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Abstract: Gasoline ignition system in automobiles is still one
of the world's main fuel consumption today. The spark plug is one
of the key features of a gasoline engine during the combustion
process. The incompatibility between the width of the plug and the
combustion engine fuel used causes a backfire and a knock. The
spark plug gap had therefore been investigated in order to improve
the engine's performance by controlling the combustion process.
The main objective of this study is to analyze the effect of side
gapping spark plug engine performance and emission. The
selected type of spark plug being used for this study is cooper
spark plug. This study has examined the parameters of side
gapping spark plug gap (0.7 mm, 0.8 mm, 1.0 mm and 1.2 mm)
and of revolution per minutes RPM (1000 rpm, 1500 rpm, 2000
rpm, 2000 rpm, 2500 rpm, 3000rpm, 3500 rpm, 4000 rpm, 4500
rpm and 5000 rpm) also the emission effect in term of carbon
monoxide (CO), hydrocarbon (HC) and oxygen (O,). In this test,
performance and power are showed an increment of side gapping
spark plug. Other than that, this study is also showed positive
results where the reduction in the percentage of opacity is
demonstrated. Since the result has obtained for engine
performance and emission showed positive outcome, this study
can be used in future and highly recommended for continue with
different type of spark plug.

Index Terms: Spark plug, Engine performance, Spark
ignition, emission, Fuel consumption

I. INTRODUCTION

Nowadays, the spark plug for every petrol car is one of the
most significant parts, because it is used to move the car from
another location. A spark plug helps to convey power from an
ignition scheme to the combustion chamber of a spark
inflame to burn the compressed air / fuel combination via an
electric spark while maintaining the fuel pressure within the
motor [1]. The spark plug has a big purpose in engine
components which are to start the vehicle, to help the engine
performance growth, to evacuate heat from combustion
chamber and many more. According to the study conducted
by [2], the primary parameters under investigation as the
impact of the spark plug design on spark ignition engine
efficiency are many elements including number of
components, electrode, gap projection, gap, size and
orientation.
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Due to the design of the center and floor electrodes, it is
become the main factor demonstrating the efficiency of the
spark plug. There are have several types of spark plug
available today are known as “copper”, “platinum”, “double
platinum”, “iridium” and “silver”. Each types of spark plug
have their own characteristics which are making them able to
withstand the heat and have a lifespan according to each type.
According to [3], with different spark plug gaps it can helps
to produce different result at various powers. Mostly, the
engine performance and emission parameters are affected by
spark plug gap, excess air ratio and compression ratio.

Fig. 1 Standard vs side gaping spark plug [4]

The main objectives in this study are:

e To study the differences of side gapping of spark plug
based on the gapping of each spark plug.

e To observe the emission of vehicle when using this kind
of gapping of spark plug.

e To observe the engine performance before and after
using side gapping spark plug.

Il. METHODOLOGY

A five (5) sets of spark plug type copper are used in this
study. The gap of spark plug is measured by using feeler
gauge and the measurements are recorded before testing. The
engine performance is tested at engine dynamometer by
using engine CamPro CPS1.6 liters. For collecting emission
data, gas analyzer BOSCH 720 is used.

A. Side gapping installation

Side gapping installation is the process after done getting
the result of standard spark plug. The standard spark plug is
being used inside the engine dynamometer, so it is needed to
replace at the first place before install the side gapping spark
plug inside the engine dynamometer.
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There is no engine modification is required to perform the
installation. The installation process for side gapping spark
plug is just as same procedure as replacing the spark plug
inside the engine. Therefore, the most important things are to
make sure all the components such as ignition coil and
connector locking tab are tightening very well after install the
side gapping spark plug. (Fig. 2)
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Fig. 2 Spark Plug Compartment.

B. Engine dynamometer

The engine dynamometer (Fig. 3) is reads numerous
amounts of parameter reading such as revolutions per minute
(rpm), engine power, torque, water temperature, oil pressure
and temperature, exhaust temperature, and air/fuel ratio.

Fig. 3 Engine Dynamometer

As for the first phase of the experiment, the spark plug was
installed into the engine dynamometer to analyze for the
engine performance and emission by using standard spark
plug and side gapping spark plug.

Before installing side gapping spark plug, the data from
actual speed of engine is collected by using standard spark
plug. The data collected from the engine dynamometer will
be tested three times and the best one of data will be selected
to do the comparison with each of different side gapping.
From the beginning, it will be set up for fully loaded which
mean the throttle body is fully open 100% for ease the
comparison and to see the effect on the engine performance.

After the collection of the data, side gapping spark plug
was set up to the engine dynamometer then the same process
of collecting the data of SI engine with the help of side
gapping spark plug earlier is applied. Best result will be
analyzed and compared.

The experiment is set up at eight different sets of engine
RPM ranging from 1000 RPM to 5000 RPM with the
incremental of 500 RPM. All this sets of engine speed are in
constant state.

I11. RESULTS AND DISCUSSION

The findings of the experiment were obtained and taken
into line graphs one by one, with the completion of this
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experiment, to accomplish a natural aspired motor condition
during the first run. D. Engine speed vs power between
standard and side gapping spark plug.

A. Engine speed vs power between standard and side
gapping spark plug

The Fig. 4 shows the 0.8mm side gapping spark plug can
reach is 66.7 kW at 5000rpm. The 1.0mm side gapping
showed an improvement where it can maintain the highest
power starting from 1000rpm until 4000rpm. The result for
1.1mm side gapping were not reach the expectation since the
power was produced by 1.0mm side gapping spark plug
impressive but when the size was increased to 0.1mm, it only
showed a slightly improvement.
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Fig. 4 Comparison for overall data of engine speed vs
power between standard spark plug and side gapping
spark plug

B. Engine speed vs torque between standard and side
gapping spark plug.

As have been discussed before, every side gapping spark
plug showed an improvement even the different of side
gapping only 0.1mm but the result impressive. Based on the
figure 4.11, at the 1000rpm, the differences of each torque
were produced showed different outcome. Since the 1.0mm
side gapping spark plug produced the highest power, it also
produced the highest torque. The differences gapping for
torque were produce from the lowest to the highest is 0.5Nm.
As can be seen from the graph, each of side gapping spark
plug also showed the torque was increase since have
improvement on the engine power.

engine torque vs speed between
standard spark plug and side gapping
spark plug
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Fig. 5 Comparison for overall data of engine speed vs
torque between standard spark plug and side gapping
spark plug
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C. Fuel consumption

Based on the Fig. 6, overall data was showed the highest
fuel consumption was produced by standard spark plug and
the less consumed is 1.0mm side gapping spark plug. The
result for others side gapping spark plug showed a better fuel
consumption when compared to the standard spark plug.
409.7 g/KWH of fuel required to produce a power of 1
kilowatt for duration of 1 hour was obtained from standard
spark plug means it is consumed more fuel compared to the
all of side gapping spark plug. For overall data, side gapping
spark plug has consumed less fuel consumption.

standard fuel consumption vs side
gaping spark plug
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Fig. 6 Comparison for overall data for standard fuel
consumption vs side gapping spark plug

D. Emission

On this part, it will cover 3 types of data related to the
emission which are carbon monoxide, hydrocarbon and
oxygen. The data has been obtained was discussed based on
the graph between standard spark plug and side gapping
spark plug.

Based on the Fig. 7, the gas of carbon monoxide showed
the number is rapidly increase at 3000rpm until 5000rpm for
standard spark plug, 0.7mm and 0.8mm side gapping. The
carbon monoxide increased after the rpm was increased. The
result for large width side gapping spark plug like 1.0mm and
1.1mm a bit different as can be seen from the graph where at
the 2500rpm it showed the carbon monoxide was decreasing
and after it reached 3000rpm, it was increased until 5000rpm.
But at the end of result, the large width side gapping was
produced less carbon monoxide compared to the rest spark

plug.

engine speed vs carbon monoxide

w S
W oo onm

—e—standard

&8-0.7mm

~oA

0.8mm

carbon monoxide CO%%
[ "~
+ w»m w
’x

1.0mm

¥—1l.1lmm

1000 1500 2000 2500 3000 3500 4000 4500 5000
RPM

Fig. 7 Engine speed vs carbon monoxide

Fig. 8 is showed the result of engine speed versus
hydrocarbon. As can be seen from the graph, standard spark
plug produced the highest hydrocarbon at 1000rpm when it
reached 173 ppm vol. but the result for side gapping showed
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is was decreased the amount of hydrocarbon as much as 20%
to 30%. The effect of side gapping really showed the impact
on this result. The lowest produced hydrocarbon was 0.7mm
side gapping when it reached at the 3000rpm.

engine speed vs hydrocarbon
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Fig. 8 Engine speed vs hydrocarbon

Based on the data from Fig. 9, it showed the result of
0.7mm side gapping spark plug produced more oxygen
compared to the standard spark plug. The result for others
side gapping spark plug like 0.8mm, 1.0mm and 1.1mm was
produced less oxygen compared to the standard spark plug.
All the data for standard and side gapping spark plug showed
it was drastically decreased when the RPM become higher
and the amount of the oxygen was produced almost equally.
Overall, the effect of side gapping spark plug over engine
performance and emission showed a positive feedback which
it can be conclude as a successful research. All of the side
gapping spark plug has a different result and that really
helping in doing this research.

engine speed vs oxygen
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Fig. 9 Engine speed vs oxygen

IV. CONCLUSION

By the end of the research, we can conclude all of the data
collected at the end of the research. We can say it was done
successfully, although it had lots of ups and downs. In this
research project, the objectives had to be reached:

e To study the differences of side gapping of spark plug
based on the gapping of each spark plug.

e To observe the engine performance before and after
using side gapping spark plug.

¢ To observe the emission of vehicle when using this kind
of gapping of spark plug.
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The outcome and the data can be seen as reasons for

claiming that these objectives were achieved.

The comparison of torque, fuel and power generated
between standard spark plug and side gapping spark plug
had provided a good answer and, at the same time, both the
first and the second goals of this research experiment had
been verified. From the data collection the side gaping spark
plug had a stronger impact on engine performance, with a
1.0 mm side gaping spark plug being the obvious one that
showed the better result.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

S.Senthilkumar, Manikandan G, Naveen Raju M, Poorna Chandran
(May, 2016), Experimental Investigation on Improving Life of Spark
Plug Using Various Coating, International Journal of Innovative
Research in Science, Engineering and Technology, volume 5, special
issue 5, page 175185, ISSN 2319-8753.

Ahmed A. Abdel-Rehim (June, 2013), Impact of spark plug number of
ground electrodes on engine stability, Ain Shams Engineering Journal,
Volume 4, Issue 2, Pages 307-316.

Ceper, B. A. (2012). Experimental investigation of the effect of spark
plug gap on a hydrogen fueled Sl engine. International Journal of
Hydrogen Energy, 37(22), 17310-17320.

Wijgco (Dec, 2014) TR Register. Retrieved from
https://www.tr-register.co.uk/forums/index.php?/topic/49859-spark-plu
gs/

Herweg R, Ziegler GFW. Flame kernel formation in a spark-ignition
engine. In: International symposium COMODIA 90; 1990. p. 173-8.

G. T. Kalghatgi, "Spark ignition, early flame development and cyclic
variation in IC engines," SAE Technical Paper 0148-7191, 1987.

Hori, T., Shibata, M., Okabe, S., & Hashizume, K. (2003). Super
Ignition Spark Plug with Fine Center & amp; Ground Electrodes. SAE
Technical Paper Series.

Pischinger S, Heywood JB. How heat losses to spark plug electrodes
affect flame kernel development in an Sl engine. SAE paper 900021;
1990.

Armando Ortiz, Jorge L. Romero, Ignacio Cueva, Victor H. Jacobo,
Rafael Schouwenaars (April 2013), Spark plug failure due to a
combination of strong magnetic fields and undesirable fuel additives,
Case Studies in Engineering Failure Analysis, Volume 1, Issue 2, , Pages
67-71, ISSN 2213-2902.

James D. Halderman, 7th edition, “Automotive Engines Theory and
Servicing”, Pearson, Prentice hall, Professional Technician Series.
Yen-Jen Chen, Chia-Hung Chien, Fuel Consumption System, Journal of
Computer and Communications, 2015, 3, 153-158.

CamPro engine specification
http://www.wikiwand.com/en/CamPro_engine

Raksit Thitipatanapong, Montien Kaenson And Sataporn Klylung, A
150-kW Low Cost Engine Hydrostatic Dynamometer: Design and
Feasibility Study, The 5th International Conference on Automotive
Engineering (ICAE-5), Bangkok, Thailand

Engine dynamometer
https://www.superflow.com/aspx/cat.aspx?catid=2 &navid=7

Engine analyser http://www.hydrotransonline.com/Products/PDF/FS
A.pdf

Emin Yilmaz, engine and dynamometer service and fuel consumption
measurements, proceedings of the 2003 american society for
engineering education annual conference & exposition copyright ©
2003, american society for engineering education, page
8.489.1-8.489.14.

Armando Ortiz, Jorge L. Romero, Ignacio Cueva, Victor H. Jacobo,
Rafael Schouwenaars (April 2013), Spark plug failure due to a
combination of strong magnetic fields and undesirable fuel additives,
Case Studies in Engineering Failure Analysis, Volume 1, Issue 2, , Pages
67-71, ISSN 2213-2902.

Brown AG, Stone CR, Beckwith P. Cycle-by-cycle variation in spark
ignition engine combustion-part i: flame speed and combustion
measurements and a simplified turbulent combustion model. SAE paper
960612; 1996.

Walid. M. Al-Momani, Omar. O. Badran. Experimental investigation of
factors affecting vehicle fuel consumption. 180 International Journal of
Mechanical and Materials Engineering (IJMME), Vol. 2 (2007), No. 2,
180--188.

Retrieval Number: D5126118419/2019©BEIESP

DOI:10.35940/ijrte.D5126.118419

20.

21.

6148

Ginting, T., Manurung, H., Harahap, A. J., Ongko, E., Hartono, H.,
Abdullah, D., ... Sudarsana, I. K. (2018). Effect of Types and Gap on
Spark Plugs on Exhaust Emissions on the 110CC Double Wheel
Vehicles and Its Dissemination Using Website. Journal of Physics:
Conference Series, 1114, 012097.

Craver R, Podiak R, Miller R. Spark plug design factors and their effect
on engine performance. SAE technical paper 700081; 1970.

AUTHORS PROFILE

Ahmad Shahril is a Lecturer at Universiti Kuala
Lumpur,Malaysia  France Institute.He obtained
Bachelor of Mechanical Engineering  From
Universitaire  Aix Marseille 2,France.Master of
Engineering in Manufacturing system from Universiti
Putra Malaysia.His research interest are finite element
analysis, Material, machining and automotive.

Mohd Zaki Bahrom is a lecturer in the Automotive
Engineering Section at Universiti Kuala Lumpur
Malaysia France Institute Malaysia. He graduates from
Universiti Teknologi MARA. His research interests
include friction materials, engine performance,
tribology and renewable energy.

Rifgi Irzuan Abdul Jalal received B.Eng. degree in
mechanical engineering from Okayama University,
Japan, in 2008. He worked for an automotive company,
= Proton Holding as lan engine development engineer
from 2008 to 2012. He was a resident development
engineer at Lotus Engineering, United Kingdom in
2009 as one of the team to develop Proton first
turbocharged engine. In 2012, he went to Loughborough
University, United Kingdom where he received the
Ph.D. degree in automotive engineering in December
2016. In 2017, he joined the automotive engineering
section, Universiti Kuala Lumpur (Malaysia France
Institute), where he currently holds the position as a
senior lecturer. His

research interests are thermal management, design
optimization, engine cooling system, advance control
strategy, component durability, model-based calibration,
engine performance and aerodynamic.

Dr Eida Nadirah Roslin is a Senior Lecturer at
Universiti Kuala Lumpur, Malaysia France Institute.
She obtained her Bach. of Engineering in
Manufacturing from International Islamic University
Malaysia, Master of Engineering in Manufacturing
System from Universiti Putra Malaysia and PhD in
Engineering (Manufacturing System) from University of
Malaya, Malaysia. She is currently a Research Principle
for Advanced Manufacturing Mechanical and
Innovation Research Lab. Her research interest include
Manufacturing System, Operation Management, Lean
System, Sustainable Engineering and Renewable
System.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation'


http://www.wikiwand.com/en/CamPro_engine
http://www.hydrotransonline.com/Products/PDF/FS%20A.pdf
http://www.hydrotransonline.com/Products/PDF/FS%20A.pdf

