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ABSTRACT 

The dramatic increase in vehicular population and environmental concerns has renewed interest of scientific 

community to look for alternative fuels of biological origin that could be used in the existing engines. Diesel engines 

are a major contributor to pollution in the world. In India, the National Green Tribunal has banned diesel engine 

vehicles older than 10 years in 11 cities and has stopped new registration of diesel engines above 2000cc in Kerala 

to control pollution. So a study was done in blended diesel fuel which could improve performance with less emission. 

Samples of diesel blended with castor oil and ethanol in different composition was prepared and performance and 

emission test was conducted. Blend DEC1 (Diesel 90% + Ethanol 7% + Castor Oil 3%) attained the highest Brake 

Thermal Efficiency and low specific fuel consumption. The emission test between 0 to 12 kg of load, CO2 and NOx 

produced by DEC3 (Diesel 90% + Ethanol 5% + Castor Oil 5%) is the least of all blends but the unburned 

hydrocarbon produced by all blends is higher than the diesel. 
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1. INTRODUCTION 

Diesel is the most widely used fuel for heavy duty applications because of its higher power output. The 

emissions from diesel engine are much higher compared to petrol or natural gas engines. The diesel availability is 

also decreasing day by day due to depleting fossil fuels. In order to avoid energy crisis in near future, a method is to 

be devised to decrease the diesel consumption by using diesel blends which could be used in conventional diesel 

engines without modification. The emissions from burning the blended fuel a major environmental concern and 

should be preferably much lower than pure diesel. Also the price of the blend is a factor affecting the wide acceptance 

of blended fuel. Biodiesel, a common blend, incurs chemical process of transesterification and esterification from 

raw materials and are costly compared to pure diesel. So in this work an attempt has been made to replace biodiesel 

with raw castor oil and ethanol. 

The easiest way of using diesel ethanol blended fuels is to directly blend diesel and ethanol fuels. But even 

if a slight amount of water is blended, phase separation occurs due to hydrogen bonds between the hydroxyl of 

ethanol water molecules. Lapuerta (2007), found that water content, temperature and ethanol blending ratio are the 

main factors affecting phase separation in blended fuel. Cetane number of the blended fuel decreases rapidly as the 

ethanol content increases. Kwanchareon (2007), studied the solubility and properties of blending fuels to solve the 

problems of phase separation and the reduction of the cetane number reported that biodiesel fuel is a good additive 

to prevent phase separation and increase cetane number. 

When blended with castor oil, the viscosity of diesel increases making it impossible to use in the conventional 

engines. Shahir (2014), found that by adding ethanol as the secondary blend brings down the viscosity to the desired 

range of conventional engines. Castor oil is biodegradable, nontoxic, and free of sulphur and aromatics. It reduces 

levels of particulates, carbon monoxide, hydrocarbons and air toxics from diesel-powered vehicles. Blended diesel 

is the much needed low cost alternative fuel that could reduce emissions and improve the environmental conditions.  

2. METHODS 

Diesel blending: 

Preparation of Blend: The preparation of blends requires diesel, castor oil and ethanol. The procured diesel is 

commercial diesel obtained from HP Petroleum Pvt. Ltd. Castor oil and the ethanol with 99.9% purity is obtained. 

These chemicals are used to prepare five blends of diesel. The blends are: DEC1- Diesel 90% + Ethanol 7% + Castor 

Oil 3%, DEC2- Diesel 90% + Ethanol 6% + Castor Oil 4%, DEC3- Diesel 90% + Ethanol 5% + Castor Oil 5%, 

DEC4- Diesel 90% + Ethanol 4% + Castor Oil 6%, DEC5- Diesel 90% + Ethanol 3% + Castor Oil 7%. These blends 

are prepared using mechanical stirrer which is kept in room temperature for 3 hours. 

Characterisation of Blended Diesel: The property tests are performed by starting with viscosity test of the blends, 

which are found out using redwood viscometer. The flash point and fire point test have been conducted (Figure.1). 

The properties test have been conducted first for pure diesel and then for all the blends of castor oil, diesel and 

ethanol. The calorific value of all the blends has been calculated by using the bomb calorimeter (Figure.2). 
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Figure.1. Fire Point & Flash Point Figure.2. Bomb Calorimeter Testing Instrument 

Performance test: The Performance test were conducted on a Kirloskar four stroke single cylinder diesel engine 

equipped with eddy current dynamometer (Figure.3). The engine specification is shown in Table.1. First engine is 

started under no load condition by hand cranking using de-compression lever. The engine is run under no load 

condition for a few minutes so that the speed stabilizes at rated value. The engine is run under constant speed 1500 

rpm and fuel consumption time indicator is arranged with 10cc of fuel quantity. Using eddy current dynamometer 

the experiment conducted for variable loads. The engine test was performed using diesel and the results were 

recorded. The above procedure is repeated at the same operating conditions for all the blends. The five types of 

blends (DEC1, DEC2, DEC3, DEC4 and DEC5) were used in this experiment along with diesel.  

 
Figure.3. Kirloskar engine test rig 

Table.1. Engine specification 

Make Kirloskar 

No. Of Cylinder 1 

No. Of Strokes 4 

Rated Power 7HP (5.2KW) @ 1500 rpm 

Type Of Dynamometer Eddy Current Dynamometer 

Dynamometer arm Length 185 mm 

Cylinder Diameter 87.5 mm 

Stroke Length 110 

Compression Ratio 17.5:1 

Orifice Diameter 20 mm 

Emission test: Exhaust emissions are measured with an AVL Di Gas 444 gas analyser. It analyses the exhaust 

emission of the engine during the performance test of the blends. It is used to measure the volume of carbon monoxide 

(CO), carbon dioxide (CO2) and oxygen (O2) of the exhaust gas. The hydrocarbon (HC) and NOx emissions were 

given in ppm. 

3. RESULTS 

Properties of blends: The flash point, fire point and calorific value of the blends are given in Table.2. The flash 

point and fire point for the blends are near to room temperatures and so the storage of blends will be difficult. 

Calorific value is slightly lower than diesel with the highest value for DEC5 blend. 

Table.2. Diesel and blend properties 

S.NO Diesel (%) Ethanol (%) Castor 

Oil (%) 

Room Temp. of 

Mixture (°C) 

Flash 

Point (°C) 

Fire Point 

(°C) 

Calorific 

Value (KJ/Kg) 

1 100 0 0 30 65 75 43181.6 

2 90 7 3 30 35 35 40237.4 

3 90 6 4 30 36 36 40535.4 

4 90 5 5 30 38 38 41218.8 

5 90 4 6 30 40 40 41944.2 

6 90 3 7 30 41 41 42200.2 

Performance test: An experimental investigation was conducted to find the physical properties of the blends and 

the effects of these blends on the engine performance parameters. The engine was operated with each blend at 

different loads on with a constant speed of 1500 rpm. The parameters were measured for the loads 0, 4, 8, 12 and        

16 kg.  

The brake thermal efficiency (BTE) is the ratio of the thermal power available in the fuel to the power that 

the engine delivers to the crankshaft. It is an indicator for the operation with the test fuel. The brake thermal efficiency 
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of all the blends was significantly higher than the diesel. DEC1 gave the highest break thermal efficiency (Figure.4). 

The increase in ethanol contents resulted in the increase of the oxygen content and it made a better combustible 

mixture.  

 
Figure.4. Brake thermal efficiency vs. Brake power 

The brake specific fuel consumption (BSFC) is defined as the fuel flow rate per unit power output. The 

BSFC is one of the most important parameters to evaluate engine performance with various fuels and it can be 

calculated based on the engine brake power and fuel mass flow rate at constant speed. The Specific fuel consumptions 

of the engine were low for all the blends at low to medium load but higher than diesel at high load. At low and 

medium loads, the specific fuel consumption was 5% to 15% less than diesel. DEC1 shows lowest specific fuel 

consumption at low loads (Figure.5). 

 
Figure.5. Specific fuel consumption vs Brake power 

Emission test: The brake specific CO2 exhaust levels are shown in figure 6. With increasing the engine load for all 

the tested fuels, the CO2 emission increases because the injected fuel mass increased with increasing engine load All 

the blends shows lower CO2 emission compared to diesel. This may be due to lower specific fuel consumption of the 

blends compared to diesel. Also low carbon content of castor and compared to commercial diesel. DEC3 shows the 

least CO2 emission of all the blends.  

The unburned hydrocarbon emissions for various loads are shown in figure.7. There is a significant increase 

in hydrocarbon content with addition of castor oil. The hydrogen content in castor oil is much higher than diesel. 

The unburned hydrocarbon emission also increases with load due to rich fuel-air mixtures at larger loads. At the peak 

load of 16 kg DEC2 gives the least emission. 

  
Figure.6. CO2 vs Load Figure.7. HCvs Load 

 
Figure.8. NOX vs Load 

The change of engine NOx emission with load for all the tested fuels is shown in figure.8. With increasing 

the engine load for all the tested fuels, the NOx emission increases because the injected fuel mass increased with 

increasing engine load while the engine inlet air flow rate slightly decreases at high loads due to the constant engine 

speed operation. The increase of the richness of the fuel–air mixture as the engine load increased led to an increase 

in the maximum in cylinder pressure and the maximum in-cylinder temperature resulting in an increase in the NOx 
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emission with increasing the engine load. The NOx emission for all the blends is less than diesel. The NOx emission 

for the blends with high castor oil content is more than that other blends due to the higher oxygen content and 

combustion temperatures. But with addition of ethanol, NOx emissions are lowered due to higher latent heat of 

ethanol and cooling effect. Ethanol and castor content balance each other giving DEC3 as the blend with minimum 

NOx emissions. 

4. CONCLUSION 

This study deals with the impact of blending castor oil and ethanol with commercial diesel on four stroke 

diesel engine. From the experimental results and discussion the following conclusions are obtained. 

 Adding ethanol to the blend reduces the calorific value which could be compensated by blending some 

percentage of castor oil. Higher the castor oil content, nearer is the calorific value of blend to diesel. 

 The flash and fire point of the blends are much lower than diesel. This is due to lower values for ethanol. 

Higher the ethanol content lower is the flash and fire point. This may create problems with storage of blended 

fuel. 

 The brake thermal efficiency of all the blends was significantly higher than the diesel. DEC1 with highest 

ethanol content gave the best efficiency. Ethanol helps in better combustion of blend improving the brake 

thermal efficiency. 

 The Specific fuel consumptions of the engine were low for all the blends at low to medium load but higher 

than diesel at high load. 

 All the blends shows lower CO2 emission compared to diesel. DEC3 shows the least CO2 emission of all the 

blends. 

 The unburned hydrocarbon emissions were higher for the blends when compared to diesel. Higher the castor 

oil content higher was the emission. 

 The NOX emissions for the blends were lower than diesel up to medium loads but slightly increased for full 

load conditions. DEC3 shows the least emission of all the blends. 

 Blend DEC3 shows the best emission characteristics with least values for CO2 and NOX emissions and 

slightly greater than diesel values for unburned hydrocarbon emissions while DEC1 gave the best engine 

performance characteristics.  
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