Effect of Nano Additives on Emission and Combustion Parameters of CI Engine for various biodiesel blends
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Abstract—In this research work Titanium dioxide nanoparticles are dispersed in Pongamia pinnata biodiesel as nano additive. Nanoparticles are added to three blends B10, B20 and B30. The emission and combustion characteristics are recorded using a computerized CI engine test apparatus. It is observed that the NOx reduces by 19.2%, 18% and 7.9% when nanoadditives are added to B10, B20 and B30 respectively. Unburnt hydrocarbons reduce by 20%, 4.5% and 11.1% when nanoadditives are added to B10, B20 and B30 respectively. Smoke opacity reduces by the addition of TiO2 nano additives by 11.6%, 4.8% and 20.9% respectively. B20T75 is showing maximum heat release of 1.42 kJ/crank angle. Also heat release rate is greater in fuel samples with nanoadditives compared to fuel samples without nanoadditives.
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I. Introduction 

Industrialization is a big cause for the rapid consumption of petroleum products and their depletion. Alternate fuels are the need of the hour, on which researchers are working on at present. One of the alternate fuels worked on these days is biodiesel. Biodiesel is prepared from vegetable oil, animal fats or waste cooking oil. These oils will have high viscosity, so using it in engines will affect the performance of the engine. Esterification process is carried out to reduce the viscosity. The oil is made to react with calculated amount of alcohol in the presence of catalyst like sodium hydroxide to form esters of alcohol, which is termed as biodiesel. There are many benefits of Biodiesel over diesel. Since it can be prepared abundantly, it comes under the renewable category of sources of energy. From the various literatures it has been found that biodiesel show reduced exhaust emissions [1-2].
Calorific value of biodiesel is lower than diesel fuel, hence the efficiency will be lesser than diesel fuel[3]. To negate this result researchers have been working on additives to be used with biodiesel. Literatures prove that by using additives in some cases performance is improves and in other cases the emissions have reduced[4]. 

Nanoparticles are used extensively in CI engines as fuel additive. The base fuel properties have found to be improved with the use of nanoparticles in fuel which tends to closer to complete combustion of charge and also thereby reducing the harmful exhaust gases[5]. Cerium oxide (CeO2) nanoparticle, used as additive in the rice bran biodiesel blend for C.I. Engine helped in reducing the consumption of fuel, and in increasing the heat release rate [6]. The micro-explosion theory states that atomization of fuel will be better due to the turbulence caused between air and fuel mixture with nanoadditive. Similar results of reduction in emissions are obtained when ferrofluid is used in biodiesel [7]. Aluminium nanoadditives have been found to improve the efficiency as well as decrease the BSFC value, NOx content and amount of smoke [8]. The emission value of carbon monoxide, hydrocarbon and smoke reduced up to 5.33%, 33% and 12.5% compared with biodiesel blend when Copper Oxide nano additives is used in methyl ester of Mahua oil [9]. From the study of a researcher working on aluminium nanofluid in diesel, it has been observed that a reduction of 4.1% and 6.2% in smoke and NOx contents were found respectively. An improvement in efficiency of 2.79% is obtained when Zinc oxide nanoadditive used biodiesel derived from biodiesel derived from Anola oil. In the emission section, a 3.82% reduction in NOx emissions, 7.2% reduction in smoke 7.2% is found [10]. From literature it is studied that TiO2 nanoadditives have good catalytic properties, hence it is used for this experimental work with honge oil (common name for Pongamia Pinnata) methyl ester.
II. Experimentattion
A. Preparation of fuel sample

To obtain a dispersion of the nanoparticles in the fuel sample, a probe Sonicator is utilised. The fuel for present study is a B20 of diesel and PongamiaPinnata biodiesel (80% to 20% ratio of diesel to biodiesel). The fuel additive used are Titanium dioxide nanoparticles of <100nm in size.  The concentration of the nanoparticles is 75mg/l. Initially the nanoparticles is accurately measured to get the proper dosage on a weighing scale to be added to the fuel sample. The fuel sample is then placed in the inside the enclosure of probe sonicator where the probe dips into the fuel sample and ultrasonic waves help in scattering the nanoparticles in the sample of fuel. Time interval to sonicate each fuel sample is 60 minutes. 
B. Property study of Nanofuel sample
It is necessary to measure the physiochemical properties of the blends of fuel that are tested. Viscosity plays a major role in the atomization of fuel, and calorific value in the energy released on burning of unit mass of fuel. These along with density and fire point are tested following the ASTM methods.
C. [image: image3.emf]Testing of fuel sample in C.I. Engine
TABLE I.  Specification of CI engine test rig
The CI engine specification of test rig is displayed in the table I. Exhaust gas calorimeter and rotameters are provided to measure the water flow rate for engine cooling. Exhaust gases, NOx, CO, CO2 and HC are measured using a gas analyser of AVL make. Smoke opacity is measured by the smoke meter. The compression ratio is kept constant at 17.5 and injection pressure adjusted  to 200 bar. The load is changed from 0 kg to 12 kg in steps of 3 kg increment and the speed in rpm, time taken for consumption of 10cc of fuel and emission are recorded.
III. Results and discussion

Table II exhibits the recorded values of properties of fuel sample measured following the ASTM standards. The observation is that the fire point, density, viscosity and calorific value of biodiesel blends increase by a small margin when nanoadditives are added to it. 
TABLE II.   Properties of Fuel samples
	
	Fire point
	Density
	Viscosity
	Calorific Value

	B10
	89
	0.811
	3.01
	40835

	B20
	90
	0.813
	3.14
	40158

	B30
	92
	0.836
	3.73
	39243

	B10T75
	93
	0.812
	3.31
	41048

	B20T75
	94
	0.821
	3.47
	40415

	B30T75
	96
	0.836
	3.95
	39572


One of the significant emissions in the exhaust of CI engine is Nitrogen oxides (NOx). Concentration of NOx depends on temperature prevailing inside engine cylinder, oxygen content in fuel and time duration of the combustion process [11]. Fig. 1 shows the NOx values of the biodiesel blends with and without the nanoadditives. With the addition of nanoadditives, the NOx emissions are reduced by 19.2%, 18% and 7.9% in B10T75, B20T75 and B30T75 blend respectively.
Due to various reasons the combustion of the fuel will not be complete, because of which the remaining fuel in the form of hydrocarbons will be emitted out through the exhaust gases. From this research it is observed that addition of nanoadditives improves the combustion process and more fuel is burnt, leading to lower hydrocarbon emissions in the exhaust. From fig. 2 it is observed that the % decrease in the HC emission is 20%, 4.5% and 11.1% for B10T75, B20T75 and B30T75 respectively.
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Fig. 1. Variation of NOx for various fuel samples.
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Fig. 2. Variation of HC for various fuel samples.
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Fig. 3.  Variation of smoke opacity for various fuel samples.
Smoke Opacity is the measure of how much visibility is blocked due to the smoke emitted from the engine. Smokemeter is used to record the value of smoke opacity of the exhaust gases. From observations of results in fig.3, it is observed that with the addition of nanoadditives the smoke emitted is lower. For B10T75, B20T75 and B30T75 a 11.6%, 4.8% and 20.9% lower smoke opacity values are obtained. 
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Fig. 5. Heat release for various fuel samples

Fig.4 shows the variation of pressure with respect to the crank angle for the fuel samples with and without nanoadditives. It is observed that the peak pressure is highest for B30T75 fuel sample when compared to the other fuel samples tested. Also it is noted that the pressure is greater in case of fuel samples with nanoadditives. 
The heat given out in the combustion process is plotted with respect to the crank angle for various fuel samples in fig.5. Observation during the experiment is that the heat release rate in case of fuel samples with nanoadditives is higher than the fuel samples without nanoadditives. The catalytic action of the TiO2 nanoadditive helps in improved atomization of fuel, resulting in lessening of ignition delay which improves the burning process[14]. 
Conclusion

From the experimentation it can be concluded that addition of Titanium dioxide nanoadditive in biodiesel varies the properties of fuel and emission and combustion characteristics also affected slightly. NOx, HC and smoke opacity values have been found to be lower when nanoadditive is used in the fuel. Cylinder pressure and rate of heat release is more in fuel with nanoadditive.
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