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Benzin-metanol (M5-M10) karisimlarinin SI motorundaki performans iizerine
deneysel bir arastirmasi

Ravi Farkhan Pratama?, Cahyo Setyo Wibowo?, Nur Allif Fathurrahman?*, Edy Hartulistiyoso*
0z

Alkoller, araglarda metanol kullanimina artan bir ilgi gosteren, fosil yakitlara alternatif temel bir kategoridir. Metanol, sivi
olmasi, benzine benzer ¢esitli fiziksel yanma o6zelliklerine sahip olmasi ve daha yiiksek oktan sayisina sahip olmasi nedeniyle
fosil olmayan yakit olarak iyi bir aday olmustur. Metanol ile karigtirtlmis benzin, buji ateslemeli (SI) motordaki motor ayar
parametrelerini etkileyerek yakitin oktan sayisini artirir. Bu makale, 150cc dort zamanli buji ateslemeli bir motorda benzin
karigimlarinda (M5 ve M10) %5-h/h ve %10-h/v metanol kullanilarak atesleme zamanlamasinin ve enjeksiyon siiresi ayarinin
rolii lizerine bir performans arastirmasi bildirmektedir. Motor Kontrol Modiilii (ECM) ile donatilmis. Burada motor performans
parametreleri, yani tork, glic ve 6zgiil yakit tiiketimi analiz edilirken, bu ¢aligmada OSl¢iilen emisyon kalitesi parametreleri
karbondioksit, karbon monoksit ve yanmamis hidrokarbonlardir. Sonuglara gore, 24 °bTDC atesleme zamanlamasinda ve M5 ve
M10 karigimlarinin kullanilmasinda bir gelisme gosteren + %10 enjeksiyon siiresinde optimize edilmis ayarli motor, standarttan
%2,94 artan motor torku, %1,72 gii¢ ve %7,29 oraninda azalan 6zgiil yakit tiiketimi tiretir. ayn1 yakit karisimimi kullanarak
motoru ayarlamak.

Anahtar Kelimeler: benzin, atesleme zamanlamasi, enjeksiyon siiresi, metanol karigimlari, kivilcim ateslemeli motor

An experimental investigation of gasoline-methanol (M5-M10) blends on
performance in Sl engine

ABSTRACT

Alcohols are an essential alternative to fossil fuels, showing a progressive interest in using methanol in vehicles. Methanol has
been a good candidate as non-fossil fuel because it is liquid, has several physical-combustion properties similar to gasoline, and
has a higher octane number. Gasoline blended with methanol increases the octane number of fuel, influencing engine setting
parameters in the spark-ignition (SI) engine. This paper reports a performance investigation on the role of ignition timing and
injection duration setting using 5 %-v/v and 10 %-v/v of methanol in gasoline blends (M5 and M10) on a 150cc four-stroke
spark-ignition engine fitted with an Engine Control Module (ECM). Here, engine performance parameters were analyzed, i.e.,
torque, power, and specific fuel consumption, while emission-quality parameters measured in this study are carbon dioxide,
carbon monoxide, and unburnt hydrocarbons. Based on the results, optimized-setting engine at 24 °oTDC ignition timing and +
10% injection duration showing an improvement of using M5 and M10 blends produce an increasing 2.94% engine torque,
1.72% power and decreasing 7.29% specific fuel consumption than standard-setting engine using the same fuel blend.
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1. INTRODUCTION

An alternative and renewable energy that are more
environmentally friendly have been made to
reduce fossil fuels and improve environmental air
quality. One type of alternative fuel that can be
developed for an internal combustion engine is
methanol. Methanol is the simplest form of
alcohol, having the chemical formula CH3OH.
Methanol in the atmosphere is a light, volatile,
colourless, flammable liquid. Methanol can be
used as a substitute or fuel mixture [1]-[3].
Methanol has high blending octane values (BOV),
which are nominal 129-134 for research octane
number (RON) and 97-104 for motor octane
number (MON). Methanol-gasoline blends
effectively increase the octane number of the fuel
and improve the fuel's anti-knock properties.
Methanol has a higher fire speed, higher latent heat
of evaporation, and complete combustion. At low
mixed concentrations, the use of a mixture of
gasoline and methanol does not require
modification to the engine [4]-[6]. Furthermore, it
can improve the quality of gasoline, reduce
emissions and increase engine efficiency.

Methanol itself has not been used in Indonesia as
a fuel substitute or mixture. The use of methanol
for the fuel mixture will slowly reduce the
consumption of fossil fuels in Indonesia. As
already mentioned, one of the uses of methanol is
a mixture or substitute for the vehicle’s fuel blend
[7]-[9]. Another research showed that maximum
torque and power were obtained with M85
(gasoline 15% + methanol 85%) and flex-fuel kit
installed, 5.13% higher than its standard fuel. Fuel
consumption on a km/I basis was higher with M85
due to the lower calorific value of the fuel blends.
The noise of the engine was also noticeably
smoother with M85 fuel. The use of M85 resulted
in a lower amount of carbon monoxide and a
higher amount of nitrogen oxides [10], [11].

Although the utilization of methanol in low
concentrations in vehicles does not require engine
modification, an optimization of engine
performance is still needed to minimize the effect
of higher RON and lower heating values [12]. It
was clear that the different characteristics between
gasoline and methanol, such as the heating value
and the octane number influencing it. One thing
that can improve engine efficiency is to change the
ignition timing and injection rate settings on the
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engine [13]. Tunka and Polcar [14] studied the
effect of various ignition timings on gasoline
engine combustion and performances. The
experiment was carried on a four-cylinder Audi
engine, with test conditions such as wide-open
throttle, constant engine speed of 2500 rpm, and
stoichiometric mixture fraction. The experiment
found that an increase in ignition timing resulted
in a rise in engine power and torque, reflecting
higher pressure in the cylinder. Sukarnoetal. [15]
conducted a study about ignition timing changes
on the engine performance of automatic
motorcycles. Five ignition timing variations were
tested. The study determined that optimum
ignition timing produced a 12,5% increase in
torque, 13,9% increase in power and a 28,95%
decrease in fuel consumption than standard
ignition timing. Gong et al. [11] studied the
influence of ignition timing on combustion and
spark ignition methanol engine emissions with
added hydrogen. The results indicated that
advanced ignition timing increased maximum
cylinder pressure and decreased carbon monoxide
and unburnt hydrocarbon. Wu et al. [16] studied
the effect of injection and ignition timings on
performance and emissions from methanol-fueled
spark-ignition engines. The research findings were
that optimum ignition timing produced the highest
indicated thermal efficiency, the shortest ignition
delay, and the most negligible coefficient of
variation. However, this study showed increased
ignition timing increased total hydrocarbon,
carbon monoxide, and nitrogen oxides [7], [17].
Wibowo et al. [18], [19] researched optimization
of gasoline-ethanol blend fuels in various engine
settings. Fuel used was three kinds of gasoline
with RON 88, 92, and 98 blended with 40% fuel-
grade ethanol. The study concluded that the engine
performance could be optimized by advancing the
ignition timing and reducing the injection
duration. Higher octane in the fuel also leads to a
higher increase in torque and power [20].
Therefore, it is necessary to study ignition timing
and injection duration settings influenced by low
methanol concentrations of 5% and 10% (M5 and
M10) on gasoline blend in engine performance.

It was clear that methanol has such great potential
as gasoline blends and alternative fuels.
Considering the oxygenate content and RON, the
impression of performance engine affect methanol
as gasoline-methanol (GE) blends is interested in
exploring. This study presents the identification of
the optimal ignition timing and injection duration
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settings for the performance of gasoline engines
using a mixture of 5% methanol on gasoline (M5)
and 10% methanol on gasoline (M10). Here, the
engine performance, i.e.,, torque, power, and
specific fuel consumption, was investigated with
ignition timing and injection duration optimization
on 150 cc four-stroke Sl engine.

2. EXPERIMENTAL SETUP

In general, the experimental setup consists of a
150cc four-stroke Sl engine fitted with an Engine
Control Module (ECM). The design for this
experiment is shown in Figure 1. The specification
of the test engine is shown in Table 1. The test was
carried out on an engine dynamometer to measure
performance parameters and an emission analyzer
to measure emission qualities. This study used
gasoline with RON 90 (sold as Pertalite in
Indonesia) and fuel-grade methanol with 99.6%
purity. Those two fuels are mixed into two blends
(%-volume), which were M5 (95% gasoline + 5%
methanol), and M10 (90% gasoline + 10%
methanol). The properties of methanol are shown
in Table 2, and the properties of gasoline methanol
blends are shown in Table 3. The engine
performance parameters are carried out, i.e.,
torque, power, and specific fuel consumption,
while emission-quality parameters measured in
this study are carbon dioxide, carbon monoxide,
and unburnt hydrocarbon.

Test engine control and
data acquisition

Engine dynamometer

Engine Control Module

Fuel “'=': )
fo}—E P |
—  Fuel flow sensor %, e 3 W
Sl engine ¥
Emission analyzer
Figure 1. Experiment setup
Table 1. Engine specification
Engine tvoe Four-strokes, DOHC liquid-
g yp cooled
Cylinder number Single
Bore 57,3 mm
Stroke 57,8 mm
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Engine

disglacement 1494 cc
Compression ratio  11,3:1

Fuel system Fuel-injection
Transmission Manual

Ignition system

Pedal and electric

Oil capacity 1,0 liter on the periodic change
Fuel Unleaded gasoline
Ignition type Full transistorized, battery

NGK MR9C-9N atau ND
Spark plug

U27EPR-N9

Spark plug gap

0,6 -0,7mm

Maximum power

16,8 Hp /9000 rpm

Maximum torque

13,7 Nm /7000 rpm

Table 2. Fuel properties of methanol

Characteristics Value Methods
Density (kg/m?) 794 ASTM D 1298
Boiling point (°C) 65 ASTM D 86
Research octane 106-115 ASTM D 2699
number

High heating value

(MI/kg) 22.9 ASTM D 240
Low heating value

(MJ/kg) 20.1 ASTM D 240
Molecular weight 3204 i

(kg/kmol)

Table 3. Fuel properties of pure gasoline and blends

Pristine
Characteristics Gasoline M5 M10 Methods

MO
(E:(Z'}ri:?)’ at1sC 136 73872 74053 for P
Eggs:fep?;;a) 51.4 70.3 74.25 ?%Tl'v' D
(I%(i:s)tillation 10% 571 465 46.9 &STM D
(I%(i:s)tillation 50% 96.9 935 89 &STM D
(I?é:s)tillation 90% 1704 166.1 169.7 QGSTM D
Research Octane 991 23 s HoMP
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3. RESULTS AND DISCUSSION

3.1. Torque

Figure 2 shows the results of the torque test at four
engine speed points. The test changes the ignition
timing from the standard condition, namely 20
°%TDC, to earlier (2 increments). This time the test
was performed with the most advanced ignition
timing at 28 °TDC. The ignition timing is
adjusted to obtain the maximum brake torque on
the ignition timing point for fuel use [21], [22]. In
this experiment, in addition to the standard engine
settings, the ignition timing settings were carried
out with the exact change in injection duration,
which was standard, + 10%, and -10%. The
injection duration setting that produces the
maximum torque is + 10%, so the ground is
selected.

13.0

1254 v
- P
12,0 4 -
115 4
T 1.0 g
> ] /
o 1054 X
3 1 b 4
S 100+
P B
9.5 @ M5, Ignition 20 bTDC, Standard Fuel Base
1 A MS5. Ignition 22 bTDC, +10% Fuel Base
9,0 ¥ M5, Ignition 24 bTDC, +10% Fuel Base
| 2
g 74 <4 M5, Ignition 26 bTDC, +10% Fuel Base
8.5 4 > MS, Ignition 28 bTDC, +10% Fucl Base
T T T T T
3000 4000 5000 6000 7000 8000

Engine speed (rpm)

Figure 2. Torque at various ignition timings using M5 fuel

Based on the graph, the torque increases with
increasing engine speed until it reaches the highest
value at 6500 rpm, then the torque decreases again
at the 8000 rpm point. According to engine
specifications, it was indicated that the maximum
torque is achieved at 7000 rpm engine speed. The
first test was carried out using M5 fuel. The result
showed M5 fuel with standard engine settings
produces a maximum torque of 12.13 Nm at 8000
rpm. The ignition timing setting that produces the
maximum torque is 24 °bTDC. The ignition timing
setting produces a maximum torque of 12.523 Nm
at 6500 rpm, increasing 3.21% over the M5 fuel
use with the standard engine setting. The increase
in torque occurs because the MBT ignition timing
for M5 fuel occurs at an ignition timing that is
more advanced than the standard-setting.
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Another variable in this study is the injection
duration setting with the same injection amount for
each fuel sample and engine setting. This setting is
done through the engine control module, which
then adjusts the duration of the injector opening
expressed in units of time (ms). This study used
two injection duration settings, namely + 10% and
+ 15%, compared to the standard injection
duration setting that produces maximum torque.
Figure 3 shows that it is found that the maximum
torque is still obtained at injection duration + 10%.
The injection duration setting + 15% produces a
maximum torque of 1.173% lower than the 10%
injection duration setting. It shows that the
injection duration setting affects the AFR during
combustion. AFR that produces maximum torque
Is obtained at setting injection duration + 10%.

13.0 5
12,5 4 X 2
v
12,0 4 A
11,54
e 1.0 *
Z
o 1054 o4
=4 ®
3 1004
9.5 A
904 v ® - MS. Ignition 20 bTDC, Standard I'uel Base
¥ M3, Ignition 24 bTDC. +10% Fuel Base
8.5 A -4 MS, Ignition 24 bTDC, +15% Fuel Base
¥ T ’ T v T L4 T ¥ T

3000 4000 5000 6000 7000 8000

Engine speed (rpm)

Figure 3. Torque at various injection duration using M5
fuel

Figure 4 illustrates the results of the torque
measurement in an experiment using M10 fuel.
Torque readings are done at engine speed of 3500,
5000, 6500, and 8000 rpm with wide-open throttle
conditions. In this part of the experiment, it is done
by varying the ignition timing settings. The
injection duration settings this time are all set to +
10%. This is because in the standard ignition
timing and injection duration settings, the engine
does not produce enough torque at high engine
speed so that the experiment cannot be carried out
until it is finished. The ignition timing settings
used are standard, + 2° bTDC, and + 4° bTDC.
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13,0 4

12,0 4
11,5 o
11,0 4
10,5 o [ ]

10,0

Torque (N m)

9.0 4 Ps M10, Ignition 20 bTDC, +10% Fuel Base
MI10, Igmtion 22 bTDC. +10% Fuel Base
8.5 - & - M10, Ignition 24 b1 DC, +10% Fuel Base

T T T T
3000 4000 5000 6000 7000 8000

Engine speed (rpm)
Figure 4. Torque at various ignition timings using M10 fuel

Based on the experimental results, the torque has
increased along with the increase in engine
rotation speed until it reaches the maximum torque
at 6500 rpm, then the torque decreases at 8000
rpm. The ignition timing setting that produces
maximum torque is 24° bTDC or 4° ahead of
standard ignition timing. This arrangement
increases torque from 12.002 N m at the standard-
setting to 12.538 Nm or 4.462%. This increase
shows that the MBT ignition timing in this
experiment is 24 °bTDC.

13,0 5
12,5 o &
12,0 4
11,5 4
11,0 -

10.5 -

Torque (N m)

10.0 4

9.0 ¢ MI0. Ignition 20 bT1C, +10% Fuel Base
~—-@--MI10, Ignition 24 bTDC, +10% Fucl Basc
8.5 4 MIQ. Ignition 24 bTDC, +15% Fuel Base

T T T T T
3000 4000 5000 6000 7000 8000

Engine speed (rpm)

Figure 5. Torque at various injection durations using M10
fuel

The variable in this experiment, besides the
ignition timing setting, is the injection duration
setting. Increasing injection duration setting is
done at ignition timing which produces maximum
torque. The injection duration tested is + 10% and
+ 15% of the standard-setting. Based on this test,
there was no significant difference between the
two injection duration settings (Figure 5). The
difference in the maximum torque value of these
two settings is only 0.117%, with the injection
duration setting + 10% having a higher value. A
more significant difference between the two
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settings occurs at an engine speed of 8000 rpm.
There is a difference in the torque value of 1.582%
in this condition, with setting injection duration +
10% resulting in a higher torque value.

3.2. Power

Figure 6 depicts the power generated by the engine
at four engine speeds, namely 3500, 5000, 6500,
and 8000 rpm. The four-engine speeds represent
the range of operating conditions of the engine.
The test is carried out with the engine in wide-open
throttle to obtain the maximum power value. The
first test is done by using a variation of the ignition
timing. The standard ignition timing used is 20
%TDC, then advanced in increments of + 2° until
it reaches 28 °bTDC.There is an increase in power
and engine speed, where the maximum power
occurs at the highest engine speed. It is consistent
with engine specifications where the maximum
power occurs at a higher engine speed than at
maximum torque. Changes in ignition timing
affect the power generated by the engine. Changes
to the more advanced ignition timing can increase
the power generated by the engine to a certain
point [1], [23]. In this test, the maximum power
obtained at the ignition timing setting is 28 °®6TDC,
10.335 kW at 8000 rpm. However, in this setting,
the power at a lower engine speed has a lower
value than other ignition timing settings, so the
setting is less than optimal. The optimal setting in
this test is obtained at an ignition timing of 24
%TDC, where this setting reaches the maximum
break torque value in the previous parameter. In
this arrangement, the power obtained is 10.22 kW
at 8000 rpm, and 8.52 kW at 6500 rpm. The
maximum torque is increased by 0.59% over
standard-setting. It is better than the 28 °bTDC
ignition timing, which gets 10.335 kW at 8000 rpm
and only 7.525 kW at 6500 rpm.

10 4 .
9
o i
~ L 2
= 4
=
o
5]
: ]
= i
® MS, Ignition 20 bTDC, Standard Fuel Base
4 A M5, Ignition 22 bTDC, +10% Fuel Base
—w-- MS, Ignition 24 bTDC, +10% Fuel Base
3 4 MS, lgnition 26 bTDC, +10% Fuel Base
= » M5, Ignition 28 bTDC, +10% Fuel Base
T T T T T
3000 4000 5000 6000 7000 8000

Engine speed (rpm)

Figure 6. Power at various ignition timings using M5 fuel
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In addition to ignition timing settings, another -

setting is injection duration. This setting shows a o y
duration that the injectors are open to distribute

fuel. The injection duration setting used is + 10% ] »

and + 15% from the baseline setting. The variation 81 '

of these settings is applied to the optimal ignition
timing settings. Based on Figure 7, it was found
that the optimal injection duration setting is + 10%
from the baseline. There was a power increase of

Power (kW)

0.59% on the + 10% injection duration setting, 4+ # 10 e 20 GO, +100 T B
while there was a decrease in power by 1.772% in 3] - M10,Iption 24 bTDG, +10% Fue Dase
the + 15% injection duration setting. It shows that = ™ s L A v
the AFR that produces the maximum power is Engine speed (rpm)
obtained at the + 10% injection duration setting.
e Figure 8. Power at various ignition timings using M10 fuel
1o+ B Another setting that will be tested is injection
9 ~ duration. These variations are used for optimum
N od ignition timing settings. The injection duration
s ] - setting to be tested + 10% and + 15% from the
o baseline setting. Figure 9 shows that the highest
5 ° ¥ power is obtained at the + 10% injection duration
5 4 setting. This setting produces a power of 10.27
4 o Ve 0sToe sedmirenee] KW, 1.58% higher than the injection duration +
SIS i ime mietes | 15%, which makes a power of 10.11 kW.
e T R L e Optimum injection duration will have the optimum
Engine speed (rpm) AFR, which is when the lambda is 0.86.
Figure 7. Power at various injection durations using M5 ]
fuel 10 - 4
Figure 8 shows engine power measurements at 9
four speeds, i.e., 3500, 5000, 6500, and 8000 rpm. §d a
The engine is operated at wide-open throttle. The s ]
variation of engine settings that will be tested first T
is the ignition timing. The ignition timing settings Z ]
used in the M10 test are 20 °6TDC, namely the i
standard-setting, 22 °vTDC, and 24 °6TDC. The 4 e T
ignition timing setting is limited to this point < MIL, lomon 24 BTG +155 el Be
because the more advanced ignition timing it = = e = N
settings did not complete the test cycle, with the Engine speed (rpm)
engine stopping when the test reached 6500 rpm.
The increase in power is directly proportional to Figure 9. Power at various injection durations using M10
the rise in engine rotational speed, where the fuel

maximum power is obtained at the ignition timing

setting of 24 °TDC. This setting produces a full

power of 10.27 kW, an increase of 2.18% from the 3.3. Specific Fuel Consumption

standard-setting, making 10.05 kW.
Figure 10 shows the calculation of specific fuel
consumption obtained at four engine speeds,
namely 3500, 5000, 6500, and 8000 rpm. The test
was carried out with the engine in wide-open
throttle conditions. The independent variable in
this experiment is the ignition timing setting. The
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ignition timing used is the standard setting of 20
°bTDC, and the advanced ignition timing is 22, 24,
26, and 28 °bTDC.

[ M. Tgnition 20 BTDC, Standard Fuel Base
I M5, Tenition 22 bTDC, +10% Fuel Base
B M5, Tgnition 24 BTDC, +10% Fuel Base
I M. Tgnition 26 BTDC, +10% Fuel Base
B M. lpnition 28 b1DC, +10% L'uel Base

3500 5000 6300 8000

Engine speed (rpm)

Figure 10. Specific fuel consumption at various ignition

timing using M5 fuel
Fuel-injection engine system is affected by
injection duration that an increasing the engine
speed will extend the duration of fuel injection. It
was clear that the amount of fuel entering the
combustion chamber would increase—different
engine speeds result in a different fuel
consumption trend. Furthermore, at an engine
speed of 8000 rpm, the engine's mechanical losses
increase, so an equivalent increase in power does
not accompany an increase in fuel consumption. It
causes the specific fuel consumption value to be
high.

I M5, Ignition 20 bTDC, Standard Fuel Base
700 - B V5. Ignition 24 bTDC. +10% Fuel Base
I V5. Ignition 24 bTDC. +15% Fuel Base

600 -

SFC (2/kWh)

3000 4000 5000 6000 7000 8000

Engine speed (rpm)

Figure 11. Specific fuel consumption at various injection
durations using M5 fuel

Based on Figure 11, the lowest specific fuel
consumption is obtained at the 24 °bTDC ignition
timing setting with a value of 226.99 g / kWh at an
engine speed of 6500 rpm. This value decreased by
7.29% compared to the standard-setting. It was
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also influenced by the amount of power generated
in the ignition timing settings. Another setting in
this study is injection duration, which is used to
adjust the duration of the fuel injector opening
when injecting fuel. The settings used are + 10%
and + 15% from the standard-setting. The addition
of injection duration from + 10% to + 15%
increases the value of specific fuel consumption at
6500 rpm engine speed by 31.41%. This increase
was due to increased fuel consumption not
accompanied by an increase in the power
generated.

M10, Tgnition 20 bTDC, +10% Tuel Base
B M10. 1gnition 22 bIDC, +10% Fuel Base
700 - | I M10, Tenition 24 bTDC, +10% Fuel Base

600
500
400 =

300 —

SFC (g/kWh)

200 —

100

0 < : :
3500 5000 6500 8000

Engine speed (rpm)

Figure 12. Specific fuel consumption at various ignition
timings using M10 fuel

Figure 12 shows the results of testing specific fuel
consumption values at different ignition timing
settings. The ignition timing is the default setting
at 20 °bTDC, and the advanced settings are 22 and
24 bTDC. Based on the graph, the specific fuel
consumption values increase with increasing
engine speed, except at 6500 rpm. The increase in
power occurs highest at the engine speed so that
the value of the specific fuel consumption is low.
Minimum specific fuel consumption is achieved at
a setting of 24 °6TDC at 6500 rpm. This value is
6.27% lower than the specific fuel consumption
value at the standard-setting. In addition, ignition
timing settings were used to be the independent
variable is the injection duration setting [24], [25].
The injection duration setting used is + 10% and +
15% from the standard-setting. This variation of
setting is tested on the ignition timing setting,
which produces a maximum break torque ignition
timing, which is 24 °6TDC. Figure 13 shows that
it is found that increasing injection duration from
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+10% to + 15% increases the value of specific fuel
consumption.

M10, Tgnition 20 bTDC, +10% Tuel Base
I 110, 1gnition 24 bTDC, +10% Fuel Base
FEEE M10, Tgnition 24 bTDC, +15% Fuel Base

SFC (g/kWh)

5000 6500 8000

Engine speed (rpm)

Figure 13. Specific fuel consumption at various injection
durations using M10 fuel

3.4. An Optimization Engine Setting

Figure 14 shows the torque generated when using
RON 90 gasoline at standard settings and M5 and
M10 fuel blends with optimized engine settings to
get maximum break torque. Testing using gasoline
RON 90 at standard engine settings produces a
torque of 12.18 Nm at 6500 rpm. Then the two
mixed fuels produce a maximum break torque at
the same engine setting, namely ignition timing at
24 °bTDC and injection duration + 10%. Based on
this graph, the M5 and M10 fuels produce a
maximum torque that does not differ much, with a
0.118% difference. The highest torque in this
experiment is achieved when using M10 fuel, with
a maximum torque of 12.538 Nm. This value
increases from the torque when using RON 90
gasoline by 2.936%.

11,5 4

11,0 o

=
T 105 L
= 7
2 -
S 100 s "-
9.5
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85 ® - MI0, Ignition 24 bTDC, +10% Fuel Base
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3000 4000 5000 6000 7600 8000
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Figure 14. Torque using MO at standard engine setting, M5
and M10 at optimized engine settings
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Figure 15 compares the resulting power between
gasoline RON 90 at standard engine settings and
the M5 and M10 fuels at the optimal engine
settings. Based on Figure 15, the two mixed fuels
produce power that is not much different, and both
of them produce higher power than RON 90
gasoline. The highest power is obtained at ignition
timing 24 °bTDC and injection duration + 10%. It
shows that optimized engine settings resulted in an
optimum combustion process with minimum
power loss, resulting in high power output.
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=
o
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° ,
2%} ¥
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34 ® - MI0, Ignition 24 BTDC, +10% Fuel Base
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3000 4000 5000 6000 7000 8000

Engine speed (rpm)

Figure 15. Power using MO at standard engine setting, M5
and M10 at optimized engine settings

Figure 16 illustrates the comparison between
gasoline RON 90 at standard settings and the use
of M5 and M10 fuel at optimal settings. The
optimum setting used for the benefit of both mixed
fuels is 24 °bTDC ignition timing and injection
duration + 10% from the standard-setting. This
setting produces the lowest specific fuel
consumption value for the use of both fuels.

Based on Figure 16, the lowest specific fuel
consumption value is achieved by M5 fuel. It
shows that an optimization engine setting has been
made to M5 with 24 °bTDC ignition timing and
injection duration + 10% from the standard-
setting. An increase in ignition timing resulted in a
rise in engine power and torque, reflecting higher
pressure in the cylinder [20], [22]. On the other
hand, a higher specific fuel consumption value is
generated by M10 fuel. It was clear that M10 fuel
has a lower heating value than M5, requiring a
more significant amount of fuel to produce the
same power, with the same optimization engine
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setting (24 °bTDC ignition timing and injection
duration + 10% from the standard-setting).
I Mo, 1gnition 20 bTDC, Standard Fuel Base

B M5, Ignition 24 bTDC. +10% Fuel Base
700 5 I V10, Tgnition 24 bTDC, +10% Fuel Base

3500 5000 6500 8000

Engine speed (rpm)

Figure 16. SFC using MO at standard engine setting, M5
and M10 at optimized engine settings

Figure 17 compares gasoline RON 90 at standard
engine settings and the use of M5 and M10 fuels
at the optimum engine setting for testing carbon
dioxide levels in exhaust gas emissions. The three
fuels produce the highest carbon dioxide levels at
an ignition timing of 20° bTDC. At engine speeds
of 3500 and 5000 rpm, the highest levels of carbon
dioxide are produced by RON 90 gasoline, but at
engine speeds of 6500 and 8000 rpm. The highest
level of CO2 is produced when using M5 fuel with
standard ignition timing and injection duration at
an engine speed of 6500 rpm, with the resulting
carbon dioxide content of 10.994%.

I V0. 1gnition 20 b1DC, Standard Fuel Base
MS. Tgnition 20 bTDC, Standard Fuel Base
M10. Ignition 20 bTDC, +10% Fuel Base

CO2 (% vol)

3500 5000 6500 8000

Engine speed (rpm)

Figure 17. Carbon dioxide percentage using MO at standard
engine setting, M5 and M10 at optimized engine settings

Figure 18 compares gasoline RON 90 at standard
engine settings and the use of M5 and M10 fuels
at the optimum engine settings for testing carbon
monoxide levels in exhaust emissions. The two
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mixed fuels tested produced the lowest carbon
monoxide levels at different engine settings. M5
fuel produces the lowest carbon monoxide at an
ignition timing of 28 °bTDC, while M10 fuel at 22
°TDC. The lowest carbon monoxide content was
produced in the M5 fuel test with an ignition
timing of 28 °bTDC at an engine speed of 6500
rpm, namely 0.1075%. It means that the
combustion that occurs is close to stoichiometry,
so that the combustion hardly produces carbon
monoxide.

I MO, [gnition 20 bTDC, Standard Fucl Basc
B M5, Ignition 28 bTDC, +10% Fuel Base
12 4 BB M 10, Tgnition 22 bTDC, +10% Fuel Base

CO (% vol)

3500 5000 6500 8000

Engine speed (rpm)

Figure 18. Carbon monoxide percentage using MO at
standard engine setting, M5 and M10 at optimized engine
settings

Figure 19 compares gasoline RON 90 at standard
engine settings and the use of M5 and M10 fuels
at the optimum engine settings for testing
hydrocarbon levels in exhaust emissions. The two
mixed fuels tested produced the lowest
hydrocarbon levels at different engine settings. M5
fuel produces the lowest carbon monoxide at an
ignition timing of 28 °bTDC, while M10 fuel at 22
°TDC. The lowest hydrocarbon content was built
in the M10 fuel test with an ignition timing of 22
°TDC at an engine speed of 6500 rpm, 17.1 ppm.
It means that the combustion that occurs is close to
stoichiometry, so combustion hardly produces
hydrocarbons [26], [27].
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Figure 19. Unburnt hydrocarbon percentage using MO at standard
engine setting, M5 and M10 at optimized engine settings

CONCLUSION

Improved engine performance and emission
qualities of 150cc four-stroke S| engines with
gasoline RON 90 and methanol blends (M5 and
M10) were studied using optimized ignition timing
and injection duration. The results showed that
optimized ignition timing and injection duration
settings improved engine performance and
emission content qualities. The engine setting with
the highest performance improvement was 24
%TDC ignition timing and +10% injection
duration. The optimized engine settings on M5
fuel blend resulted in up to 12.99% of engine
torque, 1.72% increase in engine power, and 7.2%
decrease in specific fuel consumption and
improvements in exhaust gas qualities with
decreased carbon monoxide levels. At the same
time, there was a slight increase in unburnt
hydrocarbon compared to the standard engine
setting. Finally, it can also be concluded that in the
use of methanol as a gasoline fuel mixture, the
engine settings must be changed from the initial
setting to produce optimum performance because
methanol has different fuel properties with
gasoline.
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