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Abstract— Advanced computational fluid dynamics (CFD)
simulations of engine reacting flow processes have emerged
as a complementary and efficient design tool for the
development of the next-generation engines. Many of the
early multi-dimensional CFD attempts to predict engine
combustion rates were conducted using simplified chemistry.
There are many works devoted to dual-fuel engines. As a
dual-fuel engines customers usually prefer compression-
ignition engines. Dual fuel technology usually is realized in
two ways of co-combustion of methanol, ethanol and diesel
fuel. The first way is to produce a blend of diesel fuel with
methanol, ethanol and then bring the mixture to the engine,
using a typical supply system for a diesel engine.
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. INTRODUCTION

The combustion research is more extensive, diverse and
interdisciplinary due to a powerful modeling tool like the
Computational Fluid Dynamics (CFD). In CI engine, the in-
cylinder multiphase fluid dynamics like fuel spray, chemical
reaction kinetics influence the combustion. The fluid flow in
an internal combustion engine presents one of the most
challenging fluid dynamics problems to the model. This is
because the flow is associated with large density variations.
So, a detailed understanding of the flow and combustion
processes is required to improve the performance of the
engine [7, 9]. Substantial differences in viscosity, surface
tension, density and thermal conductivity were obtained
relative to reference diesel fuels and among the different
source materials. The combustion model revealed differences
in the temperature and emissions of biodiesel when compared
to reference diesel fuel [1-8]. The combustion chamber flow
field and its effect on fuel spray characteristics play an
important role in improving the efficiency and reducing the
pollutant emission in a direct injection diesel engine, in terms
of influencing processes of breakup, evaporation, mixture
formation, ignition, combustion and pollutant formation.
CFD modeling was a valuable tool for acquiring detailed
information about these important processes [2, 5]. The
longer ignition delay leads to a rapid burning rate and the
pressure and temperature inside the cylinder rise suddenly.
Hence, most of the fuel burns in premixed mode causes a
maximum peak heat release rate, a maximum cumulative heat
release and shorter combustion duration [9-17]. The demand
for energy, specifically the demand for petroleum fuels
around the world is increasing every day. From 2012 to 2015,
41% increase in global energy consumption is forecasted,
30% and 52% increase over last ten and last twenty years
respectively. Non-OECD economies will account for 95% of
this growth, half of which is expected to come from China
and India. Compared to 2012, 69% higher energy will be used

in 2035 in the non-OECD economics. Due to having benefits
such as adaptability, high combustion efficiency, availability,
reliability as well as the handling facilities, fossil fuels results
in most energy consumption. Shares of the major fossil fuels
are converging, with natural gas, oil and coal each
contributing 27% of the total mix by 2035 and the remaining
share supplied by nuclear and renewable energy. Burning of
fossil fuels produces emissions that have serious effect on
both the environment as well as human health. Fuel, coal and
gas each contributes 38% of the increase in emissions and
24% increase is coming from oil. It is predicted that by 2035
global CO2 emissions from energy use will increase 29%.
Compared to 1990, global emissions will be nearly double in
2035. Price hiking of the petroleum products, world-wide
environmental concerns as well as the rapid depletion of
fossil diesel fuel have encouraged researcher to search for
alternative fuel sources which will provide cleaner
combustion of diesel engines. Therefore, it has become a
global agenda to develop clean alternative fuels which are
domestically available, environmentally acceptable and
technically feasible. According to the Energy Policy Act of
1992 (EPACT, US), natural gas, biofuel, electricity and
methanol are the most suitable substitute to fossil fuels that
can reduce global warming, fossil fuels consumption and
exhaust emissions. As an alternative fuel, biofuel such as
ethanol, biodiesel are the best choices due to having
properties such as environment friendly behaviour and
similar functional properties with diesel fuel. In both
developing and developed countries biofuel are at the top of
their agendas and thus it is predicted that world biofuel
production will be quadruple by 2020.

Il. BLENDED FUEL

Under section 1.8 of the National Greenhouse and Energy
Reporting (Measurement) Determination 2008 (NGER
Measurement Determination) a blended fuel is a fuel that is a
blend of fossil and biogenic carbon fuels. For example, E10
is a blend of gasoline (fossil fuel) and up to 10 per cent
ethanol (biogenic carbon fuel). The NGER Measurement
Determination defines ‘biogenic carbon fuel’ as energy that
is: a) Derived from plant and animal material, such as wood
from forests, residues from agriculture and forestry processes
and industrial, human or animal wastes, and b) Not embedded
in the earth, like coal oil or natural gas. Examples of biogenic
carbon fuels under the NGER legislation are listed in items
10-16 and 28-30 of Schedule 1 of the National Greenhouse
and Energy Reporting Regulations 2008 (NGER
Regulations). The NGER legislation does not define fossil
fuels. However, taking the ordinary meaning of the term, a
fossil fuel is a carbon-based fuel from fossil hydrocarbon
deposits, including coal, oil and natural gas. The problem
with crude oil depletion has arisen in the last years. There has
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been intensive research to find out alternatives to fossil fuels.
Alternative fuels are derived from resources other than
petroleum. When these fuels are used in internal combustion
engines, they produce less air pollution compared to gasoline
and most of them are more economically beneficial compared
to oil. Last but not least, they are renewable. The most
common fuels that are used as alternative fuels are natural
gas, propane, ethanol, methanol and hydrogen. Lots of works
have been written on engines operating with these fuels
individually; but a small number of publications have
compared some of these fuels together in the same engine [1-
4]. The idea of adding low contents of ethanol or methanol to
gasoline is not new, extending back at least to the 1970s,
when oil supplies were reduced and a search for alternative
energy carriers began in order to replace gasoline and diesel
fuel. Initially, methanol and ethanol were considered the most
attractive alcohols to be added to gasoline. Methanol and
ethanol can be produced from natural products or waste
materials, unlike gasoline which is a non-renewable energy
resource [5, 6]. One of the important features is that the
ethanol and methanol can be used directly without requiring
any major changes in the structure of the engine. Among the
various alcohols, ethanol and methanol are known as the most
suitable fuels for spark ignited (SI) engines. The use of fuel
additives is very important because many of these additives
can be added to fuel in order to improve its efficiency and its
performance. Some of the most important additives to
improve fuel performance are oxygen containing organic
compounds (oxygenates). Several oxygenates have been used
as fuel additives, such as methanol, ethanol, tertiary butyl
alcohol and methyl tertiary butyl ether [7]. The use of
oxygenated fuel additives provides more oxygen in the
combustion chamber and has a great potential to reduce
emissions from Sl engines.

I11l. ETHANOL AS A FUEL

Currently, one of the leading candidates for an alternative fuel
is ethanol. Many benefits are offered by ethanol, including
ease of production, decreased emissions, and higher safety
than provided with fuels such as hydrogen. It can be
implemented either as pure ethanol or as a gasoline-ethanol
blend, often known as “flex-fuel”.

Amongst the most attractive features of ethanol is its
unique ability to resist auto-ignition, or engine knock. This is
a phenomenon in which the fuel detonates uncontrollably,
often causing catastrophic engine damage. This quality of
ethanol has multiple practical benefits. First, it enables the use
of a higher compression ratio engine, which is shown to
deliver more power and efficiency [4],[7]. Ethanol has also
shown to effectively increase the octane rating when blended
with conventional gasoline. This enables safe use for
turbocharged operation, as a higher octane rating is often
needed to counteract the increased pressures experienced
from additional boost. In addition to performance benefits of
ethanol, the emissions created by ethanol and ethanol blend
fuels are greatly decreased. The study performed by Knoll et
al. revealed that as the amount of ethanol in the fuel increased,
the emissions including CO and NMHC were decreased [10].
This quality of ethanol has garnered much attention, as the

government offers various incentives for the use of ethanol
fuel.

IVV. ROLES OF INTERNAL COMBUSTION ENGINES

High dependence of transportation and power generation
units on Internal Combustion (IC) engines now has reached
over a century-long time span. In 2012, sixty million cars
have been made in the globe, with the increase of a 50% over
a decade ago [1]. The main motive factor for this trend is high
thermal efficiency and high power output-tovolume ratio of
the internal combustion engines. On the contrary, ever
increasing fuel prices and depleting petroleum reserves have
endangered their viability. IC engines are considered for
contributing approximately one fourth of annual emitted
greenhouse gases in the US as well as contributors of Nitric
Oxides (NOx) and Particulate Matter (PM) emissions. In this
context, alternative power generation units and technologies
such as fuel-cells and hybrid-automobiles do not seem to
completely take the role of internal combustion engines in the
near future. In case of Diesel engines, a considerable deal of
research is concentrated both on introduction of new
combustion modes to achieve Low Temperature Combustion
(LTC) such as: Homogeneous Charge Compression Ignition
(HCCI), Partially Premixed Compression Ignition (PPCI),
Reactivity Controlled Compression Ignition (RCCI) and on
optimization of air fuel mixing and increasing combustion
efficiency by applying higher injection pressures. Bio-fuels
on the other hand, are introduced as sustainable energy
sources and alternatives for fossil fuel [2, 3]. These aspects
should meet daily market’s ever demanding high output
power and noticeably strengthened emission legislation.
Diesel engines are used in light and heavy duty applications.
In heavy duty applications, the most important factor that has
caused Diesel engines to surpass gasoline engines, is their
lower fuel consumption associated with high specific output
power and torque. The modern optimized Diesel engines are
20-40% more fuel efficient than their gasoline counterpart.
This improved efficiency is partly due to the fact that load
control is achieved without throttling the intake air flow as is
required in the stoichiometric Sl engine, reducing breathing
or pumping losses. In Diesel engines instead, load control is
achieved by varying the amount of injected fuel into the
cylinder. Despite the fact that Diesel engines fulfill the daily
increasing power demand and seem to be a promising tool to
achieve efficient fuel consumption, conventional Diesel cycle
suffers from high levels of NOx and Soot emissions at high
engine loads, and low thermal efficiency and high levels of
Unburned Hydro Carbon (UHC) emissions at lower engine
load conditions [4]. This is why there has been a significant
amount of researches worldwide to optimize and introduce
new technologies in order to minimize emissions from Diesel
combustion while providing acceptable output power. In near
future, new generation of Diesel engines will directly benefit
from engine downsizing techniques, improved direct-
injection systems, advanced in-cylinder combustion phasing,
and extended utilization of bio-fuels and additives. Hence, the
foreseeable future of Diesel engine combustion system will
become more challenging in optimization perspectives.
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V. COMPRESSION IGNITION ENGINE EMISSIONS

Emissions from a Cl engine are a strong function of
equivalence ratio (®) (1) (2). Common exhaust emissions
from a CI engine are oxides of nitrogen (NOx), carbon
monoxides (CO), unburned hydrocarbons (HC) and
particulate matters (PM). NOx formation is dependent on the
oxidation of atmospheric nitrogen and is strongly affected by
the cylinder charge temperature. Total emission of NOx in a
Cl engine is higher compared to lean burn spark-ignition (SI)
engines because combustion takes place as a diffusion flame
which occurs at ® close to 1.0. In this region, the
stoichiometric air-fuel ratio reaches very high temperatures
accounting for the high level of NOx. Cl engines that operate
at a very lean mixture with excess air can help to control the
NOx. Combustion gases in lean mixture continue to mix with
excess air resulting in lower temperatures that weakens the
kinetics of NOx formation. Sl engines that operate close to
stoichiometric produces higher NOXx levels than CI engines.
Maximum flame temperature which occurs at stoichiometric
air-fuel ratio leads to the dissociation of nitrogen (N) which
then combines with oxygen to form NOx. In lean mixture CI
engines, because of the non-homogeneity of air-fuel mixture,
some local spots in the cylinder will be too lean to burn,
leading to misfire and poor combustion. Other spots may be
too rich with not enough oxygen to react with all the carbons.
Both conditions of lean and rich mixture produce high HC
emission. For CO emission, it is formed when an engine runs
rich; therefore its formation does not depend on the intake
mixture condition. PM emission in CIl engine is formed
mostly in the fuel rich zone where @ is higher than 1.0 within
the cylinder during the combustion due to incomplete
combustion of fuel hydrocarbons and some from lubricating
oil.

VI. REVIEW OF PAST STUDIES

Dezfouli (2018) had develop a CFD model to simulate
combustion of diesel (n-Heptane) during Top Dead Center
(TDC) of a single cylinder research engine and study the
effect of time step on combustion characteristics of n-
Heptane and production of emissions. The results showed that
heat transfer from the piston and head affected significantly
the combustion of diesel in the chamber due to reduction of
the temperature of mixture. Momale&Giri (2016) discussed
the important problems for direct and in-direct injection
diesel engines are meeting the stringent emissions norms. In
case of Diesel engine trade-off is present between soot and
NOXx. Researchers are striving for Improvement in the field
of compression ignition engine, current research scenario is
mainly focused on enhancing the combustion efficiency.
Combustion efficiency can be increased by optimizing the
injection timings, by variable compression ratio, increasing
the swirl and turbulence in the combustion chamber, testing
of different blends of diesel as alternative for diesel,
optimizing the shape of piston head and many more. For
analysing these different factors, cost effective and less time
consuming way simulation is the. The increasing confidence
of using CFD techniques in engine designs depends on
continuously improved CFD codes in terms of their fidelity
and ease-of-use. Two pioneering works including the KIVA
family of CFD codes and the STAR-CD family of CFD codes

have made tremendous contributions in bringing CFD
techniques to engine simulations. The other main competitors
in commercial engine CFD software are FIRE, FLUENT,
CFX and VECTIS. Reddy et al. (2015) had done numerical
modelling of diesel engine enriched by hydrogen fuel and
later, using CFD analysis, the investigation carried on so as
to predicting the position of hydrogen gas injector and
injection angle for manifold injection of dual fuel diesel
engine. Kolhe et al. (2015) describes the development of sub
models for combustion analysis in direct injection (DI) diesel
engine fuelled with Pongamia Pinnata biodiesel-diesel blend
as a fuel. In the present study, the Computational Fluid
Dynamics (CFD) code FLUENT was used to model a
complex combustion phenomenon in Compression Ignition
(CI) engine. The experiments were performed on a single
cylinder direct injection diesel engine, with a full load
condition at a constant speed of 1500 rpm. Combustion
parameters, such as cylinder pressure and heat release rate,
were obtained from experimental data. The numerical
modelling was solved by CFD code Fluent, taking into
account the effect of turbulence. For modelling turbulence
Renormalization Group Theory (RNG) k-& model was used.
The sub models such as droplet collision model and Taylor
Analogy Breakup (TAB) model were used for spray
modelling. Modelling in cylinder combustion, species
transport and finite rate chemistry model were used. The
results obtained from modelling were compared with
experimental investigation. S G Karunanidhi et al (2013)
developed 2D model in GAMBIT 2.4.6 and meshing is also
done using GAMBIT 2.4.6 and the combustion modeling
were done in ANSYS FLUENT 14.5. Pressure and
temperature values obtained from CFD results are
comparable to theoretical values. It shows that the
combustion modelling of CI engine using CFD can be a
reliable tool. Hussain et al. (2012) had done Biogas-Diesel
dual fuel combustion CFD analysis is carried out using
FLUENT software to study the effect of Biogas substitution
on turbulent kinetic energy, Turbulent Dissipation Rate,
Combustion flame velocity, and NOx formation for five
compression ratios. For Turbulence analysis, RNG k—¢ model
is used, which is further modified for the dual fuel analysis.
Meshing of the combustion chamber is carried out using
GAMBIT, by tetrahedral element using cooper tool. To
analyze the effect of compression ratio in dual fuel mode,
compression ratios were varied along with Bio-gas
substitutions. To validate CFD results, experimental
investigations were carried out, which showed a good
agreement between the predicted and experimental results.
Nagesh and Prakash (2012) created the combustion model for
compression ratio of 23.12:1. The simulation was done using
k-¢ turbulence model and standard wall function approach
for near wall treatment. The Ricardo two zone flamelet
combustion model was used for the analysis. The cylinder
Pressure variation for different crank angle and temperature
variation in the engine cylinder was determined. Bhoobathi et
al (2010) CFD simulation was carried out with following
methodology Standard k- model used for turbulence, Kelvin
Helmholtz (K-H) and Rayleigh Taylor (R-T) mechanism used
for spray modeling, NOx modeling is also done, Initial
boundary condition for pressure 100 kPa and temperature 350
K was used, Motion of valve is not considered, Simulation is
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carried out for compression and expansion strokes physical
modeling of Fuel injector was not used (preset in model). B.
Jayashankara et al (2010) carried out CFD simulation with
following methodology Pre-processor GAMBIT is used to
create computational domain, STAR-CD is used for the
solution of governing equations and post processing the
results. RNG k-g& model with standard wall function used for
turbulence. Combined laminar and turbulent characteristic
time combustion (CTC) model along with for auto-ignition
Shell auto-ignition model is used to characterize ignition and
combustion. To characterize droplet break-up, the Reitz—
Diwaker model is used this also considered rebound
boundary condition to increase accuracy at the walls.
Emissions modelling are also done. The first order upwind
differencing scheme (UD) was used, PISO algorithm was
used. When the injection timing is retarded there was increase
in pressure, temperature, heat release and Nox. Bio-diesel,
which can be used as an alternative diesel fuel, is made from
renewable biological sources such as vegetable oil and animal
fats. It is biodegradable, non-toxic and possesses low
emission profiles. Also, the uses of bio-fuels are
environmentally beneficial. The name bio-diesel was
introduced in the United States during 1992 by the National
Soy Diesel Development Board (presently National Bio-
diesel Board) which has pioneered the commercialization of
biodiesel in the US [2]. Use of conventional diesel fuel causes
serious problem of air pollution and effects on the
environment leading to effect like green house, some factors
in diesel fuel results in high emission in diesel engine. The
stringent emission norms have been an important driving
force to develop the Cl engines more environment friendly.
The main pollutants from diesel engines are carbon
monoxide, hydrocarbons, nitrogen oxides and Smoke
intensity. The problem of increasing demand for high brake
power and the fast depletion of the fuels demand severe
controls on power and a high level of fuel economy. That’s
Many innovative technologies are developed to tackle these
problems [2, 3]. This recommends the intensive studies on the
use of alternative fuels especially renewable ones like
vegetable oils and alcohols. The use of vegetable oils as an
alternative fuel for diesel engine is not a new concept. In fact
early engines were demonstrated with vegetable oil. In a
developing country like India where mass transportation
plays an important role, the suitability of alternate fuels for a
diesel fuel engine application has to be thoroughly
investigated. Vegetable oils plays a prominent role in
substituting diesel, since they are renewable and are easily
produced in rural areas. Biodiesels such as Jatropha, Karanja,
Sunflower and Rapeseed are some of the popular biodiesels
currently considered as substitute for diesel. When biodiesel
is used as a substitute for diesel, it is highly essential to
understand the parameters that affect the combustion
phenomenon which will in turn have direct impact on thermal
efficiency and emission. In the present energy scenario lot of
efforts is being focused on improving the thermal efficiency
of IC engines with reduction in emissions. The problem of
increasing demand for high brake power and the fast
depletion of the fuels demand severe controls on power and a
high level of fuel economy. Many innovative technologies are
developed to tackle these problems [3, 4]. Some researchers
states that the Taguchi is most effective method for

optimization of diesel engine performance parameters. For
example, [5, 6] in this work consist an experimental study that
involves an application of the Taguchi method and grey
relational analysis to determine the optimum factor level to
obtain optimum multiple performance characteristics of a
diesel engine run with different low-percentage thumba
biodiesel-diesel blends [7]. Taguchi method of optimization
predicted optimum level of parameters within 9 trials and the
40 Turpentine blend found working satisfactorily at optimum
setting. Lastly he proved that the blending of turpentine with
diesel fuel up to 40% increases the engine Performance
without much more effect on emission. Mudgal et al. [8]
Work on the Prediction of Emissions from Biodiesel Fueled
Transit Buses Using Artificial Neural Networks. Shivakumar
et al. [9] Researcher had work on the Experimental
investigation on the Performance parameters and Exhaust
emissions from the four stroke C.1. engine operated on honge
methyl ester. Back-propagation algorithm was used to train
the network. In this work they selected the inputs for the ANN
are blend percentage (B), load percentage (W), and the
compression ratio (CR). The output parameters from the
ANN are Brake thermal efficiency (BTE), Brake specific
energy consumption, (BSEC), Exhaust gas Temperature and
the emissions which include Oxides of nitrogen (NOX),
Smoke (SN), Unburnt Hydrocarbon (UBHC), and Carbon
Monoxide (CO). Lastly he had investigated the ANN results
showed good correlation between the ANN predicted values
and the desired values for various engine performance values
and the exhaust emissions. Suresh babu et al [11] imported
from ICEM CFD to ANSYS FLUENT and their counters are
plotted. They found that pressure and temperature
distribution at the top of cylinder near inlet and exhaust
valves is not uniform, which is resulting in un-burnt fuel
particles coming out through exhaust valve due to abnormal
combustion. Design modifications have to be done in order to
make the pressure and temperature distribution along the top
of the cylinder near inlet and exhaust valve should be
uniform. By this we can reduce the un-burnt fuel and decrease
the environmental pollution. In this way the efficiency of the
engine can be increased. Umakant and Vivek [12] described
the development and use of sub models for combustion
analysis in direct injection (DI) diesel engine. In their study
the Computational Fluid dynamics (CFD) code FLUENT is
used to model complex combustion phenomenon in
compression ignition (CI) engine. The experiments were
accomplished on single cylinder and DI engine, with full load
condition at constant speed of 1500 rpm. Combustion
parameters cylinder pressure, rate of pressure rise and heat
release rate were obtained from experiment. The numerical
modeling is solved by unsteady first order implicit, taking
into account the effect of turbulence. For modeling turbulence
Renormalization Group Theory (RNG) k € model is used.

VII. CONCLUSION

Diesel engines are used widely around the globe as power
plants for various purposes due to their excellent drivability
and economy. But they are also the major contributors of air
pollutants such as CO, NOx, PM and other harmful
compounds. At the same time the global fuel crises and
increase in fuel prices have led us to the need of developing
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an alternate fuel that would give a solution to these problems.
For about a decade researches and investigations were
conducted on the use of ethanol-diesel blend as a fuel in diesel
engines. Many proposals were made and few are
commercially implemented. Many of the results comes to a
conclusion that ethanol diesel blend could solve the problems
mentioned above. The aim of this work is to find the optimum
ethanol-diesel blend that suits the diesel engines presently
available in the market and could be used without much
modification in the engine.
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