
PHYSICAL SCIENCES | PHYSICS, ENGINEERING

10 JUNE 2024 • VOLUME 66 NUMBER 2

1. Introduction
Enhancing heat transport is pivotal in heat transfer 

engineering, with a pressing need to boost the efficiency of 
thermal devices in various technical fields [1]. Strategies 
such as increasing the heat transfer area and coefficient 
have been explored extensively [2]. However, technological 
advancements in heat transmission have reached their limits. 
Recent research has shown that incorporating nano-sized 
nanoparticles into liquids can significantly increase the heat 
transfer coefficient compared to conventional liquids [3]. 
This led to the development of “nanofluid”, where particles 
sized 1 to 100 nm are suspended, markedly improving heat 
transfer [4]. Subsequent studies have focused on the heat 
transfer coefficients of various nanofluids.

A. Kumar, et al. (2020) [5] noted an 18% improvement 
in heat transfer with a 4% volume concentration of copper 
and copper oxide nanoparticles. A. Banisharif, et al. (2020) 
[6] found that thermal conductivity of nanofluids increases 
exponentially with nanoparticle volume concentration. 
Viscosity, critical for evaluating a material’s heating capacity, 
influences the pressure drop and thus the transport power, 
making its reduction crucial to increasing heat transmission 

[7]. According to experimental research conducted in [8], 
the viscosity of an Al2O3-DI water nanofluid substantially 
increases. At a concentration of 5% volume, the viscosity of 
an Al2O3-DI water nanofluid rises significantly, with a 79% 
increase at a 5% volume concentration [9].

Another vital aspect of nanofluids is their density, which 
affects the fluid pressure drop along with viscosity. The 
nanofluid density does not depend on characteristics such 
as nanoparticle size, shape, and additives; instead, density 
primarily depends on the nanoparticle material [10]. The 
viscosity of nanofluid is shown to rise with increasing 
nanoparticle concentration since solids have a more 
significant density than liquids [11]. There is a pressing 
need for more literature on the topic of nanofluid density.

The specific heat (Cp) of nanofluids is another essential 
property that determines the nanofluid’s thermal ability to 
conserve energy. Nanofluid Cp is determined by several 
distinct criteria, including the type, volume concentration 
of particles, and the base fluids, evaluated at various 
temperatures [12]. R.S. Vajjha, et al. (2010) [13] were the 
first to show that particle volume concentration increases 
in nanofluids containing aluminium oxide/titanium oxide/
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water while the Cp of the nanofluids decreases. J.R. Satti, 
et al. (2016) [14] researched the specific heat of nanofluids 
containing aluminium, silicon, and zinc oxide nanoparticles. 
They also found that the specific heat drops with increasing 
nanoparticle concentration but rises with nanofluid 
temperature.

Experiments with alumina-water nanofluids at varying 
nanoparticle concentrations were previously published 
[15], which determined particle concentration improved 
the heat transfer coefficient of the heat transfer of H2O and 
0.4 vol.%. TiO2 nanoparticles in a parallel flow exchanger 
under uniform flow conditions [16]. The mass flow rate of 
the nanofluid and water, as well as the temperature of the 
nanofluid, were shown to affect the heat transfer coefficient 
significantly. Nanofluids were shown to have a 16% greater 
heat transfer coefficient than the primary liquid.

The heat transfer coefficient of aluminium oxide-water 
nanofluids was studied in a flow with a horizontal heated 
tube [17]. When combined with water, the aluminium oxide-
water nanofluid at 6 vol.% boosted heat transfer at entry and 
in fully formed regions by 13 and 24%, respectively. Heat 
transfer properties of TiO2/Al2O3-water nanofluids were 
studied in [18, 19] in a heat exchanger with turbulent flow. 
They found that a 0.5% volume concentration of Al2O3/
water nanofluids resulted in a maximum improvement of the 
total heat transfer coefficient by roughly 27%. At a particle 
volume concentration of 0.4%, TiO2/water nanofluids 
showed the most significant improvement. 

S. Jena, et al. (2020) [20] looked at the metal oxide 
nanoparticles in oil using scientific methods to improve 
heat transfer. The results showed that as the nanoparticle 
volume concentration increases, so does the temperature 
of the fluid. P.K. Pattnaik, et al. (2021) [21] studied how 
a micropolar liquid that conducts electricity moves freely 
over a surface that is being stretched. It shows and discusses 
how characterising factors affect the flow phenomenon. No 
matter how much the slip number increases, the data shows 
an apparent slowing down in the velocity curves due to more 
drag. S.K. Parida, et al. (2021) [22] investigated the effect 
of dust particles on nanofluid flow due to the interaction of 
thermal radiation parameters. The authors discovered that 
the nanoparticle’s volume percentage and radiative energy 
favour increasing rates of energy transfer near the sheet’s 
surface.

P.K. Pattnaik, et al. (2022a) [23] examined the 2D flow of 
water-based nanofluids and used a fluid with pores to show 
how a longitudinal magnetic field works. The nanofluid is 
made by mixing copper and aluminium oxide nanoparticles 
with carbon nanotubes in water, the base fluid. The findings 

showed that as the particle concentration goes up, the shear 
rate coefficient does as well, while the heat transfer rate 
decreases. P. Mathur, et al. (2021) [24] studied second-
order velocity slip by moving a nanofluid past a stretched 
surface. The work describes how several factors that define 
the flow behave in different situations. The results show that 
the fluid’s velocity slows as the material value increases. 
P.K. Pattnaik, et al. (2022b) [25] studies how floating forces 
affect the flow of a conducting nanofluid via hollow walls 
that change over time. It also looks at the heat absorption 
factors that affect the nanofluid model. The results show 
that adding volume fractions makes them move faster near 
the channel’s inner layer and slower near its porous walls.

For their study, P.C. Pattanaik, et al. (2022) [26] examined 
the Newtonian flow properties of the nanofluid using a 
parallel path because of thermal stability. As the particle 
volume concentration goes up, the fluid motion slows down. 
However, the slowing down of the water-based nanofluid is 
greater than that of the oil-based nanofluid. B. Mohanty, et 
al. (2021) [27] put an electrically conductive nanofluid in a 
curved tube and let it connect to radiated heat energy and 
a heat sink. The lower alpha potentials show Joule heating 
also affects the flow processes. The results showed that the 
Newtonian fluid significantly affects the fluid properties, 
even if the parameter is visible. S.R. Mishra, et al. (2019) 
[28] investigated how heat transfer affects a hybrid fluid’s 
flow along an endless flat surface with radiation. The regular 
electromagnetic field was put in place along the primary 
flow direction. The results show that the velocity profile got 
faster when adding the parameter, but the border layer got 
thinner when the inertia effects were added.

S. Baag, et al. (2018) [29] investigated how heat moves 
through a thermal boundary layer that flows over a stretched 
sheet in a steady heat source. The work showed that the force 
slows down the velocity profile everywhere in the velocity 
boundary layer. B. Nayak, et al. (2019) [30] studied the flow 
over a porous rectangular surface with chemical processes 
rather than heat transmission. The results show that as the 
number of heavy species increases the reaction time, the 
quantity of liquid in its boundary region decreases. O.D. 
Makinde, et al. (2017) [31] examined the gravity forces and 
changing viscosity affected the mixed flow of a conducting 
fluid over a porous plate that was heated by convection. It 
has been found that when an electromagnetic field is present, 
skin friction decreases, the Reynolds number increases, and 
the fluid’s viscosity decreases.

K.S. Nisar, et al. (2021) [32] investigated the nanofluid 
flow over an expanded surface that was open, turbulent, 
and could not be compressed. A steady source of heat and 
chemical process also improves the heat transfer qualities 
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of a nanofluid. The results show that raising the fluid 
concentration lowers the temperature of the fluid when the 
Nusselt number is high. S. Mishra, et al. (2022) [33] studied 
the nanofluids using a solid-state reaction process at high 
rates and pure start ingredients such as tungsten trioxide. 
The results reveal that the primary crystal structure size is 
38 mm, and strains are 0.11%. In their study, S. Mishra, 
et al. (2021) [34] investigated the radiant flow of a bipolar 
nanofluid over a flexible film. They looked at the effects of 
heat flux. The findings show that increasing the radiation 
and heat production factors improves the temperature 
distribution. 

Automobiles require several vital components, including 
radiators. The engines are cooled by a heat exchanger system, 
which is one such system. Like other thermal devices, 
the engine presents a significant challenge in thermal 
management. It improves engine efficiency by increasing 
the heat transfer capacity of the radish radiators. In the 
radiator of an automobile, water has often been used instead 
of other coolants. The performance of automobile radiators 
can be improved with the recent commercial introduction 
of 50:50 mixes of ethylene glycol and water [35]. Using 
nanofluid may enhance the heat transfer efficiency of heat 
exchangers. However, thermal conductivity, viscosity, and 
density must first be investigated since the efficiency of the 
automobile radiator is reliant on these parameters before the 
heat transfer efficiency can be studied. Only a little amount 
of research has been done on the viscosity of a nanofluid 
based on radiator coolant.  

The current study examines the heat transfer coefficient, 
thermal conductivity, and viscosity of nanofluids based on 
a radiator coolant containing aluminium oxide nanofluids 
at temperatures varying from 0 to 60˚C. Filling the 
gaps in understanding the fundamental thermophysical 
characteristics of nanofluids based on radiator coolants is 
the goal of this study.

2. Preparation of nanofluids
Two-step method for preparation of nanofluids is 

presented in Fig. 1. 

Fig. 1. Two-step method for preparation of nanofluids.

Aluminium oxide nanoparticles were purchased from 
Sigma-Aldrich Chemicals Ltd. and combined with coolant 
at a volumetric concentration of 0 to 1% vol.% with a 
particle size of 20 nm according to the following formula:
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where m denotes the mass and ρ denotes the concentration 
of the nanoparticles and coolant; n denotes nano, f denotes 
fluid. Thus, 100 g of the base fluid was used to make the 
nanofluid samples, and then the predicted amount of Al2O3 
was added to the liquid itself. To attain uniform dispersion 
in the base fluid, the nanoparticle solution was maintained 
in a sonicator, a mechanical stirrer, and stirred continuously 
for around 6 hours. The nanoparticles were dissolved in 
the base fluid, and the surfactant was added to create the 
nanofluids. According to the formulae for the solid-fluid 
mixtures, the properties of the nanofluids were assessed. 
The thermophysical characteristics of Al2O3, the base fluid 
(DI water), and air at 30˚C are listed in Table 1.     

Table 1. Properties of the nanofluids.

Fluid Density 
(Kg/m3)

Viscosity 
(Pas)

Specific heat 
(kJ/kg K)

Thermal conductivity 
(W/mK)

Al2O3 
nanoparticles 3970 22 765 36

DI water 997 10-3 4184 0.6

The density [36], viscosity [37], and thermal conductivity 
[38] were calculated using the following equations:
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2.1. SEM analysis

Scanning electron microscope imaging was used to 
examine the surface structure of the Al2O3 nanoparticles. 
Images of pure Al2O3 nanoparticles are shown as samples 
in Fig. 2. As seen in the figure, Al2O3 nanoparticles are very 
twisted tubes with a 20 nm diameter.



PHYSICAL SCIENCES | PHYSICS, ENGINEERING

13JUNE 2024 • VOLUME 66 NUMBER 2

Fig. 2. SEM image of the Al2O3 nanoparticles. 

2.2. X-Ray diffraction analysis

Fig. 3. XRD of the Al2O3 nanoparticles.

The size and structure of Al2O3 nanofluids are 
characterised using X-ray diffraction analysis (Fig. 3). 
Six peaks at 30˚C are seen in the XRD pattern shown in 
Fig. 3, identical to the (210), (120), (202), (311), (220), 
and (104) orientations. The optimal alteration of Al2O3 
nanoparticles is demonstrated by a shift in the location 
of the distinctive peak in the pattern produced by XRD. 
Further evidence that Al2O3 nanoparticles have preserved 
their initial form after functioning comes from the lack of 
a dramatic shift in the location of distinctive peaks. This 
is evidence that the acid-functionalised Al2O3 nanoparticles 
have an ordered flow of structure. Due to the chemical 
treatment performed throughout the experiment, Al2O3 
nanoparticles were functionalised with carboxylic groups, 
increasing their reactivity. These results show that the Al2O3 
nanoparticles were tightly adhered to the surface due to this 
functionalisation. 

3. Experimental arrangement

The schematic of the experimental setup is presented in 
Fig. 4.

Fig. 4. Schematic of the experimental setup.

Fig. 5. Image of the experimental setup.

Figure 5 depicts the evaluation of the intended test 
rig with a conduit attached. The coolant in the container 
is brought up to the appropriate temperature, and then 
the pump is activated, allowing the coolant to circulate 
through the radiator. Finally, the fan is activated to blow 
air over the radiator, which removes heat from the radiator. 
Temperatures are recorded at the radiator’s intake and 
output. It is anticipated that the nanofluid will flow with 
a constant Reynolds number and will be able to tolerate 
average circulation in the radiator. The coolant circulates 
via 104 tubes, each 5 mm wide and 0.3 m long. Using a 
rotameter, it is estimated that the coolant can flow through 
the radiator at flow rates of 3, 6, 9, and 12 litres per minute. 
Changing the coolant and air flow rates is necessary to 
replicate realistic working conditions in an administrative 
setting. The temperatures of the air entering and exiting the 
radiator are both measured.

When the desired temperature is reached, the heat 
exchanger’s coolant pump is turned on to circulate high-
temperature, durable coolant through the unit. The radiator’s 
coolant entry and exit temperatures are measured using 
T-type thermocouples. A set of thermocouples measures the 
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air temperature affixed to the front and rear radiator tubes at 
various points. Experiments are run with a perforated plate 
at distances of 10 and 15 cm from the radiator to test the 
effect of varying L/D ratios. Fig. 6 shows a side view of the 
test rig, which includes temperature thermocouples for the 
coolant and air inlets and outlets. Photographs of the nozzle 
sheet arrangement, which is located between the fan and the 
radiator, are shown in Fig. 7.

Fig. 6. Side view of the experimental setup.

Fig. 7. Images of nozzle arrangement plate with a diameter 
of 30 mm.

3.1. Estimation of heat transfer coefficient

The formulae below were used to determine the heat 
flow rate and flow rate of the air passing through the fins to 
the radiator:
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Ø: volume fraction; ρ: density. 
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concentration and heat transfer coefficient.

4.2. Effect of thermal conductivity

Figure 9 shows the temperature-dependent thermal 
conductivity of aluminium oxide-radiator coolant nanofluid 
at varying volume concentrations. The illustration 
demonstrates that the nanofluid’s thermal conductivity 
increases as both concentration and temperature rise. The 
thermal conductivity of both the base fluid and the nanofluid 
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increases with temperature, but the nanofluids exhibit better 
thermal conductivity than the base fluid at all concentrations 
due to the motion of particles during heating. As the fluid’s 
temperature rises, the particles move more rapidly against 
one another, increasing the fluid’s thermal conductivity. 

Fig. 9. Changes in nanofluid thermal conductivity with 
temperature.

The thermal conductivity of the base fluid was 0.250 W/
mK at 10°C, whereas that of the nanofluid was 0.270 W/
mK with a concentration of 1 vol.%, an increase of 8%. This 
indicates that the nanofluid’s thermal conductivity improves 
as its concentration rises. At 50°C, the thermal conductivity 
of the base fluid and the nanofluid at 1 vol.% were 0.259 
and 0.280 W/mK, respectively [41]. At a concentration of 
1 vol.%, the thermal conductivity of the nanofluid is 8.30% 
higher than that of the base fluid at the same temperature. 
In every instance, the nanofluid was shown to have superior 
thermal conductivity than the base fluid. The thermal 
conductivity of nf has been observed to increase almost 
linearly. However, the lines on the graph do not match up 
perfectly. The nanofluid’s thermal conductivity may be 
affected by factors other than particle concentration and 
temperature, such as particle size and shape.

Radiator coolant-based nanofluids experimental data on 
their thermal conductivity are shown in Fig. 10. This data 
compares the thermal conductivity values of Al2O3-radiator 
cooled nanofluid at 27°C with several empirical models at 

various volume concentrations ranging from 0 to 1% [42, 
43]. Both experiments and established models show that 
as concentration increases, so does thermal conductivity. 
However, when using an Al2O3-based radiator coolant, the 
thermal conductivity model of R.L. Hamilton, et al. (1962) 
[43] is 1.92% higher than that of N. Kumar, et al. (2018) [42]. 
The experimentally determined thermal conductivities for a 
1 vol.% concentration of Al2O3-based nanofluid were 4.26 
and 2.20% higher than the estimated thermal conductivities 
using the N. Kumar, et al. (2018) [42] and R.L. Hamilton, 
et al. (1962) [43].

Fig. 10. Comparison of the experimental data with models. 

4.3. Effect of viscosity

From 10 to 50°C, and at 0 to 1 vol.% nanoparticle 
concentration, the viscosities of Al2O3-DI water-based 
nanofluid were measured. Fig. 11 demonstrates that as 
the temperature increases, nanofluid viscosity decreases 
rapidly. The nanofluid has a higher viscosity at all volume 
concentrations than the base fluid. Moreover, the viscosity 
of the nanofluid is shown to rise with the concentration in the 
base fluid and to decrease with an increase in temperature. 
The viscosity of the nanofluid falls by 61.05% when raised 
from 10 to 50°C, whereas the viscosity of the base fluid 
decreases by 72.11% over the same temperature range. In 
general, liquids tend to become less dense as temperatures 
rise [44].

Present study

N. Kumar, et al. (2018) [42]

R.L. Hamilton, et al. (1962) [43]
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Fig. 11. Al2O3 nanofluid vs. temperature for different volume 
concentrations.

The viscosities of the Al2O3-DI water nanofluids at 
30°C were calculated and compared to experimental values 
from the literature. M. Kole, et al. (2010) [45] results on 
the viscosity of Al2O3/DI water were chosen for comparison 
and are presented in Fig. 12. At 0.2 vol.%, the viscosity of 
Al2O3-DI water nanofluid is the same as that of M. Kole, 
et al. (2010) [45]. However, the observed viscosity of this 
study appeared to be greater than that of M. Kole, et al. 
(2010) [45]. While the nanoparticles and base fluid were 
the same in both situations, their sources were unique. As 
a result, variations in the purity and concentrations of the 
two sources are possible, resulting in this minor discrepancy 
in viscosity values. Such differences were also observed in 
other researchers’ experimental data for the same nanofluids.

Fig. 12. Model comparison with experimental values [45].

4.4. Comparison of base fluid

To ensure the consistency and precision of the 
experimental apparatus, preliminary tests were conducted 
using pure water before proceeding with systematic 
investigations on the use of nanofluids in the radiator. 
Fig. 13 presents the experimental findings obtained with a 
consistent input temperature of 49°C. As anticipated, there 
is a positive correlation between the Nusselt and Reynolds 
numbers. Additionally, a comparison was conducted 
between the experimental results and two established 
empirical correlations, one proposed [46].
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Reynolds number range employed in this investigation [47]. 
The findings indicate that the correlation proposed [48] did 
not align with the current experimental data regarding water 
flow in flat tubes. The results concerning various water 
temperatures at the radiator intake, particularly 37, 44, and 
49°C, indicate that the Dittus relation exhibits an absolute 
average inaccuracy of 7%, while the V. Gnielinski’s (2009) 
[48] correlation demonstrates a value of 30% for the exact 
measurement.

Fig. 13. Experimental results for DI water in comparison 
with the existing correlations.

5. Conclusions

1. With a nanoparticle concentration of 1 vol.%, the 
total heat transfer coefficient of Al2O3/DI water nanofluids 
increased by 12% compared to the base fluid.

Present study
M. Kole, et al. (2010) [45]

Present study
F.W. Dittus, et al. (1930) [46]
V. Gnielinski (2009) [48]
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2. The thermal conductivity of the base fluid was 0.250 
W/mK at 10˚C, whereas that of the nanofluid was 0.270 
W/mK with a concentration of 1 vol.%, an increase of 8%.

3. The nanofluid’s viscosity fell by 61.05% when the 
temperature was raised from 10 to 50˚C, whereas the 
viscosity of the base fluid decreased by 72.11% over the 
same temperature range.

4. The density of Al2O3-DI water nanofluid and radiator 
coolant decreased with increasing temperature, which is 
connected to the rise in fluid volume caused by increasing 
temperatures.

Strengths and limitations: It is easy to change the focus 
on an area and quickly eliminate a lot of heat. Crossflow 
comprises compressed air to a group of jets that hit a small 
area. The liquids and air may absorb and transfer heat, but 
not as effectively as required.
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