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ABSTRACT 
Technological development has made many changes in every sector. The only thing not change is fuel i.e. from past we are using 

crude products as a source of fuel to power the vehicles, power generation etc. Day by day we are running out of fuel reserves we 

need an alternate source to power the motive vehicles in future. The only solution to this problem is to search for an alternate 

renewable energy fuel or minimizing the usage of fossil fuels. This can be achieved by blending the fossil fuel with vegetable oil 

from the seeds of Jatropa, cotton, castor etc. It is found that the usage of the blended fuel has higher fuel consumption and lower 

thermal efficiency because of its lower calorific value also the emissions are found to be less for  blended fuels. This paper 

evaluates the usage of Mahua oil methyl esters (MOME) and its blends in a diesel engine. 
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INTRODUCTION 

 
Development in transport sector has increased the demand of fossil fuel. Researches are finding source for 

future power mainly for vehicles and locomotives. Recent reports says that the existing fossil will not last more 
than 30 years .It is not possible to use the non- conventional energy to maximum because of their less efficiency 
and energy content and its availability. Although, Solar and wind energy plays a major role in renewable energy 
their usage is less because the cost of production is much higher than others. Powering of cars and trucks require 
high energy. This energy can only be provided by fossil fuels, which have higher calorific value. Due to 
depletion of fossil fuel we are in the situation to use it optimal level. Technological development, inventions of 
new products and increased population increase the number of vehicle, As a result, the fuel consumption also 
increases.  Small cars or two-wheelers can be run with electric battery but for high power applications the only 
way is fossil fuels. The effective way of using fossil fuels are blending with vegetable oils [1]. The main 
objective of the present study was to conduct the engine performance (BSFC, BTE, EGT), combustion and 
emission characteristics (CO, CO2, NOx) of MOME and their blends in a single cylinder diesel engine. In 
contrast with various vegetable oils, Mahua oils are found to have appropriate characters with diesel when 
blending. 

Tamilselvan et al. [2] reviewed the performance and emission characteristics of different biofuels in a diesel 
engine. Based on that review they concluded that some of the advantages are renewable, no aromatic 
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compounds and lesser emissions. Author also suggested that A detailed study on multi cylinder engines using 
biodiesel need to be carried out. 

Palash et al. [3] compared the engine performance and emission results of different proportions of Jatropha 
biodiesel on four cylinder indirect injection diesel engine. The results revealed that biodiesel blends produce less 
CO (up to 52.6%) and lower HC (up to 48%) with an increase in emission of NO (up to 11.82%). Biodiesel also 
presented a slight increase in brake specific fuel consumption (up to 8.33%) which may be acceptable 
considering the reduction in exhaust emissions. 
 
Production of Mahua oil methyl ester: 

Mahua oil was converted into biodiesel through the transesterification process for which potassium 
hydroxide was used as catalyst with methanol. One percent of the potassium hydroxide as catalyst was dissolved 
in methanol (30%) and the mixture was added to the Mahua oil. Then the prepared mixture was stirred at 60˚C 
for 60 minutes. Thereafter the stirred oil was poured into transparent vessel and allowed for cooling at room 
temperature for about 8-12 hours. It was allowed to settle for separation of glycerol as bottom layer. After 
removal of glycerol from the mixture, the ester was washed with water. Methanol and ethanol are used in 
preparation of bio-diesel because of its low cost [4]. 
 
2.1 Biodiesel characterization: 

The important properties of Mahua oil methyl ester (MOME) are found out and compared with diesel fuel 
(Table 1). It can be noted that the calorific value of Mahua oil biodiesel is less than that of diesel. The kinematic 
viscosity of Mahua oil biodiesel is greater than that of diesel fuel. The comparison shows that the Mahua oil 
methyl ester has relatively closer fuel properties to diesel. 

 
Table 1: The properties of diesel fuel and MOME 

Properties  Diesel  Mahua oil methyl ester (MOME) 

Density (Kg/m3)  830 867 

Kinematic Viscosity (mm2/s) @ 40°C  3.2 6.1 

Flash Point (°C) 63 157 

Calorific value in (kJ/kg) 42500 39600 

Cetane number  49 47 

 
Experimental setup and procedure: 

In order to study the performance, combustion and emission characteristics of Mahua oil biodiesel, 
experiments were conducted on a single cylinder, four stroke, direct injection, air cooled Kirloskar TAF 1 diesel 
engine. The detailed specification of the test engine is given in table 2. The schematic diagram of experimental 
setup is shown in fig 1. The engine load was applied using an electrical dynamometer. The fuel consumption was 
measured using glass burette and stopwatch. Exhaust emission from the engine was measured by five gas 
analyzer. The cylinder pressure was measured by AVL   pressure transducer GH14D/AH01 fitted on the engine 
cylinder head and a crank angle encoder fitted on the engine crank shaft to record the crank angle.  

The engine was operated initially with diesel for about 30 minutes to attain a steady state and create normal 
working temperature condition. The base line data were generated then noted down the corresponding reading 
for diesel fuel. After the test run, the base fuel was completely drained out from the tank, fuel pump and lines 
and replaced by test fuels. The engine was loaded from 25% to 100%, progressively in the steps of 25% by 
controlling the dynamometer. Since the engine being used is a constant speed engine, operated at 1500 rpm, the 
fuel pump is adjusted to maintain the constant speed at different loads. Different blends of Mahua oil with diesel 
such as B20 (20% MOME and 80% diesel), B40 (40% MOME and 60% diesel), B60 (60% MOME and 40% 
diesel) and B100 (100% MOME) were prepared and tested for its performance, combustion and emission 
characteristics. 
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Fig. 1: Schematic diagram of experimental setup 
 
Table 2: Engine specification 
Make         Kirloskar 
Model         TAF 1 
Type          Four Stroke, Single Cylinder, 
          Vertical,Air Cooled 
Rated power        4.4 kW 
Rated Speed        1500rpm 
Bore          87.5 mm 
Stroke          110 mm 
Compression ratio        17.5:1 
Injection Pressure        200 bar 
Injection timing        230 bTDC 

 
RESULTS AND DISCUSSION 

 
4.1 Brake specific fuel consumption (BSFC): 

 

 
 
Fig. 2: Brake Specific Fuel Consumption vs. Brake Power 

  
Fig.2 shows the variation of brake specific fuel consumption (SFC) with variation of brake power. It can be 

seen from graph that the brake specific fuel consumption is higher for MOME than diesel fuel at all brake power. 
This is because of lower calorific value and higher viscosity of MOME[5].  
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4.2 Brake thermal efficiency (BTE): 
The Brake Thermal Efficiency (BTE) of the engine obtained for different fuels is shown in Fig. 3 as a 

function of brake power. It can be seen from this figure that the BTE in general, reduced with the increasing 
concentration of Bio Diesel fuel in the blends. The maximum BTE were 27.84%, 27.95%, 27.66% and 31.48 for 
B20, B40, B60 and B100 respectively, as compared to 27.32% for diesel. The BTE of MOME was slightly lower 
for MOME and its blends. BTE decreases with increasing percentage of biodiesel blends. This is due to higher 
viscosity, lower calorific value and poor volatility [6]. Based on these results it can be concluded that the 
performance of the engine with Mahua oil blends is comparable to that with Diesel fuel. 

 

 
 
Fig. 3: Brake Thermal Efficiency vs. Brake Power 

 
4.3. Combustion analysis: 

 

 
Fig. 4: Variation of cylinder pressure with crank angle 

 
Figure 4 shows the variation of cylinder pressure with respect to the crank angle of the engine. It is 

observed from the graph that the peak pressure occurs at 7±2 degree crank angle for all blends of fuel at full 
load condition. Diesel gives the maximum pressure of 68.752 bar where as other blended fuel B20, B40, B60 
and B100 are 68.194, 67.741, 66.320 and 65.752 respectively. MOME blend produces the similar cylinder 
pressure as mineral diesel fuel [7]. 
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Fig. 5: Heat Release Rate vs. Crank angle 

 
Figure 5 shows the variation in rate of heat release with respect to the crank angle at full load. From the 

figure it is observed that the heat release rate is higher for Diesel fuel than the MOME blends. Higher heat 
release at premixed combustion is observed for diesel fuel because of its superior atomization and lower 
viscosity than the MOME blends [8]. MOME blends shows more or less similar heat release rate during mixing 
controlled combustion phase.   

 
4.4 Emission: 
4.4.1 Exhaust gas temperature (EGT): 

 

 
 
Fig. 6: Exhaust Gas Temperature vs. Brake Power 

 
Figure 6 shows the variation of Exhaust gas temperature with respect to Brake power for diesel fuel and its 

biodiesel blends. It is observed that the temperature is maximum for diesel at all loads. At full load condition the 
temperature of exhaust gas is 363˚C as mentioned earlier this is due to higher calorific value of diesel fuel [9]. 
Were as for other blends the temperature at full loads are 361˚C, 360˚C, 358˚C, 353˚C for B20, B40, B60 and 
B100. The increase in exhaust gas temperature with increase in load due to increase in cylinder pressure [10] and 
blended fuel is completely burnt, As a result improved atomization at warmed conditions. The temperature of 
EGT is almost similar at low load condition i.e. 180˚C for all fuels tested. 

 
4.4.1 Carbon monoxide (CO): 
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Fig. 7: Carbon monoxide vs. Brake power 

 
The  variation  of  carbon  monoxide  with  Brake  power  is  shown  in  figure 7 the fuels tested.  The carbon 

monoxide emissions are found to be increasing with increase in load for all biodiesel blends. It was noted that at 
low and medium loads, the % carbon monoxide emissions are low.  At full load, the carbon monoxide emissions 
of the fuels increase significantly. At full load, the carbon monoxide emission for B100 fuel is lower than that of 
diesel. Some of the CO produced during combustion of biodiesel might have converted into CO2 by taking up the 
extra oxygen molecule present in the biodiesel chain and thus reduced CO formation [11].  

 
4.4.1 Carbon  Dioxide (CO2): 

 

. 
Fig. 8: Carbon Dioxide vs. Brake Power 

 
Figure 8 shows the variation percentage emission of CO2 with respect to brake power for diesel fuel and its 

bio-diesel blends. It is noted that carbon-dioxide emission is lower for diesel were as for it increases with 
increasing in blends. The percentage carbon dioxide emission is found to be increase with increase in the 
concentration of biodiesel blends. It emits more carbon dioxide which in turn shows the complete combustion of 
the bio-diesel. Higher the emission of CO2 increases the EGT [12]. By using biofuels, it does not increase the CO2 
to the atmosphere; it regulates the CO2 which already present there. 
 
4.4.1 Oxides of nitrogen (NOX): 
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Fig. 9: NOx vs. Brake Power 

 
The NOX emission values measured for different fuel biodiesel blends and diesel fuel are shown in figure 9. 

From this figure, it can be seen that the increasing proportion of biodiesel in the blends was found that increased 
NOX emissions. This could be attributed to the increased exhaust gas temperatures and the fact that biodiesel had 
some oxygen content in it which facilitated NOX formation. As the load increases, the overall fuel–air ratio 
increases resulting in an increase in the average gas temperature in the combustion chamber and hence NOX 
formed. The fuel spray properties depends the drop size, momentum and the degree of mixing with air. A change 
in these properties may change the NOX formation [12]. 

 
4.4.1 Hydrocarbon (HC): 

Figure 10 shows the variation of hydro carbon with brake power for diesel fuel and bio-diesel blends. It is 
observed that the hydro carbon emission of biodiesel fuels is lower in all loads than the diesel fuel. This is due 
to the higher oxygen content in the air-fuel mixture enhances the oxidation of unburned hydrocarbons. 

 

 
 
Fig. 10: Hydrocarbon vs. Brake power 

 
Conclusion: 

The experimental study was conducted by adding Mahua oil with diesel at different compositions. The 
results are stated as follows: 

The lower brake thermal efficiency and higher brake specific fuel consumption was observed for mahua oil. 
The emission of hydrocarbon is lower for biodiesel blends when compared to diesel fuel. The emissions of 

nitrous oxides are always higher for biodiesel blends, whereas for diesel the NOx emission is pretty lower. 
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The carbon dioxide emission from biodiesel fuels can be absorbed by the plants for photosynthesis. The 
carbon dioxide  level  in  the  atmosphere  may  be  kept  in  balanced  condition  due  to  the  increased greenery 
and plants cultivated to yield bio fuels. The carbon monoxide (CO) emissions from the Mahua oil and its blends 
are lower than that of the diesel fuel at the all loads. This is the most important gaseous emission characteristic 
of Mahua oil and its blends. This emission character found in the tests is of significance to some extent for 
replacing ordinary diesel fuel with Mahua oil in the future. Hence they can be used as alternate fuel without any 
modification, operational difficulties in existing diesel engine. 
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