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ABSTRACT 
The conventional petroleum fuels for internal combustion engines will be available for few years only, due to tremendous 

increase in the vehicular population. Moreover, these fuels cause serious environmental problems by emitting harmful gases 

into the atmosphere at higher rates. Generally, pollutants released by engines are CO, Unburnt hydrocarbons, NOx, smoke 

and limited amount of particulate matter. At present, alternative fuels like methyl esters of vegetable oil (commonly known 

as biodiesels), alcohols etc. are in the line to replace the petroleum fuels for IC engines. In the present study an experimental 

investigation was carried out with pongamia oil as an alternative fuel in a compression ignition engine. The problems 

associated with vegetable oil are high viscosity, low volatility and high reactivity, but at the same time their higher cetane 

number, lower sulphur content and higher oxygen concentration are the desirable properties to use as a fuel in compression 

ignition engines. The process of transesterification of vegetable oil with methyl alcohol provides a significant reduction in 

viscosity, thereby enhancing the physical properties of vegetable oil. The current paper reports a study carried out to 

investigate the combustion, performance and emission characteristics of Pongamia oil methyl ester with diesel fuel on a 

single-cylinder, four-stroke, direct injection and water cooled diesel engine. This study gives the comparative measures of 

brake specific fuel consumption, brake specific energy consumption, brake thermal efficiency, mechanical efficiency, 

exhaust gas temperature, air-fuel ratio, volumetric efficiency, CO, CO2, HC, NOx and smoke opacity,. Biodiesel can be 

blended at any ratio with diesel fuel. The properties of Pongamia biodiesel are determined, and found that its properties are 

near to diesel. 

INTRODUCTION 

High petroleum prices demand the study of biofuel 

production. Non-edible plant oils have been found to 

be promising crude oils for the production of 

biodiesel. World annual petroleum consumption and 

vegetable oil production is about 4.018 and 0.107 

billion tons, respectively. The cost of biodiesel and 

demand of vegetable oils can be reduced by non-

edible oils. Biodiesel is a clean burning recycled fuel 

made from vegetable oils. It is chemically called 

Fatty Acid Alkyl Ester. Biodiesel is 100% vegetable 

oil based. Biodiesel is made up of almost 10% 

oxygen, making it a naturally "oxygenated" fuel. It is 

obtained by reaction of vegetable oil with alcohol in 

presence of catalyst. Using vegetable oils is therefore 

beneficial to the environment, economy and to the 

atmosphere
1
. The direct use of vegetable oils as fuel 

can cause numerous engine problems like poor fuel 

atomization, incomplete combustion and carbon 

deposition on fuel injector and engine fouling. Hence 

the viscosity of vegetable oils can be reduced by 

several methods which include blending of oils, 

micro-emulsification, pyrolysis and transesteri-

fication. Among this transesterification is widely 

used for industrial biodiesel production. Because it 

gives high yield with low temperature, pressure and 

short reaction time 
2,5

.  

The advantages of biodiesel as diesel fuel are ready 

availability, renewability, higher combustion 

efficiency, lower sulfur and, higher cetane number, 

and higher biodegradability. The main advantages of 

biodiesel include domestic origin, reducing the 

dependency on imported petroleum, high flash point, 

and inherent lubricity in the neat form. Major 

disadvantages of biodiesel are higher viscosity, lower 

energy content, higher cloud point and pour point, 

higher nitrogen oxide (NOx) emissions, lower engine 

speed and power, and higher engine wear
2
.  

EXPERIMANTAL SET UP OF ENGINE 

5.1    ENGINE SET UP 

 
Schematic diagram of Engine set up 

The experiments are conducted on 5.2 kW Kirloskar 

engine; direct injection single cylinder water cooled 

having 87.5 mm bore and 110 mm stroke.  

It consist of a test bed, a diesel engine, an eddy 

current dynamometer, a data acquisition system, a 

computer, an operational panel, exhaust emission 

analyzers, a smoke meter, sensors to measure 

lubricating oil temperature, exhaust temperature at 

the manifold a pressure sensor to measure in-line 

cylinder pressure, a pressure sensor to measure fuel 

line pressure. Two filters are installed, one at exit of 

tank and other at fuel pump. Fuel is fed to the pump 

under gravity. Lubricating oil temperature is 

measured by using a thermocouple. The cooling 

water temperature is maintained constant throughout 

the research work by controlling the flow rate of fuel. 

The exhaust gas composition was analyzed by using 

exhaust gas analyzer and smoke meter 
6,7

. 

The engine was tested at constant speed of 1500 rpm 

throughout its power range using PME 10, PME 20, 

PME 40, PME 60, PME 80 and PME 100. The 

engine performance and emission characteristics 

investigated
4
. The tests were conducted with diesel, 

Pongamia oil methyl ester with load, from no load to 

full load by steps of 12.5%. The engine was coupled 

with dynamometer to provide the brake load. Two 

separate fuel tanks were used for the diesel fuel and 

Pongamia oil methyl ester (PME). The performance 
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parameters evaluated are break thermal efficiency, 

break specific fuel consumption (BSFC), break 

specific energy consumption (BSEC) and the 

emissions measured were carbon monoxide (CO), 

carbon dioxide (CO2), hydrocarbon (HC), and oxides 

of nitrogen (NOx), were measured by using AVL five 

gas analyzer and the smoke was measured by AVL 

smoke meter. From the investigation it can be 

concluded that biodiesel can be used as an alternative 

to diesel in a compression ignition engine without 

any engine modifications.  

RESULTS AND DISCUSSIONS 

1) Brake Specific Fuel Consumption: 

The variation in brake specific fuel consumption 

(BSFC) with different loads at constant engine speed 

is shown in Fig.1 All the blends have higher BSFC 

than diesel because of a decrease in calorific value, 

higher density and higher viscosity of biodiesel with 

an increase in biodiesel percentage in the blends. 

Hence results in higher bulk modulus, which results 

in more discharge of fuel for the same displacement 

of the plunger in the injection pump, there by 

resulting increase in BSFC. The BSFC for the blend 

of B20 is lower than the other blends and higher than 

that of diesel
8
. 

 
Fig. 1. Variation of Brake Specific Fuel Consumption 

with Brake power 

2) Brake Specific Energy Consumption: 

The variation in brake specific energy consumption 

(BSEC) with different loads at constant engine speed 

is shown in Fig.2 Brake specific energy consumption 

is defined as the amount of energy consumed per unit 

brake power. The brake specific energy consumption 

is determined for pongamia biodiesel and diesel 

blends as the product of the specific fuel 

consumption and the calorific value. It is observed 

that the decreasing values of BSEC with increasing 

load. For the biodiesel blends, BSEC values are 

slightly higher than diesel. This may be due to the 

lower calorific value of Pongamia methyl ester 

compared to the diesel. It is observed from the graph 

that the BSEC for Blend B20 is lower than the other 

blends as compared to that of diesel fuel. The 

presence of the oxygen molecule in the pongamia 

fuel blend may be the reason for the lower BSEC. As 

the pongamia biodiesel concentration in the blend 

increases, the BSEC for all the fuels increases 

initially at lower loads and at higher loads its value is 

close to that of diesel for all the blends due to the 

better combustion
8,9

 

 
Fig.2. Variation of Brake Specific Energy Consumption 

with Brake power 

3) Brake Thermal Efficiency: 

The variation in Brake thermal efficiency with 

different loads at constant engine speed is shown in 

Fig. 3. The thermal efficiency of diesel and biodiesel 

blends increases with increasing brake power. The 

brake thermal efficiency of the pongamia biodiesel 

and its blends are lower than the diesel due to its 

lower calorific value. As the brake power increases 

the heat generated in the cylinder increases, and 

hence, the thermal efficiency increases. The 

maximum thermal efficiency is observed as 26.91 % 

for the B20 blend, whereas for diesel it is 27.12% at 

full load. The drop in thermal efficiency with 

increase in proportion of biodiesel is because of its 

high viscosity, high density, poor volatility, lower 

calorific value and poor atomization of biodiesel 

which affects mixture formation of the fuel and leads 

to poor combustion. At full load conditions BTE of 

B20 is about 0.8% less than that of diesel
10

. 

 
Fig.3. Variation of Brake Thermal Efficiency with 

Brake power 

4) Mechanical Efficiency: 

The variation in mechanical efficiency of diesel and 

various blends of Pongamia biodiesel at different 

loads is shown in Fig 4. It is observed that the 

mechanical efficiency is increased with increase in 

load, which is mainly due to reduction in frictional 

and heat losses with load. At full load Blend B20 has 

the maximum mechanical efficiency of 81.63%, 

which is very near to the efficiency of diesel, i.e. 

83.05%. This increase in blend B20 may be due to 

higher cetane number of the fuel
11

. 

 
Fig.4. Variation of Mechanical Efficiency with Brake 

power 

5) Exhaust Gas Temperature: 

 
Fig.5.Variation of Exhaust Temperature with Brake 

power 

The variation in exhaust gas temperature of diesel 

and various blends of Pongamia biodiesel at different 

loads is shown in Fig. 5. The exhaust gas temperature 

provides the qualitative information about the 

progress of combustion in engine. It can be observed 

from figure that the increase in brake power induces 



            Kale, International Journal of Advanced Engineering Research and Studies       E-ISSN2249–8974 

Int. J. Adv. Engg. Res. Studies/III/II/Jan.-March.,2014/23-26  

the increase in exhaust gas temperature. The exhaust 

gas temperature for all the blends is higher than that 

of diesel. The exhaust gas temperature is lower at the 

rated load of the engine for all the blends than diesel 

which can be attributed to a lower cylinder gas 

temperature and lower combustion duration
12

. 

6) Air – Fuel ratio: 

The variation of Air-Fuel ratio of diesel and various 

blends of Pongamia and diesel oil at different loads is 

presented in Fig. 6. It was observed that the air-fuel 

ratio decreases with  an increase in the load for all 

fuels. Also the air-fuel ratio decrease with increase in 

the concentration of pongamia oil in the blends. Fuel 

consumption is high for biodiesel blends compared to 

diesel and air flow is constant. Hence air-fuel ratio 

decreases with increase in load. The air-fuel mixing 

process is affected by the atomization of biodiesel 

due to its higher viscosity. With increase in air-fuel 

ratio (leaner mixture) the combustion temperatures 

are lowered and cylinder wall temperatures are 

reduced and hence the delay period increases. The 

rate of pressure rise is unaffected but the maximum 

pressures may be lowered. With increase in load, air-

fuel ratio decreases, operating temperature increase 

and hence, delay period decreases
13

. 

 
Fig.6. Variation of Air – Fuel Ratio with Brake power 

7) Carbon Monoxide: 

 
Fig. 7. Variation of Carbon monoxide with Brake power 

Figure 7 represents the effect of BP on CO. The 

formation of carbon monoxide is attributed to the fuel 

oxidation from combustion. The major reason to the 

CO formation is insufficient time and oxygen for 

oxidation of CO to CO2. It can be observed that CO 

emissions increase with increasing engine load, due 

to increase in the peak combustion temperature and 

the associated increase in the rate of dissociation 

reaction. The test results indicates that pongamia 

biodiesel blends gives lower of CO emissions 

compared to diesel for all the loads which is 

attributed to the presence of oxygen molecule in the 

biodiesel. At higher load the CO emissions increases 

because of insufficient time. The CO emissions are 

lower for all the biodiesel blends than that of diesel 

for all the blends. At full load, higher reduction in 

CO emissions were observed as 85.24% for the PME 

(B100) and its blends B20, B40, B60 and B80 have 

CO emissions as 72.13%, 65.5%, 65.5% and 80.32% 

respectively less compared to diesel. However at over 

load the CO emissions are increases because of 

incomplete combustion due to less time availability 

for combustion process and there is less available 

time to convert the oxygen molecule present in 

biodiesel to CO2. 

8) Carbon Dioxide: 

The variation in carbon dioxide formation during the 

test for different blends is shown in Fig. 8. It is 

observed that the carbon dioxide (CO2) emission is 

increased with increase in load for all the blends due 

to increase of the BSFC as shown in figure. For all 

the blends the emissions of CO2 is more when 

compared with diesel. Also the carbon dioxide 

increases with the increase in the concentration of 

pongamia oil in the blends. This is caused mainly due 

to the presence of more oxygen content in the 

biodiesel which converts carbon monoxide to carbon 

dioxide, and also due to the higher combustion 

temperature
14

. 

 
Fig. 8. Variation of Carbon Dioxide with Brake power 

9) Hydrocarbons: 

The variations in hydrocarbon emissions at different 

engine load for pongamia biodiesel and diesel blends 

are shown in Fig. 9. Hydrocarbon emission is the 

result of incomplete combustion. The biodiesel 

blends exhibit lower HC emission at all the loads. 

The emission of HC increases at higher loads for the 

blends of biodiesel and diesel. This is because of 

relatively less oxygen available for the reaction when 

more fuel is injected into the engine cylinder at high 

engine load. The emissions of hydrocarbon for 

biodiesel is lower than that of diesel fuel due to 

higher cetane number because of shorter ignition 

delay of biodiesel may be responsible for this 

decrease. Higher temperature of burnt gases in 

biodiesel fuel helps in preventing condensation of 

higher hydrocarbon reducing unburnt HC. At part 

load the HC emissions of blends are much lesser than 

the HC emissions at full load compared with diesel 

because of complete combustion
15

.  

 
Fig. 9. Variation of Hydrocarbons with Brake power 

10) NOx: 

The variation in the NOx emissions at different 

engine load is shown in Fig. 10. Oxides in the engine 

exhaust are the combination of nitric oxide (NO) and 

nitrogen dioxide (NO2). Nitrogen and oxygen react 

relatively at high temperature. Therefore high 

temperature andavailability of oxygen are the two 

main reasons for formation of NOx. When the more 

amount of oxygen is available, the higher the peak 

combustion temperature the more is NOx formed. 

The NOx emission for all the blends is more than that 

of diesel for all the loads. At lean and rich air-fuel 

mixture the NOx concentration is comparatively low. 

As the engine is approaching the rated load the NOx 
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emission is higher. It can be observed that the engine 

running on biodiesel or its blends increase NOx 

emission 21-34% compared with that of diesel. The 

reason may be presence of oxygen molecule in 

biodiesel which makes possible a more complete 

combustion and thus an increased combustion 

temperature, which facilitates the generation of NOx 

especially at high engine loads
16, 17

.  

Fig.10. Variation of NOx with Brake power

11) Smoke Opacity: 

Figure 11 represents the smoke emission measured in 

the engine exhaust. Any volume in which fuel is 

burned at relative fuel-air ratio greater than 1.5 and at 

pressure developed in diesel engine produces soot. 

The amount of soot formed depends upon the fuel

ratio and type of fuel. If this soot, once formed finds 

sufficient oxygen it will burn completely. If soot is 

not burned in combustion cycle, it will pass through 

the exhaust, and it will become visible. The size of 

the soot particles affects the appearance of s

Black smoke largely depends upon the airfuel ratio 

and increases rapidly as the load is increased and 

available air is depleted. It can be observed from the 

figure that smoke opacity for the blends of biodiesel 

comparable with that of diesel for all 

comparison with diesel, the smoke is less for 

biodiesel blends at full load because of complete 

combustion. For over load the smoke opacity is 

maximum, which is due to incomplete combustion. 

This may be due to the higher viscosity, lower 

volatility and poor atomization of the fuel

Fig. 11. Variation of Smoke Opacity with Brake power

12) P-θ DIAGRAM FOR NO LOAD WITH ALL 

BLENDS 

The variations in the cylinder pressure with crank 

angle for diesel and biodiesel at different engine 

speeds are shown in Fig.12. As per the above curve at 

No load with all the blends, injection starts at 23° 

bTDC, i.e at 337°CA and the combustion starts a

367°CA (7° after TDC) for B00, 365°CA (5° after 

TDC) for B20, B40, B60, B80 and B100 

respectively. The delay period for diesel is 30°CA. 

Similarly the delay period for other blends (B20, 

B40, B60, B80 and B100) is 28°. The cycle peak 

pressure reaching is high with blend (B100) than 

diesel and it is to occur at 7°CA from TDC with peak 

pressure of 53.48 bar as compared to 9°CA from 

TDC for the diesel with peak pressure of 49.77 bar, 

which is mainly due to higher mass of fuel burnt 

compared to pure diesel. It is clear that the peak 

cylinder pressure is higher for biodiesel at all engine 
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emission is higher. It can be observed that the engine 

running on biodiesel or its blends increase NOx 

34% compared with that of diesel. The 

reason may be presence of oxygen molecule in 

odiesel which makes possible a more complete 

combustion and thus an increased combustion 

temperature, which facilitates the generation of NOx 

 
Fig.10. Variation of NOx with Brake power 

epresents the smoke emission measured in 

the engine exhaust. Any volume in which fuel is 

air ratio greater than 1.5 and at 

pressure developed in diesel engine produces soot. 

The amount of soot formed depends upon the fuel-air 

and type of fuel. If this soot, once formed finds 

sufficient oxygen it will burn completely. If soot is 

not burned in combustion cycle, it will pass through 

the exhaust, and it will become visible. The size of 

the soot particles affects the appearance of smoke. 

Black smoke largely depends upon the airfuel ratio 

and increases rapidly as the load is increased and 

available air is depleted. It can be observed from the 

figure that smoke opacity for the blends of biodiesel 

comparable with that of diesel for all the loads. In 

comparison with diesel, the smoke is less for 

biodiesel blends at full load because of complete 

combustion. For over load the smoke opacity is 

maximum, which is due to incomplete combustion. 

This may be due to the higher viscosity, lower 

tility and poor atomization of the fuel
18.

 

 
Fig. 11. Variation of Smoke Opacity with Brake power 

θ DIAGRAM FOR NO LOAD WITH ALL 

The variations in the cylinder pressure with crank 

angle for diesel and biodiesel at different engine 

speeds are shown in Fig.12. As per the above curve at 

No load with all the blends, injection starts at 23° 

bTDC, i.e at 337°CA and the combustion starts at 

367°CA (7° after TDC) for B00, 365°CA (5° after 

TDC) for B20, B40, B60, B80 and B100 

respectively. The delay period for diesel is 30°CA. 

Similarly the delay period for other blends (B20, 

B40, B60, B80 and B100) is 28°. The cycle peak 

high with blend (B100) than 

diesel and it is to occur at 7°CA from TDC with peak 

pressure of 53.48 bar as compared to 9°CA from 

TDC for the diesel with peak pressure of 49.77 bar, 

which is mainly due to higher mass of fuel burnt 

t is clear that the peak 

cylinder pressure is higher for biodiesel at all engine 

speeds. As biodiesel percent increases, the peak 

cylinder pressure increases. At all engine speeds the 

combustion starts earlier for biodiesel than for diesel. 

This can be attributed to a short ignition delay and 

advanced injection timing for biodiesel. The cylinder 

pressure during the late combustion phase for 

biodiesel and their blends is marginally lower than 

that of diesel. This is because the constituents with 

higher oxygen content of biodiesel blends are 

adequate to ensure complete combustion of the fuel.

Fig.12. Pressure and Crank Angle Diagram for No load, 

all blends 

13) P-θ DIAGRAM FOR PART LOAD WITH 

ALL BLENDS 

Figure 13 shows the variation of cylinder pressure 

with crank angle at part load. As per the above graph 

at Part load with all the blends, injection starts at 23° 

bTDC, i.e. at 337°CA and the combustion starts at 

361°CA (1° after TDC) for B00, 361°CA (1° after 

TDC) for B20, B40, B60, B80 and B100 

respectively. The delay period for diesel is 24°CA. 

Similarly the delay period for other blends (B20, 

B40, B60, B80 and B100) is 24°CA respectively. The 

cycle peak pressure reaching is high with diesel than 

the blends and it is occur at around 3°CA from TDC 

with peak pressure of 71.7 bar as compared to 7°CA 

from TDC for the B20 with peak pressure of 49.77 

bar, this is mainly due to lower heat value and the 

injection characteristics of the fuel. The results show 

that the peak cylinder pressure of the engine running 

with biodiesel is slightly higher than the engine 

running with diesel. The main cause for higher peak 

cylinder pressure in the CI engine running with 

biodiesel is because of the advanced combustion 

process initiated by easy flow-ability of bio

due to the physical properties of biodiesel. In 

addition, due to the presence of oxygen molecule in 

biodiesel, the hydrocarbons achieve complete 

combustion resulting in higher cylinder pressure. It 

can be seen that the cylinder pressure increases with 

increasing load for both diesel and biodiesel blends
19

. 

Fig.13. Pressure and Crank Angle Diagram for Part 

load, all blends 

14) P-θ DIAGRAM FOR FULL LOAD WITH 

ALL BLENDS 

Figure 14 shows the variation of cylinder pressure 

with crank angle at full load. As per the above g

at Full load with all the blends, injection starts at 23° 

bTDC, i.e at 337°CA and the combustion starts at 

2249–8974 

speeds. As biodiesel percent increases, the peak 

cylinder pressure increases. At all engine speeds the 

combustion starts earlier for biodiesel than for diesel. 

ributed to a short ignition delay and 

advanced injection timing for biodiesel. The cylinder 

pressure during the late combustion phase for 

biodiesel and their blends is marginally lower than 

that of diesel. This is because the constituents with 

n content of biodiesel blends are 

adequate to ensure complete combustion of the fuel. 

 
Fig.12. Pressure and Crank Angle Diagram for No load, 

θ DIAGRAM FOR PART LOAD WITH 

Figure 13 shows the variation of cylinder pressure 

rank angle at part load. As per the above graph 

at Part load with all the blends, injection starts at 23° 

bTDC, i.e. at 337°CA and the combustion starts at 

361°CA (1° after TDC) for B00, 361°CA (1° after 

TDC) for B20, B40, B60, B80 and B100 

he delay period for diesel is 24°CA. 

Similarly the delay period for other blends (B20, 

B40, B60, B80 and B100) is 24°CA respectively. The 

cycle peak pressure reaching is high with diesel than 

the blends and it is occur at around 3°CA from TDC 

ssure of 71.7 bar as compared to 7°CA 

from TDC for the B20 with peak pressure of 49.77 

bar, this is mainly due to lower heat value and the 

injection characteristics of the fuel. The results show 

that the peak cylinder pressure of the engine running 

odiesel is slightly higher than the engine 

running with diesel. The main cause for higher peak 

cylinder pressure in the CI engine running with 

biodiesel is because of the advanced combustion 

ability of bio-diesel 

hysical properties of biodiesel. In 

addition, due to the presence of oxygen molecule in 

biodiesel, the hydrocarbons achieve complete 

combustion resulting in higher cylinder pressure. It 

can be seen that the cylinder pressure increases with 

for both diesel and biodiesel blends 

 
Fig.13. Pressure and Crank Angle Diagram for Part 

θ DIAGRAM FOR FULL LOAD WITH 

Figure 14 shows the variation of cylinder pressure 

with crank angle at full load. As per the above graph 

at Full load with all the blends, injection starts at 23° 

bTDC, i.e at 337°CA and the combustion starts at 
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359°CA (1° before TDC) for B00, 359°CA (1° before 

TDC) for B20, B40, B60, B80 and B100 

respectively. The delay period for diesel is 22°CA. 

Similarly the delay period for other blends (B20, 

B40, B60, B80 and B100) is 22°CA respectively. The 

cycle peak pressure reaching is high with blend (B40) 

than diesel and it is occur at around 11°CA from 

TDC with peak pressure of 73.05 bar as compared to 

9°CA from TDC for the diesel with peak pressure of 

72.2 bar, which is mainly due to delayed combustion 

of viscous fuel. The advancement in attaining peak 

pressure is due to high rate of pressure rise while 

inducting pongamia biodiesel compared to that of 

diesel operation. The advancement in peak pressures 

while inducting pongamia biodiesel because of 

instantaneous combustion i.e. in first stage of 

combustion the pongamia biodiesel gets fired and 

burnt very quickly and for second stage the diesel 

was burned progressively. This may be due to the 

higher cetane number of PME, which gives better 

ignition quality. Also the presence of oxygen 

molecule results in improved chemical reactions and 

more complete combustion. If further increasing the 

blend percentage, the ignition delay becomes longer. 

The peak pressures are observed near TDC position, 

the higher peaks can be observed at higher loads than 

that of lower and part loads. The lower peak 

pressures at lower loads can be attributed to lower 

fuel availability for combustion thus having lower 

heat release rates. The pongamia-diesel blends are 

inferior to pure diesel in terms of heating value, will 

have lower instantaneous heat release rates. The peak 

cylinder pressures are low with biodiesel blends in 

comparison to diesel since the heating value of 

biodiesel is lower than that of diesel resulting in 

lower heat release. Poor atomization and slow heat 

release rate also the reason for lower peak pressure 

for pure biodiesel.  

 
Fig.14. Pressure and Crank Angle Diagram for Full 

load, all blends 

CONCLUSIONS  

• The brake thermal efficiency obtained for 

B20 is closer to diesel fuel. A maximum 

brake thermal efficiency of 27.13% was 

achieved for B20 while for diesel it was 

28.10% for the same power output. 

• The Brake specific fuel consumption is 

slightly higher than diesel i.e. 3.2% for B20 

but closer to diesel among all the blends due 

to lower calorific value of biodiesel. Any 

further increase in percentage of bio diesel 

increases specific fuel consumption. 

• The Mechanical Efficiency is decreased by 

1.7% for B20 blend as compared to diesel 

value. 

• While running the engine with biodiesel and 

its blends, emissions such as CO, HC and 

smoke density were reduced by 72%, 10.8% 

and 10%, as compared to diesel at full load. 

These reductions of emissions could be due 

to complete combustion of fuel. 

• The NOx emission for B20 is increased by 

6.2% at 4.25 kW load and 24% and at Full 

load compared to diesel, and as the 

concentration of pongamia increases the 

NOx emission is also increases. 

• The combustion starts earlier for biodiesel 

and its blends than for diesel. The peak 

cylinder pressure of biodiesel (B100) is 

higher than that of diesel at No load. The 

peak cylinder pressure of diesel is higher 

than that of biodiesel and its blend at part 

load. The peak cylinder pressure of biodiesel 

(B40) blend is higher than that of diesel at 

full load. 

From all these observations, it could be concluded 

that the blends of pongamia with diesel up to 20% by 

volume could replace diesel for running the diesel 

engine with less emissions, without modifying the 

engine and without sacrificing the power output. This 

will thus help in controlling air pollution to a great 

extent.  
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