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Abstract—The greenhouse effect and limitations on carbon
dioxide emissions concern engine maker and the future of the
internal combustion engines should go toward substantially and
improved thermal efficiency engine. Homogeneous charge
compression ignition (HCCI) is an alternative high-efficiency
technology for combustion engines to reduce exhaust emissions and
fuel consumption. However, there are still tough challenges in the
successful operation of HCCI engines, such as controlling the
combustion phasing, extending the operating range, and high
unburned hydrocarbon and CO emissions. HCCI and the
exploitation of ethanol as an alternative fuel is one way to explore
new frontiers of internal combustion engines with an eye towards
maintaining its sustainability. This study was done to extend
database knowledge about HCCI with ethanol a fuel.
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. INTRODUCTION

LOBALIZATION and the rise in mobility have resulted

in the demand for sustainable fuel supply for engines
and the reduction in the excess discharge of toxic
concentrations of the exhaust gas constituents from the
engines in used. To deal with these there are two major
strategies now being adopted at the global stage i.e. i) the use
of alternative and sustainable fuels and ii) the shift from
traditional internal combustion engine technologies towards a
better alternatives that enables to offer fuel economy and
environmentally-friendly ~ operation. For the latter,
homogeneously-charge compression ignition (HCCI) engine
concept is a promising idea that combines the best of the
spark-ignition (SI) and compression ignition (Cl) engine
features towards reducing fuel consumption and emissions,
providing superior performance [1].

The HCCI engine is a hybrid between two well-known Sl
and ClI engine design which have the potential to combine the
best characteristics between them. The HCCI engine is
similar to Sl counterpart for its mixture homogeneity and ClI
for high compression ignition feature. HCCI engines have
higher thermal efficiency than SI and CI engines of similar
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displacement, while particulate matter (PM) and oxides of
nitrogen (NO,) emissions are extremely low in these types of
engines [2].

Fuel autoignition takes place through the compression due
to increased pressure and temperature history. Autoignition
takes places simultaneously at several locations in combustion
chamber with no external ignition source (spark in Sl and
fuel injection in CI engines). The HCCI engine runs
unthrottled similar to the CI engine and with comparing to
the Sl engine, the pumping losses are reduced. HCCI engine
like Cl have high compression ratio (CR) to create fast
combustion near TDC to improve efficiency [3]. Diluted
mixtures are needed in HCCI engine to keep the pressure rise
rates at acceptable levels due to high combustion rate [4].

In general the merits of HCCI engine are:

e Using very lean mixture (high diluted) in HCCI
engine makes it as low fuel consumption engine [5].

e Using the diluted mixture in HCCI engine makes it
having low combustion chambers temperature and
keep temperature combustion down which results in
decreasing the amount of NO, and PM during HCCI
engine running [6].

e Higher thermal efficiency and as most of the
combustion energy is released during the combustion
and expansion stroke, HCCI has less waste exhaust
energy compared to Sl and typical CI engines [7].

e The results from other research showed that HCCI
engines can be capable to operate with several fuels
such as gasoline, diesel fuel and most alternative and
renewable fuels [8].

On the other hand the demerits of HCCI combustion:

e Achieving high load for this kind of engine is difficult
due to an increase in pressure. Using this engine
should be common with a ClI or Sl switching to
HCCI [9].

e Controlling ignition timing (start of combustion
(SOCQ)) is a major problem because it governed by
the temperature, pressure history and needs a new
electronic control unit [10].

e HC and CO emissions are typically higher in HCCI
than that of diesel engines due to low temperature
combustion [11] but CO and HC emissions can be
decreased by using an oxidation catalytic converter
in HCCI engine.

e Cold start is the main problem for HCCI engine and
this problem is recently weakened by using a dual
mode SI-HCCI [12] or CI-HCCI [13] technique
where the engine starts in the SI/CI mode for engine
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warm up.

Based on the findings made, HCCI is an engine that could
be controlled kinetically by ignition and combustion of the
air-fuel mixture. Temperature and pressure history of the
mixture and chemical kinetic properties of the fuel play
important roles for ignition of the air-fuel mixture. The
following physical parameters will change the in-cylinder
temperature and pressure which consequently affect ignition
timing and combustion of the air-fuel mixture [2]:

« [Initial intake temperature (T;,)

o Air-fuel equivalence ratio (®)

e Exhaust gas recirculation (EGR) fraction
o Fuel octane number (ON)

o Initial intake pressure (Pi,)

e Compression ratio (CR)

HCCI combustion takes place by increasing the in-cylinder
temperature, pressure or their combination during the
compression stroke. Changing autoignition properties of the
fuel and air-fuel ratio (AFR) can be the best way to control
HCCI engine.

To control the HCCI engine, some investigations have been
conducted by researchers that used variable valve timing
(VVT) [14], [15], variable compression ratio (VCR) ([16],
[17], [18]), variable exhaust gas recirculation (EGR) and
variable octane number (dual fuel control) [19].

The main objective of this study is to obtain a literature
review for ethanol fuelled HCCI engine. The outcome of this
study can be used to understand ethanol fuelled HCCI
combustion in greater detail.

I1.USE OF ETHANOL IN ICEs

When the temperature of the air-fuel mixture in the
combustion chamber reaches fuel ignition temperature,
autoignition occurs in the cylinder and generates power. The
fuel’s autoignition reactivity is one of the most important
parameter that affects HCCI combustion characteristics. The
fuels with high octane number (high resistance to
autoignition) need higher mixture temperatures during the
compression stroke [20] while the fuels with low octane
number (low resistance to autoignition) require lower mixture
temperatures during the compression stroke to avoid engine
knock in HCCI engine. All fuels have different ignition
temperature and they can mix together to deal with changing
ignition temperatures. In this study ethanol was chosen as
reference fuel.

One of the most promising alternative fuels identified as a
substitute in gasoline is ethanol. Ethanol or more precisely
bioethanol is typically synthesized from biomass residue
through fermentation techniques. Due to presence of oxygen,
this fuel is able to mix and combust well with a high rate of
combustion efficiency. As a result of this feature, it is also
predicted to reduce exhaust pollutants, i.e. CO, NO and HCs,
when used in conventional gasoline and diesel engines.
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Fig. 1 Major benefits (solid circles) and disadvantages (dashed
circles) pertinent to using ethanol in ICEs.

Having a large palm oil yield makes Malaysia one of the
most important countries for the production of ethanol fuel in
the world. One of the planned shifts in Malaysia is bioethanol
production from lingo cellulosic waste of palm oil. Lack of
knowledge and insufficient researches are the biggest
challenges that will prevent the country from moving forward
in the technology in terms of development of automobile
industry and HCCI engines [21].

Ethanol can be burned in ICEs as an alternative for
gasoline which is produced from biomass. The similarity of
ethanol to gasoline can be considered in many aspects in
contrast to hydrogen and electric energy. There are many
plans to use biomass-based fuels in combination with fossil
fuels in automobiles using present technology with some
modifications [22].

Fig. 1 shows the advantages and disadvantages of using
ethanol in ICEs.

Ethanol is the most common alternative fuel for gasoline in
ICEs. Original engine factories have developed the ability to
run an engine with gasoline and ethanol blends as flexible
fuel vehicles (FFV) and gasoline engines are capable of
running on gasoline up to 100% ethanol with electronic
control unit (ECU) calibration changes [23].

A. Literature of Ethanol Fuelled HCCI Engine

A HCCI engine fuelled with ethanol is a new and
promising concept currently being explored by engine
researchers as the next-generation of ICEs. Most researches
conducted between 1997 to 2006 sought to improve ethanol
fuel HCCI engines by employing supercharging technology,
fuel reforming, residual gas trapping, valve timing and force



induction.

Christensen et al. (1997) did the first study on ethanol
fuelled HCCI engine and showed ethanol is a good alternative
as a gasoline fuel replacement. In this study, HCCI engine
was operated unthrottled with very lean mixture, generating
no NOy emission [24].

Christensen et al. (1999) used supercharger to boost
pressure in HCCI engine. The results showed that achieving
more IMEP for HCCI is noticeably related to application of a
supercharger. Boosting pressure reduces HC emission while
NOy values drop. They showed that the main benefit of HCCI
is the low level of exhaust NOy emission [25].

Ng and Thomson (2004) investigated the effect of fuel
reforming and EGR on HCCI operation by using a single
zone reactor model and reaction mechanisms. They applied
hydrogen and CO for reforming which widened the operating
range of HCCI engine. Hydrogen can be used as additive due
to its wide flammability limits. The results showed that EGR
was more effective than reforming in widening the operating
range. Moreover, reforming was practical in HCCI
combustion to maintain complete combustion at lower intake
temperature (Ti,) [26].

Yap et al. (2004) studied internal residual gas trapping

in a naturally aspirated HCCI engine. Residual gas
trapping was used with internal trapping of exhaust gas to
lower the thermal energy requirements for the autoignition of
the air-fuel mixture. Moderate T;, extends the engine
operation range of bioethanol fuelled HCCI engine. The NOy
emissions were reported as low due to the nature of
homogeneous combustion.

They also reported that high pressure rise rates (at higher
AFR) are the reason HCCI operations are limited. The
application of intake air preheating with internal trapping of
exhaust gas improves the liquid fuel evaporation [27].

Yap et al. (2005) extended their work using forced
induction in conjunction with residual gas trapping and
showed that the usable operation range of bioethanol fuelled
HCCI could be increased effectively by using forced induction
and trapping of residual gas. Combustion phasing could be
controlled by boost. An increase in trapped residuals gas
could lower the maximum possible load at given boost
pressure. Using increased trapped residuals gas with higher
boosting pressure make NO, emission levels lower. However
CO emissions increased due to increased pumping losses
[28].

Zhang et al. (2006) used a Sl Ricardo engine with valve
timing approach. Varying the amount of trapped residuals
was investigated at different AFRS, speeds and valve timings
for HCCI engine fuelled with ethanol. They showed that valve
timing and lambda had great effect on ignition timing and
combustion duration. An ETAS linear oxygen sensor was
used to determine lambda and in all the experiments the
effect of valve timing was investigated in comparison with
indicated mean effective pressure (IMEP), residual and speed.

They showed that the operation range of HCCI engine fuelled
with ethanol is limited to knock and misfire and that it could
be expanded using the valve timing approach [29].

After the work done to improve HCCI operation,
investigation has shifted toward adding fuel to ethanol and
testing fuel flexibility of this fuel. Adding di-tertiary butyl
peroxide to the net ethanol and diethyl ether (DEE) as
combustion timing advancer was investigated by Mack et al.
(2005) using engine experiments and numerical modeling.
They found that adding DEE-in-ethanol mixture has a greater
advance effect on combustion than pure ethanol [30].

Mack et al. (2005) also added diethyl ether (DEE) to pure
ethanol (EtOH). They investigated whether pure ethanol is
less reactive than diethyl ether in HCCI engines but adding
DEE to ethanol had little effect due to elongation of heat
release and considerable reduction in Ty, [31].

Three high octane number fuels (ethanol, methanol and
gasoline) were chosen to run the HCCI engine by Xie et al.
(2006). The camshaft systems were modified with low valve
lift to achieve enough temperature for intake mixture by
residual gas trapping for stable HCCI engine operation. The
results showed that HCCI could operate well with alcohol fuel
and produce low NOy emissions [32].

Gnanam et al. (2006) used one four-stroke, three cylinder
diesel engine for conversion to a HCCI engine and selected
two fuels (ethanol, iso-octane) for their experiment. They
studied the effect of these fuels on HCCI combustion and
operation. In this investigation they found that adding iso-
octane to ethanol retards the on-set combustion and
consequently IMEP and thermal efficiency decreased. They
also showed that increasing the T, advanced the start of
combustion [33].

Due to high peak pressure rise rate of HCCI engine at high
load and higher boost pressures, several investigations were
done to mitigate this problem by adding water to ethanol. Wet
ethanol (ethanol-in-water) was used in HCCI engine by
Flowers et al. (2007) and they examined the ethanol-water
blend for HCCI. They showed that HCCI engine can operate
on wet ethanol with mixture of 35% ethanol and 65% water
(by volume) with high efficiency and low knock. Due to
higher amounts of HC and CO, exhaust after-treatment is
required such as oxidizing catalytic converter [34].

Megaritis et al. (2007) studied the effects of water blending
as a combustion control method. They showed that water
blending could reduce the rates of in-cylinder pressure rise
during bioethanol fuelled HCCI combustion by trapping
residual gas and forced induction. With lower concentrations
of water in bioethanol, the effect of combustion becomes low
but increasing water content up to 20% leads to a sharp
decrease in the available HCCI operation range and lambda
required for ignition of the air-fuel mixture [35].

Megaritiset et al. (2008) showed that with varying inlet
valve events and blending of ethanol and water, the
maximum rates of pressure rise could be reduced during



HCCI combustion. They found that higher NO, emission is
generated in lower amounts of dilution (trapped gas) due to a
considerably retarded or advanced inlet valve event for stable
combustion. Lower water content in ethanol blend had a
lower effect on ethanol combustion. But increasing the
amount of water content up to 20% played an important role
in reducing load range and in that case less lambda was
required for combustion [36].

Several models for understanding ethanol fuel HCCI
engine were developed from 2008 to 2009. Model-based
control of six-cylinder HCCI engine by in-cylinder pressure
feedback was developed by Blom et al. [10]. This HCCI
model featured cylinder wall temperature dynamics compared
with previous HCCI model [37]. They examined one simple
physical model for the aim of thermodynamic description and
chemical interactions of the HCCI engine.

Szybist (2008) studied the effect of EGR on HCCI
combustion with negative valve overlap (NVO) approach
numerically using CHEMKINPRO software. N-heptane,
isooctane, ethanol, and toluene were chosen as fuel with well-
established Kinetic models. It was found that with increasing
O, concentration in the air-fuel mixture (higher
stoichiometric ratio); SOC advanced for n-heptane, iso-
octane, and toluene but ethanol was not advanced. Using
EGR which contains hot CO, and H,O could advance SOC in
HCCI combustion by suppressing the compression
temperature [38].

An accurate multidimensional CFD model was developed
by Viggiano et al. (2009) to simulate an ethanol HCCI
engine. They used kinetic mechanism with 235 reactions and
43 chemical species. In this study the turbulent flow model
coupled with a detailed kinetic mechanism. The effects of Tj,,
turbulent diffusivity and wall temperature were comparable
with the in-cylinder pressure, heat release rate and engine
efficiency. For both wall temperature and mixture initial
temperature, similar effects were observed on the in-cylinder
pressure and rate of heat release. The results showed that with
increasing Ti,, ignition timing could move toward TDC [39].

Combustion chamber geometry plays a critical role in
HCCI combustion. Vressner and Johansson (2008) converted
one single cylinder Scania D12 diesel engine to operate in
HCCI with port fuel injected and ethanol as fuel. They
examined the effect of combustion chamber geometry on
HCCI performance. They found that HCCI combustion
process was related to combustion chamber geometry. Diesel
bowl combustion chamber performed well during operation of
HCCI engine [40].

Joelsson et al. (2008) studied the effect of piston geometry
on flow/turbulence in the cylinder. They used two engines
with a quartz and metal piston with bowl type geometry. They
showed geometry also affects temperature stratification which
plays an important role in autoignition process. Piston in the
metal engine has cooling effect more than quartz engine in
the same ethanol AFR which results in lower temperature

stratification in the metal engine [41].

Several studies were done to explore ethanol combustion
characteristics. Mack et al. (2009) ran the HCCI engine on
wet ethanol and showed that HCCI operation was more stable
for ethanol blended with 40% water. Using higher water
concentrations could extend HCCI operation range at higher
Tin. The results showed that an increase in water
concentration could reduce the maximum value of the heat
release profiles and maximum in-cylinder pressures while HC
and CO emissions had a tendency to increase [42].

Maurya and Agarwal (2009) studied effect of T, and AFR
on combustion parameters and emissions in HCCI engine.
They found that the AFR and T;, had important effects on the
maximum in-cylinder pressure, maximum pressure rise rate
and the rate of heat release. The results also showed low level
of NO, emissions was generated in HCCI engine [43].

There was no low-temperature heat release (LTHR) in
ethanol combustion in HCCI (Sjoberg and Dec, 2010) also no
force is needed to adjust the T;, for changing the engine speed
[20].

Sjoberg and Dec (2011) examined ethanol in HCCI engine
with using EGR. They showed that ethanol molecule is stable
that makes molecule break down prior to the start of
combustion point. The autoignition timing of ethanol had
lower sensitivity to addition of EGR [44].

Vigiano and Magi (2012) developed a multidimensional
numerical model which could be coupled to a Kinetic reaction
mechanism for oxidation of ethanol and formation of NO,.
They verified this model against experimental data and
studied ethanol HCCI combustion. They also analyzed swirl
motion and ethanol thermo-physical properties on emissions
and operation of the HCCI engine [45].

Saxena et al. (2012) used exhaust heat recovery (EER) in
HCCI engine and studied the effect of wet ethanol on a wide
range of HCCI stable operating conditions. They found that
the best operating conditions for ethanol-water blend HCCI
engine could be found with high P;, and high @ [46].

Bahri et al. (2012) modified a single-cylinder, four-stroke,
naturally-aspirated, air-cooled, direct injection diesel engine
for HCCI operation using ethanol fuel [47]. An artificial
misfire was generated for HCCI engine with port fuel
injection system. Variations of Kurtosis and Skewness
analysis of in-cylinder pressure and crankshaft rotational
speed were compared to maximum heat release rate. The
results indicate that in misfire cycles, some engine parameters
such as IMEP and heat release decrease substantially.
Kurtosis and Skewness of in-cylinder pressure is a reliable
factor for misfire detection in an HCCI engine and they
varied like IMEP during misfire cycles.

Bahri et al. (2013) extended their works and used
experimental data from the HCCI engine and investigated the
effect of misfire on the ethanol combustion characteristics and
HCCI engine operation fuelled with ethanol [48].



TABLE|
SUMMARY OF IMPORTANT STUDIES ON ETHANOL FUELLED HCCI ENGINES.

Importance of the topic Reference
Supercharging effect Christensen et al. (1998)
Effect of the fuel reforming Ng and Thomson (2004)

Trapping of internal residual gas

Forced induction (boosting)

Varying valve timing approach

Ethanol fuel flexibility

Ethanol-water blending (Wet ethanol)

HCCI engine modeling

Combustion chamber geometry of HCCI engine
10 Ethanol combustion characteristics

11 EGR effect on autoignition timing

12 Exhaust heat recovery

13 Analyzing HCCI misfire and model based misfire detection
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Yap et al. (2004)

Yap et al. (2005)

Zhang et al. (2006)

Gnanam et al. (2006), Xie et al. (2006) and Mack et al. (2005)
Flowers et al. (2007), Megaritiset et al. (2007) and Mack et al. (2009)
Blom et al. (2008) and Szyhist (2008)

Vressner and Johansson (2008) and Joelsson et al. (2009)
Maurya and Agarwal (2009) and Sjoberg and Dec (2010)
Sjoberg and Dec (2011)

Saxena etal. (2012)

Babhri et al. (2013)
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Fig. 2 Literature on HCCI engine fuelled with ethanol.

They also designed one artificial neural network (ANN)
model to detect misfire in the HCCI engine. Below is the list
of major findings for the engine studied in that work:

1) Too much delay in CAs, leads the engine to operate in
partial burn operation with many misfire cycles,
resulting in a dramatic increase in exhaust HC and
CO concentrations.

2) Ethanol HCCI combustion is very sensitive to the
amount of ®. Periodic variation in HCCI combustion
metrics (SOC and CAs) is observed as a result of a
periodic fluctuation in the engine fueling.

3) Since MHRR is well correlated with IMEP and HCCI
misfire, it offers a good potential to distinguish
between misfire and normal cycles.

4) CyCIlC SOC, CAs, CApmaxs CAMHRR and
CAnmaximumdpido  are not strongly correlated with
MHRR and they are not effective for HCCI misfire
detection. But in-cylinder pressure at 5°, 10°, 15°
and 20° CAD aTDC exhibit a strong correlation with
MHRR and they can be potentially used to detect
HCCI misfire.

5) The new ANN misfire detection (AMD) model was
verified with experimental data including with a
wide range of misfire and normal cyclic data. For the
7800 cyclic data tested, the AMD can detect misfire
with an accuracy of 100%. The AMD can potentially
be used to determine engine variables leading to
misfire as the model could successfully detect the
onset of misfire appearance when moving from a
normal to a misfire HCCI region.

Table | shows a brief list of important literature for ethanol
fuelled HCCI engine. It can be seen that several researchers
have studied this engine.

As can be seen in Fig. 2 and Table I, the HCCI researches
and investigations have shifted from intake and fuel
preparing systems towards exhaust manifold and emission
reduction.

I1l. CONCLUSIONS

A literature study and some background information were
presented to highlight the advantages and drawbacks of using
ethanol fuelled HCCI. Although many researchers proposed
different HCCI testing methods with ethanol as reviewed in
this article, there are still challenges remaining before
utilization of ethanol HCCI engines can go into mass
production. Ethanol fuelled HCCI engine is more difficult to
control than other popular modern combustion engines. It is
need to develop control methods for HCCI engines in order to
overcome the challenge of maintaining proper ignition
timing. This article attempts to find the research gap and to
examine ways of answering research questions from previous
activities about HCCI.

ACKNOWLEDGMENT

The authors would like to thank Universiti Technologi
Malaysia (UTM), Automotive Development Center (ADC) for
the research support.



[1]

[2]

(3]

[4]

[5]

(6]

[’

(8]

[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

REFERENCES

X. Lu, D. Han, and Z. Huang, Fuel design and management for the control
of advanced compression-ignition combustion modes, Progress in Energy
and Combustion Science, 37, 741-783, 2011.

M. Yao, Z. Zheng, and H. Liu, Progress and recent trends in homogeneous
charge compression ignition (HCCI) engines, Progress in Energy and
Combustion Science, 35(5): 398-437, 2009.

N. P. Komninos, and C. D. Rakopoulos, Modeling HCCI combustion of
biofuels: A review, Renewable and Sustainable Energy Reviews, 16, 1588-
1610, 2012.

H. Zhao, Homogeneous Charge Compression Ignition (HCCI) and
Controlled Auto Ignition (CAI) Engines for the Automotive Industry,
Woodhead Publishing Limited 2007 (CRC) Press, Boca Raton, Florida).
R. Sankaran, H. G. Im, and J. C. Hewson, analytical model for auto-
ignition in a thermally stratified HCCI engine, Combustion Science and
Technology, 179(9): 1963-1989, 2007.

S. M. Aceves, D. L. Flowers, J. Martinez-Frias, J. R. Smith, R. Dibble, M.
Au, and J. Girard, HCCI combustion: analysis and experiments, SAE
Paper: 2001-01-2077, 2001.

M. Shahbakhti, A. Ghazimirsaied, and C. R. Koch, Experimental study of
exhaust temperature variation in a homogeneous charge compression
ignition engine, J Automotive Engineering, 224: 1177-1197, 2010.

K. Epping, S. Aceves, R. Bechtold, and J. Dec, The potential of HCCI
combustion for high efficiency and low emissions, SAE Paper: 2002-01-
1923, 2002.

H. Santoso, J. Matthews, and W. Cheng, Characteristics of HCCI engine
operating in the negative-valve-overlap mode, SAE International, 2005.

D. Blom, M. Karlsson, K. Ekholm, P. Tunestl, and R. Johansson, HCCI
engine modeling and control using conservation principles, SAE Paper:
2008-01-0789, 2008.

S. M. Aceves, D. L. Flowers, F. Espinosa-Loza, J. Martinez-Frias, J. Dec,
M. Sjoberg, R. W. Dibble, and R. P. Hessel, Spatial Analysis of Emissions
Sources for HCCI Combustion at Low Loads Using a Multi-Zone Model,
SAE Paper: 2004-01-1910, 2004.

L. Koopmans, H. Strm, S. Lundgren, O. Backlund, and I. Denbratt,
Demonstrating a SI-HCCI-SI mode change on a volvo 5-cylinder
electronic valve control engine, SAE Paper: 2003-01-0753, 2003.

M. Canova, F. Chiara, J. Cowgill, S. Midlam-Mohler, Y. Guezennec, and
G. Rizzoni, Experimental characterization of mixed-mode HCCI/DI
combustion on a common rail diesel engine, SAE Paper: 2007-24-0085,
2007.

F. Agrell, H.-E. Angstrm, B. Eriksson, J. Wikander, and J. Linderyd,
Integrated simulation and engine test of closed loop hcci control by aid of
variable valve timings, SAE Paper: 2003-01-0748, 2003.

G. Haraldsson, P. Tunestl, B. Johansson, and J. Hyvnen, HCCI closed-loop
combustion control using fast thermal management, SAE Paper: 2004-01-
0943, 2004.

G. Haraldsson, P. Tunestl, B. Johansson, and J. Hyvnen, HCCI
Combustion Phasing in a Multi Cylinder Engine Using Variable
Compression Ratio, SAE Paper: 2002-01-2858, 2002.

G. Haraldsson, P. Tunestl, B. Johansson, and J. Hyvnen, HCCI
Combustion Phasing with Closed-Loop Combustion Control Using
Variable Compression Ratio in a Multi Cylinder Engine, SAE Paper:
2003-01-1830, 2003.

J. Hyvnen, G. Haraldsson, and B. Johansson, Supercharging HCCI to
extend the operating range in a multi-cylinder VCR-HCCI engine, SAE
Paper 2003-01-3214, 2003.

J.-O. Olsson, P. Tunestl, and B. Johansson, Closed-loop control of an
HCCI engine, SAE Paper: 2001-01-1896, 2001.

M. Sjoberg, and J. E. Dec, Ethanol autoignition characteristics and HCCI
performance for wide ranges of engine speed, load and boost, V119-3,
3(1): 84-106, 2010.

C. S. Goh, K. T. Tan, K. T. Lee, and S. Bhatia, Bio-ethanol from
lignocellulose: ~ Status, perspectives and challenges in  Malaysia.
Bioresource Technology, 101(13): 4834-4841, 2010.

D. Dai, Z. Hu, G. Pu, H. Li, and C. Wang, Energy efficiency and
potentials of cassava fuel ethanol in Guangxi region of China. Energy
Conversion and Management, 47(1314): 1686-1699, 2006.

M. J. Christie, N. Fortino, and H. Yilmaz, Parameter optimization of a
turbo charged direct injection flex fuel si engine, SAE Int. J. Engines, 2(1):
123-133, 2009.

M., Christensen, B. Johansson, and P. Einewall. Homogeneous charge
compression ignition (HCCI) using isooctane, ethanol and natural gas- a
comparison with spark ignition operation, SAE Paper: 972874, 1997.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]
[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

M. Christensen, and B. Johansson, Homogeneous charge compression
ignition with water injection, SAE Paper: 1999-01-0182, 1999.

C. K. W Ng, and M. J. Thomson Modelling of the effect of fuel reforming
and EGR on the acceptable operating range of an ethanol HCCI engine,
International Journal of Vehicle Design, 44(1-2): 107-123, 2004.

D. Yap, A. Megaritis, and M. L. Wyszynski, An investigation into
bioethanol homogeneous charge compression ignition (HCCI) engine
operation with residual gas trapping, Energy and Fuels, 18(5): 1315-1323,
2004.

D. Yap, J. Karlovsky, A. Megaritis, M. L. Wyszynski, and H. Xu, An
investigation into propane homogeneous charge compression ignition
(HCCI) engine operation with residual gas trapping, Fuel, 84(18): 2372-
2379, 2005.

Y. Zhang, B.-Q. He, H. Xie, and H. Zhao, The combustion and emission
characteristics of ethanol on a port fuel injection HCCI engine, SAE Paper:
2006-01-0631, 2006.

J. H. Mack, R. W. Dibble, B. A. Buchholz, and D. L. Flowers, The Effect
of the Di-tertiary butyl peroxide (DTBP) additive on HCCI combustion of
fuel blends of ethanol and diethyl ether, SAE Paper: 2005- 01-2135, 2005.
J. H. Mack, D. L. Flowers, B. A. Buchholz, and R. W. Dibble,
Investigation of HCCI combustion of diethyl ether and ethanol mixtures
using carbon 14 tracing and numerical simulations, Proceedings of the
Combustion Institute, 30(2): 2693-2700, 2005.

H. Xie, Z. Wei, B. He, and H. Zhao, Comparison of HCCI combustion
respectively fueled with gasoline, ethanol and methanol through the
trapped residual gas strategy, SAE Paper: 2006-01-0635, 2006.

G. Gnanam, A. Sobiesiak, G. Readerand, C. Zhang, An HCCI engine
fuelled with iso-octane and ethanol, SAE Paper: 2006-01-3246, 2006.

D. L. Flowers, S. M. Aceves, and J. M. Frias, Improving Ethanol Life
Cycle Energy Efficiency by Direct Utilization of Wet Ethanol in HCCI
Engines, SAE Paper: 2007-01-1867, 2007.

A. Megaritis, D. Yap, and M. L. Wyszynski, Effect of water blending on
bioethanol HCCI combustion with forced induction and residual gas
trapping. Energy, 32(12): 2396-2400, 2007.

A. Megaritis, D. Yap, and M. L. Wyszynski, Effect of inlet valve timing
and water blending on bioethanol HCCI combustion using forced induction
and residual gas trapping. Fuel, 87(6): 732-739, 2008.

G. M. Shaver, M. J. Roelle, and J. Christian Gerdes, Modeling cycle-to-
cycle dynamics and mode transition in HCCI engines with variable valve
actuation, Control Engineering Practice, 14(3): 213-222, 2006.

J. P. Szybist, Fuel-Specific Effect of Exhaust Gas Residuals on HCCI
Combustion: A Modeling Study, SAE Paper: 2008-01-2402, 2008.

A. Viggiano, and V .Magi, Multidimensional simulation of ethanol HCCI
engines, SAE Paper: 2009-24-0031, 2009.

A.Vressner, R. Egnell, and B. Johansson, Combustion Chamber Geometry
Effects on the Performance of an Ethanol Fueled HCCI Engine. SAE
Paper: 2008-01-1656, 2008.

T. Joelsson, R. Yu, X. S. Bai, A. Vressner, and B. Johansson, Large eddy
simulation and experiments of the auto-ignition process of lean ethanol/air
mixture in HCCI engines, SAE Int. J. Fuels Lubr., 1(1): 1110-1119, 2008.
J. H. Mack, S. M. Aceves, and R. W. Dibble, Demonstrating direct use of
wet ethanol in a homogeneous charge compression ignition (HCCI) engine.
Energy, 34(6): 782-787, 2009.

R. K. Maurya, and A. K. Agarwal, Experimental study of combustion and
emission characteristics of ethanol fuelled port injected homogeneous
charge compression ignition (HCCI) combustion engine, Applied Energy,
88(4): 1169-1180, 2011.

M. Sjoberg, and J. E. Dec, Effects of EGR and its constituents on HCCI
autoignition of ethanol. Proceedings of the Combustion Institute, 33(2):
3031-3038, 2011.

A. Viggiano, and V. Magi, A comprehensive investigation on the emissions
of ethanol HCCI engines, Applied Energy, 93(0): 277-287, 2012.

S. Saxena, S. Schneider, S. Aceves, and R. Dibble, Wet ethanol in HCCI
engines with exhaust heat recovery to improve the energy balance of
ethanol fuels, Applied Energy, 98(0): 448-457, 2012.

B. Bahri, A. A. Aziz, M. Shahbakhti, and M. F. Muhamad Said, Misfire
detection based on statistical analysis for an ethanol fuelled HCCI engine,
International Review of Mechanical Engineering (IREME), 6 (6): 1276-
1282, 2012.

B. Bahri, A. A. Aziz, M. Shahbakhti, and M. F. Muhamad Said,
Understanding and detecting misfire in an HCCI engine fuelled with
ethanol, Applied Energy, 108(0): 24-33, 2013.



NOMENCLATURE

fuel-air equivalence ratio

air fuel ratio

ANN misfire detection
artificial neural network
crank angle degree
computational fluid dynamic
compression ignition

carbon monoxide
compression ratio

diethyl ether

Hydrocarbon

homogeneous charge compression ignition
electronic control unit
exhaust gas recirculation
flexible fuel vehicle

internal combustion engine
indicated mean effective pressure
nitrogen oxides

negative valve overlap
octane number

intake pressure

particulate matter

spark ignition

start of combustion

intake temperature

variable compression ratio
variable valve timing



