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Researchers have been interested in making a more energy-efficient engine for a long time. This is
because the use of fossil fuels like diesel has grown along with the need for more electricity, industry,
and transportation. Thermal barrier coating (TBC) on engine parts has become more popular in recent
years because it improves thermal and mechanical efficiency, reduces emissions, and saves fuel. In a sim-
ilar way, biodiesel, which is safe and made from renewable sources of bioenergy, has been suggested as a
good alternative to diesel. The present study aims to increase the efficiency of the diesel engine while
simultaneously lowering emissions using a piston with a thermal barrier coating, engine operates on bio-
diesel blends, and a dosage of nano-additives to minimize emissions,. The engine efficiency of nano addi-
tives was found to be about 5.4% higher than that of base diesel, and with 6.5% better fuel consumption.
Additionally, nano additives reduced carbon monoxide emissions in the range of 6.1–11% and hydrocar-
bon emissions in the range of 5.2–9.5%. The results were further analysed using the design of experiment
tool to determine the influential parameters.
Copyright � 2023 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the 2nd International Con-
ference on Recent Advances in Modelling and Simulations Techniques in Engineering and Science.
1. Introduction

Energy is a significant part of manufacturing expenses, thus
conserving and managing it has become a critical industrial activ-
ity. As a result of this positive approach, worldwide patterns of
energy usage have been altered. This has led to an increase in pro-
ductivity, but a decrease in energy use, in wealthy countries.
Finally, in today’s rapidly expanding world, local and low-
emission sources of renewable energy are just as important.
Reducing pollution by fully using these resources might be very
beneficial [1]. Research on internal combustion engines is being
done with the goal of lowering fuel and operating costs and con-
sumption. By decreasing heat rejection, upgraded ceramic coatings
might boost engine performance and cut emissions. In addition, it’s
important to convert as much fuel energy as possible into usable
mechanical energy. The combustion chamber of the engine has
to be coated with high-tech ceramics that have a low heat trans-
mission rate if these goals are to be realized [2].

Thermal barrier coating (TBC) on engine components has gained
popularity recently due to improved thermal and mechanical effi-
ciency, lower harmful pollution, and lower energy consumption.
The waste heat from the engine’s insulation may be used to oxidise
soot precursors in hydrocarbon combustion, lowering emissions
[3]. Ceramic materials excel in high temperature applications
because of their high melting point, adhesion, and wear resistance.
Ceramics may cover combustion chamber components due to their
properties. A covered engine maintains heat better in the combus-
tion chamber. So fewer emissions and fuel are created [4].
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Table 1
Properties of pumpkin seed biodiesel.
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An uncoated piston was tested against two coated pistons of
varying thicknesses. The influence of biofuel was revealed by com-
paring results from studies utilising diesel for coated and non-
coated pistons. A thicker layer reduces thermal efficiency, fuel
use, and pollution [5]. Grey relational analysis improved the effi-
ciency and pollution levels of a diesel engine covered with copper
alloy. The copper-chromium-zirconium-coated piston is more effi-
cient and produces less emissions [6]. Coatings made of zirconia
are effective in reducing heat conduction. Glow plugs used with
ethanol as a fuel reduce pollution while improving fuel efficiency.
The thermal efficiency of the engine improves when the injection
time is prolonged [7]. With a higher combustion temperature, pol-
lutants like carbon monoxide (CO) and unburned hydrocarbons
(UHC) are less likely to be decreases, whereas nitrogen oxide
(NO) emissions increases [8]. A thermal barrier coating of alu-
minum silicate and zirconia with a nickel layer was tested in
experiments with diesel and palm oil biodiesel to see how it would
affect engine performance and emission levels. Their low emissions
from fuel and biodiesel made them the greenest option [9].

Recent advancements in nanotechnology have opened the door
for the development of nanoscale energetic materials, which pro-
vide significant benefits over materials that are just a few microns
in size or larger. For a diesel engine to function well and emit low
emissions, ignition temperatures and ignition delay are crucial
characteristics to measure [1011]. Using the hot experiment,
researchers aimed to enhance the igniting qualities of diesel fuel
by incorporating aluminium oxide nano-particles (AONP) into the
fuel. It was discovered that the ignition possibility for the nanopar-
ticle combination was greater than the ignition probability for pure
diesel in all of the scenarios investigated [12].

A novel low-cost feedstock for biodiesel manufacturing is being
investigated in this study i.e.pumpkin seed oil. Pumpkin seeds have
an astonishingly high oil content, according to the research. Pump-
kin oil has been shown to be a suitable feedstock for biodiesel man-
ufacturing, notwithstanding the study’s findings [13]. Except for
NOx emissions, significant reductions in exhaust emissions such
as CO, HC, and smoke were seen under high engine running condi-
tions. Pumpkin seed biodiesel was shown to have excellent perfor-
mance, combustion, and emission properties, making it a viable
alternative to regular fuel provided the operating parameters of
the engine are modified [14]. The alkali-catalyzed conversion of
pumpkin seed oil into biodiesel resulted in a boron coated engine
with enhanced performance characteristics, including a greater
brake thermal efficiency and a lower brake specific energy con-
sumption [15]. The study was carriedout to analysis the impact
of alumina nanoparticle added biodiesel blend on engine beha-
viour, stability enhancement, and characterisation techniques to
determine chemical bonding, nanoparticle form, and size, nano-
additives in liquid fuel, health implications, and automotive appli-
cations [16]. Nanoparticle helps to boost the combustion and
enhance the performance and minimize emissions [17].

The purpose of this research is to measure the performance and
emissions of a single-cylinder diesel engine under varying loads.
The purpose of this study is to investigate what happens when reg-
ular diesel is blended with pumpkin seed biodiesel at concentra-
tions of 15% and 30% using AONP as a nano-additive. Based on
the results of a ‘‘Full Factorial Design” experiment, the optimal
ratios of biodiesel to AONP nano-additive dosage were determined,
resulting in reduced fuel use, less UHC, and fewer carbon monoxide
(CO2) emissions.
Sl.No Property Diesel Pumpkin seed Biodiesel

1 Lowest heating Value (kJ/kg) 42,500 38,820
2 Viscosity at 40 �C (cSt) 2.72 4.41
3 Density at 15 �C (kg/m3) 842 883
4 Flash Point (�C) 60 120
5 Cetane Index 54 56
2. Material and methods

Compared to other alternative fuels, biodiesel’s many advan-
tages stem from its chemical similarity to diesel fuel made from
2

petroleum. Since biodiesel is competitive with conventional petro-
leum fuels in terms of engine efficiency, power production, climb-
ing, and hauling, it is being increasingly adopted by the oil industry
as a diesel replacement. Biodiesel behaves similarly to regular die-
sel in freezing temperatures, fogging up and gelling. In developing
nations like India, diesel engines are increasingly vital for trans-
porting people and products. Diesel engines are more efficient than
gasoline engines because of their greater compression ratios, lea-
ner air–fuel combinations, and less pumping losses [18]. Foreign
financial outflows and environmental issues are exacerbated by
this. Biofuels that are both renewable and have the same proper-
ties as diesel may be the answer to these problems [19].

Ceramics have weak thermal conductivity and expansion coef-
ficient at high temperatures. Consequently, combustion chamber
components are less effective in dissipating heat than metal or
metal alloys. Only a few ceramic compounds have the necessary
characteristics to serve as thermal barrier materials for covering
components in the combustion chamber. The coated engine can
retain the greatest heat at high combustion chamber temperatures
because heat loss is reduced. High temperatures help complete
combustion, limit pollutants, and save fuel [20]. The melting
points, transition temperatures, minimum temperatures, thermal
expansion coefficients, chemical composition, and compatibility
with metallic substrates all played a role in the selection of these
materials. In this test, a thermal barrier for an internal combustion
engine was constructed out of a 200-lm layer of Yttria-stabilized
zirconia (YSZ). There are several methods for insulating a surface.
YSZ is coated by plasma spraying, and the powdered YSZ is sprayed
onto the cylinder wall, where it melts and flows toward the piston
to create a substantial coating [3].

In order to come closer together, nanoparticles are being
pushed to the liquid surface as their concentration rises. Nanopar-
ticles have a greater surface tension because of the strong cohesive
force between the molecules. The nanoparticles’ average distance
from the fuel molecules is shrinking [21]. The surface tension of
nanoparticles is raised by using the Van der Waals force instead
of electrostatic repulsion. When the nanoparticle size and number
vary, the surface tension of nanoparticles changes. When the bulk
density of nanoparticles varies, so does the attraction force
between the nanoparticles and the fuel’s surface tension. As the
size of the nanoparticles grows, so does their surface tension in
nanoparticles. The surface charge density of bigger nanoparticles
is increased by the presence of smaller nanoparticles [22]. Due to
their high heat conductivity and mechanical qualities, AONP
nanoparticles may influence biodiesel combustion. AONP is toxico-
logically volatile and irritating to the respiratory system. It quickly
interacts with water to form hydrogen. The size and form of AONP
nanoparticles affect the combustion of blended nanoparticle fuels.
In this way, water molecules can be split into hydrogen and oxygen
[23]. Table 1 displays the properties of pumpkin seed biodiesel.

3. Experimental details

The performance of a combination of pumpkin seed biodiesel
and AONP was tested using a single-cylinder, constant-speed,
direct-injection engine. Fig. 1 shows the test engine photograph.



Fig. 1. Experimental engine setup.
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The eddy current dynamometer applied varying loads to the
engine, starting at zero and going all the way up to one hundred.
At 1500 rpm, the engine produces 4.2 kW of power, which is used
to raise the load on each testing mixture by 25%. An eddy current
dynamometer is used to manually vary engine loads. The fuel con-
sumption of both diesel and a blend of esterified pumpkin seed
biodiesel and AONP was recorded. During the course of the inquiry,
several readings and data may be recorded using the AVL software
installed on the test equipment. Table 2 represents the experimen-
tal measurements and its parameters.

Pumpkin seed biodiesel was transesterified in order to create
biodiesel, and this biodiesel was then combined with diesel. The
fuel mix is created using varied ratios of pumpkin seed biodiesel,
ranging from 15% to 30% on a volumetric basis as BD15 and
BD30 along with standard diesel of 85% and 65% respectively, along
with nano-additives of AONP with 50 ppm and 100 ppm. Biodiesel
blends are named as BD15AONP50, BD15AONP100, BD30AONP50
and BD30AONP100 respectively with their blend ratios.
4. Results and discussion

4.1. Engine performance characteristics

4.1.1. Brake thermal efficiency
Low thermal conductivity coating on the combustion chamber

surface prevents heat from escaping into the coolant and environ-
ment, as well as controlling temperature distributions and heat
Table 2
Experimental measurements and its parameters.

S. No. Measurement Accuracy Range

1 Fuel quantity ± 0.1 cm3 0–50 cm3

2 Engine load +0.1 kg to � 0.1 kg –
3 Crank speed ± 10 rpm 0–10000 rpm
4 Nitrogen oxides ± 10 ppm 0 to 5000 ppm
5 Hydrocarbon ± 10 ppm 0 to 20000 ppm
6 Carbon Monoxide ± 0.05% 0 to 15%

3

flow. When tested under maximum load, BD15AONP1000s brake
thermal efficiency (BTE) was found to be roughly 5.4% greater than
that of pure diesel. Increased thermal performance may be
achieved by increasing AONP’s content of oxygen [24]. Fig. 2 shows
that the 10% of BTE is lower than that of BD30AONP100 due to the
increased viscosity and, as a consequence, reduced combustion
rate induced by the high AONP component in the mixture. Due
to the higher in-cylinder temperature as a result of trapped heat
energy, This suggests that the increased BTE may be due to the
coated engine’s combustion chamber being hotter than normal
[20]. The inclusion of nanoparticles improves the burning of fuel
and the transfer of energy from fuel into useful work [25]. The
enhanced surface to volume ratio of nanoparticles, which enhances
heat transfer, is the most important factor contributing to the
Fig. 2. Effect of AONP on brake thermal efficiency.
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increase in power. AONP additions reduce the time it takes for the
fuel to ignite and burn, resulting in higher peak cylinder pressure
and a faster rate of heat release. Nanoparticles aid in the dispersion
of fuel droplets and the spreading of injected fuel.
Fig. 4. Effect of AONP on carbon monoxide emission.
4.1.2. Specific energy consumption
As a result of this investigation, it was concluded that the higher

amount of injected biodiesel to produce same amount of heat pro-
duced by diesel was the reason for higher specific energy con-
sumption (SEC) [26]. It can be seen in Fig. 3, that as the AONP
ratio is increased, engine load rises and SEC falls. Blends of
BD15AONP50 and BD15AONP100 achieved 3.8% and 6.5% lower
SEC than diesel, whereas blends of BD30AONP100 used 6% more
energy than diesel. Reduced ignition delay time as a function of
nanoparticles on fuel physical parameters is one of the reasons.
Nanoparticles with a smaller size and homogeneous dispersion
caused blockage and fuel atomization issues. The inclusion of
nanoparticles improved fuel air mixing and combustion properties.
To assist reactivity as a catalyst, nano-sized particles have reactive
surfaces. There is less need for fuel since the surface area-to-
volume ratio of biodiesel blends has been improved by adding
nanoparticles. As the nanoparticle dosage increased, so did the
required amounts of certain fuels [27].
4.2. Engine emission characteristics

4.2.1. Carbon monoxide emission
Lower CO emissions were created when BD15 was used in the

engines. Engine CO emissions are influenced by the volume of oxy-
gen in the fuel structure. An increase in oxygen concentration in
the biodiesel increased the pace at which oxidation processes
occurred during combustion, which resulted in a more efficient
use of the fuel. As a consequence, CO emissions were significantly
reduced in both engines due to the high oxygen concentration of
the biodiesel [28]. CO emissions were lowest in a coated engine
that ran on BD15 blend. Combustion efficiency was improved by
the combination of a higher in-cylinder temperature and an excess
supply of oxygen. Local conditions in the combustion chamber
improved as a result of coatings. There was an increase in the rate
of CO oxidation, which resulted in a decrease in CO emissions.
Fig. 4 shows that BD15AONP50 and BD15AONP100 blends reduced
CO emissions by 6.1% and 11%, respectively, compared to diesel,
Fig. 3. Effect of AONP on fuel energy consumption.
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while BD30 blends produced 4% more CO than diesel. Thermal bar-
rier coatings reduced CO emissions in engines. Late-phase combus-
tion and CO oxidation occurred after compression due to nano-
coated thermal insulation. With rising speed, CO emission declined
to almost nothing while the engine was operating at its ideal
speed. This test also reveals that piston coating has no effect on
CO emission [29].
4.2.2. Hydrocarbon emission
This is due to a variety of factors that affect the full combustion

of the hydrocarbon fuels. For example, increased viscosity and sur-
face tension, as well as the presence of fatty acids, are additional
factors that affect HC emissions in biodiesel as compared to clean
diesel, as well as oxygen in the fuel. The BD15 blend has greater
viscosity and lesser compressibility owing to increased surface ten-
sion, however the inclusion of AONP nanoparticles in the
BD15AONP50 mix improves the surface area exposure for the fuel
droplets, which promotes the combustion and results in lower HC
than the BP20 blend. BD15AONP50 and BD15AONP100 blends
Fig. 5. Effect of AONP on hydrocarbon emission.



Fig. 6. Effect of AONP on nitrogen oxides emission.
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reduced HC emission by 5.2%, and 9.5% than pure diesel and
B30E15 blends reached 12.5% increased hydrocarbon emission
than diesel as shown in Fig. 5. When compared to diesel engines,
TBC engines produce less hydrocarbons owing to the higher quan-
tity of heat generated within the combustion chamber and the
ramifications of having a lower value than an uncoated engine,
as opposed to the latter. Aside from that, since the fuel spray has
Fig. 7. Effect of A
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a greater probability of impinging on the wall and surviving the
combustion process because of the longer ignition delay time [30].

4.2.3. Nitrogen oxides emission
The load increases, NOx emissions proportionally. A higher

flame temperature increased thermal NOx production when the
engine ramped up to full load [31]. Rising flame temperatures
cause greater oxygen dissociation, resulting in NOx. However,
because of its oxygen content, biodiesel emits higher NOx. AONP
nanoparticles in biodiesel reduced NOx production. As a result,
the in-cylinder temperature dropped and the thermal NOx genera-
tion decreased. As can be shown in Fig. 6, NOx emissions from
BD15AONP50, BD15AONP100, BD30AONP50, and BD30AONP100
blends are 4.6%, 5%, 6.3%, and 15% higher than those from diesel
respectively at peak load. Increasing combustion chamber temper-
ature and covering the piston crown increased fuel evaporation
rates. The use of a thermal barrier layer improves and speeds up
the combustion process. As a result of the thermal barrier coating
increasing the rate at which hydrocarbons are broken down into
hydrogen and oxygen in the combustion chamber, hydrocarbon
emissions are reduced for coated pistons [32].

4.3. AONP influence on engine performance and emission

The design of experiment method is frequently employed in the
field of process improvement to arrive at the most comprehensive
answer. It’s the go-to method for optimizing results using num-
bers. Many process parameters and gradations of difficulty were
needed to create a comprehensive factorial model for the study
under inquiry. A significant number of process parameters and
ONP on SEC.



Fig. 8. Effect of AONP on CO emission.

Fig. 9. Effect of AONP on HC emission.
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levels were needed for the study’s inquiry. Emissions of carbon
monoxide and hydrocarbons, as well as fuel consumption, were
analyzed in relation to various biodiesel and AONP blends.
Researchers looked at how blending biodiesel and AONP affected
fuel efficiency, carbon monoxide, and hydrocarbon emissions [32].

Fig. 7 contour plots for specific energy consumption reveal that
increasing nano AONP dose and decreasing the biodiesel mix had
the greatest impact on engine energy consumption. Also, at maxi-
mum load, a concentration of 100 ppm AONP results in the lowest
values for fuel consumption, which is likely related to a quicker
combustion rate due to the increased oxygen content.

Figs. 8 and 9 show contour plots for CO, HC, and NOx emissions,
respectively, illustrating the greatest influence of increasing or
decreasing the AONP dose and biodiesel mix, respectively, on the
engine’s ability to run at the lowest practicable CO, HC, and NOx

emissions. The lowest values for emissions were obtained at a con-
centration of 100 ppm, which is likely attributable to a faster com-
bustion rate due to the increased oxygen content. When the mix
ratio was raised, emissions increased because of the higher viscos-
ity of biodiesel, and the fuel’s burning capacity was reduced as a
result. Complete combustion of biodiesel is achieved with higher
oxygen content blends as those containing 15% biodiesel, reducing
emissions of CO and HC. Emissions of carbon monoxide and hydro-
carbons decrease with increasing AONP ratio, with the lowest
levels seen at 100 ppm AONP dose, in part because of the faster
rate of combustion at this level.
5. Conclusion

Energy management and conservation have become more
important in the industrial sector in recent years, as the cost of
energy constitutes a significant portion of the overall cost of pro-
duction. Through the utilization of a thermal barrier coated piston
that runs on biodiesel blends and the addition of a dosage of AONP
nano-additives, the current investigation intends to improve the
performance of a diesel engine. This will be accomplished by
reducing emissions. It was discovered that the braking thermal
efficiency of the BD15AONP100 was approximately 5.4% greater
than that of pure diesel when it was tested under maximum load
conditions. The SEC of BD15AONP50 and BD15AONP100 blends
was reduced when compared to diesel by 3.8% and 6.5%, respec-
tively. Both the BD15AONP50 and BD15AONP100 blends reduced
CO emissions by 6.1% and 11%, respectively, when compared to
those of pure diesel. When compared to pure diesel, the HC emis-
sions from BD15AONP50 and BD15AONP100 blends were reduced
by 5.2% and 9.5%, respectively. The greatest influence on the
engine’s capacity to function with the fewest amount of CO, HC,
and NOx emissions conceivable is exerted by the AONP dose that
is the highest and the biodiesel mix that is the least. Biodiesel take
advantage of the planet’s natural carbon cycle to lessen the impact
of transportation and other industries on global warming. Green-
house gas emissions are reduced by one gallon for every gallon
of biofuel used.
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