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ARTICLEINFO ABSTRACT

Article history: Public vehicles such as motorcycles today could use some types of

. fuel selection from PT. Pertamina for premium gasoline engines
Recl:?elvgd gﬂzrchl éi gggi among other things, pertalite and pertamax. Each type of fuel has an
A ewsted Mp” 28’ 5021 octane number of different. Engine performance is heavily influenced
ccepted May 2o, by several factors, including the type of fuel used and the pistons

(large and small combustion chamber volume). The purpose of this
Keywords: study was to determine the effect of different octane number of
gasoline on the performance of torque, power, and then analyze the
Brake Thermal Efficiency  specific fuel consumption, brake thermal efficiency and exhaust
Emissions  emjssions at otto engine. The results of the experimental test engine
N Power  performance otto one cylinder indicates a maximum torque of 40 Nm
Spesific Fuel Consumption  at engine speed 1410 rpm when using gasoline pertamax, followed
Torque torque of 38 Nm at engine speed 1221 rpm when using gasoline
pertalite and torque of 29 Nm at rpm 1877 when using premium
gasoline. While the maximum power when using gasoline pertamax of
13,870 kW at 4409 rpm, followed pertalite 12,602 kW at 4041 rpm
rotation, and premium gasoline amounted to 12,229 kW at 4688 rpm
rotation. For specific fuel consumption is minimal (economical) when
using gasoline pertamax amounted to 0.171 kg/kW.h at 4409 rpm,
followed by gasoline pertalite of 0.229 kg/kW.h at 4041 rpm, then
premium gasoline amounted to 0.273 kg/kW. h on 4688 rpm. Brake
thermal efficiency (BTE) is achieved when the maximum engine using
gasoline pertamax amounted to 48.124% at engine speed 4409 rpm,
followed by the gasoline engine BTE pertalite 36.659% at 4041 rpm
and the engine BTE premium gasoline amounted to 31.673% at 4688
rpm.
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1. INTRODUCTION

Motor fuel is a machine or power aircraft which is a heat engine by using heat energy to perform
mechanical work by converting chemical energy from fuel into thermal energy so as to produce
mechanical energy (Martinus, 2017). How to get the thermal energy from the results of the fuel
combustion process in the engine itself (Simanungkalit & Sitorus, 2013). Car and motorcycle
engines require a type of fuel that matches the design of the engine itself in order to work properly
and produce optimal performance (Sururi & Waluyo, 2015). The type of gasoline is usually
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represented by an octane number/value (RON), for example Premium 88 octane, Pertalite 90
octane(Amrullah et al., 2021), Pertamax octane 92 and so on. The higher the octane number, the
price per liter is generally higher (expensive) (Dance, 2019). But not necessarily that if you fill high
octane gasoline in a car or motorcycle engine, then it will produce higher power as well (Muku &
Sukadana, 2009).

Different machine specifications. In a good brochure will display information on the
compression ratio (Compression Ratio / CR) (Fuaz, 2010). This CR is the result of the calculation
of the pressure ratio related to the volume of the combustion chamber to the distance of the piston
stroke from the bottom dead center to the top dead point when the engine is running (Majedi &
Puspitasari, 2017).

Low octane fuel is more flammable. The higher the CR value on the engine, it means that it
requires high octane fuel (Son & Sakti, 2018) A high compression engine makes fuel burn quickly
(due to high pressure), which will be a problem is, when the fuel burns early (because the octane is
low while the CR is high) before the spark plug sparks (Viandi, 2017). When the piston rises to the
top to compress, the gasoline ignites before the spark plug, as a result the piston seems to be hit
hard by the combustion chamber explosion, this event is called detonation / knocking. In fact, we
see a lot, especially at gas stations, where vehicles with high compression engines have long
queues at gas stations in the premium section, not in the pertalite or pertamax sections. This
shows that users of these high-compression vehicles prefer to buy and use premium rather than
pertalite or pertamax (Hani, 2017). The economic factor is more urgent than the future damage to
the vehicle engine or indeed the lack of information regarding the selection of this fuel (Simarmata
et al.,, 2021). Therefore, the authors are interested in conducting research on the comparison
between premium fuel, pertalite and pertamax on engine performance using a test medium in the
form of a Honda Megapro motorcycle. The parameters used to assess the performance of the
engine include: torque, power, specific fuel consumption (specific fuel consumption), brake thermal
efficiency and engine exhaust emissions (Nofendri, 2016).

The purposes of writing this thesis are as follows: (1) To compare the performance of the
Honda Megapro engine using premium fuel, pertalite and pertamax (Pulungan, 2016)(2) To
determine the exhaust gas emissions of the otto engine when using premium fuel, pertalite and
pertamax fuel (Habibi, 2016). The benefits of this thesis are as follows: (1) Can find out the
comparison of the performance of the Honda Megapro engine using premium fuel, pertalite and
pertamax (Sutrisno et al., 2021). (2) As a reference for users of machines that have a compression
ratio (rc) of 9.0: 1 or owners of Honda Megapro vehicles to use fossil fuels that are right on target.

2. RESEARCH METHOD

To observe and predict the vibrations that occur in the transmission, it is done by building
numerical rules that will simulate the natural frequency and vibration modes that occur (Napitupulu
et al., 2021). In this study, the two rules will be reviewed to obtain comfortable vibration
characteristics when driving. For this reason, the first step that needs to be done is to identify the
design parameters of the vibration object to be studied (Naibaho, 2018).

2.1 Method of Collecting Data

The data used in the later tests include: (1) Primary data, is data obtained directly from
measurements and readings on the instrumentation unit and measuring instruments in each test
(Supriyatmojo et al., 2018). (2) Secondary data, is data about the characteristics of the fuel used in
the test (Country et al., 2009).

2.2 Otto Engine Performance Testing Flowchart
Otto Engine Performance Testing was carried out using a Honda Megapro single cylinder otto

engine manufactured by PT. Astra Honda Motor (Winarto, 2014). In the research test, the
performance of the otto engine was carried out with variations in fuel and speed (Ariawan et al.,
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2016). The flow chart of the otto engine performance testing carried out in the study can be seen in

Figure 3.19
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Figure 1. Motorcycle Engine Performance Testing Flowchart

3. RESULTS AND DISCUSSIONS

3.1. Performance Test

The data obtained from the engine performance testing includes rotation, power, torque and fuel
consumption time per 10 ml which is carried out directly using variations of premium fuel, pertalite
and pertamax.

3.2. Torque and Power

The following is the test result data on the otto engine with variations of premium fuel, pertalite and
pertamax.

« Premium +  Pertalite + Pertamax
== Paly. (Premium) =~ Poly. (Pertalite) == Poly. (Pertamax)
y = 3E-10w- 5E-06x" + 0,0178x + 0,3804 | |y =-8E-07" + 0,0016x + 35,933 [y = -1E-06x" + 0,0028x + 36,653
R =08586 _R1=09465 R?=0,9313
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Figure 2. Graph of Comparison of Fuel Against Torque and Speed

From the data above, it can be seen the amount of torque for each test, for premium fuel the lowest
torque occurs at 1000 rpm, which is 21.362 Nm, while the highest torque occurs at 1877 rpm,
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which is 29 Nm. For pertalite fuel, the lowest torque occurs at 5000 rpm, which is 23,337 Nm, while
the highest torque occurs at 1221 rpm, which is 38 Nm. And Pertamax fuel has the lowest torque at
5000 rpm, which is 23.711 Nm, while the highest torque occurs at 1410 rpm, which is 40 Nm.

The size of the torque is influenced by the engine speed and load. The heavier the engine
load is, the greater the torque required to achieve higher speeds. There are several ways to
increase the torque value of an engine, namely by increasing the piston stroke or by increasing the
volume of the combustion chamber, but this will greatly affect the fuel efficiency and construction of
the engine. From the above test through the use of the right type of fuel can also
increase torque.

3.3. Specific Fuel Consumption (SFC)

The following is the data on the calculation of specific fuel consumption (sfc) on the otto engine
with variations of premium fuel, pertalite and pertamax.

+ Premium +  Pertalite +  Pertamax
F Poly. (Pfgrlligml o, —Dgky (Pertalite) Poly. (Pertamax)
"- = -8E-07x* + 0,0073x - 4,3246 | y = 4E-08x* - 0,0004x + 1,0922 ¥ = -5E-07x* + 0,0051x - 0,9131
R? = 0,9763 ‘ R? = 0,9525 R* = 0,9029
1,600
1,400 -
= 1,200
=
= 1,000
£
~ 0,800
& 0,600 -
0,400 -
0,200
0,000 + + + 1 t
0 1000 2000 3000 4000 5000 6000
rpm

Figure 3. Graph Of The Relationship Of Specific Fuel Consumption To Rotation

From the results of the calculations and the graph above, it can be seen the amount of Specific
Fuel Consumption (SFC) for each calculation, for premium fuel, the lowest SFC occurs at 4688
rpm, which is 0.273 kg/kwh, while the highest SFC occurs at 1000 rpm, which is 1.641 kg. /kWh.
For pertalite fuel, the lowest SFC occurs at 4041 rpm, which is 0.229 kg/kwWh, while the highest
SFC occurs at 1500 rpm, which is 0.978 kg/kWh. And for Pertamax fuel, the lowest SFC occurs at
4409 rpm, which is 0.171 kg/kWh, while the highest SFC occurs at 1221 rpm, which is 0.829
kg/kWh. Specific fuel consumption is affected by engine speed when it will reach maximum torque
on the engine-engine then the specific fuel consumption will be stable again. When the engine
speed is higher and the engine power also reaches its maximum peak, the specific fuel
consumption decreases.

3.4. Brake Thermal Efficiency (BTE)

Brake thermal efficiency is the ratio of the actual output power to the average heat rate generated
from fuel combustion. The following is the result of calculating the thermal efficiency of brake (nth)b
on an otto engine with variations of premium fuel, pertalite and pertamax with a combustion
efficiency value (nc) = 0.95 which will be used in the formula.
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+ Premium + Pertalite + Pertamax
~— Poly. (Premium) ~———Poly. (Pertalite) ~— Poly. (Pertamax

y = -2E-06x° + 0,0172x - 10,226 y =-1E-06x* + 0,0147x - 2,9291 y = -2E-06x* + 0,021x - 5,4449
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Figure 4. Graph of Comparison of Fuel Against Brake Thermal Efficiency And Rotation

From the calculation results and the graph above, it can be seen the magnitude of the thermal
efficiency of the brake for each fuel. For premium fuel, the lowest thermal brake efficiency occurs at
1000 rpm, which is 5.271%, while the highest brake thermal efficiency occurs at 4688 rpm, which is
31.673%. For pertalite fuel, the lowest thermal brake efficiency occurs at 1000 rpm, which is
9.651%, while the highest brake thermal efficiency occurs at 4041 rpm, which is 36.659%. And on
Pertamax fuel, the lowest thermal brake efficiency occurs at 1000 rpm, which is 13.167%, while the
highest brake thermal efficiency occurs at 4409 rpm, which is 48.124%.

3.5. Vehicle Exhaust Emission Test

On the otto engine exhaust emissions when using premium fuel types, pertalite and pertamax, the
results of the Autologic gas analyzer readings can be seen from the levels of carbon monoxide
(CO), hydrocarbons (HC), carbon dioxide (CO2), and oxygen (O2) in the table below this :

Table 1. Test Results Of Engine Exhaust Emissions Using Premium Fuel

Putaran

Mosin (o0 L[} 0y 0,
(rpm) (%) (ppm) (%) (%)
1000 101 1776 N 1631
1221 103 1287 29 16,07
1410 1,06 1251 9 1597
1500 1,10 1186 29 15,75
18477 1,18 950 N 1527
2000 1,19 9 12 15,20
2500 1.27 v 4 1515
1000 1,31 TR 1.8 1514
1500 137 1) 14 1503
4000 148 B2 Y] 14.95
41 1 AS 87 A6 14,99
4409 1 45 TO% 3.7 14.94
4500 1 44 793 W4 1491
1688 1 4) T K 14,88
5000 I 43 TR ) 14,78
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Table 2. The Results Of Testing The Engine Exhaust Emissions Using Pertalite Fuel

Putaran
Mesin co HC CO, 03
(rpm) (%a) (ppm) (%) (%)
1000 0,92 1250 32 15,55
1221 0,97 963 32 15,39
1410 1.04 962 32 15.38
1500 1.06 948 33 15.37
1877 1,16 944 34 15,34
2000 1,17 866 35 15,15
2500 1.20 860 38 15.10
3000 1.23 829 4.1 15.08
3500 1.30 771 43 14.94
4000 1.34 727 43 14.75
4041 1.35 677 43 14.49
4409 1.38 727 44 14.75
4500 1.39 646 45 14.32
4688 1,40 629 4.5 14,32
5000 1.42 629 4.5 14.32

Table 3. The Results Of Testing The Engine Exhaust Emissions Using Pertamax Fuel

Puturan |
Mevin (A L) U (N 0,
(rpm) () Ippm) v} (")
s - |
o) oM 1160 (R T
l ! !
)88 M3 ‘i i |
l ! { {
410 X N 4 |
‘ + ' !
F ) )N L) ¥ AX |
4 i
’ “ ) 4 N ‘x |
) 4
| L) Y4e . £ 1
} v - '
[ 2500 4 f i 'L J
} ’ |
[ M IL1S ™ n il ‘
} + |
[ 3500 1 4450 T, 'Y ‘
) v - 1
[ oo I ‘ ' ‘
} , |
[ L) 129 | ‘ [ ‘
} + {
| Lan | 4he ‘ M) ‘
} ’ - '
| A0 | W 4 ‘
l ! ! l
dhA 1 40 | AN |
[ . ! | ! 1
| x| 1,40 ) | AN i |

3.5.1. Comparative Analysis of Oxygen (O2) Levels in Exhaust Gas

The following is a comparison table for each type of fuel that produces O2 exhaust gas
against variations in engine speed:
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Table 4. Comparison Of O2 Levels After Using Pertalite Fuel

Futarsn
' 0, M%) Selinih bandungan
Meus
Premium Fertaling 0, %)
(rpom)
- . -
L 6 $ .48 0T
. . -
o0 1L 04N
4 1 v | L 1 0
- . - . - =
. ‘
. L 5 ‘I
- . -
o 3
. + +
’ ‘N1 ( Y1
. . -
o 4 . T
. + +
x - (
. +
“onx iy 4
. ‘ +
404 aw ™ ‘
. 4 +
dam A 4

Rty cata

From the data above, it can be concluded: (1) The largest decrease in O2 levels occurred at 1000
rpm, which was 0.76%. (2) Comparison of exhaust emissions after using pertalite fuel, O2

decreased on average = 0.332 %. (3) The higher the rpm, the lower the O2 exhaust emissions.
Table 5. Comparison Of O2 Levels After Using Pertamax Fuel

Putaran
Sz 0, (%) 0, (%) Selisih kandungan
Premium Pertamax 02 (%)
(rpm)
1000 1631 16,16 0.15
1221 16,07 1542 0,65
1410 15.97 14.91 1,06
1500 15,75 14.85 0.90
1877 1527 14.85 042
2000 15.20 14.79 0.41
2500 15.15 14.56 0.59
3000 15,14 14,14 1,00
3500 15,03 14,07 0.96
4000 14,95 13,97 0.98
4041 14,99 13,76 123
4409 14,94 13.60 1,34
4500 1491 13.54 137
4688 1488 13,51 1,37
5000 14,78 13,46 1,32
Rata-rata 0917

From the data above, it can be concluded: (1) The largest decrease in O2 levels occurred at 4500-
4688 rpm, which was 1.37%. (2) Comparison of exhaust emissions after using Pertamax fuel, O2
decreased on average = 0.917 %. (3) The higher the rpm, the lower the O2 exhaust emissions.
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Figure 5. Graph Of The Comparison Of The Type Of Fuel To Oxygen (O2) And Engine Speed

From the graph above, it shows that the type of premium fuel produces more O2 exhaust gas along
with the increase in engine speed. Breastfeeding pertalite and pertamax fuel types. When the
engine speed is higher, the graph shows the level of exhaust gas O2 is decreasing.

4. CONCLUSION

For single-cylinder otto engines (Honda Megapro) or those with a compression ratio of 9.0: 1, it can
produce different torque, power, sfc, BTE and exhaust emissions for premium fuel types, pertalite
and pertamax. From the results of this study, several conclusions can be drawn:
(1) On a single cylinder motorcycle engine, the highest torque when using premium fuel types is 29
Nm at 1877 rpm engine speed. When using pertalite fuel, the highest torque value is 38 Nm at
1221 rpm engine speed. While the highest torque produced when using Pertamax fuel is 40 Nm at
1410 rpm engine speed. This means that at engine speed of 1221 rpm — 1877 rpm, the torque
produced when using Pertamax fuel is higher than that produced when using premium and pertalite
fuel types. (2) The highest engine power produced when using premium fuel types is 12,229 kW at
4688 rpm engine speed. For the use of pertalite fuel, the highest engine power is 12,602 kW at
4041 rpm engine speed. And the highest power produced when using Pertamax fuel is 13,870 kW
at 4409 rpm engine speed. This means that at 4041 rpm — 4688 rpm engine speed, the engine
power produced when using Pertamax fuel is higher than the power produced when using premium
and pertalite fuel types. (3) For premium fuel types, the lowest sfc at 4688 rpm is 0.273 kg/kwh and
the highest sfc at 1000 rpm is 1.641 kg/kWh. For pertalite fuel type, the lowest sfc at 4041 rpm is
0.229 kg/kWh and the highest sfc at 1500 rpm is 0.978 kg/kwh. While for Pertamax fuel type, the
lowest sfc at engine speed of 4409 rpm is 0.171 kg/kWwh and the highest sfc at engine speed of
1221 rpm is 0.829 kg/kWh lower (efficient) than the type of premium fuel and pertalite. (4) The
thermal brake efficiency (BTE) of the engine when using premium fuel is the lowest at 1000 rpm is
5.271% and the highest BTE is at 4688 rpm is 31.673%. For pertalite fuel type, the lowest engine
BTE at 1000 rpm engine speed is 9.651% and the highest engine BTE at 4041 rpm engine speed
is 36,659%. Meanwhile, when using Pertamax fuel, the lowest engine BTE at 1000 rpm was
13.167% and the highest BTE at 4409 rpm was 48.124%. This means that at an engine speed of
1000 rpm and an engine speed of 4041 rpm — 4688 rpm, it can be concluded that the thermal
efficiency of the engine brake (BTE) when using Pertamax fuel is higher than the premium and
pertalite fuel types. (5) Comparison of exhaust emissions after using Pertamax fuel, CO decreased
on average = 0.11%. (6) Comparison of exhaust emissions after using Pertamax fuel, HC
decreased on average = 319.933 ppm (7) Comparison of exhaust emissions after using Pertamax
fuel, CO2 increased on average = 0.813 %. (8) Comparison of exhaust emissions after using
Pertamax fuel, O2 decreased on average = 0.917 % CO decreased on average = 0.11%. (6)
Comparison of exhaust emissions after using Pertamax fuel, HC decreased on average = 319.933
ppm (7) Comparison of exhaust emissions after using Pertamax fuel, CO2 increased on average =
0.813 %. (8) Comparison of exhaust emissions after using Pertamax fuel, O2 decreased on
average = 0.917 % CO decreased on average = 0.11%. (6) Comparison of exhaust emissions after
using Pertamax fuel, HC decreased on average = 319.933 ppm (7) Comparison of exhaust
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emissions after using Pertamax fuel, CO2 increased on average = 0.813 %. (8) Comparison of
exhaust emissions after using Pertamax fuel, O2 decreased on average = 0.917 %
Suggestions in this study are: (1) Before testing students are expected to make sure the

motorcycle is in good condition, sensors or measuring instruments are installed properly, and the
latest tools in order to get better and accurate results (2) At the time of testing should always check
the engine compression ratio. (3) It is recommended to motorists (cars) to be more vigilant when
heating the engine in an enclosed space (closed garages and building parking lots) because the
carbon monoxide (CO) gas produced can be inhaled so that it can endanger health. (4) Turn off
motorized vehicle engines when there is a long traffic jam on the highway, in order to avoid
producing more CO pollutants in the air.
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