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Abstract. Algae oil methyl esters produced from algae oil were blended with diesel at various
volumetric percentages to evaluate the variations in the fuel properties. Microalgae biodiesel
production has received much interest in an effort for sustainable development as the microalgae
seem to be an attractive way to produce the biodiesel due to their ability to accumulate lipids and
their very high actual photosynthetic yields. Correlations between fuel properties, including the
calorific heat, density, kinematic viscosity, and oxidation stability of the Algae oil-diesel blends,
and the blending ratio of the algae biodiesel have been established. As a result, low blending
ratio of the Algae oil with diesel was recommended up to 2vol % in comparison with other type
of biodiesel-diesel blends. The objective of this research is to investigate effect of biodiesel
blending ratio on ignition delay, combustion process and emission for different type of biodiesel.
The combustion tests of the Algae-Derived biodiesel blends were performed in a Rapid
Compression Machine (RCM). The combustion tests were carried out at injection pressure of
130 MPa and ambient temperature were varied between 750 K and 1100 K. The result from the
experiment is compared with Palm-Qil biodiesel which are varied in biodiesel percentage from
5vol% to 15vol% and jatropha biodiesel. Higher ignition delay period were clearly observed
with higher blending ratio. It seems that increasing blending ratio exhibits relatively weakens in
fuel ignitibility and therefore prolongs the ignition delay of algae biodiesel. A2 had the lowest
ignition delay period when compared with J2, B5, B10 and B15 due to lower density that present
in A2 molecules.The concentration of carbon dioxide and nitrogen monoxide in the exhaust gas
increased with higher blending ratio while the concentration of carbon monoxide and
hydrocarbon decreased.

1. Introduction

Fossil fuel depletion and global warning issues have strongly motivated research in fuel production.
Increasing industrialization and motorization has leads to greater use of fossil fuel products and the
disadvantages of diesel engine are in the form of emission. They produce higher level of nitrogen oxides
(NOy), which is classified as a toxic emission by most environmental regulatory bodies throughout the
world. The exhaust emissions largely depend on the combustion characteristics in the engine combustion
chamber. Biodiesel is a form of diesel fuel manufactured from animal fats or vegetable oils by
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employing process of transesterification and it containing mono-alkyl ester [1]. Microalgae biodiesel
production has received much interest in an effort for sustainable development as the microalgae seem
to be an attractive way to produce the biodiesel due to their ability to accumulate lipids and their very
high actual photosynthetic yields [2-3]. Biodiesel produced from microalgae is both economically viable
and environmentally sustainable compared to the other oil-producing terrestrial crops. The use of algae
as energy crops has potential due to their easy adaptability to growth conditions and the high possibility
of growing either in fresh or marine waters and avoiding the use of land [3]. Recently, the major issues
the automotive industry facing are to control fuel consumption, increasing price of standard diesel fuel
and pollutant emissions [4]. Ignition delay is defined as the period between the injection of fuel and the
first sign of ignition [5-6]. The fuel that is injected into the cylinder in the compression stroke undergoes
a series of process start from atomization, vaporization, mixing and self-ignition to ensure proper
combustion process. The process in ignition delay divided into the following physical and chemical
processes. Physical delay processes corresponds to the mixture formation that involved atomization,
penetration, entrainment and vaporization. Meanwhile, the chemical delay to the time necessary to get an
exponential increase in the chemical reaction rate that consist processes such as fuel decomposition and
oxidation. Ignition delay in engine is influenced by several of factor such as combustion temperature,
pressure, engine speed, and compression ratio [7-8]. A clear understanding of the processes involved in
ignition delay is important to achieve improved engine performance with lower emissions.

An important technique for characterizing the combustion process is a combustion model
which can be used to calculate different types of thermodynamic characteristics of the engine and heat
release model is the single most important tool used to analyse the combustion characteristics of an
engine since it will reflect the performance and emission characteristics such as exhaust oxygen
concentration, engine load level or ignition delay [9-10]. Blending ratio of biodiesel denoted to the
percentage of crude oil biodiesel that present in the fuel. Different type of blending ratio can be produced
depend on the amount of crude oil that been added [11]. The percentage of crude biodiesel oil that
present influenced the properties of the fuel such as viscosity, density, flash point, water content, and
surface tension. These fuels properties have greater contribute on the combustion characteristics and
performance of the engine.

The purpose of this paper is to study the effects the biodiesel blending ratio on combustion
characteristics and emissions. In this research, the characteristics of combustion properties are
investigated focusing on ignition delay and emission with varied biodiesel blending ratio. This
experiment was performed in Rapid Compression Machine (RCM). The result from the experiment was
compared with result from Palm-Qil biodiesel for validation purpose and to find the difference in
behaviour between Algae biodiesel with Jatropha biodiesel and Palm-Oil biodiesel.

2. Experimental Setup and Procedure

Algae biodiesel (A2) and Jatropha biodiesel (J2) are blend with original diesel for 2vol% of biodiesel
content using the blending machine. The Algae species that used in this experiment is Botryococcus
braunii type of algae species. The blending process was done by stirring the mixture at 70°C for 2 hour
while maintaining rotating blade speed at 270 RPM as shown in Figure 1. The experimental apparatus
can be divided into several systems such as rapid compression machine, common rail system, gas
analyse for analysis exhaust emission. Table 1 display the fuel properties for the fuel that used in this
experiment. A0 and JO represent the crude Algae and Jatropha oil while B5, B10 and B15 represent
Palm-Qil biodiesel with blending ratio of 5vol% to 15vol%.

Table 2 summarized the experimental condition in this research. The combustion tests were
performed using Rapid Compression Machine (RCM). In Figure 2, a schematic diagram of Rapid
Compression machine is shown, together with fuel injection system. A free piston is placed inside the
cylinder and partitioned by a diaphragm as a start of the experiment. Then, the driver chamber and the
pressure reservoir are filled with nitrogen gas which pressures are held below and above the pressure of
the diaphragm respectively. Once the valve is opened, the diaphragm bursts and the piston is rammed
into a tapered stop ring installed in front of the combustion chamber. Fuel was injected after a fixed
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interval from the time the piston stopped. The measured air temperature and pressure at the start of
injection were used to identify the combustion behaviour at end of injection by the Pico Scope 3000
series. The gas analyzer was used to measure the concentrations of carbon dioxide (COy), carbon
monoxide (CO), hydrocarbon (HC), nitrogen oxide (NO,) in the exhaust stream.
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Figure-1. Blending Machine
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Figure 2. Schematic Diagram of RCM
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3. Result and Discussion

The aim of this research is to investigate the effect of biodiesel blending ratio on ignition delay and
emission for different type of biodiesel using Rapid Compression Machine (RCM). For validation
purpose, a comparison between five types of blend biodiesel which are Palm-Qil Biodiesel (B5, B10
and B15), A2 and J2 was investigated in this experiment. Influence of blending ratio on ignition delay
for Algae biodiesel (A2) was firstly investigated. The investigated initial charging pressure were
P. = 0.1 MPa, that corresponds to ambient densities of p = 16.6 kg/m®. The other parameters were kept
constant as swirl velocity rs = 19 m/s. Fuel was injected by a 6-hole injector with hole-diameter of 0.16
mm and injection pressure of Pi= 130 MPa with initial ambient temperature T; = 80°C.

Figure 3 shows histories of combustion pressure against time and injection duration under
injection pressure 130 MPa for B5, B10 and B15. From the figure, the ignition delay for B5 is the
shortest when compared to the B10 and B15 which is 1.4 ms. The ignition delay increased markedly
with a higher blending ratio of the Palm-Qil biodiesel to approach the ignition delay of 2.1 ms. From
Figure 4.1, it noticed that the ignition delay decreased remarkably at higher volumetric percentage of
the Palm-Qil biodiesel particularly in the range of B5-B15. The increase in ignition delay was attributed
to the increase in fuel viscosity that results in poor atomization, slower mixing, and resulted in longer
ignition delay. As theoretically, fuel viscosity are significantly influences the ignition delay of the
corresponding fuel. B5 fuel have the lower viscosity when compared to B10 and B15, thus it has the
lower ignition delay.
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Figure 3. Variation of ignition delay of B5, B10 and B15 blends diesel

Figure 4 shows the variation of algae biodiesel (A2) on the ignition delay and this experiment
is also investigated at 130 MPa with initial ambient temperature, T;= 80°C. From the figure, it shows
that the ignition delay for A2 biodiesel is 1.0 ms and it is lower when compared to B5, B10 and B15.
This was attributed to the blending ratio for A2 is lower compared to other fuel since it only consist of
2vol% of algae fuel and remaining 98vol% diesel. Low fuel viscosity and high ignitibility of A2 has
also contributed to shorter ignition delay time.
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Figure 4. Comparison of A2 and Palm-Qil biodiesel (B5, B10 and B15) on ignition delay

The experiment is continued by the same injection parameter used on B5, B10, B15 and A2
biodiesel fuel but in different types of biodiesel blend, 2vol% of Jatropha biodiesel (J2). Figure 5
illustrates the variation of Jatropha biodiesel (J2) that consists of 2vol% of Jatropha fuel. From the figure,
it can be known that the ignition delay for J2 is 0.7 ms. The lower density of Jatropha oil is the factor
that contributed to shorter ignition delay. The lowest density which caused J2 to be less compressible
and came out of the injector nozzle earlier than other fuels, resulting in the earlier start of combustion

of J2 versus A2, B5, B10 and B15.
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Figure-5: Comparison of J2 with A2 and Palm-Oil biodiesel (B5, B10 and B15) on ignition delay.

Next the effects of biodiesel blending ratio on the exhaust emission are discussed in the
section. The effects of biodiesel blending ratio on exhaust emission is investigated for biodiesel fuel of
B5, B10, B15, A2 and J2 for injection pressure of 130 MPa with initial ambient temperature, Ti = 80°C.
Figure 6 shows the variations of HC, NOy, CO,, and CO concentrations in the exhaust gas of different
biodiesel blends. The CO concentration, which came from the incomplete combustion of the fuel, was
generally reduced with higher blending ratio contributing to the increase in oxygen content. The high
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oxygen content in biodiesel blends attributed to combustion become more complete as most of the
carbon present is converted to carbon dioxide. For blending ratio of 2vol%, the emission of carbon
monoxide higher for J2 compared with A2 is due to the oxygen contain of algae molecules contain
more oxygen. The emission of hydrocarbon and soot formation found to be decreased also as the
blending ratio increases due to the presence of higher amount of organic condensates and volatile
particles such as oxygen. The blending ratio of biodiesel exhibited linear contribution to the CO, and
NOx concentrations. The presences of high oxygen content significantly improve the combustion to be
more complete and the emission of CO; is increases since most carbon turn to carbon dioxide rather
than carbon monoxide. The biodiesel molecules contain higher oxygen content that diesel molecule
hence complete combustion present in higher blending ratio biodiesel. The NOy concentration
significantly increased with higher blending ratio because NOx was produced mainly from thermal
formation and enhanced by the higher combustion temperature in the engine.

|—=— BDF — @ Algae —A— Jatropha)

1=}
15}

]
344
too
32 - L 8o
A
30 t7o g
3 > 2
R 284 teo &
x
O 28 A 50 %
© 244 k40
vs F30
.24 L]
F20
20
25 F1350
261 k1200
24
224, N L1050 €
@ 2.04 ° N %
< 4] rooo =
8 1.6 I
L 750
144
1.24 L 600
104 o
08 . . . . . —L 450

0 5 10 15 0 5 10 15

Blending Ratio (%) Blending Ratio (%)

Figure 6. Effect of biodiesel blending ratio on the emissions

4. Conclusion

The distinct variations of the ignition delay, combustion process and emission with the volumetric
percentage of the biodiesel blends were determined. The correlations between ignition delay and the
concentrations of CO2, NOy, CO and HC in the exhaust gas associated blending ratio of the biodiesel
have been successfully established. A satisfactory performance has been obtained from a study of effect
of biodiesel blending ratio on ignition delay and emission for different type of biodiesel. From a series
of tests carried out on rapid compression machine, the following conclusions are obtained:

1) Ignition delay of biodiesel increased with increasing blending ratio of biodiesel. The increasing
blending ratio attributed in poor atomization and slower mixing which reduce fuel ignitibility
that will result in longer ignition delay. A2 have the lowest ignition delay period when compared
with J2, B5, B10 and B15 due to lower density that present in A2 molecules.

2) Lowest density of Jatropha oil is the factor that lead to shortest ignition delay which caused J2

to be less compressible and came out of the injector nozzle earlier than other fuels, resulting in
the earlier start of combustion of J2 versus A2, B5, B10 and B15.

3) The present of high oxygen content in biodiesel blends as the biodiesel blending ratio increases
has contribute to the more complete combustion as most of the carbon present is converted to
carbon dioxide that reduce the emission of CO and HC.
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