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ABSTRACT 

 The aim of this experimental work, is to compare the performance and emission characteristics of 

emulsified fuel in the conventional engine. A single cylinder direct injection diesel engine has been used for this 

investigation. Diesel water emulsion has been chosen as the test fuel and diesel has been considered as the 

reference fuel. As the diesel and water are immiscible, surfactants have been used to form a homogeneous mixture 

called emulsion. The surfactants used are span 80 and tween 80. Water has been mixed for the proportions of 5%, 

10%, and 15% by volume with diesel. For all the emulsions, 1% of surfactant has been used. It was found that the 

brake thermal efficiency was almost close to diesel and simultaneous reduction of smoke and oxides of nitrogen 

(NOx) emission. Suggested scope for this experimental investigation might be an endurance test and fuel additives 

to increase the calorific value.  
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INTRODUCTION 

 Emulsified fuels have been under research for more than three decades, as it reduces the oxides of nitrogen 

and smoke simultaneously. However, due to the concentration of researchers towards the vegetable oil, and 

biodiesel there was slow down in the field of emulsified fuels. Mohammed et al., 2014; reviewed present status of 

emulsified fuels in diesel engines, and he mentioned that introducing the water in to cylinder could be done in three 

different methods. The three methods are introduction of water with the inlet air in liquid or vapour form, parallel 

water and diesel injection and diesel in water emulsion. Alam et al., 2013; conducted an experimental work on a 

single cylinder DI diesel engine, with diesel water emulsion as fuel by changing the load. The study revealed that 

there was reduction in exhaust gas temperature and carbon monoxide (CO) emission in all load conditions. Micro 

explosion happening during the combustion makes a sudden drop in temperature which reduces the oxides of 

nitrogen (NOx) emission. Secondary atomization happening during combustion reduces the smoke emission, by 

complete combustion. Prakash et al., 2012; conducted an analysis on performance, combustion, and emission 

characteristics of Wood Pyrolysis Oil (WPO) and concluded that brake thermal efficiency was higher with the fuel 

additive Di Ethyl Ether (DEE). As water has no calorific value, and DEE has a highest cetane number (125) this 

attempt would have been made. Narkpakdee et al., 2012; conducted a study with Crude Palm Oil (CPO) emulsion 

as fuel, in a small diesel engine. They have reported that performance parameters seemed to be poor when the 

composition of CPO was increased. The reason might be due the reduced calorific value in the palm oil when 

compared with diesel. Agung et al., 2011; carried out an investigation with diesel-water emulsion as fuel in a single 

cylinder diesel engine. They used 10% water with diesel with organic surfactant. The result of the experimental 

work, was reduced CO, and NOx emission. Secondary atomization took place during the combustion would be 

reason, which led to a homogeneous combustion. Pradeep kumar et al., 2013; carried out an experimental 

investigation with diesel-water emulsion with water content varying from 5% to 8%. The results of the experiments 

reveal that there was simultaneous reduction of smoke and oxides of nitrogen emission. In this experimental work, 

it is planned to increase the content of water up to 15%. 

EXPERIMENTAL SETUP AND ENGINE SPECIFICATION 

Figure 1 shows the experimental setup used for the investigation. The layout consist a Kirloskar AV1 brand 

engine, coupled with an eddy current loading. Windows based software used in data acquisition system, which is 

used for plotting pressure and crank angle graph and heat release rate. To measure the exhaust parameters smoke 

meter and gas analyser have been used. Fuel intake were separated for diesel and diesel-water emulsion. The 

specifications of engine have been listed in the Table 1.  
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Figure 1 Experimental setup 

Experimental procedure: In this experimental work, diesel has been considered as reference fuel and emulsified 

fuels have been considered as test fuels. Span 80 and tween 80 have been used as surfactants. A mechanical stirrer 

is used to prepare the emulsion, which rotates at 1000 rpm. DWM 1 refers to 94% of diesel, 5% of water and 1% of 

surfactant, DWM2 refers to 89% of diesel, 10% of water, and 1% of surfactant, and DWM3 refers to 84% of diesel, 

15% of water, and 1% of surfactants.  

 

Table 1 Specifications of Engine 

Manufacturer 
Kirloskar oil engines 

limited 

Model SV1 

Displacement 661 cc 

Max brake power 5.9 kW 

Speed 1800 rpm 

Compression ratio 17.5:1 

Lubrication 

system 
Forced feed system 

Bore and stroke 87.5 x 110 (mm) 

Method of cooling Water cooled 

Injection pressure 200 bar 

RESULTS AND DISCUSSION 

Performance characteristics: 

Brake power Vs brake thermal efficiency: Figure 3 shows the curve between brake power and brake thermal 

efficiency.  It was observed that there was an increase in efficiency by 1.23%, 3.09%, and 5.2% with DWM1, 

DWM2, and DWM3 respectively when compared with petroleum diesel. The presence of water in the emulsion 

increased the expansion work and reduced the compression work resulting in increased net work done during the 

cycle. Anna et al., 2006; had mentioned that addition of water in the form of emulsion had the positive effect on the 

combustion efficiency as the water droplets created additional torque and developed maximum pressure.   

Brake power Vs specific fuel consumption: Figure 4 shows the curve between brake power and specific fuel 

consumption. The specific energy consumption of diesel at maximum load was found to be 14868.8 kJ/kWh, where 

as the increase in the SEC was found to be 11.14%, 12.19%, and 12.50% with DWM1, DWM2, and DWM3 

respectively. The increasing content of water reduced the calorific value of the fuel and caused more specific fuel 

consumption at higher loads. Nitesh, 2012; in his research mentioned that when the percentage of water increased 

equal amount of diesel was displaced with water which had no calorific value and hence energy was absorbed by 

water for vaporization which caused more fuel consumption. 

Cylinder pressure Vs crank angle: Figure 5 shows the curve between cylinder pressure and crank angle. There 

was an increase in peak pressure for DWM1, DWM2, and DWM3 by 1.01%, 2.87%, and 4.92% respectively, when 

compared with diesel. Explosive vaporization occurred when the fuel was injected into the engine, fragmenting the 

droplets further. Anna et al., 2006; mentioned that addition of water increased the torque over the entire rpm range. 

Hence when the charge was fired in the cylinder, water turned into steam with high pressure. 
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Fig.3 Brake Thermal Efficiency 

Vs  brake thermal efficiency 

Fig.4 Brake thermal 

efficiency Vs 

specific fuel consumption 

Fig. 5 Cylinder pressure Vs crank 

angle graph 

   
Fig. 6 Brake power Vs hydrocarbon 

emission 

Fig.7 Brake power Vs smoke 

opacity emission 

Fig. 8 Brake power Vs Oxides of 

nitrogen emission 

Emission characteristics 

Unburnt hydrocarbon emission: Figure 6 shows the characteristic curve between brake power and unburnt 

hydrocarbon emission. The HC emission was found to be 74 ppm for diesel fuel at maximum load. It was also 

observed that the HC emission was reduced by 9.45%, 12.16%, and 14.86% with DWM1, DWM2, and DWM3 

respectively.  The smoother and homogeneous combustion enabled the reduction of hydrocarbon emission with 

emulsified fuels. A similar result was reported by Nitesh (2012) in his study. He stated that unburnt hydrocarbon 

emission emulsified fuel significantly lesser than diesel fuel. 

Smoke opacity emission: Figure 7 shows the graph between brake power and smoke opacity emission. The 

decrease in smoke opacity emission was found to be 2 HSU, 3 HSU, and 5 HSU for DWM1, DWM2, and DWM3 

respectively. Increase in ignition delay improved the mixing and explosion of water droplets resulted in better 

thermal cracking. Hence smoke opacity of emulsified fuels was lesser than diesel fuel. Similar findings were 

reported by Kannan and Marappan, 2010; that water emulsified fuels showed considerable reduction in smoke 

opacity compared to biodiesel, because water got vaporized by absorbing heat energy during combustion process. 

Oxides of nitrogen (NOx) emission: Figure 8 shows the graph between brake power and oxides of nitrogen 

emission.The NOx emission was found to be decreased by 23.35%, 26.95%, and 29.6% with DWM1, DWM2, and 

DWM3 respectively when compared to diesel. Due to the explosion of water droplets OH radicals were produced 

and there was an improvement in air fuel mixing process. Moreover emulsified fuels produced lower heat release 

rate at premixed combustion which was at peak of combustion temperature, hence there was reduction in NOx 

emission (Roila and Choo 2008). 

CONCLUSIONS 

The experimental work proves that diesel-water emulsion can be used as a fuel in the compression ignition 

engines, without any modification. Though it doesn’t replace the petroleum fuel completely, using 15% of water 

per litre of diesel, could lengthen the availability of fossil fuel. The compatibility of the fuel, has also been proved 

in this work, due to the following reasons. 

(i)  Simultaneous reduction of smoke and oxides of nitrogen was possible with this fuel 

(ii) There was increase in brake thermal efficiency. 

(iii) There was increase in the peak pressure developed. 

(iv) There was reduction in hydrocarbon and carbon monoxide emission 

(v)   Diesel water emulsion could be used in the conventional engine without any modification 
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