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Abstract—In this study, the effects of methanol-gasoline
(M5, M10, M20, M30 and M50) fuel blends on the performance
of a spark ignition (SI) engine were investigated. In the
theoretical study, the four-cylinder, four-stroke, multi-point
injection system Sl engine was used. The results obtained from
the use of methanol-gasoline fuel blends were compared to
those of gasoline fuel. The results indicated that when
methanol—gasoline fuel blends were used, the brake specific fuel
consumption increased and engine performance parameters
such as torque and power increases with increasing methanol
amount in the blended fuel.

Index Terms—Alternative fuels, emissions, methanol blends,
spark-ignition engines

I. INTRODUCTION

LTERNATIVE 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 engine
operating with these fuels individually; but a small number
of publications has 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 was
considered the most attractive alcohol to be added to
gasoline. Methanol can be produced from coal, biomass or
even natural gas with acceptable energy cost. Also,
gasification of biomass can lead to methanol, mixed alcohols
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and Fischer-Tropsch liquids [5]. Since methanol can be
produced from natural gas at no great cost, and is quite easy
to blend with gasoline, this alcohol was seen as an attractive
additive. However, when using methanol in practice it
became clear that precautions had to be taken when handling
it and that methanol is aggressive to some materials, such as
plastic components and even metals in the fuel system [6].

The gasoline engine performance theory to link together
with computer modeling of the engine thermodynamics in
engine simulations are a great challenge, as the latter makes
the most complete use of the former and the models used are
becoming widespread. Engine modeling is a very large
subject, in part because of the range of engine configurations
possible and the variety of alternative analytical techniques
or sub-models, which can be applied in overall engine
models. Engine modeling is a fruitful research area and, as a
result, many research laboratories have produced their own
engine thermodynamics models with varying degrees of
complexity, scope and ease to use [7].

Engine simulation is becoming an increasingly important
engineering tool for time and cost efficiency in the
development of internal combustion engines (ICE’s). The
use of high speed computers and advances in computational
methods has made it possible for the researchers to simulate
and analyze complex physiological processes. The large
number of results that are obtained by simulation are rather
very difficult to be obtained experimentally. The use of
Computational Fluid Dynamics (CFD) simulations allow
researchers to understand flow behavior and quantify
important flow parameters such as mass flow rates or
pressure drops, provided that the CFD tools have been
properly validated against experimental results. For reasons
such as the aforementioned, CFD simulations have become a
valuable tool in helping both the analysis and design of the
intake and exhaust systems of an ICE’s. Many processes in
engines are 3-D, but it requires greater knowledge and large
computational time. Thus simplified 1-D simulation is often
used. There are several components that manifest a complex
three-dimensional flow behavior, such as turbo machinery or
manifolds, which cannot be simulated properly by 1-D
codes, and thus require viscous, 3-D codes.

Hence, it is a right choice to save computational time by
simulating the complex components by means of a 3-D code
and modeling the rest of the system with a 1-D code, i.e. the
ducts. In this way, a coupling methodology between the 1-D
and the 3-D code in the respective interfaces is required, and
has become the objective of humerous authors [8—10].

In 1-D simulation, equations for conservation of mass,
momentum, and energy are solved in time and in one
dimension along the main flow direction in the engine pipes.
Additional models, correlations, or measurements are
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needed in 1-D for capturing 3-D phenomena such as flow
over valves and combustion [11,12].

The present paper aims to develop the 1-D combustion
model of four-stroke port-injection gasoline engine for
predicting the effect of methanol-gasoline (M5, M10, M20,
M30 and M50) fuel blends on the performance of a spark
ignition (SI) engine. For this purpose, simulation of
calibrated gasoline engine model was used as basic
operating condition and the laminar burning velocity
correlations of methanol—gasoline fuel blends for calculating
the changed combustion duration. The engine performances:
torque and specific fuel consumption were compared and
discussed.

Il. THEORETICAL STUDY

A. Simulation setup

The 1-D engine simulation model is developed by using
the software AVL BOOST and has been employed to study
the engine performance working on methanol-gasoline
blends.

PL2

In Fig.1, E1 represents the engine while C1, C2, C3 and
C4 represent the number of cylinders of the engine. MP1 to

MP14 represent the measuring points.

PL1 and PL2

represent the plenum. SB1 and SB2 are for the system
boundary. The flow pipes are numbered 1 to 30. CL1
represents the cleaner. R1 to R10 represent flow restrictions.

TABLE |
ENGINE SPECIFICATION

Engine Parameters Value
Bore (mm) 86
Stroke (mm) 86
Compression ratio 10,5
Connection rod length (mm) 143,5
Number of cylinder 4
Piston pin offset (mm) 0
Displacement (cc) 2000
Intake valve open (deg) 20 BTDC
Intake valve close (deg) 70 ABDC
Exhaust valve open (deg) 50 BBDC
Exhaust valve close (deg) 30 ATDC
Piston surface area (mm?) 5809
Cylinder surface area (mm?) 7550
Number of strokes 4

BTDC = before top death center, ABDC = after top death centre,
BBDC = before bottom death center, ATDC = after top death center.

B. Combustion Model

For the current study Vibe two zone model was selected

for the combustion analysis. This model divides the
combustion chamber into unburned and burned gas regions
[13]. However the assumption that burned and unburned
charges have the same temperature is dropped. Instead, the
first law of thermodynamics is applied to the burned charge
and unburned charge, respectively.

dmyu, CM+ dQ. _deNb
da do da da Q)
dm dm
+h,—2—h BB.b
“da ' da
dmyu, _ _p, dv, _Z dQuu h, dmg
da da da da 2
dmgg ,
_hBB,u dZ‘j .
where,
MP14
Fig. 1. Layout of gasoline engine model. dm u s the change of the internal energy in the cylinder,
. L : dv
The engine model used in this simulation was performed P, — is the piston work,
on a four stroke, four cylinder spark ignition engine with do
port fuel injection. The gasoline engine model was dQ
calibrated by AVL and its layout is shown in Fig. 1 with ~—— is the fuel heat input,
engine specification shown in Table 1. da
The pre-processing step of AVL Boost enable the user to de is wall heat loses
model a 1-Dimensinal engine test bench setup using the da ’
predefined elements provided in the software toolbox. The
various elements are joined by the desired connectors to
establish the complete engine model using pipelines.
ISBN: 978-988-19253-5-0 WCE 2014
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dm, .
hu d_ is the enthalpy flow from the unburned to the
o

burned zone due to the conversion of a fresh charge to
combustion products. Heat flux between the two zones is
neglected.
dm

hgs —2 is the enthalpy due to blow by,
U and b in the subscript are unburned and burned gases.

In addition, the sum of the volume changes must be equal
to the cylinder volume change and the sum of the zone
volumes must be equal to the cylinder volume.

@, o, _dv o
da da da
V, +V, =V (4)

The amount of mixture burned at each time setup is
obtained from the Vibe function. For all other terms, like
wall heat losses, etc., models similar to the single zone
models with an appropriate distribution on the two zones are
used [14].

I11. RESULT AND DISCUSSION

The present study concentrated on the emissions and
performance characteristics of the methanol-gasoline blends.
Different concentrations of the blends 0% Methanol (MO0),
5% Methanol (M5), 10% Methanol (M10), 20% Methanol
(M20), 30% Methanol (M30) and 50% Methanol (M50) by
volume) were analyzed using AVL BOOST at full load
conditions for the speeds ranging from 1000 - 6500 rpm in
the steps of 500rpm. The results are divided into different
subsections based on the parameter analyzed.

A. Engine performance characteristics

The results of the brake power, torque, and specific fuel
consumption for methanol gasoline blended fuels at different
engine speeds are presented here.
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Fig. 2. Influence of methanol gasoline blended fuels on engine brake power.

Fig. 2 shows the influence of methanol gasoline blended
fuels on engine brake power.

The brake power is one of the important factors that
determine the performance of an engine. The variation of
brake power with speed was obtained at full load conditions
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for M5, M10, M20, M30, M50 and pure gasoline MO using
the CFD results. When the methanol content in the blended
fuel was increased (M10, M20 and M30), the engine brake
power slightly increased. The brake power can be attributed
to the increase of the indicated mean effective pressure for
higher methanol content blends. The heat of evaporation of
methanol is higher than that of gasoline, providing air-fuel
charge cooling and increasing the density of the charge. As a
result, a higher power output is obtained. The brake power
of gasoline was higher than those of M50 for all engine
speeds.
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Fig. 3. Influence of methanol gasoline blended fuels on engine torque.

Fig. 3 shows the influence of methanol gasoline blended
fuels on engine torque. The increase of methanol content
(M10 and M20) increased slightly the torque of the engine.
The brake torque of gasoline was higher than those of M30
and M50.

Because of the existence of oxygen in the methanol
chemical component, and the increase of methanol, lean
mixtures are produced that decrease equivalence air-fuel
ratio to a lower value, and due to the presence of oxygen in
the combustion chamber, the burning is more efficient.
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Fig. 4. Influence of methanol gasoline blended fuels on brake specific fuel

consumption.

Fig. 4 indicates the variations of the BSFC for methanol
gasoline blended fuels under various engine speeds. As
shown in this figure, the BSFC increased as the methanol
percentage increased. The reason is that heating value and
stoichiometric air-fuel ratio are the smallest for these two
fuels, which means that for specific air-fuel equivalence ratio
more fuel is needed. The highest specific fuel consumption
is obtained at M50 methanol-gasoline blend.

Also, a slight difference exists between the BSFC when
using gasoline and when using methanol gasoline blended
fuels (M5, M10, M20 and M30). As engine speed increased
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reaching 2000 rpm, the BSFC decreased reaching its
minimum value.

B. Engine emissions characteristics
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Fig. 5. Influence of methanol gasoline blended fuels on CO emissions.

The effect of the methanol gasoline blends on CO
emissions for different engine speeds is shown in Fig. 5. It
can be seen that when methanol percentage increases, the
CO concentration decreases. This can be explained by the
enrichment of oxygen owing to the methanol, in which an
increase in the proportion of oxygen will promote the further
oxidation of CO during the engine exhaust process. Another
significant reason for this reduction is that methanol
(CH30H) has less carbon than gasoline (CgHyis).
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Fig. 6. Influence of methanol gasoline blended fuels on CO emissions.
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The effect of the methanol gasoline blends on HC
emissions for different engine speeds is shown in Fig. 6. It
can be seen that when methanol percentage increases, the
HC concentration decreases. The concentration of HC
emissions decreases with the increase of the relative air-fuel
ratio. The reason for the decrease of HC concentration is
similar to that of CO concentration described above.
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Fig. 7. Influence of methanol gasoline blended fuels on NOx emissions.
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The effect of the methanol gasoline blends on NOx
emissions for different engine speeds is shown in Fig. 7. It
can be seen that when methanol percentage increases, the
NOXx concentration increase. When combustion process is
closer to stoichiometric, flame temperature increases,
therefore, the NOx emissions are increased.

IV. CONCLUSION

The present chapter demonstrates the influences of
methanol addition to gasoline on Sl engine performance and
emissions characteristics.

Methanol gasoline blended fuels show lower brake power
and brake torque and higher BSFC than gasoline.

When methanol percentage increases, the CO and HC
concentration decreases.

Methanol gasoline blends the significant increase in NOx
emissions with the increase of methanol percentage. When
the combustion process is closer to stoichiometric, flame
temperature increases, therefore, the NOx emissions are
increased.
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