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Abstract. This study aims to evaluate the ability of nickel-plated copper catalytic
converters to the fuel consumption of a four-stroke engine. This experimental
research uses Yamaha Vixion Lightning as the object of research. Research instru-
ments used include chassis dynamometer, and fuel flow meter. Fuel consumption
measurements are carried out based on SNI standard 7554:2010. Results from this
study showed that the metallic catalytic converter’s ability to fuel consumption on
a four-stroke motorcycle is no better than a standard exhaust. Fuel consumption is
87%more wasteful onMCC technology. This is because the shape of the outlet on
the MCC case is steeper, making the back pressure higher and causing an increase
in fuel consumption on four-stroke motorcycles.
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1 Preliminary

Petroleum production in Indonesia in the last 10 years has decreased, in 2009 petroleum
production amounted to 346 million barrels and to about 283 million barrels in 2018.
The decline in petroleum production is caused by petroleum’s main production wells
that are generally old and the production of new wells is relatively limited. In fact,
to cover the needs of petroleum reaching 450 million barrels, Indonesia must import
petroleum from several countries in the Middle East [1]. The problem of energy security
in Indonesia, exacerbated by the increasing number of motor vehicles. The number of
motor vehicles increased by 46% from 2017 to 2019 [2]. The increasing number ofmotor
vehicles not only exacerbates energy security problems, but also has a bad influence on
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the environmental sector, namely air pollution [3]. Evidently in March 2020, air quality
in the capital city of Jakarta is the worst in the world with an air quality index value of
166 in the unhealthy category. Poor air quality caused by exhaust emissions produced
by motor vehicles and the main source of air pollution comes from motorcycles then
followed by bus vehicles [4].

Congestion that occurs in almost every major city in Indonesia is also caused by the
increasing number of motor vehicles. Congestion also causes vehicle fuel consumption
to become increasingly wasteful, research [5] stated fuel consumption losses due to
congestion of 147.13 L per day for gasoline-fueled vehicles and 777.82 L for diesel
vehicles. Not only that, but wasteful fuel consumption also causes economic losses to
reach Rp. 9,940,000.

Therefore, it should use technology that is able to overcome the above problems. One
technology that is able to reduce fuel consumption on motorized vehicles is a metallic
catalytic converter.Metallic catalytic converter is a technology that has themain function
to reduce exhaust emissions of motor vehicles applied to exhaust, but this technology is
proven to reduce fuel consumption on motorcycles by 30% when compared to standard
motorcycles [6, 7].

Based on the description above, researchers are interested in analyzing the ability of
metallic catalytic converters made of nickel-plated copper (CuNi). However, the focus
of this research refers to the metallic catalytic converter’s ability to fuel consumption on
four-stroke motorcycles.

2 Materials and Methods

The general procedure used to evaluate the effect of using a metallic catalytic converter
(MCC) CuNi on fuel consumption is by measuring the expiration time of the fuel placed
in the burette every 10 ml. The data collection process is carried out at least three times
for each combination. Then the results are compared between before and after using a
metallic catalytic converter.

2.1 Metallic Catalytic Converter

The catalytic converter used is a three-way catalytic converter. The design used is in
the form of a honeycomb. Experimental design has specifications of 2 mm indentation
height, 54 mm tube diameter, and 100 mm tube length. The main material used is copper
which is then coated with nickel (CuNi). More clearly, the MCC used in this study can
be shown in Fig. 1.

2.2 Apparatus

Metallic Catalytic Converter Nickel-plated copper (MCCCuNi) has been included in the
Yamaha Vixion Lightning exhaust muffler. Then the test vehicle is positioned above the
Inertia chassis dynamometer. The fuel meter is checked to ensure there are no leaks and
is placed close to the test vehicle. Next, the fuel hose from the fuel meter is connected
to the connector on the fuel tank (Fig. 2).
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Fig. 1. MCC Nickel-plated Copper.

Fig. 2. Research Equipment and Instruments.

2.3 Test Procedure

Measurement of fuel consumption using a fuel flow meter, measurements are carried
out using the standard SNI 7554: 2010 [8]. The measurement method uses a 10 ml
measuring glass, then the motor is operated at a speed changing multiple of 1000 RPM
and uses a load in gear 5. The fuel consumption test procedure is carried out in stages
starting from (1) preparing test equipment: burette, fuel hose, and stopwatch; (2) fill the
measuring cup with fuel and attach the fuel hose from the test equipment to the vehicle’s
fuel tank; (3) start the engine until it reaches the working temperature; (4) collect data on
fuel consumption from the idle rotation of the top gear transmission position; (5) record
the time out of fuel every 10 ml; (6) perform the test at each rpm from idle to maximum
rotation with an increase of every 1000 rpm.
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3 Results and Discussion

3.1 Results

Based on Tables 1 and 2, it can be seen that there are differences in fuel consumption
both when using a standard exhaust and using an experimental exhaust or when using
MCC CuNi. To be clear, the differences in fuel consumption in each experiment can be
seen in Fig. 3.

The data inTable 2 andFig. 3 above show that there is a significant difference between
the standard exhaust and the use of the MCC CuNI experimental exhaust. Experimental
exhausts tend to bemore fuel-intensive compared to standard exhausts. After usingMCC
CuNi, fuel consumption tends to be 87% more wasteful than standard exhaust.

Table 1. Fuel Consumption Time in 10 ml

RPM STD EXP

Min Sec Min Sec

1500 9 5 4 22

2000 8 14 3 24

3000 4 27 2 17

4000 3 32 1 46

5000 2 34 1 33

6000 2 15 1 15

7000 1 55 1 0

8000 1 41 0 49

9000 0 59 0 46

Table 2. Fuel Consumption Time in Liter/Hour

RPM STD EXP

L/h L/h

1500 0,05 0,10

2000 0,05 0,13

3000 0,10 0,18

4000 0,12 0,22

5000 0,17 0,28

6000 0,19 0,35

7000 0,23 0,43

8000 0,26 0,53

9000 0,44 0,57
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Fig. 3. Fuel Consumption Graph.

The increase in fuel consumption in the MCC CuNi is influenced by the setting of
the inlet and outlet angles on the MCC case. In accordance with the theory put forward
by Bell [10] and illustrated through Fig. 4, it is known that the outlet angle of the MCC
CuNi casing which tends to be steeper (22o) allows the flow of exhaust gases to be
inhibited and gather in the MCC casing area. Moreover, the turbulence that occurs tends
to be large and results in the exhaust gases losing flow [11].

This condition certainly causes an increase in exhaust gas pressure which leads
back to the combustion chamber. Exhaust gases have the opportunity to re-enter the
combustion chamber at the time of overlapping, where in this condition the two valves
open together at the beginningof the openingof the intake valve and the endof the exhaust
valve closure. Jääskeläinen [12] reveals that under certain conditions, back pressure can
have negative effects on the vehicle, such as: (1) improved pumping performance; (2)
lowering the pressure from the intake manifold; and (3) reduce combustion efficiency.

Ensuring this, the back pressure is measured using the U-tube manometer. The test
results showed that the back pressure on the CuNi MCC tended to be higher by 18%
when compared to the standard exhaust. As predicted, the main cause is the angle of the
MCC CuNi outlet which tends to be steep. As a result, exhaust gases gather in the MCC
case and make the average temperature in the optimum exhaust design increase to more
than 500oC.

This is in accordance with the results of the study Bhure [13] which states that the
higher the back pressure, the lower the engine power. In line with those results, Sapra
et al., [14] revealed that high back pressure can reduce engine operating limits, increase
fuel consumption, and lead to exhaust emissions at the exhaust end.Further Patil &
Chaudhary [15] explained that the increase in back pressure is caused by an increase in
pumping performance (pumping work) and the presence of flushing of the back pressure
effect in the combustion chamber.
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Fig. 4. Desain Casing MCC (a) CuNi dan (b) STD

4 Conclusion

Themetallic catalytic converter’s ability to fuel consumption on a four-strokemotorcycle
is no better than a standard exhaust. Fuel consumption is 87% more wasteful on mcc
technology. This is because the shape of the outlet on the MCC case is steeper, making
the back pressure higher and causing an increase in fuel consumption on four-stroke
motorcycles.

Acknowledgments. Thanks to the Department of Mechanical Engineering and Engine Perfor-
mance Testing Laboratory which have provided support facilities during the research process.

Authors’ Contributions. Warju conceived the original idea. All authors discussed and agreed
with the main focus and ideas of this paper.

References

1. Sekretariat Jenderal Dewan Energi Nasional, Indonesia Energi Outlook. 2019.
2. Asosiasi Industri SepedaMotor Indonesia (AISI), “Motorcycle Statistics Distribution,” 2021.
3. Deendarlianto et al., “Scenarios analysis of energy mix for road transportation sector in

Indonesia,” Renew. Sustain. Energy Rev., vol. 70, pp. 13–23, Apr. 2017, doi: https://doi.org/
10.1016/j.rser.2016.11.206.

4. I. N. Jelita, “Kualitas Udara Ibu Kota Terburuk di Dunia,” 2020. https://mediaindonesia.com/
megapolitan/320890/kualitas-udara-ibu-kota-terburuk-di-dunia (accessed Aug. 25, 2021).

5. B.A. Prasetyo,D.A.Rizani,M. Setiyo,N.Widodo, S. Saifudin, andB.C. Purnomo, “Estimasi
PemborosanBahanBakarAkibatKemacetanMenggunakanAnalisisCitraGoogleMap (Studi
Kasus pada Simpang Armada Town Square Mall Magelang),” Automot. Exp., vol. 1, no. 02,
pp. 36–42, 2018, doi: https://doi.org/10.31603/ae.v1i02.2244.

6. E. W. Amboro and Warju, “Pengaruh Penggunaan Metallic Catalytic Converter Berbahan
Kuningan dan Aplikasi Teknologi Sass Terhadap Emisi Sepeda Motor Honda New Mega
Pro,” J. Pendidik. Tek. Mesin UNESA, vol. 01, no. 2, pp. 102–109, 2013.

7. R. Manunggal and Warju, “Pengaruh Penggunaan Metallic Catalytic Converter Berbahan
Tembaga dan Aplikasi Teknologi SASS Terhadap Performa Sepeda Motor Honda NewMega
Pro,” J. Tek. Mesin, vol. 01, no. 02, p. 2013, 2008.

https://doi.org/10.1016/j.rser.2016.11.206
https://mediaindonesia.com/megapolitan/320890/kualitas-udara-ibu-kota-terburuk-di-dunia
https://doi.org/10.31603/ae.v1i02.2244


Experimental Investigation of Fuel Consumption 161

8. SNI 7554:2010, Measurement of Fuel Consumption for Motor Vehicles Category M1 and
N1. Indonesia: Indonesian National Standard, 2010.

9. Soeryanto, I. M. Arsana, Warju, and S. R. Ariyanto, “Implementation of Online Learning
During the Covid-19 Pandemic in Higher Education,” in The 3rd International Conference
on Social Sciences (ICSS 2020) Implementation, 2020, vol. 473, no. Icss, pp. 632–636. doi:
https://doi.org/10.2991/assehr.k.201014.139.

10. A. G. Bell, Modern Engine Tuning. Haynes Publishing, 1997.
11. M. Bhandwal, M. Kumar, M. Sharma, U. Srivastava, A. Verma, and R. K. Tyagi, “The effect

of using the turbulence enhancement unit before the catalytic converter in diesel engine
emissions,” Int. J. Ambient Energy, vol. 39, no. 1, pp. 73–77, 2018, doi: https://doi.org/10.
1080/01430750.2016.1237889.

12. H. Jääskeläinen, “Engine Exhaust Back Pressure,” 2007.
13. S. Bhure, “Effect of Exhaust Back Pressure on Performance and Emission Characteristics of

Diesel Engine Equipped with Diesel Oxidation Catalyst and Exhaust Gas Recirculation,” Int.
J. Veh. Struct. Syst., vol. 10, no. 3, 2018, doi: https://doi.org/10.4273/ijvss.10.3.09.

14. H. Sapra, M. Godjevac, K. Visser, D. Stapersma, and C. Dijkstra, “Experimental and
simulation-based investigations of marine diesel engine performance against static back pres-
sure,” Appl. Energy, vol. 204, pp. 78–92, 2017, doi: https://doi.org/10.1016/j.apenergy.2017.
06.111.

15. N. Patil and S. Chaudhary, “CFD Analysis of Exhaust Backpressure for Four-Stroke Ci
Engine,” Int. J. Res. Trends Innov., vol. 3, no. 6, pp. 247–252, 2018.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.

https://doi.org/10.2991/assehr.k.201014.139
https://doi.org/10.1080/01430750.2016.1237889
https://doi.org/10.4273/ijvss.10.3.09
https://doi.org/10.1016/j.apenergy.2017.06.111
http://creativecommons.org/licenses/by-nc/4.0/

	Experimental Investigation of Fuel Consumption in Four-Stroke Engines Using Nickel-Plated Copper Catalytic Converters
	1 Preliminary
	2 Materials and Methods
	2.1 Metallic Catalytic Converter
	2.2 Apparatus
	2.3 Test Procedure

	3 Results and Discussion
	3.1 Results

	4 Conclusion
	References




