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Abstract

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 similar 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 biodiesel blends, and a dosage of nano-additives to minimize emissions,. The

engine efficiency of nano additives 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 hydrocarbon emissions in the range of 5.2–
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9.5%. The results were further analysed using the design of experiment tool to determine

the influential parameters.

Introduction

Energy is a significant part of manufacturing expenses, thus conserving and managing it has

become a critical industrial activity. As a result of this positive approach, worldwide

patterns of energy usage have been altered. This has led to an increase in productivity, 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

consumption. 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 transmission 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 efficiency, 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 combustion chamber. So fewer emissions and

fuel are created [4].

An uncoated piston was tested against two coated pistons of varying thicknesses. The

influence of biofuel was revealed by comparing 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 efficiency and pollution levels of a

diesel engine covered with copper alloy. The copper-chromium-zirconium-coated piston is

more efficient 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, pollutants 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 aluminum silicate

https://www.sciencedirect.com/topics/engineering/design-of-experiments
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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 provide 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

[10], [11]. 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 nanoparticle 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. Pumpkin oil has been shown to be a suitable feedstock for biodiesel

manufacturing, notwithstanding the study's findings [13]. Except for NO  emissions,

significant reductions in exhaust emissions such as CO, HC, and smoke were seen under

high engine running conditions. Pumpkin seed biodiesel was shown to have excellent

performance, 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 consumption [15]. The study was carriedout to analysis the

impact of alumina nanoparticle added biodiesel blend on engine behaviour, stability

enhancement, and characterisation techniques to determine chemical bonding,

nanoparticle form, and size, nano-additives in liquid fuel, health implications, and

automotive applications [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 regular diesel is blended with pumpkin seed biodiesel at concentrations 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 (CO ) emissions.
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Section snippets

Material and methods

Compared to other alternative fuels, biodiesel's many advantages stem from its chemical

similarity to diesel fuel made from petroleum. Since biodiesel is competitive with

conventional petroleum fuels in terms of engine efficiency, power production, climbing, and

hauling, it is being increasingly adopted by the oil industry as a diesel replacement.

Biodiesel behaves similarly to regular diesel in freezing temperatures, fogging up and

gelling. In developing nations like India, diesel engines are

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.

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

Brake thermal efficiency

Low thermal conductivity coating on the combustion chamber surface prevents heat from

escaping into the coolant and environment, as well as controlling temperature distributions

and heat flow. When tested under maximum load, BD15AONP100′s 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

Conclusion
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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

production. 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
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