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ABSTRACT: Installing a catalytic converter in the muffler is a typical method of reducing
engine exhaust emissions. Catalytic converters have been shown to lower exhaust pollutants
while enhancing engine performance. The influence of the number of brass catalyst plates
(Cu-Zn) on the Performance of the four stroke commercial Yamaha Jupiter MX motorcycle
engine manufactured in 2007 was investigated in this study. The catalyst is installed in the
motorbike muffler, with the number of catalyst plates varying between 5 and 8, and a
conventional uncatalyzed muffler serving as a comparison. Torque, power, specific fuel
consumption, and thermal efficiency are among the performance factors that will be
considered. A prony brake dynamometer was used to conduct torque and power
measurements. The results indicate that exhaust with eight catalyst plates can improve engine
performance more than an exhaust with five catalyst plates. Furthermore, mufflers equipped
with eight catalyst plates can boost engine efficiency by an average of 17.65%. Thus,
increasing the number of catalyst brass plates improves the machine's efficiency.
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1. INTRODUCTION

The increase in motorized vehicle use corresponds to the growing number of people who
rely on these daily activities [1]. The high amount of air pollution induced by machine use is
unavoidable and is particularly prevalent in developing nations such as Indonesia [2]. The most
excellent significant source of air pollution is exhaust emissions from motor vehicle
combustion [3]. Installing a catalytic converter is one approach to minimize exhaust emissions.
A catalytic converter can lower exhaust emissions by assisting or speeding up the process of
converting a substance, although the catalyst element itself does not react [4]. Installing a
catalytic converter accelerates the oxidation of hydrocarbon and carbon monoxide emissions,
as well as the NOx reduction reaction [5].

Typically, the catalytic converter is mounted in the muffler system of the car. However,
consider the insertion of a catalytic converter to retain engine performance. Numerous studies
have been undertaken to determine the effect of installing a catalytic converter on a vehicle's
engine [6]. According to Manunggal and Warju [7], the installation of a copper-based catalytic
converter in the muffler will reduce exhaust emissions and increase torque by 25.96% and
power by 25.54%. Meanwhile, Amboro and Warju [8] researched the effect of thick metallic
catalytic converter plates made of nickel-plated brass to reduce CO and HC emissions and
improve engine performance.

Catalytic converters have been used to reduce exhaust emissions from motor vehicles for
an extended period. Since 1975, this device has been utilized in the United States of America
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(USA) to comply with increasingly strict environmental protection agency (EPA) requirements
addressing motor vehicle exhaust gases. This technology degrades or eliminates hazardous
chemicals (poisons) in exhaust gases [9, 10].

The increase in air pollution caused by transportation modes hugely concerns and
negatively influences life and the environment in the modern-day. Carbon monoxide (CO),
hydrocarbons (HC), nitrogen oxides (NOx), sulfur oxides (SO2), and lead (Pb) can all be
produced by a vehicle [11, 12]. The most prevalent of these poisons is Carbon Monoxide gas,
which is created during inefficient fuel combustion and is used in gasoline engines [13].

Carbon monoxide gas is produced during lean combustion as a result of insufficient mixing
of fuel and air. One may say that the CO setting is extremely low in terms of the proportion of
fuel entering the combustion chamber. Agree with the hypothesis; if the amount of oxygen in
the mixture exceeds the degree of the complete circle mixture (hypothesis), the mixture will
also become tilted, preventing the formation of CO. However, CO does occur and is routed
throughout the mix for slanted boot. After all, this is a carefully orchestrated response.

A catalyst converter is a term that refers to a catalyst that is installed in the space
immediately behind the muffler duct. Its purpose is to filter hydrocarbons (unburned gasoline)
and other engine contaminants. When platinum and palladium materials are used, catalysts are
quite expensive [14].

It is anticipated that this research will enable the development of an alternate solution to
the problem of air pollution caused by motorcycle exhaust emissions without compromising
the engine's Performance through the use of a low-cost catalytic converter put in the muffler.

2. MATERIAL AND METHOD

This research entails numerous procedures; the following is a flow chart outlining each
one (Fig. 1).
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Fig. 1. Research procedure
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The investigation was conducted experimentally on a four-stroke gasoline-powered
combustion engine of the YAMAHA brand type Jupiter MX built in 2007. The first step was
to place a digital tachometer on the motor to monitor the engine speed. Then comes the design
and construction of the catalytic converter that will be inserted in the muffler. The next stage
is performance testing utilizing a Prony brake dynamometer to determine torque and power.

Table 1: Jupiter MX motorcycle specifications

Dimensions and weight Engine Type
Length 1945 mm Engine Four-stroke
Width 705 mm Number of cylinders 1 cylinder
Height 1065 mm Fuel Ron 92
Piston stroke 58.7 mm Compression ratio 109:1
Cylinder volume 135 cc Maximum power 8.45 kW at 8500 rpm
Cylinder diameter 54.0 mm Maximum torque  11.65Nm at 5500 rpm

A brass (Cu-Zn) catalytic converter was used in this investigation, as seen in Fig. 2. The
catalyst's cross-section is shaped like a circle with a diameter of 90 mm and a plate thickness
of 1 mm. The catalyst part was perforated with up to 21 holes, a diameter of 8 mm and a spacing
of 15 mm between holes.

15
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Fig. 2. Details of the catalyst design (unit in mm)

The prepared catalyst is next positioned in the typical motor exhaust section (Fig. 3), with
the number of catalyst plates varying between five and eight as shown at Fig. 4 and 5. The
plates are 3 mm apart. Three test mufflers were employed in the investigation.
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Fig. 5. Schematic of exhaust with catalyst eight plate

The prony brake dynamometer utilized in this investigation is the result of its design and
installation. The prony brake testing equipment design entails creating the prony brake's
dimensions and construction using the solid works 2014 application. Fig. 6.a and b illustrate
the prony brake test tool's schematic.

Three types of muffler were employed in this test: conventional muffler, muffler with an
additional five catalyst plates, and muffler with an additional eight catalyst plates. The test is
conducted with the factors under consideration such as constant engine speed at 2000 rpm and
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load fluctuations (0.1 kg; 0.3 kg; 0.5 kg; 0.7 kg; 0.9 kg). Torque and power measurements was

be made with a Prony brake dynamometer, as seen in Fig. 6. Test was endded when 5 ml of
fuel consumed.

a b

Fig. 6. Schematic of the prony brake test; isometric (a) and top view (b)

3. RESULT AND DISCUSSION

As illustrated in Fig. 7, at a constant engine speed of 2000 rpm, the higher the load, the

higher the fuel consumption. In other words, using a brass catalytic converter can help you save
money on fuel.
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Fig. 7. Comparison graph of fuel consumption rate

The most significant reduction in fuel consumption occurred with a Prony load of 0.9 kg,
or 12.56 percent. While the slightest reduction in fuel usage came at a load of 0.3 kg, a 5.25

percent reduction. If the average value is used, the percentage reduction in fuel consumption
in the muffler is 8.84 percent with five catalyst plates.

By increasing the number of catalyst plates in the muffler to eight, the engine's fuel
consumption is further reduced. The most significant reduction in emissions with eight catalyst
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plates was 21.30 percent at 0.9 kg Prony load. At the same time, the smallest reduction in fuel
usage came at a weight of 0.3 kg, a 10.03 percent reduction. Thus, with eight catalyst plates,
the average percentage reduction in fuel consumption in the muffler is 14.89 percent.

According to the statistics presented, the most significant reduction in fuel consumption
occurs in the muffler with eight catalyst plates. This demonstrates that increasing the number
of catalyst plates utilized will result in an additional reduction in fuel use.

The influence of load on fuel consumption is depicted in Fig. 8. The higher the strain on
the prony brake, the less fuel the engine needs to generate power per unit time. The specific
fuel consumption value is a measure of an engine's efficiency. The lower the specific fuel
consumption of an engine, the more efficiently it burns gasoline. Utilizing a brass catalytic
converter in the muffler system can result in a reduction in particular fuel consumption.
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Fig. 8. Comparison of brake-specific fuel consumption

With five catalyst plates, the highest specific fuel consumption in the muffler occurs at a
weight of 0.1 kg, or 2.44 g/Wh. Conversely, the lowest specific fuel consumption in the muffler
with five catalyst plates was 0.46 g/Wh at a load of 0.9 kg. With five catalyst plates, the average
specific fuel consumption in the muffler is 0.99 g/Wh. Thus, with five catalyst plates, the
average specific fuel consumption in the muffler is reduced by 9.59 percent.

The engine with eight catalyst plate muffler consumes the most fuel at 0.1 kg Prony load
or 2.33 g/Wh. At the same time, the particular fuel usage was lowest at 0.9 kg, at 0.41 g/Wh.
With eight catalyst plates, the average specific fuel consumption in the muffler is 0.94 g/Wh.
Therefore, the average percentage reduction in fuel usage in muffler from vehicles equipped
with eight catalyst plates is 14.47 percent.

According to the graph in Fig. 6. The muffler with eight catalyst plates has the most
significant reduction in specific fuel consumption. This is because the backpressure effect of
an engine equipped with an eight-plate catalytic muffler is higher than the effect of an engine
equipped with a five-plate catalytic muffler and a conventional muffler. Although the
backpressure effect is negligible, it can affect a machine's Performance. The effect of
backpressure on eight catalyst plates is higher than the effect on five catalyst plates in the
standard.

Backpressure will force air into the combustion chamber. The catalyst muffler with eight
plates has the greatest backpressure impact, as more plates increase the resistance in the muffler
gases. As a result, when the intake and muffler valves overlap, some of the air and fuel mixture
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entering the combustion chamber is pushed back into the intake valve. As a result, the mixture
of fuel and air entering the combustion chamber is reduced.

By increasing the number of catalyst plates, the backpressure effect can be enhanced,
resulting in a reduction in fuel consumption and an increase in engine efficiency.
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Fig. 9. Thermal Efficiency Comparison

Fig. 9 demonstrates that the higher the load on the prony brake, the more efficient the 2007
Yamaha Jupiter MX motorbike engine's thermal efficiency. The higher an engine's thermal
efficiency, the better its Performance.

The 2007 Yamaha Jupiter MX motorbike exhaust can benefit from the addition of a brass
catalytic converter. Thermal efficiency increased when the standard muffler was modified by
increasing the number of catalyst plates.

The best thermal efficiency in the muffler with five catalyst plates is 17.76 percent, with a
load of 0.9 kg. The thermal efficiency of the muffler with five catalyst plates is lowest at 0.1
kilograms or 3.32 percent. When the thermal efficiency of the conventional muffler is
compared to that of the 5-catalyst muffler, there is an increase. At a load of 0.9 kg, the largest
increase in thermal efficiency in the muffler with five catalyst plates over the ordinary muffler
was 14.36 percent. At the same time, the smallest percentage gain occurs at 0.3 kg, at 5.53
percent. If the average value is used, the thermal efficiency of the muffler with five catalyst
plates is increased by 9.34 percent when compared to the conventional muffler.

The best thermal efficiency in the muffler with eight catalyst plates is 19.74 percent with
a load of 0.9 kg, while the lowest thermal efficiency is 3.48 percent at a load of 0.1 kg. At a
load of 0.9 kg, the largest increase in thermal efficiency of the muffler with eight catalyst plates
over the standard muffler was 27.06 percent. Meanwhile, the lowest percentage rise was 11.14
percent at 0.3 kg load. If the average value is used, the thermal efficiency of the muffler with
eight catalyst plates is increased by 17.65 percent compared to the conventional muffler.

Increased engine performance can be achieved by increasing the number of catalyst plates
in the 2007 Yamaha Jupiter MX motorbike muffler. Increased thermal efficiency is associated
with an increase in the number of catalyst plates. In addition, the more catalyst plates there are,
the higher the backpressure effect on the muffler.

If the influence of backpressure performance exceeds the prescribed limit, a return to the
combustion chamber occurs, reducing the efficacy of the muffler gas exiting the combustion
chamber. Then some exhaust gas will be reintroduced into the combustion chamber. The worst-
case scenario is that exhaust gases can enter the intake valve in an overwhelming amount during
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overlapping. As a result, the fresh air will become contaminated with unburnable exhaust gases.
As a result, engine performance and the effect of engine damage will diminish.

Excessive or insufficient backpressure has a detrimental influence on engine performance.
This demonstrates that the rise in back pressure caused by adding the catalyst plates utilized in
this investigation remains below acceptable limits as a result of increased engine performance.

4. CONCLUSION REMARKS
The conclusions of this study are:

1. When the load was added to the 2007 Yamaha Jupiter MX motorbike engine, torque and
axle power increased.

2. Exhaust with five catalyst plates may save an average of 8.84 percent on fuel consumption,
while exhaust with eight catalyst plates can save an average of 14.89 percent on fuel
consumption.

3. Exhaust with five catalyst plates may average a 9.59 percent reduction in specific fuel
consumption, while exhaust with eight catalyst plates can average a 14.47 percent
reduction in specific fuel consumption.

4. Exhaust with five catalyst plates improves the thermal efficiency of the engine by an
average of 9.34 percent. In contrast, exhaust with eight catalyst plates improves the thermal
efficiency of the engine by an average of 17.65 percent.

5. According to engine performance testing, adding a brass (Cu-Zn) catalytic converter to the
exhaust can boost engine performance. However, the number of plates on the catalyst
affects the improvement in Performance. This is because the more plates there are, the
higher the resultant back pressure.
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