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ABSTRACT 

 Increase of automobiles across worldwide and stringent emission norms created an interest to arrive at an 

alternative fuel for the diesel locomotives. For past two decades researches went on with vegetable oil and bio-

diesel as test fuels. The outcome of the research proved that there was an increase of emissions with almost all bio-

diesel fuels. Among many solutions offered, recent developments are with emulsified fuels. Emulsified fuel is the 

unconventional fuel for diesel engines that can be used without engine modifications. From the fuel modification 

techniques we obtain the emulsified fuel. In this method, two or more unmixable fluids such as water in oil and oil 

in water are blended together in a diesel engine and replicate its combustion, emission and performance 

characteristics. An emulsified fuel shows an increase in efficiency and reduction in smoke and NOx emission. 

Moreover simultaneous reduction of smoke and particulate emission, which are health harmful and diesel engine 

suffer from it. This review paper gathers and discusses in detail along the effect of water on the emissions like 

NOx, PM, CO, HC, smoke and exhaust gas temperature. Results showing that there was a decrease in NOx and PM 

emissions, Furthermore, the consequence is not constant for HC and CO emissions by increasing the water 

percentage in emulsion fuel. The water content affects the combustion to reduce peak temperature in the 

combustion chamber and the micro-explosion, because of the volatility variance among diesel and water supports 

the best mixing of fuel and air, which progresses the combustion efficiency.  
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INTRODUCTION 

 Depletion of petroleum fuels, day by day increase of number of automotive vehicles and stringent emission 

standards across worldwide made a thrust among the researchers to work with alternative fuel. In an exhibition at 

Parris Dr. Rudolph Diesel himself demonstrated his invention with peanut oil during the year of 1900 A.D. Based 

on his principle many researchers carry out their research by taking vegetable oil as an alternative fuel for diesel 

engine. The several vegetable oils tested were Pongamia, Mahua, Palm oil, Jatropha, Karanja etc. India being a 

developing country, edible oils were preferred for cooking and non-edible oils were used as the test fuels in their 

research work. There are some draw backs while considering vegetable oils as a test fuel which creates fewer 

problems such as poor combustion and nozzle clogging due to its high viscosity. A chemical process namely called 

as transesterification process is introduced to decrease the viscosity of raw vegetable oil. For the past two decades 

researches were under gone to produce the biodiesel from vegetable oil. The main problems observed in biodiesel 

are reduction in thermal efficiency and increased nitrogen oxides emission. The currently many research work are 

under gone with emulsified fuels. This paper has an in depth analysis of various researches went on with emulsified 

fuels in DI diesel engine and stating the performance and emission characteristics. 

EMULSIFIED FUELS IN DI DIESEL ENGINES – A REVIEW 

 Ali Alahmer, 2013; Investigated the effect of emulsified diesel fuel on performance and emissions in DI 

diesel engine with an operating speed range of 1000 to 3000 rpm. The water content in the emulsified diesel fuels 

are selected in the range of 0-30% by volume was used. It was found that the torque which produced in the engine 

was maximum at 2000rpm and with the 5% water-emulsified fuel. If further increase in percentage of water in 

emulsion gets lower the calorific value of the fuel and this leads to a drop in the produced torque in the engine. At 

2000rpm with 5% water content, we found that minimum amount of brake specific fuel consumption and also the 

mean effective pressure, torque and thermal efficiency has increased drastically. The CO2 emission was decreased 

with water content and increased with engine speed. Nitrogen oxide emissions were significantly reduced for 

emulsified fuel as compared to that of conventional diesel fuel at the above conditions. The oxygen percentage in 

the exhaust has increased with increased percentage of water content in the emulsion. 

 The combustion characteristics of a single cylinder direct injection diesel engine has been evaluated with 

an emulsified fuel which contains 10% and 15% by volume of water. An emulsified fuel was produced from a 10% 
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Jatropha biodiesel and diesel blend. Hifjur Raheman et al., 2014; had proved that jatropha biodiesel and its 

emulsified fuel showed the similar stages of combustion as compared to that of diesel. It exhibits desirable 

combustion parameters.  

 D.H. Qi et al., 2013; identified that the density and viscosity of the micro emulsions has reduced with the 

addition of diesel and ethanol in the range of 30% by volume. The micro emulsion takes longer time to burn as 

compared to that of diesel. So it produces high peak heat release rate and peak pressure than the diesel. At low 

engine loads the micro emulsion attains slightly lesser combustion duration and almost equal to that of 

conventional diesel fuel at peak loads. The brake specific fuel consumption was higher for micro emulsions and 

brake specific energy consumption is almost equal to diesel. The main advantage of micro emulsion is that smoke 

reduction in drastic manner at peak loads. Hence, the rapseed oil can be efficiently used in unmodified diesel 

engine by emulsification of rap-seed oil and diesel fuel with ethyl alcohol. Because it has closer density and 

viscosity to diesel. NOx emission also reduced at high engine speed and it increases at peak loads. 

 Pradeep kumar et al, 2013; carried out an experimental investigation on diesel-water emulsion as a fuel in 

direct injection diesel engine. The water content varied by 5% and 8% with diesel fuel. He found that the thermal 

efficiency was  increased by 4.59 and 2.48, respectively. There was a decrease in smoke opacity emission by 7.54 

and 3.92 with the emulsified fuels. He also reported that an appreciable decrease in NOx emission by 28.52% and 

24.48%. The conclusion implied that diesel-emulsion could be a suitable alternative fuel, as it reduces NOx and 

smoke simultaneously. 

 The water-in-diesel emulsion on a three cylinder compression ignition engine, Ali M.A. Attia et al., 2014; 

has showed that the drastic reduction of NOx emission up to 25% for huge size water droplets in diesel fuel 

emulsions. The smoke and unburnt hydrocarbons also decreased about 80% and 35% respectively for emulsions 

with finer droplets and the effective efficiency of the engine was increased about 20%. 

 A proper resolution to attain the strict emission norms for compression ignition engine is emulsified fuel 

which reduces the particulate matter and nitrogen oxides. The water emulsified fuel was found out with the aid of 

hydrophilic-liphophilic-balance value. The HLB test suggests a suitable surfactant for the diesel and water 

emulsions. A constant volume pre-burn type combustion chamber is capable to produce high ambient pressure and 

temperature when the emulsion injection was retarded. Ming Huo et al., 2014; found a significant reduction in 

luminosity of smoke at longer ignition delay period and it also given longer air/fuel blending time. 

 Yuan-Chung Lin a et al., 2010; Investigated and found that there was a significant reduction of particulate 

matter and polycyclic aromatic hydrocarbon emissions from diesel engines powered by bio-solution/palm-

biodiesel/diesel blend emulsification.  E16P20 fuel consumed 12.4% of less fuel as compared to base diesel and 

polyaromatic hydrocarbon and particulate emission also reduced about 69.3% and 90.1% respectively. The 

exclusion of bio solution from diesel and palm-biodiesel fuel has the energy efficiency about 0.222% for P10, 

0.825% for P20, 2.75% for P30, 12.4% for E16P10, 11.7% for E16P20 and 9.17% for E16P30 as compared with 

diesel. The diesel and biodiesel fuel with bio solution increases the energy efficiency about 0.553% for P30, 

0.648% for P20, 0.512% for P10, 8.8% for E16P30, 10.3% for E16P20 and 9.93% for E16P10 as compared to neat 

diesel. It was found that emulsified palm oil with bio-solution increases the energy efficiency and reduces the 

pollutants.  

 Walavalkar 2001, state that there was an improvement in the combustion efficiency when emulsified fuels 

were used. And also in his study he mentioned that oil-water interface with very low interfacial tension led to a fine 

atomization of the fuel during injection. 

 Agung  S et al., 2011; attempted to study the use of diesel oil-water emulsion fuel (water in-oil type) in 

direct injection single cylinder diesel engine. The laboratory experimental project used 10% water that was mixed 

with Diesel Oil (DO) and in a few of inorganic surfactant by volume ratio (10% water, 89% diesel oil, 1% 

surfactant). To produce blending fuel the above mentioned components were mixed in a mechanical mixer 

controller. During the blending process the special surfactant will make oil surround the water droplet to prevent 

the water from separating out of the mixture. The encapsulation of water in oil which are in micrometer sizing 

prevents the water from contacting any metal engine parts. The experiment was conducted with single cylinder 

diesel engine set-up at 2000 rpm with variable engine load. Measurement of engine emissions parameters at 

different load conditions generally indicated reduction in engine carbon monoxide, sulfur dioxide and nitrous oxide 

emission as compared to base diesel oil. 



National Conference On Recent Trends And Developments In Sustainable Green 

Technologies 
Journal of Chemical and Pharmaceutical Sciences       www.jchps.com                                                    ISSN: 0974-2115 

JCHPS Special Issue 7: 2015                                                          NCRTDSGT 2015 Page 177 

 Ghannam  MT et al., 2009; reported that the presence of water within diesel fuel in the form of water-in-

diesel (W/D) emulsion lowered the pollution level of nitrogen oxides and particulate matter. They prepared 

emulsion of W/D by high-speed mixing and gradually adding water into the diesel fuel containing a small amount 

of emulsified agent. They measured the physical properties of diesel fuel and W/D emulsions with a pycnometer 

for density, Fann V.G. rotational viscometer for viscosity, and a Fisher Surface Tensional for surface tension. They 

used a computer image analyzer system to investigate the water droplet fuel interaction and the water droplet 

distribution within the diesel phase. The results of the study showed that the emulsions of 10% and 20% W/D were 

stabilized for 38 days. For 0.2% surfactant, 15,000 rpm, and 2 minutes of time. The stability period was limited to 5 

hours for emulsions with a water concentration higher than 20% under the same conditions. An optimum surfactant 

concentration of 2% was found for 40% W/D due to the poly-disparity behavior of the added surfactant. The total 

number of mixing revolutions significantly affected by the water droplet distribution and average diameter. They 

measured and investigated the physical properties of the stable W/D emulsions in terms of viscosity, surface 

tension and density. 

CONCLUSION 

The following observations were stated that, 

1. Brake thermal efficiency improved significantly due to the secondary atomization of the fuel. 

2. The smoke and nitrogen oxides emission of diesel-water emulsion has been reduced simultaneously. 

3. The biodiesel water emulsion produces slighter increment of NOx emission. But the value is lower than the 

biodiesel and diesel fuels. 

4. The unburnt hydrocarbon and carbon monoxide has drastically reduced for emulsified fuel.   
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