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ABSTRACT The results of performance characteristics of a four stroke, direct injection compression ignition by using 
mahua (Madhuca indica) oil biodiesel and its 50% blend with diesel fuel have been presented in this paper. 

Short-term engine performance tests were conducted using diesel, mahua oil biodiesel and its 50% blend. The engine performance 
parameters studied brake thermal efficiency, specific fuel consumption and exhaust gas temperature by using diesel and other fuels.
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Introduction
Depletion of fossil fuel resources and increased environmental 
awareness are driving the researchers and the fuel industry to 
develop alternative fuels that are environmentally more accept-
able and renewable in nature [1]. Transesterified vegetable oil 
derivatives called ‘biodiesel’ appear to be the most convenient 
way of utilizing bio-origin vegetable oils as substitute fuels in 
diesel engines. The idea of using vegetable oils as fuel for diesel 
engine is not new. When Rudolf Diesel first invented the diesel 
engine, he demonstrated it with peanut oil as fuel [2]. Vegetable 
oils can be used in diesel engines either in raw form, or can be 
converted into biodiesel. The raw vegetable oils require engine 
modifications, whereas the biodiesel (methyl esters of vegeta-
ble oils) do not require significant modification of existing en-
gine hardware. 

Previous research has shown that use of biodiesel from vegeta-
ble oils in diesel engines performs well compared to the raw 
vegetable oils. Lapuerta et al [3] tested the a naturally aspirated 
diesel engine with waste cooking oil biodiesel and reported 
that the performance of the engine is slightly lesser than die-
sel and found drastic reduction in emissions. Suryawanshi [4] 
investigated the compression ignition engine with coconut oil 
biodiesel and found similar results of diesel. Lawrence et al [5] 
studied the performance and emissions of a compression igni-
tion engine using prickly poppy biodiesel blends and found that 
the engine runs well in biodiesel blends and releases lesser car-
bon monoxide and unburned hydrocarbon emissions. Banapur-
math et al [6] conducted experiments in a single-cylinder, direct 
injection diesel engine at a constant speed with neat jatropha, 
karanja, and sesame-oil-derived biodiesel and found decrease 
in brake thermal efficiency, ignition delay, smoke, CO and HC 
emissions.

2. Materials and Methods
Mahua oil used in this experiment for preparing biodiesel was 
purchased from local market in Vellore and the diesel was pur-
chased from local petrol bunk. Biodiesel was prepared by trans-
esterification of mahua oil with methanol in presence of sodium 
hydroxide catalyst [7-10]. The properties of diesel, mahua oil 
and mahua oil biodiesel prepared are given in table 1.

Table 1. Properties of diesel & biodiesel

Property Diesel Mahua oil Mahua oil 
biodiesel

Calorific value 
(MJ/kg) 42.8 36.3 39.2

Density (kg/m3) 840 932 910

Viscosity (cSt) 3.6 18 5.9

Flash point (°C) 63 207 130

Fire Point (°C) 75 228 146

Experiments were carried out on a single cylinder, vertical, 
naturally aspirated, four stroke, constant speed, water cooled, 
direct injection diesel engine.  The layout of experimental setup 
is shown in the figure 1. Specification of the test engine is given 
in table 2. The engine was coupled with eddy current dynamom-
eter for loading. The mass flow rate of intake air was measured 
using an orifice meter connected to a manometer. A surge tank 
was used to damp out the pulsations produced by the engine, 
for ensuring a steady flow of air through the intake manifold. 
The fuel consumption rate was determined using the glass bu-
rette and stop watch. The engine speed was measured using a 
digital tachometer. The exhaust gas temperature was measured 
with k-type thermocouple.

Fig. 1. Experimental setup

Table 2. Specification of the test engine

Make & Model Kirloskar TV-1

Type Single cylinder, four stroke, 
direct injection, water cooled

Bore & stroke (mm) 87.5 x 110

Displacement volume (cc) 661

Speed (rpm) 1500

Dynamometer Eddy current dynamometer

Results and Discussions
Brake Thermal Efficiency (BTE) is defined as the ratio of brake 
power to the heat supplied.  Figure 2 shows the variation of 
brake thermal efficiency (BTE) with respect to load. BTE has the 
tendency to increase with increase in applied load. This is due to 
the reduction in heat loss and increase in power developed with 
increase in load. In all the loads, starting from no load to full 
load of the engine, the BTE of mahua oil biodiesel and its blend 
are lower than the diesel. This is due to slightly higher viscosity 
and lower volatility of the fuels than diesel. At maximum load, 
the brake thermal efficiency of the mahua oil biodiesel and its 



2 IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH

Volume : 2 | Issue : 10 | October 2013 • ISSN No 2277 - 8179 Research Paper

REFERENCE
[1] S Sinha and A K Agarwal, Experimental investigation of the combustion characteristics of a biodiesel (rice-bran oil methyl ester)-fuelled 
direct-injection transportation diesel engine, Proceedings of the Institution of Mechanical Engineers, Part D: Journal of Automobile Engineering 

2007 221: 921 | [2] Krawczyk, T. Biodiesel – alternative fuel makes inroads but hurdle remains. Int. News Fats, Oils Related Mater. (INFORM), 1996, 7, 801–815. | [3] Lapuerta.M, 
Agudelo.J.R and Rodriguez Fernandez.J, Diesel particulate emissions from used cooking oil biodiesel”, Bioresource Technology, Vol.99, 2008, pp.731-740. | [4] Suryawanshi JG. 
Performance and emission characteristics of CI engine fueled by coconut oil methyl ester, SAE Paper, Paper Number 2006-32-0077, 2006. | [5] P. Lawrence, P. Koshy Mathews 
and B. Deepanraj, Effect of Prickly Poppy Methyl Ester Blends on CI Engine Performance and Emission Characteristics, American Journal of Environmental Sciences, Vol.7, 2011, 
pp.145-149. | [6] Banapurmath, N. R., Tewari, P. G., and Hosmath, R. S. Performance and emission characteristics of a DI compression ignition engine operated on Honge, Jatropha 
and Sesame oil. Renewable Energy, 2008, 33, 1982–1988. | [7] Ilkilic, C., Aydın, S., Behcet, R., Aydin, H. (2011). Biodiesel from safflower oil and its application in a diesel engine. Fuel 
Processing Technology, 92, 356–362 | [8] Vivek., Gupta, A. K. (2004). Biodiesel production from karanja oil. Journal of Scientific and Industrial Research, 63, 39-47. | [9] Lang, X., 
Dalai, A. K., Bakhshi, N. N., Reaney, M. J., Hertz, P. B. (2001). Preparation and characterization of bio-diesels from various bio-oils. Bioresource Technology, 80, 53–63. | [10] Marchetti, 
J. M., Miguel, V. U., Errazu, A.F. (2007). Possible methods for biodiesel production. Renewable and Sustainable Energy Reviews, 11, 1300–1311 | [11] Hanna, M.A., Isom, L., Campbell, 
J. (2005). Biodiesel: Current perspectives and future. Journal of Scientific and Industrial Research, 64, 854-857. | [12] Ganesan, V. (2003). Internal Combustion Engineering. Tata 
McGraw-Hill Publishing Company Limited, New Delhi. | | | 

blend 16.44% and 11.52% lower than diesel respectively. 

Figure 3 shows the variation of specific fuel consumption (SFC) 
with respect to load.   The SFC of mahua oil biodiesel and its 
blend are higher than that of diesel in all loads. The specific fuel 
consumption depends upon the mass flow rate of hydrogen. The 
mass flow rate of hydrogen is low for biodiesel whereas for die-
sel, it is slightly high. So it leads to increase in specific fuel con-
sumption.  At maximum load, the specific fuel consumption of 
mahua oil biodiesel and its blend are 23.21% and 8.96% higher 
than diesel respectively.

Figure 2. Brake thermal efficiency vs Load

Figure 3. Specific fuel consumption vs Load

Figure 4 shows the variation of exhaust gas temperature (EGT) 
with respect to load. The mahua oil biodiesel and its blend pro-
duce higher exhaust gas temperature than diesel because of ox-
ygen which enables the combustion process and hence the ex-
haust gas temperature is higher. At maximum load, the exhaust 
gas temperature of biodiesel and its blend is 12% and 6.52% 
higher than diesel respectively.

Figure 4. Exhaust gas temperature vs Load

Conclusion
The experiments were carried out on a single cylinder, four 
stroke, Kirloskar make, direct injection diesel engine using ma-
hua biodiesel and its 50% blend with diesel. The performance 
characteristics of blends are evaluated and compared with 
diesel. From the above results, the following conclusions are 
drawn. Fuel consumption and exhaust gas temperature are high 
for mahua oil biodiesel and its blend at all loads. The brake ther-
mal efficiency is lesser than the diesel. But in overall view, the 
engine runs well without any modifications.


