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Abstract
Experimental research has been conducted to investigate the effects of blend of hydrogenated and unhydrogenated Jatropha
biodiesel with diesel fuel in volume ratio of 30:70 (B30) on combustion characteristics (BSFC, thermal efficiency and smoke
emission) of single cylinder diesel engine. In this experiment, engine speed was kept constant at 1,500, 2,500, and 3,500 rpm
with maximum engine load at BMEP 5 bar and injection timings were varied. Experimental result showed that at engine speed
1,500 rpm, BSFC of B30 hydrogenated and unhydrogenated Jatropha biodiesel were higher than it of diesel fuel at all injection
timings (10° to 18° BTDC). At the same condition, partial hydrogenated Jatropha biodiesel showed higher BSFC than
unhydrogenated Jatropha biodiesel. However, the difference in BSFC became smaller for all fuels at engine speed 2,500 rpm and
3,500 rpm at all injection timing. Jatropha biodiesel with and without partial hydrogenation tend to have higher thermal
efficiency compared with diesel fuel at all engine speed and injection timing. The best injection timings to operate B30 Jatropha
biodiesel with and without hydrogenation were 14 °, 18° and 24° BTDC at engine speed 1,500, 2,500, and 3,500 rpm respectively.
This conclusion was deduced based on the minimum value of BSFC and the maximum value of thermal efficiency. Smoke
emissions for all fuels were in the same level for all conditions.
Keywords: jatropha, hydrogenation, BSFC, thermal efficiency, smoke emission.

I. INTRODUCTION
Several alternative fuels which can contribute
as solution for fossil fuel crisis and environment
cleaner have been investigated extensively.
Biodiesel is one of such fuel due to its renewable
and low exhaust gas emissions properties. For
utilizing biodiesel in diesel engine, many
researchers reported that non edible feedstock
such as Jatropha might be the best raw material
since it would not influence on edible oil market.
The mainly disadvantage of biodiesel made from
non-edible oils is its low oxidation stability
because the large content of poly unsaturated
fatty acids, especially linoleic (C18:2) and
linolenic acid (C18:3). Various studies have
shown that the oxidation stability of Jatropha
biodiesel does not meet the requirements defined
by EN 14214, in which the induction period
should be a minimum of 6 h. Most Jatropha
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biodiesels were found had an induction period of
about 3.23 to 4.21 h [1, 2, 3].
Partial hydrogenation is a method to improve
the oxidation stability with the minimum
detriment to the cold-temperature properties. The
partial hydrogenation is designed to convert the
poly-unsaturated FAME (fatty acid methyl esters)
into mono-unsaturated and saturated FAME.
Partial hydrogenation will alter the profile of
FAME compositions and hence the physical
properties other than oxidation stability such as
cetane number, pour point, and cold flow
plugging point. Fajar et al. [4] studied partial
hydrogenation of Jatropha biodiesel and showed
that the oxidation stability improved from 4.16 to
5.99 h. The cetane number also increased slightly
from 55.87 to 56.65 after the hydrogenation.
Wadumesthrige et al. [5] and Papadopoulos et al.
[6] also found the similar phenomenon after
studying partial hydrogenation of biodiesel from
poultry fat and cotton oil. After hydrogenation,
the physical characteristic of Jatropha biodiesel
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especially the cetane number will change, that
further more give a great effect on combustion
characteristic. Study on combustion of Jatropha
biodiesel and its blends have been studied by
many researchers. In general, combustions of
blend of Jatropha biodiesel and diesel fuel have
lower power than pure diesel fuel. Moreover, fuel
consumption using Jatropha biodiesel blending is
little higher than using pure diesel fuel.
Combustion of Jatropha biodiesel blending tends
to have lower emission of carbon monoxide and
hydrocarbon compared with diesel fuel [7, 8, 9].
Combustion characteristics of biodiesel can be
predicted by FAME composition or fuel
properties related to combustion process such as
cetane number, heating value and viscosity.
Partial hydrogenation of biodiesel will decrease
total content of unsaturated FAME and increase
the content of saturated FAME adversely.
Therefore, the changes on physical properties of
biodiesel Jatropha depend on partial oxidation
conversion level. Study conducted by Puhan et al.
[10] showed that biodiesel with high total content
of unsaturated FAME would have high cetane
number, high calorie content and lower viscosity.
Therefore, hydrogenated Jatropha biodiesel was
expected to have higher cetane number, higher
calorie content and lower viscosity compared
with unhydrogenated Jatropha biodiesel. Besides
that, the combustion of high content unsaturated
FAME produces higher carbon monoxide (CO),
hydrocarbon and smoke emissions. NOx
emission also tends to be higher due to its longer
ignition delay.
Cetane number of hydrogenated Jatropha
biodiesel will be higher than original biodiesel as
shown in Table 4. The combustion characteristics
will be different due to its shorter ignition delay.
To optimize an increasing in cetane number,
optimum setting of injection timing can be used
as one method to get lower emissions while
engine performance can be kept at optimum
condition. Therefore, mapping of engine
performance related to setting of injection timing
is necessary to investigate the effect of
hydrogenation of biodiesel which then can result
in the increasing in cetane number. Various
studies also show that setting of injection timing
can be expected to achieve higher engine
performance with lower emissions.
Beside from injection timing, combustion
from diesel engine can also be evaluated from
smoke emission. Smoke is one of important
parameter of exhaust gas emission consisting of
solid and liquid phase. Solid phase consist of
carbon particle, sulphate, nitrate and liquid phase
resulted from condensation of hydrocarbon. Both

of solid and liquid phase are the product of
incomplete combustion. Smoke number is also
used as standard to determine the quality of
combustion related to negative impact on human
health. Other parameters which can influence the
combustion are injection pressure and
compression ratio but it will not be discussed in
this study.
The objectives of this study were to
investigate the effect of mapping injection timing
on the performance of single cylinder diesel
engine such as brake specific fuel consumption
(BSFC), thermal efficiency (TE) and Smoke
Number, using blending fuel of Jatropha
biodiesel with and without hydrogenation with
diesel fuel on volume ratio of 30:70 (B30). The
best injection timing for Jatropha biodiesel with
and without hydrogenation will result minimum
BSFC and smoke emissions with maximum
thermal efficiency.

II. INVESTIGATION PROCEDURE
A. Engine Testing Installation
An experimental research was conducted on
Hydra single cylinder diesel engine with direct
injection. The specification of the engine is
shown in Table 1. In this experiment, all engine
characteristics and others related parameters for
analyzing purposes such as air flow rate, fuel
flow rate, exhaust gas pressure, and temperature
were monitored and recorded.
Eddy current dynamometer was used to
measure power and torque. Here, engine load was
kept constant at maximum level for all
experimental condition. The engine test bench for
this experiment is shown in Figure 1. Smoke
emission was measured with AVL 415S smoke
meter with an accuracy of ±0.16 FSN. Another
parameters accuracy and uncertainty of power,
BSFC and Brake Thermal Efficiency (BTE) are
shown in Table 2.

Figure 1. The installation of Hydra single cylinder diesel
engine
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Table 1.
Engine specification
Engine Parameters
Bore x Stroke
Max. power

Basic Data
80.26 mm x 88.9 mm
9 kW/3600 rpm

Compression

203 : 1

Max. speed

4.500 rev/min

Injector
Nozzle
Inj. Pressure

Bosch KBEL 88PV 1 870 005 546
Bosch 4 x 4 x 0.25 x 160o
250 bar

B.

Engine Testing Procedure
The
engine
testing
procedures
for
performance mapping were as follows:
1. Testing was conducted at engine speed 1,500,
2,500 and 3,500 rpm respectively.
2. Diesel fuel at full load was used as a reference.
Here, full load defined as engine load when
smoke emission was at maximum of 5 Bosch
Smoke Number (BSN) which was equal to
BMEP 5 bar.
3. Injection timings were varied during testing.
4. After testing the diesel fuel, fuel blending of
diesel fuel and Jatropha biodiesel (with and
without hydrogenation) with volume ratio of
70:30 were tested at full load, the same
conditions as diesel fuel. Therefore, the
performance parameter of all fuels could be
seen from the value of Brake Specific Fuel
Consumption and exhaust gas emission
(smoke number).
In this experiment, the engine was operated at
optimum conditions in which the specific fuel
consumption was low and the thermal efficiency
was at the best value. These conditions could be
achieved when the engine were set at full load.
The engine speed was kept constant at 1,500,
2,500, and 3,500 rpm for the whole of experiment.
The injection pressure was set constant at 250 bar.
Table 2.
The measurement accuracy and uncertainty of calculation
result
Parameter

Accuracy

Load

±0.08 Nm

Calculation
Result
Power

Speed

±1.6 rpm

BSFC

±2.5 g/kWh

Time

±0.6 s

BTE

±2.6%

Uncertainty

Diesel fuel (B0)

Density
(g/cm3)
0.8522

Calorie Cont.
(MJ/kg)
44.87

B30 unhydrogenated Jatropha

0.8613

43.37

B30 hydrogenated Jatropha.

0.8604

43.51

Tested Fuel

Three type fuels tested in this experiment
were hydrogenated Jatropha biodiesel blended
with diesel fuel with ratio 30:70 by volume (B30
with hydrogenation), unhydrogenated Jatropha
biodiesel blended with diesel fuel with ratio
30:70 by volume (B30), and a pure diesel fuel
(B0) as a reference fuel. B30 was utilized with
the reason that from study conducted by Fajar et
al. [11] B30 showed an acceptable condition for
engine performance, emissions and fuel
consumption without any engine modification.

III. RESULTS AND DISCUSSION
A. Properties of Tested Fuels
Table 3 shows main properties of 3 types of
fuels used in this experiment. The density of
hydrogenated and unhydrogenated Jatropa
biodiesel was higher than it of diesel fuel and the
heating value of both Jatropha biodiesel was
around 11% lower than diesel fuel (B0). Table 4
shows main properties of diesel fuel, B100
hydrogenated biodiesel and B100 biodiesel
without hydrogenation. Cetane number and
viscosity of hydrogenated and unhydrogenated
Jatropha biodiesel were higher than diesel fuel.
B. Effects of Injection Timing on BSFC
Performances of diesel engines fuelled with
diesel fuel, B30 unhydrogenated Jatropha
biodiesel and B30 hydrogenated Jatropha
biodiesel at full load were evaluated based on
parameters BSFC and Brake Thermal Efficiency
in various injection timing and engine speed.
Figure 2, 3, and 4 show the effect of various
injection timing on BSFC for diesel fuel and B30
Jatropha
biodiesel
with
and
without
hydrogenation. Diesel fuel had lowest BSFC
compared with both of B30 unhydrogenated and
hydrogenated Jatropha biodiesel at engine speed
Table 4.
Properties of diesel fuel, B100 hydrogenated Jatropha
biodiesel and B100 unhydrogenated Jatropha biodiesel
Properties

±2.6%

Table 3.
Tested fuel properties
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Oxidation stability,
hour
Cetane number

Diesel
Fuel
N/A
51

Jatropha Biodiesel
Unhydroge
nateda

Hydroge
natedb

3.90

8.88

55.65

58.97

Kinematic viscosity
at 40°C, cSt

3.61

3.87

3.97

Cloud point, °C
Pour point, °C

N/A
N/A

3.35
-3.20

5.31
-1.08

CFPP, °C

N/A

-2.02

1.08

a, b

The properties were calculated based on the model
proposed by Chen et al. [3]
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Figure 2. BSFC at engine speed 1,500 rpm

Figure 3. BSFC at engine speed 2,500 rpm

Figure 4. BSFC at engine speed 3,500 rpm

1,500 rpm. Here the higher calorie content of
diesel fuel could be a reason for lower BSFC of
diesel fuel. However the difference of BSFC
became smaller when the engine speed increased
and it was comparable with optimization of
injection timing for all fuels. The results also
showed that optimum injection timing for all
fuels were in the same timing and the difference

of BSFC became smaller varied with engine
speed.
C. Effects of Injection Timing on Thermal
Efficiency
Figure 5, 6, and 7 show the effect of various
injection timing on thermal efficiency for diesel
fuel, B30 Jatropha biodiesel with and without
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Figure 5. Thermal efficiency of tested fuels at engine speed 1,500 rpm

Figure 6. Thermal efficiency of tested fuels at engine speed 2,500 rpm

Figure 7. Thermal efficiency of tested fuels at engine speed 3,500 rpm

hydrogenation at engine speed 1,500, 2,500, and
3,500 rpm. The figure showed that B30 biodiesel
with hydrogenation had higher thermal efficiency
than diesel fuel and B30 biodiesel without
hydrogenation for all engine speed.
The maximum thermal efficiency for B30
Jatropha with and without hydrogenation
happened at injection timing of 14°, 18°, and 24°

BTDC at engine speed 1,500, 2,500, and 3,500
rpm respectively. Meanwhile for diesel fuel, the
maximum thermal efficiency was achieved at
injection timing of 14°, 22°, and 24° BTDC.
From Figure 2, 3, and 4, the minimum BSFC
and the maximum thermal efficiency for all fuels
were achieved at the same injection timing. The
high thermal efficiency of B30 Jatropha biodiesel
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Figure 8. Smoke emission of tested fuels at engine speed 1,500 rpm

Figure 9. Smoke emission of tested fuels at engine speed 2,500 rpm

Figure 10. Smoke emission of tested fuels at engine speed 3,500 rpm

with hydrogenation might be caused by the
increasing in cetane number and calorie content.
The increasing in cetane number and calorie
content for Jatropha biodiesel after hydrogenation
could improve the combustion and also the
thermal efficiency.

D. Effects of Injection Timing on Smoke
Emission
Smoke emission is one of important exhaust
gas parameter since it shows an efficiency of
combustion. Smoke also becomes parameter for
judgment of diesel engine condition related to
performance of fuel injection systems and fuel
properties. Figure 8, 9, and 10 show smoke
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emission at various injection timing for diesel
fuel and B30 Jatropha biodiesel with and without
hydrogenation. Smoke emissions of B30 Jatropha
biodiesel with and without hydrogenation were
lower than it of diesel fuel for all injection
timings and engine speeds.
In general, although it was not significant,
smoke became lower if the injection time was
advanced. This phenomenon could be explained
as follows: advancing the injection timing would
shift part of diffusion combustion into premixed
combustion. Here, fuel would be more
accumulated during ignition delay period and
caused an increasing in cylinder temperature
during expansion stroke and gave enough time
for oxidation of soot particle. Figure 8 to 10 also
show that smoke numbers vary in a range of 4 to
5 at tested engine speed.

IV. CONCLUSION
In this experiment biodiesel made from
Jatropha with and without hydrogenation were
blended with diesel fuel with ratio of 30:70 by
volume. Combustion characteristics (BSFC,
thermal efficiency and smoke number) were
analyzed and compared with ordinary diesel fuel
available in Indonesia at various injection timing
and at engine speed of 1,500, 2,500, and 3,500
rpm. The results might be summarized as
follows: The BSFC of B30 Jatropha biodiesel
with and without hydrogenation were higher than
it of diesel fuel at 1,500 rpm on all of the
variations of injection timing (10° to 18° BTDC).
The difference in BSFC between the fuels would
be smaller if the engine speed increased up to
3,500 rpm. Thermal efficiencies of the
combustion of B30 biodiesel with and without
hydrogenation tend to be higher than that of
diesel fuel at all injection timing, especially at
high engine speed 3,500 rpm. The highest
thermal efficiency for B30 with and without
hydrogenation was 36% and for diesel fuel was
35%. These values were achieved at engine speed
3,500 rpm and injection time 24° BTDC. The
smoke level of B30 Jatropha biodiesel with and
without hydrogenation were quite similar
compared with diesel fuel at all injection timing,
smoke emission tended to increase when engine
speed increased from 1,500 to 3,500 rpm. The
best injection timings to operate B30 Jatropha
biodiesel with and without hydrogenation were
14°, 18°, and 24° BTDC at engine speed 1,500,
2,500, and 3,500 rpm respectively. This
conclusion was deduced based on the minimum
value of BSFC and the maximum value of
thermal efficiency.
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