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ABSTRACT

The impacts of strengthening magnetic field exposure on combustion performance of low-octane fuel have
been examined experimentally. The combustion test was carried out using a 2-stroke 49 cc engine where
the fuel was magnetized using a low magnetic field (<2 kG). Moreover, the molecular behavior of magnetized
fuel was also characterized through spectrum tests using NIR and UV-Vis spectrophotometers. The result of
this study indicates an exponential decrease of magnetized fuel consumption against the strengthening of
magnetic field exposure. This exponential decrease of consumption can be related to the Arrhenius principle.
In addition, the decrease of oxygen in the exhaust gas along with the strengthening of the magnetic field
also confirms the increase of combustion reactions. Meanwhile, the increase of magnetized fuel absorption
against ultraviolet and near-infrared lights along with the increase of the magnetic field intensity indicates a
bond weakening, accompanied by the increase of molecular vibrational energy.

Keywords: Combustion; Fuel; Magnetic; NIR; UV-Vis

INTRODUCTION

Although diversification of the driving
energy sources of motor vehicles has been
proposed, such as the use of electric batteries,
fossil fuel has still been the main energy used.
Considering the limited supply of non-rene-
wable fossil fuel sources, various efforts have
been made to make the use of this fuel type
more efficient. In his writing published in SAE
International, Abdel-Rehim & Attia (2014) sta-
ted that efficiency of fuel consumption and level
of pollutants in exhaust gas were determined
by the completion level of combustion process
in an engine. Therefore, an effort to improve
combustion performance is an urgent issue
because it is not only related to the limited mi-
neral resources, but also to the environmental
pollution.

Various methods have been carried out
to optimize combustion performance. One of
the promising methods in reducing exhaust gas
emission as well as fuel consumption is the use
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of magnetized fuel (Okoronkwo et al, 2010).
The use of magnetized fuel has been believed
to increase engine combustion performance,
observed from the reduced fuel consumption.
This is based on several previous studies (Faris
et al., 2012; Mane & Sawant, 2015; Vivek, Nik-
hil, & Lutade, 2013), which stated that by using
fuel exposed to strong magnetic fields (>2 kG),
combustion performance on the engine would
increase. However, technically, the use of lar-
ge magnetic fields is not relevant enough to be
applied to motor vehicles. In addition to having
an impact on the performance of other electro-
nic instruments, it also requires enormous po-
wer to generate such a strong field.

The significance of the impacts of
magnetic field exposure on combustion per-
formance is influenced by several aspects,
namely type and volume of machine (Jain &
Deshmukh, 2012), workload or engine rota-
tion (Faris et al., 2012), duration of exposure
(Abdel-Rehim & Attia, 2014), and type of fuel
(Abdel-Rehim & Attia, 2014; Tao & Xu, 2006).
Although some experiments have proven the
impacts of exposure, the fundamental reason
that causes the use of fuel exposed to the field
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to increase the completion level of combustion
has not been yet known with certainty. There-
fore, research to obtain information related to
the physical characteristics of fuel after being
exposed to magnetic fields, both its energy and
molecular motion, has become particularly im-
portant to be conducted to provide fundamental
knowledge more comprehensively.

The molecular physical characteristics
of a liquid, whose main constituent molecules
are hydrocarbons (HC), such as fuel, can be
identified using spectrum measuring devices
such as UV-Vis (Ultraviolet-Visible) (Silva et
al., 2015) and NIR (Near-Infrared) spectropho-
tometers. These two spectrophotometers have
advantages in terms of ease of sample prepa-
ration and speed of analysis (Lachenal & Oza-
ki, 1999; Pasquini, 2003; Silva et al., 2015).

The first objective of this study is to de-
termine the impacts of strengthening of the
magnetic field exposure (<2 kG) on the comp-
letion level of combustion of low-octane fuel.
Considering that the exhaust gas content also
indicates the completion level of combustion
(Chalid et al., 2005), the measurement of the
completion level of combustion is not only vie-
wed from the amount of fuel consumption, but
also from the oxygen (O,) content in the ex-
haust gas. In this study, O, is a gas element
which was measured directly because of its
important contribution in the combustion pro-
cess (Schell, Schram, & Ross, 1988). The se-
cond objective of this study is to examine the
impacts of strengthening of the magnetic field
exposure on the molecular characteristics of
fuel through observation of the fuel absorbance
or transmittance level in the spectrum of UV-Vis
and NIR rays.

METHOD

In this study, a 2-stroke engine with a cy-
linder capacity of 49 cc was used as a testing
engine. This type of machine was chosen due
to its simpler working system (only 2 steps) that
allows a faster combustion process with more
fuel consumption. The fuel used a premium
type of low-octane fuel mixed with 2-stroke en-
gine oil with a ratio of 20:1. The changes in fuel
consumption levels are expected to be more
observable at short burning time intervals (in
minute order) by combining the use of simple
engine and low-octane fuel.

To observe the impacts of strengthening
of the magnetic field exposure, the fuel was
magnetized with various intensities of magne-

tic fields. Neodymium N35 permanent magnet
was used as the source of magnetic field. This
type of magnet was chosen because its field
intensity is quite large. In the distance range of
1.5-16 cm, the field intensity is in the range of
6-1600 Gauss. To measure the intensity of this
magnetic field, a DX-103 Gaussmeter magne-
tic sensor was used with a sensitivity level of
0.1 Gauss. The experimental scheme is shown
in Figure 1.

Characterization of molecular physical
properties of magnetized fuel was carried out
through spectrum investigations. To observe
the existence of molecular vibrational motion,
an NIR spectrophotometer was used. To inves-
tigate the molecular binding energy, a UV-Vis
spectrophotometer was used.

At the combustion performance test sta-
ge, the magnetized fuel in a closed oil tank was
flowed through a plastic hose to a test engine
whose workload had been set. The engine
workload was measured by its rotation speed.
In this study, four different levels of workload
were used. The combustion performance exa-
mination was carried out by observing the fuel
consumption level and O, content in the ex-
haust gas. The O, content in the exhaust gas
was measured in real-time using a sensor con-
nected to the data acquisition and a computer
through the interface and control devices.
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Image captions:
1. Rubber cover 8.  Exhaust gas tube
2. Oil tank (1 mm scale) 9.  Multi-sensor
3. Fuel 10. Data acquisition
4. Neodymium N35 magnet 11. Interface and control
5. Plastic hose 12. Computer equipped with data
6. 2-stroke 49 CC engine control and processing software
7. Gas drain

Figure 1. Experimental scheme
RESULT AND DISCUSSION
Fuel is mainly composed of the HC chain.

Naturally, HC molecules experience inter-mole-
cular interactions in the form of attraction. This
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interaction has an impact on the cluster forma-
tion of relatively strong HC molecules, which is
often called clustering (Hamdhani et al., 2016).
An understanding of the molecular energy in-
volved and its modification is important in an
effort to optimize the combustion reaction.

Spectrum Test
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Figure 2. Spectrum curves of fuel transmit-
tance scanned with NIR spectroscopy

Figure 2 shows the spectrum cur-
ves of fuel transmittance, scanned with NIR
spectrophotometer, of the fuel exposed to mag-
netic fields. At three different levels of magnetic
field intensity, the spectrum curves of fuel show
similar shapes. This indicates that the magnetic
field exposure to the given range does not mo-
dify the chemical structure of the fuel. However,
there is a difference in the level of transmittan-
ce at high energy (8800 — 10000 cm™). Trans-
mittance in the range of this wave numbers is
related to molecular vibrations of HC (Yu et
al., 2018). When the magnetic field exposure
is stronger, the transmittance intensity decrea-
ses. This decrease is caused by the increasing
number of electromagnetic waves absorbed by
the HC molecules. The relation between trans-
mittance (T) and absorbance (A) is expressed
in the following Beer-Lambert equation:

A=-logT (1)

The absorbed electromagnetic energy is
used to increase the molecular vibrational ener-
gy. This increase of vibrational energy indicates
the occurrence of polarization and adjustments
in dipole moments due to displacement and al-
terations of the magnetic moment orientation of
the HC molecules.

The vibrational frequency of HC mol-
ecules determines the amount of molecular
binding energy. The higher the frequency is, the
weaker the bond gets. This causes fuel viscos-

ity, which is influenced by binding energy (Faris
et al., 2012), to decrease after being exposed
to magnetic fields. The high absorbance, which
indicates higher vibrational frequency, refers
to lower molecular bonds, so that the energy
needed to break the inter-atomic bonds is also
lower. The increase of fuel absorbance inten-
sity along with the strengthening of magnetic
field exposure indicates the weakening of mo-
lecular binding power (Nufus et al., 2017b).
Every time electromagnetic wave hits a
compound, the energy carried by this wave has
an opportunity to excite electrons in the com-
pound to the energy level above. If the amount
of energy carried by this wave is equivalent to
the energy gap, then the electrons will absorb
the electromagnetic wave with the correspond-
ing wavelength. The energy carried by the
electromagnetic wave in the UV-Visible spec-
trum is high enough so that the absorbance
in this spectrum can be related to orbital elec-
tronic transitions from ground state to excited
state (Schmid, 2001). In the UV-Visible spec-
trum range, the absorbance of organic matter
is dominated by electronic transitions of energy
levels of 1 (bonding) to the level above 1 (non-
bonding) (Antosiewicz & Shugar, 2016; Clark,
2016; Shah et al., 2015). The higher the absor-
bance is, the greater the chance of excitation of

7 —> 7 *is. This electronic excitation plays a
big role in the process of molecular radicaliza-
tion as a consequence of the bond weakening
between C atoms. Thus, the HC molecules re-
act more easily with O,,. In other words, absor-
bance intensity level of UV-Vis light is related
to molecular binding power. (Faris et al., 2012)

Figure 3 (a) shows the intensity of mag-
netized fuel absorbance scanned using a UV-
Vis spectrophotometer. Within the given spec-
trum range, there are four absorbance peaks. It
is observed that in the wavelength range of 290
—390 nm (UV), the absorbance level of magne-
tized fuel changes against the intensity of the
inducing magnetic field. This indicates an im-
pact of the intensity of magnetic field exposure
on the characteristics of fuel absorption in UV.
The absorption level of UV from magnetized
fuel increases along with the strengthening of
the magnetic field intensity. This result is in line
with previous studies (Faris et al., 2012). It is
also shown in Figure 3 (b) that the absorbance
intensity of each peak also increases along
with the strengthening of the magnetic field.
This pattern of increase is confirmed by the
absorbance spectrum examination previously
performed by Nufus with FTIR spectrophotom-
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eter in the magnetic field exposure range of 0
— 1500 Gauss (Nufus et al., 2017a).
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Figure 3. (a) Absorbance spectrum of UV-Vis
from magnetized fuel, (b). Absorbance intensity
of the peaks

Combustion Efficiency Test

In general, combustion process is an in-
teraction between HC molecules of fuel and O,
with the following chemical equation: (Schell et
al., 1988)
CH, +20, - CO, + 2H,0 2)

The heat generated by the reaction is
used to drive the motor. Naturally, the interac-
tion between O, and C atom in HC molecules
faces problems due to the inter-molecular HC
bonds (molecular clustering). Theoretically, if
the inter-molecular HC bond is weakened, the
distance between molecules will extend and O,
will reach the C atom more easily and react,
so that the combustion process will be more
optimal. The optimum combustion process will
improve engine performance, thus making the
fuel consumption more efficient.

The impact of strengthening of magnetic
field exposure on fuel consumption is presented
in Figure 4. Fuel consumption decreases along
with the magnetic field strengthening. This re-
sult is in line with the research conducted by
Guo (n.d), where at field exposure of <2 kG, the
decline rate of viscosity increases dramatically.
As discussed earlier, fuel viscosity is related to
molecular bonds and affects combustion per-
formance. The decrease of fuel consumption
occurs because the energy of the HC molecu-
les in the fuel experiences an increase in the
form of magnetic energy. This increase of ener-
gy narrows the energy gap, making it easier
to excite molecules at higher energy level and
cause the weakening of molecular bonds. This
increase of molecular energy occurs because
of changes in the magnetic moment orientati-
on.
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Figure 4. Impact of strengthening of magnetic
field exposure on fuel consumption

Molecular magnetic energy exposed to
external magnetic field is expressed by Equa-
tion 3:

F=-pH 3)

with u and H respectively are vectors
of magnetic moments and external magnetic
field. When the direction of the magnetic mo-
ments changes due to external magnetic field
exposure, the energy difference can be calcu-
lated using the following equation:

AE=—APH= (W —p ) H (4)

This energy difference will reach its max-
imum value if the directions of u, and p, are
opposite to each other. The increase of energy,
followed by the weakening of molecular bonds,
will extend the distance between molecules,
thus increasing the probability of HC molecules
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to react with O,. In sum, exposure to magnetic
field causes de-clustering of HC molecules.
The physical behavior of magnetized HC mol-
ecules is illustrated in Figure 5.
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Figure 5. Physical behavior of magnetized HC
molecules

It is also observed from Figure 4 that
magnetized fuel consumption decreases expo-
nentially against the increase of magnetic field
intensity. This exponential decrease of con-
sumption can be explained using the following
Arrhenius principle:

)
N ~exp| —
k,T (5)

with N, E, k;, and T respectively are the
number of molecules, energy gap, Boltzman
constant, and absolute temperature (Nufus et
al.,, 2017a). At fixed temperature and increa-
sing magnetic energy, the energy gap will dec-
rease so that the number of reacting molecules
increases. Drastic decrease of fuel consumpti-
on occurs at low magnetic field exposure and
starts to slope slightly on larger magnetic field.
This shows that at larger magnetic field expos-
ure, the magnetic moment is almost saturated
so that the molecular magnetic energy approa-
ches its maximum value.

Figure 6 shows the amount of O, in
the exhaust gas at various magnetic field in-
tensities with four different engine loads. The
amount of O, in the exhaust gas decreases
along with the strengthening of the magnetic
field. According to the basic reaction of com-
bustion (Equation 2), this decrease indicates
the increased amount of O, that reacts with the
HC molecules. This result also confirms other
results previously described in this paper (Figu-
res 2, 3, and 4) that strengthening of the mag-
netic field exposure increases the completion
level of combustion.
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Figure 6. Impact of strengthening of magnetic
field exposure on O, content in exhaust gas
emission

From Figure 6, it is also observed that
the O, emission will decrease when the engine
load increases. This result is supported by Tao
(2006) who, in his research, found that oil vis-
cosity will decrease as the engine rotates fas-
ter. This decrease in viscosity indicates a bond
weakening between molecules, which results
in an increase of reaction between the HC mo-
lecules and O,

CONCLUSION

The impacts of strengthening of magnetic
field exposure on low-octane fuel on the comp-
letion level of combustion engine of a 2-stroke
engine with cylinder of 49 cc have been stu-
died. The result of this study indicates that st-
rengthening of the magnetic field exposure can
improve the completion level of combustion
process by increasing the chance of reaction
between hydrocarbon molecules and oxygen.
The increase of reaction between hydrocarbon
molecules and oxygen arises because of the
bond weakening, accompanied by the increase
of molecular vibrational energy.

Based on the investigation resuts and
characterization carried out, it is necessary to
optimize the design of magnetic field sources,
both in terms of geometry and source type
(using permanent magnets or coils). Optimi-
zing the placement of magnetic resources in
the system also needs to be done for it to be
technically applied. In addition, further studies
are needed regarding the long-term impacts of
magnetic field exposure on combustion perfor-
mance.
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