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ABSTRACT 

The main scope of this work is to study the effect of cashew nut shell oil emulsion as fuel in diesel engine. 

Cashew nut shell oil (CNSO) is the bio oil obtained from pyrolysis of cashew nut shell. Being a renewable source 

of energy , CNSO possess many attractive properties which is very close to conventional diesel fuel, hence an 

attempt was made in this work to use it as an alternate fuel in diesel engine. Thus CNSO was made blended with 

neat diesel at various proportions and at around 40% maximum stability was established. Being highly viscous 

liquid, performance charactertics of CNSO40 was found to be promising due its higher calorific value than diesel. 

At its part load condition brake thermal efficiency of diesel was found to be around 30% whereas CNSO40 was 

around 29%. On the same time emission characteristics was found to be not as good as diesel. Hence CNSO40 was 

made in to an emulsion and outcome states that there was a significant reduction in oxides of nitrogen and smoke 

emission as compared to CNSO40. 
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INTRODUCTION 

   As the fossil fuels were depleting day by day and on another hand world energy demand is rising 

exponentially, it is the exact time to explore an efficient alternate energy source to replace conventional non-

renewable resources. On keeping it in mind an investigation was made in this work to use bio oil obtained from the 

pyrolysis of biomass in the diesel engine. Biomass is the organic matter which has considerable amount of carbon 

content. Many researchers were found that bio-oil obtained from biomass had a potential to use as a fuel in diesel 

engines.Cashew nut shell is a kind of biomass which was concentrated in this work. Cashew nut shell oil is the bio 

oil extracted from Cashew nut shell, through fast pyrolysis techniques by heating it in elevated temperature in the 

absence of oxygen. It has been found that CNSO was blending easily with diesel up to around 50% by its volume 

.The performance and emission characteristics were found to be very interesting on comparing to diesel. 

Emulsification is the techniques of mixing two immiscible liquids in the presence of a surfactant. The reason 

behind going for the emulsion is to reduce the oxides of nitrogen and smoke emission. As a result of emulsification, 

peak cycle temperature of the fuel was found to be reduced thus leads to drop in the oxides of nitrogen emission. 

Micro explosion of fuel droplets as a result of emulsification, will leads to secondary atomization of the fuel which 

will enhance the combustion thus reducing the smoke level.    

   In this work CNSO40 was concentrated since it has a maximum stability of around a week. Performance 

and emission characteristics were compared against conventional diesel fuel. An attempt was also made in this 

work to form its emulsion, in order to govern its emission characteristics. 

FUEL PREPARATION 

CNSO40 Preparation: CNSO40 was prepared in the laboratory with 40% by volume of cashew nut shell oil and 

60% of neat diesel. Its properties were measured using suitable apparatus which is listed down in the Table.1. From 

the literature review it was found that calorific value of CNSO is 46.27 MJ/kg. 

CNSO40 Emulsion Preparation: In this work water in oil emulsion was made with SPAN 80 as a surfactant 

whose HLB value is 4.3.In order to evaluate its stability, test sample were made in the test tubes .Ternary Diagram  

is the graphical representation of all possible combination of mixtures of the fuel, water and surfactant by which an 

emulsion is formed. Ternary diagram is the tool from which most stabilized mixture of emulsion can be chosen. 

Fig.1 shows the ternary diagram by which an CNSO40 emulsion was made with different proportion of its 

constitutes. From the observation it was found at around 90% of CNSO40, 5% of water and 5% of SPAN 80 by its 

volume was stable over a period of week. From test results it was found that viscosity and density of CNSO40 

emulsion is around 8.9 cst and 962 kg/m3 respectively. 

Engine Setup: The experiments were conducted in single cylinder four stroke direct injection water cooled 

compression ignition engine. Eddy current dynamometer is used to load the engine. Burette and stop watch 
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arrangement was used to measure the fuel flow rate. AVL DI GAS analyzer was used to measure HC, CO, CO2, 

NOX and O2 emission and smoke level was monitored by AVL smoke meter. All the instruments were turned ON 

well in advance to ensure its stabilization which turns out with accurate results during the experiment. Fuel flow 

rate and emission reading were noted down for chosen fuel under various load condition for calculating the 

performance and emission characteristics. 

RESULTS AND DISCUSSION 

Specific fuel consumption and Thermal Efficiency: Variation of specific fuel consumption and brake thermal 

efficiency with brake power for diesel, CNSO40, and its emulsion is shown in the figure 2 and 3 respectively.SFC 

curve clearly indicates fuel consumption of diesel fuel is comparatively low as compared to other two fuels at all its 

power output. It can be explained by the higher calorific value and lower viscosity of diesel as compared to 

CNSO40 and its emulsion increasing trend in the thermal efficiency was inferred from the graphs for all the fuels 

as load increases, it is mainly due to combustion chamber temperature. Thermal efficiency of diesel was found to 

be around 31.51% at its part load condition and for the same condition CNSO40 and its emulsion had around 29% 

and 27.3% respectively.  Even though the calorific value of CNSO was quite higher than diesel it is inferred there 

was slight reduction in the thermal efficiency of CNSO40 as compared to diesel, it is mainly due the higher 

viscosity of CNSO40 which results in inferior combustion. On making in to its emulsion results in further increase 

in its viscosity which leads further decrease in the thermal efficiency of CNSO40 emulsion as compared to 

CNSO40 and diesel. 

Table 1 Properties of the fuels 

Properties Disel CNSO40 

Viscosity at 40o C(cst) 2.62 8.2 

Flash  Point(o C) 68 175 

Fire Point(o C) 76 184 

Density at 30oC(kg/m3) 832 925 

Calorific value(MJ/kg) 43.5 42 

 

 

Fig 1 Ternary diagram 

 

   
Fig.2 Variation of Specific fuel 

consumption with  Brake Power 

Fig.3 Variation of Thermal 

Efficiency with Brake Power 

Fig.4Variation of NOxwith 

Brake Power 
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Oxides of Nitrogen: The Fig.4 shows the deviation of oxides of nitrogen emission with brake power for diesel, 

CNSO40 and its emulsion .For all the load conditions, oxides of nitrogen emission was increased due to the higher 

cycle temperature at elevated power output. Diesel emits about 970 ppm at the part load condition and for the same 

load, CNSO40 and its emulsion experiences around 930ppm and 900ppm respectively. Higher viscosity of 

CNSO40 leads to incomplete combustion, resulting in reduced NOx emission than diesel, however on making it to 

its emulsion leads to further reduction in the peak cycle temperature than CNSO40. Thus leads to reduction in 

oxides of nitrogen emission than diesel and CNSO40. 

Unburnt Hydrocarbon (UHC): Variation of Unburnt Hydrocarbon (UHC) with brake power for diesel, CNSO40 

and its emulsion is shown in the Fig.5. It was found that there was an increasing drift in the unburned hydrocarbon 

emission as the load increases for all the fuels, it was mainly due to the shorter combustion duration. At part load, 

diesel fuel experiences around 70 ppm of UHC, whereas CNSO40 and its emulsion emit about 80ppm and 

107ppm.Unburant hydrocarbon emission of the CNSO40 and its emulsions is quite higher than diesel due its higher 

viscosity, resulting in poor atomization of the fuel droplet which leads to improper combustion. 

Carbon monoxide: Variations of carbon monoxide emission with brake power were shown in the Fig 6. It is clear 

from the plot that CO emission for both CNSO40 and its emission were comparatively lower than diesel. As for us 

diesel is concerned the calorific value and viscosity  is quite better as compared to other two fuel which was 

consider to be an prominent reason in increased CO emission as comparing to CNSO40 and its emulsion . However 

both these fuels are oxygenated fuels which give rise in comprehensive oxidation of carbon monoxide molecule to 

carbon dioxide, thus reduced CO emission was observed as compared to diesel. 

 

 
 

 

Fig.5 Variation of HC with Brake 

power 

Fig.6 Variation of CO with 

Brake Power 

Fig.7 Variation of Smoke with 

Brake Power 

Smoke: Variation of smoke level with brake power for diesel, CNSO40 and its emulsion is shown in the Fig.7. It 

was clear from the plot, smoke level increases as the load increases for all fuel which is mainly due to the reduced 

time availability for the oxidization of the fuel. Viscosity and density of CNSO40 were quite high as compared to 

diesel which paves way for poor atomization of fuel droplets, thus smoke level was found to be higher for CNSO40 

than diesel. But on making it in to its emulsion results in micro explosion of fuel droplet which was responsible for 

the secondary atomization of the injected fuel, it consequences in smoother combustion. Thus smoke level of 

CNSO40 emulsion is quite lower than CNSO.From the experiment conducted, at part load condition diesel 

practices around 70 HSU and for the same load condition CNSO40 and its emulsion experience 105 HSU and 

95HSU of smoke intensity respectively. 

CONCLUSION 

Experiments results revealed that performance characteristics of cashew nut shell oil are very close to 

diesel since its calorific value was higher than the conventional diesel fuel. On the other hand its emission 

characteristics were found too distant from diesel, however on making it to its emulsions, yields a good results in 

the reduction of oxides of nitrogen and smoke emission. Thus with some further development in enhancing  the 

performance characteristics of CNSO40 emulsion  will make cashew nut shell oil as an effective alternate energy 

resource to meet the energy demand in the future. 
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