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ABSTRACT 

 Diesel engines dominate the field of commercial transportation and agricultural machinery on account of 

their superior fuel efficiency. Cost and limited reserves of conventional fossil fuels have intensified the search for 

alternative fuels for use in internal combustion engines. A possible alternative engine fuel is vegetable oil due to its 

clean burning, renewable, non-toxic, biodegradable and environmentally friendly transportation fuels. It can be 

used directly without any major modification of the diesel engine. It can be produced from the plants grown in rural 

areas. Vegetable oils are extracted from crop like soybean, peanut, sunflower, cotton seed, jatropha, mahua, neem, 

coconut, linseed, mustard, karanja, rape and castor. A theoretical model is developed to evaluate the performance 

characteristics and combustion parameters of vegetable oil esters like Jatropha, Mahua and Neem for the various 

injection timing and they are compared with diesel fuel. The predicted results of these fuels are compared with 

experimental results for the validity of the theoretical model. From the predicted results, it is found that the heat 

release and work done are reduced by about 4% for Jatropha, 6% for Mahua and 8% for Neem oil esters when 

compared to diesel. However, slight increase is observed for specific fuel consumption. From the investigation it is 

concluded that the performance of vegetable oil esters such as Jatropha, Mahua, and Neem oils are much better. 

Thus the developed model is found to be highly capable for simulation work with bio-diesel as a suitable 

alternative fuel for diesel. (Ref 1)   
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INTRODUCTION 

The tremendous growth of vehicular population and industrialization of the world has resulted with a steep rise in 

the demand for petroleum and diesel products. This investigation focuses to evaluate the engine performance using 

three vegetable oil esters like jatropha, mahua and neem. They are compared with diesel fuel in C.I engine. An 

experimental investigation is carried out to assess the performance parameters and emission levels of these three 

different vegetable oil esters in single cylinder, four strokes constant speed computerized engine test rig. The 

performance characteristics and emission levels such as NOx, CO, HC, and Smoke are measured using eddy current 

dynamometer, Crypton computerized emission analyzer instruments (Model-EN2-390) and Bosch Smoke meter. 

From the experimental results, it is concluded that in terms of performance characteristics and emission levels, 

vegetable oil esters can be regarded as the best alternative for diesel fuel.  

TRANSESTERIFICATION 

 Transesterification is an important and the most commonly used method to reduce the viscosity of vegetable 

oils. In this process, triglyceride reacts with three molecules of alcohol in the presence of a catalyst producing a 

mixture of fatty acids, alkyl ester and glycerol. The process of removing all the glycerol and the fatty acids from the 

vegetable oil in the presence of a catalyst is called esterification. This esterified vegetable oil is called bio-diesel 

whose properties are similar to diesel fuel. It is a renewable, non-toxic, biodegradable, clean burning and eco- 

friendly transportation fuel. After esterification of the vegetable oil, its density, viscosity, cetane number, calorific 

value, atomization and vaporization rate, molecular weight, and fuel spray penetration distance get improved 

considerably. So, these improved properties give a better performance in C.I engine. Physical and chemical 

properties are more improved in esterified vegetable oil because esterified vegetable oil contains more cetane 

number than diesel fuel. These parameters induce good combustion characteristics in vegetable oil esters. In the 

process it is observed that the un-burnt hydrocarbon level decreases in the exhaust. It results in lower generation of 

hydrocarbon and carbon monoxide in the exhaust than diesel fuel. The vegetable oil esters have lower calorific 

value fuel than diesel. So, it generates lower nitric oxide formation in the exhaust than diesel fuel. (Ref1) 
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THEORETICAL CONSIDERATION 

 The proposed four-zone model is developed without deviating much from the basic concepts of the two zone 

model like the jet penetration, volume of spray, preparation rate, reaction rate for the purpose of heat release, the 

effect of impingement of the spray on the cylinder walls etc. In essence the burning zone of the two-zone model is 

further subdivided to provide a total of four distinct zones. They are 

1. Fuel zone 

2. Stoichiometric burning zone 

3. Product plus air zone 

 4. Air zone- unburnt zone 

Theory of spray formation and combustion heat transfer The theory used to simulate the combustion process in 

the combustion chamber of a diesel engine mainly involves the jet formation, calculation of jet penetration and 

spray volume, estimation of fuel burning rate and finally the heat transfer between the cylinder contents and the 

surroundings. 

Fuel jet penetration: The development of the fuel spray or jet in the diesel combustion chamber is based upon the 

theory of a steady flow semi-infinite free jet and finally modified by the use of empirical factors of transient (real) 

jets. Assuming that fuel jet penetration model is developed by modifying the transient (real) jet equation, the fuel 

jet penetration is Xmax. (Ref2) 

max 7.414XU K   ----------------------       (1) 

Volume of Fuel Spray: The volume of fuel before impingement consists of conical part of the half cone angle  

and the bell shaped part. The volume of the conical part of the spray is calculated analytically and numerical 

integration is used for the bell shaped part of the jet, the volume flow rate at any section along the axis of the spray 

can be computed by integrating the product of velocity and area (Ref2) 
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Combustion and heat release: In this model, the combustion period is assumed to consist of two periods. They are 

pre-mixed period and diffusion period. The combustion of the reacted fuel is assumed to be ideal. It produces only 

H2O and CO2 for the purpose of calculating the cylinder pressure and the energy level of the spray as a whole. 

Whitehouse model incorporating the rate of preparation of the fuel, surface area of fuel droplets and partial pressure 

of oxygen in the cylinder are used for this work. The preparation rate equation is (Ref 2) 
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3.5 Heat transfer 
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3.7 Equation of conservation of mass 

The mass conservation equations satisfy the constraint for the rate of change of mass in the chamber as a whole.  
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Energy equations 

Energy equation can be written as, 
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Description of the computer program: The program can be divided into four parts. The first part is reading the 

data, which is either permanent (enthalpy coefficients, viscosities, molecular weights) or varies with the engines 

and the running conditions, (engine geometry, fuel injection data, annand’s coefficients, whitehouse constants for 

heat release, trapping conditions). The second part covers the first part of the working cycle, i.e. from the crank 

angle when inlet valve closes (ivc) to the one at which the fuel injection just begins. This part is essentially similar 

to the single zone synthesis model. The third part is the two-zone part of the program in which calculation of the 

two-zone model being with the injection of the fuel into the combustion chamber.  

RESULTS AND DISCUSSION 

 The performance and emission characteristics curves are carried out theoretically like Brake thermal 

efficiency, specific fuel consumption for different vegetable oil esters such as jatropha, mahua and neem oil ester. 

These theoretical results of vegetable oil esters are compared with diesel fuel. From the results, it is concluded that 

the performance of vegetable oil esters is reduced by about 5% to 8% and the harmful pollutants are reduced by 

18% compared to diesel. The results are shown in figures (5.1) to  (5.6). 
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Theoretical Brake Thermal Efficiency for various injection Timing: The brake thermal efficiency is also 

predicted with respect to various injection timing for different vegetable oil esters and compared with diesel fuel. 

When the injection timing is increased above14°BTDC, the wall-wetting problem is created. This problem leads to 

a decrease in the performance of the engine. When the injection timing is decreased below,14°BTDC the fuel 

penetration and velocity are decreased. It generates more un-burnt hydrocarbon. So injection pressure14°BTDC is 

found with optimum value for maximum efficiency in the engine.  

Theoretical brake specific fuel consumption for various injection Timing: The brake specific fuel consumption 

is found for diesel is 0.257 kg/kw-hr; whereas for jatropha oil ester it is 0.277 kg/kwhr, for mahua oil ester it is 

0.286 kg/kw-hr; and for neem oil ester it is 0.291 kg/kwhr under optimum engine conditions such as 75% of load, 

injection timing14°btdc. This is because at optimum engine condition fuels burn completely.  

Theoretical carbon monoxide for various injection Timing: Figure (5.3) shows the comparison of predicted 

emission result of carbon monoxide emission with various injection Timing for different vegetable oil esters and 

compared with diesel fuel. The carbon monoxide is reduced 18% in vegetable oil esters than diesel. The main 

differences in ester-based fuel compared to diesel are the oxygen content and cetane number. The presence of 

oxygen in the ester based fuel, (which acts as a combustion promoter inside the cylinder), results better combustion 

than observed in diesel fuel.  

Theoretical hydrocarbon for various injection Timing: Figure (5.4) shows the comparison of predicted result of 

hydrocarbon emission with various injection Timing for different vegetable oil esters and compared with diesel 

fuel. The hydrocarbon emission for diesel is about 119 ppm; while for jatropha oil ester, mahua oil ester and for 

neem oil ester it is 98ppm, 100ppm, and 101ppm respectively.  

Theoretical Nitric oxide for various injection Timing: Figure (5.5) shows the comparison of predicted result of 

NOx formation with various injection Timing for different vegetable oil esters and compared with diesel fuel. The 

NOx for diesel is about 985 ppm; while for jatropha oil ester, mahua oil ester and for neem oil ester it is 967ppm, 

960ppm, 955ppm respectively. In a direct injection naturally aspirated four-stroke diesel engine NOx emission is 

sensitive to oxygen content, adiabatic flame temperature and spray properties. A change in any of these properties 

may change the NOx production. Further, more fuel chemistry effects in the flame region could account for a 

change in NOx production. As temperature increases, there is an increase in the formation of  NOx. 

Theoretical smoke density for various injection Timing: figure (5.6) shows the comparison of theoretical results 

of smoke with various engine injection timing for different vegetable oil esters and with diesel fuel. The smoke for 

diesel is 4 bsu; for jatropha oil ester, it is 3.5bsu; for mahua oil ester it is 3.6bsu; and for neem oil ester it is 3.6bsu. 

The smoke that formed due to incomplete combustion is much lower for esters compared to diesel. This is because 

of better combustion of esters. The main difference in ester-based fuel compared to diesel is the oxygen content and 

cetane number. As the ester based fuel contains some oxygen, which acts as a combustion promoter inside the 

cylinder, it results better combustion than diesel fuel. (ref 3,5 &7) 
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CONCLUSION 

1. The brake thermal efficiency is reduced by about  

3 % for jatropha, 4 % for mahua and 5 % for neem oil ester when compared to diesel. It is concluded that the brake 

thermal efficiency for vegetable oil ester is slightly decreased than diesel. 

2. The specific fuel consumption for vegetable oil esters is increased about 8 %, 11 % and 13 % respectively for 

jatropha, mahua and neem oil ester when compared to diesel. It is concluded that the specific fuel consumption for 

vegetable oil ester is slightly increased than noticed in diesel. 

3. The Carbon monoxide is reduced by 18 % for jatropha, 17 % for mahua, and 16 % for neem oil ester when 

compared to that of diesel. It is concluded that the carbon monoxide from vegetable oil ester is less when compared 

to diesel fuel. 

4. The concentration of Hydro carbon is decreased by 18 % for jatropha oil ester, 16 % for mahua oil ester and 15 

% for neem oil ester when compared to diesel fuel. 

5. The formation of Nitric oxides is decreased by 1.8% for jatropha oil ester, 2.5% for mahua oil ester, and 3 % for 

neem oil ester when compared to diesel fuel. 

6. The Smoke level is decreased by 12 % for jatropha oil ester, 11 % for mahua oil ester, and 10 % for neem oil 

ester when compared to diesel fuel. 

 7. Hence, it is concluded that in terms of performance characteristics, vegetable oil esters serve as potential 

substitute for diesel fuel.     
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