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ABSTRACT 

 The depletion of petroleum reserves and ever growing vehicle population have led to the search for an apt substitute fuel 

to meet the future requirements satisfying the emission norms as well. Since diesel engines emit gases like nitrogen oxide 

(NOx) and particulate matter to objectionable level which are harmful to the environment, the search becomes much more 

relevant. Emulsified fuels have been found to be promising in reducing the emissions. Annona methyl ester (AME) biodiesel 

has already been found to be a promising substitute fuel for diesel. In this study B20 biodiesel of Annona methyl ester (diesel 

and 20% biodiesel) with water in the ratios of 5% and 7.5% has been utilized as fuel to investigate the engine performance and 

emission characteristics and the results reported.  
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INTRODUCTION 

 The depletion of petroleum reserves due to the growing vehicle population has intensified the search for renewable 

alternate fuels. The emissions like NOx and particulate matter from the diesel engines are detrimental to the environment and 

to the human beings. Water emulsified fuels are getting importance due to the simultaneous reduction of NOx and particulate 

matter. The addition of water in the form of emulsion has been found to improve the combustion efficiency and the brake 

thermal efficiency (Abu-zaid, 2004; Anna, 2006). Analysis of the emissions and heat release data indicate that water enhances 

air fuel mixing to maintain fuel economy and lower soot emissions (Kass, 2009). The volatility difference between fuel and 

water enhances the micro explosion phenomenon which leads to faster combustion reaction. So there is an improvement in 

brake thermal efficiency and reduction in the formation of NOx, Soot, HC and PM in the diesel engine (Armas, 2005; Cherng-

Yuan Lin, 2004). Usually diesel or biodiesel is immiscible with water. Surfactants are required to emulsify the fuel and ensure 

stability for long duration by reducing the interfacial tension (Danilov, 1977).  

MATERIALS AND METHODS 

 Emulsions were prepared by using the emulsifying agent’s lipophilic span 80 and hydrophilic tween 80 having the HLB 

value of 8 in 2% of total volume. In this study a two stage emulsification method was used for the emulsion preparation. In the 

first stage lipophilic span 80 with HLB = 4.3 and hydrophilic tween 80 with HLB=15 were added with diesel and water slowly 

and stirred. In the second stage biodiesel was added and the stirring was continued for 10 minutes at 5000 rpm. Water was 

added in the ratios of 5% and 7.5% with B20 biodiesel by volume. The properties of emulsified fuels are given in table 2.  

Table.1.Properties of biodiesel 

Properties kinematic DIESEL AME B20W5 B20W7.5 

Viscosity (Cst), 40C 4.0 5.9 5.46 5.72 

Specific gravity 0.830 0.920 0.845 0.848 

Calorific value (kJ/kg) 43200 39600 39700 38460 

Cetane number 50 52 48 47 

RESULT AND DISCUSSION 

Performance characteristics 

A. Brake Thermal Efficiency (BTE) The variations of brake thermal efficiency with different loads for different fuels have 

been shown in figure 1. The brake thermal efficiency increases with increase in load. The brake thermal efficiency of B20 

biodiesel is less than diesel due to its lower calorific value. The 5% and 7.5% water emulsified fuels exhibit lower brake 

thermal efficiencies in low loads compared to diesel and show slight improvement in higher loads. This is because the micro 

explosion phenomenon due to volatility difference between water and fuels enhances air fuel mixing during higher engine 

torque and hence the improvement in combustion efficiency. This could be the possible reason for higher brake thermal 

efficiencies even though the calorific values of the emulsions are less than that of diesel.  

B. Brake Specific Fuel consumption (BSFC) The variations of BSFC for different loads for different fuels have been shown 

in figure 2.Eemulsified fuel is heated the droplet form of water is vapored quicker than diesel fuel. This vaporization causes to 

disintegration of hydrocarbon chain quickly. This event which occurred about 280ºC is called micro-explosion and provides 

good atomization. In this case combustion efficiency increases and fuel consumption decreases because increasing the quantity 

of water in emulsion increases the micro-explosion effect. The 5% and 7.5% water emulsified fuels have lower fuel 

consumption compared than B20 biodiesel. 

Emission characteristics 

C. Carbon Monoxide (CO) The carbon monoxide emissions at different loads for different fuels have been shown in figure 

3.It is generated in an engine as a product of incomplete combustion of the fuel. CO emissions for emulsified fuels were found 
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to be higher than diesel at lower engine loads but maximum engine load, CO emissions for the emulsified blends were found to 

be 30 to 50% higher than the diesel due to lower air fuel ratio. 

D. Hydro Carbon (HC) Emissions the hydro carbon emissions at different loads for different fuels have been shown in figure 

4. Biodiesel shows significant reduction in HC emissions due its efficient burning than diesel. HC emissions of emulsions are 

found decreasing than that of diesel in higher loads. This is because the enhancement of air fuel mixing due to micro explosion 

phenomenon as discussed already improves the combustion process and hence the reduction of HC emissions. 

E. Nitrogen Oxide (NOx) Emissions NOx emission increases while the load is increased as shown in figure 5. In case of B20 

biodiesel, burning continuous even during exhaust due to the heavier molecules of biodiesel and exhaust temperature increases 

as seen already and this is the cause for slightly higher content of NOx compared to diesel. By oxidation, the atmospheric 

nitrogen forms NOx at sufficiently high temperatures. NOx emissions of emulsions are found decreasing than that of diesel as 

shown in figure 5. This is because the existence of lower adiabatic flame temperature due to the presence of water in the 

emulsions reduces the formation of NOx. 7.5% water emulsion shows 10% NOx reduction than that of diesel, whereas 8% 

reduction is observed for 5% water emulsion at full loads. 

F. Smoke opacity the smoke opacity at different loads for different fuels has been shown in figure 6. The smoke opacity of 

B20 biodiesel is slightly higher than that of diesel due the heavier molecules of biodiesel. Water emulsified fuels are found to 

produce reduced smoke opacity compared to diesel. This is because water gets vaporized by absorbing the heat energy during 

combustion process. This increases the ignition delay time. The ignition delay times of 5% and 7.5% emulsified fuels were 

found to be 14.2 degrees and 14.4 degrees respectively whereas diesel had a delay of 13.6 degrees. This increase in delay time 

improves the mixing process which leads to improved combustion reaction and hence the reduction of smoke opacity. 7.5% 

water emulsion shows 5% smoke opacity reduction than that of diesel, where as 2.5% reduction is observed for 5% water 

emulsion at full load. 

  

Fig.1 BP Vs BTE Fig.2 BP Vs BSFC 

  

Fig.3 BP Vs CO Fig.4 BP Vs HC 

  

Fig. 5 Fig.2 BP Vs NOx Fig.6 BP Vs Smoke 
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CONCLUSIONS 

1. Annona Methyl Ester biodiesel was prepared in the laboratory and it was observed that the properties were comparable to 

that of diesel. Emulsified B20 biodiesel (diesel and 20% biodiesel) with water in the ratios of 5% and 7.5%have been prepared 

and utilized as fuels 

2. B20 biodiesel showed slightly lesser BTE compared to diesel due to its lower calorific value. But water emulsified fuels 

were found to increase the BTE compared to that of diesel at full load. The continuous burning of B20 biodiesel even during 

exhaust led to the formation of higher EGT and hence increased NOx emissions than diesel. But emulsified fuels exhibited 

lower exhaust gas temperatures and hence reduced NOx emissions. A reduction of 10% in NOx emissions was found for 7.5% 

water emulsified fuel and 8% reduction for 5% water emulsified fuel. 

3. Significant reduction in HC emissions was noted for B20 biodiesel due to its efficient burning than diesel. In the case of 

emulsified fuels, enhancement of air fuel mixing during micro explosion phenomenon in higher loads improved the 

combustion process thereby reducing the HC emissions. 

4. The smoke opacity of B20 biodiesel was slightly higher than that of diesel due the heavier molecules of biodiesel. 

Emulsified fuels showed reduction in smoke opacity. This was due to the faster combustion reaction. 5% reduction in smoke 

opacity was noted for 7.5% water emulsified fuel, and 2.5% reduction for 5% water emulsified fuel. 
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