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Abstract: The efficiency, durability, and overall performance of a car engine are influenced by
several critical factors. The quality and properties of engine oil play a crucial role, and oil is used in
internal combustion engines for lubrication and cooling purposes. This research study aimed to
compare the impact of fullerene-Ceo (99.5%), Fe20s, and TiO2 nanoparticles on the thermal properties
of C.A.L.T.EX. red engine oil with grades 10W30, 20W40, and 20W50. This study focused on the
effect of a nanoparticle concentration of 0.01 wt.% in different engine oil grades at various
temperature values of 30-120 °C. The Nanofluids were prepared using the two-step direct mixing
method, employing a magnetic stirrer and an ultrasonicator, ensuring uniform distribution of
nanoparticles in the base fluids. The thermal conductivity, thermal diffusivity, and volumetric heat
capacity of the base fluids and nanofluids were measured using the FLUCON LAMBDA thermal
conductivity meter. Additionally, flash points were measured using the flash point tester. It was
concluded that the thermal properties of TiO2 and Fe:0s showed considerable enhancement; in
contrast, Fullerene only showed the 212 °C flash point.

Keywords: CALTEX red engine oil; nanofluids; thermal conductivity; thermal diffusivity;
volumetric heat capacity; flashpoint

1. Introduction

The primary role of the engine oil is to lubricate the engine parts. These parts are constantly
subject to friction while the engine is running, and oils wear on the engine parts. Additionally, engine
oil is used in all internal combustion engines and industrial machines to prevent corrosion of the
components [1]. Furthermore, engine oils serve multiple functions, such as reducing corrosion and
friction, cooling and dissipating heat from the engine, as well as sealing the engine parts [2-4]. The
overall idea of the engine oil is used to improve the engine efficiency and durability while reducing
fuel consumption. However, cooling and dissipation of the heat from the engine are significant roles
performed by engine oils, and their thermal properties are such important factors in achieving
appropriate performances. Therefore, the thermal properties of engine oil play a critical role in
determining its suitability for specific applications. Generally, engine oils contain a complex
collection of additives to improve fluid performance. Thermal properties such as thermal
conductivity, thermal diffusivity, volumetric heat capacity, and flash point engine oil play a crucial
role in enhancing engine performance; for example, oils with higher thermal conductivity facilitate
more efficient heat transfer. However, such thermal properties of base engine oils are insufficient to
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fulfill the engine performance. Therefore, numerous studies have been conducted to uplift the
thermal properties of engine oil by researchers, and one well-known method involves incorporating
solid materials with high thermal properties into the base fluid [5-7]. In heat transfer applications,
solid particles show higher thermal conductivity compared with conventional fluids [1]. Several
parameters of solid materials influence the increase of engine oil's thermal properties, such as particle
size, shape, temperature, surfactants, type and duration of ultrasonication, and accumulation of
particles [8-10].

There are two primary nanoparticle families have been investigated for nanofluids; metal-based
nanoparticles (metals, metal oxides, ex: CuO, TiOz, SiO:, ZnO, ZrO:, Fe:0s) and carbon-based
nanoparticles (nanographene, nanodiamonds, carbon nanotubes, and graphene species) [11].
Recently, nanoparticles have attracted much research attention as the most promising additives, as
even a low concentration of nanoparticles in engine oil is sufficient to enhance its thermal properties.
However, studies have indicated that although adding nanofluids improves engine oils thermal
properties, the degree of the enhancement depends on factors such as nanoparticle size and shape,
concentration, temperature, ultrasonication time and stirring time, surfactants, and base oil [1].

To the best of our knowledge, only one previous study has been conducted to investigate the
direct addition of Fullerene (Cs0) into engine oil to prepare nanofluids and measure the thermal
properties [12]; however, there was another study about Fullerene (Cso) — SiO2 hybrid nanoparticles
added to engine oil to enhance its thermal properties. In that study conducted by Rostamian et al.
[13], it was reported that the addition of Fullerene —SiO2 hybrid nanoparticle (volume fraction 1%) to
5W30 engine oil increased its thermal conductivity by 9%. Titanium dioxide (TiO:) is a highly
important metal oxide in experimental investigations due to its properties, such as electronic
structures and wide band gap. TiO2 has mainly three crystal structures: anatase (tetragonal, space
group I41/amd), rutile (tetragonal, space group P42/mnm), and brookite (orthorhombic, space group
Pbca). The anatase-type TiO: nanoparticles were used for this research work. Sukkar et al.
investigated TiO:-added nanofluids' thermal conductivity, and the flash point was shown such
enhancement but not more than CuO-added nanofluids. However, TiO2 with 0.1 wt.% nanofluid
thermal conductivity and flash point concentration was increased by 4.54% and 9.3%, respectively
[14]. Furthermore, Birleanu et al. conducted a study to investigate tribological properties such as load-
carrying capacity and friction reduction of nanofluids. They found that the anti-wear abilities of the
nanofluids improved by adding surface-modified TiO: nanoparticles at 75 °C, and the rate of
improvement was increased with the volume concentration (0.01%, 0.02%, 0.05%, and 0.075%) of
nanoparticles added [15]. Harandi et al. [16], reported that the 30% increase in the conductivity
coefficient at a temperature of 50 °C and a volumetric fraction of 2.3% of hybrid nanofluids composed
of Fe2Osnanoparticles, multi-walled carbon nanotubes, and ethylene glycol as the base fluids.

There are several mechanisms developed to explain the behavior and thermophysical properties
of nanofluids. Some of them are the Brownian motion, nanoparticle clustering, and thermal liquid
layering.

Brownian motion is the random movement of the nanoparticles within the base fluid. Brownian
creates collides with the nanoparticles and the liquid molecules, which enhances the thermal
conductivity of nanofluids. Brownian motion has one of the major impacts on thermal conductivity
compared to other mechanisms. This Brownian motion also helps the Thermophoresis effect: particle
movement from hot to cold regions. Clustering or aggregation is also a key mechanism that explains
the properties of the nanofluids. However, on some occasions, there might be a positive impact from
the particle aggregation that creates a thermal bridge to transfer the heat through the fluid. But, on
some occasions, this might have a negative effect on the thermal properties of the nanofluid.
However, for some nanofluids, this phenomenon makes the nanofluids unstable. The thermal-liquid
layer is the thermal bridge between the nanoparticles and the liquid molecules. This layer is formatted
by liquid molecules around the nanoparticles. This layer helps to transfer the heat between the two
phases of the nanofluid. However, it is required to conduct further study of the mechanisms of
nanofluids to explain their complex behavior.
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In this study, the thermal conductivity, thermal diffusivity, volumetric heat capacity, and flash
point of 10W30, 20W40, and 20W50-based nanofluids with Fullerene (Ceo), TiO2, and Fe:0s
nanoparticles were examined, and compared the obtained results graphically. The engine oils chosen
for this study were 10W30, 20W40, and 20W50 types, which are widely used in lightweight vehicles.
The intention of this work is to enhance the thermal properties of these engine oils by adding different
types of nanomaterials. The temperature range and the mass concentration were 30-120 °C and 0.01
wt. % respectively. Equal concentrations of the different nanoparticles were utilized, and the
nanofluids were prepared using a two-step method.

2. Materials and Methods

2.1. Materials

In this research work, three engine oil grades, namely 10W30, 20W40, and 20W50, were used as
the base fluids for the nanofluids. All three grades of engine oils are multi-graded engine oils, and
they are graded according to their viscosity values at hot and cold temperatures. The nanofluids
prepared using fullerene-Ce0 (99.5%, SIGMA-ALDRICH, St. Louis, Missouri, United States), TiOz, and
Fe:0s; with a weight percentage of 0.01 wt.%. The thermophysical properties of the fullerene-Cso,
TiOz, and Fe20s nanoparticles are given in Table 1, whereas the properties of the three selected engine
oil grades are given in Table 2.

Table 1. Thermo-physical properties of Fullerene-Ceo, TiOz, and Fe20s.

Property Fullerene TiO: Fe20s
Density 1.65g/cm®  3.78 g/cm? 5.24 g/cm?
Size 100-200nm  20-40 nm 30-80 nm
Thermal conductivity (W/mK) 0.2 4 0.58
Purity (%) 99.5 99 98
Appearance Black powderWhite powderRed-brown powder

In this study, locally available CALTEX red engine oil was chosen as the base fluid because it is
a popular product in the field. The weights of the nanoparticles (0.01 wt.%) were calculated using Eq.
(1) while measuring the weight of fluids and nanoparticles using the BSA2245-CW (d=0.1 mg)
electronic balance. The weights of nanomaterials are presented in Table 3 for different grades of
engine oils with a mass fraction of 0.01 wt.%. From each engine oil grade, a volume of 60 ml nanofluid
was prepared for each experiment due to the 50+2 ml liquid required to measure flash point using
the flash point meter. The 40+2 ml of liquid was used to measure other thermal properties using the
thermal conductivity meter.

wt% = szo/(xcéo + ybasefluid) @

Table 2. Thermo-physical properties of engine oil grades 10W30, 20W40 and 20W50.

Property 10W3020W4020W50

Density (Kg/m?) (at 30 °C) 830.74 839.63 842.82
Thermal conductivity (30 °C) (mW/mK) 131.52 134.32 133.98
Thermal conductivity (100 °C) (mW/mk) 124.82 128.04 127.96
Flashpoint (°C) 207.7 211 2135

After the measurement of the weights of the base fluids, nanofluids, and nanoparticles, the
surface temperature values were measured using a thermometer with an accuracy of +1 °C. The
measured nanoparticles were subsequently added to the measured engine oil and placed on a
magnetic stirrer for 2 hours at a temperature of 40 °C and 200 rpm to disperse the nanoparticles within
the engine oil. After preparing the oil and nanoparticle mixture, the sample was exposed to ultrasonic
waves for another 2 hours at 40 °C using an ultrasonicator (Rocker, SONER 210H, AC, 220 V, 50 Hz,

doi:10.20944/preprints202310.0855.v1
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Rocker Scientific Co., Ltd., Kaohsiung City, Taiwan) to disperse all nanoparticles in the engine oil
and eliminate their agglomerates. The photographs of the prepared nanofluid, base fluid, and
nanoparticles are shown in Figure 1. This preparation method made nanofluids stable for at least two
weeks without the risk of sedimentation; therefore, no surfactant was needed for stabilization.

==
b

Figure 1. Nanoparticles (a-Fullerene-Ceo, b-TiOz, c-Fe203), base fluid (d-10W30 CALTEX red engine
oil), and prepared nano-fluids (e-fullerene-Cso 0.01 wt.% added 10W30, f-Fe:0s 0.01 wt.% added
10W30, g-TiO2 0.01 wt.% added 10W30).

Table 3. Weights of nanoparticles for different engine oil grades with 0.01 wt.%.

Engine OilFullerene (g)TiO:2(g)Fe20s(g)
10W30 0.0040  0.0071 0.0076
20W40 0.0048 - -
20W50 0.0048 - -

The Scanning Electron Microscope (SEM) tests were conducted to ensure the surface topography
and composition of the nanoparticles. The obtained results are presented in Figure 2.

EHT = 2000 kV Signal A = SE1 Date 20 Apr 2023 200 nm EHT =20.00 k¥ Signal A = SE1 Date :20 Apr 2023
WD = 8.0 mm Mag= 10000KX  Time 10:43:31 | — WD = 80mm Mag= 100.00KX  Time :10:00:20

WD=75mm Mag= 50.00 KX Time :10:19:27

Iﬂnm EHT = 2000 kV Signal A = SE1 Date 20 Apr 2023 W



https://doi.org/10.20944/preprints202310.0855.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 October 2023 doi:10.20944/preprints202310.0855.v1

Figure 2. SEM images of the nanoparticles used in this research work. A: TiOz. B: Fe20s. C: Fullerene
— Ceo.

2.2. Thermal conductivity, Thermal diffusivity, and Volumetric heat capacity measurements

The thermal properties of liquids can be measured using various methods such as the steady
state method, temperature oscillation method, transient hot wire method, etc [1]. In this research
work, the transient hot-wire method was used to measure thermal properties using the instrument
TECNE UCAL 400+ dry block calibrator and FLUCON Lambda thermal conductivity meter, which
can be employed to obtain thermal conductivity and thermal diffusivity of both the base fluids and
nanofluids were measured within a temperature range of 30 to 120 °C.

The LAMBDA Thermal Conductivity Meter uses the hot wire transient method for thermal
conductivity, thermal diffusivity, and volumetric heat capacity according to ASTM D7896-19
standardization [17]. LAMBDA thermal conductivity has platinum wire to transfer the heat to liquid.

According to the theory of the hot-wire transient method, it produces a constant heat stream.
This heat stream is time-dependent. The Eq. (2), can be developed to calculate the thermal
conductivity of the liquid.

1= —1 (t—2> 2
4’7-[(191 - 192) tl ( )

where A is thermal conductivity (Wm™ K1), g is a constant heat stream (Wm™), and 9 is the
temperature at time ¢.

The accuracy of the instrument at a temperature below 200 °C is £0.03 °C. The volumetric heat
capacity of the fluids in each temperature value was calculated using Eq. (3).

C,=A/a 3)

where, C, — Volumemetric heat capacity, A — Thermal conductivity, a — Thermal dif fusivity

2.3. Flash point measurement

The flash point of the base fluids and nanofluids was measured using the open-cup flash point
tester (Anton Paar PMA500, Germany). The flash point is the lowest temperature at which a liquid
forms a gas above its surface in sufficient concentration to ignite. The sample was placed in the test
cup and slowly heated up automatically to reach the flash point, and the measuring standard was
ASTM D93 [18]. The samples were discarded after measuring the flash point due to the samples'
temperature exceeding 200 °C degrees.

3. Results and Discussion

Table 4 represents several research works carried out by previous researchers, and it includes
the thermal conductivity and flash point percentages of different nanoparticles added to different
base fluids with temperature ranges and weight or volume fractions. By looking at Table 4, the engine
oil-based nanofluids' thermal conductivity percentage shows considerable enhancement, while GO
nanoparticle-added nanofluid took the highest percentage (58%) with low weight fractions at a
temperature range of 10-60 °C. The engine oil-based nanofluids flash point percentage shows
significant enhancement, while graphene nanoparticle-added to engine oil-based nanofluids
demonstrate the highest percentage (25.4%) with low weight fractions. However, it can be concluded
that nanomaterials can make a considerable impact on the thermal properties of different fluids.
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Table 4. Summary of the thermal conductivity and flash point of nanofluids examined by previous
researchers.
Thermal .
Nanoparticle Base fluid Temperature Concentration conductivity Flashpoint Ref.
(°C) enhancement (%)
enhancement (%)
1/ Virei
Tios Oil / Virgin 25-50 0.1-1 7.08 147 [19,20]
mineral oil
Mg/MWCNT  Engine oil 25-60 0.25-2 50 - [4]
Cu Oil 40-100 0.2-1 wt.% 49 - [21]
Mg/MWCNT 10W40 25-50 0.25-2 wt.% 65 - [22]
WOs-Ag  Transformer oil ~ 40-100 1-4 wt.% 41 - [23]
MWCNT  20W50, 20W40 20 0.1-0.5 wt.%, 0.5 wt.% 22.7 10.5 [24,25]
Ag Engine oil 40-100 0.36-0.72 wt.% 37.1 - [26]
CuO 20W50 25 0.1-6 wt.% 8.3 7.9 [27,28]
hBN/ALOs 15W40 0.5 -
AlOs/Fe203 10W40 25-65 0.25-4 33 - [1]
rGO Ethylene glycol ~ 10-60 1.9-9.3 90 -
Ethylene
GO glycol/SAES0 10-60 1.9-9.3/0.01-1 wt.% 58 8 [29,30]
engine oil
K W
Graphene eTOenePW30 54 7 0.0005-0.2 wt.% 23 25.4 [31,32]
engine oil
Liquid o
SiO»  paraffin/20W40  25-70 0.005-5 th'of/ 03-1.5 38 6.97 [33,34]
engine oil W7o
AE i
zmo 5(())ielngme 25-55 0.1-15 wt.% 8.74 13 [35,36]
10W. i Thi
TiO: OW30engine 34 15 0.01 wt.% 45 42 '
oil study
1 i Thi
Fex0s OW30 engine 3, 179 0.01 wt.% 39 35 '
oil study
Fullerene-Coo 0V >0 30-120 0.01 wt.% - 2.1 This
engine oil study

The morphology of the TiO> and FexOs nanoparticles were spherical to some extent, which
provided a good rolling mediator inside engine oil. The SEM images prove that the average particle
size of TiO2, Fe20s, and fullerene-Ceo is about 30-60 nm, 40-70 nm, and 100-200 nm, respectively.

3.1. Measurements of base fluids

The base fluids' thermal properties were measured using the same instruments at the same
temperature range to evaluate the performances of the nano lubricants. The measured thermal
conductivity and flash point values of engine oil grades 10W30, 20W40, and 20W50 were compared
with their nanofluids.

3.2. Effect of temperature values and nanomaterials on thermal properties

3.2.1. Thermal conductivity

Thermal conductivity can be explained as the quality of a material to conduct heat. A large value
of thermal conductivity of liquid is considered as a good cooling agent for motor engines. A fluid
with high thermal conductivity absorbs further heat in the engine, reduces heat loss, and enhances
the performance of the engine. Generally, the thermal conductivity of engine oil is inversely
proportional to the temperature due to molecules of the liquid moving apart when a liquid is heated.
Hence, their mean free path increases. This leads to a reduced probability of collision of molecules,
and therefore, there is a reduction in thermal conductivity with an increase in temperature for liquids.
However, when in nanofluids, the nanoparticles will be placed through liquid molecules, reducing
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the distance between the two molecules. Therefore, this enhances the interaction, resulting in an
increment of the heat exchange within nanofluids. Figure 3 compares the thermal conductivity results
of 10W30, 20W40, and 20W50 engine oils with Fullerene (Cs0) 0.01 wt.% added nanofluids within the
30-120 °C temperature range. Nevertheless, the result of the enhancement of the nanofluid’s thermal
conductivity does not agree with some other experimental results [20]. However, both base fluid and
nanofluid display a decrement in thermal conductivity when the temperature is increased while
keeping the graphs' slopes approximately equal. Figures 4 and 5 show the thermal conductivity
results of TiO2 and Fe2Os 0.01 wt.% added nanofluids with the base fluid (10W30) results in the
temperature range 30-120 °C. Both figures display a substantial improvement in the thermal
conductivity values of nanofluids compared to their respective base fluids, i.e., 4.5% and 3.9%, for
TiOz and Fe20s added nanofluids, respectively.

(a) Thermal Conductivity Vs Temperature (b} Thermal Conductivity Vs Temperature
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Figure 3. Effect of temperature on thermal conductivity of fullerene-Ceo 0.01 wt.% added nano-fluids
with base fluids (a-10W30, b-20W40, c-20W50, d-comparison of thermal conductivity of three
nanofluids).
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Figure 4. Effect of thermal conductivity on 10W30/TiO2 0.01 wt.% added nano-fluid.
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Figure 5. Effect of thermal conductivity on 10W30/Fe203 0.01 wt.% added nano-fluid.

It can be concluded that the results obtained from this research work consistent with previous
studies results.

3.2.2. Thermal diffusivity

The rate of heat transfer through a medium is called thermal diffusivity. Figure 6 shows the
results of thermal diffusivity values of base fluids 10W30, 20W40, and 20W50 and its Fullerene (Cso)
added nanofluids with mass fraction 0.01 wt.% in the temperature range of 30-120 °C. As is clearly
observed in the figure, there was no significant improvement in the thermal diffusivity of Ce-added
nanofluids with the increment of the temperature of the samples compared to their respective base
fluids.

The gradients of the graphs for both the base fluid and its nanofluid were nearly equal while
decreasing the thermal diffusivity values when increasing the temperature from 30-120 °C. These
findings align with theoretical expectations and are consistent with previous studies.

Thermal diffusivity values of TiO:2 and Fe:0s added nanofluids with 0.01 wt.% and base fluid
(10W30) values comparison is represented in Figure 7 and Figure 8, respectively. Both graphs exhibit
a linear shape and do not show significant enhancements of the thermal diffusivity within the
temperature range of 30-120 °C.

(a) Thermal Diffusivity Vs Temperature (b) Thermal Diffusivity Vs Temperature
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Figure 6. Effect of temperature on thermal diffusivity of fullerene-Ceo 0.01 wt.% added nano-fluids
with base fluids (a-10W30, b-20W40, c-20W50, d-comparison of thermal diffusivity of three
nanofluids).
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3.2.3. Volumetric heat capacity

The ratio of thermal conductivity to thermal diffusivity is called volumetric heat capacity. Figure
9 compares the volumetric heat capacity values of base fluids (10W30, 20W40, and 20W50) and
Fullerene (Ceo) based nanofluids with 0.01 wt.% in the temperature range of 30-120 °C. The graph
shows an increase in the volumetric heat capacity values of the nanofluids as the temperature of the
sample increases. This increase has a positive gradient on the graph, but the enhancement of the
values compared to the base fluid is not substantial.
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Figure 9. Effect of temperature on volumetric heat capacity of fullerene-Ceo 0.01 wt.% added nano-
fluids with base fluids (a-10W30, b-20W40, c-20W50, d-comparison of volumetric heat capacity of
three nanofluids).

These results should be expected because the slope of thermal diffusivity graphs is greater than
the respective thermal conductivity graph slope. Volumetric heat capacity values of TiO: and Fe:0s
added nanofluids with 0.01 wt.% and base fluid (10W30) values comparison is represented in Figure
10 and Figure 11, respectively.
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Figure 11. Effect of volumetric heat capacity on 10W30/Fe20s 0.01 wt.% added nano-fluid.

All graphs were linear, while volumetric heat capacity vs. temperature graphs kept a positive
gradient.

3.2.4. Flash point

Table 5 and Figure 12 present a comparison of the flash point values of three different graded
engine oils with their relevant fullerene-Ceo, TiO2, and Fe2Os-added nanofluids. The results proved a
considerable impact on the flash point of engine oil with 0.01 wt.% of fullerene-Ceo, TiOz, and Fe20s
nanomaterials. The effect on the flash point regarding three engine oil grades was approximately
equal. However, when comparing the effect on the flash points from nanomaterials, it was observed
that a decrement with TiOz, Fe20s, and fullerene-Ceo, respectively.

Flash points comparison
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Figure 12. The comparison of flash point values of three different engine oil with their nano-fluids.

3.3. Thermal property ratios

This section presents the ratio of thermal conductivity, thermal diffusivity, volumetric heat
capacity, and flash point of nanofluid to the base fluid.
3.3.1. Thermal conductivity, Thermal diffusivity, and Volumetric heat capacity ratios

The ratios of thermal conductivity, thermal diffusivity, and volumetric heat capacity can be
calculated using Eq. (4), Eq. (5), and Eq. (6), respectively.

Thermal conductivity ratio(%) = ((Anf - Abf)/lbf) %X 100% (4)
Thermal dif fusivity ratio(%) = ((anf - abf)/abf) x 100% (5)
Volumetric heat capacity ratio(%) = ((Cvnf — vaf)/vaf) X 100% 6)

3.3.2. Flash point ratio

Flash point ratio(%) = ((Bay — Bor)/Bos) X 100% @)

The flashpoint ratio can be calculated by referring to Eq. (7) and the nanofluid based on TiO:
with 0.01 wt.%. Exhibits the highest flash point ratio.
Table 5 represents the maximum enhancements in the thermal properties of nanofluids.
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Table 5. Maximum thermal property ratios of 10W30/nanofluids Fullerene-Cso, TiOz, and Fe20z at 0.01
wt.%.
Fullerene-Cs based  TiO:2 based .
Thermal property nanofluid nanofluid Fe:0s based nanofluid

Thermal conductivity ratio (%) - 4.5 3.9
Thermal diffusivity ratio (%) - 0.6 0.5
Volumetric heat capacity ratio (%) - 3.7 3.4
Flashpoint ratio (%) 2.1 4.2 3.5

3.4. Correlations of thermal properties

According to the literature, the thermal and physical properties of nanofluids depend on
different factors such as characteristics of nanoparticles (size, shape, material), nanoparticle
concentration, temperature, surfactant, base fluid, nanofluid preparation method, and
ultrasonication and stirring duration [37-51]. Figures 13-16_compare the thermal properties of
10W30-based. These charts represent the thermal properties of the nano lubricant using different
nanomaterials at a temperature range of 30-120 °C.
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Figure 13. Effect of thermal conductivity on 10W30/nanoparticles with mass fraction 0.01 wt.%.
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4. Conclusions

The numerous applications, economic and energy efficiency matter to improve the thermal
properties of engine oil by the addition of nanoparticles. This research work described the
preparation procedure of nanofluids, fullerene-Cso/10W30, fullerene-Ce0/20W40, fullerene-Cso/20W50,
TiO2/10W30, and Fe203/10W30. The thermal properties, including thermal conductivity, thermal
diffusivity, volumetric heat capacity, and flash point, were investigated in each nanofluid sample as
a function of temperature range of 30-120 °C and mass fraction of 0.01 wt.%.

Even though the low mass fraction was used in this study, the stability of the nanofluids' was
acceptable, and surfactants were not required. The two-step preparation method with magnetic
stirring, ultrasonic waves, and heating process helped to prevent sedimentation and agglomeration.
There was no requirement for a surfactant to stabilize the nanofluid.

The following observations were obtained through the experimental results.

e  The thermal properties of engine oil-based nanofluids of metal oxide nanoparticles (TiOz and
Fe20s) displayed significant increments compared to their respective base fluids.

e  The TiO2/10W30 nanofluid showed the highest percentage increment of thermal properties in
this experiment, where 4.5% thermal conductivity ratio at a temperature of 40 °C, 0.6% thermal
diffusivity ratio at a temperature of 50 °C, 3.7% of volumetric heat capacity ratio at a temperature
50 °C, and 4.2% of flash point ratio.

e The Fex03/10W30 nanofluid was proved to have a 3.9% thermal conductivity ratio at a
temperature 80 °C, 0.5% of thermal diffusivity ratio at temperature range 30-80 °C, 3.4% of
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volumetric heat capacity ratio at temperature 80 °C, and 3.5% of flash point ratio where it’s
observed that Fe:03/10W30 nanofluid has better thermal properties in higher temperatures
compared to TiO2/10W30 nanofluid.

e  The fullerene-Cso-based nanofluids exhibited a notable increase of 2.1% in flash points while not
showing significant enhancements in the other thermal properties.

It can be concluded that the thermal properties of engine oils can be enhanced using both metal
oxide nanoparticles (TiO:2 and Fe:0s3) and fullerene-Cso nanoparticles. The thermal property
enhancement ability of metal oxide nanoparticles is comparatively higher than fullerene-Ceo
nanoparticles in nanofluids.
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