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ABSTRACT: Motor engine has been identified to produce particulate emission in different size distribution
and has serious impacts on health and influence of air quality. Especially, PM,s which are known as
particulate matters with the diameter less than 2.5 um, induce a major health problem due to the reactive
characteristic and the high exposure level in the human. In order to reduce the concentration of PM, 5 in the
ambient, we have developed a new exhaust used to maximize the released combustion energy for reducing
PM, s concentration. The exhaust was accomplished with a heating chamber and a copper net tube in the
dimension of 25 cm in diameter and the varied length of 4 cm, 5 cm, and 6 cm. The tube was wired by copper
with the diameter of 0.5 cm. The exhaust was characterized by measuring temperature and the capability in
reducing PM,s concentration. The result showed that the exhaust worked well in reducing PM,s
concentration with the efficiency reaching up to 24 % depending on the dimension of the net tube.
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1. INTRODUCTION

Particulate matters or particles mostly are from

natural sources such as fire forest or dust storm [1].

Moreover, industrial process [2] and vehicles
usage [3] have contributed significantly in addition
to particles in the air. Industrial particle emissions
affect directly into the human health especially for
people living in the range of the exposure area
(Eeftens et al. 2015; Smargiassi et al. 2014).
Meanwhile, vehicle particles widely have an
impact on the people living close to road and
motor users [6].

The motorcycle is one type of motor vehicles
commonly used in developing countries. The
number of motorcycles has increased extensively
in the last decade (Marquet & Miralles-guasch
2016; Mishima 2004; DayalSharma et al. 2011).
Motorcycle particles have been  reported
increasingly in the ambient air [10]. In the
previous research, there was shown a relation
between the motor vehicle usage and the particle
concentration [11]. This result brought bad news
for the human by the fact that the particles are very
dangerous especially for the health [12].
Motorcycle particles are produced by the
incomplete burning process of the fuel [13], [14].
The particles are in different size distribution and
chemical substances (Tsai et al. 2014; Morawska
et al. 2008). The particles have the ability to move
freely in the air, increase the health risk [16], [17],
and penetrate in cellular level [18] and into a
human through the skin via intracellular process
[19] . Even though, the particles were found to
have an ability to infiltrate into human
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cardiovascular via respiratory system [20]-[22]. A
variety of health problems due to vehicle particle
emission has been reported in the previous studies
[23]-[26].

Reducing motorcycle particles has been
attempted in the past decade. Various methods
have been developed and tested in order to reduce
the concentration. Planting of trees in the roadside
is the common method to reduce ambient particles
(Gromke & Blocken 2015; Nowak et al. 2013).
Another method was conducted by improving the
engine capability to burn the fuel more efficient
[30]-[32]. The exhaust filtering system has been
developed for gas emissions [33]-[35]. Exhaust
filtering system has limited to particle emissions
because of high particle concentration leading to
the filter saturation that increases a risk of the filter
or even the engine damage [36].

A particulate filer using coconut fiber for
motorcycle emission was developed before. In the
research, the filter was depended on the number of
the filter layer [37]. In the other research, a
particulate filter was build by using capacitive
concept with low DC current to generated electric
field to trapping the charge particulate emission .
The efficiency of the filter was found depend on
the number of the gap to traps the particulate
matter [38]. In this study, we develop an exhaust
accomplished by an particulate removal system to
optimize the released heat for reducing PM, .

2. METHODS

A heating compartment was designed in the
motorcycle exhaust to optimize the waste engine
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thermal energy capture. The compartment was
constructed in the tube form with the dimension of
10 cm in the height and 9 c¢cm in the diameter. A
cooper wired aluminum net was positioned in the
compartment in order to capture the released heat
in the chamber. The net was arranged as a tube
with the diameter of 2.5 cm and the length that was
varied of 4 cm, 5 cm, and 6 cm labeled as F1, F2,
and F3 respectively. The cooper wire with
diameter 0.2-mm was applied spirally in the tube
with the distance for each winding of 0.5-cm. The
geometry detail of the designed compartment and
the net position is shown in the Fig.1.
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Fig.1 The exhaust design and cooper wired
aluminum net

Three motorcycles with same engine capacity
and fuel type were used to test the exhaust. The
brand of motorcycles was hidden to avoid any a
conflict of interest. The motorcycle was labeled as
M1, M2, and M3 respectively. The observation
was conducted for four configurations consist of
without exhaust system (CO0), the designed exhaust
without system (Cf0), with F1 (Cf1), F2 (Cf2), and
F3 (Cf3) every motorcycle. The exhaust test was
carry out for the motorcycle was operating in the
idle condition to avoid a driving style, vehicles
load, and roads factor for 30-minutes.

Kanomax Digital Dust monitor model 3443
was used to measure the PM, s concentration. The
measurement was processed in the semi-isolated
room with the temperature 27° and humidity under
50%. The measurement was done by quantify the
concentration of PM,5 in the distance of 30-cm
from the exhaust. At least 10 data was recorded in
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every 5-minute for 30-second engine run. The
route was repeated for the Cg1, Cg2, and Cg3 in
cold engine start procedure. The temperature in the
exhaust compartment was measured by using
thermocouple and stated as TO, Tf0, Tf1, Tf2, and
Tf3. The efficiency of the system was calculated
by comparing the concentration of the PM, 5 from
the engine before entering the exhaust and after
passing out the exhaust using Eq. (1).
Eff% = (Co — Cr)/Co x100% (1)
With Cqis the concentration of the PM, 5 with
the designed exhaust and system applied (F1, F2,
and F3). C, is the concentration of the PM,s
without exhaust A smoke flow rate was measured
by using Kanomax anemomaster flowrate A310
series in the exhaust output. An analyst was
conducted to find the relationship of the thermal
energy increase that effected the PM, 5 reduction.

3. RESULT
3.1 Smoke Flow Rate

Applying the exhaust system resulted in the
reduction of the smoke flow rate as presented in
the table.1. The flow rate of the emission from the
engine was measured of 3.2 m/s in average for M1
and M2. For the M3, the average flow rate was
measured of 4.4 m/s. After the designed exhaust
was applied, the flow rate reduced to 20% for M1
and M2, but 30% for M3. The flow rate reduction
was found the same for F1, F2, and F3.

Table 1 The smoke flow rate of the emission for
M1, M2, and M3

Flow rate (m/s)

Minute Net 5 10 15 20 25 30
on 34 32 31 31 38 33
M1 F1 25 22 26 25 22 25
F2 29 29 30 29 29 29
F3 25 25 24 25 24 25
on 33 34 30 34 33 31
M2 F1 26 24 23 24 25 25
F2 28 30 28 27 26 25
F3 23 23 24 25 26 24
on 44 43 45 44 45 44
M3 F1 31 30 30 30 31 30
F2 34 32 30 33 32 32
F3 30 33 30 31 31 33
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3.2 Exhaust Temperature

The increase of the compartment temperature is
caused by the released heat emission and by the
effects of the cooper wired aluminum net. By
operating the motor engine results in a released
heat emission.
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Fig.2 The exhaust temperature for the system with
F3 was measured for M1, M2, and M3. Longer
engine run was observed to increase the
temperature

The heat emission was observed increase by
the longer engine activation. In the minute five of
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engine runs, we observed the temperature TFO of
175°C. In the minute 10, the temperature became
to 179°C. In the minute 15, 20, 25, the temperature
was recorded of 209°C, 216°C, and 219°C
respectively. In the minute 30, the temperature
reached to 224°C. For the sample motorcycle M3,
we found the temperature increase in the different
trend. The temperature was in a saw tooth pattern.
The temperature was of 243°C, 250°C, and 261°C
in the minute 5, 10, and 15. In the minute 20, the
temperature reduced to 256°C and gradually
increases into 258°C and 263°C in the minute 25
and 30. The temperature trend was obtained
similarly by applying the filter of F1, F2, and F3.
The effect of applying the cooper wired
aluminum net in the exhaust, the temperature
increases was found larger rather than without
applying the net. The temperature increase was
46°C for applying F1, 67°C for F2, and 75° C for
F3. This shows that the dimension of the filter
influencing the heat energy increase in the exhaust.
The increasing temperature as the effect of
applying the F1, F2, and F3 for all sample motor
are present in the Fig.2. In the Fig.2, the double
dot dash line presents the temperature of the
system before the net applied. The dot, line, and
dash line show the system with F1, F2, and F3.

3.3 PM, 5 Concentration

The PM, 5 concentration became lower for the
longer engine run and the longer net. For the
engine is operated for a long period of time, the
temperature become higher and reduce particulate
concentration due to the perfect combustion [39].
In this study, we found the PM, 5 concentration for
longer period of the engine operating. For the M1
and M2, we observed the PM, 5 concentration to
reduce gradually from 35.8 x 10°mg/cm?® and 33.2
x 10°mg/cm’in the minute 5 into 27.8 x 10
*mg/cm® and 27.0 x 10°mg/cm?® in the minute 30.
Meanwhile in the sample motorcycle M3, we
found the highest PM,5s concentration in the
minute 20, then the concentration reduced in the
minute 5, 10, and 15 minutes which was of 31.2 x
10°mg/cm®, 30.8 x 10°mg/cm®. We assumed that
the motorcycle characteristic was responsible for
this.

The effect of applying the net in the exhaust,
we found the relationship between the PM,s
concentration reduction and the temperature
increase. The correlation was found consistently



International Journal of GEOMATE, Feb., 2019 Vol.16, Issue 54, pp.109 - 116

when the system was applied for the different
motor samples. The measured concentration of
PM,s for the motor samples with and without
applying the filtering system is shown in Table 2.

Table 2 The measured PM, 5 concentration

Time PM,sin C x 10° mg/cm®
(Minute) ~ co Fc0  Fcl  Fc2  Fc3
M1
5 358 342 326 296 286
10 344 326 304 292 262
15 316 292 282 260 240
20 296 28 272 262 248
25 294 276 258 254 236
30 278 24 238 234 214
M2
5 332 318 288 288 278
10 320 306 282 280 256
15 320 292 27 260 242
20 310 294 262 266 24
25 207 272 252 252 222
30 270 250 238 236 204
M3
5 312 30 272 268 252
10 294 282 266 256 234
15 268 256 240 218 202
20 308 298 260 252 248
25 262 252 230 228 214
30 250 230 220 208 198

3.1 Filter Efficiency

Fig.3 shows the efficiency of the PM,s
removal system. The length of the applied net in
the exhaust influences the ability of reducing PM, 5
concentration. The efficiency varies for different
period of the engine operating. The efficiency
change is in the range of 8%-16% for Fcl, 12%-
19% for Fc2, and 16%-25% for Fc3. The average
efficiency of the system is 12%, 15%, and 21% for
Fcl, Fc2, and Fc3 respectively.

4. DISCUSSION

Particulate matter with the diameter less than

2.5 um or PM, 5 can be formed in the several ways.
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In this study, PM,s are formed by the fuel
combustion in the engine chamber [40]. In the
engine, the fuel is injected into the combustion
chamber together with the air before igniting in a
high compression level [41]. The result is a very
high kinetic energy that is used to push the piston
and to move the vehicle [42]. The combustion
process results in emissions (gas and particles) and
thermal energy as the products. In the other word,
the thermal energy leaves the engine through a
convection process. The exhaust system such as a
muffler or a silencer that is made of metal is used
to absorb the thermal energy. Consequently, the
emission eventually loses their temperature and
become a cooling down [43]. This process leads to
develop the secondary particles.
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Fig.3 The exhaust efficiency with applying a net
with different length
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The research was focused on the filter
regeneration to increase the system life span [46].
The self-regeneration filter was pursued in order to
build a longer filter usage [47], [48]. However,
self-regeneration filter was resulted in the increase
of operational cost.

A commercial filter is used porosity based
system that works by capturing the designed
particulate only [44]. In the longer usage periods,
the particulate was found to block filter porous and
lead into the engine damage [45]. Another study
was

In this study, we applied the metal net as a
filter that increases the temperature through
radiation process when it is passed by the
convective thermal energy released by the motor
engine. The thermal radiation energy is shown by
increasing the temperature of the system. The
metal net enlarges the radiation area and raises the
surrounding temperature [49]. The radiation
thermal energy may reduce a particle nuclei radius
[50]. In our design, we do not try to filter but
deform the particulate emission. The method
would have some benefit in the system life span
and risk of particle blockades the system as soot
[51].

The flow rate reduction was found in the same
level for M1, M2, and M3 that indicates the net
effect in the flow rate reduction is insignificant.
The flow rate of the system was found constant
after the engine run for 30 minutes. This result
indicates that the blocking effect of the system is
low. For example, the flow rate of the emission in
the minute 5, 15, 10, 50, 25, and 30 was measured
reduces of 0.2 for M1 with F1. The F2, and F3 for
M1, M2, and M3 were found in similar manner.
By taking into account this result, the system
regeneration may unneeded.

The PM,5 concentration reduces after applying
the net in the exhaust. We found the temperature
increases was up to 362 °C while the reduction of
the concentration was up to 25%. The PM,s
concentration reduction is found inversely with the
temperature with the R? = 1, This shows that the
strong correlation between the temperature
increase and particulate concentration [52]. The
dimension of the metal net influences to the
exhaust efficiency in reducing the PM,s
concentration.

In the filtering system based on the porosity,
the risk of the system blocking the emission flow
is high when the efficiency of the system is high
[51], [53]. The result would be fatal in the engine.
However, in this research, we found the efficiency
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of the system in reducing particulate matter that
was relatively constant of 12 %, 15%, and 1 % for
Fcl, Fc2, and Fc3 respectively. The system is
unblocked of the particulate emission due to the
heat radiation in removing PM;s.

5. CONCLUSION

The motorcycle exhaust that was developed
based on thermal radiation had an ability in
reducing the PM2.5 emission depending on the
dimension of the applying metal net. Longer metal
net resulted in higher thermal radiation having the
consequent in reducing the PM2.5 concentration.
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