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ABSTRACT

The purpose of this study was to determine the effect of
magnetic field induction on the characteristics of premixed
ethanol combustion flames. Petroleum reserves will
increasingly be depleted if alternative energy is not found.
Therefore, various breakthroughs are needed to prevent an
energy crisis from occurring. Simultaneously the researchers
are also trying to find equipment that can save fuel
consumption. To get a more effective and efficient flame, you
can apply a magnetic field effect to the burning fire, especially
in terms of the rate of burning of the fire. Fuel oil under normal
conditions tends to be irregular and grouped together. By
providing a magnetic field to induce the fuel oil, the
hydrocarbon bonds will break and will make the chemical
composition more homogeneous. The experimental research
method is to heat ethanol until it is in the form of steam, then
flow it to the burner which will then be given air which is
controlled by the mass flow. The research began with the
manufacture of magnetic induction from carbon steel wrapped
in copper wire. Then testing the fuel by providing a magnetic
field before the ethanol fuel enters the burner tip. The
magnetic field helps the fuel ionization process, this ionization
is needed so that the fuel can easily bind oxygen during the
combustion process. If the ionization process goes well then
the combustion process becomes more complete. In this
ionization process, it will result in the formation of positively
charged fuel molecules so that during combustion the
combustion process will occur more quickly. The magnetic
field will generate Far Infrared waves, which will strengthen
the positively charged bonds in the fuel structure due to the
ionization process and position these bonds in an orderly
manner. This makes it easy for oxygen to react with fuel in the
combustion process. With the electric motion force will
increase the combustion temperature. The increase in
temperature is caused by the process of ionization of the fuel
due to the magnetic field generated by the electromotive force.
The dynamic electromotive force causes the flame to increase
when the current is flowing and decrease when the electric
current is cut off. The resulting fire is more transparent, clearer
and more visible. The direction of the N-S magnetic field
causes the temperature to be higher than the direction of the
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N-N magnetic field. The magnetic field can affect the burning
speed of the ethanol flame. In a poor mixture (¢ <1) in the
presence of magnetic influence, the rate of fire is lower
without the influence of a magnetic field, but in a rich mixture
(¢ > 1) in the presence of a magnetic influence, the rate of fire
is higher than without the influence of a magnetic field.

Key words Burning speed, premixed, Ethanol,
Electromotive Force, Effect of Magnetic Field.

1. INTRODUCTION

Ethanol is an environmentally friendly alternative
(renewable) fuel that produces low carbon emissions
compared to gasoline or the like (up to 85% lower). Basically,
ethanol is made from sweet potatoes, corn or other plantation
products and until now there has been no vehicle specifically
designed to use 100% ethanol. The use of ethanol in vehicles
usually uses 2 types of ethanol, namely ethanol 10 (E-10)
which is a mixture of 10% ethanol and 90% gasoline and can
be used in all the latest vehicles [1]. In general, the
hydrocarbon molecules in fuel compounds will carry out
vibrational activity towards the core. In addition, hydrocarbon
compounds will tend to attract and attract intermolecular
molecules so as to form clustered molecules (clustering).
Clustering in this fuel causes the hydrocarbon molecules not to
separate from each other when they react with oxygen. There
is a rapid chemical reaction between the hydrogen and carbon
in the fuel with the oxygen contained in the air. As a result of
the clustering effect there is still fuel that has not been burned
and turned into UHC (Unburned Hydrocarbon) and carbon
monoxide. So to reduce emission levels and increase
combustion efficiency, it is necessary to improve the
atomization process. One way to improve the fuel atomization
process is to apply a magnetic field to the fuel flow [2]. In
everyday life, the emergence of an electric field is always
accompanied by the emergence of a magnetic field. The use of
a magnetic field in the fuel flow is as follows:

1. The magnetic field helps the ionization process in the fuel,
this ionization is needed so that the fuel can easily bind oxygen
during the combustion process. If the ionization process goes
well, fuel consumption will be reduced because the
combustion process is more complete. In this ionization
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process, it will result in the formation of positively charged
fuel molecules so that during combustion the combustion
process will occur more quickly.

2. The magnetic field will cause Far Infrared Waves, which
will strengthen the positively charged bonds of the fuel
molecule structure due to the ionization process and position
these bonds in an orderly manner. This makes it easy for
oxygen to react with fuel in the combustion process [3].

Research on premixed combustion has been carried out
using conventional fuels [4]. Emissions of nitrogen oxides
(NOx) under certain conditions can be reduced if the
conventional combustion system is replaced with a premixed
system[S]. If the speed of the reactants is the same as the speed
of flame propagation, (the reaction zone) will be stationary [6].
Premixed combustion requires a stationary state because it
affects the stability of the flame. The stationary state of
combustion occurs when the velocity of the reactants is equal
to the velocity of the flame. In the pre-mixed combustion test,
stationary combustion conditions occur at an equivalent ratio
= 1. Preheating temperature is 20 to 100 °C, laminar flame
velocity increases with the addition of a given preheating
temperature [7], premixed combustion test using The
cylindrical type Bunsen burner shows that the laminar rate will
decrease if the equivalent ratio is increased until an explosion
occurs [8].

The shape of the flame and the direction of flow of
combustion products and oxygen change due to the direction
of the magnetic force. Therefore, the flame can be controlled
by applying a magnetic field, which can also improve the
combustion characteristics [9]. That only a non-uniform
magnetic field can interact with the flame, and small laminar
flames are more affected by mixtures or partially mixed flames
[10]. In this study, electro-magnets were placed around a
laminar burning methane flame to create a magnetic field (high
downward gradient of the square of the magnetic flux
density)[8].

The flame interacts with the electro-magnetic field through
the ions and electrons in the fuel. So far, studies have been
conducted to observe the flames of conventional fuels from
gases such as methane and some from liquid fuels such as
ethanol [7].

2. RESEARCH METHODS

This research was conducted by examining the
characteristics of the combustion of ethanol fuel. Figure 1
shows the laminar and high flame firing speed testers. Fuel is
supplied to the Bunsen burner via a pump syringe which is
heated at 100-300 °C in a pipe. Air is supplied to the bunsen
burner by the compressor through a pipe. Fuel and air vapors
mix in the chamber and ignite in the bunsen. The flame on the
bunsen is affected by magnetic induction and then recorded
using a camera for analysis.
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Figure 1: Laminar and flame combustion speed test equipment.

From the observed flame, we obtain the height and angle of

the flame measured in the inner flame cone, as shown in Figure
2.

Figure 2: Testing the height and angle of the flame

From the data obtained, the speed of laminar combustion
can be calculated using the equation [4].

SL=V.Sina
explanation,
SL : laminar burning velocity (cm/s)
V : reactant speed (cm/s)
A : the angle of the flame

_ @ Air+Q Fuel

v .. 2)

A
explanation,

V : reactant speed (cm/s)

Qair : air discharge (ml/min.)

Qfuel : fuel discharge (ml/min.)

A : bunsen burner cross-sectional area (cm? )

Experimental tests were carried out from the equivalent ratio ¢
=0.7,0.9, 1, 1.1, 1.3 where the equation ratio is defined in Eq.
[9].
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3. RESULTS AND DISCUSSION higher the flame speed, the lower the temperature. Maybe
because some of the heat is taken to vaporize the fuel.

The orientation of the magnetic field poles has a different
effect on the burning speed. The repulsion of the magnetic
poles will have a smaller effect than the magnetic attraction.
Attractive magnetic poles N-S produce a higher combustion
rate than N-N because N-S pumps out more of the heat that
H,O brings to the flame while N-N removes H,O which carries
the product heat out of the flame [10].

Without Magnet ——Magnet NN —— Magnet N-5

0,00

Equivalence ratio

Figure 4: The burning speed of an ethanol laminar flame versus the
equivalence ratio in the orientation of a magnetic field and without a
magnetic field.

(a) ethanol flame with an equivalent ratio of 0.7-1.2
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Figure 5: Graph of biodiesel laminar flame velocity and mixtures
[9].

The results of the research on the ethanol laminar burning
rate were compared with research [9]. The results showed that
the laminar flame velocity increased and decreased with
increasing equivalent ratio and magnetic field. This trend is the
same as research on burning other hydrocarbons such as
petrodiesel, palm oil methyl ester, CHs4, and ethyl-benzene [2].

The height of the ethanol burning flame in the orientation of
the magnetic field. This shows that the ethanol flame with a
magnet is higher than the flame without a magnet because the
higher it indicates that the flame tends to be less stable because
it has a longer span, the magnetic field has a greater effect and
shortens the flame on biodiesel. This happens because the
magnet makes the electrons more energetic so the reaction
speed can increase.

From several previous studies, it was stated that the
magnetic field has the power to affect the magnetic poles of
electrons in molecular bonds, which means it affects the spin
of electrons in molecules. The second role is that the magnetic
field can change the rotation of the hydrogen protons in the
fuel from para to ortho [11][12][13][14][15].

(c) ethanol flame with an equivalent ratio of 0.7-1.2

Figure 3: The shape of an ethanol flame with a ratio of 0.7-1.2: (a)
without a magnet; (b) N-N magnets; (c) N-S magnets

It can be seen in Figure 3, that the magnetic influence is
faster at the N-S pole. The change in combustion speed
changes the direction of the magnetic poles to become larger,
this shows that the product heat in the H,O pumped by the
magnet is an important factor in combustion. Burning speed
shows the rate of heat release. Although the nature of the
magnetic field increases the temperature of the flame, the
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Combustion reactions can take place more quickly. The
change from para to ortho is more pronounced in premixed
combustion where the laminar burning speed increases higher
due to the stronger electrical polarity of ethanol [13]. The role
of the magnetic field is to attract paramagnetic molecules in
case of combustion is oxygen and repel diamagnetic molecules
in H>O which carry heat.

4. CONCLUSION

The strength of the magnetic field increases the speed of the
laminar burning of ethanol through its role in increasing the
spin of the electrons and changing the spin of the hydrogen
fuel protons. The direction of the magnetic poles plays an
important role in the transport of O; and the transport of heat
carried by H>O in the reaction product which greatly
determines the stability and achievement of combustion. The
right combination of field strength and magnetic field
direction determines the quality of the burning fire.
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ABSTRACT

The purpose of this study was to determine the effect of
magnetic field induction on the characteristics of premixed
ethanol combustion flames. Petroleum will
increasingly be depleted if alternative energy is not found.
Therefore, various breakthroughs are needed to prevent an
energy crisis from occurring. Simultaneously the researchers
are also trying to find equipment that can save fuel
consumption. To get a more effective and efficient flame, you
can apply a magnetic field effect to the burning fire, especially
in terms of the rate of burning of the fire. Fuel oil under normal
conditions tends to be irregular and grouped together. By
providing a magnetic field to induce the fuel oil, the
hydrocarbon bonds will break and will make the chemical
composition more homogeneous. The experimental research
method is to heat ethanol until it 1s in the form of steam, then
flow it to the burner which will then be given air which is
controlled by the mass flow. The research began with the
manufacture of magnetic induction from carbon steel wrapped
in copper wire. Then testing the fuel by providing a magnetic
field before the ethanol fuel enters the burner tip. The
magnetic field helps the fuel ionization process, this ionization
is needed so that the fuel can easily bind oxygen during the
combustion process. If the ionization process goes well then
the combustion process becomes more complete. In this
ionization process, it will result in the formation of positively
charged fuel molecules so that during combustion the
combustion process will occur more quickly. The magnetic
field will generate Far Infrared waves, which will strengthen
the positively charged bonds in the fuel structure due to the
ionization process and position these bonds in an orderly
manner. This makes it easy for oxygen to react with fuel in the
combustion process. With the electric motion force will
increase the combustion temperature. The increase in
temperature is caused by the process of ionization of the fuel
due to the magnetic field generated by the electromotive force.
The dynamic electromotive force causes the flame to increase
when the current is flowing and decrease when the electric
current is cut off. The resulting fire is more transparent, clearer
and more visible. The direction of the N-S magnetic field
causes the temperature to be higher than the direction of the
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N-N magnetic field. The magnetic field can affect the burning
speed of the ethanol flame. In a poor mixture (¢ <1) in the
presence of magnetic influence, the rate of fire is lower
without the influence of a magnetic field, but in a rich mixture
(¢ > 1) in the presence of a magnetic influence, the rate of fire
is higher than without the influence of a magnetic field.

Key words : Burning speed, premixed, Ethanol,
Electromotive Force, Effect of Magnetic Field.

1. INTRODUCTION

Ethanol is an environmentally friendly alternative
(renewable) fuel that produces low carbon emissions
compared to gasoline or the like (up to 85% lower). Basically,
ethanol is made from sweet potatoes, corn or other plantation
products and until now there has been no vehicle specifically
designed to use 100% ethanol. The use of ethanol in vehicles
usually uses 2 types of ethanol, namely ethanol 10 (E-10)
which is a mixture of 10% ethanol and 90% gasoline and can
be used in all the latest vehicles [1]. In general, the
hydrocarbon molecules in fuel compounds will carry out
vibrational activity towards the core. In addition, hydrocarbon
compounds will tend to attract and attract intermolecular
molecules so as to form clustered molecules (clustering).
Clustering in this fuel causes the hydrocarbon molecules not to
separate from each other when they react with oxygen. There
is a rapid chemical reaction between the hydrogen and carbon
in the fuel with the oxygen contained in the air. As a result of
the clustering effect there is still fuel that has not been burned
and turned into UHC (Unburned Hydrocarbon) and carbon
monoxide. So to reduce emission levels and increase
combustion efficiency, it is necessary to improve the
atomization process. One way to improve the fuel atomization
process is to apply a magnetic field to the fuel flow [2]. In
everyday life, the emergence of an electric field is always
accompanied by the emergence of a magnetic field. The use of
a magnetic field in the fuel flow is as follows:

1. The magnetic field helps the ionization process in the fuel,
this ionization is needed so that the fuel can easily bind oxygen
during the combustion process. If the ionization process goes
well, fuel consumption will be reduced because the
combustion process is more complete. In this ionization
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process, it will result in the formation of positively charged
fuel molecules so that during combustion the combustion
process will occur more quickly.

2. The magnetic field will cause Far Infrared Waves, which
will strengthen the positively charged bonds of the fuel
molecule structure due to the ionization process and position
these bonds in an orderly manner. This makes it easy for
oxygen to react with fuel in the combustion process [3].

Research on premixed combustion has been carried out
using conventional fuels [4]. Emissions of nitrogen oxides
(NOx) under certain conditions can be reduced if the
conventional combustion system is replaced with a premixed
system[5]. If the speed of the reactants is the same as the speed
of flame propagation, (the reaction zone) will be stationary [6].
Premixed combustion requires a stationary state because it
affects the stability of the flame. The stationary state of
combustion occurs when the velocity of the reactants is equal
to the velocity of the flame. In the pre-mixed combustion test,
stationary combustion conditions occur at an equivalent ratio
= 1. Preheating temperature is 20 to 100 °C, laminar flame
velocity increases with the addition of a given preheating
temperature [7], premixed combustion test using The
cylindrical type Bunsen burner shows that the laminar rate will
decrease if the equivalent ratio is increased until an explosion
occurs [8].

The shape of the flame and the direction of flow of
combustion products and oxygen change due to the direction
of the magnetic force. Therefore, the flame can be controlled
by applying a magnetic field, which can also improve the
combustion characteristics [9]. That only a non-uniform
magnetic field can interact with the flame, and small laminar
flames are more affected by mixtures or partially mixed flames
[10]. In this study, electro-magnets were placed around a
laminar burning methane flame to create a magnetic field (high
downward gradient of the square of the magnetic flux
density)[8].

The flame interacts with the electro-magnetic field through
the 1ons and electrons in the fuel. So far, studies have been
conducted to observe the flames of conventional fuels from
gases such as methane and some from liquid fuels such as
ethanol [7].

2. RESEARCH METHODS

This research was conducted by examining the
characteristics of the combustion of ethanol fuel. Figure 1
shows the laminar and high flame firing speed testers. Fuel is
supplied to the Bunsen burner via a pump syringe which is
heated at 100-300 °C in a pipe. Air is supplied to the bunsen
burner by the compressor through a pipe. Fuel and air vapors
mix in the chamber and ignite in the bunsen. The flame on the
bunsen is affected by magnetic induction and then recorded
using a camera for analysis.
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Figure 1: Laminar and flame combustion speed test equipment.

From the observed flame, we obtain the height and angle of
the flame measured in the inner flame cone, as shown in Figure
]

Figure 2: Testing the height and angle of the flame

From the data obtained, the speed of laminar combustion
can be calculated using the equation [4].

SI=V.Sina e ——— (Y]
explanation,

SL : laminar burning velocity (cm/s)

V : reactant speed (cn/s)

A : the angle of the flame

Air+Q Fugl
explanation,

V : reactant speed (cm/s)

Qair : air discharge (ml/min.)

Qfuel : fuel discharge (ml/min.)

A : bunsen burner cross-sectional area (cm® )

Experimental tests were carried out from the equivalent ratio ¢
=0.7,09, 1, 1.1, 1.3 where the equation ratio is defined in Eq.
[9].
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9RESULTS AND DISCUSSION

The orientation of the magnetic field poles has a different
effect on the burning speed. The repulsion of the magnetic
poles will have a smaller effect than the magnetic attraction.
Attractive magnetic poles N-S produce a higher combustion
rate than N-N because N-S pumps out more of the heat that
H>O brings to the flame while N-N removes H>O which carries
the product heat out of the flame [10].

(a) ethanol flame with an equivalent ratio of 0.7-1.2

(b) ethanol flame with an equivalent ratio of 0.7-1.2

J /\ /\‘
0,709 1 11,32

(c) ethanol flame with an equivalent ratio of 0.7-1.2

J

Figure 3: The shape of an ethanol flame with a ratio of 0.7-1.2: (a)
without a magnet; (b) N-N magnets; (c) N-S magnets

It can be seen in Figure 3, that the magnetic influence is
faster at the N-S pole. The change in combustion speed
changes the direction of the magnetic poles to become larger,
this shows that the product heat in the H20 pumped by the
magnet is an important factor in combustion. Burning speed
shows the rate of heat release. Although the nature of the
magnetic field increases the temperature of the flame, the
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ggher the flame speed, the lower the temperature. Maybe
because some of the heat is taken to vaporize the fuel.

Equivalence ratio

Figure 4: The burning speed of an ethanol laminar flame versus the
equivalence ratio in the orientation of a magnetic field and without a
magnetic field.
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Figure 5: Graph of biodiesel laminar flame velocity and mixtures
[91.

The results of the research on the ethanol laminar burning
rate were compared with research [9]. The results showed that
the laminar flame velocity increased and decreased with
increasing equivalent ratio and magnetic field. This trend is the
same as research on burning other hydrocarbons such as
petrodiesel, palm oil methyl ester, CH., and ethyl-benzene [2].

The height of the ethanol burning flame in the orientation of
the magnetic field. This shows that the ethanol flame with a
magnet is higher than the flame without a magnet because the
higher it indicates that the flame tends to be less stable because
it has a longer span, the magnetic field has a greater effect and
shortens the flame on biodiesel. This happens because the
magnet makes the electrons more energetic so the reaction
speed can increase.

From several previous studies, it was stated that the
magnetic field has the power to affect the magnetic poles of
electrons in molecular bonds, which means it affects the spin
of electrons in molecules. The second role is that the magnetic
field can change the rotation of the hydrogen protons in the
fuel from para to ortho [11][12][13][14][15].
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gombustion reactions can take place more quickly. The
change from para to ortho is more pronounced in premixed
combustion where the laminar burning speed increases higher
due to the stronger electrical polarity of ethanol [13]. The role
of the magnetic field is to attract paramagnetic molecules in
case of combustion is oxygen and repel diamagnetic molecules
in H>O which carry heat.

4. CONCLUSION

The strength of the magnetic field increases the speed of the
laminar burning of ethanol through its role in increasing the
spin of the electrons and changing the spin of the hydrogen
fuel protons. The direction of the magnetic poles plays an
important role in the transport of O; and the transport of heat
carried by H:O in the reaction product which greatly
determines the stability and achievement of combustion. The
right combination of field strength and magnetic field
direction determines the quality of the burning fire.
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