Effects of EGR and ethanol additive on combustion and
emission characteristics in a CRDI diesel engine
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Abstract
In this study, ethanol additive and 1026 EGR were respectively applied to a common rail direct injection (CRDI)
diesel engine fueled with biodiesel to test the emissions characteristics at 750 rpm under different loads. The results
showed that EGR can reduce NOx and increase PM emissions. On the contrary, the NOx increased by adding ethanol

to biodiesel fuel while the PM emissions decreased.

1. Introduction

Biodiesel is considered to be an effective alternative to
petroleum diesel. Biodiesel has high oxygen content, high
cetane number, good lubricity, versatility, and other
advantages, which can effectively reduce the main
greenhouse emissions such as carbon dioxide (CO2),
hydrocarbon (HC) and particulate matter (PM) from diesel
engines without any modification [1]. Meanwhile, the NOx
emissions produced by biodiesel will increase to a certain
extent.

In addition, the high viscosity, density and corrosiveness
of biodiesel may cause the blockage of fuel injection nozzle
and the aging of some rubber materials, which affect the
engine performance [2]. In the theory and technology of
reducing vehicle NOx emissions, adding proper ethanol to
fuel and applying EGR technology are two of effective
means. The properties of ethanol, such as lower cetane
number, lower calorific value and lower density, can
effectively make up for the short board of biodiesel, realize
complementary advantages, and improve engine emissions.
However, the effect of ethanol additives on biodiesel is not

decisive, for instance, [3] found that ethanol can reduce

NOx and PM emissions, while [4] found that NOx
increased. On the other hand, EGR technology is a means
to introduce a part of exhaust gas back into the cylinder,
control the combustion effect by controlling the amount or
temperature of fresh air, and achieve lower NOx emissions.
Most of the previous studies have combined the two
methods with fuel or other technologies to improve the
combustion performance. There are few studies on the
advantages and disadvantages of the two methods applied
to pure palm biodiesel to discuss its emission reduction.
Both [5] and [6] found that EGR has a good NOx reduction
effect.

Based on pure palm biodiesel, EGR technology and
ethanol additive were separately used in this experiment. to
explore the combustion and emission characteristics of pure
palm biodiesel under different loads, and to compare the
effects of ethanol and EGR Technology on NOx and PM

emissions.

2. Experimental setup and method

2.1 Experiment apparatus and fuels

The test system is shown in Figure 1. The test engine
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is a 4-cylinder 2.0L common rail direct injection (CRDI)
diesel engine with EGR system. The engine specification
are shown in Table 1. Injection timing, injection pressure is
set by the engine electronic control unit (ECU) by contoling
WinOLS software. The exhaust gas data is measured and
recorded by a multi-gas analyzer (GreenLine MK2) and an
emissions analyzer (HPC501), and the emitted PM is
measured by an opaque smoke meter (OPA-102).

Pure palm oil biodiesel (B100) was used as the
experimental fuel, and bioethanol was added to B100 as the
mixed fuel. The properties of palm oil biodiesel and

bioethanol are shown in the Table2.

[Fig. 1] Experimental system.
[Table 1] Engine specification

Engine type In-line four-cylinder
L Bosch common-rail
Fuel injection system . L
direct injection
o Turbocharger with
Air intake system
WGT
Bore x stroke (mm) 83 x 92
Displacement (cc) 1991
Compression ratio 17.7/1
Maxim
Hm power 115/4000
(ps/rpm)
Maximum torque 265/2000
(kgnyrpm) ’
[Table 2] Fuel properties
] Palm oil Bio
Properties
biodiesel | ethanol
Density(kg/m3 15C) 877 794
Viscosity(mm?2/s 40C) | 456 1.1
Calorific valueM]/kg) | 39.72 2818
Cetane index 57.3 8
Oxygen content(C) 11.26 34.7

2.2 Experiment method
The experiment tested the emission characteristics of

pure biodiesel (B100), biodiesel with 10% EGR

(B100+10%EGR) and ethanol—biodiesel blend (5%
volume ethanol + 95% volume palm oil biodiesel). The
load conditions were set to 30, 40 and 50 Nm
respectively, with constant engine speed at 750 rpm. The
injection pressure was set at 350 bar while the pilot and
main injection timing were set at 18° and 5° CA BTDC,
respectively. The EGR rate is derived from the following:
Vi

EGR rate (%) = m
Vi—exhaust gas introduced from EGR

V2—fresh air introduced

3. Results and Discussion
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[Fig. 2] NOx emissions at 30,40,50Nm.

The NOx generation mechanism is more complicated and
often depends on the combustion temperature, oxygen
concentration, reaction time and equivalence ratio in the
cylinder. The result found that the use of EGR technology
in B100 can reduce NOx emissions by 17.5%, 26.5% and
29.6% respectively at 30, 40 and 50 Nm. But the
emissions of NOx increased because of the ethanol
additive. In general, many researchers have found that
ethanol has a lower calorific value and a larger latent heat
of vaporization can effectively reduce the temperature in
the cylinder and reduce the generation of NOx. However,
higher oxygen content and lower cetane number of ethanol
are likely to cause increased NOx emissions, which is also
the dominant factor of the result in this study. In addition,
due to the reduced compression modulus of the mixed
fuel, the injection timing is not as sensitive as that of the
B100, and the ignition delay is longer because of the lower
cetane number of the blend. These factors are not

conducive to the reduction of NOx.
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[Fig. 3] PM emissions at 30,40,50Nm.

The PM emitted by diesel engines mainly comes from
fuel, and is wusually formed in a high—temperature
fuel—rich area without sufficient oxygen concentration. As
shown in the figure, the exhaust gas introduced into the
cylinder by EGR reduced the local oxygen concentration,
resulting in an increase in PM emissions. The addition of
ethanol greatly increases the oxygen content in the fuel,
increases the oxygen concentration in the fuel—rich area,
and at the same time reduces the temperature in the
cylinder to a certain extent, thereby alleviating the

generation of PM. This effect is more obvious at 50 Nm.

4. Conclusions

The result of this study showed that under all load
conditions, EGR reduces the NOx emissions of biodiesel,
but slightly increases PM emissions. The addition of
ethanol significantly reduced PM emissions but not NOx.
NOx emissions have increased due to the addition of
ethanol, and increased with increasing load. The effect of
ethanol additives on palm oil biodiesel NOx emissions

needs further study.
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