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Abstract– The rapid depletion of fossil fuel has stimulated worldwide efforts to produce alternative fuel to diesel fuel. The 
Pongamia oils could be explored as a source for producing biodiesel effectively with environmental concern. The present 
work deals with experimental investigations performed on a direct injection compression ignition adopting a compression 
ratio of 16.5 by varying fuel injection pressures (190, 210 and 230 bar in steps of 20 bar) at a constant speed of 1500 rpm 
employing Pongamia oil Methyl Esters (PME) LPG Blend. The engine was successfully run with Pongamia oil LPG Blend. 
The results were compared with the baseline data of petro-diesel fuel obtained at a rated Fuel injection pressure (FIP) of 190 
bar and CR 16.5. The  peak pressures and heat release rates were also observed at 190, 210 and 230 bar. The engine 
emissions in terms of  HC, CO and Smoke opacity were lower but the NOₓ were found to be increased PMELPG  fuel.  
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I. INTRODUCTION 
 
Diesel-fuelled compression ignition engines are 
invariably used in light, medium and heavy-duty 
applications. On a large scale, they are being used in 
the transportation and agricultural applications due to 
their high efficiency and consistency. The flexibility 
of diesel engines is due to their high fuel conversion 
efficiency, lower fuel cost, safe operation and high 
dependability. The increased automotive population 
over the past two decades has raised pollution at 
alarming levels. Moreover, the heavy dependence on 
petroleum-derived fuel (diesel fuel) is not only 
draining the countries’ exchequer but also raising 
doubts of its availability in future years. Thus the 
twin problems of large-scale exploitation of 
petroleum-derived fuels and associated pollution have 
made the researchers to find viable alternate fuels. 
The intensive research has led to the development of 
various alternate fuels like alcohol fuels, natural gas, 
hydrogen, vegetable oils, etc.  
Amid these alternate fuels, vegetable oils are best 
suited for diesel fuel since their properties are close to 
petro-diesel. Though, vegetable oils offer advantages 
such as being renewable and self- sustainable their 
straight use in engines is restricted mainly due to their 
high viscosity. Vegetable oils are mainly classified as 
edible and non-edible oils. Edible oils are sunflower 
oil, groundnut oil, coconut oil, olive oil, palm oil etc. 
Neem oil, jatropha oil, cotton seed oil, pongamia oil 
and castor oil are few examples of non-edible oils. 
Since there is a demand for edible oils for domestic 
use, fuels should be explored from non-edible oils.  
Tesfa et al. [1] conducted experiments to find the 
effect of biodiesel types (waste oil, rapeseed oil and 
corn oil and normal diesel), physical properties and 
biodiesel fractions on a four stroke, four cylinder DI 

diesel engine’s performance and emission 
characteristics. They observed that no significant on 
peak cylinder pressure and BSFC was observed when 
the biodiesel type was changed. Higher in-cylinder 
pressures and heat release rates were observe when 
the engine is running with biodiesel than with normal 
diesel fuel. It was noticed that when the density and 
viscosity of biodiesel are increased an increase in 
BSFC of CI engine is observed at all load conditions 
investigated. They observed that low heating value, 
higher density and viscosity of biodiesel led to 
increase the BSFC by 15% than with diesel as fuel. 
Sethi et al. (2) studied the exhaust analysis and 
performance of a single cylinder Diesel engine run on 
dual fuels. Trials were done on a 4-stroke 5 hp diesel 
engine and tried with two distinctive fuel mixes. In 
the first case, diesel kerosene mixes (with 10% to 
40% kerosene mixing by volume) and in the second 
case, air-liquefied petroleum gas (LPG) blend (15% 
to 25 % LPG blending by volume) along with diesel 
at constant engine speed of 1700 rpm. With diesel- 
kerosene mixes minimum exhaust emissions were 
seen at 30% kerosene blend. Exhaust gas emissions, 
to be specific, CO, UHC, and SO2 lessened by 40%, 
18% and 19%, respectively, when compared with 
pure diesel. Slight increase in the NOx exhaust 
emission (2.4%) was observed. With air-LPG 
mixtures, minimum exhaust emissions were seen at 
20% LPG mixing. Exhaust gas emissions, namely, 
CO, UHC, and SO2 lessened by 80%, 71%, and 21%, 
respectively. However, 19% increase in NOx exhaust 
emission was observed. Engine performance 
improved and specific fuel consumption (SFC) was 
seen to be minimal at 30% kerosene blend and 
diminished by 3.7% as compared to pure diesel value 
at the same brake power output. SFC was also seen to 
be minimal at 20% LPG blend and diminished by 
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around 20% compared to pure diesel value at the 
same brake power output. The fuel operating cost 
also diminished by 3.6% at 30% kerosene blend and 
further decreased by 9.6% at 20% LPG blend with 
air. 
Qi et al. [3] studied the effect of combustion and 
emissions characteristics of a CI engine with 
biodiesel produced from soybean crude oil prepared 
by a method of alkaline catalyzed transesterification. 
Their experimental results yielded similar power 
output with both biodiesel and pure diesel under 
speed characteristics at full load. The lowering 
heating value of biodiesel reflected in higher BSFC. 
They observed lower rate of peak pressure raise and 
heat release rates with biodiesel when compared with 
diesel. They observed advanced peak pressures in 
case of biodiesel when compared with diesel fuel. 
Also, biodiesel provided significant reduction in CO, 
HC, NOx and smoke under speed characteristic at full 
engine load. They concluded that, biodiesel can be 
used as a substitute for diesel in diesel engine. Qi et 
al.(4) conducted experiments  on a single cylinder 
direct injection(DI) diesel engine,, which has been 
suitably changed to work under LPG–Diesel mixed 
fuel conditions, utilizing LPG–Diesel mixed fuels 
with different mixed rates (0%, 10%, 20%, 30%, 
40%). It was observed that that mixed fuel 
combustion utilizing LPG is a promising procedure 
for controlling both NOx and smoke emissions even 
on existing DI Diesel engines and requires just a 
slight alteration of the engine structure. 
Banapurmatha et al. (5) utilized Honge oil/Honge oil 
methyl ester and producer gas as an aggregate swap 
for fossil fuels. It was demonstrated that indicated 
brake thermal efficiency in dual fuel method of 
operation is lesser than single fuel method of 
operation at all the injection timings researched. 
However, it was watched that the brake thermal 
efficiency improved marginally when the injection 
timing was progressed for both Honge oil and Honge 
oil methyl ester. The smoke emission for maker gas–
Honge oil was found to be more than producer gas–
diesel oil. The producer gas–Honge oil methyl ester 
brought about higher brake thermal efficiency and 
lessened emanations were obtained. With dual fuel 
operation, smoke and NOx emissions were 
significantly lessened with increase in CO emissions. 
Ozsezen  et al. [6] considered the biodiesels such as 
waste (frying) palm oil methyl ester (WPOME) and 
canola oil methyl ester (COME) as fuels to study the 
performance and emission characteristics of a diesel 
engine under full load and constant speed conditions. 
They reported that with WPOME or COME, the 
engine performance slightly weakened; the 
combustion characteristics slightly changed when 
compared to petroleum based diesel fuel (PBDF). 
They observed reduction in smoke opacity, CO and 
HC emissions but NOx and CO2 emissions were 
increased with biodiesels when compared with 
conventional diesel. Also, it was observed that there 

is no significant difference in the brake thermal 
efficiency of the WPOME, COME and PBDF. 
Reduction in the ignition delay and the SOI timing 
were observed by using WPOME and COME 
compared to the PBDF. 
It is observed from the literature that various 
researchers (Can and Özer [8], Raheman  and 
Phadatare [9], Theam et al.[10], VenkataSubbaiah 
and  Raja Gopal [11], Agarwal and 
Rajamanoharan[12], Gumus and Kasifoglu [13], 
Ismet Celikten et al. [14], Jindal et al. [15], have 
contributed to the implementation of processed or 
methyl/ethyl ester vegetable oils in engines by 
adopting higher injection pressures for making 
blends. Efforts were made by researchers to lower the 
NOₓ emissions from the biodiesel fuelled engines 
with the addition of EGR and other oxygenated 
additives. In the present study an attempt is made to 
utilize neat methyl esters obtained from non-edible 
oil derived from Pongamia oil and blended with LPG. 
For this purpose experimental studies were carried 
out to fined the effect of fuel injection pressure, for a 
given fuel, compression ratio is maintained constant. 
Also by varying percentage full load brake power, 
compression ratio and fuel injection pressure with an 
objective of improving the performance and reducing 
the harmful emissions of the engine. 
 
II. MATERIALS AND METHODS 
 
A. Preparation of Pongamia oil Methyl 
Esters from Pongamia oil. 
From the literature review, it is found that many 
research works have been carried out on a number of 
alternative fuels, especially biodiesel, produced from 
different kinds of vegetable oils and animal fats. To 
begin with, laboratory samples of Pongamia oil were 
prepared by adopting the standard transesterification 
process described by Ma and Hanna [7]. In the 
present case, methanol and Sodium Hydroxide 
(NaOH) were used as ingredients. The procedure of 
making oil from Pongamia oil to final biodiesel is 
presented in the form of a flow chart in Figures 1 and 
2. Table I and II gives the comparison of important 
properties of fuels under consideration. 

 
Fig.1 Flow Chart of Biodiesel Production from neat vegetable 

oils 
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Fig. 2 Photograph of Biodiesel production 

 
TABLE I 

PROPERTIES OF PONGAMIA OIL METHYL ESTERS 
AND PETRO-DIESEL 

 
 

TABLE II 
PROPERTIES OF LPG FUEL ( Sethi et al. (2004)) 

 
 
III. EXPERIMENTAL PROGRAMME 
 
The detailed specifications and schematic diagram of 
the engine are given in Table II and Fig.3. 
Initially the experiments were performed with Petro-
diesel maintaining rated fuel injection pressure, rated 
compression ratio and rated speed of 190bar, 16.5 and 
1500 rpm respectively. During the experiments, the 
engine speed (1500rpm) and engine coolant outlet 
temperature (650C) were maintained constant so as to 
obtained steady state condition of the engine. The 
results with these details were treated as baseline 
data. The equipment /instrumentation employed is 
schematically shown in Fig.3 
The smoke opacity of the exhaust gas was measured 
using the smoke opacity meter (Make: INDUS 
Smoke Meter; Model: OMS-103). Exhaust gas 
composition was measured using 
MORTH/CMVR/TAP-115/116 Part-VIII based 
exhaust gas analyzer (Make: INDUS Scientific Pvt 
Ltd, 5-Gas Analyzer; Model: PEA-205). This 
analyzer measures CO, HC, CO₂, O₂, and NOₓ in the 
exhaust gas. The measurement range and accuracy of 
the exhaust gas analyzer are given in Table-III.  
Further experiments were continued with neat PME 
fuel along with LPG by varying percentage full load 

brake power (0 to 100% in steps of 20%) of the 
engine. 

TABLE II 
TEST ENGINE SPECIFICATIONS 

 
 

 
Fig.3 Computer Based Four Stroke Single Cylinder Variable 

Compression Ratio Multi Fuel Engine with Eddy Current 
Dynamometer 

 
1. Water inlet to the calorimeter and engine (T1

0C), 
2. Water outlet from the engine jacket (T2

0C), 
3. Water outlet from the calorimeter (T3

0C), 
4. Exhaust gas inlet to the calorimeter (T4

0C), 
5. Exhaust gas outlet from the calorimeter (T5

0C), 
6. Atmospheric air temperature ((T6

0C), 
7. Fuel flow, 8. Pressure Transducer,  
9. Exhaust gas Analyzer, 10. Smoke Meter, 
11. Personal Computer, 12.LPG Cylinder, 13.Rota 
meter 
14. Flame Arrester, Fuel and Air Mixing Chamber 
15. VCR Lever 
 

TABLE III 
EXHAUST GAS ANALYZER & SMOKE METER SPECIFICATIONS 
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IV. RESULTS & DISCUSSION 
 
Performance and emissions related experiments are 
performed with constant speed, on a single cylinder 
CI engine with petro-diesel, PME fuel along with 
LPG as fuel separately by varying percentage full 
load brake power of the engine. The baseline data 
represents the information on the performance of the 
engine when it was run with petrol-diesel at rated FIP 
of 190 bar and CR = 16.5. While conducting 
experiments to find the effect of fuel injection 
pressure, for a given fuel, compression ratio is 
maintained constant. The effect of fuel injection 
pressure and CR on the important characteristics of 
an engine are investigated and the same are plotted 
and discussed appropriately.  
A) Performance Characteristics of the engine at 
FIP and CR using PMELPG Blend  
Figure 4 illustrates the variation of Brake thermal 
efficiency and Brake specific fuel consumption of the 
engine against the percentage of full load brake 
power(%FLBP) when injected as PME fuel along 
with LPG in comparison with petro-diesel fuel.  The 
variation of BTE with full load shows that the with a 
compression ratio of 16.5 BTE was observed to be 
high for 210 bar injection pressure and in case of 
BSFC the results are good with 210 bar injection 
pressure. But the BTE is has to be scarified with 
higher injection pressures. The addition of LPG to 
PME helped to get higher BTE and lower BSFC 
because LPG helps for the combustion to occur easily 
and when compared with the  petro-diesel. The 
figures conclude that the PMELPG is better fuel to 
achieve higher BTE without much modifications to 
the engine when compared with petro-diesel. 
Under full load operation, the percentage increase in 
BTE for PMELPG as fuel were observed to be about 
1.09%,  4.28% and 1.66% for 190, 210 and 230 bar 
respectively and the percentage increase in BSFC for 
PMELPG  as fuel were observed to be about 3.70% 
and 7.41% for 190 and 230 bar, reduction 3.70% for 
210 bar respectively in comparison with baseline 
operation. 

 
Fig.4 BTE & BSFC Vs % FLBP 

 
Figure 5 shows the variation of cylinder pressure with 
crank angle for PMELPG in comparison with petro-

diesel. From the figure, the in-cylinder peak pressure 
decreases at the start of combustion and increases 
thereafter. Peak pressure depends mainly on the 
combustion rate in the starting stages, which is 
effected by the fuel intake component in the 
uncontrolled heat release stage. The in-cylinder peak 
pressure is higher that of petro-diesel because of the 
low viscosity and high volatility of PMELPG blend. 
It is observed that under full load operation, the 
percentage reduction in peak pressures for PMELPG 
as fuel were observed to be about 4.96%, 1.06% for 
190 and 230 bar and increase 2.27% for 210 bar 
respectively in comparison with baseline operation.  

 
Fig.5 Cylinder pressure Vs Crank angle 

 
Figure 6 illustrates the variation of heat release rate 
with crank angle for neat PMELPG as fuel in 
comparison with petro-diesel. From the figure, heat 
release rate decreases at the start of combustion and 
increases thereafter. The reason may be due to the 
combined effect of air entrainment with lower air/fuel 
mixing rate and viscosity of the biodiesel blend. At 
full load operation, the mass fraction burnt for 
biodiesels is slightly lower than that of petro-diesel. 
Under full load operation, the percentage reduction in 
heat release rates were observed to be about 10.76% 
,5.90% and 9.20% for 190, 210 and 230 bar 
respectively in comparison with baseline operation. 

 
Fig.6  Heat release rate Vs Crank angle 

 
B) Emission Characteristics of the engine at FIP and 
CR using PMELPG Blend.  
Figure 7 illustrates the variation of CO emissions of 
the engine against the percentage of full load brake 
power when injected as PME fuel along with LPG in 
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comparison with petro-diesel fuel. From the 
experimental results, at full load, there is a decrease 
of HC emissions is observed. The emission of HC 
mostly depends on the combustion process. 
Incomplete combustion produces more un-burnt 
hydro carbon fuel emissions. In the same figure the 
baseline data have also been compared. Under full 
load operation, the percentage reduction in CO 
emissions were observed to be about 13.39%, 26.77% 
and 20.21% for 190, 210 and 230 bar respectively in 
comparison with baseline operation.  

 
Fig.7 CO emissions Vs %FLBP 

 
Figure 8 illustrates the variation of HC emissions of 
the engine against the percentage of full load brake 
power when injected as PME fuel along with LPG in 
comparison with petro-diesel fuel. The emission of 
HC mostly depends on the combustion process. 
Incomplete combustion produces more un-burnt 
hydro carbon fuel emissions. Also, the higher cetane 
number of PMELPG results in decrease in HC 
emissions due to shorter ignition delay. It can also be 
observed that the HC emissions decreased with 
increase in engine load. Under full load operation, the 
percentage reduction in HC emissions for PMELPG 
were observed to be about 19.99%, 33.75% and 
27.50% for 190, 210 and 230 bar respectively in 
comparison with baseline operation.  

 
Fig.8 HC emissions Vs %FLBP 

 
Figure 9 illustrates the levels of smoke opacity of the 
engine against the percentage of full load brake 
power when injected as PME fuel along with LPG in 
comparison with petro-diesel fuel. Under full load 
operation, the percentage reduction in smoke opacity 

for PMELPG were observed to be about 19.72%, 
28.6% and 24.69% for 190, 210 and 230 bar 
respectively in comparison with baseline operation.  

 
Fig.9 smoke opacity Vs %FLBP 

 
Figure 10 illustrates the variation of NOₓ emissions of 
the engine against the percentage of full load brake 
power when injected as PME fuel along with LPG in 
comparison with petro-diesel fuel. The NOx 
formation in the combustion process is complicated. 
NOx creation in the combustion process is mainly 
controlled by the combustion temperature. On the 
other hand, the combustion temperature is dependent 
on the injection timing of the fuel, ignition delay time 
and combustion pattern. From the experimental 
results, at full load, there is an increase of NOx 
emissions is observed. Under full load operation, a 
percentage increase in NOₓ emissions for PMELPG 
were observed to be about 11.37%, 32.82% and 
24.42% for 190, 210 and 230 bar respectively in 
comparison with petro-diesel operation.  

 

 
Fig.10 NOₓ emission Vs %FLBP 

 
CONCLUSIONS 
 
The effect of fuel injection pressure was studied 
experimentally to evaluate the performance, 
combustion and exhaust emission levels of PMELPG 
in a single cylinder,variable compression ratio, CI 
engine. Based on the present work the following 
conclusions are drawn.   
i. Pongamia oil methyl ester of about 95% 
yield was obtained from raw Pongamia oil. 
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ii. Under full load operation, BTE are higher 
for PMELPG compared to base line operation. 
iii. The BSFC was obseved to be lower at an 
injection pressure of 210 bar where as BTE was 
higher for PMELPG compared to base line operation.  
iv. Under full load operation, the peak pressure 
and peak heat release rate are reduced for  PMELPG 
compared to petro-diesel operation. 
v. Under full load operation,Reduction in CO, 
HC emissions and smoke opacity and increase in NOₓ 
emissions are obseved for PMELPG  compared to 
base line operation.  
vi. It is observed that better performance and 
emission characteristics of the engine can be obtained 
with LPG addition to PME. 
vii. It is observed that fuel injection pressure has 
played a vital role in the reduction of emissions and 
improved performance of the engine PMELPG fuel. 
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