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ABSTRACT: In order to meet the energy requirements, there has been growing interest in alternative fuels like biodiesels, ethyl 

alcohol, biogas, hydrogen and producer gas to provide a suitable diesel substitute for internal combustion engines. An 

experimental investigation was performed to study the performance, emissions and combustion characteristics of diesel engine 

fuelled with blends of Jatropha methyl ester and diesel. In the present work three different fuel blends of Jatropha methyl ester 

(B10, B20, B40 and B100) were used. The increments in load on the engine increase the brake thermal efficiency, exhaust gas 

temperature and lowered the brake specific fuel consumption. The biodiesel blends produce lower carbon monoxide & unburned 

hydrocarbon emission and higher carbon dioxide & oxides of nitrogen than neat diesel fuel. From the results it was observed that 

the ignition delays decreased with increase in concentration of biodiesel in biodiesel blends with diesel. The combustion 

characteristics of single-fuel for biodiesel and diesel have similar combustion pressure and HRR patterns at different engine loads 

but it was observed that the peak cylinder pressure and heat release rate were lower for biodiesel blends compared to those of 

diesel fuel combustion. 
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1. Introduction 

Rising oil prices and growing climate change 

concerns are contributing to the consideration of 

alternatives to replace and substantially reduce 

dependency on fossil fuels. Biofuels are seen as an 

attractive energy option because of their potential to 

substitute fossil fuels, increase energy security, 

apparent price competitiveness in comparison to oil, 

offer new market opportunities, regenerate degraded 

land and reduce GHG (greenhouse gas) emissions 

among others. On this contrast vegetable oils have come 

up as a promising source of biofuel. The vegetable oils 

due to their high density and viscosity cannot be used in 

non-modified diesel engines, so they are used in 
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esterified (biodiesel) forms. Their use in form of methyl 

esters in non-modified engines has given encouraging 

results. Use of edible oil to produce biodiesel in India is 

also not feasible in view of big gap in demand and supply 

of such oils. Under Indian condition only such plants can 

be considered for biodiesel, which produce non-edible 

oil in appreciable quantity and can be grown on large 

scale on non-cropped marginal lands and waste lands. 

Out of many available non-edible vegetable crops, 

Jatropha curcas is the most widely used biodiesel crops. 

Several studies have been conducted using biodiesel 

produced from Jatropha curcas (Senthil et al. 2003; 

Reddy et al. 2006).   

There has been a lot of research on biodiesel 

combustion, performance and emissions (Pramanik 
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2003; Forson et al. 2004; Ramdhas et al. 2004; Puhan et 

al. 2010; Xue et al. 2011). From the previous studies it 

was reported that the engine fuelled with biodiesel 

blends gives better performance with reduction in HC 

(hydrocarbon) and CO (carbon monoxide) emissions 

and increase in NOX (nitrogen oxides) emissions. An 

experimental investigation at Indian Institute of 

Technology, Kharagpur was made to evaluate the 

performance and emission characteristics of a diesel 

engine using different blends of methyl ester of 

Jatropha with diesel. This study was conducted to 

determine the suitability of Jatropha biodiesel (JB) as a 

substitute for diesel. 

 

2. Materials and Methods 

2.1. Composition of Jatropha oil 

The basic composition of any vegetable oil is 

triglyceride, which is the ester of three fatty acids and 

one glycerol. The fatty acid composition of Jatropha oil is 

shown in Fig.  1 (Cheng et al. 2012). 

 
2.2.  Biodiesel production A two step ‘acid–base’ process; acid-pretreatment 

followed by main base-transesterification reaction; 

using methanol as reagent and H2SO4 and KOH as 

catalysts for acid and base reactions, respectively, was 

followed to produce biodiesel from crude jatropha oil in 

a laboratory scale processor (Tiwari et al. 2007; 

Rajendra et al. 2009). Jatropha seed, oil extracted from 

seeds and biodiesel produced are shown in Fig. 2.  

 
2.3. Fuel properties  

        The fuel properties were determined following the 

ASTM standards as given in Table 1 for crude jatropha oil 

(CJO), Jatropha methyl ester (B100) and its blends with 

varying proportion of high speed diesel from 10% to 

40% by volume (B10, B20, and B40). 

 

2.4. Experimental set up 

       The jatropha biodiesel (B100), high speed diesel and 

their blends (B10, B20, and B40) were used to test a 

single cylinder, four stroke, water cooled, constant 

speed, direct injection diesel engine with the 

specifications shown in Table 2. The engine was coupled 

with an electric generator of 5 KVA capacities and loaded 

by load bank consisting of electric heaters and bulbs to 

apply different engine loads. A Chromel-Alumel 

thermocouple with a digital display meter was used to 

measure the exhaust gas temperature. The performance 

of the engine and emissions were studied at 25%, 50%, 

75%, and 100% of the load corresponding to the load at 

maximum power at an average speed of 1500 rpm. After 

the engine reached the stabilized working condition, fuel 

consumption, torque applied and exhaust temperature 

were measured from which brake specific fuel 

consumption, brake thermal efficiency were computed. 

The emissions from the engine are measured after the 

engine reached the steady working condition. An Indus 

make online exhaust gas analyzer is used to measure the 

carbon monoxide (CO), carbon dioxide (CO2), 

hydrocarbon emission (HC) and nitrous oxides (NOx). 

Engine speed was measured by a digital tachometer with 

a resolution of 1 rpm. In-cylinder pressure was 

measured using a Kistler water-cooled piezoelectric 

pressure transducer which was mounted on the cylinder 

head and was sampled every one degree crank angle. 

Crankshaft position was obtained using a rotary encoder 

to determine cylinder gas pressure as a function of crank 

angle. The layout of the experimental setup is shown in 

Fig. 3. Each reading was obtained thrice to obtain a 

reasonable value. 

 

 
 

Fig. 1 Fatty acid composition of Jatropha oil 

 

 
 

Fig. 2 Jatropha seed, oil and biodiesel 

 

Table 1 

ASTM Standards used for determination of fuel properties 
Property Unit Standard Instrument 

Density kg/m3 D 4052-96 Relative density bottle 

Viscosity mm2/s D 445-03 Redwood viscometer 

Calorific 

value 

MJ/kg D 240-02 Bomb calorimeter 

Acid value mg 

KOH/g 

D 5555-95 Standard titrimetry 

Flash point °C D 93-02a Pensky martens closed 

cup 

Ash content % D 97-02 Pour point apparatus 

Water 

content 

v/v (%) D 95-990 Karl Fischer Titration 

Apparatus  
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Fig. 3 Experimental setup 

 

Table 2 

Test engine specifications 

Items Specifications 

Make and model Field Marshal – GF3BMG 

Rated power output 7.5 hp 

Rated speed (constant) 1500 rpm 

Bore × Stroke 87.5 mm × 110 mm 

Compression ratio 16:1 

Fuel injection system In-line, direct injection 

Method of cooling Water cooling 

 

3.  Results and Discussion 

3.1.  Fuel characteristics  

After esterification, the colour of jatropha oil 

changed from deep brown to reddish yellow and on an 

average 900 ml of jatropha methyl ester (biodiesel) was 

obtained from 1 l of jatropha oil. The measured 

properties are presented in Table 3.  

Fig. 4 show that the densities of fuel blends were 

observed to increase linearly with increase in 

concentration of biodiesel in the blends. The calorific 

values of the blends decreased proportionately with 

increase in biodiesel percentage in the blends. The 

kinematic viscosity of jatropha oil was found to be 8 

times more than that of diesel determined at 40°C. After 

esterification, the kinematic viscosity reduced to 2.15 

times than that of pure jatropha oil. It further reduced 

with increase in diesel amount in the blend. A similar 

reduction in specific gravity was also observed. 

However, the calorific value of biodiesel was found to be 

36.61 MJ/kg, which is less than the calorific value of 

diesel (42.4 MJ/kg) and greater than that of the jatropha 

oil (36.53 MJ/kg). As the percentage of biodiesel in the 

blends increased, the calorific value decreased. The flash 

points of jatropha oil and biodiesel were found to be 

greater than 100°C, which is safe for storage and 

handling. 

 

3.2. Performance of diesel engine 

3.2.1. Brake specific fuel consumption (BSFC) 

BSFC of the engine decreased with increase in the 

engine load for all the fuels tested as evident from Fig. 5 

This was due to the higher percentage increase in brake 

power with increase in engine load as compared to the 

increase in fuel consumption due to relatively less heat 

losses at higher engine loads. 

It was also found that the BSFC increased with 

increasing concentration of biodiesel in the fuel blends 

with diesel. The higher fuel consumption for JB and its 

blends could be primarily related to the combined effect 

of higher density and lower energy content of higher 

biodiesel blend fuels as compared to diesel. BSFC was 

calculated on mass basis. Higher density of biodiesel 

blends caused higher mass injection for the same 

displacement of the plunger in the fuel injection pump. 

Thus, with the use of biodiesel, higher mass of fuel was 

consumed to achieve similar power causing an increase 

in the BSFC. Another possible reason might be the lesser 

ignition delay period of jatropha biodiesel which 

resulted in early start of combustion and led to a 

significant pressure rise before TDC. This might be 

contributing to increased compression work and heat 

loss resulting in increased fuel consumption. 

 

3.2.2 Brake thermal efficiency (BTE) 

BTE of the engine increased with increase in the 

engine load for all the fuels tested as evident from Fig. 6. 

The improved BTE at higher load was due to the 

reduction in friction loss and increase in brake power 

with increase in percent load.  

Though the presence of inbuilt oxygen improved 

the combustion of biodiesel, the BTE in general 

decreased with increasing proportion of biodiesel in the 

fuel blends with diesel. This considerable reduction in 

brake thermal efficiency in biodiesel blends might be 

due to the lower calorific value of the blends compared 

to pure diesel. 

 

3.2.3 Exhaust gas temperature (EGT) 

The variations of EGT with load for diesel, JB their 

blends are shown in Fig. 7. It can be seen from this figure 

that EGT increased with increase in engine load but 

decreased with increase in biodiesel concentration in the 

blends with diesel. The increase in EGT with engine load 

was mainly due to increase in the amount of energy 

released at higher loads because of the burning of 

increased amount of fuel which was injected to meet the 

extra power requirement to take up the additional 

loading; hence more heat rejection to the exhaust gases.  

The decrease in EGT for JB may be due to shorter 

ignition delay of biodiesel, which resulted in early start 

of combustion, which in-turn decreased the heat release 

rate in the later phase of combustion and hence lowered 

the EGT for Jatropha biodiesel. 

 

3.2.4 Emission characteristics  

Carbon monoxide (CO) - It can be seen from the Fig. 8 

that  CO  initially decreased with increase in engine load 
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and later it increased with further increase in engine load 

for all the fuels tested. Initially, at lower engine loadings, 

cylinder temperature might be too low, which increased 

with engine loading due to higher quantity of heat 

release during the burning of higher quantity of fuel 

injected inside the cylinder. The increased cylinder 

temperature at higher engine loads prompted relatively 

better burning of the fuel resulting in decreased CO. 

However, with further increase in engine load beyond 

70%, CO emission increased due to incomplete 

combustion of the excess fuel injected into the 

combustion chamber owing to lower air-fuel ratio which 

might have prevented oxidation of CO into CO2.  

It was observed that the emission of CO decreased with 

increasing proportion of jatropha biodiesel in the fuel 

blends. This was due to the presence of more inbuilt 

oxygen in the blends with higher biodiesel 

concentration, which led to relatively better combustion 

of the fuel resulting in lower CO emission. 

Carbon dioxide (CO2) - Emission of CO2 is greatly 

affected by engine loadings as evident from Fig. 9. It can 

be seen from the figure that the CO2 emission in general 

increased with increase in engine load. As the amount of 

fuel injected into the combustion chamber increased 

with engine load, quantity of fuel going through complete 

combustion also increased which resulted in increase in 

cylinder temperature. At elevated temperature, 

performance of the engine improved with relatively 

better burning of the fuel resulting in higher CO2 

emission. 

The CO2 emission in general was found to be increased 

significantly with increase in concentration of biodiesel 

in the fuel blends at any engine load tested. This could be 

attributed to the increase in the mass of fuel injected into 

the combustion chamber for biodiesel blends and better 

combustion of the injected fuel owing to the inherent 

oxygen present in the jatropha biodiesel  

 

Table 3 

Fuel properties of jatropha oil, jatropha methyl ester and its blends 

Sl. no Fuel Specific 

gravity 

Kinematic viscosity 

(mm2/s) 

Calorific value 

(MJ/kg) 

Flash 

point (°C) 

Ash content 

(%) 

Water content 

(ppm) 

1 Jatropha oil 0.896 20.69 36.53 212 0.800 1500 

2 Diesel 0.812 2.60 42.4 52 0.010 115 

3 B10 0.821 3.39 40.848 64 0.010 153 

4 B20 0.825 4.63 39.54 82 0.011 191 

5 B40 0.833 5.42 38.53 112 0.011 258 

6 B100 0.866 9.60 36.61 166 0.012 470 

 
Fig. 4 Density and calorific value of JB, diesel and their blends 

 
Fig. 5 Variation of BSFC for JB, diesel and their blends at different 

system loads 

 
Fig. 6 Variation of BTE for JB, diesel and their blends at different system 

loads 

 
Fig. 7 Variation of EGT for JB, diesel and their blends at different 

system loads 
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Oxides of nitrogen (NOx) - It can be seen from the Fig. 

10 that the NOx concentration in emission increased 

with increase in engine load. As the engine load 

increased, average gas temperature in the combustion 

chamber also increased as a result of increased heat 

energy liberation from the fuel. This led to higher NOx 

emissions at higher loads. 

The major factors of the NOX formation are high 

combustion temperature, rich local oxygen 

concentration, and long residence in the high 

temperature atmosphere. It can be seen that within the 

entire range of loading, the NOX emissions from the 

Jatropha biodiesel and its blends are higher than that of 

diesel fuel. The shorter ignition delay and the increased 

amount of biodiesel undergoing premixed combustion 

results in higher combustion temperature. The oxygen 

content in the biodiesel is the main reason for 

production of higher NOX for JB blends as compared to 

diesel because the oxygen in the biodiesel can react 

easily with nitrogen during the of combustion process, 

thus causing higher emissions of NOX. 

 

Hydrocarbons (HC) - It can be observed from Fig. 11 

that HC emissions in 0067eneral increased with increase 

in engine load. At higher load, the excess fuel required to 

meet the power requirement resulted in decreased air-

fuel ratio, consequently increasing the HC emissions 

sharply. 

HC emissions were found to be lower for JB and its 

blends as compared to diesel over the entire range of 

engine loads. The reduction in HC emissions for 

biodiesel blends might be due to the presence of oxygen 

content in the biodiesel molecule, which led to a more 

complete and cleaner combustion. 

 

3.3. Combustion characteristics of jatropha biodiesel and  

       diesel 

3.3.1. Ignition delay 

Fig. 12 shows the reduction in the ignition delay with 

increasing load. This may be attributed to the higher 

combustion temperature and exhaust gas dilution at 

higher load. It was also observed that the ignition delay 

for biodiesels is generally shorter than diesel fuel.  

 

 

 

 
Fig. 8 Variation of CO for JB, diesel and their blends at different system 

loads 

 
Fig. 9 Variation of CO2 for JB, diesel and their blends at different system 

loads 

 
Fig. 10 Variation of NOX for JB, diesel and their blends at different 

system loads 

 
Fig. 11 Variation of HC for JB, diesel and their blends at different system 

load 
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This shortening in ignition delay for biodiesel has been 

previously reported (Wang et al. 2000; Kalligeros et al. 

2003). The main reason is because the cetane number for 

biodiesel is higher than diesel reducing the size of 

premixed combustion and thus reducing the ignition 

delay (Knothe 2005). 

 

3.3.2. Cylinder pressure 

         The variation of peak cylinder gas pressure with 

crank angle and with system load for diesel, JB and their 

blends are compared in Fig. 13 and 14, respectively. It 

can be seen in these figures that the peak CGP increased 

with engine load for all the fuel tested. Since the quantity 

of fuel burned increased with engine load, it caused an 

increase in the heat energy released which resulted in an 

increase in peak CGP with load. It can also be observed 

from the figures that there is decrease in peak pressure 

for biodiesel blends compared to diesel fuel which might 

be due to the shortening in ignition delay, because under 

the same experimental conditions if  the delay period  is  

shorter, biodiesel starts the combustion process earlier 

than diesel and therefore the temperatures and 

pressures inside the cylinder will be lower during the 

combustion. 

 

3.3.3. Heat release rate (HRR) 

It can be observed from the Figs. 15 and 16 that 

peak heat release rate is higher for diesel as compared to 

the biodiesel and their blends. This can be correlated 

with the combined effect of heating value and viscosity. 

The net heating value of as biodiesels and their blends 

were found to be lower than that of diesel (Table 3). Fuel 

with higher heating value can produce more amount of 

heat energy in a given time period and for a given fuel 

volume. In addition, if the viscosity is lesser, the 

evaporation rate will be faster and a larger amount of 

mixture can be expected for combustion.

 
Fig. 12 Variation of Ignition delay for JB, diesel and their blends at 

different system loads 

 
Fig. 13 Variations of cylinder gas pressure with respect to crank angle 

and fuel type at full load 

 
Fig. 14 Variation of Peak cylinder pressure for JB, diesel and their 

blends at different system loads 

 
Fig. 15 Variation of heat release rate with change in crank angle at full 

load 
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Fig. 16 Variation of Peak heat release rate for JB, diesel and their blends 

at different system loads 

4. Conclusions  

Performance, emissions and combustion 

characteristics of diesel engine has been studied 

experimentally using blends of Jatropha methyl esteer 

and diesel as fuel.  The results showed that the biodiesel 

blends produce lower carbon monoxide and unburned 

hydrocarbon emission but   higher oxides of nitrogen and 

exhaust gas temperature than neat diesel fuel. However, 

the level of emissions increased with increase in engine 

load for all fuels tested. 

Biodiesel blends produce lower brake thermal 

efficiency and higher specific fuel consumption than 

diesel because of the low calorific value.  

The combustion characteristics like peak cylinder 

pressure and heat release rate were found to be lower for 

biodiesel as compared to diesel at full load condition. It 

might be due to the combined effect of lower ignition 

delay and lower calorific value of biodiesel blends as 

compared to diesel. 

From these findings, it can be concluded that B100 

could be safely blended with diesel up to 20% without 

significantly affecting the engine performance (BSFC, 

BTE, EGT) and emissions (HC, CO and NOX) and thus 

could be a suitable alternative fuel for diesel. 
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