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Description

BACKGROUND

[0001] An electric field may be applied to a flame. The
flame may respond by modifying its behavior, such as
by increasing its rate of heat evolution.

SUMMARY

[0002] According to the invention, an apparatus and a
method for applying an electric field to a combustion vol-
ume is provided according to claims 1 and 9 respectively.
[0003] According to an embodiment, a plurality of elec-
tric field modulation states may be produced sequentially
at a periodic frequency equal to or greater than about
120 Hz. According to an embodiment, a plurality of elec-
tric field modulation states may be produced sequentially
at a frequency of change equal to or greater than about
1 KHz.
[0004] According to an embodiment, a modulation fre-
quency of electric field states in a combustion volume
may be varied as a function of a fuel delivery rate, an
airflow rate, a desired energy output rate, or other desired
operational parameter.
[0005] According to an embodiment, an algorithm may
be used to determine one or more characteristics of one
or more sequences of electric field modulation states.
The algorithm may be a function of input variables and/or
detected variables. The input variables may include a
fuel delivery rate, an airflow rate, a desired energy output
rate, and/or another operational parameter.
[0006] According to an embodiment, an electric field
controller may include a fuzzy logic circuit configured to
determine a sequence of electric field modulation states
in a combustion volume as a function of input variables
and/or detected variables. The input variables may in-
clude a fuel delivery rate, an airflow rate, a desired energy
output rate, and/or another operational parameter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

FIG. 1 is a diagram of a combustion volume config-
ured for application of a time-varying electric field,
according to an embodiment.
FIG. 2A is a depiction of an electric field in the com-
bustion volume corresponding to FIG. 1 at a first time,
according to an embodiment.
FIG. 2B is a depiction of an electric field in the com-
bustion volume corresponding to FIG. 1 at a second
time, according to an embodiment.
FIG. 2C is a depiction of an electric field in the com-
bustion volume corresponding to FIG. 1 at a third
time, according to an embodiment.
FIG. 3 is block diagram of a system configured to
provide a time-varying electric field across a com-

bustion volume, according to an embodiment.
FIG. 4 is block diagram of a system configured to
provide a time-varying electric field across a com-
bustion volume, according to an embodiment.
FIG. 5 is a timing diagram for controlling electrode
modulation, according to an embodiment.
FIG. 6 is a diagram illustrating waveforms for con-
trolling electrode modulation according to an embod-
iment.
FIG. 7 is a diagram illustrating waveforms for con-
trolling electrode modulation according to an embod-
iment.

DETAILED DESCRIPTION

[0008] In the following detailed description, reference
is made to the accompanying drawings, which form a
part hereof. In the drawings, similar symbols typically
identify similar components, unless context dictates oth-
erwise. The illustrative embodiments described in the de-
tailed description, drawings, and claims are not meant to
be limiting.
[0009] FIG. 1 is a diagram of a combustion volume 103
with a system 101 configured for application of a time-
varying electric field to the combustion volume 103, ac-
cording to an embodiment. A burner nozzle 102 is con-
figured to support a flame 104 in a combustion volume
103. For example, the combustion volume 103 may form
a portion of a boiler, such as a water tube boiler or a fire
tube boiler, a hot water tank, a furnace, an oven, a flue,
an exhaust pipe, a cook top, or the like.
[0010] At least three electrodes 106, 108, and 110 are
arranged near or in the combustion volume 103 such that
application of a voltage signals to the electrodes may
form an electric field across the combustion volume 103
in the vicinity of or through the flame 104 supported there-
in by the burner nozzle 102. The electrodes 106, 108,
and 110 may be respectively energized by corresponding
leads 112, 114, and 116, which may receive voltage sig-
nals from a controller and/or amplifier (not shown).
[0011] While the burner nozzle 102 is shown as a sim-
plified hollow cylinder, several alternative embodiments
may be contemplated. While the burner 102 and the elec-
trodes 106, 108, and 110 are shown in respective forms
and geometric relationships, other geometric relation-
ships and forms may be contemplated. For example, the
electrodes 106, 108, 110 may have shapes other than
cylindrical. According to the invention, the burner nozzle
is energized to form one of the electrodes. According to
some embodiments, a plurality of nozzles 102 may sup-
port a plurality of flames104 in the combustion volume
103.
[0012] According to an embodiment, a first plurality of
electrodes 106, 108, 110 may support a second plurality
of electric field axes across the combustion volume 103
in the vicinity of or through at least one flame. According
to the example 101, one electric field axis may be formed
between electrodes 106 and 108. Another electric field
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axis may be formed between electrodes 108 and 110.
Another electric field axis may be formed between elec-
trodes 106 and 110.
[0013] The illustrative embodiment of FIG. 1 may vary
considerably in scale, according to the applications. For
example, in a relatively small system the inner diameter
of the burner 102 may be about a centimeter, and the
distance between electrodes 106, 108, 110 may be about
1.5 centimeters. In a somewhat larger system, for exam-
ple, the inner diameter of the burner 102 may be about
1.75 inches and the distance between the electrodes may
be about 3.25 inches. Other dimensions and ratios be-
tween burner size and electrode spacing are contemplat-
ed.
[0014] According to embodiments, an algorithm may
provide a sequence of voltages to the electrodes 106,
108, 110. The algorithm may provide a substantially con-
stant sequence of electric field states or may provide a
variable sequence of electric field states, use a variable
set of available electrodes, etc. While a range of algo-
rithms are contemplated for providing a range of se-
quences of electric field states, a simple sequence of
electric fields for the three illustrative electrodes 106, 108,
110 is shown in FIGS. 2A-2C.
[0015] FIG. 2A is a depiction 202 of a nominal electric
field 204 formed at least momentarily at a first time be-
tween an electrode 106 and an electrode 108, according
to an embodiment. The electric field 204 is depicted such
that electrode 106 is held at a positive potential and elec-
trode 108 is held at a negative potential, such that elec-
trons and other negatively charges species in the com-
bustion volume 103 tend to stream away from electrode
108 and toward electrode 106. Similarly, positive ions
and other positively charged species in the combustion
volume 103 tend to stream away from electrode 106 and
toward electrode 108.
[0016] A flame 104 in the combustion volume 103 may
include a variety of charged and uncharged species. For
example, charged species that may respond to an elec-
tric field may include electrons, protons, negatively
charged ions, positively charged ions, negatively
charged particulates, positively charged particulates,
negatively charged fuel vapor, positively charged fuel va-
por, negatively charged combustion products, and pos-
itively charged combustion products, etc. Such charged
species may be present at various points and at various
times in a combustion process. Additionally, a combus-
tion volume 103 and/or flame may include uncharged
combustion products, unburned fuel, and air. The
charged species typically present in flames generally
make flames highly conductive. Areas of the combustion
volume 103 outside the flame 104 may be relatively non-
conductive. Hence, in the presence of a flame 104, the
nominal electric field 204 may be expressed as drawing
negatively charged species within the flame 104 toward
the volume of the flame proximate electrode 106, and as
drawing positive species within the flame 104 toward the
volume of the flame 104 proximate electrode 108.

[0017] Ignoring other effects, drawing positive species
toward the portion of the flame 104 proximate electrode
108 may tend to increase the mass density of the flame
104 near electrode 108. It is also known that applying an
electric field to a flame may increase the rate and com-
pleteness of combustion.
[0018] FIG. 2B is a depiction 206 of a nominal electric
field 208 formed at least momentarily at a second time
between electrode 108 and electrode 110, according to
an embodiment. The electric field 208 is depicted such
that electrode 108 is held at a positive potential and elec-
trode 110 is held at a negative potential, such that neg-
atively charged species in the combustion volume 103
tend to stream away from electrode 110 and toward elec-
trode 108; and positive species in the combustion volume
103 tend to stream away from electrode 108 and toward
electrode 110.
[0019] Similarly to the description of FIG. 2A, positive
species in the flame 104 in the combustion volume 103
may be drawn toward the volume of the flame proximate
electrode 110 and negatively charged species within the
flame 204 may be drawn toward the volume of the flame
proximate electrode 108. This may tend to increase the
mass density of the flame 104 near electrodes 108 and/or
110.
[0020] If the electric field configuration 206 of FIG. 2B
is applied shortly after application of the electric field con-
figuration 202 of FIG. 2A, a movement of higher mass
density positively charged species from the region of the
flame 104 proximate electrode 108 to the region of the
flame proximate electrode 110, may tend to cause a
clockwise rotation of at least the positively charged spe-
cies within the flame 104, along with an acceleration of
combustion. If the relative abundance, relative mass,
and/or relative drift velocity of positive species are greater
than that of negative species, then application of the elec-
tric field configurations 202 and 206 in relatively quick
succession may tend to cause a net rotation or swirl of
the flame 104 in a clockwise direction. Alternatively, if
the relative abundance, relative mass, and/or relative drift
velocity of negative species are greater than that of pos-
itive species, then application of the electric field config-
urations 202 and 206 in relatively quick succession may
tend to cause a net rotation or swirl of the flam 104 in a
counter-clockwise direction.
[0021] FIG. 2C is a depiction 210 of an electric field
212 formed at least momentarily at a third time between
electrode 110 and electrode 106, according to an em-
bodiment. The electric field 212 is depicted such that
electrode 110 is held at a positive potential and electrode
106 is held at a negative potential. In response, nega-
tively charged species in the combustion volume 103
tend to stream away from electrode 110 and toward elec-
trode 108; and positive species in the combustion volume
103 tend to stream away from electrode 108 and toward
electrode 110.
[0022] Similarly to the description of FIGS. 2A and 2B,
positive species in the flame 104 in the combustion vol-
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ume 103 may be drawn toward the volume of the flame
proximate electrode 106 and negatively charged species
within the flame 204 may be drawn toward the volume
of the flame proximate electrode 110. This may tend to
increase the mass density of the flame 104 near electrode
106 and/or electrode 110, depending on the relative
abundance, mass, and drift velocity of positively and neg-
atively charged species. If the electric field configuration
210 of FIG. 2C is applied shortly after application of the
electric field configuration 206 of FIG. 2B, a movement
of higher mass density from the region of the flame 104
proximate electrode 110 to the region of the flame prox-
imate electrode 106 may tend to cause a clockwise ro-
tation of positive species and counter-clockwise rotation
of negative species in the flame 104, along with an ac-
celeration of combustion. Depending on the relative
mass, relative abundance, and relative drift velocities of
the positive and negative species, this may tend to cause
a clockwise or counter-clockwise swirl.
[0023] According to an embodiment, for example when
a field-reactive movement of species is dominated by
positively charged species, a sequential, repeating ap-
plication of nominal electric fields 204, 208, 212 may tend
to accelerate the flame 104 to produce a clockwise swirl
or vortex effect in the flame. Such a sequential electric
field application may further tend to expose reactants to
a streaming flow of complementary reactants and in-
crease the probability of collisions between reactants to
reduce diffusion related limitations to reaction kinetics.
Decreased diffusion limitations may tend to increase the
rate of reaction, further increasing exothermic output,
thus further increasing the rate of reaction. The higher
temperature and higher reaction rate may tend to drive
the flame reaction farther to completion to increase the
relative proportion of carbon dioxide (CO2) to other partial
reaction products such as carbon monoxide (CO), un-
burned fuel, etc. exiting the combustion volume 103. The
greater final extent of reaction may thus provide higher
thermal output and/or reduce fuel consumption for a giv-
en thermal output.
[0024] According to another embodiment, a sequential
repeating application of nominal electric fields 204, 208,
212 may tend to accelerate the flame 104 to produce a
counter-clockwise swirl or vortex effect in the flame, for
example when a field-reactive movement of species is
dominated by negatively charged species.
[0025] While the electrode configuration and electric
field sequence shown in FIGS 1 and 2A-2C is shown as
an embodiment using a relatively simple configuration of
three electrodes 106, 108, 110 and three electric field
axes 204, 208, 212, other configurations may be prefer-
able for some embodiments and some applications. For
example an electric field may exist simultaneously be-
tween more than two electrodes. The number of elec-
trodes may be increased significantly. The timing of elec-
tric field switching may be changed, may be made at a
non-constant interval, may be made to variable poten-
tials, may be informed by feedback control, etc. The elec-

trode configuration may be altered significantly, such as
by integration into the combustion chamber wall, place-
ment behind the combustion chamber wall, etc. Further-
more, electrodes may be placed such that the electric
field angle varies in more than one plane, such as by
placing some electrodes proximal and other electrodes
distal relative to the burner nozzle. In other embodiments,
a given electrode may be limited to one state (such as
either positive or negative) plus neutral. In other embod-
iments, all electrodes may be limited to one state (such
as either positive or negative) plus neutral.
[0026] FIG. 3 is block diagram of a system 301 config-
ured to provide a time-varying electric field across a com-
bustion volume, according to an embodiment. An elec-
tronic controller 302 is configured to produce a plurality
of time-varying waveforms for driving a plurality of elec-
trodes 106, 108 and 110. The waveforms may be formed
at least partly by a sequencer (not shown) forming a por-
tion of the controller 302. The sequencer may be formed
from a software algorithm, a state machine, etc., opera-
tively coupled to an output node 306. The waveforms are
transmitted to an amplifier 304 via one or more signal
lines 306. The amplifier 304 amplifies the waveforms to
respective voltages for energizing the electrodes 106,
108, and 110 via the respective electrode leads 112, 114,
and 116.
[0027] According to an embodiment, the waveforms
may be produced by the controller 302 at a constant fre-
quency. According to embodiments, the constant fre-
quency may be fixed or selectable. According to another
embodiment, the waveforms by be produced at a non-
constant frequency. For example, a non-constant period
or segment of a period may help to provide a spread-
spectrum field sequence and may help to avoid reso-
nance conditions or other interference problems.
[0028] According to an illustrative embodiment, elec-
trode drive waveforms may be produced at about 1 KHz.
According to another embodiment, electrode drive wave-
forms may be produced with a period corresponding to
about 10 KHz. According to another embodiment, elec-
trode drive waveforms may be produced at about 20 KHz.
According to an illustrative embodiment, the amplifier 304
may drive the electrodes 106, 108, and 110 to about 900
volts. According to another embodiment, the amplifier
304 may drive the electrodes 106, 108, 110 to about +450
and -450 volts. As mentioned elsewhere, portions of a
period may include opening a circuit to one or more elec-
trodes 106, 108, 110 to let its voltage "float".
[0029] According to some embodiments, it may be de-
sirable to set or vary the electric field frequency and/or
the voltage of the electrodes 106, 108, 110, and/or to
provide sensor feedback such as a safety interlock or
measurements of flame-related, electric field-related, or
other parameters. FIG. 4 is block diagram of a system
401 configured to receive or transmit at least one com-
bustion or electric field parameter and/or at least one
sensor input. The system 401 may responsively provide
a time-varying electric field between electrodes 106, 108,
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110 across a combustion volume as a function of the at
least one combustion parameter and/or at least one sen-
sor input, according to another embodiment. For exam-
ple, the modulation frequency of the electric field states
and/or the electrode voltage may be varied as a function
of a fuel delivery rate, a desired energy output rate, or
other desired operational parameter.
[0030] The controller 302 may be operatively coupled
to one or more of a parameter communication module
402 and a sensor input module 404, such as via a data
communication bus 406. The parameter communication
module 402 may provide a facility to update software,
firmware, etc used by the controller 302. Such updates
may include look-up table and/or algorithm updates such
as may be determined by modeling, learned via previous
system measurements, etc. The parameter communica-
tion module 402 may further be used to communicate
substantially real time operating parameters to the con-
troller 302. The parameter communication module 402
may further be used to communicate operating status,
fault conditions, firmware or software version, sensor val-
ues, etc. from the controller 302 to external systems (not
shown).
[0031] A sensor input module 404 may provide sensed
values to the controller 302 via the data communication
bus 406. Sensed values received from the sensor input
module 404 may include parameters not sensed by ex-
ternal systems and therefore unavailable via the param-
eter communication module 402. Alternatively, sensed
values received from the sensor input module 404 may
include parameters that are also reported from external
systems via the parameter communication module 402.
[0032] Parameters such as a fuel flow rate, stack gas
temperature, stack gas optical density, combustion vol-
ume temperature, combustion volume luminosity, com-
bustion volume ionization, ionization near one or more
electrodes, combustion volume open, combustion vol-
ume maintenance lockout, electrical fault, etc. may be
communicated to the controller 302 from the parameter
communication module 402, sensor input module 404,
and/or via feedback through the amplifier 304.
[0033] Voltage drive to the electrodes 106, 108, 110
may be shut off in the event of a safety condition state
and/or a manual shut-down command received through
the parameter communication module 402. Similarly, a
fault state in the system 401 may be communicated to
an external system to force a shutdown of fuel or other-
wise enter a safe state.
[0034] The controller may determine waveforms for
driving the electrodes 106, 108, 110 responsive to the
received parameters, feedback, and sensed values (re-
ferred to collectively as "parameters"). For example the
parameters may be optionally combined, compared, dif-
ferentiated, integrated, etc. Parameters or combinations
of parameters may be input to a control algorithm such
as an algorithmic calculation, a table look-up, a propor-
tional-integral-differential (PID) control algorithm, fuzzy
logic, or other mechanisms to determine waveform pa-

rameters. The determined waveform parameters may in-
clude, for example, selection of electrodes 106, 108, 110,
sequencing of electrodes 106, 108, 110, waveform fre-
quency or period, electrode 106, 108, 110 voltage, etc.
[0035] The parameters may be determined, for exam-
ple, according to optimization of a response variable such
for maximizing thermal output from the combustion vol-
ume, maximizing an extent of reaction in the combustion
volume, maximizing stack clarity from the combustion
volume, minimizing pollutant output from the combustion
volume, maximizing the temperature of the combustion
volume, meeting a target temperature in the combustion
volume, minimizing luminous output from a flame in the
combustion volume, achieving a desired flicker in a flame
in the combustion volume, maximizing luminous output
from a flame in the combustion volume, maximizing fuel
efficiency, maximizing power output, compensating for
maintenance issues, maximizing system life, compen-
sating for fuel variations, compensating for a fuel source,
etc.
[0036] According to an embodiment, waveforms gen-
erated by the controller 302 may be transmitted to the
amplifier 304 via one or more dedicated waveform trans-
mission nodes 306. Alternatively, waveforms may be
transmitted via the data bus 406. The amplifier 304 may
provide status, synchronization, fault or other feedback
via dedicated nodes 306 or may alternatively communi-
cate status to the controller 302 and/or the parameter
communication module 402 via the data bus 406.
[0037] While the controller 302 and amplifier 304 of
FIGS. 3 and 4 are illustrated as discrete modules, they
may be integrated. Similarly, the parameter communica-
tions module 402 and/or sensor input module 404 may
be integrated with the controller 302 and/or amplifier 304.
[0038] An illustrative set of waveforms is shown in FIG.
5, in the form of a timing diagram 501 showing waveforms
502, 504, 506 for respectively controlling electrode 106,
108, 110 modulation, according to an embodiment. Each
of the waveforms 502, 504, and 506 are shown registered
with one another along a horizontal axis indicative of time,
each shown as varying between a high voltage, VH, a
ground state, 0, and a low voltage VL. According to an
embodiment, the waveforms 502, 504, 506 correspond
respectively to energization patterns delivered to the
electrodes 106, 108 and 110.
[0039] The voltages VH, 0, and VL may represent rel-
atively low voltages delivered to the amplifier 304 from
the controller 302 via the amplifier drive line(s) 306. Sim-
ilarly, the voltages VH, 0, and VL may represent relatively
large voltages delivered by the amplifier 304 to the re-
spective electrodes 106, 108, 110 via the respective elec-
trode drive lines 112, 114, 116. The waveforms 502, 504,
506 may be provided to repeat in a periodic pattern with
a period P. During a first portion 508 of the period P,
waveform 502 drives electrode 106 high while waveform
504 drives electrode 108 low, and waveform 506 drives
electrode 110 to an intermediate voltage. Alternatively,
portion 508 of waveform 506 (and corresponding inter-
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mediate states in the other waveforms 502, 504) may
represent opening the electrode drive such that the elec-
trode electrical potential floats.
[0040] Waveform portion 508 corresponds to the elec-
tric field state 202 shown in FIG. 2A. That is VH is applied
to electrode 106 while VL is applied to electrode 108 to
form an idealized electric field 204 between electrodes
106 and 108. Electrode 110 is either allowed to float or
held at an intermediate potential such that reduced or
substantially no electric fields are generated between it
and the other electrodes.
[0041] During a second portion 510 of the period P,
waveform 502 indicates that electrode 106 is held open
to "float" or alternatively is driven to an intermediate volt-
age, while waveform 504 drives electrode 108 high to VH
and waveform 506 drives electrode 110 to a low voltage
VL. Waveform portion 510 corresponds to the electric
field state 206 shown in FIG. 2B. That is, VH is applied
to electrode 108 while VL is applied to electrode 110 to
form an idealized electric field 208 between electrodes
108 and 110. Electrode 106 is either allowed to float or
held at an intermediate potential such that reduced or
substantially no electric fields are generated between it
and the other electrodes.
[0042] During a third portion 512 of the period P, wave-
form 504 indicates that electrode 108 is held open to
"float" or alternatively is driven to an intermediate voltage,
while waveform 506 drives electrode 110 high to VH and
waveform 502 drives electrode 106 to a low voltage VL.
Waveform portion 512 corresponds to the electric field
state 210 shown in FIG. 2B. That is, VH is applied to
electrode 110 while VL is applied to electrode 106 to form
an idealized electric field 212 between electrodes 110
and 106. Electrode 108 is either allowed to float or held
at an intermediate potential such that reduced or sub-
stantially no electric fields are generated between it and
the other electrodes. Proceeding to the next portion 508,
the periodic pattern is repeated.
[0043] While the waveforms 502, 504, and 506 of tim-
ing diagram 501 indicate that each of the portions 508,
510, and 512 of the period P are substantially equal in
duration, the periods may be varied somewhat or mod-
ulated such as to reduce resonance behavior, accom-
modate variations in combustion volume 103 geometry,
etc. Additionally or alternatively, the periods P may be
varied in duration. Similarly, while the voltage levels VH,
0, and VL are shown as substantially equal to one anoth-
er, they may also be varied from electrode-to-electrode,
from period portion to period portion, and/or from period-
to-period.
[0044] Returning to the waveforms 501 of FIG. 5, it
may be seen that at a first point in time during the period
portion 508, there is a potential difference and a corre-
sponding electric field between an electrode correspond-
ing to the waveform 502 and an electrode corresponding
to the waveform 504. This is because the waveform 502
has driven a corresponding electrode to a relatively high
potential and the waveform 504 has driven a correspond-

ing electrode to a relatively low potential. Simultaneously,
there is a reduced or substantially no electric field formed
between an electrode corresponding to waveform 502
and an electrode corresponding to waveform 506, be-
cause waveform 506 has driven the potential of the cor-
responding electrode to an intermediate potential or has
opened the circuit to let the electrode float. Similarly, at
a second time corresponding to period portion 512, there
is a potential difference and corresponding electric field
between an electrode corresponding to the waveform
502 and an electrode corresponding to the waveform
506, but a reduced or substantially no potential difference
or electric field between an electrode corresponding to
the waveform 502 and an electrode corresponding to the
waveform 504.
[0045] While the waveforms 502, 504, and 506 are
shown as idealized square waves, the shape of the wave-
forms 502, 504, 506 may be varied. For example, leading
and trailing edges may exhibit voltage overshoot or un-
dershoot; leading and trailing edges may be transitioned
less abruptly, such as by applying a substantially con-
stant dl/dt circuit, optionally with acceleration; or the
waveforms may be modified in other ways, such as by
applying sine functions, etc.
[0046] FIG. 6 is a diagram 601 illustrating waveforms
602, 604, 606 for controlling electrode modulation ac-
cording to another embodiment. The waveforms 602,
604, and 606 may, for example, be created from the cor-
responding waveforms 502, 504, 506 of FIG. 5 by driving
the square waveforms through an R/C filter, such as driv-
ing through natural impedance. Alternatively, the wave-
forms 602, 604, and 606, may be digitally synthesized,
driven by a harmonic sine-function generator, etc.
[0047] While the period portions 508, 510, and 512
may or may not correspond exactly to the corresponding
portions of FIG. 5, they may be generally regarded as
driving the electrodes 106, 108, and 110 to correspond-
ing states as shown in FIGS 2A-2C. The period P may
be conveniently determined from a zero crossing as
shown, or may be calculated to correspond to the position
shown in FIG. 5.
[0048] As may be appreciated, when waveforms such
as 602, 604, 606 drive corresponding electrodes 106,
108, 110; the idealized electric fields 204, 208, 212 of
FIGS. 2A-2C may not represent the actual fields as close-
ly as when waveforms such as 502, 504, 506 of FIG. 5
are used. For example, at the beginning of period portion
508 waveform 602 ramps up from an intermediate volt-
age, 0 to a high voltage VH while waveform 604 ramps
down from an intermediate voltage, 0 to a low voltage VL
and waveform 606 ramps down from a high voltage VH
toward an intermediate voltage 0. Thus, the electric field
212 of FIG. 2C "fades" to the electric field 204 of FIG. 2A
during the beginning of period portion 508. During the
end of period portion 508, waveform 604 ramps up toward
high voltage while waveform 606 continues to decrease
and waveform 602 begins its descent from its maximum
value. This may tend to fade electric field 204 toward the
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configuration 206, while a small reversed sign field 212
appears, owing to the potential between electrodes 106
and 110.
[0049] Returning to the waveforms 601 of FIG. 6, it
may be seen that at a first point in time 608, there is a
potential difference and a corresponding electric field be-
tween an electrode corresponding to the waveform 602
and an electrode corresponding to the waveform 604.
This is because the waveform 602 has driven a corre-
sponding electrode to a relatively high potential and the
waveform 604 has driven a corresponding electrode to
a relatively low potential. Simultaneously, there is sub-
stantially no electric field formed between an electrode
corresponding to waveform 602 and an electrode corre-
sponding to waveform 606 because waveforms 602 and
606 are momentarily at the same potential. Similarly, at
a second point in time 610, there is a potential difference
and corresponding electric field between an electrode
corresponding to the waveform 602 and an electrode cor-
responding to the waveform 606, but no potential differ-
ence or electric field between an electrode corresponding
to the waveform 602 and an electrode corresponding to
the waveform 604.
[0050] FIG. 7 is a diagram 701 illustrating waveforms
702, 704, 706 for controlling modulation of the respective
electrodes 106, 108, 110 according to another embodi-
ment. Waveform 702 begins a period P during a portion
708 at a relatively high voltage VH, corresponding to a
relatively high voltage at electrode 106. Also during the
portion 708, waveform 704 begins the period P at a rel-
atively low voltage VL, corresponding to a relatively low
voltage at electrode 108; and waveform 706 corresponds
to an open condition at electrode 110. Waveform portion
708 may be referred to as a first pulse period.
[0051] During the first pulse period 708, the electric
field configuration in a driven combustion volume 103
may correspond to configuration 202, shown in FIG. 2A.
As was described earlier, the nominal electric field 204
of configuration 202 may tend to attract positively
charged species toward electrode 108 and attract neg-
atively charged species toward electrode 106.
[0052] After the first pulse period 708, waveforms 702
and 704 drive respective electrodes 106 and 108 open
while waveform 706 maintains the open circuit condition
at electrode 110. During a portion 710 of the period P,
the electrodes 106, 108, and 110 are held open and thus
substantially no electric field is applied to the flame or
the combustion volume. However, inertia imparted onto
charged species during the preceding first pulse period
708 may remain during the non-pulse period 710, and
the charged species may thus remain in motion. Such
motion may be nominally along trajectories present at
the end of the first pulse period 708, as modified by sub-
sequent collisions and interactions with other particles.
[0053] At the conclusion of the first non-pulse portion
710 of the period P, a second pulse period 712 begins.
During the second pulse period 712, waveform 702 pro-
vides an open electrical condition at electrode 106 while

waveform 704 goes to a relatively high voltage to drive
electrode 108 to a corresponding relatively high voltage
and waveform 706 goes to a relatively low voltage to
drive electrode 110 to a corresponding relatively low volt-
age. Thus during the second pulse period 712, an electric
field configuration 206 of FIG. 2B occurs. This is again
followed by a non-pulse portion of the waveforms 710,
during which inertia effects may tend to maintain the
speed and trajectory of charged species present at the
end of the second pulse period 712, as modified by sub-
sequent collisions and interactions with other particles.
[0054] At the conclusion of the second non-pulse por-
tion 710, a third pulse period 714 begins, which may for
example create an electric field configuration similar to
electric field configuration 210, shown in FIG. 2C. After
the third pulse period 714 ends, the system may again
enter a non-pulse portion 710. This may continue over a
plurality of periods, such as to provide a pseudo-steady
state repetition of the period P portions 708, 710, 712,
710, 714, 710, etc.
[0055] According to one embodiment, the pulse peri-
ods and non-pulse portions may provide about a 25%
duty cycle pulse train, as illustrated, wherein there is a
field generated between two electrodes about 25% of the
time and no applied electric fields the other 75% of the
time. The duty cycle may be varied according to condi-
tions within the combustion volume 103, such as may be
determined by a feedback circuit and/or parameter input
circuit as shown in FIGS. 3 and 4.
[0056] According to another embodiment, the pulse
periods 708, 712, and 714 may each be about 10 micro-
seconds duration and the period P may be about 1 KHz
frequency, equivalent to 1 millisecond period. Thus, the
non-pulse portions may each be about 323.333 micro-
seconds.
[0057] The relative charge-to-mass ratio of a particular
charged species may affect its response to the intermit-
tent pulse periods 708, 712, 714 and intervening non-
pulse portions 710. The duty cycle may be varied to
achieve a desired movement of one or more charged
species in the combustion volume 103. According to an
embodiment, waveforms 702, 704, 706 optimized to
transport a positively charged species clockwise may be
superimposed over other waveforms (not shown) opti-
mized to transport another positively charged species or
a negatively charged species clockwise or counterclock-
wise to produce a third set of waveforms (not shown) that
achieve transport of differing species in desired respec-
tive paths.
[0058] For example, a heavy, positive species may re-
quire a relatively high, 50% duty cycle with a relatively
long period to move along a chosen path. A light, negative
species may require a relatively low duty cycle with a
relatively short period to move along a chosen path. The
two waveforms may be superimposed to drive the posi-
tive and negative species in parallel (clockwise or coun-
ter-clockwise) or anti-parallel (clockwise and counter-
clockwise) to each other.
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[0059] While the electrodes 106, 108, 110 are shown
arranged in figures above such that a straight line con-
necting any two electrodes passes through the volume
of an intervening flame, other arrangements may be with-
in the scope. While the number of electrodes 106, 108,
110 shown in the embodiments above is three, other
numbers greater than three may similarly fall within the
scope. While the electrodes 106, 108, 110 are indicated
as cylindrical conductors arranged parallel to the major
axis of the burner nozzle, other arrangements may fall
within the scope.
[0060] For example, in another embodiment, a plurality
of electrodes are arranged substantially at the corners
of a cube, and include plates of finite size having normal
axes that intersect at the center of the cube, which cor-
responds to the supported flame 104. In other embodi-
ments (not shown) the electrodes may include surfaces
or figurative points arranged at the centers of the faces
of a cube, at the corners or at the centers of the faces of
a geodesic sphere, etc.
[0061] While various aspects and embodiments have
been disclosed herein, other aspects and embodiments
are contemplated. The various aspects and embodi-
ments disclosed herein are for purposes of illustration
and are not intended to be limiting, with the scope being
indicated by the following claims.

Claims

1. An apparatus, comprising:

- at least three electrodes (106, 108, 110) con-
figured proximate a combustion volume (103);
- a controller configured to drive each of the at
least three electrodes (106, 108, 110) with a re-
spective waveform to produce periodically var-
ying electric field axes across the combustion
volume (103); and
- a burner (102) configured to support a flame
(104) within the combustion volume (103),

wherein the controller includes at least three drivers,
wherein each driver is coupled to provide a time-
varying voltage to a corresponding one of the at least
three electrodes (106, 108, 110), wherein the con-
troller is configured to drive the at least three elec-
trodes (106, 108, 110) to produce a rotating electric
field across a flame disposed in the combustion vol-
ume (103),
characterized in that the burner (102) is configured
to be one of the at least three electrodes
(106,108,110).

2. The apparatus according to claim 1,
wherein the at least three electrodes (106, 108, 110)
are disposed within the combustion volume (103)
and configured to selectively produce an electric field

between respective pairs of the at least three elec-
trodes (106, 108, 110).

3. The apparatus according to claim 2,
wherein at least some of the electric field produced
between respective pairs of the at least three elec-
trodes (106, 108, 110) is configured to pass through
a flame (104) within the combustion volume (103).

4. The apparatus according to claim 1, further compris-
ing:
a parameter communication module (402) or a sen-
sor module (404) operatively coupled to the control-
ler (302) and configured to provide data or a signal
to the controller corresponding to a combustion vol-
ume property.

5. The apparatus according to claim 4,
wherein the combustion volume property includes at
least one selected from the group consisting of fuel
flow rate, stack gas temperature, stack gas optical
density, combustion volume temperature, combus-
tion volume luminosity, combustion volume ioniza-
tion, ionization near one or more electrodes, com-
bustion volume open, combustion volume mainte-
nance lockout, and an electrical fault.

6. The apparatus according to claim 4,
wherein the controller is configured to shut down volt-
age drive to the electrodes (106, 108, 110) or to
transmit a fault state to an external system (401) if
data or the signal is received corresponding to one
or more of the conditions selected from the group
consisting of a safety condition, a manual shut-down
command, a combustion volume open state, a com-
bustion volume maintenance lockout state, or an
electrical fault is received by the controller (302).

7. The apparatus according to claim 4,
wherein the controller (302) is configured to deter-
mine one or more parameters corresponding to the
respective waveforms (502, 504, 506) responsive to
the data or the signal wherein the one or more pa-
rameters are determined using values received from
at least one of the processes selected from the group
consisting of combining values of the data or the sig-
nal, comparing the values of the data or the signal,
differentiating the values of the data or the signal,
integrating the values of the data or the signal, per-
forming an algorithmic calculation responsive to the
values of the data or the signal, performing a table
look-up corresponding to the data or the signal, run-
ning a proportional-integral-differential (PID) control
algorithm using the data or the signal, and perform-
ing fuzzy logic using the data or the signal as input.

8. The apparatus according to claim 7,
wherein the one or more parameters include one or
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more process selected from the group consisting of
selection of electrodes, sequencing of electrodes,
waveform frequency or period, waveform duty cycle,
and electrode voltage.

9. A method, comprising:

- forming at least one first electric field between
a first electrode and a second electrode in a com-
bustion volume at a first modulation time;
and
- forming at least one second electric field be-
tween the first electrode and a third electrode in
the combustion volume at a second modulation
time,

wherein a time-varying voltage is provided to a cor-
responding one of the at least three electrodes (106,
108, 110) such as to drive the at least three elec-
trodes (106, 108, 110) to produce a rotating electric
field across a flame disposed in the combustion vol-
ume (103),
characterized in that
one of the first, second, and third electrodes
(106,108,110) comprises a burner (102).

10. The method of claim 9,
wherein forming at least one first electric field and at
least one second electric field is performed in a re-
petitive and periodic sequence, wherein the se-
quence has a period that is either substantially con-
stant or substantially varied.

11. The method of claim 10, further comprising:
selecting one or more parameters corresponding to
the repetitive and periodic sequence forming of the
first and second electric fields, wherein the one or
more parameters include at least one of electrode
voltage, electrode selection, the period forming the
repetitive and periodic electric field, a frequency of
the repetitive and periodic electric field, and a duty
cycle forming the electric field compared to a sub-
period.

12. The method of claim 10, wherein the at least one
second electric field is formed between the first elec-
trode and the third electrode while there is a reduced
or substantially no electric field formed between the
first electrode and the second electrode.

13. The method of claim 10, wherein the at least one
first electric field and the at least one second electric
field are oriented at angles to one another other than
at 0° or 180°.

14. The method of claim 10, further comprising: forming
at least one third electric field between the second
electrode and the third electrode at a third modula-

tion time, wherein none of the at least one first, at
least one second, or at least one third electric fields
is parallel to or anti-parallel to any other of the at
least one first, at least one second or at least one
third electric fields.

15. The method of claim 10, wherein the combustion vol-
ume (103) includes a substantially continuously
burning flame, wherein the at least one first and at
least one second electric fields are arranged to pass
at least partially through the flame, or to pass through
a volume occupied by ionic species produced by the
flame.

Patentansprüche

1. Vorrichtung, umfassend:

- mindestens drei Elektroden (106, 108, 110),
die in der Nähe eines Verbrennungsvolumens
(103) konfiguriert sind;
- eine Steuerung, die dazu konfiguriert ist, jede
der mindestens drei Elektroden (106, 108, 110)
mit einer jeweiligen Wellenform anzusteuern,
um periodisch variierende elektrische Feldach-
sen über das Verbrennungsvolumen (103) hin-
weg zu erzeugen; und
- einen Brenner (102), der dazu konfiguriert ist,
eine Flamme (104) innerhalb des Verbren-
nungsvolumens (103) zu unterstützen,

wobei die Steuerung mindestens drei Treiber bein-
haltet, wobei jeder Treiber gekoppelt ist, um eine
zeitlich variierende Spannung an eine entsprechen-
de der mindestens drei Elektroden (106, 108, 110)
bereitzustellen, wobei die Steuerung dazu konfigu-
riert ist, die mindestens drei Elektroden (106, 108,
110) anzusteuern, um ein rotierendes elektrisches
Feld über eine in dem Verbrennungsvolumen (103)
angeordnete Flamme hinweg zu erzeugen,
dadurch gekennzeichnet, dass der Brenner (102)
dazu konfiguriert ist, eine der mindestens drei Elek-
troden (106, 108, 110) zu sein.

2. Vorrichtung nach Anspruch 1,
wobei die mindestens drei Elektroden (106, 108,
110) innerhalb des Verbrennungsvolumens (103)
angeordnet sind und dazu konfiguriert sind, selektiv
ein elektrisches Feld zwischen jeweiligen Paaren
der mindestens drei Elektroden (106, 108, 110) zu
erzeugen.

3. Vorrichtung nach Anspruch 2,
wobei mindestens ein Teil des elektrischen Feldes,
das zwischen jeweiligen Paaren der mindestens drei
Elektroden (106, 108, 110) erzeugt wird, dazu kon-
figuriert ist, durch eine Flamme (104) innerhalb des
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Verbrennungsvolumens (103) hindurchzugehen.

4. Vorrichtung nach Anspruch 1, ferner umfassend:
ein Parameterkommunikationsmodul (402) oder ein
Sensormodul (404), das operativ mit der Steuerung
(302) gekoppelt und dazu konfiguriert ist, Daten oder
ein Signal an die Steuerung entsprechend einer Ver-
brennungsvolumeneigenschaft bereitzustellen.

5. Vorrichtung nach Anspruch 4,
wobei die Verbrennungsvolumeneigenschaft min-
destens eines umfasst, ausgewählt aus der Gruppe
bestehend aus der Kraftstoffdurchflussrate, der Sta-
pelgastemperatur, der optischen Stapelgasdichte,
der Verbrennungsvolumentemperatur, der Verbren-
nungsvolumenleuchtkraft, der Verbrennungsvolu-
menionisierung, der Ionisierung in der Nähe einer
oder mehrerer Elektroden, dem offenen Verbren-
nungsvolumen, der Verbrennungsvolumen-War-
tungssperre und einem elektrischen Fehler.

6. Vorrichtung nach Anspruch 4,
wobei die Steuerung dazu konfiguriert ist, den Span-
nungsantrieb zu den Elektroden (106, 108, 110) ab-
zuschalten oder einen Fehlerzustand an ein exter-
nes System (401) zu übertragen, wenn Daten oder
das Signal entsprechend einer oder mehrerer der
Bedingungen empfangen werden, ausgewählt aus
der Gruppe bestehend aus einer Sicherheitsbedin-
gung, einem manuellen Abschaltbefehl, einem offe-
nen Verbrennungsvolumenzustand, einem Verbren-
nungsvolumen-Wartungssperrzustand, oder ein
elektrischer Fehler durch die Steuerung (302) emp-
fangen wird.

7. Vorrichtung nach Anspruch 4,
wobei die Steuerung (302) dazu konfiguriert ist, ei-
nen oder mehrere Parameter entsprechend den je-
weiligen Wellenformen (502, 504, 506) als Reaktion
auf die Daten oder das Signal zu bestimmen, wobei
der eine oder die mehreren Parameter unter Ver-
wendung von Werten bestimmt werden, die von min-
destens einem der Prozesse empfangen werden,
ausgewählt aus der Gruppe bestehend aus dem
Kombinieren von Werten der Daten oder des Sig-
nals, dem Vergleichen der Werte der Daten oder des
Signals, dem Unterscheiden der Werte der Daten
oder des Signals, dem Integrieren der Werte der Da-
ten oder des Signals, dem Durchführen einer algo-
rithmischen Berechnung als Reaktion auf die Werte
der Daten oder des Signals, dem Durchführen des
Nachschlagens in einer Tabelle entsprechend den
Daten oder dem Signal, dem Ausführen eines Pro-
portional-lntegral-Differential(PID)-Steueralgorith-
mus unter Verwendung der Daten oder des Signals
und dem Durchführen einer Fuzzy-Logik unter Ver-
wendung der Daten oder des Signals als Eingabe.

8. Vorrichtung nach Anspruch 7,
wobei der eine oder die mehreren Parameter einen
oder mehrere Prozesse beinhalten, ausgewählt aus
der Gruppe bestehend aus der Auswahl von Elek-
troden, der Sequenzierung von Elektroden, der Wel-
lenformfrequenz oder -periode, dem Wellenform-
tastverhältnis und der Elektrodenspannung.

9. Verfahren, umfassend:

- Bilden mindestens eines ersten elektrischen
Feldes zwischen einer ersten Elektrode und ei-
ner zweiten Elektrode in einem Verbrennungs-
volumen zu einer ersten Modulationszeit; und
- Bilden mindestens eines zweiten elektrischen
Feldes zwischen der ersten Elektrode und einer
dritten Elektrode in dem Verbrennungsvolumen
zu einer zweiten Modulationszeit,

wobei eine zeitlich variierende Spannung an eine
entsprechende der mindestens drei Elektroden
(106, 108, 110) bereitgestellt wird, um die mindes-
tens drei Elektroden (106, 108, 110) anzusteuern,
um ein rotierendes elektrisches Feld über eine im
Verbrennungsvolumen (103) angeordnete Flamme
hinweg zu erzeugen,
dadurch gekennzeichnet, dass eine der ersten,
zweiten und dritten Elektrode (106, 108, 110) einen
Brenner (102) umfasst.

10. Verfahren nach Anspruch 9,
wobei das Bilden mindestens eines ersten elektri-
schen Feldes und mindestens eines zweiten elektri-
schen Feldes in einer sich wiederholenden und pe-
riodischen Sequenz durchgeführt wird, wobei die
Sequenz eine Periode aufweist, die entweder im We-
sentlichen konstant oder im Wesentlichen variiert ist.

11. Verfahren nach Anspruch 10, ferner umfassend:
Auswählen eines oder mehrerer Parameter, die der
sich wiederholenden und periodischen Sequenzbil-
dung des ersten und zweiten elektrischen Feldes
entsprechen, wobei der eine oder die mehreren Pa-
rameter mindestens eines der Folgenden beinhal-
ten: Elektrodenspannung, Elektrodenauswahl, die
das sich wiederholende und periodische elektrische
Feld bildende Periode, eine Frequenz des sich wie-
derholenden und periodischen elektrischen Feldes
und ein das elektrische Feld bildendes Tastverhält-
nis, das mit einer Unterperiode verglichen wird.

12. Verfahren nach Anspruch 10,
wobei das mindestens eine zweite elektrische Feld
zwischen der ersten Elektrode und der dritten Elek-
trode gebildet wird, während ein reduziertes oder im
Wesentlichen kein elektrisches Feld zwischen der
ersten Elektrode und der zweiten Elektrode gebildet
wird.
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13. Verfahren nach Anspruch 10,
wobei das mindestens eine erste elektrische Feld
und das mindestens eine zweite elektrische Feld in
anderen Winkeln zueinander ausgerichtet werden
als 0° oder 180°.

14. Verfahren nach Anspruch 10, ferner umfassend:
Bilden mindestens eines dritten elektrischen Feldes
zwischen der zweiten Elektrode und der dritten Elek-
trode zu einer dritten Modulationszeit, wobei keines
des mindestens einen ersten, mindestens einen
zweiten oder mindestens einen dritten elektrischen
Feldes parallel zu oder antiparallel zu einem belie-
bigen anderen des mindestens einen ersten, min-
destens einen zweiten oder mindestens einen dritten
elektrischen Feldes ist.

15. Verfahren nach Anspruch 10,
wobei das Verbrennungsvolumen (103) eine im We-
sentlichen kontinuierlich brennende Flamme bein-
haltet, wobei das mindestens eine erste und das min-
destens eine zweite elektrische Feld so angeordnet
sind, dass sie mindestens teilweise durch die Flam-
me hindurchgehen oder durch ein Volumen hin-
durchgehen, das von ionischen Spezies eingenom-
men wird, die durch die Flamme erzeugt werden.

Revendications

1. Appareil, comprenant :

- au moins trois électrodes (106, 108, 110) con-
figurées à proximité d’un volume de combustion
(103) ;
- un contrôleur configuré pour exciter chacun
desdites au moins trois électrodes (106, 108,
110) avec une forme d’onde respective pour pro-
duire des axes de champ électrique variant pé-
riodiquement à travers le volume de combustion
(103) ; et
- un brûleur (102) configuré pour supporter une
flamme (104) au sein du volume de combustion
(103),

dans lequel le contrôleur inclut au moins trois exci-
tateurs, dans lequel chaque excitateur est couplé
pour fournir une tension à variation temporelle à une
électrode correspondante parmi lesdites au moins
trois électrodes (106, 108, 110), dans lequel le con-
trôleur est configuré pour exciter lesdites au moins
trois électrodes (106, 108, 110) pour produire un
champ électrique tournant à travers une flamme dis-
posée dans le volume de combustion (103),
caractérisé en ce que le brûleur (102) est configuré
pour être l’une desdites au moins trois électrodes
(106, 108, 110).

2. Appareil selon la revendication 1,
dans lequel lesdites au moins trois électrodes (106,
108, 110) sont disposées au sein du volume de com-
bustion (103) et configurées pour produire sélecti-
vement un champ électrique entre des paires res-
pectives desdites au moins trois électrodes (106,
108, 110).

3. Appareil selon la revendication 2,
dans lequel au moins certains des champs électri-
ques produits entre des paires respectives desdites
au moins trois électrodes (106, 108, 110) sont con-
figurés pour passer à travers une flamme (104) au
sein du volume de combustion (103).

4. Appareil selon la revendication 1, comprenant en
outre :
un module de communication de paramètre (402)
ou un module capteur (404) couplé fonctionnelle-
ment au contrôleur (302) et configuré pour fournir au
contrôleur des données ou un signal correspondant
à une propriété de volume de combustion.

5. Appareil selon la revendication 4,
dans lequel la propriété de volume de combustion
inclut au moins une choisie dans le groupe constitué
de débit de combustible, température de gaz de
combustion, densité optique de gaz de combustion,
température de volume de combustion, luminosité
de volume de combustion, ionisation de volume de
combustion, ionisation près d’une ou plusieurs élec-
trodes, volume de combustion ouvert, verrouillage
de maintenance de volume de combustion, et une
défaillance électrique.

6. Appareil selon la revendication 4,
dans lequel le contrôleur est configuré pour arrêter
l’excitation de tension vers les électrodes (106, 108,
110) ou pour transmettre un état de défaillance à un
système externe (401) si l’on reçoit les données ou
le signal correspondant à une ou plusieurs parmi les
conditions choisies dans le groupe constitué d’une
condition de sécurité, une commande de mise à l’ar-
rêt manuelle, un état ouvert de volume de combus-
tion, un état de verrouillage de maintenance de vo-
lume de combustion, ou qu’une défaillance électri-
que est reçue par le contrôleur (302).

7. Appareil selon la revendication 4,
dans lequel le contrôleur (302) est configuré pour
déterminer un ou plusieurs paramètres correspon-
dant aux formes d’onde respectives (502, 504, 506)
en réponse aux données ou au signal dans lequel
le ou les paramètres sont déterminés en utilisant des
valeurs reçues d’au moins un des processus choisis
dans le groupe constitué de combinaison des va-
leurs des données ou du signal, comparaison des
valeurs des données ou du signal, différenciation
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des valeurs des données ou du signal, intégration
des valeurs des données ou du signal, réalisation
d’un calcul algorithmique en réponse aux valeurs
des données ou du signal, réalisation d’une consul-
tation de table correspondant aux données ou au
signal, exécution d’un algorithme de commande pro-
portionnelle-intégrale-différentielle (PID) en utilisant
les données ou le signal, et exécution d’une logique
floue en utilisant les données ou le signal comme
entrée.

8. Appareil selon la revendication 7,
dans lequel le ou les paramètres incluent un ou plu-
sieurs processus choisis dans le groupe constitué
de sélection d’électrodes, séquençage d’électrodes,
fréquence ou période de forme d’onde, facteur de
marche de forme d’onde, et tension d’électrode.

9. Procédé, comprenant :

- la formation d’au moins un premier champ élec-
trique entre une première électrode et une
deuxième électrode dans un volume de com-
bustion à un premier moment de modulation ; et
- la formation d’au moins un deuxième champ
électrique entre la première électrode et une troi-
sième électrode dans le volume de combustion
à un deuxième moment de modulation,

dans lequel une tension à variation temporelle est
fournie à une électrode correspondante desdites au
moins trois électrodes (106, 108, 110) de façon à
exciter lesdites au moins trois électrodes (106, 108,
110) pour produire un champ électrique tournant à
travers une flamme disposée dans le volume de
combustion (103),
caractérisé en ce qu’une des première, deuxième
et troisième électrodes (106, 108, 110) comprend un
brûleur (102).

10. Procédé selon la revendication 9,
dans lequel la formation d’au moins un premier
champ électrique et d’au moins un deuxième champ
électrique est effectuée dans une séquence répéti-
tive et périodique, dans lequel la séquence a une
période qui est soit essentiellement constante, soit
essentiellement variée.

11. Procédé selon la revendication 10, comprenant en
outre :
la sélection d’un ou plusieurs paramètres correspon-
dant à la formation en séquence répétitive et pério-
dique des premier et deuxième champs électriques,
dans lequel le ou les paramètres incluent au moins
l’un parmi la tension d’électrode, la sélection d’élec-
trode, la période formant le champ électrique répétitif
et périodique, une fréquence du champ électrique
répétitif et périodique, et un facteur de marche for-

mant le champ électrique comparé à une sous-pé-
riode.

12. Procédé selon la revendication 10,
dans lequel ledit au moins un deuxième champ élec-
trique est formé entre la première électrode et la troi-
sième électrode alors qu’il y a un champ électrique
réduit ou essentiellement nul formé entre la première
électrode et la deuxième électrode.

13. Procédé selon la revendication 10,
dans lequel ledit au moins un premier champ élec-
trique et ledit au moins un deuxième champ électri-
que sont orientés selon des angles l’un par rapport
à l’autre, autres qu’à 0° ou 180°.

14. Procédé selon la revendication 10, comprenant en
outre :
la formation d’au moins un troisième champ électri-
que entre la deuxième électrode et la troisième élec-
trode à un troisième moment de modulation, dans
lequel aucun desdits au moins un premier, au moins
un deuxième ou au moins un troisième champs élec-
triques n’est parallèle ou anti-parallèle à n’importe
quel autre desdits au moins un premier, au moins
un deuxième ou au moins un troisième champs élec-
triques.

15. Procédé selon la revendication 10,
dans lequel le volume de combustion (103) inclut
une flamme brûlant de façon essentiellement conti-
nue, dans lequel lesdits au moins un premier et au
moins un deuxième champs électriques sont agen-
cés pour passer au moins partiellement à travers la
flamme, ou pour passer à travers un volume occupé
par des espèces ioniques produites par la flamme.
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