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Abstract. Diesel engines have found extensive application in various sectors, such as agriculture, marine, automobile, and locomotives, owing to their exceptional efficiency and high-capacity torque. Nevertheless, using a diesel engine increases the emission of dangerous pollutants like NOx and Soot. This study investigated the effect of several products of emulsified biodiesel compared to the CI engine fueled by baseline diesel. Biodiesel and (95,90,85, and 80%) diesel were used to prepare the test fuel B (5,10,15 and 20) in this experiment. The surfactant (1,2, v/v%) and HLB ratio for SPAN 80 and TWEEN 80 (4.3 and 15) vary in the given range, respectively. EB5 demonstrated significant results that were comparably closer to the performance of diesel fuel. Therefore, emulsified biodiesel has the potential to serve as a viable alternative fuel in the near future and is among the potential options for renewable energy in transportation.

Introduction

Diesel engines, also known as compression ignition (CI) engines, are very efficient and provide much power, making them fit for use in the transportation sector[1], [2]. The increasing dependence on these fuel sources also contributes to the production of atmospheric contaminants, including Nitrogen Oxides(NOx), Carbon Dioxides(CO), Sulfur Oxides (Sox), Hydro Carbon (HC), Particulate Matter (PM), and other pollutants[3], [4]. Alternative fuels have the potential to mitigate the intensity of these impacts. Numerous researchers have worked to find a more environmentally friendly alternative to conventional diesel that may still be used in the current engine without requiring significant modifications[5]. “Biodiesels” have recently gained popularity as a promising candidate for use in CI engines as an alternative fuel. This is because biodiesel is the most oxygenated renewable fuel[6], with low levels of sulfur and carboniferous emissions[7]. The advantages of utilizing biodiesel are their compatibility with baseline diesel in any proportion as a diesel-biodiesel blend. Despite these advantages, it cannot comply with BS (Bharat stage Emission Standard/ EURO Emission Standard) for NOx Emissions. 
	Fuel blend emulsified in water is classified as either oil-in-water (O/W) or water-in-oil (W/O)[8]. The surfactant agent's hydrophilic-lipophilic balance (HLB) value determines whether the dispersed phase is oil-soluble or water-soluble, known as W/O and O/W. The difference in volatility between the water and oil causes the large fuel droplets to split into smaller droplets as a result of the combined effects of "micro-explosion" and "secondary atomization" phenomena[9]. The micro explosion occurred because of the instantaneous evaporation of accessible water in the emulsified fuel. In W/O, water droplets subjected to high pressure and temperature in the combustion chamber quickly absorb heat and explode through oil due to a lower boiling point[10]. This phenomenon is known as micro-explosion. A phenomenon known as secondary emulsion occurs, which fines the secondary fuel droplets, improving the air-fuel ratio and lowering engine emissions. Shanmughasundram et al. [11] determined that increasing the amount of water in fuel increases BTE while decreasing NOx and PM emissions by 45% and 80%, respectively, due to the micro-explosion phenomenon.

	The emulsification technique is preferable because it is a low-cost method that does not require modifications to the original engine design or specialized and sophisticated equipment. The available literature, on the other hand, is extremely limited in terms of its coverage of engine performance. The current paper aims to investigate the performance of CI engines run with emulsified biodiesel to improve knowledge of different techniques and methods related to their formulation and application directly to the diesel engine.

Methodology

In this section will be discussed on the Engine selection, ultrasonic homogeizer and Dynamometer controller 
2.1 Engine Selection

The engine utilized in this research is the Yanmar generator engine model L70AE-DTM. This engine is a compression engine, air-cooled, with a vertical cylinder, one cylinder, and a four-stroke direct injection engine. The specifications of the engine are given in Table 3.1. Yanmar engine uses diesel as a primary fuel and can operate using biodiesel. It runs on one cam profile, exhaust, and intake valve. 

Table 3.1.Yanmar Engine Specification
	Specifications
	Description

	Type
	Yanmar L70AE-DTM

	Bore
	84mm

	Stroke
	62mm

	Number of cylinder
	1

	Engine Weight
	36kg

	Type of Injection
	Direct Inject

	Fuel Injection Pressure
	19.6 Mpa

	Displacement
	0.296L

	High Idle Speed
	3600 rpm

	Max.rated power
	4.9 kW @ 3600 rpm

	Injection Timing
	14°  1° BTDC

	Intake
	Naturally aspirated

	Cooling
	Forced air

	Lubrication
	Forced Lubrication with Trochoid Pump

	Compression Ratio
	19.1


2.2 Ultrasonic Homogenizer

An ultrasonic homogenizer (UH), an ultrasonic processor or sonicator, uses high-frequency sound waves to mix, disperse, or homogenize liquids, as shown in Figure 1. It generates ultrasonic waves through a probe or horn, which are transmitted into the liquid. These waves create high shear forces and cavitation bubbles in the liquid, which helps break down particles and achieve a uniform mixture. Particles are formed by ultrasonic wave vibration; only frequencies ranging around 20 KHz and a few MHz produce cavitation. When liquids are exposed to intense ultra-sonication, sound waves propagate through the liquids, causing alternating high-pressure and low-pressure cycles. 
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Fig.1 : Ultrasonic Homogenizer



2.3 Dynamometer controller

	The dynamometer was coupled with the Focus Applied Technologies dynamometer controller (model: DC2AP). The controller receives speed and load cell signal as input signal and manipulates the current to the dynamometer to apply torque. The inductive speed sensor reads changes in magnetic flux from a gear mounted to the dynamometer shaft. The gear has teeth that provide changes in magnetic flux, producing a sinusoidal wave signal. It is equipped with an internal strain gauge amplifier to condition the lower voltage signal from the load cell. A serial port of data logging is a function that uses a computer to record data from the controller (Focus Applied Technologies, 2009). The dynamometer controller is shown in Figure 2. The speed controller mode was used throughout the engine testing with wide open throttle (WOT).
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Fig.2. Dynamometer Controller



Result and Discussion
3.1 Engine Torque

The effects of diesel, pure biodiesel, and EB on engine torque are presented in this section under different conditions and variable speeds. Figure 3 shows that diesel fuel produced a higher torque performance curve than other biofuels. The higher torque generated via diesel is due to its lower viscosity and more complete combustion. Higher engine torque can be initially observed and consistently decreases due to friction losses (negative torque). From the results, EB5 shows the higher torque produced compared to the other fuels, and the other EB’s also demonstrated better performance. It is because when EB is sprayed into the combustion chamber, the heat is transferred via convection and radiation on the surface of the fuel droplet. As biodiesel and water have different boiling temperatures, the evaporation of these two medium conditions differed. As a result, water evaporates initially due to water molecules reaching its superheated stage faster than biodiesel.
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Fig.3. Engine Torque against engine speed



3.2 Engine Brake Power

	The brake power produced by the engine using pure diesel, pure biodiesel, and EB with different percentage mixtures is presented in this section under variable conditions and speeds. Figure 4 shows that brake power gradually increases with the increase in engine speed. Diesel fuel produced the maximum result compared to EB. EB5 is much closer to the diesel performance curve than the other EBs. This result is in agreement with the findings in the literature [12], which stated that the influence of the composition of water volume in biodiesel consequently improves combustion efficiency, improves the retardation of flame propagation, prolongs the ignition delay and lower the rate of pressure increase in combustion. Initially, during start-up, the diesel brake power was approximately 9.3% higher than that of EB5.  This is because EB required lower compression due to an extended ignition delay in the compression stroke. 
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Fig.4. Engine brake power against engine speed



Conclusion

The performance and emission of diesel, pure biodiesel and emulsified biodiesel (EB5, EB10, EB15 and EB20) were compared using an internal combustion engine. The results showed that EB5 demonstrated the closest performance to diesel engines, while pure biodiesel exhibited the lowest performance. This could be attributed to the lower energy content and higher viscosity of pure biodiesel compared to diesel and emulsified biodiesel. Despite emulsified biodiesel having the advantage of reducing some of the greenhouse gas emissions such as carbon dioxide, carbon monoxide and sulphur dioxide, it also aids in improving the engine’s performance as the micro-explosion effect phenomenon favoured complete combustion. Therefore, emulsified biodiesel can be considered a promising alternative to diesel fuel, especially at low blend ratios, as it can improve combustion efficiency and reduce the environmental impact of diesel engines. 


5. Recommendation

    Based on the findings, it is recommended to further explore and optimize the use of emulsified biodiesel blends, especially EB5, in internal combustion engines. Future research should focus on long-term performance and emission impacts, as well as the economic feasibility of large-scale implementation. Additionally, policy makers should consider promoting the use of emulsified biodiesel as a sustainable alternative to conventional diesel, aligning with global efforts to reduce carbon footprints and enhance energy efficiency.
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