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a b s t r a c t
The hydrodynamic and thermal performance of a heat sink constructed of an aluminum plate with 
pin-finned fins is investigated in this study utilizing two nanofluids, SiC-alkaline water and ZnO-
alkaline water. The heat sink core plate, which is used to cool electronic equipment, must have the 
following dimensions: 12 mm (length) × 40 mm (width) × 40 mm (length) (H). It is shielded from 
the weather by being contained in an aluminum plexiglass container that is insulated from the 
outside world with insulator foam. As a result, the heat sink’s bottom surface gets a continuous 
heat flow of 118.9 kW/m2, while the nanofluid is pumped through it at the same constant input 
temperature. Following that, the thermal performance of the heat sink is evaluated. The nanofluids 
are generated at volume concentrations of 0.25%, 0.5%, 1.25%, and 2% with water serving as the 
foundation fluid, and their performance is evaluated. The heat sink’s hydrodynamic performance 
was evaluated by comparing the pressure differential between the entry and exit sites to a refer-
ence pressure. According to the study, when SiC-alkaline water nanofluids were added to water 
at a rate of 2%, pumping power increased by 17% and 33%, respectively. Following the testing, the 
average heat transfer coefficients of the nanofluids under consideration increased by 18% and 16%, 
respectively, and decreased by 14% and 12%.

Keywords:  Plate pin-fin heat sink; Nanofluids; Heat transfer coefficient; Thermal resistance; Pumping 
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1. Introduction

The incredible technological advances that have been 
made in the past 10 y, which have made it possible to build 
transistors with dimensions on the nanometer scale and 
implement these transistors in electronic chips, are among 
the most significant achievements that humans have made 
in this time period. This is because the ability to build 
transistors with dimensions on the nanometer scale has 

made it possible to build electronic chips with dimensions 
on the nanometer scale. Researchers have, for a very long 
time, regarded the flow of heat that is created by such elec-
tronic devices as a serious difficulty, both in terms of the 
technique that is used to remove it and the way that it is 
produced in the first place. In view of the fact that tradi-
tional heat dampers are unable to remove a heat flow of this 
scale, the development of novel techniques and technologies 
seems to be an essential need in the environment in which 
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this issue is being discussed. Given the context in which it 
is being studied here, an aluminum plate pin-finned heat 
sink with a high surface area to volume ratio seems to be an 
adequate device for removing the heat flow that is in ques-
tion. This is because the ratio of surface area to volume is 
high. In the past, one of the primary research foci has been 
on developing methods for producing turbulence in fluid 
flow, with the end goal being to increase the amount of 
heat that can be transferred by convection inside the heat 
sink. The end result of this research has been to increase 
the amount of heat that can be transferred.

Researchers are interested in the use of nanofluid as 
a cooling fluid because it has the potential to increase the 
convective heat transfer coefficient and create an almost 
constant temperature across the heat sink. The idea that 
nanofluid may be used as a cooling fluid has also piqued 
the interest of scientists. It is essential to evaluate the appli-
cability of utilizing nanofluids in teeny thermal convection 
devices, which is something that is currently being inves-
tigated, in order to continue debating and researching the 
hydrodynamic and thermal performance of nanofluids. This 
is something that is currently taking place. At the moment, 
investigations on this topic are being carried out. This will 
spark more conversations and inquiries on the topic at hand. 
The recently made discovery of nanofluid [1] is anticipated 
to result in a significant enhancement to the efficiency of the 
newly developed liquid coolant. A nanofluid is a suspen-
sion of nanoscaled particles in a base fluid that is retained 
at a nanoscale distance between the particles. The particle 
sizes of a nanofluid may range from 10 to 100 nm. Particles 
in the suspension have sizes that range anywhere from 10 
to 100 nm. The word “nanofluid” refers to a fluid in which 
individual particles have nanoscale gaps between them 
while they are suspended. When solid particles are mixed 
with liquids, the liquid’s thermal conductivity increases 
because the higher thermal conductivity of the solid parti-
cles is transferred into the liquid and increases the liquid’s 
own thermal conductivity. These events occur due to the 
fact that solid particles are able to carry heat more effec-
tively than liquids can. Reducing the size of the heat sink is 
another way that may be used to improve the capacity of a 
system to remove heat in an efficient manner [2–5]. Because 
of this, the machine is in a position to extract more heat from 
its surroundings than it would have been able to do in any 
other circumstance. The performance of nanofluids when 
applied to nanoscale heat sinks for the purpose of cooling 
electronic components has been the subject of a significant 
amount of theoretical, analytical, and even some practical 
research over the past two decades [6–8]. This research aims 
to better understand how nanofluids can be used to effec-
tively cool electronic components. These examinations have 
been carried out with a wide array of diverse approaches 
each with their own distinct advantages.

Chandra Sekhara Reddy and Vasudeva Rao et al. [9] 
produced three different nanofluids. Each nanofluid was 
evaluated in vitro to see whether or not it was effective, and 
the results showed that all three were successful. Nanofluids 
were created by combining a broad range of various com-
binations of ethylene glycol and water with nanoparticles 
of titanium dioxide. They were characterized by looking 
at the thermal conductivity of a solution as a function of 

temperature in addition to the concentration of nanoparti-
cles in a certain volume of solution. This was done in order 
to determine the properties of the nanoparticles. According 
to the results of the research, an increase in temperature led 
to an increase in the thermal conductivity of TiO2 nanofluids. 
This rise was also accompanied by an increase in the vol-
ume concentration of TiO2, which contributed to the over-
all increase. Yiamsawasd et al. [10] investigated the impact 
that temperature and volume concentration had on the con-
ductivity of water-based and water-ethylene glycol-based 
Al2O3 and TiO2 nanofluids, respectively. The nanofluids 
were tested for conductivity at a range of concentrations, 
from 0% to 100% by volume. Al2O3 and TiO2 served as the 
primary components of each of these nanofluids. In order 
to carry out the comparison, we used both the data that 
we collected from our experiments and the models that we 
found while doing our inquiry. Both of these were utilized 
together. According to the findings, there was a relationship 
between the relative volume concentration and an increase 
in the nanofluid conductivity of Al2O3 and TiO2 of between 
5% to 30% and 2% to 20%, respectively, when the concentra-
tion was between 1% and 8%. This was the case when the 
concentration was between 1% and 8%. This was shown to 
be the case upon doing an analysis of the data. Keblinski et 
al. [11] looked at how heat is transported via the use of nano-
fluids. The researchers came to the conclusion throughout 
the course of their examination that the creation of a layer of 
liquid cluster surrounding a nanoparticle has a major influ-
ence on the thermal conductivity of nanofluids. This was one 
of the main findings of the analysis. During the course of 
the experiment, it was found out that the Brownian motion 
of the nanofluid did not have a substantial influence on the 
augmentation of the heat transmission capabilities of the 
nanofluid. This was determined as a result of the findings 
of the previous sentence. Mat Tokit et al. [12] found that 
Brownian motion plays an essential function in increasing 
thermal conductivity. They found that it does this by encour-
aging the formation of nanoparticle clusters at a lower veloc-
ity than the velocity of the particle itself. Because of this, 
the thermal conductivity of the material exhibits increased 
levels. Naphon and Nakharintr [13] looked into the impact 
that the temperature of the nanofluid intake, the Reynolds 
number of the nanofluid, and the heat flux had on the abil-
ity of TiO2-deionized water nanofluids to transmit heat. It 
was shown that the average heat transfer rates were greater 
when nanofluids were used as a coolant rather than deion-
ized water in the same capacity. This was the case for the 
cooling system. We were able to do much more by switching 
out the Al2O3-water nanofluid coolant that was contained 
inside a copper minichannel heat sink for pure water. Ho 
and Chen [14] investigated how effectively using forced 
convection to transport heat around in a heat sink might 
be accomplished. A copper minichannel heat sink served as 
the primary component of the system, and its design priori-
tized making optimum use of available space. The nanofluid 
composed of Al2O3 and water that served as its secondary 
component and operated as a chiller. According to the find-
ings, a heat sink cooled with nanofluid performed far better 
than a heat sink cooled with water in each and every test 
that was done on the device. The heat sink that was cooled 
using nanofluids performed noticeably better than the heat 
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sink that was cooled using water in terms of average heat 
transfer coefficients, thermal resistance, and wall tempera-
ture, as well as in terms of both of these metrics. According 
to what they found, the efficacy of the heat transfer achieved 
by using the nanofluid in the heat sink was also examined 
in relation to the pumping power penalty associated with 
its utilization, and the findings were favorable.

Das et al. [15] conducted research to determine how 
temperature affects the ability of nanofluids to transport 
heat and came up with some intriguing conclusions from 
their investigation. They found that the thermal conductiv-
ity increased from 14% to 36%, respectively, as the tempera-
ture increased from 21°C to 51°C when they used a concen-
tration of CuO-H2O that was 4% in volume, and when they 
increased the temperature from 21°C to 51°C. In an exper-
imental study Nguyen et al. [16] investigated the enhance-
ment of the heat transfer coefficient of Al2O3-H2O nanofluid 
compared to the heat transfer coefficient of pure water. It 
was possible to increase the heat transfer coefficient by 40% 
by using 6.8% volume of nanoparticles. Nanoparticles with 
smaller particle sizes outperformed particles with larger 
particle sizes in terms of thermal performance. Inside the 
framework of their study Selvakumar et al. [17] investi-
gated the potential effects that the presence of an Al2O3-H2O 
nanofluid may have on the pace at which heat is transferred 
within a conventional water block. According to the find-
ings of the researchers, a nanofluid containing 20–30 nm of 
alumina has a conductivity that is about 20% greater than 
that of deionized water. It has been shown that the use 
of nanofluids results in a little decrease in the amount of 
pumping power required. Whelan et al. [18] designed, con-
structed, and researched a tube array remote heat exchanger 
for the purpose of cooling CPUs. They were successful in 
maintaining a temperature that was tolerable at the base 
while also reducing the amount of thermal resistance. Ijam 
et al. [19] studied the thermal conductivity, heat transfer, 
and pumping power of Al2O3-water and TiO2-water nano-
fluids in a laminar flow for a copper microchannel heat sink. 
They did this by using a copper microchannel heat sink. 
Researchers found that the thermal conductivity of water 
was increased by 11.98% when Al2O3 nanoparticles were 
added at a volume percentage of 4%. This was one of the 
findings of their investigation. Tullius and Bayazitoglu [20] 
conducted research on the effect of an Al2O3-H2O nanofluid 
on the effective thermal conductivity of a minichannel heat 
sink that had a circular fin structure. This research was car-
ried out with the use of a minichannel heat sink. The heat 
transmission properties of the nanofluid have been signifi-
cantly enhanced as a result of recent research and develop-
ment. As a result of nanoparticle deposition, an issue with 
a tiny surface defect was observed, which was responsible 
for the reduction in heat transfer performance. In a recent 
study, Harish Kumar et al. [21] examined the impact of 
CuO-water nanofluid fractions of 0.1% and 0.2% on the effi-
ciency of a copper heat sink with a narrow channel under 
conditions of continuous heat flow. They discovered that 
when both the volume flow rate and the nanoparticle vol-
ume percentage of the nanoparticles under research rose, 
the convective heat transfer coefficient also increased. The 
convective heat transfer coefficient rose as a result of both 
of these causes. The study’s conclusions show that when 

compared to the performance of deionized water with a 
nanofluid volume fraction of 0.2%, the pumping power 
improves by 15.11%. Overall, there is an increase of 15.11% 
as a consequence. The largest drop in interface temperature, 
which was reported to be 1.15°C, was seen for the nanofluid 
with a volume percentage of 0.2%. The biggest increase in 
convective heat transfer coefficient, which was reported to 
be 29.63%, was also discovered in the nanofluid with a vol-
ume percentage of 0.2%. These two discoveries were made  
simultaneously.

In spite of the fact that the plate fin heat sink (PFHS) 
offers a number of benefits, such as the simplicity of machin-
ing, the ease of construction, and the low cost, there is a fun-
damental flaw in the arrangement of the PFHS that needs to 
be fixed. This flaw is that the PFHS does not have enough 
space between its individual fins. According to Yu et al. [22], 
the smoother flow of fluid that is passing through the heat 
exchanger is desired when trying to boost the heat transfer 
performance of the heat exchanger. This is because the par-
allel plate fins make the flow of fluid smoother. It was rec-
ommended that a plate pin-fin heat sink, also known as a 
PPFHS, be used to adjust the structure of a PFHS in order 
to change the turbulent character of the flow within the heat 
sink. This was done in order to vary the temperature of the 
fluid that was moving through the heat sink. In addition to 
that, the performance of the heat transmission would be sig-
nificantly increased. The PPFHS was created by combining 
a PFHS with a few pins that were put between the plate fins 
of the PFHS. This allowed for the construction of the PPFHS. 
Yang and Peng [23] carried out research with the purpose 
of determining how the functionality of the system will be 
impacted by a number of different pin-fin configurations. 
The results of the researchers indicate that the plate-circu-
lar pin-fin heat sink outperforms the PFHS when it comes 
to the overall performance of the two types of heat sinks. 
Heat transmission and pressure drop were analyzed for 
both inline and staggered pin-fin arrays in Sparrow et al. 
[24]. According to the findings of the researchers, the heat 
transfer coefficient of the staggered array is greater than 
that of the inline array, despite the staggered array having a 
larger pressure drop. Soodphakdee et al. [25] looked at a heat 
sink using the conventional fin shapes used in the industry 
(round, elliptical, and square). Elliptical fins perform well 
even in conditions of minimal pressure drop and pumping 
power. The production of CeO2 tiny chemicals from the can-
nabis indica plant utilizes biosynthetic technology, which is 
less hazardous and more suitable with conventional chemi-
cal procedures [26,27]. Chemical processes can be replaced 
by the straightforward, incredibly efficient, and beneficial 
to the environment biosynthetic approach [28]. TiO2 NP 
treatments outperformed controls in terms of seed ger-
mination, root development, and plant growth [29].

Although there are several computational models of heat 
sinks for use in electronic circuit cooling that make use of 
nanofluids, relatively little real research is being conducted 
in this field at this time. As a direct consequence of this, the 
research phase of the project got underway. The current 
study explores the performance of a plate pin-finned heat 
sink that has three pins in each channel. This heat sink has 
three channels. The flow entering the channel from one side 
and then moving through the elliptical pins is what causes 
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the turbulence that is created by this heat sink [30,31]. Even 
though it has a higher convective heat transfer coefficient 
than laminar flow does, turbulent flow showed outstand-
ing thermal performance. This is because laminar flow has 
a smaller convective heat transfer coefficient. This study 
also looked at two other nanofluids, namely SiC-alkaline 
water and ZnO-alkaline water. Both of these nanofluids have 
the potential to be beneficial in the not-too-distant future 
for the construction of tiny pin-finned heat sinks, in addi-
tion to other nanofluids. The purpose of this study was to 
evaluate the effects of volume concentration and Reynolds 
number on the convective heat transfer coefficient, thermal 
resistivity, Nusselt number, and pumping power.

2. Procedures and setup for experiment

A calibrated rotameter is used to measure the flow rate. 
A data collection system, pressure drop detecting equipment, 
and a heat sink test section are all part of the test loop. A 
closed loop cooling nanofluids system would typically con-
tain a pump, storage tank, flow rate sensor, and ball valve 
that could be used to modify the flow rate. Installing a ther-
mal bath before to the pump allows you to regulate the tem-
perature of the water entering the heat sink while the pump 
is operating. To monitor the average temperature of the 
nanofluids flowing through the manifold, two K type ther-
mocouples with an accuracy of 49.1°C were inserted at the 
device’s input and output. To effectively gather and monitor 
all temperature values, you will need to use not one, but two 
Testo 779 data loggers. The ability to connect data loggers to 
computer systems through USB connections provides the 
ability to gather and store data. For all calibrated thermocou-
ples, the temperature range for which they may be utilized 
is 0°C–100°C. To complete its life cycle, it must pass through 
the PPFHS after being pumped out of the storage tank. A ball 
valve may be utilized to control the flow rate of the cooling 
nanofluid. One of the test section’s components is an isolated 

heater placed inside a concrete block. There are additional 
insulating plexiglass cover plates, a tiny plate with a pin-
finned heat sink, and a pin-finned heat sink in the test area. 
Fig. 1 a schematic illustration of the test section, depicts a test 
section that serves as an example of the test section. Table 1 
outlines the geometrical properties of plexiglass cover plates.

2.1. The PPFHS

A computer numerical control (CNC) machine was used 
in the process of fabricating the heat sink, which consisted of 
a square block composed of aluminum. The width, at 40 mm, 
is the most critical dimension, followed by the length, at 
40 mm, and the height, at 12 mm. Within each channel of 
the heat sink, there are three pins with an elliptical cross-sec-
tion that have been threaded through them. On four different 
K-type thermocouples, an accurate temperature reading of 
49.1°C was achieved by using a mixture that was both ther-
mally conductive and comprised of copper powder and sili-
con paste. In order to fit the thermocouples, holes measuring 

 
Fig. 1. Experiment set-up.

Table 1
Typical plexiglass dimensions and shapes (dimensions are in 
millimeters)

LP 200
Wp 50
Dh 7.375
HP 10
lh1 20
lh2 70
Wh 25
t1 10
t2 5
t3 4
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20 mm in depth and 1.0 mm in diameter were drilled. Before 
it enters the central channel, the temperature of the heat 
sink’s base is measured at four different locations before it is 
averaged. They are 7, 17, 27, or 37 mm away from the front 
of the heat sink, depending on where they are positioned 
around the perimeter of the heat sink. Fig. 2 illustrates the 
geometrical characteristics of the heat sink, which include 
the following elements: The heat transfer surface area 
(HSA) is 0.001922 m2 and the pin height is 12 mm.

2.2. Inlet and outlet chambers

In order to prevent heat from the surrounding environ-
ment from being transferred to the thing being tested, the 
ultimate heat sink is enclosed in a plexiglass cage. Even 
while this causes some heat to be lost, the end outcome is 
not significantly altered as a direct consequence of this. 
Styrofoam is used to insulate all of the plexiglass box’s sur-
faces, with the exception of the bottom of the heat sink, 
which is made of metal. In order to improve the effective-
ness of the heat transfer between the base of the heat sink 
and the heater block, silicon paste is often used.

2.3. Heater block

In order to simulate the mechanism by which heat is 
accumulated within an electronic chip, a heater block main-
tains a consistent flow of heat to the base of the heat sink. 
The dimensions and shape of the heater block are shown 
in Fig. 3. Due to the fact that the fiberboard enclosure was 
packed with slag wool, there was no way for heat to go 
through the box other than at the point of direct contact 
that existed between the heater block and the heat sink. Six 
thermocouples of the K type are used to measure the heat 
flux emitted by the cylinder-shaped heater block. Every 

one of the holes is exactly three centimeters deep, with the 
exception of the very first one.

2.4. Data acquisition and pressure measuring unit

In order to accomplish this goal, two thermocouples of 
the K type with a precision of 0.18°C each were installed 
at the intake and exit of the manifold. The temperature of 
the heat sink’s bottom surface will be measured to an accu-
racy of 0.18°C using four thermocouples of the K type. 
Thermocouples with 1 and 20 mm diameter were put into 
the heat sink 230 at a distance of 1 mm from the bottom. 
In order to measure the heat flux generated by the heater 

 
Fig. 2. Schematic of the test section.

 
Fig. 3. Geometric configuration of heater.
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block, six thermocouples of the K type will be used. The 
heater block will have six thermocouples of the K type put 
in it so that it can be used to measure the amount of heat 
flux that is generated by the heater block. Putting the ther-
mocouple sensors and the data logger in communication 
with one another. The temperature will be recorded con-
tinuously for the whole of the experiment. The fact that 
there has been no change in temperature suggests that the 
current temperature is maintaining itself at 235. It is linked 
to a USB port on the personal computer. Calibration is per-
formed on thermocouples ranging from 0°C to 100°C. These 
high-precision differential pressure transmitters were able 
to monitor the pressure drop of fluid that was passing 
through the heat sink to within 1.0 Pa of accuracy [32].

3. Nanofluid preparation and characterization

We often consider excessive energy consumption, low 
purity, uneven particle size distribution, enormous amounts 
of secondary waste, and long-term environmental effects 
when we think about physical processes. Chemical pro-
cesses have several advantages, including low energy con-
sumption, consistency of particle size, low cost, and little 
environmental effect. Anbuvannan et al. [33] claim that as 
the need for environmental protection has grown, so has 
the usage of zinc oxide. Microorganisms, plant extracts, and 
plant enzymes are all used in the chemical reactions of green 
synthesis. Peels, flowers, fruits, seeds, leaves, peels, and roots 
are just a few examples of the many plant parts that might 
regulate and reduce ZnO production. ZnO may be lowered 
and stabilized with the use of these extracts more success-
fully. Vijayakumar et al. [34] investigated plant extracts to see 
whether they might be utilized to produce zinc oxide, which 
is more potent against a larger variety of bacteria when pro-
duced chemically. If these compounds are to be employed, 
non-toxic, mild chemicals must be applied to people. In the 
future, it’s possible that plant extracts will be used to create 
green zinc oxide, which is ecologically benign. This tech-
nique allows the production of nanoparticles from Hibiscus 
rosa-sinensis leaf extracts. 15 min at 70°C while stirring 
a 50 mL amount of leaf extract. The solution needed 5 g of 
zinc nitrate added to it due to the high temperature. A yel-
low paste is added after the mixture has been cooked. The 
paste was gathered in a ceramic crucible and fired in a fur-
nace for 2 h to 400°C. After the procedure, fine white pow-
der may be gathered and used for a variety of things. Zinc 
oxide nanoparticles that have been chemically produced and 
then purified to a 99.9% purity are used to create nanoflu-
ids. The creation of these particles involves the use of cet-
yltrimethylammonium bromide (CTAB) as a surfactant. The 
steps below should be followed to create nanofluids: To get 
the best results, use an ultrasonic granulator for 30 min after 
diluting the solution with water. To achieve the required 
amplitude, the ultrasonic vibrator’s setting has been changed 
to 0.6 on the scale. This component causes vibrations in 
ZnO nanoparticles. The nanometer-sized particles can be 
seen quite clearly in the SEM picture shown in Figs. 2 and 3.

3.1. Chemical synthesis of zinc oxide nanoparticles

In the beginning, natural zinc acetate is used. Caustic 
soda at a concentration of 2 M was added to newly agitated 

zinc acetate after it had been well mixed with intelligence 
using 1 M zinc acetate. After that, the zinc acetate was mixed 
well. As a result of the decision to employ white slurry, a 
significant quantity of white precipitate suspension was 
produced and agitated for a period of 18 h. This contributed 
to a more even distribution of the precipitation. A muffle 
chamber was used to filter and cleanse the material before 
it was put through a calcination process at 400°C. When the 
temperature reaches 400°C, the particles begin to dissolve 
and turn into a black ash.

3.2. Biological synthesis of zinc oxide nanoparticles

In this method, nanoparticles are produced by using 
extracts from the leaves of the Hibiscus rosa-sinensis plant. 
These nanoparticles have a wide range of potential appli-
cations. In preparation for the experiment, a leaf extract of 
50 mL was heated in a stirrer for 15 min at a temperature 
of 70°C. In order to make the solution effective at high tem-
peratures, 5 g of zinc nitrate were added to it just before it 
was used. A yellowish paste is placed before to the cooking 
process. In order to do this, the paste needs to be heated for 
2 h at a temperature of 400°C in a furnace. A crucible made 
of ceramic that is used to accumulate paste. A white pow-
der is the result of the reaction. Following the processing, 
this powder may be used in a variety of contexts.

3.3. Chemical synthesis of silicon carbide nanoparticles

Silicon tetra chloride was used here as the foundational 
substance. The next move has already been deliberated 
about. When added 200 mL of cold water, the addition of 
distilled water caused the temperature to drop below zero. 
In order to draw a conclusion from the experiment, the 
cold beaker is brought up to the standard room tempera-
ture. A homogenous solution was achieved by stirring the 
contents of a beaker with a magnetic stirrer for a period of 
half an hour. Up until the nanoparticle extraction process is 
finished, the temperature of the bath will remain constant 
at 150°C. The operation will be carried for a second time 
when the bath has been cooled to 100°C.

3.4. Biological synthesis of silicon carbide nanoparticles

Moringa oleifera leaf extracts are used to make nanopar-
ticles. The leaves must be picked, cleaned, and sun-dried 
for 7 d before usage. The fragments were then crushed into 
powder. 10 g of powder and 100 mL of ethanol to form a 
drink and 1 h at 500°C. The mixture becomes ethanolic 
leaf extract when filtered using Whatman paper (ethanolic 
leaf extract). After heating to 50°C, 0.5 M silicon tetraiso-
propoxide was added.

The nanofluids are created by the use of a two-stage tech-
nique. The nanoparticle will be created initially, and then 
spread throughout the basic fluid. The goal of this strategy 
is to achieve this goal. If the current research is any indica-
tion, this process will result in the development of a stable 
and homogeneous nanofluid. In these studies, silicon and 
zinc dioxide were utilized, which resulted in particles with 
smaller diameters than silicon and zinc dioxide, namely 10, 
20 and 45 nm, respectively. To accomplish the desired results, 



V. Rajangam et al. / Desalination and Water Treatment 307 (2023) 232–250238

it is also possible to utilize distilled water to attain the max-
imum degree of purity. Table 2 summarizes the thermo-
physical properties that water and nanoparticles share.

The nanoparticle concentrations used in the studies were 
0.5%, 1%, 1.5%, and 2% of the total volume of the sample. 
Volume concentration was attempted by weighing nanopar-
ticles and adding them to a basic fluid composed of three 
distinct phases of water. This was done to get the intended 
outcome. Sonication was done for 30 min on each of the three 
phases of the procedure at each step of the method. To do 
this, an ultrasonic homogenizer, namely a UP 400S type, is 
used to homogenize the mixture. This equipment, with a 
power output of 400 W and a frequency of 24 kHz, is uti-
lized to attain the required level of uniformity. As a result 
of this action, the aggregation of nanoparticles in the base 
fluid is decreased, and the creation of a homogenous mix-
ture is achieved. Two nanofluids will be produced at the 
end of the operation. These nanofluids will be made up of 
SiC-alkaline water and ZnO-alkaline water. These nanoflu-
ids, which include a number of elements, each have one 
of four distinct volume concentrations of those elements. 
Scientists most often utilize nanoparticles of SiC and ZnO, 
both of which are zinc oxides, in the process of perform-
ing experimental research. A number of researchers have 
investigated the thermophysical properties of nanofluids 
composed of SiC-alkaline water and, as well as nanofluids 
composed of ZnO and alkaline water in recent years. These 
thermophysical qualities include heat transfer [35], thermal 
conductivity [36], and viscosity [37]. Nanofluid research is 
required because nanoscale fluids have the potential to be 
used in a wide variety of applications, including the control 
of welding equipment and the cooling of engine compo-
nents in vehicles. Because of this potential, it is critical that 
research on nanofluids be done. They can also cool high-heat 
flux devices, such as high-power microwave tubes and laser 
diode arrays, which can be used in high-power laser diode 
arrays, allowing them to function at lower temperatures. 
This would enable the gadgets to function better. As a result, 
high-power laser diode arrays may function at a greater  
efficiency.

3.5. Thermophysical properties of nanofluids

It is essential to determine the thermal conductiv-
ity of nanofluids right from the start in order to ensure 
that theoretical and experimental results are in agreement 
with one another [38]. The H-C model may be used to 
make predictions about the thermophysical properties of 

nanofluids. This approach is used rather often for calculat-
ing the thermal conductivity of fluids.
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For the purpose of computing the thermal conductivity 
of spherical particles, it is possible to make use of both the 
empirical form factor N and the sphericity of the particles. 
When determining whether or not anything has a spheri-
cal shape, it is essential to keep this in mind as one of the 
determining factors. The symbol for the thermal conduc-
tivity of nanoparticles is denoted by the letter knf, while the 
letter kp is used to denote the thermal conductivity of base 
fluids. Previous investigation on the thermal conductiv-
ity of nanofluids was carried out by Murshed et al. [32], 
but Bruggeman created the mathematical model that is 
described in the following sentence:
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To determine a material’s thermal conductivity, Yu and 
Choi [39] came up with the following new mathematical 
formula:
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where β is the ratio of the thickness of the nanolayer to 
the original particle radius. When calculating the thermal 
efficiency of a nanofluid, the value b = 0.1 is often used. In 
order to calculate the thermal conductivity of nanofluids, 
the concept of the effective medium, which was first pre-
sented by Timofeeva et al. [40], is used. The effective medium 
is defined as follows:

k ktnf � � ��� ��1 3  (5)

The thermal conductivity of a microfluid may be mea-
sured theoretically in a number of ways. The viscosity of 
nanofluids is an important consideration when it comes 
to their performance. It is the goal of this study to exam-
ine how well-known models may predict outcomes, and 
then compare those predictions to what really took place. 
To determine the viscosity of fluids that include sphere-
shaped nanoparticles, Batchelor [41] advises using a simple 
equation.

� �nf � � � � �� �1 2 5 6 2 2. . t  (6)

The Einstein equation for determining the viscosity 
of spherical particles of volume is proposed by Drew and 
Passman [42].

Table 2
Input and exit temperatures, flow rates, heat fluxes to the base, 
and laboratory air temperature

Nanofluid SiC – AW ZnO – AW

Inlet temperature (°C) 50 50
Outlet temperature (°C) 51.0–54.9 50.8–54.6
Volume flow rate (m3/s) × 10–6 8.34–27.4 8.21–33.9
Heat flux to the base (W/m2) × 106 0.145 0.145
Air temperature (°C) 22.0 22.0



239V. Rajangam et al. / Desalination and Water Treatment 307 (2023) 232–250

� �nf � � �� �1 2 5. t  (7)

A simplified mathematical representation of Einstein’s 
equation by Brinkman [43] is as follows:

� �nf �
��� �
1

1
2 5. t  (8)

Viscosity of nanofluids may be calculated using the 
model developed by Wang et al. [44].

� �nf � � � � �� �1 7 3 123 2. t  (9)

where Ø is the molecule volumetric fixation, µnf is the con-
sistency of the nanofluid and µt is the thickness of the 
therminol or the base liquid.

3.6. Surface tension and agglomeration in mechanical definition

The molecules change from a gas to a sturdier but still 
disorganised phase known as a liquid when intermolecu-
lar contact surpasses heat excitation. In a compressed state 
called liquid, particles are pulled to one another. Molecules 
constrained inside the circumference of a liquid benefit from 
collisions with all neighbouring molecules. Liquids conse-
quently alter their shape to occupy the shortest space possi-
ble. The outermost region of the substance’s volume is devoid 
of energy, starving its molecular constituents. A molecular 
arrangement on the surface of a liquid has around 1/2E less 
bonding energy than the material as a whole if the combined 
bonding energy per ingredient is E. The energy deficit per 
unit area is clearly indicated by surface tension, which may 
be characterised by the energy necessary to raise the size 
of the surface by one unit. Surface tension is defined as an 
attraction that is orthogonal to the plane of the surface and 
directed at the liquid. There are surface tension models that 
have been empirically tested and are based on experimen-
tal data in the literature. One of these mathematical mod-
els for water with a boiling point range of 273.6–647.3 K is 
presented by Argaftik et al. [45]. Zhu et al. [46] suggested 
an equation [10] based on experimental results showing 
a linear reduction in surface tension of SiC-alkaline water 
nanofluids in an ambient temperature range of 292–352 K.
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Brownian motion is employed by microscopic parti-
cles as they travel closer to the irregularities that surround 
them. The creation of an assembly occurs when particles 
are attracted to one another. The fundamental source of 
nanofluid destabilisation is gravity-induced settling of 
nanoparticles, which is exacerbated by agglomeration. The 
proportion of van der Waals forces present in nanoparticles 
is greater than that in microparticles. As particle distance 
increases, the van der Waals energies drop. Aggregation 
between particles reduces the overall functional thermal 
conductivity of tiny particles and can induce blockage. The 
most popular approach for producing stable nanofluids is 
ultrasonication of nanosuspensions [47]. Previous research 
[48] investigated the settling of floating particles at low and 
high suspended particle concentrations. The production of 
flocs affects the settling velocity at high nanoparticle con-
centrations, and larger agglomerates settle downwards 
more quickly. Camenen and van Bang [49] and Lester et al. 
[50] provided mathematical approaches for estimating the 
impeded settling function.

Coagulation and settling were quantitatively examined 
using the Brownian dynamics approach in a recent research 
by Lee et al. [51]. The influence of the size of the particle, 
focused attention, and the potential for zeta on stability was 
explored, and it was discovered that tiny and big particles 
settle differently. Previous research on the manufacture of 
nanofluids found that sonication breaks down agglomer-
ates in small suspensions and improves stability. However, 
several studies determined that excessive sonication had a 
deleterious influence on nanofluid dispersion behaviour.

By capitalizing on the inherent advantages of the chain 
droplet method, one can effectively conduct precise mea-
surements of liquid tension on the surface. The method 
employed in this study involved subjecting various sub-
stances such as polymers, the water crystals, and low-mo-
lecular-mass compounds to rigorous testing in order to 
ascertain their respective interfacial forces. Great care must 
be exercised in this experimental procedure, particularly in 
guaranteeing the immaculateness of the syringe thread tip. 

Fig. 4. Scanning electron microscopy SiC.

 

Fig. 5. Scanning electron microscopy ZnO.
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When subjected to the influence of contaminants such as fine 
particles and organic remains like grease, the energy at the 
tip of the surface experiences a diminishment. In the cur-
rent series of experiments, the ejection of nanofluids from 
the syringe at a moderately controlled velocity was under-
taken to mitigate the influence of resistance on the observed 
phenomena. In order to accurately quantify the influence of 
evaporation, we conducted our experimental observations 
promptly upon the attainment of the pendent droplet’s max-
imal volumetric capacity, which we have ascertained to be 
10 L for highly concentrated solutions. The pressure and 
surface tension measurements conducted by the FTA200 
system are derived from the fundamental principles encap-
sulated within the Young–Laplace equation [52].
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In the context of interfacial dynamics, Δp represents the 
pressure differential experienced across a given point on the 
interface. Meanwhile, R1 and R2 denote the respective radii 
of curvature at said point, as measured from the droplet’s 
profile. The change in momentum, denoted as Δp, can be 
conveniently determined by observing its relationship with 
the gravitational force and the disparity in density across 
the interface. In summary, the phenomenon of nanopar-
ticles adhering to a solid surface leads to a modification of 
said surface, resulting in the pinning of the contact line to 
the newly established adsorption sites on the solid surface. 
In accordance with the principles of molecular kinetics, the 
advancement of a liquid medium across a solid surface can 
be understood as a sequential phenomenon wherein liq-
uid molecules successively adhere to specific adsorption 
sites along the solid surface, following a predetermined 
direction. Therefore, the sole term that is subject to change 
in relation to the concentration of nanoparticles is the 
solid–liquid tension at the interface, as can be seen in Fig. 6.

3.7. Contact angle

The contact angle was quantified through visual anal-
ysis of captured images depicting sessile tiny particles of 
tiny liquids, which were employed in the present inves-
tigation. Sessile droplets were experimentally generated 
on borosilicate glass slides utilizing a casting technique. In 

the preliminary stage, the nanofluid was expelled from the 
syringe at an exceedingly modest velocity (e.g., 1 mL/s), 
and upon encountering the solid substrate, it promptly dis-
engaged from the needle tip. The experimental conditions 
ensured that the volume of the sessile in nature droplets 
remained constant at 6 L throughout the duration of the 
investigation. Henceforth, the immobile droplet manifests a 
spherical cap, wherein the radius of its corresponding sphere 
is found to be smaller than the capillary length denoted as 
CLg =. This observation suggests that the droplet is in a 
sessile state. The contact angle’s magnitude can undergo 
a significant reduction due to the process of evaporation 
occurring within the sessile droplet. This reduction is quan-
tified by comparing it to the authentic wetting contact angle. 
Figs. 7 and 8 illustrate the observed alteration in the state of 
equilibrium contact angle of nanofluids as a consequence 
of escalating nanoparticle concentration. Experimental evi-
dence has unequivocally established that the manipulation 
of nanoparticle concentration yields a discernible augmen-
tation in the state of equilibrium contact angle.

Figs. 7 and 8 exhibit the variation in surface tension of 
nanofluids with respect to the concentration of nanoparti-
cles. SiC/ZnO – alkaline water nanofluid surface tension 
and stability angle of contact as a function of nanoparti-
cle concentration shown in Tables 3 and 4. The observed 
phenomenon reveals a decrease in surface tension as the 

 

Fig. 6. SiC/ZnO-alkaline water nanofluids exhibit surface 
tension fluctuation with nanoparticle vol. proportion.

 

Fig. 7. SiC equilibrium contact angle fluctuation in alkaline 
water nanofluids with nanoparticle vol. proportion.

 

Fig. 8. ZnO equilibrium contact angle fluctuation in alkaline 
water nanofluids with nanoparticle vol. proportion.
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concentration increases, exhibiting a discernible discrepancy 
of 8.9 mN/m between the outermost tension of the solution 
with a lower concentration (0.5% vol.) and the show up ten-
sion of the solution with a higher concentration (2% vol.). 
Moreover, the surface tension of pristine alkaline water has 
been quantified at 72.8 mN/m, exhibiting an increment of 
9.6 mN/m when compared to nanofluids comprising a vol-
umetric concentration of 0.5%. Experimental evidence has 
unequivocally established a profound correlation between 
the cohesive energy and the surface tension of the substance 
under investigation. Upon the introduction of nano-scale 
particles into the underlying liquid medium, a discernible 
reduction in the cohesive energy is observed at the inter-
face between said liquid and the surrounding air phase. 
The observed phenomenon of surface tension reduction in 
nanofluids is hypothesized to be associated with the afore-
mentioned alteration. Indeed, it is worth noting that the 
phenomenon under consideration is intricately linked to the 
intricate Brown’s principle that nanoparticles undergo while 
being immersed within a fluid medium. The phenomenon 
of Brownian motion exhibits the remarkable capability to 
induce a reconfiguration of nanoparticles, presently posi-
tioned at the interface separating a liquid medium and the 
surrounding air, into a novel orientation characterized by a 
diminished aggregate free energy of said interface. Due to 
the observed phenomenon, it can be inferred that the surface 
tension will exhibit a notable reduction. Through meticulous 
investigations into the intricate realm of surface tension, it 
has been ascertained that a discernible inverse relationship 
exists between the concentration of nanoparticles and the 
phenomenon of surface tension. Due to the phenomenon of 
Brownian motion, nano-scale particles undergo a process 
wherein they attain the state of minimum interfacial energy. 
This reduction in energy can be attributed to the decrease 
in cohesive energy that takes place specifically at the inter-
face between the liquid and air phases. Furthermore, there 

exists a hypothesis suggesting that nanoparticles possess the 
potential to fulfil the function typically attributed to surfac-
tant molecules. The observed phenomenon can be attributed 
to the inherent property of nanoparticles to effectively 
diminish surface tension through their absorption at the liq-
uid–gas interface. The experimental observations pertaining 
to the equilibrium contact angle indicate a positive correla-
tion between the concentration of nanoparticles and the cor-
responding equilibrium contact angle of the nanofluids. The 
current hypothesis posits that although the disjoining pres-
sure and its associated excess film interaction energy both 
play a role in promoting spreading, the determination of the 
equilibrium shape and contact angle of nanofluid droplets 
on a solid surface is governed by two separate mechanisms. 
When particles undergo agglomeration processes in highly 
concentrated solutions, it is hypothesized that one of the 
contributing factors is a decrease in the extent of enhanced 
wetting. This observation can be attributed to the reduced 
particle density within the wedge film. The adsorption phe-
nomenon pertaining to nanoparticles onto the solid surface 
manifests as the secondary mechanism, thereby inducing 
alterations in the solid–liquid interface, alongside the immo-
bilization of the contact line. Both of these mechanisms are 
observed to exhibit a positive correlation with the state of 
equilibrium angle of contact for nanofluids characterized by 
higher concentrations.

4. Experimental data calculation

The results of the experiment may be used in the pro-
cess of calculating several physical variables, including the 
base external heat sink, the average convective heat trans-
fer rate (hav), thermal characteristics, the Nusselt number, 
and pumping power (PP). It is essential to understand that 
the value of hi indicates the local convective heat transfer 
coefficient and that this value changes based on where the 
four thermocouples are located [53,54].
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The integral method may be used to the calculation 
of a local heat transfer rate, as indicated in the following 
equation, which allows one to determine the average heat 
transfer rate, denoted by havg.
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q” is the heat flow, and it is used in the calculation of 
the convective heat transfer rate.

q q
WL

n =  (14)

The temperature of the bottom surface of the heat sink 
is what is utilized to calculate q, and the equation that 
may be used to calculate it is as follows:

Table 3
Variation in SLγ with respect to SiC-alkaline water nano-
particles concentration

Nanoparticle 
concentration

Surface tension 
(mN/m)

Contact 
angle

γSV–γSL = γLVcosθ

0.25 62.2 43.5 45.2
0.5 61.1 44.3 43.5
1.25 60.2 45.8 42.7
2 55.3 50.7 40.6

Table 4
Variation in SLγ with respect to ZnO-alkaline water nano-
particles concentration

Nanoparticle 
concentration

Surface tension 
(mN/m)

Contact 
angle

γSV–γSL = γLVcosθ

0.25 61.3 43.1 44.8
0.5 60.9 44.2 43.9
1.25 59.8 45.2 43.1
2 54.3 51.8 42.9
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The heat sink’s thermal resistance is an essential metric 
to consider when assessing its thermal performance.
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where Tc,in is the coolant intake temperature, while Tw,max 
is the heat sink bottom wall temperature. The Nusselt 
number compares convection and conduction heat transfer.
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Pumping fluid via channels necessitates the measure-
ment of pressure drop across the channel (P) and volume 
flow rate (Q), which are used to estimate pumping power.

P.P out in� � �� �Q P P  (18)

The hydraulic channel diameter multiplied by the 
Reynolds number yields the following Reynolds number:
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�
�
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 (19)

where Dhyd is the hydraulic diameter.

5. Uncertainty analysis

Due to the fact that detecting physical quantities like 
temperature, pressure differential, and volume flow rate 
always implies some degree of uncertainty in the measure-
ment instruments that are used, it is essential to calculate 
measurement uncertainties. This is a direct result of the 
fact that calculating measurement uncertainties is a direct 
result of the fact that calculating measurement uncertainties 
is a direct result of the fact that calculating measurement 
uncertainties. The degree of precision with which physical 
quantities are measured is the primary contributor to the 
level of uncertainty found in the reported results. We have 
determined that the quantity of thermal conductivity that 
the nanofluid has is 2%, and we have established all of the 
other thermophysical characteristics to be 1% [47,48]. This 
was done in order to explain for the lack of experimental 
data in this specific location. Table 5 presents the degrees 
of uncertainty that were analyzed. The inherent degree 
of uncertainty that is associated with the outcomes of the 

experiment may be determined by applying the following 
equations to the information that is shown in Table 3.

6. Discussion of findings

6.1. Effect of the Reynolds number and the volume concentration 
of nanofluids on the temperature of the heat sink’s bottom surface

The temperature of the bottom surface of the heat sink, as 
well as the temperature of the chip itself, should be kept as 
low as possible throughout the process of cooling electronic 
chips in order to fulfill the primary purpose of this proce-
dure, which is to create temperature uniformity through-
out the system. This will allow the procedure to fulfill its 
fundamental purpose, which is to create temperature uni-
formity throughout the system. The life expectancy of elec-
tronic components may be significantly increased by taking 
precautions to limit the range of temperatures that they are 
exposed to. The fluctuation in bottom surface temperature of 
the heat sink vs. Reynolds number is shown in Fig. 9a and 
b for different volume concentrations of bio-synthesized 
SiC-alkaline water and ZnO-alkaline water. It is abundantly 
obvious that the use of nanofluids has a considerable influ-
ence on temperature change reduction, particularly in the 
higher Reynolds number range. This is notably the case in 
situations when the Reynolds number range is larger. The 
use of bio-synthesized SiC-alkaline water and ZnO-alkaline 
water reduces temperature variations by about 1.90°C and 
1.60°C, respectively, under conditions in which the volume 
concentration is 2% and the Reynolds number is 1,060 or 
1,092, respectively. Temperature shifts, on the other hand, 
are brought about by the use of alkaline water. As can be 
shown, elevating the total number of nanoparticles pres-
ent in the fluid results in a significant acceleration of the 
pace at which heat is transferred. When nanofluids are uti-
lized, this is the essential component that brings about a 
decrease in the temperature variance that occurs inside the  
heat sink.

6.2. Convection heat transfer coefficient of nanofluids

The average heat transfer coefficient of bio-synthesized 
SiC-alkaline water and ZnO-alkaline water with particles 
of 20 and 10 nm is shown in Fig. 10a and b, respectively, in 
relation to the Reynolds number over a range of volume con-
centrations. The formation of these nanofluids was accom-
plished by mixing SiC-alkaline water and ZnO-alkaline 
water. As can be seen in Fig. 7, raising either the volume con-
centration of nanoparticles or the Reynolds number leads 
to an increase in the average heat transfer coefficient. The 
fact that the values of the average heat transfer coefficient 
for nanofluids are greater than those of pure water should 
not come as much of a surprise given that these discrepan-
cies are anticipated to be the case. These findings are fairly 
reasonable. Many different processes, all of which have been 
recognized as potential contributors to this phenomena, 
may be responsible for the acceleration in the rate of heat 
transfer that occurs in nanofluids. This phenomenon has 
been seen in a number of different contexts. Enhancement 
of heat conductivity is one of these processes; others include 
Brownian motion, thermophoresis, and diffusion phoresies. 
When compared to deionized water, SiC-alkaline water and 

Table 5
Uncertainty of measuring quantities

Properties AW SiC ZnO

DP (nm) – 20 20
Density (kg/m3) 990 3,500 3,740
Cp (J/kg·K) 410.8 980 810
K (W/m·K) 0.6851 45.35 9.4
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ZnO-alkaline water show a maximum increase in the con-
vective heat transfer coefficient of approximately 18% and 
16%, respectively, for a volume percentage of 2%. This is in 
comparison to the fact that deionized water does not contain 
any dissolved solids. The absence of ions in deionized water 
stands in stark contrast to this reality. There is a connection 
between these two types of nanofluids due to the fact that 
both of them include nanoparticles that are suspended in 
alkaline water. Fig. 7 demonstrates that when the Reynolds 
number is increased from 312 to 753, and from 249 to 573, 
respectively, the slopes of the heat transfer coefficient for 
SiC-alkaline water and ZnO-alkaline water significantly  
increase.

As a function of the Reynolds number, the average con-
vective heat transfer coefficient for SiC-alkaline water and 
ZnO-alkaline water is illustrated in Fig. 11. It has been shown 
that the coefficient of convective heat transfer between 

SiC and alkaline water is 2% higher than that between 
ZnO and alkaline water. It’s possible that the higher heat 
conductivity of SiC-alkaline water is to blame for this 
disparity, and it’s a strong possibility.

6.3. Reynolds number and nanofluid concentration impact 
Nusselt number

Because the heat transfer coefficient is a function of 
both the properties of the fluid and the features of the flow, 
increasing the convective heat transfer coefficient may be 
accomplished by switching from boundary layer flow to tur-
bulent flow while maintaining the same fluid parameters. 
The fluctuation of the average Nusselt number against the 
Reynold number is shown in Fig. 12a and b, respectively, for 
different volume concentrations of SiC-alkaline water and 
ZnO-alkaline water. According to the data shown in Fig. 11, 

     (a)                                                                            (b) ( ) (b)

Fig. 9. Influence of Reynolds number and volume concentration of nanofluids on the temperature of the bottom of the heat sink: 
(a) SiC-alkaline water and (b) ZnO-alkaline water nanofluids.

    
(a)                                                                                  (b) 

Fig. 10. Effect of nanofluid volumetric concentration and Reynolds number on the convective heat transfer coefficient of the heat 
sink: (a) SiC-alkaline water and (b) ZnO-alkaline water nanofluids.
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a volume concentration of 2% results in an increase of 12.5% 
points in the Nusselt number for SiC-alkaline water and 
11.6% for ZnO-alkaline water. As can be shown in Fig. 11, 
the Nusselt quantity for SiC-alkaline water is 0.9% higher 
than the Nusselt number for ZnO-alkaline water. Because 
pins are present, the channel of the heat sink transitions 
from having a laminar flow regime to having a turbulent 
flow regime. This results in an increase in the convective effi-
ciency of the liquid that is being cooled. As a direct result 
of the rise in the Nusselt number that was brought about 
by the use of nanofluids, traditional coolants have been 
phased out and replaced with nanofluids.

The previously described correlation was discovered by 
performing a curve fitting operation on all of the experimen-
tal data involving SiC-alkaline water and ZnO-alkaline water. 
The results of this operation revealed the existence of the 
correlation. The purpose of doing this was to investigate the 
connection that exists between the two nanofluids. Fig. 13a 
and b show, respectively, the variation of the experimen-
tal Nusselt number compared with the expected value and 
the volatility of the predicted Nusselt number as shown by 

correlations. The findings demonstrate that the data obtained 
via experimentation and the data that were anticipated by 
the postulated correlations are, to a significant extent, con-
gruent with one another. The fact that both groups of data 
are in agreement with one another is evidence that this is the 
case. The amount of inaccuracy that was discovered to be the 
most significant in the data that was anticipated is roughly 
in the region of 64%. With the help of these equations, it 
is possible to make a prediction about the Nusselt num-
ber of nanofluids with volume concentrations in the range 
of 0.25%–2.0% and Reynolds numbers in the range of 298–
1,090. This range of volume concentrations and Reynolds 
numbers is necessary for the prediction to be accurate.

6.4. Thermal resistance

Fig. 14 illustrates the amount of heat resistance shown 
by SiC-alkaline water and ZnO-alkaline water with volume 
concentrations that range from 205 to 1,200. The Reynolds 
number may take on a variety of different values, with the 
range going all the way from 205 to 1,200. This figure demon-
strates that the thermal resistance decreases as the Reynolds 
number increases, and it also demonstrates that increasing 
the volume concentration leads in a decrease in convective 
thermal resistance when compared to pure distilled water. 
Both of these findings can be seen by examining the rela-
tionship between the Reynolds number and the thermal 
resistance. When these two statistics are compared to one 
another, both of these findings become readily apparent.

The primary logic for this change is that increasing the 
volume concentration results in a reduction in the convec-
tive heat resistance of the material. This shift is caused by 
an increase in the convective heat transfer coefficient of the 
nanofluid, in addition to an increase in thermal dispersion.

According to the results of this research, the convective 
thermal resistance of SiC-alkaline water and ZnO-alkaline 
water was lower when compared to the convective thermal 
resistance of pure distilled water when the volume concen-
tration and Reynolds number were increased to their max-
imum values. This drop was 10% and 14%, respectively, 
lower than the convective thermal resistance of distilled 

 
Fig. 11. Average convective heat transfer coefficient vs. Reynolds 
number for convective heat transfer (a) SiC-alkaline water and 
(b) ZnO-alkaline water nanofluids.

 
 

(a)                                                                                    (b)

Fig. 12. Effect of nanofluid concentration and Reynolds number on the Nusselt number: (a) SiC-alkaline water and (b) ZnO-alkaline 
water nanofluids.
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water that was completely untouched. Both SiC-alkaline 
water and ZnO-alkaline water were dissolved in water for 
the purpose of making a comparison between the two dif-
ferent types of material. Increasing the Reynolds number is 
necessary in order to achieve the desired effect of enhanc-
ing the Brownian motion of nanoparticles. Because of this, a 
larger degree of heat transfer is experienced by the nanofluid 
as a direct result of what has just been said. Because of the 
modifications to the heat transfer, the base temperature of 
the heat sink drops, and the convective thermal resistance 
of the heat sink also decreases as a result of these modifica-
tions. According to a study that examined the thermal resis-
tances of the two materials, the thermal resistance of SiC-
alkaline water is less than 3% lower than the thermal resis-
tance of ZnO-alkaline water. The research was conducted 

to compare the thermal resistances of the two materials. 
There is a difference of less than 3% between the thermal 
resistance of SiC-alkaline water and the thermal resistance 
of ZnO-alkaline water.

6.5. Pumping power

There is a decrease in tension at the heat sink, which is 
due to the infusion of fluid from the peripheral edge of the 
heat drain into the passageway that passes through the heat 
sink. This is due to the channel flowing through the heat 
sink. This is as a result of the fact that the channel is located 
inside the heat sink itself. In order to bring the temperature 
of the heat sink down, this step is taken. As a direct conse-
quence of this, an increased amount of pumping effort is 

                   
(a)                                                                            (b ) 

Fig. 13. Experimental Nusselt number vs. theoretical value of the Nusselt statistic for: (a) SiC-alkaline water and (b) ZnO-alkaline 
water nanofluids.

 
 

(a)                                                                            (b)

Fig. 14. Impact of nanofluid Reynolds number and volumetric concentration on thermal resistance: (a) SiC-alkaline water and 
(b) ZnO-alkaline water nanofluids.
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necessary in order to make up for the decrease in pressure. 
The sentence that came before this one has a direct impact 
on this one. Fig. 12a and b show how the necessary pump-
ing power varies as a function of the Reynolds number for 
various volume concentrations of SiC-alkaline water and 
ZnO-alkaline water nanofluids, respectively. Both of these 
nanofluids are classified as nanofluids in their own right. 
Both Fig. 12a and b make it abundantly evident that there 
is a correlation between a rise in pumping power and a 
subsequent rise in the Reynolds number.

The link between an increase in volume percent and a 
rise in the Reynolds number, which leads to an increase in 
pumping power, is seen in Fig. 15. Because the incorpora-
tion of nanoparticles into a water-based fluid results in an 
increase in that fluid’s density, nanofluids possess more 
pumping power than water that has been distilled until it 
has reached its purest form. This rise in density is brought 
about by the nanoparticles. The ability of nanofluid to 
pump is far superior than that of water that has been dis-
tilled until it reaches its cleanest possible form. The cre-
ation of a nanolayer cluster around the nanoparticle and the 
improved nanofluid viscosity generated by surface absorp-
tion are two additional aspects that contribute to the increase 
in pumping power. Both of these processes are caused by 
surface absorption. Both of these effects may be attributed, 
at least in part, to the absorption that takes place near the 
surface. When compared to the amount of pumping power 
necessary for pure distilled water, the outcomes of the 
research demonstrate that the amount of pumping power 
required for SiC-alkaline water and ZnO-alkaline water is 
raised by 35% and 45%, respectively. If you use a nanofluid 
rather than alkaline water in its purest form, you could see 
improved thermal performance. This might be enough to 
make up for the additional pumping power that would be 
required if you didn’t use the nanofluid.

Fig. 16 depicts the connection that exists between the 
pumping power of SiC-alkaline water nanofluids and 

the Reynolds numbers of ZnO-alkaline water nanofluids. 
Both nanofluids are made up of SiC and alkaline water. 
If the volume concentration remains the same during the 
experiment, both SiC and ZnO nanofluids will experience 
an increase in pumping power in response to a rise in the 
fluid’s Reynolds number. This is true even if the experi-
ment is conducted for an extended period of time. Even if 
there is just a 2% concentration in the volume, this is still 
the case. When the Reynolds number is maintained con-
stant, the Eckert equation and the Darcy relative roughness 
demonstrates that the pumping force correlates to viscous 
and frequency squared, and inversely linked to the den-
sity of the fluid. This occurs when the equation and the 
friction factor are applied to laminar flow. This is the case 
even when the density of the fluid is maintained at the same 
level. This relationship continues to exist despite the fact 
that the Reynolds number that is being used is the same as 

  (a)                                                                                 (b) 

Fig. 15. Effect of pumping power on pumping rate as a function of the Reynolds number and the volumetric concentration of 
nanofluids: (a) SiC-alkaline water and (b) ZnO-alkaline water nanofluids.

 

Fig. 16. Correlation between pumping power and Reynolds 
number for (a) SiC-alkaline water and (b) ZnO-alkaline water 
nanofluids.
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before. Because this is still the case, it makes no difference 
whether the Reynolds number that is used is the same or 
not. Neither option affects the outcome. When compared 
head to head, the SiC-alkaline water nanofluid has a viscos-
ity that is much greater than that of the ZnO-alkaline water 
nanofluid. Due to the fact that this is the case, the amount 
of pumping power that is necessary for the ZnO-alkaline 
water nanofluid is much less than the amount of pumping 
power that is necessary for the SiC-alkaline water nano-
fluid. Because a decrease in the temperature of the working 
fluid causes a decrease in the viscosity of the working fluid, 
and the viscosity of the working fluid increases exponen-
tially when the temperature decreases, it is obvious that an 
increase in the Reynolds number induces a drop in the tem-
perature of the working fluid. This is due to the fact that the 
permeability of the fluid of operation grows exponentially 
as temperatures drop. When the Reynolds number of the 
nanofluids is increased, it becomes more apparent that there 
is a significant difference in the pumping power of SiC-
alkaline water nanofluids and ZnO-alkaline water nano-
fluids. This is the case because SiC-alkaline water nano-
fluids are composed of silicon carbide and alkaline water.

6.6. Comparative performance

To contrast and compare the present experimental study 
with Selvakumar and Suresh’s [55] earlier research shown 
in Table 6, because the geometrical characteristics of the 
heat sinks varied while the trials were being conducted, the 
research findings were inconsistent. This study was different 
from the previous one in that it featured a faster flow rate, 
a narrower channel, and more apertures. When compared 
to the present research, a prior one may have had a lower 
heat transfer coefficient because of a greater heat flow, a 
higher nanofluid volume concentration, and a higher heat 
sink base plate reducing temperature. Any one of these fac-
tors might be to blame for the decline. In this examination, 
a much higher heat transfer coefficient was found than in 
the prior study. The pressure steadily decreased during the 
research, consistently falling below what was anticipated. By 
evaluating the rise in the proportion of nanofluids to total 

volume, this phenomenon may be explained. According 
to the research, heat transfer coefficients often climb along 
with rising Reynolds numbers. The nanofluids used, their 
volume concentrations, their geometrical dimensions, and 
their flow properties are only a few of the many factors 
that might be to blame for the differences in results.

7. Conclusion

The thermodynamic and hydraulic efficacy of a PPFHS 
with slots that are rectangular and elliptic inserts was inves-
tigated experimentally. Using base fluids with Reynolds 
numbers ranging from 300 to 1,100, the heat transmission 
properties of the two nanofluids were investigated. They 
were created using nanofluids at 0.25%, 0.5%, 1.25%, and 
2% concentrations. When there is turbulence, the average 
heat transfer coefficient increases. The inclusion of nanoflu-
ids improved the thermal performance of pin-fin heat sinks 
by minimizing variations in wall temperature and increas-
ing cooling efficiency through an improved heat trans-
fer coefficient. The results of the experiment might lead to 
the following conclusion:

• The adoption of SiC-alkaline water and ZnO-alkaline 
water nanofluids resulted in temperature drops of 
1.08°C and 1.04°C at the heat sink’s bottom, respectively.

• When compared to alkaline water, the convective heat 
transfer coefficient of nanofluids containing 2% volume 
concentrations of SiC-alkaline water and ZnO-alkaline 
water rose by 16% and 14%, respectively, over that of 
alkaline water. It is possible to get a higher Nusselt 
number by simultaneously raising the volume concen-
tration and the Reynolds number.

• Pumping powers of 1.65 × 10–3 w and 1.77 × 10–3 w were 
found for ZnO-alkaline water and SiC-alkaline water 
nanofluids, respectively.

• It has been claimed that pumping power may be 
enhanced by 30% and 45%, respectively, with the use of 
solutions containing ZnO-alkaline water and SiC-alkaline 
water at a volume concentration of 2%. When compared 
to alkaline water, functioning nanofluids tend to have 

Table 6
Thermal performance comparisons of the current experimental research

Parameters Present study Present study Selvakumar and Suresh [55]

Nanofluid SiC – AW ZnO – AW CuO-H2O
Volume fraction 0.5%–2.0% 0.5%–2.0% 0.1–0.2
Heat sink dimension (mm) 42 42 14 42 42 14 55 55 19
Width of the channel (mm) 6.0 6.0 0.3
Height of the channel (mm) 10.0 10.0 2
Length of the channel (mm) 42.0 42.0 28
Number of the channel 5 5 49
Flow rate (min–1) 0.37–1.5 0.37–1.9 0.79–2.45
Heat input (W) 220.5 220.5 102
Heat transfer coefficient variation 1,463–2,105 for ϕ = 0.5% 1,436–2,159 for ϕ = 0.5% 1,500–1,920 for ϕ = 0.2%
Maximum base temperature reduction (°C) 1.8 1.4 1.15
Pumping power increment 15.0% 30% 15.11%
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greater densities and viscosities, which may be respon-
sible for the improvement in performance.

• The tangential heat sink’s heat transfer coefficient 
is 131% higher than the traditional heat sink’s heat 
transfer coefficient at a Reynolds number of 1,100.

• If you use SiC-alkaline water or ZnO-alkaline water on 
the bottom of the heat sink rather than pure distilled 
water, you can bring the average temperature down 
by 2.28°C and 1.68°C, respectively. In addition to this, 
thermal uniformity is provided at the base of the heat 
sink by nanofluids.

• At a Reynolds number of 1,100, the thermal resistance 
of nanofluids composed of SiC and alkaline water and 
ZnO and alkaline water with a volume concentration of 
2% is reduced by 17% and 14%, respectively.

• It has been claimed that using SiC-alkaline water and 
ZnO-alkaline water with a volume concentration of 2% 
may boost consumption pumping power by 30% and 
45%, respectively. Both of these solutions are alkaline 
with a volume concentration. The density and viscosity 
of working nanofluids increase when compared to water 
that has been distilled to its purest form, which results 
in an improvement in both performance and efficiency.

Finally, taking into consideration the obtained exper-
imental findings, it is recommended that the jet impinging 
approach be used in conjunction with SiC-alkaline water 
and ZnO-alkaline water nanofluids in the heat sink sug-
gested for pure distilled water for cooling of electronic 
parts with high heat flux.
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Symbols

A — Area, m2

Cp — Heat capacity, J/kg·K
dp — Particle diameter, m
Dhyd — Hydraulic diameter, m
f — Function
h — Heat transfer coefficient, W/m2·K
H — Height, m
Hch — Height of channel, m
k — Thermal conductivity, W/m·K
L — Length, m
n — Shape factor
N — Number of pins
Nch — Number of channels
Nu — Nusselt number
P — Perimeter, m
P:P — Pumping power, W
DP — Differential pressure, Pa
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