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Abstract 
Biodiesel has become a key source as a substitution fuel and is making its place as a key future renewable energy 

source. Biodiesel derived from vegetable oils are quite promising alternative fuels for diesel engines. Use of 

vegetable oils in diesel engines leads to slightly inferior performance and higher smoke emissions due to their high 

viscosity. The performance of vegetable oils can be improved by modifying them through the transesterification 

process. In the present work, the performance of single cylinder direct injection diesel engine using jatropha 

biodiesel as fuel was evaluated for its performance and combustion characteristics. The fuel properties of biodiesel 

such as kinematic viscosity, calorific value, flash point, fire point and density were found. A wide range of engine 

loads and jatropha biodiesel/diesel ratios of 25/75% (J25), 50/50% (J50), 75/25% (J75), and 100/00% (J100) by 

volume were considered. The following performance parameters were measured; brake thermal efficiency, 

mechanical efficiency and specific fuel consumption. Results indicated that J25 has closer performance to diesel and 

J100 has lower brake thermal efficiency, mainly due to its high viscosity compared to diesel. The brake thermal 

efficiency for biodiesel and its blends was found to be nearly equal to that of diesel fuel at rated load conditions and 

there was slight difference between the biodiesel and its blended fuels efficiencies. For jatropha biodiesel and its 

blended fuels, the exhaust gas temperature increased with increase in brake power and amount of biodiesel. 
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1. Introduction 

The continuous rise in global prices of crude oil, 

increasing threat to environment due to exhaust 

emissions, the problem of global warming and the 

threat of supply fuel oil instabilities have adversely 

impacted the developing countries, more so to the 

petroleum importing countries like India. Major 

portion of today’s energy demand in India is being 

met with fossil fuels. Hence it is high time that 

alternate fuels for engines should be derived from 

indigenous sources. As India is an agricultural 

country, there is a wide scope for the production of 

vegetable oils from different oil seeds. The present 

work focused only on non-edible oils as fuel for 

engines, as the edible oils are in great demand and far 

too expensive. Vegetable oils are one such alternative 

source. Diesel engines have the advantages of better 

fuel economy, lower emissions of HC and CO. 

However, diesel engines suffered from high 

emissions of PM/smoke density and NOx, and there 

is inherent tradeoff between them from the point of 

view of long term energy security, it is necessary to 

develop alternative fuels with properties comparable 

to petroleum based fuels. The main commodity 

source for Bio-diesel in India can be non-edible oils 

obtained from plant species such as Jatropha curcus 

(Ratanjyot), Pongamia pinnata (Karanja), 

Calophyllum inophyllum (Nagchampa), Hevcca 

brasiliensis (Rubber), etc. The use of biodiesel in 

conventional diesel engines results in substantial 

reduction of un-burnt hydrocarbons, carbon 

monoxide and particular matters. India is one of the 

fastest developing countries with a stable economic 

growth, which multiplies the demand for 

transportation in many folds. Fuel consumption is 

directly proportionate to this demand. India depends 

mainly on imported fuels due to lack of fossil fuel 

reserves and it has a great impact on economy. India 

has to look for an alternative to sustain the growth 

rate.. Recent studies and research have made it 

possible to extract bio-diesel at economical costs and 

quantities. The blend of Bio-diesel with fossil diesel 

has many benefits like reduction in emissions, 

increase in efficiency of engine, higher Cetane rating, 

lower engine wear, low fuel consumption, reduction 

in oil consumption etc. Biodiesel is defined as mono-

alkyl esters of long chain fatty acids derived from 

vegetable oils or normal fats. The process of 

converting vegetable oils into Biodiesel is called 

Transesterification. Biodiesel can be made from a 

wide range of easily renewable plant oil sources and 
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animal fats even waste oils thrown away by most 

restaurants. Combustion of vegetable oil produces 

negligible sulphurdioxide emissions and much less 

toxic emissions. Vegetable oil is biodegradeadable, 

safe to store and transport does not cause 

environmental or health problems [1].  

2. Properties of diesel fuel and NOME 

The different properties of diesel fuel and JOME are 

determined and given in below table. After 

transisterification process the fuel properties like 

kinematic viscosity, CV, density, flash and fire point 

get improved in case of biodiesel. The calorific value 

of methyl ester is lower than that of diesel because of 

oxygen content. The flash and fire point temperature 

of biodiesel is higher than the pure diesel fuel this is 

beneficial by safety considerations which can be 

stored and transported without any risk. 

Table 2.1 Fuel properties 

Properties Diesel 

fuel 

JOME 

Kinematic viscosity at 40
0
 C 

(cst) 

3.0 5.97 

Calorific value(KJ/Kg) 42680 39415 

Density (Kg/m
3
) 830 0.899 

Flash point (
0
C) 51 162 

Fire point(
0
C) 57 168 

 

 

3. Experimentation 

3.1 Engine components:  
The various components of experimental set up are 

described below. Fig.3.1 shows line diagram of the 

experimental set up. The important components of 

the system are 

(i) The engine 

(ii) Dynamometer 

Fig-3.1 experimental set up 
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Table 3.2 Engine   specifications 

Manufacturer                  Kirloskar oil engines Ltd, India 

Model                             TV-SR, naturally aspirated 

Engine                            Single cylinder, DI 

Bore/stroke                     87.5mm/110mm 

C.R.                                16.5:1 

speed                              1500r/min, constant 

Rated power                   5.2kw 

Working cycle                four stroke 

Injection pressure          200bar/23 def TDC 

Type of sensor               Piezo electric 

Response time               4 micro seconds 

Crank angle sensor        1-degree crank angle 

Resolution of 1 deg        360 deg with a resolution of 

1deg 

 

                           

 

 4. Result and discussions 
 After detail study of performance and combustion 

characteristics of jatropha biodiesel and its blends 

in diesel engine. It can be seen that 25% jatropha 

biodiesel blend and diesel are having almost same 

characteristics. 

 

 

 

 

PT Pressure transducer 

N Rotary encoder 

Wt Weight 

F1 Fuel flow 

F2 Air flow 

F3 Jacket water flow 

F4 Calorimeter water flow 

T1 Jacket water inlet temperature 

T2 Jacket water outlet temperature 

T3 Calorimeter water inlet temperature = T1 

T4 Calorimeter water outlet temperature 

T5 Exhaust gas to calorimeter temperature 

T6 Exhaust gas from calorimeter temperature 
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4.1. Brake thermal efficiency: 

 

Figure 4.1 Variation of brake thermal efficiency with 

brake power 

The variation of  Brake thermal efficiency with Brake 

power for diesel, and jatrophabiodiesel and its blend 

are shown in figure 4.1. It shows that brake thermal 

efficiencies of all the blends are slightly lower at 

almost all load levels. Among the blends J25 is found 

to have the maximum thermal efficiency of 24.2% at 

a brake power of 4.7 kW while for diesel it is 

23.25%.  

4.2. Specific fuel consumption: 

 

Figure 4.2 Variation of specific fuel consumption 

with brake power 

The variation of  specific fuel consumption with 

Brake power for diesel, and jatropha biodiesel oil and 

it’s blends  are shown in figure 4.2. Specific fuel 

consumption for jatropha biodiesel blends are higher 

than diesel for certain lower loads, but for higher 

loads, consumption rate remains  almost constant as 

evident from the graph. The specific fuel 

consumption for biodiesel is 0.46Kg/kW-hr at full 

load and for diesel at full load is 0.37 Kg/kW-hr. 

 

4.3.Mechanical efficiency:                 

 

Figure 4.3 Variation of mechanical efficiency with 

brake power 

The variation of mechanical efficiency with brake 

power, for diesel and jatropha biodiesel blends are as 

shown in figure 4.3. The mechanical efficiency of 

diesel is slightly higher than the jatropha biodiesel. 

From the graph it is evident that with increase in the 

concentration of Jatropha biodiesel in neat diesel 

decreases the mechanical efficiency. Mechanical 

efficiency of both diesel and biodiesel are equal at 

25% of blend. 

  4.4. Air-Fuel ratio 

 

Figure 4.4 Variation of air-fuel ratio with brake 

power 

The variation of air fuel ratio with brake power for 

diesel and jatropha biodiesel blends are shown in 
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figure 4.4. It can be observed that air fuel ratio of 

pure diesel is slightly higher than other Jatropha 

biodiesel and its blends, and we can also see that the 

air fuel ratio decreases as the load increases. The air-

fuel ratio for diesel and biodiesel are equal at 25% 

blend. The air-fuel ratio for diesel is 25.2 at full load 

and at 25% blend of biodiesel is 23.8 at full load. 

 

   4.5. Indicated mean effective pressure 

 

Figure 4.5 Variation of indicated mean effective 

pressure with brake power 

The variations of indicated mean effective pressure 

with brake power for diesel and jatropha biodiesel 

blends are shown in figure 4.5.The indicated mean 

effective pressure increases with increase in 

concentration of jatropha in diesel fuel this is because 

of volatility and calorific value of JOME.   

4..6. Exhaust gas temperature 

 

Figure 4.6 Variation of exhaust gas temperature with 

brake power 

The variation of exhaust gas temperature with brake 

power for diesel, and other blends of jatropha 

biodiesel are shown in figure.4.6, the exhaust gas 

temperature of all the biodiesel are lower than the 

diesel as it is evident from the graph. The exhaust gas 

temperature of all the blends and 100 percent diesel 

increase as the load increases. It is observed that, at 

full load the exhaust gas temperature is maximum, 

this is because; at full load the chemically correct 

ratio of air and fuel is used, due to chemically correct 

ratio of air and fuel, high heat is generated inside the 

cylinder. 
 

 

4.7. Cylinder pressure v/s crank angle 

 

Figure 4.7 Variation of crank angle v/s cylinder 

pressure 

In a CI engine the cylinder pressure is depends on the 

fuel-burning rate during the premixed burning phase, 

which in turn leads better combustion and heat 

release. The variation of cylinder pressure with 

respect to crank angle for diesel and 25% blend of 

Jatropha biodiesel are presented in Figure-4.7. Peak 

pressures of 44.6 bar and 45.38 bar are found for pure 

diesel and J25 respectively. From the test results it is 

observed that the peak pressure variations are less 

Since the properties such as calorific value, viscosity 

and density are brought closer to diesel after 

transesterification of the vegetable oil, no major 

variation in the pressures are found. 
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4.8. Heat release rate v/s crank angle 

 

Fig 4.8 Variation of heat release rate v/s crank angle 

Figure 4.8 shows the effect of crank angel on net heat 

release rate at maximum load for both neat diesel and 

J100. It is observed that the premixed burning is 

more dominant with diesel as expected. This could be 

the reason for the higher thermal efficiency of diesel. 

Jatropha biodiesel shows lower heat release rate 

during premixed burning phase compared to diesel. 

The high viscosity and poor volatility of J100 result 

in poor atomization and fuel air mixing rates. Hence, 

more burning occurs in the diffusion phase. 

 

Conclusion 

A single cylinder compression ignition engine was 

operated successfully using methyl ester of Jatropha 

oil as the soul fuel. The following conclusions are 

made based on the experimental results. 

 Engine works smoothly on methyl ester of 

Jatropha oil with performance comparable to 

diesel operation. 

 Methyl ester of Jatropha oil (J25) results in a 

nearly equal in thermal efficiency as compared to 

that of diesel. 

 The exhaust gas temperature is decreased with 

the methyl ester of Jatropha oil as compared to 

diesel. 

 Specific fuel consumption for jatropha biodiesel 

blends are higher than diesel for certain lower 

loads, but for higher loads, consumption rate 

almost equal to the diesel fuel. 

 After the detail study of performance and 

combustion characteristics of jatropha biodiesel 

and its blends on normal engine we can observe 

that 25% blend of jatropha biodiesel in diesel 

fuel has almost same mechanical efficiency, 

same specific fuel consumption and same brake 

thermal efficiency. 

 So we can conclude that without any 

modification in engine we can save diesel fuel 

for certain extent without any compromise with 

standard performance and combustion 

characteristics and in future jatropha biodiesel 

can be a best alternative fuel which can replace 

the diesel. 

References 

1. Bryan R. Moser, ―Biodiesel production, 

properties, and feedstock‖, In Vitro 

Cell.Dev.Biol.—Plant (2009) 45:229–266. 

2. http://www.crirec.com/2011/01/Undi. 

3.  Kalligeros S, Zannikos F, Stournas S, Lois 

E, Anastopoulos G, Teas CH and 

Sakellaropoulos F(2003) An investigation of 

using biodiesel/marine diesel blends on the 

performance of stationary diesel engine. 

Biomass Bioenergy.24, 141-149. 

4. K.M. Shereena, T.Thangaraj, ―Biodiesel: an 

Alternative fuel Produced From Vegetable 

Oils by Transesterification‖, Electronic 

Journal of Biology, 2009, Vol.5 (3): 67-74. 

5. Sanjaykumar DALVI, Swati SONAWANE, 

and Raghunath POKHARKAR, 

―Preparation of Biodiesel of Undi seed with 

In-situ Transesterification‖, Leonardo 

Electronic Journal of Practices and 

Technologies ISSN 1583-1078 Issue 20, 

January-June 2012. 

6. ENVIS is a project of Ministry of 

Environment & Forests, Govt. of India, and 

department of forests, ecology & 

environment, government of Karnataka. 

-800

-600

-400

-200

0

200

400

600

800

1000

0 500 1000

H
e
a

t 
re

le
a

se
 r

a
te

, 
J

/d
e
g
C

A

Crank angle, degrees

D100

J25

J50

J100

J75

1717

International Journal of Engineering Research & Technology (IJERT)

Vol. 2 Issue 7, July - 2013

IJ
E
R
T

IJ
E
R
T

ISSN: 2278-0181

www.ijert.orgIJERTV2IS70791



7. Mohammed Chakrabarti, Mehmood Ali, 

―performance of compression ignition 

engine with indigenous castor oil bio 

diesel‖, Ned University Journal of Research, 

Vol VI, No. 1, 2009 

8. Bello E.I and Makanju A, ―Production, 

Characterization and Evaluation of Castor 

oil Biodiesel as Alternative Fuel for Diesel 

Engines‖, Journal of Emerging Trends in 

Engineering and Applied Sciences 

(JETEAS), 2011 (ISSN: 2141-7016). 

9. G.Durga Devi, Mahesh.C, ―Performance 

evaluation of a diesel engine fueled with 

methyl ester of castor seed oil‖, 

International Journal of Engineering Science 

and Technology (IJEST) Vol. 4 No.07 July 

2012. 

10. Sergio C. Capareda, Jacob Powell, ―Engine 

Performance and Exhaust Emissions Of 

Cottonseed Oil Biodiesel‖, 2008 Beltwide 

Cotton Conferences, Nashville, Tennessee, 

January 8-11, 2008. 

11. L. Ranganathan, G. Lakshmi Narayana Rao, 

―Experimental Investigation of a Diesel 

Engine Fuelled With Optimum Biodiesel 

Produced From Cotton Seed Oil‖, European 

Journal of Scientific Research ISSN 1450-

216X Vol.62 No.1 (2011). 

12. Y. V. Hanumantha Rao, Ram Sudheer 

Volet, ―Use of Jatropha Oil Methyl Ester 

and Its Blends as an Alternative Fuel in 

Diesel Engine‖, J. of the Braz. Soc. of 

Mech. Sci. & Eng. July-September 2009, 

Vol. XXXI. 

13. Vijittra Chalatlon, Murari Mohon Roy, 

―Jatropha oil production and an 

experimental investigation of its use as an 

alternative fuel in a DI diesel engine‖, 

Journal of Petroleum Technology and 

Alternative Fuels Vol. 2(5), pp. 76-85, May 

2011. 
14. Lovekush Prasad, Dr. Alka Agrawal, ― 

Experimental Investigation of Performance 

of Diesel Engine Working On Diesel and 

Neem Oil Blends‖, IOSR Journal of 

Mechanical and Civil Engineering 

(IOSRJMCE) Volume 1, Issue 4 (July-

August 2012). 

15. T.Venkateswara Rao, G. Prabhakar Rao, 

―Experimental Investigation of pongamia, 

Jatropha and Neem Methyl Esters as 

Biodiesel on C.I. Engine‖, JJMIE Volume 2, 

Number 2, Jun. 2008. 

16. K.Dilip Kumar, P.Ravindra Kumar, 

―Experimental Investigation of Cotton Seed 

Oil and Neem Methyl Esters as Biodiesel on 

CI Engine‖, International Journal of Modern 

Engineering Research (IJMER), Vol.2, 

Issue.4, Aug-12. 

17. Arun Balasubramanian K, Guruprasath A, 

―performance and emission characteristics 

of double biodiesel blends with diesel‖, 

Thermal Science (2011). 

18. Prashant Gill, S.K Soni, ―Comparative study 

of Hemp and Jatropha oil blends used as an 

alternative fuel in diesel engine‖, JJMIE, 

2011. 

19. V.Dhana Raju, P.Ravindra Kumar, 

―experimental investigation of linseed and 

neem methyl esters as biodiesel on CI 

engine‖, International Journal of 

Engineering Science and Technology 

(IJEST), Vol. 4 No.06 June 2012. 

20. Ashish Jawalkar, Kalyan Mahantesh, 
“Performance and Emission Characteristics 
of Mahua and Linseed Biodiesel Operated 
at Varying Injection Pressures on CI Engine”, 
International Journal of Modern 
Engineering Research (IJMER), Vol.2, 
Issue.3, May-June 2012. 

21. B.K.Venkanna, C.Venkataramana Reddy, 

―Performance, emission and combustion 

characteristics of direct injection diesel 

engine running on Calophyllum inophyllum 

linn oil (honne oil)‖, Int J Agric & Biol Eng, 

Vol. 4 No.1, March, 2011 

22. B.K.Venkanna, C.Venkataramana Reddy, 

―effect of injector opening pressures on the 

performance, emission and combustion 

characteristics of diesel engine running on 

honne oil and diesel fuel blend‖, thermal 

science: year 2010, vol. 14. 

23. B.K.Venkanna, C.Venkataramana Reddy, 

―Performance, emission and combustion 
characteristics of DI diesel engine running 
on blends of honne oil/diesel 
fuel/kerosene/DMC”, Int J Agric & Biol 

Eng, Vol. 4, Sep, 2011. 

24. M. C. Navindgi et al. ―influence of injection 

pressure, injection timing and compression 

ratio on performance, combustion and 

emission of diesel engine using castor 

methyl ester blends‖, International Journal 

of Engineering Science and Technology 

(IJEST), ISSN : 0975-5462 Vol. 4 No.03 

March 2012. 

 

1718

International Journal of Engineering Research & Technology (IJERT)

Vol. 2 Issue 7, July - 2013

IJ
E
R
T

IJ
E
R
T

ISSN: 2278-0181

www.ijert.orgIJERTV2IS70791


