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Abstract. The effect of magnetic field on the candle is the basis of explanation the effect of magnetic field on flames.
The magnetic field enhances combustion process between fuels, which are diamagnetic material and oxygen which is
paramagnetic material. It is found that a free convection heat transfer from candle flame may be significantly affected
by the presence of a magnetic field; this effect appeared in the increasing of flame height and luminosity and
brightness of candle flame. When pyrex tube fixed around the candle with lack of oxygen, candle flame quenched
after10 seconds. In the presence of magnetic field, candle flame life increased to 22 seconds. When these experiments
repeated to allow oxygen to entry from bottom of the candle, the flame quenched after 25 seconds without magnetic
field and reached to 40 seconds with it. This means that the magnetic field increases oxygen concentration. Because
of the oxygen is paramagnetic material, the magnetic field increases the oxygen concentration around the candle flame
and the magnetic field enhances the buoyancy force of the candle flame. This means that there is a complete
combustion in the presence of the magnetic field.
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1. INTRODUCTION Later, researchers found that the interaction
between flame ions and the magnetic fields
were much too small to cause the flame
deflection. Von Engel and Cozens [3] showed
that the change in the flame shape could be
attributed to the diamagnetic flame gases in the
paramagnetic atmosphere. The changes in the
flame behavior were attributed to a pressure
gradient caused by the difference in magnetic
permeability's. Para magnetism occurs in
materials composed of atoms with permanent
magnetic dipole moments. In the presence of

Much research on the relation between
combustion and magnetic fields has taken place
all over the world. The nature of the studies has
varied over a wide range, such as the influence
of the magnetic fields on the flame, quenching
the flame by magnetic field, the relation
between the magnetic field and microgravity
conditions. Also, there are many studies
explained the effect of the electric field on the
candle and the flame.

The fact that magnetic fields can influence magnetic field gradients, the atoms align with
combustion was first realized over one hundred the magnetic field and are drawn into the
and seventy years ago. As early as 1846, direction of increasing magnetic field.
Faraday applied a magnetic field to a flame on a Diamagnetism occurs when atoms have no net
candle and he found that permanent magnets magnetic dipole moment. In the presence of
could cause candle flames to deform into magnetic  gradient  fields,  diamagnetic
equatorial disks [1, 2] and found that the flames substances are repelled towards areas of
were more luminous when placed in an external decreasing magnetism. Oxygen is an example of
magnetic field. Faraday attributed the change in a paramagnetic substance. Nitrogen, carbon
the flame shape to the presence of charged monoxide and dioxide, and most hydrocarbon
particles in the flames interacting with the fuels are examples of diamagnetic substances.

magnetic fields. This experiment formed the

basis for magnetic field effects on flames. S.Ueno [4] examined the ability of the magnetic

field to quench flames by placed a candle flame
between two  columnar electromagnets,
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hollowed out, to enclose the flame and exposed
it to a field of 1.5 T and a gradient of 50-
300T/m in the direction perpendicular to the
pole axis when the distance of the air gap was in
a range of 5-10 mm. The flame was quenched
soon after the application of the magnetic field.
It was even noticed that the flame life time
increased with decreasing magnetic fields and
fields below a critical value of 0.9 T would no
longer quench the flame.

In zero gravity, convection does not carry the
hot combustion products away from the fuel
source, resulting in a spherical flame front. In
2000, experiments by NASA[5] confirmed that
gravity plays an indirect role in flame formation
and composition. The common distribution of a
flame under normal gravity conditions depends
on convection, as soot tends to rise to the top of
a flame (such as in a candle in normal gravity
conditions), making it yellow. In microgravity
or zero gravity environment, such as in orbit,
natural convection no longer occurs and the
flame becomes spherical, with a tendency to
become bluer and more efficient.

N.I. Wakayama [6-7] studied the effect of
magnetic support for combustion in diffusion
flames under microgravity. Flames in an O»-
containing atmosphere rely on natural or forced
convection to replenish reactants and remove
hot products. Because natural convection is
absent under microgravity, diffusion flames
become spherical, have low power, and
eventually are extinguished. Kioshita [8] study
the numerical simulation of diffusion flames
with and without magnetic field. Numerical
computations are made of axisymmetric laminar
hydrogen flames, focusing on the unsteady
behavior under microgravity and the effects of
the magnetic field. In the microgravity without
magnetic field, it is revealed that the
combustion products remain around the
diffusion flame because of the lack of
convection, the amount of O, diffusion to the
flame region becomes retarded. When a gradient
magnetic field is added, convection is induced
around the diffusion flame by the magnetic field
which induces magnetic buoyancy force due to
the in homogeneity of magnetic susceptibility.
The flow configuration formed by the magnetic
force under microgravity is similar to that under
the normal gravity without the magnetic field.
Ross [9-10] showed that in the microgravity and
in the absence of the buoyancy the candle flame
could survive for at least 5 seconds, but did not
reach a steady state in the available test time.

2.Experimental set up

The present study focused on the effect of
magnetic field on the candle by using two types of

magnetic devices. The first type is an
electromagnetic yoke coil and the second type is a
permanent magnet. The electromagnetic yoke coil
has a direct effect on the candle flame. It has
constant magnetic field intensity of 0.72 Tesla
and AC Current of 220 Volt as shown in figure
(1). The distance or the gap between the two poles
can be controlled as shown in figure (2).
Accordingly the strength of the electromagnetic
field could be controlled. The permanent magnet
has O-ring shape, as shown in figure (4). Pocket
Gas Emission Analyzer model AUTOL GIC was
used in the present experiment to measure the
oxygen concentration in the surrounding air.

Fig (1) : The electromagnetic yoke coil placed
around the candle flame.

' Magnetic Flux
""" In Logs of Yoke

Crack Magnetic Flux
Indication In Part

Fig (2) : The electromagnetic yoke coil and its

electromagnetic theory.

3.Analysis of Results

This section introduces a discussion on how
magnetic field can affect the diffusion flame
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characteristics of a candle such as flame height ,
flame deflection , flame quenching and
luminosity .

3.1 The effect of the magnetic field on the
candle flame height

The simplest example of diffusion flames is a
candle flame. Paraffin's vaporized at the wick
and diffuses into the surrounding air.
Simultaneously, the air flow towards the flame
due to free convection forms a mixture with the
vaporized paraffin. A free convection flow field
is a self-sustained flow driven by the presence
of a temperature gradient. As a result of the
temperature difference, the density field is not
uniform. Buoyancy will induce a flow current
due to the gravitational field and the variation in
the density field. In general, a free convection
heat transfer is usually much smaller compared
to a forced convection heat transfer. It is
therefore important only when there is no
external flow exists.

There are two opposite forces affecting the
candle flame which are; gravity force and
buoyancy force, as shown in figure (3-a) . By
considering the magnetic force, which is acting
in the same direction as the buoyancy force, it
can be concluded that the buoyancy force is
enhanced and becomes dominant . Accordingly
the height of the flame is increased due to the
existence of the magnetic field as shown in
figure (3-b). The average increase in the flame
height is about 60 % based on the magnetic
field intensity which is of 0.72 Tesla as
mentioned earlier.

Candle with
magnetic field

Fig (3) : Effect of electromagnetic yoke on candle flame
(a) without magnetic field (b) with magnetic field.

From the previous figure, it is found that the
candle flame height could be increased by the
presence of the magnetic field. This result is
agreed well with Faraday experiment [1] and
other published experimental data [3]. Faraday
used a permanent magnet only. In the present
experiment, the permanent magnet and the
electromagnetic yoke are used.

3.2 The effect of the magnetic field on the
candle flame deflection

In the present experiment, when the magnet
affected the candle, the flame deflected and
went away the magnet as shown in figure (4).
This phenomenon is known as the flame does
not like the magnet.

Fig.(4): showing that the candle flame bent to escape
from the magnet.

3.3 The effect of the magnetic field on the
candle flame quenching

To study the life time of flame before quenching
under the present setup, The oxygen level has to
be controlled become the limited magnetic
strength. So, a Pyrex tube was used to limit the
amount of air around the flame as shown in
figure (5). In the first trail, the tube is positioned
in a way to prevent the air to flow from the
bottom side as shown in figure (5). In the
second trail, the air is allowed to move from the
bottom and from the top of the tube as shown in
the figure (6).

Table (1) shows that, the life time before
quenching is enhanced when the flame exposed
to the magnetic field in both cases.

Table (1) : the life time of the candle flame before
quenching with and without magnetic field.

The life time before quenching
(seconds)
Trail type
Without With magnetic
magnetic field field
First trail 10 22
Second trail 25 45

The longer time of the flame in case of magnetic
field could be explained by the increased
concentration and better utilization of the
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oxygen around the candle in this case. To
confirm this fact, the oxygen concentration is
measured around the flame. Two samples were
analyzed by the exhaust analyzer. The
concentration of air showed heigh value (25 %)
in case of using the electromagnetic yoke coil
around the flame compared to normal

concentration of 21 %.

Fig.(5): Candle flame quenching when Pyrex tube
was fixed above the candle ( no space for air entry
from the bottom) (a) without magnetic field (b)
with magnetic field.

Fig.(6): Candle flame quenching when Pyrex
tube was fixed above the candle ( with space
for air entry from the bottom) (a) without
magnetic field (b) with magnetic field.

3.4 Candle flame luminosity & brilliance.

Figure (7) shows the variation of candle flame
luminosity and brilliant when using magnetic
field. It is shown that flame became more
luminous and more brilliant, gradually
compared to without a magnetic field, this fact
is agreed with the Faraday experiment [1],
Gillion and Gilard [13]

Fig.(7): Comparison between the candle flame
without magnetic field ( before and after using
pyrex tube) and using the magnetic field with
pyrex tube.

Conclusions

It is found that the candle flame could be
significantly affected by the presence of the
magnetic field; this effect appeared in the
increasing of the flame height, the luminosity,
brightness and the candle flame life time.
Because of the oxygen is paramagnetic material,
the magnetic field increases the oxygen
concentration around the candle flame . This
means that there is a complete combustion in
the presence of the magnetic field.
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