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ABSTRACT
Biofuels based on vegetable oils offer the advantages of being sustainable, annually
renewable sources of automobile fuel. Despite many years of improvement, use of
vegetable-oil-based fuels still has issues, such as oxidation, the stoichiometric point,
bio-fuel composition, antioxidants on degradation and the volume of oxygen compared
to diesel. Thus, improvements in the emissions from diesel engines fueled by a blend of
crude jatropha oil with diesel could be the requirement to meet the reduced emissions
regulations in the future. The purpose of this study is to investigate the effects on the
vehicle’s performance and exhaust emissions of the combustion process of blended
crude jatropha oil and palm oil with different ratios. The engine speed was varied from
1500~3000 rpm, the load test condition was varied from 0~100% using a Dynapack
chassis dynamometer and crude jatropha oil with a diesel blending ratio from 5~15vol%
(CJO5~CJO15) was used. A decrease in HC emissions was found in the combustion
process as the ratio of the blend of crude jatropha oil with diesel was increased and also
with nearly equal engine performance. The increase in the jatropha oil biodiesel
blending ratio promoted the reduction of HC, CO and CO2 emissions in the range
10vol% to 15vol% of the blends. The improvement in the combustion process with the
higher blending ratio is expected to be strongly influenced by the oxygen contained in
the blended crude jatropha oil.
Keywords: Alternative Fuel; crude jatropha oil; diesel engine; performance; emissions.
INTRODUCTION
In the new technological era of the world, researchers have put much effort into finding
a new alternative fuel to replace diesel in the worldwide automotive industries. There
are several reasons for the worldwide concern: first, the rapid decrease in the World’s
petroleum reserves and the increase in the price of diesel; and second, the increase in
environmental concern with regard to global warming and ozone depletion originating
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from exhaust emissions [1, 2]. Therefore, alternative sources of fuel have attracted
much attention in the automotive industry. Mostly, alternatives are based on vegetableoil-based fuel. The key issues in using this fuel are the oxidation stability, the
stoichiometric point, the bio-fuel composition, antioxidants on degradation and the
volume of oxygen compared to diesel [3-5]. In addition, although biofuels are more
attractive and economical, they create problems of higher emissions compared with
petroleum-based diesel[6-8]. This is due to the problems of emitting NOx and
particulate matter (PM) into the atmosphere as a result of the oxidation stability, the
cetane number, the stoichiometric point, the biofuel composition and the extremely
viscous antioxidants on degradation [9]. Thus, improvement in engine exhaust
emissions from biodiesel fuel is urgently required to meet the future stringent emissions
regulations. It was reported that the biodiesel properties affect the level of combustion,
injection timing and spray pattern, thus causing longer injection duration due to the
change in the start of injection [4, 5]. This biodiesel has a high cetane number compared
to diesel, less sulfur and contains more oxygen, almost 10% oxygen by weight. These
characteristics are environmentally friendly and can reduce the hydrocarbon (HC),
carbon monoxide (CO), and PM emissions in the exhaust gas [10-15]. For these reasons,
different studies have been conducted on biodiesel blended with diesel showing that
emission concentration (CO, CO2, HC, PM, NOx) varies and it all depends on the
source of the biodiesel and the engine combustion system.
The performance of prepared waste frying oil (WFO) was compared with diesel
using the four-cylinder compression ignition engine of the Land Rover TDI 110 and the
results showed that for CO and NOx the emissions are lower than those for petroleumbased diesel [11, 12]. Other than that, preheated crude palm oil (CPO) fuel in the test
engine produced higher NOx emissions compared with diesel [16-18]. These effects
occur in air ignition and are dependent on the temperature and oxygen concentration, so
that the combustion process and exhaust emissions can be clearly observed by
examining the different speeds, and included variants of the test load condition to
achieve better results. In this research, observation with advance monitoring plays an
important role in better understanding the combustion process, combustion
characteristics, exhaust emissions and engine performance. Thus, this work provides
more knowledge on oxygenating fuel and its effects on combustion characteristics,
emissions and performance. This behavior is associated with the relationship between
oxygenated fuel and the combustion process, and exhausted emissions.
EXPERIMENTAL SET UP
The fuels tested were a grade II diesel (STD) and blends of 5 vol% (CJO5), 10 vol%
(CJO10) and 15 vol% (CJO15) jatropha oil. The properties of the tested fuels are
detailed in Table 1. In this research, the kinematic viscosity of the palm oil blend was
measured by a Viscolite 700 model VL700-T15. The density was measured using a
Metter Toledo diamond scale model JB703-C/AF. The water content in the biodiesel
sample was measured using a Volumetric KF Titrator model v20. The flash point was
measured using a Pensky-Martens PMA 4. The engine’s fuel consumption was
measured with a precision ONOSOKKI model FM2500 volumetric fuel flow meter,
pegged between the fuel tank and the fuel pump. The crude jatropha oil was blended
with standard diesel in various concentrations to prepare the biofuels. During the
blending process, the blending machine was operated at 60°C and the mixture was
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stirred at 70°C for one hour. The rotating blade speed was adjusted to maintain the same
speed at 270 rpm. The schematic diagram of the blending process is shown in Figure 1.
Table 1. Properties of the tested fuels.
Properties
Fuel type

Density
(g/cm3)

Kinematic
viscosity [19]

Flash
point (°C)

Water
content (%)

Acid value
(mg KOH/g)

STD
CJO5
CJO10
CJO15

0.834
0.851
0.856
0.857

3
4.6
5.7
5.9

80
118
129
131

0.00796
0.01253
0.01321
0.01584

0.423
0.995
1.687
2.312

Diesel tank

Biodiesel tank

Mixer

(a) Blending apparatus

(b) Schematic of blending process

Figure 1. Illustrating the blending process of producing crude jatropha oil blended fuel.
In this experiment, the Mitsubishi PAJERO vehicle was used in order to observe
the influence of the fuel properties on the performance and exhaust emissions. This
vehicle has a 2467cc four-cylinder four-stroke cycle engine, model code S-L049GVNTD. The engine is equipped with a turbocharger, capable of maximum power of
62.52kW (4200rpm) and has a compression ratio of 21:1. The engine specification,
including the operating parameters with fuel injection, is summarized in Table 2. The
fuel test is essential in evaluating the fuel consumption pattern of the engine’s operation.
The schematic diagram of the experimental setup is shown in Figure 2. To test
the performance of this vehicle, an eddy current Dynapack chassis dynamometer able to
measure horse power up to 850HP was used to simulate the wide range engine
applications similar to the actual behavior while operating on the road. The engine
performance, such as brake power and torque, was measured by this chassis
dynamometer. In addition, the engine together with the drive shaft and chassis were
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directly mounted onto the chassis dynamometer through the wheel hub connector as
shown in Figure 2(b). There were four different running speeds: 1500 rpm, 2000 rpm,
2500 rpm and 3000 rpm. The dynamometer loads considered were 0, 50 and 100%. The
dynamometer unit load was held fixed at 0% and 50% thus covering the typical and
middle load range of the combustion behavior. In addition, vehicle performance
measurement data comprised the power (kW) and flywheel torque (Nm). Exhaust
emissions, such as hydrocarbon (HC), oxygen (O2), carbon dioxide (CO2), carbon
monoxide (CO), and Nitrogen Oxide (NOx) were measured using a Testo 350 portable
emission gas analyzer. During operation, sampling probes of the gas analyzer
comprising a smoke meter and a gas analyzer were mounted centrally at the end of the
engine’s exhaust pipe.
Table 2. Detailed specification of the engine.
Items

Description
Type
Mitsubishi
Model code
S-L049GV-NTD
Engine model
4D56 (Turbocharger)
Engine type
Serial four-cylinder OHC turbo
Fuel system
Distribution type jet pump
Bore/Stroke (mm)
91.1/95
Maximum power
85 ps (62.25 kW) / 4200 rpm
Maximum torque 20.0 kg-m (196 N-m) / 2000 rpm
Displacement
2476 cc
Compression ratio
21
Cooling system
Water cooled

(b) Test vehicle and chassis
dynamometer set up

(a) Schematic diagram of experimental setup

Figure 2. Experimental set up.
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RESULTS AND DISCUSSION

STD

CJO5

CJO10

CJO15

140
120
100
80
4.0
3.6
3.2
2.8
2.4

27
24
21
18
15
1000

160

Nox (ppm)

10
9
8
7
6
5
160
140
120
100
80

2000

3000

2000

3000

Engine Speed (RPM) Engine Speed (RPM)

4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5

Smoke Opacity (%) CO2 (%)

O2 (%)

CO (ppm)

HC (ppm)

The effect of the jatropha blending ratio on the combustion, exhaust emissions and
performance was investigated for the standard diesel (STD), 5 vol% (CJO5), 10 vol%
(CJO10) and 15 vol% (CJO15) at engine speeds of 1500, 2000, 2500 and 3000 rpm. The
performance and emissions were observed under different load conditions of 0% and
50% load for all engine operations. Figure 3 shows the relation between the emissions
and the engine speed under different blending ratios. As the blending ratio increased up
to 15 vol% for all engine speeds, the exhaust emissions mentioned decreased modestly.
It seems that the increasing engine speed under different blending ratios decreased the
HC, CO, and CO2 emissions. With the increase in volume ratio, it seems that fuel
consumption also increased so exhibiting relatively weak fuel ignitibility, therefore
prolonging the delay in the pilot fuel. The lower HC emissions and smoke opacity might
occur due to the lower heating value of the crude jatropha oil blend fuel, despite the
significantly higher combustion pressure and temperature [20].

Figure 3. Effects of engine speed on emissions under different blending ratios without
load condition.
Performance parameters, such as flywheel torque, torque, brake power and fuel
consumption increased as the engine speed increased from 1500 rpm to 3000 rpm under
the 0% load condition and are clearly shown in Figure 4. Fuel consumption for all CJO
blending ratios was higher than that of diesel as the engine speed increased. It seems
that the increasing fuel blend ratio of CJO leads to an increase in fuel consumption.
However, brake power increased in the same pattern distribution for all CJO blending
ratios. When CJO is added to diesel, the oxygen content of the fuel blend is increased
and thus better combustion is achieved for CJO and its blends. Meanwhile, there was a
slight decrease in the flywheel torque as the CJO blending ratio increased. This may be
attributed to the high viscosity of CJO and the increase in the blend mixture momentum
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[6]. It can be observed that CJO10 has the highest flywheel torque at 3000 rpm among
the other CJO blends.
CJO5
CJO15

22

88

20

80
72

18

64

16

56

14

48

12
14

7
6
5
4
3
2

12
10
8
6
4
2

1500

2000

2500

3000 1500

2000

2500

3000

Torque (Nm)

STD
CJO10

Fuel Consumption (kg/hr)

Brake Power (kW)

F/W Torque (Nm)

0% LOAD

Engine Speed (RPM)

Figure 4. Effects of engine speed on performance under different blending ratios
without load conditions
Changes in the jatropha oil blending ratio with different engine speeds
and working under high load are clearly observed by examining the engine performance
and fuel consumption presented in Figures 5 and 6. Figure 5 shows that CJO15 has the
lowest HC emissions at about 3 ppm and also the lowest CO2 emissions under all engine
speeds and load conditions. The NOx emissions increase as the engine speed increases,
but if higher blends were to be continued this would result in higher NOx emissions as
with CJO15. Meanwhile, STD has the lowest NOx emissions among the tested fuels.
The O2 and smoke emissions showed decreasing trends as the speed reached 2500 rpm
and above. Meanwhile the CO2 shows an increasing trend as the engine speed increases.
The CJO15 also shows the lowest CO emissions under all load conditions but the level
increases at engine speeds above 2000 rpm. This behavior could be associated with a
difference in the overall combustion process predominantly influencing the emissions
reduction [21]. The influences of engine speed are investigated on the point of engine
performance. As seen in Figure 6, the brake power is about the same for all CJO
blending ratios when applying the 50% load. A small range of values lies between the
fuels under the same engine speed. The performance parameter will increase as the
engine speed increases. It clearly shows that the brake power and fuel consumption rate
increase proportional to the engine speed for all tested fuel and load conditions. This is
due to the same volume of fuel being injected into the combustion chamber. On the
other hand, the torque was reduced under all blending ratios compared to the standard
diesel. It seems that the lower calorific value of the CJO and its blends lowers the torque
produced compared to diesel.
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Figure 5. Effects of engine speed on emissions under different blending ratios with
medium load (50% load condition)

Brake Power (kW)

CJO5
CJO15

65
64

18

63

17

62

16

61

15
10

60
7
6
5
4
3
2

8
6
4
1500

2000

2500 3000 1500 2000
Engine Speed (RPM)

2500

3000

Torque (Nm)

F/W Torque (Nm)

19

STD
CJO10

Fuel Consumption (kg/hr)

50% LOAD

Figure 6. Effects of engine speed on performance under different blending ratios with
medium load (50% load condition).
In this section, the effects of different kinds of biodiesel on engine speed,
exhaust emissions and performance are discussed. Other fuels tested were grade II
diesel (STD) and blends of B5, B10 and B15 palm oil. To investigate the effect of
engine speed on the combustion process, engine speeds of 1500, 2000, 2500 and
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3000 rpm were employed for all fuels, STD, 5 vol% (CJO5), 10 vol% (CJO10),
15 vol% (CJO15), 5 vol% (B5), 10 vol% (B10) and 15 vol% (B15). The influences of
both biodiesel fuels on engine speed were investigated on the point of engine
performance and emissions as shown in Figures 7 and 8. As can be seen in Figure 7, the
reduction in smoke opacity may be attributed to the oxygen content of the injected fuel
at high injection pressure, thus more oxygen content will produce more C to CO, so
indirectly decreasing the smoke emissions while increasing the CO emissions when the
engine speed increases. NOx emissions for all biodiesel CPO blends was higher than
those of the CJO blends and diesel. This may be due to the oxygen content in the
biodiesel CPO and its blends being higher than in the diesel.
STD
CJO5

CJO10
CJO15

CPO-B5
CPO-B10

CPO-B15

225
200
175
150
125
100

Nox (ppm)

8
6
4
2
200
175
150
125
100
75
27
24
21
18
15
1000

4.0
3.6
3.2
2.8
2.4
4.0
3.2
2.4
1.6
0.8
2000

3000

2000

3000

Engine Speed (RPM) Engine Speed (RPM)

Smoke Opacity (%) CO2 (%)

O2 (%)

CO (ppm)

HC (ppm)

0% LOAD

Figure 7. Effects of engine speed on emissions under different blending ratios without
load conditions.
Based on the performance data in Figure 8, the brake power was negligibly
small and lower for all biodiesel CPO blends compared to all CJO blends and also the
diesel, but the brake power will increase as the engine speed increases. This might occur
because the density and calorific value of biodiesel CPO blends was lower than the CJO
blends. Also, as seen above, the torque of all the biodiesel CPO blends was higher than
all the CJO blends. This is because the caloric value of the CJO blends was higher than
that of the biodiesel blends. With regard to fuel consumption, it can be seen that this
was lower for the biodiesel CPO blends than all the CJO blends but fuel consumption
increases as the engine speed increases.
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6
5
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Engine Speed (RPM)

Figure 8. Effects of engine speed on performance under different blending ratios
without load conditions.
CONCLUSIONS
In this case study, the ratio of blended (CJO5, CJO10, CJO15) and standard diesel
(STD) operated in a diesel engine under 0 and 50% load conditions and engine speed
was adjusted at 1500, 2000, 2500, 3000 rpm. In summary:
1. The deviation in the brake power and the fuel consumption rate for all fuels was
small. Both parameters are directly proportional to the increase in engine speed.
2. The increase in the jatropha biodiesel blending ratio promotes a reduction in HC,
CO and CO2 emissions in the blend range 10 vol% to 15 vol% due to more
oxygen being present during combustion; thus, combustion will become more
complete in oxygenated fuel. CJ10 has the lowest HC and CO2 emissions and
CJO15 has the lowest CO emissions for all load conditions.
3. NOx emissions are higher for high blends of CJO15 resulting in higher NOx
emissions among the tested fuels but these decrease as the engine speed
increases. If the engine runs at high speed with an optimum blends ratio
emissions will reduce efficiently.
4. The comparison between biodiesel CPO blends and CJO blends shows little
difference with lower emissions, but considering the HC, the biodiesel CPO
blends produce lower emissions compared to the CJO blends.
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