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ABSTRACT: Various combustion characteristics and properties are studied while selecting a fuel
for any engine. The choice of the engine and fuel are highly interrelated. Vegetable oil is one
obvious fuel particularly because their fuel properties are closer to diesel fuel. Two important
properties, the cetane number and the calorific value are similar to diesel. Hence diesel engines can
be operated on vegetable oil without modification. To ascertain the possibility of use of modified
karanja oil as fuel for compression ignition engine the performance test were conducted. The
comparison of the test fuels made with diesel fuel. Test fuels’ performance analyzed for esters of
karanja oil, blends of karanja oil, and the diesel oil as baseline at varying loads performed at governor
controlled speed. The variations in the injection parameters were analyzed to observe its influence
on the engine performance with different fuels. Experimental results show that diesel engine gives
poor performance at lower Injection Pressure than esterified karanja oil and its blends with diesel.
Specific energy consumption is a more reliable parameter for comparison. MEKO and 50KO which
shown comparable energy required per kW power than diesel fuel it may be due to lower calorific
value of MEKO. Comparable smoke found for karanja oil methyl ester with that of diesel fuel. Smoke
emission increases with increase in engine load due to overall richer combustion, longer duration of
diffusion combustion phase and reduced oxygen concentration.
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INTRODUCTION
In 1892, the German scientist Rudolf diesel
(1858-1953) outlined in his patent a new form of
internal combustion engine. His concept of
initiating combustion by injecting a liquid fuel into
air heated solely by compression permitted a
doubling of efficiency over other internal
combustion engines. The desirable properties in a
diesel fuel are ignition quality, higher cetane
number, sufficient calorific value, lubricity, specific
gravity, volatility and viscosity. Whereas cetane
number plays the important role governing the
suitability of fuel in C. I. engines. Ignition quality
of the fuel is given in terms of cetane rating, which
is a measure of its ability to auto ignite quickly
when injected into the compressed high

temperature air in the engine cylinder. Fuels having
cetane number 40 and above are suitable for
compression ignition engines (Pundir, 2007).The
concept of using vegetable oil as a fuel dates back
to 1895, when Dr Rudolf diesel, the inventor of
compression ignition engine used groundnut
(Peanut) oil as a fuel at the Paris Exposition in
1900. In 1916, using the first diesel engine imported
into Argentina, Gutierrez tested castor oil as an
alternative fuel.” In 1944, also in Argentina,
Martinez de Vedia described short duration runs
with blends of vegetable oils and diesel fuel. The
vegetable oils tested included sunflower, linseed,
groundnut, cottonseed, and turnip. With the
vegetable oils comprising 30 & 70% of the fuel
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mixture. In an extended run (420 h) with 60:40
diesels—linseed oil, significant problems with the
amount and type of carbon deposits were noted,
presaging the experience of later investigators.
Different types of vegetable oils to the fuel diesel
engine occasionally appeared in the literature up
to 1960.many workers reported on the availability
and fuel possibility of number of vegetable oils
some claimed to have successfully used them in
the diesel engine. No major modifications were
suggested. The power output and fuel consumption
was found to be comparable with that of
conventional diesel (Antony & Samaga, 1987).

by mainly due to the opacity or denseness of smoke
less than 5% exhaust smoke opacity is hardly
visible to the necked eye. The black or gray smoke
is mainly due to the incorrect fuel injection timing,
incorrect fuel delivery rate, faulty nozzles or
injectors, faulty fuel injection pump. Blue smoke
is attributable to oil and entering the combustion
chamber and being burn or blown through the
cylinder and burned in the exhaust manifold
(Heywood, 1988).
MATERIALS & METHODS
Fats and oils are water insoluble hydrophobic
substances primarily composed of fatty esters of
glycerol (triglycerides). Structurally, a triglyceride
is reaction product of one molecule of glycerol
with three molecules of fatty acids to yield three
molecules of water and one molecule of tri
glycerides. The carbon chain length and number
of unsaturated bonds varies in fatty acid chain
shown in (Table 1). The different national and
international standards are given in (Table 2).

Use of biodiesel is environmentally neutral.
(Gopalkrishnan et al., 1987) Diesel engines are
widely used as sources of power in developing
areas in tractors, irrigation pumps, village
generators, and trucks. As a homegrown fuel,
vegetable oils are largely unaffected by world
petroleum crises and indigenous production eases
foreign exchange concerns. Economic feasibility,
however, hinges as much on national food and
energy policies and priorities as on production costs
(Mooney, 2000). Technical feasibility is more
straightforward. On a short-term or emergency
basis, many vegetable oils can be used directly as
diesel fuel. Use of karanja oil in diesel engine is
environmental friendly. Diesel fuel injection
parameter affects the smoke exhaust emission
(Pundir, 2007). Gasoline additives can lead to the
contamination of soil and air (Shahidi Bonjar, 2007;
Jafari and Ebrahimi, 2007). Exhaust smoke colour
one of the easiest methods to use when trouble
shooting an engine for a performance complaint
is to visually monitor the colour of the smoke this
is particularly true. White smoke is generally most
noticeable at the engine starter particularly during
conditions of low ambient temperatures when the
air drawn in to the engine is cold. Although more
dense than warmer air, this cold air will result in
lower temperatures and pressures at the end of
the pistons compression stroke. Consequently all
of the fuel will not burn to completion in the
cylinder when the exhaust valves opened, these
fuel droplets are exhausted in to the atmosphere
as unburned hydrocarbon which cools, condense,
and appear as white smoke. Black or gray smoke:
generally, either colour of exhaust smoke is caused

The karanja oil when mixed with diesel oil
forms a homogeneous mixture. Blending of
karanja oil with diesel oil not only drastically brings
down the viscosity but also help in refinement of
Table 1. Chemical structure of common fatty acids
(Agrawal, 2007)
Fat ty acid
La uric
Myristic

S yste matic Stru ctur e Formula
n ame
Dode canoic
12:0
C12H 24O 2
Tetradeca noic 14:0
C14H 28O 2

Palmitic
Ste aric
Ara chidic

Hexadecanoic
Octadecanoic
Eic osanoic

16:0
18:0
20:0

C16H 32O 2
C18H 36O 2
C20H 40O 2

Behenic
Docosa noic
Lignoce ric Tetracosanoic
Oleic
cis- 9-

22:0
24:0
18:1

C22H 44O 2
C24H 48O 2
C18H 34O 2

18:2

C18H 32O 2

18:3

C18H 30O 2

22:1

C22H 42O 2

Linoleic

Linolenic

Er ucic
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Octadecenoic
cis- 9,cis-12Octadecadien
oic
cis- 9,cis-12,
Cis-15Octadecatrien
oic
cis- 13Docose noic
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points were measured by Pensky Martens
apparatus.The gross calorific values of the karanja
methyl ester, diesel and their blends were
determined by Bomb Calorimeter method. A
weighted quantity of sample burned in oxygen in
Bomb calorimeter under controlled conditions.
Rise in temperature recorded the gross calorific
value was then calculated from the weight of the
sample.

Table 2. ASTM D-6751 standards for biodiesel
Flash point
(closed cup)
Water and sediment
Kinematic viscosity at
40°C
Rams bottom carbon
residue, % mass
Sulfated ash
Sulfur
Copper strip corrosion
Cetane
Carbon residue
Acid number -- mg
KOH/g
Free glycerin
Total glycerin (free
glycerin and
unconverted glycerides
combined)
Phosphorus content
Distillation

130°C min.
(150°C average)
0.050% by vol., max.
1.9-6.0 mm2/s
0.10
0.020% by mass, max.
0.05% by mass, max.
No. 3 max
47 min.
0.050% by mass, max.

RESULTS & DISSCUSION
Fuel properties have a significant role in the
process of evaluation of their suitability for any
engine application. Few of the important test
fuel properties, determined and they are in the
comparable range with diesel fuel. The viscosity
measured at 25 o C for all the test fuels.The
viscosity, as compared to diesel oil, was 8 times,
2.5times, 1.5 times and 1.8 times for karanja oil,
MEKO, 30KO and 50KO respectively(Fig.1).
The calorific values of karanja oil, MEKO, 30KO
and 50KO blends were 84.5%, 88%, 97% and
94% respectively as compared to diesel oil.
Similarly the densities of MEKO, 30KO and 50
KO blends were approximately 1.25, 1.1 and 1.2
times respectively of that of diesel oil. The effect
of variation in fuel injection parameters with
different test fuels was studied(Fig.2).The
experiments were conducted at three different
fuel injection pressures of 17.0 MPa, 20 MPa
and 23 MPa. Constant engine speed of 1500
rpm was maintained by the governor. The test
was conducted with increasing BMEP, from 150
KPa to 600 KPa.

0.80 max.
0.020 % mass
0.240% by mass, max.
0.001 max. % mass
90% @ 360°C

karanja oil properties to suit the compression
ignition engine. The blends of 30%, 50% of Diesel
in karanja oil represented as 30KO (karanja oil)
& 50KO respectively were prepared. These were
then left for few days. The fuel properties such
as specific gravity, Kinematic viscosity, flash point,
cloud and pour point and calorific value determined
for the study. These were determined in the
institute laboratory according to the standard
procedure of BIS.The specific gravity of MEKO
(methyl ester karanja oil) determined by the
standard RD (relative density) bottle of 50ml
MEKO, separately filled in the bottles. The weights
were measured on an electronic balance. The
density of methyl ester was calculated.

Specific Gravity for MEKO ,DIESEL
and their BLENDS

The viscosity of a fuel is important property,
which is affecting the atomization of the fuel during
the injection. High viscosity of plant oil was
reported to be the main cause of injector chocking
problem in C.I. engine. A viscometer used to
measure the Kinematic viscosity of diesel fuel,
karanja methyl ester and their blends.Flash point
of any fuel signifies the temperature at which the
fuel self ignites. It was measured using Pensky
Martens apparatus.

0.9

SPECIFIC GRAVITY

0.89
0.88
0.87
0.86
0.85
0.84
0.83
0.82
0.81

Cloud point is the temperature where crystal
formation in the fuel starts and pour point is the
temperature where fuel ceases to flow. These two

20KBD 40KBD

60KBD MEKO DIESEL
FUEL

Fig.1. Sp.Gravity of MEKO, DIESEL, and their Blends
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Fig. 2. Effect of temperature on Kinematic Viscosity

kWhr respectively.Fig. 5. shows the variation of
SEC at fuel injection timing of 270 btc and a higher
injection pressure of 23 MPa. As stated the fuel
injection pressure affects fuel droplet size
distribution of fuel. The values of SEC for 50
KO and 30 KO as evident moved close enough
to that obtained for diesel at baseline conditions.
The minimum SEC was 13.6 MJ/kWhr, 14MJ/
kWhr and 16.8MJ/kWhr for 50 KO, 30 KO and
MEKO respectively.

Fig. 3. shows the effect of load on engine
performance with different fuels with fuel injection
at 27o before top dead centre and at 20 KPa
pressure. 50% diesel in esters of karanja oil (50KO)
and 30% diesel in karanja oil esters (30KO) both
show almost similar performance which can be
attributed to non optimized fuel injection conditions
for the bio-diesel blends. Methyl ester of karanja
oil (MEKO) show a performance which has better
cetane NO as reported by (Huzayyin et al., 2004)
but calorific value is lower as compared to diesel
which affects performance. The lowest SEC is
14.3 MJ/kWhr, 15.1MJ/kWhr and 18.1 MJ/kWhr
for 50KO, 30KO and MEKO as compared to 11.5
MJ/kWhr for diesel respectively.Fig. 4. shows the
comparative changes in SEC for 50 KO, 30 KO
and MEKO at fuel injection timing of 27o btc and
a lower fuel injection pressure of 17 MPa. Fuel
injection pressure affects injected fuel droplet size
and pattern of distribution. Pressure being low
results into larger droplets due to higher viscosity
for alternative fuels.The values have been
compared with baseline values obtained with diesel.
As compared to minimum SEC obtained with
diesel the minimum for 50 KO, 30 KO and MEKO
are 14.8MJ/kWhr, 17.2MJ/kWhr and 20.2MJ/

Smoke density in the exhaust depends upon
fuel combustion and carbon content of the fuel.
Fuel combustion depends upon fuel cetane number,
viscosity and density of the fuel. Cetane number
indicates fuel response during combustion in CI
engine as it is related to fuel self ignition
temperature. Self ignition temperature is related
to rate of heat release.Higher viscosity and density
influences spray pattern, mixing and hence
combustion. (Fig. 6). shows the effect of load on
exhaust smoke at best injection timing of 310btc
and pressure 23 MPa. MEKO, 50 KO, and 30
KO have comparable smoke densities with
baseline diesel values an injection condition of 27
btdc and 20 MPa. It is evident from the figures.
3 to 6 that with the increase in load on the engine
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Fig. 6. Effect of load in terms of BMEP on exhaust smoke at injection 310 btdc and fuel injection
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the SEC falls and a minimum value is achieved at
around 450 KPa with almost all fuel types. It is
further evident that minimum SEC is achieved with
diesel as convenient fuel as compared to all the
test fuels. Further, it is also seen that with the
blends of esters in diesel i.e. 30% esters and 50%
esters in diesel respectively the SEC has a lower
value as compared to MEKO This may be
attributed to improved properties of blends being
similar to diesel than MEKO.

oil found to be 36.76 MJ/kg, which is 17.95%
lower than that of diesel.
•Experimental results show that diesel engine
gives poor performance at lower Injection
Pressure while running on esterified karanja oil
and its blends with diesel.
•The specific Energy consumption is higher for
pure karanja methyl ester as well as for its blends
with diesel. Specific energy consumption is a more
reliable parameter for comparison. MEKO and
50KO which shown comparable energy required
per kW power than diesel fuel it may be due to
lower calorific value of MEKO.

CONCLUSION
Based on the results of this study following
conclusions were drawn:

•Comparable smoke found for karanja oil
methyl ester with that of diesel fuel. Smoke
emission increases with increase in engine load
due to overall richer combustion, longer duration
of diffusion combustion phase and reduced oxygen
concentration. Engine power rating and maximum
break mean effective pressure is generally limited
by the permissible smoke emission. Poor control
of fuel injection rate during acceleration increases
smoke can be reduced by reducing the period of
diffusion combustion by promoting rapid fuel air
mixing achieved through use of high swirl rates,
by increasing injection rate of improving fuel
atomization. Advancing injection timing increases

•Vegetable oil is one such promising fuel for
compression ignition engines, which has
characteristics very close to diesel. Non edible oil
should be used for biodiesel preparation as edible
oil is in heavy demand for cooking purpose. A
comparison of physical and fuel properties of
vegetable oils with those of diesel fuel indicates
that the vegetable oil are quite similar in nature to
diesel fuel. However, vegetable oils have
exceptionally high viscosity. After esterification of
karanja oil, the specific gravity reduced to 0.895
at 280C and for diesel at the same temperature
was 0.84. The calorific value of esterified karanja
468
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combustion temperatures and allows more time
for oxidation of soot in the expansion stroke thereby
reducing smoke emissions.

Goodrum, J. W., Geller Daniel, P. and Adams Thomas,
T. (2003). Rheological characterization of animal fats
and their mixtures with #2 fuel oil. Int. J. Biomass and
Bioenergy 24, 249 – 256.
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