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ABSTRACT 

Smoke and oxides of nitrogen (NOx) emissions are the major and harmful pollutants exhausted out from diesel 

engines. Use of water emulsified diesel as fuel in diesel engine is considered as an easy and effective way of 

controlling simultaneously the smoke and NOx emissions. Addition of nanofluids along with the emulsified fuel and 

using it as fuel finds attraction for improving the performance of the diesel engine further. In this present work 

influence of a nano fluid on performance and emission parameters of a compression ignition engine fuelled with water 

diesel nano fluid emulsion was studied experimentally. Aluminum oxide (Al2O3) was used as the nano particle for 

preparing the nano fluid. Nano fluid was prepared by mixing 25 ppm of aluminum oxide with the distilled water by 

using an ultrasonic agitator. Water diesel emulsion was prepared by using 15% by volume of water, 83% by volume of 

diesel and 2% by volume of surfactant (span 80). Prepared nano fluid was mixed with the water diesel emulsion and 

tested as fuel for the engine’s performance and emissions. 

Test results revealed improvement in brake thermal efficiency, reduced smoke and oxides of nitrogen with 

water – diesel - nano fluid emulsion as compared to the conventional diesel fuel. The brake thermal efficiency of 

emulsified fuel was found as 21% whereas conventional diesel fuel experienced around 20% at the power output of 2.1 

kW. This was explained by the presence of nanoparticles in the emulsified fuel which made the hydrogen atom present 

in the water molecule to be broken easily which helped in improving the combustion process. In addition micro 

explosion of the emulsified fuel resulted in very fine droplets and improved the fuel air mixing process and caused the 

combustion to be complete. The unburnt hydrocarbon was noted as 65 ppm with water – diesel - nano fluid emulsion 

whereas it was 50 ppm for diesel at the power output of 2.1 kW. Reduced smoke intensity was witnessed for diesel 

nanofluid emulsion as compared to neat diesel at all engine power outputs. The reduction in smoke emission was 

explained by the micro explosion of the emulsified fuel. In addition presence of nano particles in the emulsified fuel 

also helped in reducing the smoke emissions considerably. Water – diesel-nanofluid emulsion resulted in reduction in 

NOx at all power outputs. The reduction in NOx emission was explained by the reduced peak cycle temperature of the 

emulsified fuel due to the high latent heat of vaporization of water present in the emulsion. At the power output of 2.1 

kW the NOx emission was noted as 630 ppm with the water – diesel - nano fluid emulsion where as it was 670 ppm 

with conventional diesel. The carbon monoxide emissions were also found to be lower with water – diesel - nano fluid 

emulsion as compared to conventional diesel at all power outs. This trend was explained by the presence of nano 

particles in the emulsified fuel which helped in breaking the water molecule to separate the oxygen atom which 

resulted in complete oxidation of the carbon atoms in the fuel. It is concluded that water diesel emulsion can be used as 

a promising fuel for simultaneous reduction of smoke and NOx emissions in diesel engines. In addition the 

hydrocarbon and carbon monoxide reduction with improved engine performance can be achieved by adding nanofluids 

along with the emulsified fuel. 
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INTRODUCTION 

Amount of money spend by Indian government in importing crude oil is increasing day by day which implies 

the need of the energy resources is exponentially high as compared to the past. Hence it is the correct time to pay our 

attention on new technologies to meet this energy demand. In this work an attempt was made to impart nanotechnology 

in the field of fossil fuels. Nanotechnology has gaining lot of confidence in many research fields hence an effort was 

made in this work to make use of aluminum oxide nanoparticles along with conventional diesel fuel in compression 

ignition engine and tested for its performance and emission characteristics. 

Many researchers found that nanoparticles can be used as an additive along with the conventional fossil fuel to 

enhance the combustion and reduces the emission significantly.Purna Chandra Mishra et al. done an extensive research 

in the field of nanotechnology and founds its application in various fields of science and technology. Its heat transfer 

properties were studied in detail by the researchers and founded its utility in many automobile applications like coolant, 

fuels, lubricants and shock absorbers. Mu-Jung Kao et al. studied the effect of aluminum nanoparticle in the 
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combustion process. Researcher found that aluminum oxide tends to decompose the hydrogen atom present in the 

water molecule and made them involves it in the combustion.  Arul Mozhi Selvan et al. used cerium oxide nano 

particle along with diesel fuel and tested it in a single cylinder compression ignition engine. They found that CeO2 

nanoparticle present in the fuel separates oxygen atom from the water molecule. Excess of oxygen atom present in the 

combustion chamber ensures complete oxidation of injected fuel and resulting in reduced carbon monoxide and 

hydrocarbon emission. 

Idriss et al. explained the outcome of using ethanol along with nano fluid .Researcher found that evolution of hydrogen 

atom from the nano fluids with ethanol addition in it. Senthilkumar et.al studied the effect of emulsified fuel in diesel 

engine and its importance in the reduction in smoke and oxides of nitrogen emission. Sadhik Basha et al. highlighted 

the presence of nano particle in a diesel emulsion and its significance over its emission characteristics.  

2. Fuel preparation and properties: Water Diesel nano fluid emulsion (WDNE) was prepared in two-steps. Initially 

around 25ppm of aluminum oxide nanoparticle was made dispersed in to distilled water with the help of ultrasonic 

agitator. Piezo electric effect produced in the ultrasonic agitator is responsible in creating strong vibrations which helps 

in the dispersion of nanoparticle in the water. In the second step water diesel emulsion was prepared separately in a 

glass beaker. Emulsion constitutes of 83 % of diesel, 15% of water and 2% of surfactant mixed well with the aid of 

magnetic stirrer. SPAN 80 was used as the surfactant to mix diesel and water together. 

Finally nanofluid and water diesel emulsion was mixed in a container with a help of mechanical stirrer for about 20 

minutes, as a result of it water diesel nano emulsion was obtained in creamy white in color Prepared emulsion was 

taken in to the laboratory for testing its properties. Table1 illustrates the properties of diesel and water diesel nanofluid 

emulsion. 

3. Engine setup and experimental method: Single cylinder compression ignition engine was used in this work to test 

the fuel and its detailed specification is listed down in Table 2. Eddy current dynamometer was opted to load the 

engine Digital rpm indicator was used to measure the speed of the engine. Fuel flow rate was measured using burette 

and stop watch arrangement.AVL di gas analyzer and smoke meter arrangement was used to measure the engine 

exhaust emission  

Engine was started and allowed to warm up for about 15 minutes. Engine was loaded by adjusting the knob in 

the dynamometer panel board. The time taken for 10cc of fuel consumption was noted down for each load by volume 

basis in the burette arrangement. At every load condition exhaust emission such as HC, CO, CO2, NOx and smoke were 

measured using AVL Di gas analyzer and AVL smoke meter respectively. Initially base fuel (i.e. diesel) was tested for 

its performance and emission characteristics and then followed by water diesel nano emulsion was tested in the same 

engine and their results were compared against the base diesel fuel. 

Table.1.Properties of the fuels 

Properties Diesel WDNE 

Viscosity at40o C(cst) 2.62 4.12 

Flash  Point(o C) 68 79 

Fire Point(o C) 76 88 

Density at 30oC(kg/m3) 832 859 

Calorific value(MJ/kg) 43.5 42.2 

RESULTS AND DISCUSSION 

Brake thermal efficiency: Variation of brake thermal efficiency with different power output was plotted in the Figure 

1. It is clear from the plot that increasing trend was followed in the brake thermal efficiency characteristics of both the 

fuel as the load increases it is mainly due to the in cylinder temperature. At part load BTE of water diesel nano 

emulsion was found to be 21% whereas neat diesel fuel experiences around 20%, it was due to the presence of 

nanoparticle in the emulsified fuel. It tends to separate the hydrogen atom in water molecule and promotes the 

involvement of hydrogen in the combustion process. In addition to it, micro explosion of the emulsified fuel results in 

secondary atomization of fuel droplet and enhance the fuel air mixing rate were also responsible for increased thermal 

efficiency of the water diesel nano emulsion as compared to neat diesel. At peak load condition brake thermal 

efficiency of diesel was comparatively higher than water diesel nano emulsion, due to the higher combustion chamber 

temperature. 
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Table.2.Engine specification 

Parameters Details 

Make and Model Speed Well Oil Engines. Ltd  and  

SW-3B 

Bore * Stroke 95mm*110mm 

Speed 1500 rpm 

Maximum Power 8hp(5.9kW) 

Compression Ratio 16.5:1 

Cooling System Water 

Injection Timing 270BTDC 

Injection Pressure 200 bar 

Specific fuel consumption: Specific fuel consumption of diesel and water diesel nano emulsion was illustrated in the 

Figure 2. From the graph it was clear that SFC of the water diesel nano emulsion was quite lower than the neat diesel at 

its part load condition, it can be explained by the existence of nanoparticles in emulsified fuel, which makes the 

hydrogen atom present in the water molecule to get separated and involves in the combustion processes. But on the 

higher load fuel consumption rate of diesel was lower than the diesel nano emulsion due to the in cylinder temperature. 

  
 

Figure.1.Variation of Brake thermal 

Efficiency with Brake power. 

Figure.2.Variation of Specific Fuel 

Consumption with Brake power 

Figure.3.Variation of oxides of 

Nitrogen with Brake power 

 

  

Figure.4.Variation of hydro carbon 

with  Brake power 

Figure.5.Variation of Carbon 

monoxide with Brake power 

Figure.6.Variation of Smoke with 

Brake power 

Oxides of Nitrogen: Variation of oxides of nitrogen emission with different power output of diesel and water diesel 

nano emulsion was shown in the Figure 3.Water molecule present in emulsified fuel possess very high latent heat of 

vaporization which tends to reduce the peak cycle temperature, hence oxides of nitrogen emission of water diesel nano 

emulsion was found on the lower side as compared to diesel fuel for all the power output. At peak load condition diesel 

fuel experienced around 850 ppm whereas water diesel nano emulsion emits 800 ppm of NOX. 

Hydrocarbon: Deviation in hydrocarbon emission with power output of diesel and water diesel nano emulsion was 

illustrated in the Figure 4. At peak load condition HC emission of water diesel nano emulsion was quite higher than 

diesel fuel. It can be explained by the higher viscosity of the emulsified fuel resulting in poor atomization and 

continued by improper combustion. However in part load condition HC emission of diesel was around 50 ppm whereas 

water diesel nano emulsion was around 35ppm. Presence of water in the emulsified fuel makes the fuel droplet to 

undergo secondary atomization of the fuel which enhances the combustion process resulting in reduced hydrocarbon 

emission as compared to diesel in the part load condition. 

Carbon monoxide: Variation of carbon monoxide emission with brake power for diesel and water diesel nano 

emulsion was shown in the Figure 5. For all the power output CO emission of water diesel nano emulsion was found to 
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be lower as compared to diesel fuel. It can be explained by the presence of aluminum oxide in the diesel emulsion 

which will easily separate oxygen atom from water molecule which ensures complete oxidation of fuel droplets. In 

addition to it better air and fuel mixing rate was achieved inside the combustion chamber due to finer atomization of 

emulsified fuel droplets which ends up with complete combustion. 

Smoke: Smoke emission of diesel and water diesel nano emulsion with brake power is shown in the Figure 6. Micro 

explosion of emulsified fuel results in secondary atomization of injected fuel which ends up with reduced smoke 

intensity as compared to neat diesel fuel. In addition to it, the presence of nanoparticle in the emulsion tends to separate 

the oxygen atom in the water molecule which rises up the availability of oxygen. Excess oxygen present in the 

combustion chamber tends to oxidize the partially burned hydrocarbon thereby reduced smoke intensity is witnessed 

for water diesel nano emulsion as compared to diesel for all power output. Smoke emission of diesel at part load 

condition was around 80 HSU whereas diesel nano emulsion emits around 60 HSU of smoke opacity. 

CONCLUSION 

From the experiments conducted Performance and emission characteristics of diesel and diesel nano emulsion 

was studied. At its part load condition diesel nano emulsion exposes improved brake thermal efficiency and specific 

fuel consumption as compared to diesel. Hydrocarbon emission was found to be reduced with diesel nano emulsion as 

compared to diesel at lower and part load condition. Other engine exhaust emission like carbon monoxide, oxides of 

nitrogen and smoke were found to significantly reduced with diesel nano emulsion as compared to diesel at all its 

power output. However at peak load condition performance characteristics and Hydrocarbon emission was slightly on 

the higher side for diesel nano emulsion. 
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