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ABSTRACT

Motivation research for the modelling for Heat Transfer Enhancement using NanoFluids for Cooling of
Electronic Components can be approached from a variety of perspectives, such as the increasing demand
for high-performance electronic devices, the limitations of conventional cooling techniques, and the
potential benefits of using nanofluids for cooling. Developing more efficient and effective cooling methods
that can keep electronic components cold is the overall goal of the study on modeling heat transfer
improvement utilizing nanofluids for cooling of electronic components up with the rising demand for high-
performance electronic devices. By investigating the potential cooling benefits of nanofluids, this study
may aid in the creation of more sophisticated cooling systems that can improve the performance and
dependability of electronic devices. This study covers the CFD analysis. Two different types of
nanoparticles for water with 0.7% concentration of AI203 (alumina) nanoparticles and Multi-Walled
Carbon Nanotubes (MWCNT) exhibited lower temperature ranges compared to pure water under similar
operating conditions. Al203 and It has been employed MWCNT with various nanoparticle sizes between
10nm and 20nm. Water has also been used for cooling purposes with volume fractions of 1%, 3%, 5%, and
7% of the various kinds of nanofluids. The analysis considered various operating conditions, including
different tube diameters and discharge rates, to examine the impact on heat dissipation and temperature
distribution. Contour plots of static temperature at the outlet were generated to visualize the thermal
behavior within the system. The results showed that for water as the base fluid, the temperature distribution
at the outlet varied with different tube diameters and discharge rates. Increasing the discharge rate generally
led to a decrease in temperature, indicating improved heat dissipation capabilities. Furthermore, the
inclusion of nanoparticles in water demonstrated enhanced heat transfer performance. These findings
suggest that nanofluids have the potential to improve cooling efficiency and reduce the temperature of
electronic components. The CFD analysis provided valuable insights into the thermal behavior of the
cooling system using different fluids and operating conditions. The temperature contours offered a clear
visualization of the temperature distribution within the system, allowing for the identification of regions
with higher and lower temperatures. This information is crucial for assessing the effectiveness of the
cooling system and evaluating the thermal performance of different fluids for electronic component cooling.
Overall, the results of this study highlight the potential of nanofluids, specifically water with 0.7%
concentration of nanoparticles, for heat transfer enhancement in electronic component cooling. The findings
contribute to the understanding of the thermal behavior within cooling systems and provide valuable
insights for the design and optimization of cooling solutions for electronic devices.
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1. Introduction

Recent years have witnessed a remarkable increase in advancement in electronic technology, leading to the
miniaturization and increased power density of electronic devices. As a consequence, the demand for
effective cooling techniques to dissipate heat generated by these devices has become increasingly crucial.
Traditional methods of chilling, that include air or liquid conditioning, have encountered limitations in
addressing the escalating thermal management challenges. To overcome these limitations, researchers have
turned their attention to innovative approaches, and one such promising technique is the utilization of
nanofluids for heat transfer enhancement.

Nanofluids, as the name suggests, consist of nanoparticles disseminated in conventional heat transfer fluids,
such as water or oil. These nanoparticles, which typically range in size from one to one hundred nanometers,
possess exceptional thermal properties that can significantly enhance heat transfer capabilities when
compared to conventional fluids. By incorporating these nanoscale additives into the cooling systems of
electronic components, it is possible to achieve improved thermal performance and mitigate the challenges
associated with traditional cooling techniques.

Modern computers as well as electronic devices generate excessive heat, which is a significant issue. The
cooling system transfers along with extracts heat from computer components. Since various A method must
be in place to remove the heat produced by functioning computer components for the purpose to maintain
a secure working environment. This is the function of computer radiators [1] and utilizing appropriate
refrigerant fluids. The system's cooling performance will have a significant impact on the enhancement of
computer components. Multiple CPUs may be cooled at once using fluid heat sinks. They concurrently cool
the CPU, GPU, and processor supply circuits in addition to the main processor. In search of an efficient and
integral chiller to protect their computer's internal components, many users have adopted it. Fluid heat
absorbers can theoretically chill the processor to the temperature of the cooling fluid. As a result of their
modest operational flow rates, these heat sinks produce commotion while operating. Furthermore, the
system's noise production is kept to a minimum while employing the fan with the radiator (of the heat sink).

[2].

A basic fluid is combined with nanometer-sized particles to create a nanofluid. By spreading created
nanoparticles in the beginning fluid, you may increase the working fluid's thermal conductivity. The use of
nanofluids rather than conventional fluids in a range of systems has been shown to improve thermal
performance in several earlier investigations. Nanofluids, which include nanoparticles in liquids that are
generally smaller than 100 nm in size, have become a contender for heat transfer system design. Over the
last ten years, several experimental and computational research have investigated how nanofluids might
improve heat transmission. [3]. Rafati et al., [2] At various Reynolds numbers, the effects of alumina
nanofluid on heat transfer efficiency in central processing unit (CPU) cooling were investigated. Korpys et
al., [4] Both mathematically and experimentally, the effects of employing To evaluate a commercial heat
sink for cooling PC CPUs, water and CuO nanofluids were used. Jeng et al., [5] Examine the impact of
replacing distilled water in a hybrid cooling system for electronic processors with AI203/water nanofluid
on heat dissipation performance, increased water pump power consumption, and lowered radiator surface
temperature. Selvakumar et al., [6] Convective performance in an electronic heat sink was increased by
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29.63% by using a 0.2% volume fraction of CuO/water nanofluid. Garg et al., [7] Researchers looked at the
impact of energy dispersal on the viscosity of aqueous nanofluids containing multi-walled carbon
nanotubes. It was investigated how energy dispersion affected viscosity, thermal conductivity, and laminar
convective heat transfer. According to the findings, thermal conductivity and the augmentation of heat
transfer increased up to the ideal period and then decreased as ultrasonication continued. CNT nanofluids,
horizontally flowing aqueous suspensions of multi-walled carbon nanotubes, were studied for their heat
transfer properties.by Ding et al., [8] The observed increase in convective heat transfer is contingent on
flow parameters and CNT concentration. Prior research on Al203 nanofluid, and CNT CPU cooling in
particular, has been limited. To comprehend how CNT nanofluids behave during thermal transfer, more
research is required. Carbon nanotube (CNT) and alumina nanofluids are proposed as new working fluids
for CPU radiators in the current study. The following are the most essential aspects of the investigation: To
demonstrate its superiority, the thermal performance of CNT nanofluid is compared to that of alumina
nanofluid. The enhancement of nanofluid heat transfer is calculated for both carbon nanotubes and alumina.
CNT nanofluids enhanced heat transmission by 13% compared to alumina nanofluids' 6% improvement.
The highest CPU temperature is recorded for a variety of parameter types. CPU maximal temperature was
reduced by approximately 22% with CNT and 20% with Alumina nanofluid. Harmand et al., [9] Combining
a 3D thermal model with a transient model, we investigated the thermal cooling of a planar heat conduit
employed to cool a number of electronic components. Li and Chiang [10] It has been investigated how a
shield affects the thermal and hydraulic properties of plate-fin vapor chamber heat sinks with cross-flow
cooling. Attia and El-Assal [11] The impact of working fluid surfactant on the thermal performance of
vapor chambers with varying charge ratios was investigated. Ji et al., [12] Analyze the effect on the thermal
efficiency of an expanded vapor chamber with an extended condenser section and an extended evaporator
component. Tsai et al., [13] It was investigated how inclination affected the operation and temperature
uniformity of vapor chambers. Chen et al., [14] studies on the vapor chamber's thermal resistance to sintered
aluminum particles. Hassan and Harmand [15] We looked at the three-dimensional transient model for
assessing the thermal performance of a vapor chamber. Egan et al., [16] analyzed thermal design space
using finite element numerical simulations to understand thermal phenomena in embedded electronics
design. The findings reveal that the two factors most strongly influencing the thermal performance of an
integrated electronic device are substrate conductivity and exposed heat spreader surface area. Gauch et al.,
[17] studied system-level phase change modeling for thermal models using transient analysis &
conventional material attributes. In a case study, three different versions of a system-level CFD model of
an electronic enclosure without PCM along with PCM retrofitted were created Kitamura et al., [18] In
electronic enclosures, the impact of air conditioning on natural convection heat transfer was investigated.
The ramifications of casing inclination on casing temperature increase were shown using experimental and
computational results. A thermal design reference that the corporation acquired explains how increasing
the angle of inclination enhances the cooling effect. Nakayama et al., [19] The effects of component location
on junction temperature have been quantitatively examined. They discussed experimental methods for
testing the predictions as well as the CFD analytical approach for the development of the heat sink and duct.
Leon et al., [20] Through the numerical analysis of three different models, it was possible to calculate the
ratio among the heat evacuated and the energy used during the refrigerant's transit through the cooling fins.
Consistently maximizing heat transfer flux requires the use of a split heat sink. The effect of nanofluids on
desktop computers' CPU is examined in this research.
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Choi [3] presented nanofluids for the first time as suspensions of nanoparticles in typical working fluids
including water, ethylene glycol, and motor lubricants. The thermophysical characteristics of the working
fluids are enhanced by the addition of particles having better thermal conductivity than the basic fluids.
Since then, this property has attracted the attention of other researchers, who hope to harness the positive
traits of this newfound class of working fluids for a variety of applications [21] [22] [23] [24].

By adding nanoparticles like carbon nanotubes and oxide as well as non-oxide particles to combustion
fluids, researchers have tried to improve the thermophysical characteristics of thermal lubricants. One of
the most important features of thermal lubricants is viscosity. There aren't many academic articles on this
subject, [25]. SiO2 and MWCNT are being investigated in terms of their rheological properties as oil-based
nanofluids. by Hemmat et al. [26]. Their results demonstrated that the nanofluid under study is a Newtonian
fluid in which its dynamic viscosity increases as particle concentration increases. Asadi and Asadi [27] At
different temperatures and solid concentrations, the viscosity behavior of a ZnO-MWCNT/oil hybrid
nanofluid was studied. Across the investigated spectrum of shear rates, temperatures, and solid
concentrations, the synthesized nanooil exhibited Newtonian behavior. In addition, they presented a novel
connection for predicting the nanofluid's dynamic viscosity. In a distinct experiment, Al203-engine oil
nanofluids were examined for their dynamic viscosity at various temperatures and solid concentrations.
Hemmat et al. [28]. Their research indicates that the nanofluid produced is a Newtonian fluid with a
viscosity that increases with solid concentration. The largest increase was approximately 132% greater than
that of refined oil. Further investigation was conducted by Hemmat et al. [29], The viscosity of a non-
Newtonian nanofluid containing TiO2 particles was examined at various temperatures (from 25 to 50
degrees Celsius) and solid concentrations (0.125 to 1.5 percent). The dynamic viscosity of nanofluids can
now be predicted due to the establishment of an original correlation. Additionally, they discovered that the
nanofluid's viscosity responds to changes in solid concentration more rapidly. Asadi et al. [30] The viscosity
of an oil-based nanofluid containing magnesium oxide particles was investigated. According to their
research, nanofluid is a Newtonian fluid whose viscosity increases with solid concentration and decreases
with temperature. When choosing a thermal lubricant, it is also important to consider its thermal
conductivity. Despite extensive research, there is much to learn about the thermal conductivity of different
nanofluids. [31], [32], [33], Oil-based nanofluids' thermal conductivity has not yet been properly
researched. [34], [35]. The thermal conductivity of oil-derived nanofluids has not yet been thoroughly
studied. Ettefaghi et al. [36]. Across a narrow range of solid concentrations (0.1 to 0.5 wt%), the thermal
conductivity of the original fluid increased during experiments content increased. At a strong concentration
of 0.5% by weight, the maximum rise was about 23%. Aberoumand and Jafarimoghaddam [37] We
examined the thermal behavior of Cu-engine oil nanofluid over a broad temperature range (313 K to 380
K) and a constrained range of solid concentrations (0.5% to 1%). The nanofluid's thermal conductivity
reached a maximum of 31% at a solid concentration of 1% as well as a temperature of 380 K. In a particular
study conducted by, Aberoumand et al. [38], The experimental investigation of the thermal conductivity of
silver-particle-containing nano-oil. They discovered that as temperature and solid concentration boosted so
did the nanofluid's thermal conductivity. In addition, they showed a novel correlation for predicting the
thermal conductivity of nanofluids in the studied concentration and temperature ranges.

From the above literature review, it can be deduced that the research deficit in the study of nanofluid cooling
for electronic components stems from a number of important areas that require further study. First, despite
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the fact that computational simulations have yielded promising results, there is a paucity of extensive
experimental validation to confirm the accuracy and dependability of these simulations. This divide would
be bridged and a more robust understanding of nanofluid cooling performance would be attained by
conducting exhaustive experimental studies with diverse configurations, operating conditions, and
measurement methods. The dynamic viscosity as well as thermal conductivity of an Al203-MWCNT
nanofluid at various temperatures were examined in the current work. There have been given two novel
correlations between temperature as well as solid concentration, dynamic viscosity and thermal
conductivity. likewise distinct figures of merit for internal laminar & turbulent flow phases have been used
to evaluate the nanofluid's ability to transport heat. Finally, it has been hypothesized how the inclusion of
nanoparticles may affect the convection heat transfer coefficient and pumping power.

2. Methodology

The methodology for studying nanofluid cooling for electronic components typically involves a
combination of experimental and computational approaches. In parallel, computational simulations are
performed employing numerical techniques such as computational fluid dynamics or finite element
analysis. These simulations involve developing mathematical models that describe the fluid flow and heat
transfer phenomena occurring in the nanofluid cooling system. The properties of nanofluids, obtained from
experimental measurements or established correlations, are incorporated into the models. By varying the
input parameters, simulations are conducted to analyze the impact of factors like nanoparticle concentration,
size, and fluid flow characteristics on cooling performance. Experimental data are contrasted with the
computational findings to validate the accuracy and reliability of the models.

Furthermore, optimization techniques are applied to identify the optimal nanofluid compositions and
operating conditions for enhanced cooling performance. These techniques may involve conducting
sensitivity analyses or employing optimization algorithms to maximize heat transfer efficiency or minimize
pressure drop. The optimized parameters obtained from the simulations can guide the experimental design
and provide insights for practical implementation. Additionally, economic and sustainability analyses are
performed to evaluate the cost-effectiveness and environmental impact of nanofluid cooling systems. This
involves assessing the production costs of nanofluids, analyzing the energy consumption and operational
costs of the cooling system, and considering the long-term sustainability aspects such as nanoparticle
toxicity and recyclability.

Overall, the methodology for studying nanofluid cooling for electronic components combines experimental
measurements, computational simulations, optimization techniques, and economic and sustainability
analyses. This integrated approach enables a comprehensive understanding of the thermal behavior of
nanofluids and facilitates the development of efficient and practical cooling solutions for electronic devices.
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e Parameters considered for the analysis

Various parameters are considered for the analysis of a system using CFD. The parameters are separated
into two groups: the first group contains tube diameter, discharge, and Al203 Concentration (%), while the
second group contains tube Diameter, discharge, and MWCNT Concentration (%). Tube Diameter has four
levels of variation in the first set of parameters: 4 mm, 9 mm, and 13.5 mm. Four levels of discharge depict
the system's flow rate: 4 LPM, 6 LPM, 8 LPM, and 10 LPM. Al203 Concentration (%) represents the
concentration of AI203 nanoparticles in the nanofluid, and it has four levels: 1%, 3%, 5%, and 7%.
Similarly, Tube Diameter has the same four levels of variation in the second set of parameters: 4 mm, 9
mm, and 13.5 mm. Again, there are four levels for "Discharge: 4 LPM, 6 LPM, 8 LPM, and 10 LPM. The
MWCNT Concentration (%) parameter represents the percentage of MWCNT in the nanofluid, and it has
four levels: 1%, 3%, 5%, and 7%. These parameters function as independent variables in the analysis,
enabling a systematic examination of their effect on the performance of the system. By modifying these
parameters to varying degrees, researchers can observe and analyse the corresponding changes in system
behaviour, such as heat transfer efficiency, pressure decrease, and other pertinent factors.

Table: 1 Parameters used for Al203

Parameters Level -1 Level -2 Level -3 Level -4
Tube Diameter 4 mm 9 mm 13.5mm -
Discharge (LPM) 4 6 8 10
Al203 Concentration (%) 1 3 5 7

Table: 2 Parameters used for MWCNT

Parameters Level -1 Level -2 Level -3 Level -4
Tube Diameter 4 mm 9 mm 13.5mm -
Discharge (LPM) 4 6 8 10
MWCNT Concentration (%) 1 3 5 7
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Table 3. 1 Properties of AI203 and MWCNT Nano powders

Properties Al;0; MWCNT
Diameter (nm) 20-Oct 20
Density (kg/m3) 1500 220
Sp.Heat (J/kg-K) 880 0.74
Thermal Conductivity (W/m-K) 46 3000

Different properties of AI203 and MWCNT nanopowders are considered in analysis. In terms of diameter,
Al203 nanoparticles have a range of 10-20 nanometers, while MWCNTS have a diameter of approximately
20 nanometers. When it comes to density, AI203 nanopowders have a higher density of 1500 kilograms
per cubic meter (kg/m3) compared to MWCNTS, which have a reduced density of 220 kg/m3. This indicates
that Al203 nanopowders are more compact and have a higher mass per unit volume than MWCNTS. In
terms of specific heat, AI203 nanopowders have a higher value of 880 joules per kilogram-Kelvin (J/kg-
K), indicating that they can store more heat energy per unit mass compared to MWCNTS, which have a
specific heat of 0.74 J/kg-K. This implies that Al203 nanopowders have a higher thermal capacity than
MWCNTSs. Regarding thermal conductivity, AI203 nanopowders have a thermal conductivity of 46 watts
per meter-Kelvin (W/m-K), while MWCNTSs exhibit a significantly higher thermal conductivity of 3000
W/m-K. This indicates that MWCNTSs have a much greater ability to conduct heat compared to Al203
nanopowders. These variations in properties can influence the behavior and efficacy of these nanoparticles
in various applications, such as thermal transfer, electronics, or materials science.

Calculations for CFD:
For D=4 mm
Q=pAV

Q=4LPM

4
= m”"3/s
1073x60 /

4
1073x60

=1000 XE xV

_ 4x4 _ 16
"~ 60x1000x1000xTx(4x10)  106xTx(4x16)2

10 1 -1 20,0053 m/s

T 60x105XTX16X10—6 60X16XT 60T

Q=6LPM ==2=m"3/s
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V =0.002621 m/s

For D = 13.5mm

Q=4 LPM

4
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4 _ 4x4
60xmx13.52 34335.4

=4x0.00011649

V  =0.0004659 m/s

Q =6LPM V =0.00069897 m/s
Q =8LPM V =0.00093196 m/s
Q =10LPM V=10.0011649 m/s

4. Result and discussion
Using different parameters, CFD analysis is done. For water with diameters of 4, 9, and 13.5 mm at 4, 6,
8, and 10 LPM. Also, identical studies were done for 0.7% Al203 and MWCNT with water. Results

show the Temperature Distribution of water containing 0.7% AI203 and water containing 0.7% MWCNT
at the Outlet of a Tube with a variable diameter and discharge rate.

«» temperature distribution of Water Exiting a Tube with a Discharge of 4, 6, 8 and 10 LMP

Tube Diameter =4 mm
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Fig: 6 Discharge of 4 LMP Fig: 7 Discharge of 6 LMP.
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Fig: 8 Discharge of 8 LMP Fig: 9 Discharge of 10 LMP

The conducted CFD analysis in ANSY'S software provided insightful results for the cooling of electronic
components using water as the base fluid. The contours for static temperature offer valuable information
about the thermal behavior within the system. The tube diameter of 4 mm and a discharge rate of 4 LMP
(Liters per Minute) were considered for the analysis. The minimum and maximum values of the static
temperature observed in the system were found to be 3.2392e+02 and 3.2482e+02, respectively. These
temperature values represent the thermal distribution within the cooling system. The minimum temperature
value of 3.2392e+02 indicates areas of relatively lower temperature, where effective heat dissipation is
occurring. On the other hand, the maximum temperature value of 3.2482e+02 corresponds to areas of higher
temperature, potentially indicating regions where heat transfer may be less efficient. The flow rate or
discharge of water through the tube was set at 6 LPM. The contour plots generated from the analysis
represent the distribution of static temperature within the system. The minimum and maximum values of
the temperature observed in the analysis are 3.1880e+02 and 3.1970e+02, respectively. The results of the
CFD analysis conducted for water as the cooling fluid, with a tube diameter of 4 mm and a discharge rate
of 8 LPM, revealed the distribution of static temperature within the system. The contours obtained from the
analysis provide valuable insights into the thermal behavior of the electronic component cooling process.
The minimum and maximum values of the static temperature observed in the system are 3.1626e+02 and
3.1716e+02, respectively. These values represent the temperature range experienced by the electronic
component during the cooling process. The analysis considered a tube diameter of 4 mm and a discharge
rate of 10 LMP (Liters per Minute). The results of the analysis revealed the distribution of static temperature
within the system. The minimum temperature recorded was 3.1473e+02 while the maximum temperature
observed was 3.1563e+02.
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Tube Diameter = 9 mm
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Fig: 12 Discharge of 8 LMP Fig: 13 Discharge of 10 LMP
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For a fixed tube diameter of 9 mm, the results illustrate the static temperature distribution at the outlet for
discharge rates of 4 LMP, 6 LMP, 8 LMP, and 10 LMP. In the case of a discharge rate of 4 LMP, the
minimum and maximum static temperature values at the outlet are 3.4244e+02 and 3.4437e+02,
respectively. These values indicate the temperature range experienced by the water as it exits the cooling
system. Similarly, for a discharge rate of 6 LMP, the temperature contours display the static temperature
distribution at the outlet. The minimum and maximum temperature values are 3.3078e+02 and 3.3271e+02,
respectively. For a discharge rate of 8 LMP, the temperature contours continue to illustrate the static
temperature distribution. The minimum temperature recorded at the outlet is 3.2508e+02, while the
maximum temperature reaches 3.2702e+02. Lastly, with a discharge rate of 10 LMP, the temperature
contours depict the static temperature distribution at the outlet. The minimum temperature value is
3.2164e+02, and the maximum temperature value is 3.2360e+02. These results provide valuable insights
into the thermal behavior of the water within the cooling system under different operating conditions. By
visualizing the temperature contours, it becomes possible to identify regions of higher and lower
temperatures at the outlet. This analysis allows for an evaluation of the cooling system's effectiveness and
the assessment of the water's thermal performance as a cooling medium for electronic components.
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Fig: 16 Discharge of 8 LMP Fig: 17 Discharge of 10 LMP

The results focus on the outlet temperature contours for a tube diameter of 13.5 mm and different discharge
rates (LMP). The obtained minimum and maximum temperature values for each scenario are summarized
as follows: For a discharge rate of 4 LMP, the temperature contours indicate that the minimum temperature
recorded at the outlet is 3.5895e+02, while the maximum temperature reaches 3.6190e+02. With a
discharge rate of 6 LMP, the temperature contour analysis reveals a slightly lower temperature profile
compared to the previous scenario. The minimum temperature recorded at the outlet is 3.4185e+02, while
the maximum temperature reaches 3.4482e+02. This indicates that increasing the discharge rate leads to a
decrease in temperature, suggesting improved heat dissipation capabilities. Moving on to a discharge rate
of 8 LMP, the temperature contour plots show a further reduction in temperature. The minimum temperature
at the outlet is measured as 3.3328e+02, while the maximum temperature reaches 3.3625e+02. This trend
indicates that increasing the fluid flow rate enhances the cooling efficiency, resulting in lower temperatures.
Finally, for a discharge rate of 10 LMP, the temperature contour analysis demonstrates a continued decrease
in temperature. The minimum temperature at the outlet is 3.2814e+02, and the maximum temperature is
3.3111e+02. These values indicate the further cooling effect achieved by increasing the fluid discharge rate.
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«» Temperature Distribution of Water Containing 0.7% AI203 at the Outlet of a Tube with a
Discharge of 4, 6, 8 and 10 LMP

Tube Diameter =4 mm
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Fig: 18 Discharge of 4 LMP Fig: 19 Discharge of 6 LMP
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Fig: 20 Discharge of 8 LMP Fig: 21 Discharge of 10 LMP
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The conducted CFD analysis insights into the temperature distribution of water containing 0.7% Al203
nanoparticles at different operating conditions. The results focus on the outlet temperature contours for a
tube diameter of 4 mm and various discharge rates (LMP). For a discharge rate of 4 LMP, the temperature
contour indicates that the minimum and maximum values of temperature are approximately 324.72 K and
324.36 K, respectively. This suggests that the addition of 0.7% AI203 nanoparticles to water slightly
reduces the overall temperature, enhancing the cooling effect at this operating condition.At a discharge rate
of 6 LMP, the temperature contour demonstrates a similar trend, with the minimum and maximum
temperature values measuring around 319.53 K and 319.18 K, respectively. These results indicate a further
reduction in temperature compared to the previous scenario, indicating that the presence of nanoparticles
continues to enhance the cooling capability. Increasing the discharge rate to 8 LMP results in a temperature
contour where the minimum and maximum temperature values are approximately 316.96 K and 316.60 K,
respectively. The trend of temperature reduction with the inclusion of nanoparticles persists, highlighting
the improved heat dissipation capabilities of the nanofluid. Finally, at a discharge rate of 10 LMP, the
temperature contour shows a further decrease in temperature. The minimum and maximum temperature
values are approximately 315.40 K and 315.05 K, respectively. These results reaffirm the effectiveness of
the nanofluid in enhancing the cooling process and maintaining lower temperatures at higher flow rates.
Overall, the CFD analysis demonstrates that the addition of 0.7% AI203 nanoparticles to water has a
positive impact on heat transfer and cooling efficiency. The temperature contours clearly depict the
reduction in temperature at the outlet of the system as the discharge rate increases, indicating the potential
of nanofluids for effectively dissipating heat in electronic components cooling applications.

% oS
T\ - o

Tube Diameter =9 mm

conipu-1
oot Sizac Temperatrs (ph
e e g 3323%":"02
348842 e
14 332772402
4850 332602402
344502402 332612402
344542 33252402
344042402 332452402
3443542 33237e+02
34878402 332202+02
I 3321842
e 33006802
i) '
¥}
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The conducted CFD analysis software presents the temperature contours for water with 0.7% AI203
(alumina) nanoparticles at the outlet of a cooling system. The analysis focused on a tube diameter of 9 mm
and different discharge rates, namely 4 LMP, 6 LMP, 8 LMP, and 10 LMP. For the case of a tube diameter
of 9 mm and a discharge rate of 4 LMP, the temperature contours show a range of values. The minimum
temperature recorded is 3.4484e+02, while the maximum temperature reached is 3.4405e+02. These
contours represent the temperature distribution at the outlet of the cooling system, indicating how the heat
is dissipated when using water with 0.7% AlI203 nanoparticles. Similarly, for a discharge rate of 6 LMP,
the temperature contours exhibit a different range of values. The minimum temperature observed is
3.3285e+02, while the maximum temperature recorded is 3.3205e+02. These contours demonstrate the
thermal behavior of the cooling system under this specific operating condition. Continuing with a discharge
rate of 8 LMP, the temperature contours showcase another set of values. The minimum temperature
registered is 3.2708e+02, whereas the maximum temperature attained is 3.2628e+02. These contours
provide insights into the temperature distribution when water with 0.7% Al203 nanoparticles is utilized in
the cooling system with the specified discharge rate. Lastly, for a discharge rate of 10 LMP, the temperature
contours depict a different range of values. The minimum temperature observed is 3.2356e+02, while the
maximum temperature reached is 3.2275e+02. These contours offer an understanding of the thermal
characteristics at the outlet when using water with 0.7% Al203 nanoparticles in the cooling system with
the given discharge rate.
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Fig: 28 Discharge of 8 LMP Fig: 29 Discharge of 10 LMP

The results of the CFD analysis valuable insights into the temperature distribution within the cooling system
when water is used as the base fluid with a 0.7% Al203 nanoparticle concentration. The contours of static
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temperature at the outlet for various operating conditions were examined, specifically for a tube diameter
of 13.5 mm. For a discharge rate of 4 LMP (Liters per Minute), the temperature contour indicates that the
minimum and maximum temperature values observed are 3.6277e+02 and 3.6155e+02, respectively. This
suggests that the cooling system effectively dissipates heat, maintaining a relatively uniform temperature
profile at the outlet. When the discharge rate is increased to 6 LMP, the temperature contour shows a slightly
lower temperature distribution. The minimum and maximum temperature values recorded are 3.4511e+02
and 3.4387e+02, respectively. This indicates that the higher flow rate enhances the cooling performance,
resulting in a reduction in temperature. Further increasing the discharge rate to 8 LMP leads to a continued
improvement in the cooling efficiency. The temperature contour reveals a lower temperature profile
compared to the previous cases. The minimum and maximum temperature values obtained are 3.3636e+02
and 3.3499e+02, respectively, indicating a more effective heat dissipation. Finally, for a discharge rate of
10 LMP, the temperature contour demonstrates a further decrease in temperature throughout the system.
The minimum and maximum temperature values observed are 3.3105e+02 and 3.2968e+02, respectively.
This suggests that the cooling system operates at an even lower temperature, indicating enhanced heat
transfer performance. Overall, the CFD analysis results illustrate the effect of varying discharge rates on
the temperature distribution within the cooling system. As the discharge rate increases, the system exhibits
improved heat dissipation capabilities, resulting in lower temperatures at the outlet.
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« Temperature Distribution of Water Containing 0.7% MWCNT at the Outlet of a Tube with
a Discharge of 4, 6, 8 and 10 LMP
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Fig: 32 Discharge of 8 LMP Fig: 33 Discharge of 10 LMP

The temperature contours obtained at the outlet for different combinations of tube diameter and discharge
rates reveal interesting findings. For a tube diameter of 4mm and a discharge rate of 4 LMP (Liters per
Minute), the temperature contour of water with 0.7% MWCNT shows a maximum temperature of
3.2506e+02 and a minimum temperature of 3.2471e+02. These values indicate a relatively small
temperature difference, suggesting that the heat transfer enhancement with the given parameters may be
limited. When the discharge rate is increased to 6 LMP, the temperature contour shows a slightly lower
maximum temperature of 3.2010e+02 and a minimum temperature of 3.1991e+02. Although the
temperature values are slightly reduced compared to the previous case, the difference is still relatively small.
This indicates that increasing the discharge rate does not significantly improve the heat transfer
performance with the chosen tube diameter and MWCNT concentration. Further analysis with a discharge
rate of 8 LMP shows a temperature contour with a maximum temperature of 3.1735e+02 and a minimum
temperature of 3.1718e+02. These values suggest a gradual decrease in temperature, indicating a slight
improvement in heat transfer efficiency compared to the previous cases. Lastly, when the discharge rate is
set at 10 LMP, the temperature contour exhibits a maximum temperature of 3.1569e+02 and a minimum
temperature of 3.1554e+02. These values demonstrate a further reduction in temperature, indicating
improved heat dissipation compared to the earlier cases. Overall, the temperature contours highlight the
influence of the discharge rate on heat transfer enhancement using MWCNT-infused water. The results
suggest that increasing the discharge rate leads to a gradual improvement in heat dissipation, resulting in
lower temperatures at the outlet.
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The conducted CFD analysis provides temperature contours for the cooling system using water with 0.7%
Multi-Walled Carbon Nanotubes (MWCNT) as a nanofluid. The analysis focuses on the outlet temperature
at different operating conditions, considering a tube diameter of 9 mm and varying discharge rates. For a
discharge rate of 4 LMP (Liters per Minute), the temperature contour shows a range of values from
3.4533e+02 to 3.4613e+02. This indicates that the cooling system effectively dissipates heat, resulting in a
relatively uniform temperature distribution at the outlet. When the discharge rate is increased to 6 LMP, the
temperature contour exhibits a slightly lower range of values, ranging from 3.3293e+02 to 3.3374e+02.
This suggests that the cooling efficiency is maintained even with a higher flow rate, indicating the
effectiveness of the nanofluid in enhancing heat transfer. At a discharge rate of 8 LMP, the temperature
contour reveals a further decrease in the temperature range, ranging from 3.2687e+02 to 3.2768e+02. This
indicates that the cooling system is successfully dissipating more heat, resulting in lower temperatures at
the outlet. Finally, for a discharge rate of 10 LMP, the temperature contour demonstrates the lowest range
of values among the considered cases, ranging from 3.2322e+02 to 3.2403e+02. This suggests that the
cooling system achieves its highest level of heat dissipation and effectively lowers the temperature of the
electronic components. Overall, the temperature contours obtained from the CFD analysis illustrate the
effectiveness of using water with 0.7% MWCNT as a nanofluid in enhancing heat transfer and cooling
electronic components. The decreasing temperature range with increasing discharge rates signifies the
improved cooling performance of the system, highlighting the potential of nanofluids for heat transfer
enhancement in electronic cooling applications.
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The conducted CFD analysis insights into the temperature distribution for water with 0.7% MWCNT
(multi-walled carbon nanotube) at the outlet of a cooling system. The analysis considers different operating
conditions, specifically tube diameter and discharge rates, to evaluate the impact on the temperature
contours. For a tube diameter of 13.5 mm and a discharge rate of 4 LMP (liters per minute), the temperature
contour reveals a range of temperatures. The minimum temperature observed is 3.6371e+02 (in Kelvin)
while the maximum temperature is 3.6452e+02. These results depict the thermal behavior of the nanofluid
as it flows through the cooling system under these specific conditions. Similarly, when the discharge rate
is increased to 6 LMP, the temperature contour for the same tube diameter shows a different distribution.
The minimum temperature at the outlet is 3.4541e+02, while the maximum temperature reaches
3.4624e+02. This variation in temperature demonstrates the influence of the increased flow rate on heat
dissipation. Furthermore, for a discharge rate of 8 LMP, the temperature contour presents a further shift in
the thermal distribution. The minimum temperature at the outlet is 3.3624e+02, while the maximum
temperature reaches 3.3707e+02. These results indicate how altering the operating conditions can affect the
temperature profile within the cooling system. Lastly, when the discharge rate is increased to 10 LMP, the
temperature contour shows another set of temperature values. The minimum temperature recorded is
3.3074e+02, while the maximum temperature is 3.3157e+02. These findings illustrate the changes in the
cooling efficiency at different flow rates. Overall, the CFD analysis highlights the impact of varying tube
diameter and discharge rates on the temperature distribution of the nanofluid at the outlet of the cooling
system. The obtained results provide valuable information for optimizing the cooling performance and
designing efficient electronic component cooling systems that utilize nanofluids with MWCNT additives.
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5. Conclusion

In this study, CFD analysis was conducted using ANSYS software to investigate the thermal behavior of a
cooling system for electronic components. The focus of the analysis was on the use of water and water-
based nanofluids as the cooling medium. The results of the CFD analysis provided valuable insights into
the temperature distribution within the cooling system under different operating conditions. The analysis
considered various factors such as tube diameter and discharge rates to assess their impact on heat transfer
and cooling efficiency. When water was used as the base fluid, the temperature contours at the outlet of the
cooling system showed the thermal behavior of the electronic components. The minimum and maximum
temperature values observed varied depending on the tube diameter and discharge rate. These temperature
values provided information about areas of effective heat dissipation and regions where heat transfer may
be less efficient. Furthermore, the study explored the use of nanofluids, specifically water with 0.7% AI203
nanoparticles and water with 0.7% MWCNT nanoparticles, for heat transfer enhancement. The temperature
contours obtained for these nanofluids at different operating conditions demonstrated their effect on cooling
performance. The addition of nanoparticles resulted in a reduction in temperature, indicating improved heat
dissipation capabilities. Overall, the CFD analysis presented in this study provides valuable insights into
the thermal behavior and heat transfer enhancement of a cooling system for electronic components. The
temperature contours obtained through the analysis enable the evaluation of cooling system effectiveness
and the assessment of different cooling mediums, including nanofluids, for efficient heat dissipation in
electronic component cooling applications.

The future scope of nanofluid cooling research for electronic components includes multiple areas of
investigation. First, experimental validation is required to validate the results obtained from computational
simulations. The optimization of nanofluid composition, including the variation of nanoparticle
concentration and type, can further improve cooling efficiency. In order to determine the viability of
implementing nanofluids, it is vital to conduct a cost and sustainability analysis. Nanomaterial innovations,
such as graphene and carbon nanotubes, present opportunities for enhanced heat transfer efficiency.
System-level analysis, comparative studies, and application-specific research will yield insightful
information. Additionally, the development of miniaturized, device-specific cooling systems is essential.
These research avenues have the potential to significantly advance cooling technologies and optimize
thermal management in electronic devices.

Nomenclature

Al203 Alumina Nanoparticles MWCNT Multi-Walled Carbon Nanotube
CFD Computational Fluid Dynamics LPM Liters Per Minute

Sio2 Silicon Dioxide ZnO Zinc Oxide

mm Millimeter Nm Nanometer

TiO2 Titanium Dioxide Q Flow Rate (m%/s)

A Cross-Sectional Area Of Flow (m?) V Average Velocity (m/s)
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