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Abstract — The present work examines the use of a non-edible vegetable oil namely honne oil, a new possible
alternative fuel for diesel engine. Viscosity of honne oil can be reduced by blending it with diesel fuel. A direct
injection (DI) diesel engine typically used in agricultural sector was operated on neat diesel (ND) and a blend of
50% honne oil with 50% diesel fuel (H50). Injection timing was changed to study the performance, emission and
combustion characteristics. It was observed that advancing the injection timing with H50 from the rated injection
timing (23 °bTDC) increased the brake thermal efficiency and reduced CO, HC and smoke opacity emissions.
However, NO, emission was increased. The ignition delay with H50 was higher than that with ND for all the
injection timing under consideration. Improved premixed heat release rates were observed with H50 when the
injection timing was advanced. The best injection timing was found to be 27° bTDC for H50 based on brake thermal

efficiency (BTE).
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1. INTRODUCTION

The continuous rise in global prices of crude oil,
increasing threat to environment due to exhaust
emissions, the problem of global warming and the threat
of supply fuel oil instabilities have adversely impacted
the developing countries, more so to the petroleum
importing countries like India. From the point of view of
long term energy security, it is necessary to develop
alternative fuels with properties comparable to
petroleum based fuels. Vegetable oils are one such
alternative source. Diesel engines have the advantages
of better fuel economy, lower emissions of HC and CO.
However, diesel engines suffered from high emissions
of particle matter / smoke density and NO,, and there is
inherent tradeoff between them [1]. For the reduction of
exhaust emissions, few researchers used alternative fuels
in the form of fumigation [2]-[4] and diesel fuel
additives [5].

It is reported that use of 100% vegetable oil is also
possible in diesel engine as they have a cetane number
with heating value close to diesel fuel but show inferior
performance and emissions compared to ND [6]. The
compressibility effect of the vegetable oil causes an
earlier injection of fuel in to the engine cylinder as
compared to diesel fuel [7], [8]. This earlier injection
does not play an important role, as this injection advance
difference is at maximum 1°CA even for the neat
vegetable oil [9]. The cetane number of vegetable oil,
which is little lower compared to the diesel fuel [10],
does not play an important role, as there is small
differences in their premixed combustion phase [9],
[11]. The major difference occurs in the atomisation
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process, i.e., the mean droplet size of vegetable oil is
much higher than diesel fuel [12], [13]. This is because
the high viscosity (Table 1) and low volatility of
vegetable oils lead to difficulty in atomizing the fuel and
in mixing it with air. This fact and the much slower
evaporation process for the vegetable oil could
considerably affect the combustion process [9], [14].
Further, gum formation, piston sticking under long-term
use due to the presence of oxygen in their molecules and
the reactivity of the unsaturated HC chains are the
problems with vegetable oils [15]. Hence, only a partial
replacement of diesel fuel is possible.

Nishimura [16] reported that the basic mechanism
involved in the formation of pollutants inside the DI
diesel combustion chamber, is the mixing and
combustion of injected fuel. Kouremenos et al. [17]
reported that physical properties have a considerable
effect on both mixing and combustion of injected fuel.
Another important finding from Kouremenos et al. [17]
was the serious effect of fuel physical properties and
especially viscosity and density on the performance of
the fuel injection system, injector opening pressure and
injection timing. It is reported that the injection and
atomization characteristics of the vegetable oils are
significantly different than those of petroleum-derived
diesel fuels, mainly as the result of their high viscosities
[18]. Hence, performance, emission and combustion
characteristics of each vegetable oil depend upon the
mixing process in turn the fuel injection system, injector
opening pressure and injection timing. High viscosity
and surface tension of vegetable oil affect atomization
by increasing the droplet size which in turn increases the
spry tip penetration [19], [20].

It was reported that the engine performance and
exhaust emission [CO, HC, smoke opacity (SO)]
characteristics of the engine operating on ND / vegetable
oil / bio diesel / diesel-biodiesel blends at advanced
injection timing were improved [21]-[27] and better than
when operating at increased injection pressure [28]. The
reason might be due to more landing time (due to
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injection advance) of the fuel particle resulting in a more
dispersion of fuel particle in turn better vaporization
hence better mixing of air and fuel. An increase of
injection pressure is found to enhance the atomization,
reducing fuel particle diameter at the nozzle out,
resulting in a more dispersion of fuel particle in turn
better vaporization hence better mixing of air and fuel
resulting in improved performance and emissions
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characteristics [29]-[31]. Injection advance is more
predominant than enhanced injection pressure, because,
due to more time available, more quantity of fuel
participates in vaporisation leads to better air fuel
mixture in larger part of the combustion chamber.
Whereas in case of enhanced injection pressure, due to
smaller droplet size of the fuel, improves vaporisation in
turn locally better air fuel mixture.

Table 1. Comparison of properties of diesel fuel, honne oil and few vegetable oils.

Properties Units ND Honne C.o:tonseed szbean C.oarn leve Hobnge R}(gf: bean
oil oil oil oil oil oil oil
Density at 15°C Kg/m3 830 910 910 925 915 925 924 901
i‘ﬁgi‘éﬁm visosity s 3.2 3247 34 33 35 32 4523 42.55
Lower heating value  kJ/kg 43,000 39,100 36,800 37,000 36,300 37,000 39,440 38,952
*[10], °[40], °[41]
Several investigators [32]-[44] have reported that BTE of honne oil / diesel fuel / kerosene was higher

experimental works on different neat vegetable oil and
vegetable oil blends with diesel fuel in DI diesel engine
without varying injection timing and reported mixed
opinion on performance and emission characteristics.
Use of a vegetable oil (putranjiva oil) and diesel
fuel blending in diesel engine have demonstrated that
blends of vegetable oil upto 30% and diesel fuel reduce
the emissions such as CO, NO,, smoke, particulates and
the BTE is comparable to ND [32]. Performance and
emission characteristics of karanja oil and its blends
have been found to be comparable to that of mineral
diesel [33]. The performance of 10% blend karanja
vegetable oil fuelled engine appeared marginally better
than the ND in terms of BTE, smoke opacity, and
exhaust emissions, including NOy emission, for a range
of operations [34]. It is observed that for neat orange oil
emissions of HC, CO, smoke opacity get reduced
whereas NO, emissions decrease as compared to ND
[35]. Herchel et al. [36] used neat vegetable oil and
concluded that smoke opacity and NO, lowered while
CO and HC increased. Silvio et al. [6] demonstrated that
use of 100% vegetable oil was possible in DI diesel
engine and CO, HC, CO,, specific fuel consumption
were increased and NO, decreased over a range of
operation. In other study, emissions of CO, HC and SO,
were increased, where as NO, and PM emissions were
decreased for blended vegetable oil with diesel fuel as
compared to diesel fuel [37], [38]. Wang et al. [39]
conducted experiment on blended vegetable oil with
diesel fuel and observed that higher exhaust gas
temperature were attained with very small changes in
CO and lower NO, as compared to diesel fuel. Venkanna
et al. [40], [41] reported that performance and emissions
with vegetable oil/diesel fuel blend (honge oil 30% +
diesel fuel 70% (H30) and rice barn oil 30% +diesel fuel
70% (R30)) are comparable with ND. It was reported

as compared to ND and there was a good trade off
between NO, and SO [42]. It was concluded that
performance and emission characteristics of preheated
honne oil / diesel fuel blends (10% to 50%) were better
than unheated honne oil blends [43]. It was observed
that increasing the IOP with honne oil +50% diesel fuel
from the rated injector opening pressure (200 bar)
increased the BTE and reduced CO, HC and SO
emissions [44].

From the literature review it was concluded that the
injection and atomization characteristics of the fuel are
mainly dependent on the viscosity of the fuel. Hence,
performance, emission and combustion characteristics of
diesel fuel (each vegetable oil) depend upon the mixing
process in turn the fuel injection system, injector
opening pressure and injection timing. It was also
concluded that advanced injection timing was better than
when operated at increased injector opening pressure.
For each vegetable oil injector timing and injector
opening pressure is to be optimized to get maximum
efficiency and minimum emissions.

The objective of the present work is to study,
through experiments, the influence of injection timing
on the performance, emissions and combustion
characteristics of HS50 fed DI diesel engine. A
description of honne tree is available in the literature
[45].

2. MATERIALS AND METHODS

Fuel Characterization

The properties of neat honne oil (H100), ND and H50
(50% honne oil + 50% diesel fuel on volume basis) were
determined as per the methods approved by the Bureau
of Indian Standards and the results are given in Table 2.
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Table 2. Properties of the fuel.
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Properties Units Methods IS 1448 ND H100 H50
Density at 15°C Kg/m® P:16 830 910 872
Flash point C P:69 56 224 72
Kinematic viscosity at 40°C cSt P:25 3.12 32.47 9.75
Kinematic viscosity at 100°C cSt P:25 - 9.09 4.39
Lower heating value kl/kg P:6 43000 39100 41104
Table 3. Engine specifications.
Manufacturer Kirloskar Oil Engines Ltd., India
Model TV_SR 11, naturally aspirated
Engine Single cylinder, DIdiesel engine
Bore / stroke 80 mm /110 mm
Compression ratio 16.5:1
Speed 1500 rpm, constant
Injection pressure 200 bar
Injection timing 23°bTDC
Shape of piston Bowl-in-piston
Dynamometer Eddy current (Make: Dynaspeed)
Air flow measurement Air box with U tube
EGT RTD thermocouple.
Governor Mechanical governing (centrifugal)
Pressure transducers
Resolution bar for cylinder pressure (Cp)/
1 bar for fuel line pressure (Fp)
Type of sensor and maximum pressure Piezo electric (5000 PSI for Cp
and 10000 PSI for Fp)
Response time 4 micro seconds
Sampling resolution 1 degree crank angle
Crank angle sensor 360 degree encoder
Table 4. Exhaust gas analyzer and smoke opacity specifications and uncertainty of measured values.
Principle of .
Exhaust gas Range Resolution Accuracy
measurement
02 Electrochemical  0-22 vol.% 0.01 vol.% +0.2 vol.%
NOX Electrochemical  0-5,000 ppm 1 ppm +10 ppm
(00) NDIR 0-10 vol.% 0.01 vol.% +0.03 vol.%
CO NDIR 0-16 vol.% 0.1 vol% +0.7 vol%
HC NDIR 0-20,000 ppm 1 ppm +5 ppm
Smoke opacity +2%
Measured data Uncertainty
Speed +1
Fuel volumetric rate +1
Torque +1
EGT +1

Experimental Set Up and Plan

Experimental tests were conducted on a DI diesel
engine, typically used in agricultural sector. Two fuel
tanks were used in the present investigation with switch
over arrangement, so that supply of fuel can be changed
without stopping the engine operation. The
specifications of the engine are given in Table 3. The
photograph of the experimental set up is shown in
Figure 1.

The engine tests were conducted for the entire load
range (0 to 100% i.e., 0 to 5 hp in steps of 25%) at
constant speed of 1500 rpm. The engine parameters,
such as fuel consumption, air consumption, exhaust gas

temperature (EGT) and exhaust gas emissions were
measured for both fuel samples (ND and H50) thrice and
averaged. The engine was started with diesel fuel and
the data was collected after attaining steady state. Then
the experiment was switched over to blend of honne oil
and diesel fuel.

The manufacturer specified static injection timing
is 23" bTDC. Experiments were carried out with H50 to
optimize the static injection timing. These experiments
were carried out at different static injection timings of
23, 25, 27 and 28" bTDC. Static injection timing was
varied by using shims in the fuel pump. The exhaust gas
composition was analysed by using exhaust gas analyzer
(make: MRU, Germany, model: DELTA 1600 S) and
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smoke opacity was measured using smoke opacity meter
(make: MRU, Germany, model: Optrans 1600). The

specifications of exhaust gas analyzer and uncertainties
of measured values are given in the Table 4.

<5 06/06/2003

Fig. 1. Photograph of the experimental set up.

3. RESULTS AND DISCUSSION
Fuel Properties and Characteristics

The composition of honne oil is reported in the literature
[45]. The viscosity of honne oil is 32.47 cSt at 40°C
whereas at 100°C the viscosity is 9.09 cSt. At high
temperatures the viscosity falls to below 10 ¢St which
reduces the atomisation problem. Density of honne oil is
slightly higher than ND. The flash point of honne oil is
better than ND. Presence of oxygen in oil improves
combustion and reduces emissions but decreases the
heating value of the oil. The heating value of honne oil
is approximately 90% of the value of ND but is
comparable with other vegetable oils as reported by
Rakopoulos et al. [10].

Effect on Performance Parameters

The BTE increases with the increase in engine loads as
expected and this is shown in Figure 2. It was observed
that the injection timing of 23~ bTDC (engine
manufacturer data) was the best for ND based on the
BTE. The engine performance with H50 is observed at
different timings. It is observed that the injection timing
of 23" bTDC as the worst for H50 based on BTE. The
combustion was slow with H50 on account of its high
viscosity which leads to a poor spray and mixture with
air. The BTE increased when the injection timing was
advanced. If start of injection is advanced, cylinder
temperatures and pressures are lower, increasing ignition
delay. In the combustion chamber more time is available
for physical processes like, fuel heating, vaporizing, and
mixes with cylinder air. If ignition delay increases, the
amount of fuel and air mixture ready for combustion
increases. This results in a higher rate of heat release,
causing higher cylinder temperatures and pressures.
Higher cylinder temperature and pressure leads to higher
BTE. It appeared that H50 yielded better BTE at 27
bTDC injection timing in comparison to 23" bTDC

timing. For H50, 27° bTDC is considered as the best
injection timing based on the BTE. The BTE of H50
with advanced injection timing is still lower than that of
ND for the entire load under consideration. Nwafor et
al. [46] reported that rapeseed oil operation at 3000 rpm
with standard timing produced the highest BTE and
there was no significant difference noted between the
diesel fuels and advanced timing unit at low and
intermediate load levels.

Figure 3 compares the exhaust gas temperature
(EGT) for various operations. The diesel fuel operations
showed the lowest values at static injection of 23°
bTDC. With HS50, the advanced injection timing
produced the highest EGT. Due to high viscosity and
low volatility, there are some rich pockets of fuel air
mixture which burned in the later part of the
combustion. Also the late burning of injected honne oil
results in lower combustion and, consequently, a higher
EGT. The heat released during the late combustion
could not be converted into work and appeared as heat.
This is the reason for lower BTE than that of ND (Figure

1).
Effect on Emission Parameters

With H50, CO emission is least at 28" bTDC injection
timing and HC emissions are least with the best injection
timing namely 27°bTDC compared to other injection
timings at all loads as seen in Figures 4 and 5. This is
due to: (1) longer ignition delay causes more fuel to
accumulate before ignition and part of the accumulated
fuel causes higher wall adherence or local over leaning
and (2) improved combustion (increase in in-cylinder
pressure and temperature). The CO and HC levels with
H50 the said best injection timing is still higher than
ND. Nwafor et al. [46] concluded that advanced
injection unit showed a marginal increase in HC
emissions over the standard injection timing unit at the
speed of 3000 rpm.
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Fig. 4. Variation of CO emissions.

The SO with ND and H50 increase with increase in
engine loads as expected and this is shown in Figure 6.
Smoke opacity level with H50 decreases as the injection
timing is advanced as is normal in diesel engines
because of the predominance of the premixed
combustion phase. A least SO is obtained at 28° bTDC
and this is almost equal to ND.

Figure 7 shows the NO, emissions for ND and
H50. NO, emissions increased with load. With
increasing load, fuel consumption rate increases and
hence more heat is released during burning. NO,
emission increases with increasing temperature of
combustion chamber. Another main factor is injection
timing. The NO, emission level increases as the
injection timing is advanced as expected. This is due to
the dominance of the premixed combustion phase
leading to higher peak pressure in turn higher cylinder
temperature. With H50, NO emission is highest at 28°
bTDC injection timing compared to other injection
timings and ND. Both ND and H50 are tested with the
same injection time of 28° bTDC. Thus the injection
timing of 28° bTDC of ND produced high temperature
yielding more NO, as compared to H50.

Combustion Characteristics

Cylinder pressure crank angle variation at maximum
load with ND and HS50 at different injection timing is

Fig. 5. Variation of HC emissions.

given in Figure 8. H50 at different injection timings
follows the trend similar to the ND pressure diagram.
The cylinder peak pressure is highest with ND followed
by H50 at injection timings of 28°bTDC and 27° bTDC.
Peak cylinder pressure occurred at 361° with ND,
whereas it occurred at 362° and 363° with H50 at
injection timings of 27° and 28° bTDC respectively. If
injection is too early (more than 28° bTDC) incomplete
combustion occurred and the peak temperature and peak
pressure lowered.

The variation of net heat release rates with ND and
H50 at different injection timing are given in Figure 9.
The peak net heat release rate with H50 is always lower
than ND. The start of combustion for the same injection
timing appeared to be delayed indicating an increase in
the ignition delay with H50. With H50, as injection
timing is advanced, the ignition delay increased because
fuel is injected earlier in the compression process. This
lead to more accumulation of the fuel in the ignition
delay period and lead to a more predominant initial
phase of combustion, the premixed combustion. This is
the reason for the improved thermal efficiency. This also
says that the diffusion combustion portion became less
significant and thus smoke is reduced (Figure 5). Too
advance ignition timing of 28° bTDC increased the
ignition delay to a larger value leading to poor
combustion and the BTE is reduced.
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Fig. 7. Variation of NO, emissions.
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4. CONCLUSIONS

Based on the experimental work with ND and H50 the
following conclusions are drawn. It is found that the
injection timing of 23° bTDC (specified by the
manufacturer) was the best for ND based on BTE. In
case of H50 the injection timing has to be advanced as
compared to ND. It was observed that advancing the
injection timing with H50 from the rated injection
timing (23 °bTDC) increased the BTE and reduced CO,
HC and smoke opacity emissions. However, NOy
emission was increased. Advanced injection timing
increased the ignition delay and lead to a dominant
premixed combustion phase. Improved premixed heat
release rates were observed with H50 when the injection
timing was advanced. The best injection timing based on
brake thermal efficiency is 27° bTDC. With H50, at 27°
bTDC, at maximum load, resulted in the following
improvements as compared to 23° bTDC injection
timing.

e Increase in BTE from 26.26% to 27.98%.

e EGT increased from 590°C to 602°C.

e Reduction in the CO from 0.28% to 0.21%

e Reduction in HC from 75 ppm to 68 ppm

e Reduction in SO from 74% to 69.5%

® Increase in NOy from 648 ppm to 689 ppm.

To get maximum efficiency and least emissions,
each diesel engine fuel should be optimized for injection

Fig. 9. Variation of net heat release rate.

advance and injector opening pressure. Hence it is
recommended to carry out work to get maximum
efficiency and emissions by optimizing injection
advance and injector opening pressure.

ACKNOWLEDGMENT

The DI diesel engine test rig, exhaust gas analyzer and
smoke meter used in this work are procured with fund of
Technical Education Quality Improvement Program
(TEQIP) (World Bank Assisted Program). TEQIP and
the Management of Sri B.V.V. Sangha, Bagalkot 587
101, India and are gratefully acknowledged. Our special
thanks are due to the Principal, Basaveshwar
Engineering College and H.O0.D, Mechanical
Engineering for their continuous encouragement and
support. Our special thanks are also due to Dr.
P.B.Gangavati, Professor, Department of Mechanical

Engineering for his timely valuable suggestions,
discussion and editing the paper.
REFERENCES
[1] Heywood, J.B., 1988. Internal Combustion
Engines. New York: McGraw-Hill.
[2] Kouremenos, D.A., Rakopoulos, C.D. and
Kotsiopoulos, P.N., 1990. Comparative

performance and emission studies for vaporized
Diesel fuel and gasoline as supplements in swirl-



V.K. Belagur and R.C. Venkataramana / International Energy Journal 11 (2010) 145-152

(3]

(4]

[10]

[12]

[15]

[16]

[17]

chamber Diesel engines. Energy 15: 1153-60.
Rakopoulos, C.D., Hountalas, D.T., Rakopoulos,
D.C. and Levendis, Y.A., 2004. Comparative
environmental evaluation of JP-8 and Diesel fuels
burned in DI or IDI Diesel engines and in a
laboratory furnace. Energy and Fuels 18: 1302-8.

Rakopoulos, C.D. and Kyritsis, D.C., 2001.
Comparative second-law analysis of internal
combustion engine operation for methane,

methanol and dodecane fuels. Energy 26: 705 -22.
Cunningham, L.J., Henly, T.J. and Kulinowski,
AM., 1990. The effects of Diesel ignition
improvers in low-sulphur fuels on heavy-duty
Diesel emissions. SAE Paper no. 902173.

Silvio, C.A. de A., Carlos, R.B., Marcos, V.G.N.,
Leonardo, dos S.R.V. and Guilherme, F., 2002.
Performance of a diesel generator fuelled with
palm oil. Fuel 81: 2097-2102.

Varde, K.S., 1984. Bulk modulus of vegetable oil—
diesel fuel blends. Fuel 63: 713-5.

Boehman, A.L., Morris, D. and Szybist, J., 2004.
The impact of the bulk modulus of Diesel fuels on
fuel injection timing. Energy and Fuels 18: 1877—
82.

Rakopoulos, C.D., Antonopoulos, K.A. and
Rakopoulos, D.C., 2006. Multi-zone modeling of
Diesel engine fuel spray development with
vegetable oil, bio-diesel or Diesel fuels. Energy
Conversion and Management 47: 1550-73.

Rakopoulos, C.D,, Antonopoulos, KA.,
Rakopoulos, D.C., Hountalas, D.T. and Giakoumis,
E.G.,, 2006. Comparative performance and

emissions study of a direct injection Diesel engine
using blends of diesel fuel with vegetable oils or
bio-diesel of various origins. Energy Conversion
and Management 47: 3272-3287.

Wong, C.L. and D.E. Steere, 1982. The effects of
Diesel fuel properties and engine operating
conditions on ignition delay. SAE Paper no.
821231.

Arai, M., Tabata, M., Hiroyasu, H. and Shimizu,
M., 1984. Disintegration process and spray
characterization of fuel jet injected by a Diesel
nozzle. SAE Paper no. 840275.

Kamimoto, K. and S. Matsuoka, 1977. Prediction
of spray evaporation in reciprocating engines. SAE
Paper no. 770413.

Desantes, J.M., Arregle, J., Ruiz, S. and Delage,
A., 1999. Characterization of the injection-
combustion process in a D.I. Diesel engine running
with rape oil methyl ester. SAE Paper no. 1999-01-
1497.

Schlick, M.L., Hanna, M.A., Scinstock, J.L., 1988.
Soya bean and sunflower oil performance in a
diesel engine. Transactions of ASAE 31: 1345 -9.
Nishimura, T., 1998. Effect of fuel injection rate on
combustion and emission in a DI Diesel Engine.

SAE Paper No 981929.
Kouremenos, A., Hountalas, D.T. and
Kouremenos, AD., 1999. Experimental

investigation of the effect of fuel composition on

[25]

(26]

(28]

[29]

(31]

151

the formation of pollutants in direct injection diesel
engines. SAE Paper n0.1999-01-0189.

Cigizoglu, K.B., Ozaktas, T. and Karaosmanoglu,
F., 1997. Used sunflower oil as an alternative fuel
for diesel engines. Energy Sources 19: 559—66.

Lee Chang Sik, Park Sung Wook, I.L. and Sang.
K., 2005. An experimental study on the
atomization and combustion characteristics of bio-
diesel-blended fuels. Energy and Fuels 19: 2201—
2208.

Ejim, C.E., Fleck, B.A. and Amirfazli, A., 2007.
Analytical study for atomization of bio-diesels and
their blends in a typical injector: surface tension
and viscosity effects. Fuel 86: 1534—1544.
Suryawanshi, J.G. and N.V., Deshpande, 2005.
Effect of injection timing retard on emissions and
performance of a Pongamia oil methyl ester-fuelled
CI engine. SAE Paper no. 2005-01-3677.

Smith, A., Tidmarsh, D.T., Wilcock, M. and
Goetze, A.E., 1998. The effect of engine tune on
the emissions performance of a modern high-sped,
direct-injection diesel engine. SAE Paper no.
980175.

Kashmir S. V. and R.L. Donald, 1995. Testing of
diesel fuels for their effects on exhaust emissions
and engine performance. SAE Paper no. 952362.
Nabi, M.N., Shahadat, M.M.Z., Rahman, M.S. and
Alam, M.R., 2004. Behavior of Diesel combustion
and exhaust emission with neat Diesel fuel and
Diesel-biodiesel blends. SAE Paper no. 2004-01-
3034.

Kyle W.S. and Spencer C.S., 1993. Combustion of
soybean oil methyl ester in a direct injection diesel
Engine. SAE Paper n0.930934.

Murari M.R. and Hideyuki T., 2002. Effect of
ignition delay and exhaust gas speed on exhaust
odor in DI diesel engines. SAE Paper no. 2002-01-
2883.

Brien F. and L. Louis, 1993. Variable injection
timing effects on the performance and emissions of
a direct injection Diesel engine. SAE Paper no.
932385.

Siddappa S.B., Gajendra Babu, M.K. and
Subrahmanyam, J.P., 2007. Studies on
performance and exhaust emissions of a CI engine
operating on Diesel and Diesel biodiesel blends at
different injection pressures and injection timings.
SAE Paper no. 2007-01-0613.

Yamane, K., Uetam, A. and Shimamoto, Y., 2001.
Influence of physical and chemical properties of
bio-diesel fuels on injection, combustion and
exhaust emission characteristics in a direct
injection compression ignition engine.
International Journal of Engine Research IMechE
2:249-261.

Celikten, I., 2003. An experimental investigation of
the effect of the injection pressure on the engine
performance and exhaust emission in indirect
injection diesel engines. Applied Thermal
Engineering 23: 2051-2560.

Cingur, Y. and D. Altiparmak, 2003. Effect of



152

[32]

[33]

[34]

[35]

[37]

[38]

[39]

V.K. Belagur and R.C. Venkataramana / International Energy Journal 11 (2010) 145-152

cetane number and injection pressure on a DI
diesel engine performance and emissions. Energy
Conversion and Management 44: 389-397.

Haldar, S.K., Ghosh, B.B. and Nag, A., 2009.
Utilization of unattended Putranjiva roxburghii
non-edible oil as fuel in diesel engine. Renewable
Energy 34:343-347.

Agarwal, AK. and K. Rajamanoharan, 2009.
Experimental investigations of performance and
emissions of Karanja oil and its blends in a single
cylinder agricultural diesel engine. Applied Energy
86:106-112.

Bajpai, S., Sahoo, P.K. and Das, L.M., 2009.
Feasibility of blending Karanja vegetable oil in
petro-diesel and utilization in a direct injection
diesel engine. Fuel 88:705-711.

Purushothaman, K. and G. Nagarajan, 2009.
Performance, emission and combustion
characteristics of a compression ignition engine
operating on neat orange oil. Renewable Energy
34:242-245.

Herchel, T.C.M., Yutaka, M., Chihiro, O., Seiichi,
S., Takao, K. and Hisao, N., 2001. The effect of
coconut oil and diesel fuel blends on diesel engine
performance and exhaust missions. JSAE Review
22:349-355.

Huzayyin, A.S., Bawady, A.H., Rady, M.A. and
Dawood, A., 2004. Experimental evaluation of
Diesel engine performance and emission using
blends of jojoba oil and Diesel fuel. Energy
Conversion and Management 45: 2093-2112.
Senthil, K., Ramesh, A. and Nagalingam, B., 2003.
An experimental comparison of methods to use
methanol and Jatropha oil in a C.I. Engine.
Biomass and Bioenergy 25: 209-318.

Wang, Y.D., Shemmeri, T.A., Eames, P.,
McMullan, J., Hewitt, N. and Huang, Y., 2006. An
experimental investigation of the performance and
gaseous exhaust emissions of a diesel engine using
blends of a vegetable oil. Applied Thermal
Engineering 26:1684-1691.

Venkanna, B.K., Wadawadagi, S.B. and
Venkataramana R.C., 2009. Effect of injection
pressure on performance, emission and combustion
characteristics of direct injection Diesel engine

[42]

[43]

[44]

[45]

[46]

running on blends of Pongamia Pinnata Linn oil
(Honge oil) and Diesel fuel. Agricultural
Engineering International: The CIGR Ejournal XI:
1-17.

Venkanna, B.K., Venkataramana R.C. and
Wadawadagi, S.B., 2009. Performance, emission
and combustion characteristics of direct injection
diesel engine running on rice bran oil / diesel fuel
blend. International Journal of Chemical and
Biomolecular Engineering 2: 131-137.

Venkanna, B.K. and Venkataramana R.C., xxxx.
Performance, emission and combustion
characteristics of DI diesel engine running on
blends of calophyllum inophyllum linn oil (honne
oil)/diesel fuel/kerosene. International Journal of
Renewable Energy Technology. Article in
submission process.

Venkanna, B.K. and Venkataramana R.C., xxXxx.
Performance and emission characteristics of
calophyllum inophyllum linn oil (blends and
preheated) in an agricultural diesel engine.
International Journal of Renewable Energy
Technology. Article in submission process.
Venkanna K.B. and R.C. Venkataramana, 2010.
Effect of injector opening pressures on the
performance, emission and combustion
characteristics of DI diesel engine running on
calophyllum inophyllum linn oil (honne oil) /
diesel fuel blend. Thermal Science 14(4): 1051-
1061.

Venkanna, B.K. and R.C. Venkataramana, 2009.
Biodiesel production and optimization from
calophyllum inophyllum linn oil (honne oil) - A
three stage method. Bioresource Technology 100:
5122- 5125

Nwafor, O.M.I,, Rice, G., Ogbonna, A.IL., 2000.
Effect of advanced injection timing on the
performance of rapeseed oil in diesel engines.
Renewable Energy 21; 433-444.



	4. CONCLUSIONS

