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(57) A method of improving the combustion proper-
ties of fuels, the method comprising the steps of:
-providing a flow of fuel through a magnetically permea-
ble fuel conduit,

-providing an electrical conductor connected to a power
supply;

-winding the electrical conductor around the fuel conduit
to obtain a solenoid;

METHOD OF IMPROVING COMBUSTION PROPERTIES OF FUEL

-applying a current to the solenoid via the power supply,
and periodically varying the voltage thereby providing a
voltage with a frequency;

-altering the frequency of the voltage over a sweep cycle
defined by afirstlimit frequency and a lastlimit frequency,
which limit frequencies are in the range of 250 Hz to 10
GHz and are separated by at least 5000 Hz, the sweep
cycle having a duration in the range of 0.01 s to 1 s.
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Description
Background

[0001] The present disclosure relates to a method of
improving combustion properties of fuel used to power
combustion engines.

[0002] Improving combustion properties of fuel by ac-
tion of a permanent magnetic field or an electromagnetic
field on a flowing liquid fuel is known in the art. It is be-
lieved that the magnetic field reduces the surface tension
of the flowing fuel and separates and/or homogenizes
the molecules of the fuel. Thus, when the fuel treated by
the magneticfield is sprayed or atomized in a combustion
chamber of a combustion engine, the fuel may be sepa-
rated into smaller droplets, so that a significantly im-
proved fuel utilization may be achieved. The method may
be particularly relevant for denser fuels, such as diesel
used in larger vehicles, such as trucks, and in marine
vehicles.

[0003] EPO0652362A1 describes a method for reducing
the consumption of fossil fuels flowing through a mag-
netically permeable fuel feed line by means of a magnetic
field which is applied to the fuel by an external magnet-
ization means. In the method, an alternating magnetic
field is provided by a coil through which a current of pe-
riodically changing amplitude and frequency is running.
It is mentioned that the frequency of the current is pref-
erably changed continuously within a frequency range
between two frequency limit values. Such a continuous
change in frequency is mentioned as being preferred due
to the assumption that a range of frequencies will contain
frequencies that are optimal for the flow velocity of the
fuel. This is said to eliminate the need for measuring the
fuel flow velocity in real time and adjusting the frequency
to the frequency optimal for the fuel flow velocity. Fur-
thermore, a practical test is mentioned, which has shown
that a sweep within a frequency range from approximate-
ly 10 Hz to approximately 200 Hz and in particular from
90 to 110 Hz, has proven advantageous for diesel fuel.
It also mentions that a cycle time of 6 seconds for alter-
nating between the two frequency limit values has proven
useful in the practical tests.

[0004] However, there remains a need foranimproved
utilization of fuels and in particular diesel fuel.

Summary

[0005] It is the object of the present disclosure to pro-
vide a method for improving the combustion properties
of fuels. Thus, this and other objects are achieved by the
present disclosure, wherein a method of improving the
combustion properties of fuels, the method comprising
the steps of:

- providing a flow of fuel through a magnetically per-
meable fuel conduit,
- providing an electrical conductor connected to a
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power supply;

- winding the electrical conductor around the fuel con-
duit to obtain a solenoid;

- applying a current to the solenoid via the power sup-
ply, and periodically varying the voltage thereby pro-
viding a voltage with a frequency;

- altering the frequency of the voltage over a sweep
cycle defined by a first limit frequency and a last limit
frequency, which limit frequencies are in the range
of 250 Hz to 10 GHz and are separated by at least
5000 Hz, the sweep cycle having a duration in the
range of 0.01 sto 1 s.

[0006] The method uses a power supply providing a
currentto the solenoid. The current provided by the power
supply has a voltage having a periodically varying voltage
(when measured at the output of the power supply), i.e.
the voltage has a frequency. The voltage may be positive
(+), e.g. continuously positive (+), negative (-), e.g. con-
tinuously negative (-), or fluctuate between positive and
negative voltage (+/-), i.e. the current may be running in
one direction or it may reverse in direction periodically.
In general, the varying voltage may (as a function of time)
have any shape which has a waveform that repeats over
time (frequency), such as a sinus curve (conventional
alternating current), a sawtooth, a square wave, a trian-
gular shape, an amorphous (repetitive) curve, or a com-
bination thereof, all of which may have the currentrunning
only in one direction (DC, +/-) or have reversal of the
current direction. In the context of the present disclosure,
the frequency of the voltage should be understood as the
number of times the waveform of the voltage repeats
over time.

[0007] Inapreferredembodiment,the current provided
by the power supply is provided as an alternating current
(AC), wherein the frequency of the voltage is the frequen-
cy of the alternating current.

[0008] Inanembodiment, the periodically varying volt-
age has a maximum and a minimum that are both posi-
tive, e.g. the current may be a pulsating direct current
wherein the frequency of the voltage is the frequency of
the pulsating direct current. In another embodiment, the
periodically varying voltage has a maximum voltage and
aminimum voltage thatare both negative, e.g. the current
may be a pulsating negative direct current, wherein the
frequency of the voltage is the frequency of the pulsating
negative direct current. In another embodiment, the var-
ying voltage has a positive maximum voltage and a neg-
ative minimum voltage, e.g. the current may be an alter-
nating current (AC).

[0009] The power supply may be any power supply,
which may be configured to provide a current periodically
varying in voltage according to a waveform and thereby
having a frequency. It is well-known in the art how to
configure a power supply, so that it may provide such a
current.

[0010] The method employs a sweep cycle that is de-
fined by a first limit frequency and a last limit frequency,
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and the frequency of the voltage is varied over the sweep
cycle. The first limit frequency may be lower than the last
limit frequency so that the frequency of the voltage is
increased over the sweep cycle, or first limit frequency
may be higher than the last limit frequency so that the
frequency of the voltage is decreased over the sweep
cycle. In an embodiment, the method has sweep cycles
where the first limit frequency is lower than the last limit
frequency combined with sweep cycles where the first
limit frequency is higher than the last limit frequency.
[0011] The sweep cycle may include any frequency
between the first limit frequency and the last limit fre-
quency. Changing the frequency may involve gradually
ramping up or down the frequency between the two limit
frequencies, the gradual ramping up or down being con-
tinuous, in steps or a combination thereof. The frequen-
cies between the first limit frequency and the last limit
frequency may be any number of distinct frequency val-
ues, or the frequencies may be represented by a smooth
change in frequencies from the first limit frequency to the
last limit frequency. For example, the frequencies be-
tween the first limit frequency and the last limit frequency
may be divided into any number of frequency intervals,
e.g. equidistant frequency intervals. As a consequence,
during the change in frequency, the frequency may be a
frequency between the two limit frequencies. The change
between the first and the last limit frequency may also
occur immediately between the two limit frequencies.
However, during atleast one of the two changes (change
from first to last limit frequency or last to first limit fre-
quency), the change includes frequencies between the
two limit frequencies. When the frequency is changed
from one of the limit frequencies to the other limit fre-
quency and back to the initial limit frequency, one sweep
cycle is said to have been completed. The inventors con-
template that the sweep cycle may, within the range of
the first and the last limit frequencies, have ranges of
frequencies which are not included in the sweep cycle.
E.g. when the limit frequencies are in the range of 250
Hz to 10 GHz and are separated by at least 5000 Hz, the
sweep may exclude single, or multiple discrete frequency
values between 250 Hz to 10 GHz, such as frequencies
in the range of 4000 to 4500 Hz. It is preferred that few
or no frequencies in the range of the first and the last limit
frequencies are excluded from the sweep cycle. Hence,
in a sweep cycle, the frequency of the voltage is, at any
given time, a frequency in the range of the two limit fre-
quencies or a frequency in the range of the two limit fre-
quencies, which is not an excluded frequency.

[0012] The change in frequency over time (ramping up
and/or ramping down) may take any shape, such as a
linear ramp, an s-shaped ramp, an exponential ramp, a
ramp with different linear slopes, or a combination there-
of. When the sweep from the limit frequency to the last
limit frequency is smooth, the change in frequencies is
considered to involve all frequencies between the first
limit frequency and the last limit frequency (which are not
excluded frequencies). However, the actual frequencies
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involved in a smooth change will depend on the device
employed to implement. The skilled person will know the
actual frequencies available and the actual smoothness
in the change depending on the type of device employed.
A smooth change in frequencies may follow any curve
describing the increase. For example, the change may
follow a linear increase or decrease, it may be an expo-
nential increase or decrease, or it may be a step-wise
increase or decrease or a combination thereof. In a spe-
cific embodiment the first limit frequency is lower than
the last limit frequency, and the frequency of the voltage
is increased linearly to the last limit frequency followed
by a quick, e.g. instantaneous, decrease back to the first
limit frequency before staring the next, in particular the
nextidentical, sweep cycle. This alteration of the frequen-
cy of the voltage in this embodiment is referred to as a
sawtooth-like curve. When a sawtooth-like curve is em-
ployed, it is especially preferred that the current is pro-
vided to the solenoid as an AC current, e.g. an AC current
with a voltage varying in frequency according to the
sweep cycle, such a sweep cycle with a firstlimit frequen-
cy and a last limit frequency that are in the range of 250
Hz to 10 GHz and are separated by at least 5000 Hz.
[0013] The sweep cycle has a duration in the range of
0.01 s to 1 s. The method may employ any number of
sweep cycles, but the method is preferably performed
continuously. For example, a continuous flow of fuel may
be applied through the magnetically permeable fuel con-
duit, while the method is performed as long as the fuel
is flowing through the magnetically permeable fuel con-
duit. Typically, the method includes at least 10, e.g. at
least 100, atleast 1000, or at least 10,000 sweep cycles.
The sweep cycle may also be represented with a fre-
quency, and thus, the sweep can be considered to occur
(is repeated) with a frequency in the range of 1 to 100
times per second, such as once per second, preferably
1 to 20 times per second, more preferably 4 to 16 times
per second, even more preferably 10 to 12 times per
second, most preferably 11 sweeps per second. The
sweep is repeated by initiating a new sweep cycle imme-
diately following a last completed sweep cycle, initiating
a sweep cycle a period of time after the last completed
sweep cycle (such as a few milliseconds after), or a com-
bination thereof. Preferably the sweep cycle is repeated
immediately following the last completed sweep cycle.
The limit frequencies may be selected freely for repeated
sweep cycles, and the limit frequencies may be different
in different sweep cycles.

[0014] In a preferred embodiment, the frequency is in-
creased from the first limit frequency (ramped up) to the
last frequency and then decreased immediately to the
first frequency, i.e. in a single step change. In another
preferred embodiment, the frequency is decreased
(ramped down) from the last limit frequency to the first
frequency and then increased immediately to the last limit
frequency. In both of these embodiments, the changes
in frequency over time may be said to follow a sawtooth-
like curve.
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[0015] Inthe above two embodiments, the ramping up
or down is preferably linear.

[0016] Varying the charge of the voltage (+/-) (i.e. re-
versing the current) has the effect of reversing the direc-
tion of an electromagnetic field relative to an axial direc-
tion of the solenoid. This in combination with the change
in frequency of the voltage makes the magnetic flux level
of the electromagnetic field vary over time relative to one
or more directions (axes). Preferably, the method of the
presentinvention generates a magnetic flux, which varies
at least in an axial direction relative to the solenoid, and
even more preferably at least two spatial directions, such
as a radial direction and an axial direction relative to the
solenoid, or two radial directions and an axial direction
relative to the solenoid.

[0017] The inventors believe that treating a fuel with
an electromagnetic field varying in flux density relative
to spatial directions result in a noticeable improvement
in one or more combustion properties of fuel. Without
being bound by theory, the inventors believe that smaller
molecules, e.g. water, react to electromagnetic fields
generated by currents having voltages with lower fre-
quencies (e.g. 10 to 200 Hz), while larger compounds,
such as the saturated hydrocarbons and aromatic hydro-
carbons present in fuel, react to electromagnetic fields
generated by currents having voltages with higher fre-
quencies (e.g. 250 Hz to 10000 Hz and 0.5 to 10 GHz).
Hence, due to the complex composition of fuel, broad
ranges of higher frequencies may be needed to cover
the many different sizes of compounds that are usually
present in fuel. Without being bound by theory, it is be-
lieved that providing an electromagnetic field which af-
fects many if not all of the compounds present in fuel will
lead to a greater decrease in the surface tension and/or
improved separation of the compounds in the fuel relative
to electromagnetic fields that only affect a small portion
ofthe compounds of the fuel. Less surface tension and/or
improved separation of the compounds of the fuel will
mean that the fuel may be dispersed into smaller droplets
in the combustion chamber, thereby making the fuel more
combustible.

[0018] In an embodiment, one of the limit frequencies
is in the range of 0.1 GHz to 1 GHz and the other limit
frequency is in the range of 1 GHz to 10 GHz. As an
example, the limit frequencies may define a range of 0.5
GHz to 5 GHz.

[0019] In an embodiment, the first and the last limit
frequency is in the range of 0.1 GHz to 10 GHz and the
difference between the first and the last limit frequency
is at least 0.1 GHz.

[0020] Inanotherembodiment, one of the limit frequen-
cies is in the range of 250 Hz to 2500 Hz and the other
limit frequency is in the range of 4000 Hz to 10000 Hz.
In yet another embodiment, one of the limit frequencies
is in the range of 250 Hz to 350 Hz and the other limit
frequency is in the range of 8000 Hz to 10000 Hz. In yet
another embodiment, the first limit frequency is 300 Hz
and the last limit frequency is 9000 Hz.
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[0021] In an embodiment, the one of the limit frequen-
cies is in the range of 250 Hz to 350 Hz and the other
limit frequency is in the range of 8000 Hz to 10000 Hz,
and the sweep cycle has a duration in the range of 0.05
sto1s.

[0022] In a preferred embodiment, one of the limit fre-
quencies is in the range of 250 Hz to 350 Hz and the
other limit frequency is in the range of 8000 Hz to 10000
Hz, the sweep cycle has a duration in the range of 0.05
sto 1s, and the change in frequency follows a sawtooth-
like curve.

[0023] In a preferred embodiment, one of the limit fre-
quencies is in the range of 0.1 GHz to 1 GHz and the
other limit frequency is in the range of 1 GHz to 10 GHz,
the difference between the limit frequencies being atleast
0.1 GHz, the sweep cycle has a duration in the range of
0.05sto 1s, and the change in frequency follows a saw-
tooth-like curve.

[0024] In an even more preferred embodiment, one of
the limit frequencies is in the range of 250 Hz to 350 Hz
and the other limit frequency is in the range of 8000 Hz
to 10000 Hz, the sweep cycle has a duration in the range
of 0.05 s to 1 s, the change in frequency follows a saw-
tooth-like curve and the current is an alternating current,
the frequency of the alternating current being the fre-
quency of the voltage.

[0025] The above limit frequencies may be adjusted to
suit a particular type of fuel, i.e. a particular fuel compo-
sition, such that a greater improvement in fuel combus-
tion properties may be observed.

[0026] Anotheradvantage oftheinventionisthatitmay
decrease the heterogeneity of molecule weight of fuel.
This effect may decrease particles created by combus-
tion of the fuel (particles present in the exhaust). Without
being bound by theory, the inventors believe that larger
alkanes present in the fuel (e.g. alkanes with 25 carbon
atoms or above) will acquire a momentum in a varying
electromagnetic field, which can lead to breakage of the
alkanes into smaller compounds that are more combus-
tible. The heterogeneity of the fuel before and after treat-
ment with the method of the present disclosure may be
assessed using gas chromatography mass spectrome-
try, but other analytical methods are equally relevant. The
skilled person knows how to carry out such analyses.
[0027] The effect of improving the combustibility of the
fuel may be:

- an improved utilization of fuel, such that a greater
amount of power is generated for the same amount
of fuel combusted in an engine,

- areducednumber of particles generated by the com-
bustion of the fuel, i.e. the exhaust of the combustion
may contain fewer particles. Such particles may in
particular be NOx particles. Particles and NOx par-
ticles are considered pollution. NOx particles or NOx
gasses react to form smog and acid rain and are
central in the formation of fine particles (PM) and
ground level ozone, both of which are associated
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with adverse health effects. Hence, lowering the
amount of NOx particles is highly desirable.

[0028] The method of the present disclosure may pref-
erably be used to reduce the number of particles pro-
duced by engines of larger vehicles, such as trucks,
boats, ships and large industrial machinery. Such en-
gines often run on diesel fuel or fuel oil and may be a
considerable source of polluting particles and a may pro-
duce many more polluting particles than e.g. an engine
running on petrol such as an engine in a car.

[0029] The fuel should be treated according to the
method presented herewith before combustion in an en-
gine to achieve the benefits of the method. The method
may not improve the combustion properties of fuel that
has already been combusted.

[0030] In the context of the present disclosure, fuel
should be understood as hydrocarbon containing fuels,
which have on average at least 6 carbon atoms per hy-
drocarbon compound. For instance, the fuel may be a
product of petroleum distillation, such as jet fuel, pet-
rol/gasoline, diesel, or fuel oil, or it may be a biofuel, such
as biodiesel. Preferably, the fuel is liquid when treated
and even more preferably it is a viscous fuel (at room
temperature) such as diesel or fuel oil. The fuel may not
need to be liquid at room temperature, i.e. the fuel may
need to be heated to become liquid. The composition of
the fuel used for the method of the present disclosure
may comprise many different hydrocarbons. For in-
stance, diesel fuel is a mixture of hydrocarbons and is
typically composed of about 75 % saturated hydrocar-
bons, e.g. different types of paraffins, and 25 % aromatic
hydrocarbons, e.g. napthalenes and alkylbenzenes.
Without being bound by theory, the inventors believe that
atleast one or more of the saturated hydrocarbons and/or
aromatic hydrocarbons are charged by the method of the
present disclosure, leading to improved fuel combustion
properties. Furthermore, intra-molecular interactions
(Van der waal forces) could be affected by the method
of the present disclosure, evening out tension and/or
changing intra- molecular sticking, which in turnimproves
dispersion of the fuel in the combustion chamber.
[0031] Without being bound by theory, the inventors
believe that the change in flux density over time may
have a lower threshold at which below the method of the
present disclosure has no or only infinitesimal influence
on fuel combustion properties. Without being bound by
theory, the inventors believe that above a certain suitable
threshold of change in magnetic flux density over time,
molecules present in the fuel are charged and/or Van der
Waals forces of the molecules present in the fuel are
affected. The change in flux density over time may be
adjusted/increased to suit the particular fuel, such that
an effectwill be observed. Without being bound by theory,
the inventors believe that the change in magnetic flux
density over time may have an upper threshold limit and
increasing the change in flux density beyond this thresh-
old limit has no additional or only an infinitesimal addi-
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tional effect on the combustion properties of the fuel. The
electromagnetic field strength may be increased by in-
creasing the numbers of electrical conductor turns
around the conduit. Adjustment of an electromagnetic
field strength provided by an electrical conductor, sole-
noid or coil is well-known in the art.

[0032] In an embodiment, the method of the present
disclosure provides a peak magnetic flux density of at
least 0.1 millitesla (mT), such as at least 0.5 mT, 1 mT,
1.5 mT, 2 mT, 25 mT, 3 mT, 3.5 mT, 4 mT, 4.5 mT, 5
mT, 5.5 mT, 6 mT, or 6.5 mT. The magnetic flux density
is measured with a fluxgate magnetometer 5 cm from an
axial end of the solenoid. The peak magnetic flux density
should be understood as the largest measured flux den-
sity in any spatial direction over at least a period of 10
seconds. E.g. if the magnetic flux density is measured
for 10 seconds and the largest magnetic flux density in
a radial direction (relative to the solenoid) is 100 mT and
the largest magnetic flux density in an axial direction (rel-
ative to the solenoid) is 150 mT, the peak flux density is
150 mT. As the method of the presentdisclosure provides
an electromagnetic field with a flux density that changes
in level over time relative to a given direction, the flux
density will have local maximum and minimum values
over time. The difference in flux density between a local
maximum and the local minimum immediately following
the local maximum should be understood as a peak-to-
peak flux density. In an embodiment, the method of the
present invention provides an electromagnetic field,
which contain a peak-to-peak flux density of at least 400
mT, such as at least 600 mT, 800 mT, 1000 mT, 1200
mT, 1400 mT, 1600 mT, or 1800 mT.

[0033] The inventors also contemplate thata minimum
level of change in the direction of the electromagnetic
field over time for a given direction relative to the solenoid
may be required for the method of the present disclosure
to have an effect on fuel combustion properties. The
greater the change in direction over a set amount of time
is, the greater an effect may be observed (up to a certain
threshold). In other words, a certain level of pulse inten-
sity of the electromagnetic field may need to be reached
for the method of the present disclosure to have an effect
on fuel combustion properties. The change in the level
of flux density over time for a given direction, such as 2
mT over 200 milliseconds (ms) for the axial direction rel-
ative to the solenoid, should be understood as the pulse
intensity for that direction.

[0034] In a preferred embodiment, the solenoid and
the power supply are configured for providing, for at least
one direction, a pulse intensity of at least 5 mT/s, such
as at least 10, 15, 20, 22, 23, or 24 mT/s. One of the
directions is preferably the axial direction of the solenoid.
[0035] In a preferred embodiment, the solenoid and
the power supply are configured for providing an electro-
magnetic field which has, at least for one direction, a
pulse intensity of at least 5 mT/s and contains peak-to-
peak flux densities of at least 400 mT. One of the direc-
tions is preferably the axial direction relative to the sole-
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noid.

[0036] Inan embodiment, the average voltage provid-
ed by the power supply is in the range of 34 V to 46 V,
preferably in the range of 38 V to 44 V, more preferably
42 V.

[0037] The fuel conduit provides a fluid connection be-
tween a fuel tank and a combustion engine and may
range from a few centimeters in length to several meters
in length. In an embodiment, the electrical conductor is
wound around the fuel conduit less than 10 m of fuel
conduit away from a combustion chamber, such as in the
range of 1 m to 5 m of fuel conduit, such as in the range
of 2 m to 3 m of fuel conduit away from a combustion
chamber. A particularly noticeable effect of the electrical
conductor may be observed when the conductor is
wound around a fuel conduit at the position of the fuel
conduit which is immediately adjacent to a combustion
chamber of the engine. In this way, fuel treated by the
method of the present disclosure may be injected into
the combustion chamber of the engine immediately after
treatment of the fuel. In another particularly effective em-
bodiment, the electrical conductor is wound around a fuel
conduit, which fuel conduit recirculates fuel. Thereby, the
fuel may be recirculated in the conduit and subjected to
the method of the present invention several times before
being injected into the fuel chamber. Such recirculation
may be present in engines running on diesel or fuel oil.
[0038] The term conduit should be understood as any
conduit suitable for containing a fuel and which allows a
flow of fuel. For instance, the conduit may be a pipe, a
tube, or anintermediate container (such as atank) where-
from the fuel may flow from to a combustion chamber of
an engine.

[0039] Any magnetically permeable material may be
used for the conduit. Examples of a magnetically perme-
able materials are diamagnetic materials, such as dia-
magnetic plastics, metals, or other materials. Non-mag-
netic steel may also be used.

[0040] Any electrical conductor may be used, such as
a metal conductor, such as a conductor of made of cob-
ber, silver, gold, iron or alloys thereof.

[0041] The term solenoid should be understood as an
electrical conductor wound into a helix. Solenoid may be
used interchangeably with coil.

Brief description of Drawings

[0042] Inthe following description, embodiments of the
disclosure will be described with reference to the sche-
matic drawings, in which

Fig. 1 shows a schematic embodiment of an electro-
magnetic field generator system which may be used
for carrying out the method of the present disclosure.
Fig. 2 shows the magnetic flux density over time
measured at a position 5 cmin an axial direction from
an inlet end of the electromagnetic field generator
system according to fig. 1.
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Fig. 3 shows a schematic example of how the voltage
outputted by the power supply may vary over time
and how it may be regulated.

Detailed description

[0043] Fig. 1 shows an exemplary embodiment of how
an electromagnetic field generator system suitable for
carrying out the method of the present disclosure may
be configured. In the exemplary embodiment of Fig. 1,
the electromagnetic field generator system 1 comprises
a fuel conduit 2, which has an inlet 4 into which fuel may
flow. The arrows indicate the flow direction of the fuel.
The fuel is subjected to an electromagnetic field pro-
duced by providing an alternating current from the power
supply 6 connected to the conductor 8 arranged exter-
nally to the fuel conduit 2. The power supply 6 is con-
nected by electrical wires 10 to the atleast one conductor
8 at each end of the conductor 8 in an electrical circuit.
The conductor 8 is wound around the fuel conduit 2 cre-
ating a solenoid. The electromagnetic field will easily
pass the wall of the fuel conduit and penetrate the fuel
flowing inside the pipe.

[0044] In an exemplary use of the system according to
Fig. 1., the power supply 6 is configured to provide an
alternating current, which has a voltage with a frequency
which sweeps between a first limit frequency and a last
limit frequency, wherein the first limit frequency is 300
Hz and the second limit frequency is 9 kHz. The frequen-
cy sweeps eleven times per second, and the output volt-
age of the power supply 6 is 42 V.

[0045] Fig. 3 shows a schematic example of how the
voltage outputted by the power supply may vary over
time and how it may be regulated. Thus, panel A) shows
the frequency of the voltage on the Y axis as a function
of time on the X axis, which frequency follows a sawtooth-
like curve, panel B) shows the waveform of an alternating
current 11, wherein the voltage of the alternating current
11 is shown on the Y axis as a function of time on the X
axis, wherein a single repeat of the waveform is complet-
ed in a period 15, and panel C) illustrates panel A) com-
bined with panel B), wherein the voltage is shown on the
Y axis as a function of time on the X axis. In A) the fre-
quency of the voltage 12 is increased from a first limit
frequency 12a to a last limit frequency 12b and then im-
mediately returned to the first limit frequency 12a over a
period 14. This cycle is continuously repeated, however,
in the example only two cycles are shown. When the
frequency of the voltage is the frequency of the alternat-
ing current 11, i.e. the frequency of the alternating current
is altered according to the curve in panel A), it results in
a varying alternating current 13.

Example 1.
[0046] A fluxgate magnetometer was arranged 5 cm

in an axial direction from an inlet of the electromagnetic
field generator system according tofig. 1. The flux density
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was measured at an axial direction relative to the elec-
tromagnetic field generator system at a sample rate of
128Hz. Fig. 2 shows about 750 ms of this measurement,
wherein the flux density in microtesla is shown on the Y
axis as a function of time in milliseconds on the X axis.

Claims

1. A method of improving the combustion properties of
fuels, the method comprising the steps of:

- providing a flow of fuel through a magnetically
permeable fuel conduit;

- providing an electrical conductor connected to
a power supply;

-winding the electrical conductor around the fuel
conduit to obtain a solenoid;

- applying a current to the solenoid via the power
supply, and periodically varying the voltage
thereby providing a voltage with a frequency;

- altering the frequency of the voltage over a
sweep cycle defined by a first limit frequency
and a last limit frequency, which limit frequen-
cies are in the range of 250 Hz to 10 GHz and
are separated by at least 5000 Hz, the sweep
cycle having a duration in the range of 0.01 s to
1s.

2. Themethod according to claim 1, wherein the sweep
cycle has a duration in the range 0.05sto 1 s.

3. The method according to any one of the claims 1 to
2, wherein one of the limit frequencies is in the range
of 0.1 GHz to 1 GHz and the other limit frequency is
in the range of 1 GHz to 10 GHz, which limit frequen-
cies are separated by at least 0.1 GHz.

4. The method according to any one of the claims 1 or
2, wherein one of the limit frequencies is in the range
of 250 Hz to 2500 Hz and the other limit frequency
is in the range of 4000 Hz to 10000 Hz.

5. The method according to any one of the claims 1, 2
or 4, wherein one of the limit frequencies is in the
range of 250 Hz to 350 Hz and the other limit fre-
quency is in the range of 8000 Hz to 10000 Hz.

6. The method according to any one of the claims 1 to
5, wherein the current supplied by the power supply
is an alternating current and the frequency of the
voltage is the frequency of the alternating current.

7. The method according to anyone of the of the claims
1to 6, wherein the frequency is altered according to

a sawtooth-like curve.

8. The method according to any one of the claims 1 to
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10.

1.

12.

2, wherein one of the limit frequencies is in the range
of 0.1 GHz to 1 GHz and the other limit frequency is
in the range of 1 GHz to 10 GHz, which limit frequen-
cies are separated by at least 0.1 GHz, and wherein
the frequency is altered according to a sawtooth-like
curve.

The method according to any one of the claims 1 or
2, wherein one of the limit frequencies is in the range
of 250 Hz to 2500 Hz and the other limit frequency
is in the range of 4000 Hz to 10000 Hz, and wherein
the frequency is altered according to a sawtooth-like
curve.

The method according to anyone of the preceding
claims, wherein the solenoid and the power supply
are configured for providing, for at least one direc-
tion, a pulse intensity of at least 5 mT/s.

The method according to anyone of the preceding
claims, wherein the solenoid and the power supply
are configured for providing, for at least one direc-
tion, peak-to-peak flux densities of at least 400 mT.

The method according to any one of the claims 10
or 11, wherein the at least one direction is the axial
direction of the solenoid.
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