domains is executed in ANSYS- CFD 
through the utilisation of structured blocking, which facilitates the creation of hexahedral 
mesh elements. The process of meshing holds significant importance in the ANSYS 
computational fluid dynamics simulation procedure. Meshing is an essential component of 
simulations, particularly for intricate geometries. When analysing a heat sink with a channel, 
the total number of elements and nodes that has been produced is 246898 and 1017904, 
respectively. Figure (4) and (5) shows the mesh view of channel heat sink using the ANSYS 
Computational Software. 
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Fig. 6. Simulation output of channel heatsink          

3.2 Temperature Distributions  

Figure.6 illustrates the temperature contours of microchannel heatsink using MWCNT 
nanofluids with an 0.75% volume fraction. As depicted in Figure.7 demonstrates that the 
utilization of MWCNT as a coolant results in a significant area of blue coloration, which 
signifies that the temperature of the electronic chip decreases. Figure. 8 illustrates how the 
surface temperature of the channel heat sink varies with relation to the input velocity of 
0.50% volume concentration of coolants. This data was collected and plotted so that it could 
be visualised. It has been discovered that increasing the volume flow rate would result in a 
drop in the surface temperature of the electronic chip that is employing the channel heatsink 
and coolants. In contrast to the other coolants, it was discovered that the surface temperature 
dropped by 35 % when 0.50% volume concentration of MWCNTs nanofluids was utilised. 
As shown in the figure.8, the simulation output of the results for the inlet and outlet can be 
seen. Simulated results (figure.9) indicate that the water in the channel heatsink has a lower 
degree of blue coloration and exhibits less heat dissipation than nanofluids. 
Figure.6 demonstrates that the utilization of nanofluids improves the temperature uniformity 
in the MWCNT/Water. This is attributed to the higher thermal conductivity of nanofluids in 
comparison to pure water. Consequently, it leads to an extension of the device's lifespan. 

 
Fig. 7. Simulation results of electronic chip using MWCNT/Water nanofluids            

 
Fig. 8.  Simulation results of input and output channel  
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Fig. 9. Simulation results of channel heatsink using distilled water. 

3.3 Nusselt Number Characteristics  

The Nusselt number's variation is depicted in Figure 10, which is based on distinguished 
Reynolds numbers and MWCNT nanoparticle volume concentrations. In the channel 
heatsink, both distilled water and MWCNT /water nanofluid exhibit an increase in Nusselt 
number with increasing velocity. MWCNT /water nanofluid has a higher Nusselt number 
than distilled water, as shown in the graph. As compared with distilled water, the Nusselt 
number of nanofluid was enhanced by 40%, 45 %, and 51 % at volume concentrations of 
0.25%, 0.50%, and 0.75%, respectively. Reynolds number and a variation in nanoparticle 
volume concentration are responsible for the remarkable changes in the Nusselt number. 

 

Fig. 10. Nusselt number (Nu) for different Reynolds number. 

4 Conclusions 
This study explores a novel approach for improving the thermal and Performance efficiency 
of a minichannel heat sink through the utilization of MWCNTs nanofluids. The MWCNTs 
/water nanofluid exhibits a superior heat transfer coefficient in comparison to alternative 
coolants due to its elevated thermal conductivity, as has been noted through observation. The 
utilisation of MWCNTs /water nanofluids in a micro channel heat sink has been found to 
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4 Conclusions 
This study explores a novel approach for improving the thermal and Performance efficiency 
of a minichannel heat sink through the utilization of MWCNTs nanofluids. The MWCNTs 
/water nanofluid exhibits a superior heat transfer coefficient in comparison to alternative 
coolants due to its elevated thermal conductivity, as has been noted through observation. The 
utilisation of MWCNTs /water nanofluids in a micro channel heat sink has been found to 

enhance its cooling performance in comparison to the use of distilled water. This is attributed 
to the higher thermal conductivity exhibited by MWCNTs nanofluids. The maximum wall 
temperature, fluid temperature, and thermal resistance all drop as the flow rate increases. 
Higher fluid average velocity and enhanced thermal dispersion effects are responsible for the 
decrease in these values. 
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