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(57) ABSTRACT

A multijet burner system includes a plurality of fuel nozzles,
each configured to support a respective flame, a plurality of
charge electrodes, each positioned and configured to apply a
charge potential to a fluid flow corresponding to a respective
one of the plurality of fuel nozzles, and a charge controller
operatively coupled to each of the plurality of charge elec-
trodes and configured to control a voltage potential applied to
each respective charge electrode. By selecting the magnitude
and polarity of a charge potential applied to individual ones of
the flames of the plurality of burners, the flames can be made
to change positions, move to selected positions, and redistrib-
ute themselves within a volume.
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MULTIJET BURNER WITH CHARGE
INTERACTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority benefit from
U.S. Provisional Patent Application No. 61/775,185 entitled
“MULTIJET BURNER WITH CHARGE INTERACTION”
filed Mar. 7, 2013; and U.S. Provisional Patent Application
No. 61/730,486 entitled “MULTISTAGE IONIZER FOR A
COMBUSTION SYSTEM” filed Nov. 27, 2012, which, to
the extent not inconsistent with the disclosure herein, are each
incorporated by reference.

[0002] The following U.S. patent applications, filed con-
currently herewith, are directed to subject matter that is
related to or has some technical overlap with the subject
matter of the present disclosure, and are incorporated herein
by reference, in their entireties: US patent application, docket
number 2651-072-03; US patent application, docket number
2651-065-03; US patent application, docket number 2651-
073-03; US patent application, docket number 2651-100-03;
and US patent application, docket number 2651-147-03.

BACKGROUND

[0003] The present disclosure is related to processes and
systems that employ flames, and in particular to systems that
employ multiple jet burners.

[0004] Multijet burners are employed in a wide range of
systems, in many commercial, industrial, and domestic appli-
cations, including, for example, boiler systems, commercial
and domestic HVAC systems, foundries and smelters, power
generators, and specialized industrial applications. When a
one or more burners of a multijet burner is damaged or oth-
erwise fails, it is generally necessary to shut down the remain-
ing burners to permit repair. Accordingly, multijet burners
typically have a mean-time-between-failure (MTBF) that is
approximately equal to the MTBF for each burner, divided by
the number of burners.

SUMMARY

[0005] According to various embodiments, a multijet
burner system includes a plurality of nozzles, each configured
to support a respective flame, a plurality of charge electrodes,
each positioned and configured to apply a charge potential to
a fluid flow corresponding to a respective one of the plurality
of nozzles, and a charge controller operatively coupled to
each of the plurality of charge electrodes and configured to
control a voltage potential applied to each respective charge
electrode.

[0006] According to some embodiments, a charge control-
ler is provided, configured to control operation of a multijet
burner system, including controlling a charge potential
applied to individual flames of the multijet burner system.
[0007] According to some embodiments, methods of
operation are provided in which the magnitude and polarity of
a charge potential applied to individual ones of the flames of
a multijet system is controlled, and by which the flames can
be made to change positions, move to selected positions, and
redistribute themselves within a volume.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Non-limiting embodiments of the present disclo-
sure are described by way of example with reference to the
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accompanying figures which are schematic and are not
intended to be drawn to scale. Unless indicated as represent-
ing the background art, the figures represent aspects of the
disclosure.

[0009] FIG.1is a diagrammatical view of a multijet burner
system, according to an embodiment.

[0010] FIG. 2 a diagrammatical view of a multijet burner
system, according to another embodiment.

[0011] FIGS. 3-5 are diagrammatical top plan views of a
multijet burner illustrating methods of operation, according
to various embodiments.

[0012] FIG. 6 is a diagrammatical top plan view of a mul-
tijet burner that is similar in most respects to the burner of
FIGS. 3-5, and illustrates a method of operation according to
another embodiment.

[0013] FIG.7is adiagrammatic view of a system controller
configured to control the operation of a multijet burner,
according to an embodiment.

DETAILED DESCRIPTION

[0014] In the following detailed description, reference is
made to the accompanying drawings, which form a part
hereof. In the drawings, which are not to scale or to propor-
tion, similar symbols typically identify similar components,
unless context dictates otherwise. The illustrative embodi-
ments described in the detailed description, drawings and
claims, are not meant to be limiting. Other embodiments may
be used and/or other changes may be made without departing
from the spirit or scope of the present disclosure.

[0015] In a multijet burner system, the individual burners
are subject to damage and breakdown, primarily due to the
high heat levels and hot reactive gases to which they are
exposed. In a typical system that incorporates a multijet
burner, when an individual burner malfunctions or must be
shut down, the entire system must be promptly shut down, not
only for repair, but to prevent damage to the system caused by
uneven heat, and to avoid a loss of efficiency. Such a shut-
down can be inconvenient and costly for the operator of the
system, especially in cases where production must be sus-
pended while the system is allowed to cool to a point where
repairs can be made.

[0016] The inventors have recognized that in many cases,
particularly where a multijet burner is operating at less than
100% capacity, the loss of the heat output of a single burner
might not be a significant problem if the output of the remain-
ing burners can be redirected to maintain a desired heat dis-
tribution. This would permit continued operation of the sys-
tem until a shutdown could be done with less disruption and
expense, and would extend the mean-time-between-failure
(MTBF) of that system, even though the MTBF of the indi-
vidual burners would remain unchanged.

[0017] According to another aspect, the inventors have rec-
ognized that in a multijet burner system (e.g., where all jets
are working properly), additional advantages may be accrued
by causing mixing action between the fuel jets or flames
supported by the jets. For example, a fuel jet corresponding to
a lean fuel mixture can be periodically mixed with a fuel jet
corresponding to a rich fuel mixture to cause oscillating com-
bustion having higher flame stability, lower carbon monoxide
(CO) output, and/or lower oxides of nitrogen (NOx) output
than a multijet burner having limited fuel jet or flame inter-
action. In another example, fuel jets corresponding to similar
fuel mixtures may be made to mix with flue gas or air faster
than a multijet burner where the fuel jets are not configured
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for charge interaction. In another example, interactions
between fuel jets can be used to spread or move heat delivery
across a larger surface or to avoid heat delivery to a portion of
a heat transfer surface.

[0018] Moreover, charge interactions between fuel jets or
flames supported by fuel jets provide an additional control
modality to multijet burners. This additional control modality
can be used to control fuel/oxidizer mixture in a manner that
is independent from fuel flow. Linear independence between
control modalities can result in more consistent NOx and/or
CO reduction, and/or more stable flames across a wider range
of’burner heat outputs. This can be used to improve turn-down
ratio, particularly in low NOx systems where turn-down ratio
can be a challenge.

[0019] FIG.1isa diagrammatical view of a multijet burner
system 100, according to an embodiment. The multijet burner
system can, for example, form a portion of a heat transfer
system, a boiler, a furnace, an industrial process, an electrical
generation system, a propulsion system, etc. The system 100
includes two or more burners 102, each of which has a fuel
nozzle 114 and an air channel 116. An optional valve 118 can
regulate fuel flow from a fuel source 120 to the nozzle 114,
and may be coupled to a system controller 108 via a control
line 122. A damper, valve, blower or other apparatus 124 can
regulate a flow of oxidizer from a source 126 to the air channel
116. The system controller 108 may control operation of the
fuel and oxidizer valves to produce a flame 104.

[0020] Inoperation, fuel is supplied to each burner 102 and
exits the nozzle 114 in an expanding fuel jet 103. The fuel jet
103 entrains oxidizer from the air channel 116 as the jet
expands. Continuous combustion occurs in the fuel jet 103 at
a distance from the nozzle 114 at which flame propagation,
which travels as a flame front 105 moving essentially
upstream in the fuel and oxidizer jet flow 103, is approxi-
mately equal in speed to that of the jet flow, moving in the
opposite direction. Combustion occurs between the flame
front 105 and the flame tops 107. Typically, a bluff body,
perforated flame holder, or electrodynamic flame holder (not
shown) provides a flow stagnation point, vortex flow, arc
discharge, or an ion flow channel to stabilize the flame front
105.

[0021] Burner systems vary significantly in structure and
configuration, in accordance with many different design fac-
tors, including, e.g., required heat output, duty cycle, appli-
cation, cost, requirements related to fuel economy and emis-
sions control, etc. In many systems, recirculated flue gas is
mixed with the oxidizer stream to reduce the O, concentration
while maintaining or increasing the total mass of the stream.
In some systems, oxidizer volume is not actively controlled,
but is drawn through a fixed aperture by venturi effect as the
fuel exits the nozzle. Some systems provide a flame holder to
fix the position at which combustion occurs. The formulation
of the fuel and oxidizer can vary significantly, and some
formulations can impose specific structural requirements on
the burners. These and many other elements that are well
understood in the art are not shown or described in detail,
inasmuch as they are not essential to an understanding of the
principles discussed below.

[0022] Returning to FIG. 1, a surface 134 is positioned
above the burners 102 and represents a structure that is to be
heated by flames supported by the burners. In practice, the
structure can be, for example, a boiler, a heat exchanger, a
smelting furnace, etc. In the embodiment shown, heat sensors
130 provide respective signals to the system controller 108,
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via signal lines 132. The system controller 108 is configured
to control the operation of the burners 102 in accordance with
temperature signals from the sensors 130 to maintain the
temperature across the surface 134 within a selected range.
[0023] Charge electrodes 106 may be positioned adjacent
to respective burners 102, and include electrode tips 112.
Optionally, the charge electrodes 106 may be positioned to
output charge to the fuel in or at the exit of the fuel nozzle.
Optionally, the charge electrodes 106 may be positioned to
output charge to air or flue gas in the air channel 116. Control
lines 110 couple the charge electrodes 106 to respective input
terminals of the system controller 108, which is configured to
selectively apply a voltage potential to the electrodes 106.
[0024] The inventors have determined that an electrical
potential can be imposed on a flame using any of a variety of
structures, which are represented generically in the present
disclosure by the charge electrodes 106. In practice, thereis a
number of structures that can be employed to apply a potential
to a flame, including a charge injector, a corona discharge
device, depletion electrode, inertial electrode, etc. Many such
devices are described in detail in the following U.S. patent
application Ser. No. 12/753,043, filed 1 Apr., 2010; Ser. No.
13/731,223, filed 31 Dec., 2012; and Ser. No. 13/730,979,
filed 20 Dec. 2012, each of which is incorporated by reference
in its entirety.

[0025] Intheillustrated embodiment, the electrode tips 112
extend into contact with the fuel jets 103. According to
another embodiment, the electrode tips 112 are positioned to
extend into at least intermittent contact with the flame sup-
ported by the fuel jets and burners. According to another
embodiment, the electrode tips 112 are positioned to be sepa-
rated from the fuel jet 103 or flame 104 by a dielectric gap,
into which a charge is ejected. According to a further embodi-
ment, each electrode 106 is integral with the corresponding
burner 102. In general, charge electrodes are configured to
apply a charge potential to a fluid flow associated with a
corresponding burner. The fluid flow can include fuel, oxi-
dizer, fuel and oxidizer mix, flame, combustion gasses,
exhaust gases, flue gases, reactive reagents, etc. In some
embodiments, specific types of fluid flow are targeted, while
in others, any or all of the types of fluid may be charged.
[0026] When a charge of sufficient magnitude is applied to
a flame 104 charged ions are formed in the flame, having a
polarity corresponding to the applied charge. The charge can
be applied directly to the flame 104, or to the fuel jet 103
upstream from the flame as shown in FIG. 1, or even to
combustion products downstream from the flame. When the
flames 104 of adjacent burners 102 are charged at potentials
having opposite polarities, the flames will become mutually
attractive, and will move toward each other and even mix into
a single flame, as shown in FIG. 1 at central position 136.
Conversely, when the flames 104 of adjacent burners 102 are
charged at potentials having a same polarity, the flames will
become mutually repulsive, and will move away each other,
as shown at spaced position 138.

[0027] Inthe case ofaflame, the charge is understood to be
the result of ions in the flame that are charged to a same
polarity. Typically, an extremely high voltage potential is
employed to generate a sufficient charge in a flame. Accord-
ing to an embodiment, a charge potential of between 1 kv and
50kv (or more) is applied to the flames, at a same polarity or
at opposite polarities, according to the desired result. Accord-
ing to another embodiment, a charge potential of between 1
kv and 50 kv is applied to a first one of the flames 104 while
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the second flame 104 remains neutral, or is grounded via the
electrode 106, making the flames attract each other.

[0028] By selectively applying appropriate charge poten-
tials to the flames 104 via the charge electrodes 106, the
system controller 108 can cause the flame tops 107 of the
flames 104 to move from their neutral positions toward a
common central position 136, or to widely spaced positions
138. Thus, heat from the burners 102 can be concentrated near
the center of the surface 134 or spread out over a large portion
of the surface.

[0029] The temperature sensors 130 are shown as
examples, only. According to other embodiments, a multijet
burner system can include sensors positioned and configured
to measure a flow of fuel or oxidizer to each burner, to detect
a level of O, or other components in the flue gas, to detect
malfunctions in the respective burners, etc. The sensor con-
figuration is a matter of design choice, and is, in part, a
function of the particular application and the system param-
eters that are to be controlled by the system controller.

[0030] Turning now to FIG. 2, a diagrammatical view of a
multijet burner system 150 is provided, according to another
embodiment. The system 150 includes four burners 102 that
are substantially similar to the burners 102 described with
reference to FIG. 1. The system 150 is configured to be
operated by a system controller similar to the system control-
ler 108 described with reference to FIG. 1.

[0031] Thesystem 150 also includes a firebox liner 152 that
is electrically conductive, and that includes a dielectric layer
154 positioned on the side of the liner facing toward the
burners 102. The liner 152 is configured to be electrically
coupled to a system controller via control line 156. Operation
of'embodiments that employ a firebox liner will be described
in more detail below with reference also to to FIGS. 5-6.

[0032] FIG. 2 is provided to illustrate a method of opera-
tion, according to one embodiment. As shown, burners 102a,
1024, and 1024 are in operation, while burner 102¢ is not.
Burner 102¢ may be shut down, for example, in response to a
malfunction of the burner or its controls. Accordingly, the
flames 104 of the remaining burners 102 are charged at a
potential having a same polarity, causing the flames to
become mutually repulsive. Because the burners 102a and
10254 are closely adjacent to each other, the mutual repulsion
of their flames 104 will be relatively strong, causing them to
move widely apart. Meanwhile, the burners 1025 and 1024
are not as closely positioned because the inactive burner 102¢
is positioned between them. Accordingly, the repelling forces
between their respective flames 104 will be less strong. The
imbalance of forces acting on the flame of the burner 1025
will tend to push that flame some distance toward the flame of
the burner 1024, so that it will seek an equilibrium of forces
near a mid-point between the flames of burners 102a and
102d. Thus, the heat of the flames 104 of the three operating
burners 1024, 1025, and 1024 will be more evenly distributed
across the surface 134.

[0033] FIGS. 3-6 further illustrate the principles, as they
relate to various methods of operation, according to various
embodiments. FIGS. 3-5 are diagrammatical top plan views
of'a multijet burner 160, in which twelve individual burners
102 are arranged in a circular configuration within a flame
box liner 152. The outlines of the burners 102 are shown, as
are the flame tops 107 of flames supported by the respective
burners, showing the positions of the flame tops under various
conditions.
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[0034] In FIG. 3, Flame top 107a is shown centered over
burner 102¢ in a neutral position, i.e., the position it occupies
when no charge potential is present. Because of the buoyancy
of'the flame and the momentum imparted by the fuel nozzle of
the burner 102e, the flame rises substantially along a line that
lies normal to the plane of the drawing, so that the burner
102¢, flame, and flame top 107a are substantially coaxial.
Only the flame top 1074 corresponding to the burner 102e is
shown in the neutral position, but it will be understood that
when all of the burners 102 are in operation, with no charge
potential applied, each of the burners will have a correspond-
ing flame top centered over the respective burner.

[0035] As explained with reference to FIGS. 1-2, when a
charge potential of a same polarity is applied to adjacent
flames, the flames will tend to repel each other. In a system
like the multijet burner 160, in which the burners are arranged
in a circle, when a charge potential of a same polarity is
applied to all of the flames 104, each of the flames will seek a
position of widest separation from the flames on either side.
Thus, the flames will tend to move radially outward from the
center, so that the flame tops 1075 take substantially evenly
spaced positions that are radially displaced outward from the
burners 102, as in the positions of the flame tops 1075 shown
in FIG. 3.

[0036] The strength ofthe repelling force between flames is
a function of the magnitude of the charge applied to each
flame, assuming a substantially equal magnitude of charge on
each flame. Thus, the distance of displacement of the flame
tops 1075 can be controlled by varying the magnitude of the
charge potential.

[0037] Onthe other hand, if the polarity of a charge applied
to each flame is alternated around the circle, so that each flame
is charged at a polarity that is opposite the polarity of the
flames on either side, the flames of each of the burners 102
will be drawn radially inward toward the center of the circle,
so that the corresponding flame tops will be displaced inward
from their respective burners, as indicated in FIG. 3 by the
positions of the flame tops 107c.

[0038] The strength of attraction between adjacent flames
is a function of the magnitude of the difference in potential
between the flames. Thus, by controlling the voltage level at
which the flames are charged, the flames can be caused to
move a small distance inward, or can be compelled to move
much farther into the center, to overlap and mix with the
adjacent flames. Additionally, if the charge potentials are
applied unequally or asymmetrically, the flames can be
caused to move toward a position that is off center relative to
the positions of the burners, as some flames are attracted more
strongly, while the attraction for others is weaker. Even
flames carrying charges of the same polarity but of different
magnitudes can become neutral or attractive to each other,
depending on the difference in magnitude.

[0039] FIG. 4 shows the multijet burner 160 operating in
accordance with embodiments in which the flames supported
by the burners 102 are charged at selected potentials and/or
polarities to produce various flame distributions. Two differ-
ent charge patterns are shown, although they would not nor-
mally be used simultaneously. In a first pattern, the flames of
burners 102¢ and 102/ are charged at opposite polarities, so
that they are attracted to each other. Meanwhile, the flame of
burner 102g is charged at the same polarity of that of burner
102/, so that their flames repel each other, while the flame of
burner 102/ is charged at the opposite polarity, so that its
flame is attracted to that of burner 102g. Thus, the flames of
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burners 102/ and 102g are simultaneously repelled by each
other and attracted by the flames of burners 102¢ and 102/,
respectively. Similarly, the flame of burner 102~ is charged at
the same polarity of that of burner 102¢, while the flame of
burner 1024 is charged at the opposite polarity of the flame of
burner 1027. In this charging pattern, pairs of flames are
drawn together to merge between the respective pairs of burn-
ers.

[0040] Inthe second illustrated pattern, the flames of burn-
ers 102/ and 102k are charged at a same polarity while the
flame of burner 102/ is charged at the opposite polarity. Thus,
the flames of burners 102; and 102% are both attracted to the
flame of burner 102/ between them, and are thus drawn
together over the burner 102;. The same pattern is followed
with the flames of the burners 102m, 1027, and 102p, except
that the polarities are reversed, so that the flames of burners
102k and 102m will repel each other while being attracted by
the flames on their respective opposite sides. In this charging
pattern, the flames are merged in groups of three, where in the
previous pattern, they are merged in groups of two.

[0041] Another charging pattern that can be used to pro-
duce the same effect, i.e., the merging of flames in groups of
three, is to charge the flames of burners 102; and 102% at
opposite polarities, while grounding the charge electrode of
the burner 102;. In this way, both outer flames will be attracted
to the central flame, but will also be attracted to each other, so
that a stronger mutual attraction is formed among the three
flames.

[0042] It will be recognized that other patterns and combi-
nations of patterns can be devised and employed by those of
ordinary skill in the art. These also fall within the scope of the
disclosure.

[0043] FIG. 5 shows the multijet burner 160 operating in
accordance with another embodiment, in which a method is
provided for controlling heat distribution in the event of the
loss of one or more burners. In FIG. 5, the burner 1024 is not
in operation. By applying a charge potential of the same
polarity and magnitude to the flame of each of the burners in
operation, the flames are caused to become mutually repel-
lant, as described with reference to the flame top positions
1075 of FIG. 3. However, because the flames will tend to seek
aposition at which the repelling forces are balanced, they will
not necessarily move directly outward radially from their
respective burners, but will redistribute themselves substan-
tially evenly about the circumference of the circle, as repre-
sented by the flame tops 107fof FIG. 5.

[0044] Similarly, the flames can be caused to move inward
from the burners while redistributing about the circle if alter-
nating polarities of charges are applied to the respective burn-
ers, in a manner similar to that described with reference to the
flame tops 107¢ of FIG. 3. However, a complication is intro-
duced in a burner system that employs an odd number of
burners, as is the effective condition of the multijet burner 160
of FIG. 5. If the polarity of the charge applied to each flame is
alternated around the circle, the first and last flames will be at
the same polarity. For example, if the flame of the burner
102m of FIG. 5 is charged at a positive polarity, with the
polarity reversing for each burner clockwise around the
circle, the burner 102/ will also be at a positive potential,
meaning that the flames of these two burners will repel each
other, and will produce a gap in the distribution.

[0045] This problem can be resolved by grounding the
charge electrode of one of the burners. For example, if the
charge electrode associated with the burner 102e is grounded,
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and the charge electrode of the burner 102/ is charged at a
positive potential, their respective flames will be mutually
attractive. Likewise, if the electrode of the burner 102~ is
charged at a negative potential, its flame will also be attracted
to that of the burner 102. Alternating polarities clockwise
from the burner 102/ and counterclockwise from the burner
1027, means that the charge electrode of the burner 102 will
be positively charged while the charge electrode of the burner
102m will be negatively charged, meaning that their corre-
sponding flames will be mutually attracted, as intended.

[0046] FIG. 6 is a diagrammatical top plan view of a mul-
tijet burner 170 that is similar in most respects to the burner
160 of FIGS. 3-5. However, the multijet burner 170 also
includes a conductive flame box liner 152, which is config-
ured to be operatively coupled to a system controller via a
control line 156, similar to the arrangement described with
reference to the multijet burner system 150 of FIG. 2. FIG. 6
is provided to illustrate a method, according to another
embodiment, for responding to aloss of'a burner. Burner 1024
of the multijet burner 170 is inoperative, similar to the con-
dition described with reference to the burner 160 of FIG. 5. A
charge potential of a same polarity is applied to the flames of
the operative burners, in a manner similar to that described
with reference to the flame tops 107f of FIG. 5, causing the
flames to become mutually repulsive.

[0047] However, in addition to the charge potential applied
to the flames, the conductive liner 152 is coupled to a voltage
source via the control line 156, as shown in FIG. 6, and
charged at the same polarity as the charge applied to the
flames. Thus, the flames are repelled by the charge applied to
the conductive liner 152, causing them to move toward the
center of the multijet burner 170, as illustrated in FIG. 6 by the
positions of the flame tops 107/. By selectively controlling
the magnitude of the charge potentials applied to the flames
and the liner, the radial positions of the flames can be con-
trolled. As shown in the drawing, the flames are held in
position above the circle defined by the plurality of burners
102, but are redistributed more evenly around the circle.

[0048] A number of methods of operation have been dis-
closed above for applying a charge potential to flames of a
multijet burner to cause selected interactions between the
flames. In general, these have been presented in the context of
responding to malfunctions of burners, etc. However, these
and related methods can be practiced as part of the normal
operation of a multijet burner. For example, in a system where
individual burner output is fixed, it may be a common occur-
rence that the total output of the system exceeds the load
requirements. In such a case, because burner output cannot be
adjusted, either some portion of the heat produced is wasted,
or the system is periodically shut down in a regular cycle.
Shutting down and cold starting a large burner system can
reduce efficiency and increase harmful emissions. According
to an embodiment, the output of a burner system can be
reduced by shutting down one or more burners of the system,
while redistributing heat from the remaining burners as
described above. By shutting each burner for a short period,
then restarting that burner and shutting down another in a
regular cycle, no single burner is down for a long enough
period to cool down significantly, so that a hot restart can be
performed, which reduces or eliminates the loss of efficiency
and increase in harmful emissions that are common during a
cold start. Additionally, the periodic down time can extend the
useful life of each burner, effectively extending the MTBF of
the system.
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[0049] According to another embodiment, the flames of a
multijet burner can be continually mixed to improve combus-
tion or heat transfer efficiency, or reduce emissions.

[0050] In some systems there may be a tendency, under
certain conditions, for the flames of individual burners to
blow out. If a burner does not restart quickly, it can introduce
unburnt fuel into the exhaust stream, which reduces efficiency
and increases emissions. If flames are continually mixed by
the application of the disclosed principles, any burner that
blows out can be very quickly relit.

[0051] It should be noted that the practice of the disclosed
processes does not require the application of a DC voltage
potential to a flame or fuel jet. Where two flames are to be
charged at a common polarity, this only requires that if an
alternating polarity charge is applied, it should be applied to
both flames in phase, so that even though the polarity of the
charges continually changes, at any given instant, the polarity
of'the charges on both flames will be the same. Conversely, if
two flames are to be charged at opposite polarities, an alter-
nating charge polarity can be applied, provided the alternat-
ing cycles are 180 degrees out of phase.

[0052] If a charge potential is applied to the flames of a
system for the purpose of causing the flames to mix and move
energetically, it may be an advantage to use an alternating
polarity voltage signal that is timed so that adjacent flames are
about 90 degrees out of phase with each other. Such a con-
figuration can be used to create a condition in which pairs of
flames are alternately attracted and repelled, so that each
flame can be caused to rapidly shift back and forth between
the flames on either side.

[0053] Inmany cases it may be easier and less costly to use
an alternating polarity signal, rather than a DC signal. For
example, many of the various circuits and structures com-
monly used to produce high-voltage signals produce an alter-
nating polarity signal, which must then be rectified if a DC
signal is desired. By directly applying the alternating signal,
the cost and complexity of the circuit can be reduced.
[0054] Where an alternating polarity signal is employed,
the waveform will not necessarily be a typical sine wave.
Because it generally requires a high-voltage signal to gener-
ate significant quantities of charged ions in a flame, a sine-
wave shaped signal has periods during which insufficient
charge magnitude is present. Preferably, an alternating signal
that is employed as a charge potential is closer to an ideal
square wave shape.

[0055] According to some embodiments, a signal that alter-
nates between a high-voltage value and a low voltage or zero
volts is employed. In such as case, the magnitude of a charge
potential can be controlled by varying a duty cycle of the
signal. This permits the use of a single high-voltage value to
charge all of the flames of a multijet burner, while still
enabling the individual selective control of the charge mag-
nitude for each burner. Furthermore, as noted above, a pair of
adjacent flames can be made to be mutually attractive even
when they are both charged at the same polarity, provided
there is a sufficient difference in magnitude of the charges.
Accordingly, in some embodiments, attraction and repulsion
of'the individual flames of a multijet burner are controlled by
regulation of the magnitude of the charge applied to each
flame, rather than, or in addition to, controlling the polarity of
the charge.

[0056] FIG.7isadiagrammatic view of a system controller
108, according to an embodiment. The system controller 108
is configured to control the operation of a multijet burner such
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as those described above. The controller 108 includes: a plu-
rality of output terminals 108a-108% configured to be coupled
to respective charge electrodes; a plurality of output terminals
122a-122n configured to be coupled to the fuel valves of
respective burners; a plurality of output terminals 128a-128»
configured to be coupled to the oxidizer valves of respective
burners; and a plurality of input terminals 132a-132# config-
ured to be coupled to respective sensors. Also shown is an
output terminal 156 configured to be coupled to a firebox liner
of a multijet burner.

[0057] The system controller 108 includes a number of
modules: a control module 162 configured to control opera-
tion of the other elements of the system controller 108, an
oxidizer control module 168 configured to control a flow of
oxidizer to each burner; a fuel control module 166 configured
to control a flow of fuel to each burner; a charge control
module 164 configured to control a charge potential present at
each charge electrode; and a high-voltage supply 160 config-
ured to provide high-voltage power for the charge electrodes.
[0058] The control module 162 receives data input from the
sensor terminals 132 indicative of conditions and parameters
of the multijet burner. Such data can include, e.g., tempera-
ture at selected locations in and around the burner, emissions
of'the burner, load requirements, ambient conditions, etc. The
control module 162 is operatively coupled to the other mod-
ules of the system controller 108 in order to control their
respective operations.

[0059] The control module also includes instructions by
which it controls the operation of the burner system. The
instructions can be in the form of software stored in a memory
or other non-volatile storage medium, or can be in the form of
firmware or hardware. The controller can be preloaded with a
fixed set of instructions prior to installation, and/or may be
programmable by the operator.

[0060] In addition to the sensor input terminals and control
couplings previously mentioned, the control module 162 may
also be configured with additional input and output terminals
or couplings for receiving and sending data of various types.
For example, terminals for user interface devices, i.e., key-
boards, monitors, etc., may be provided to enable an operator
to provide programming, select operating parameters, and
observe the condition and status of the system. Other termi-
nals may be provided to provide power to the controller 108,
to permit connection of the controller 108 to other computers
or networks, including the Internet, and to control other
aspects of a system that incorporates the multijet burner.
[0061] The oxidizer control module 168 is operatively
coupled to the output terminals 1284-128# and controls the
operation of the oxidizer valves of the system. As previously
noted, some systems do not actively control oxidizer volume,
but provide a fixed aperture through which the oxidizer is
drawn by the action of the fuel as it exits the nozzle. In such
cases, of course, no oxidizer control module is required. In
other systems, “EGR” (exhaust gas recirculation) is
employed, in which recirculated flue gas is mixed with air or
other gases and supplied as the oxidizer, in order to modify
the combustion characteristics of the resulting flame. In such
cases, the oxidizer control module 168 may be configured to
control not only the flow of oxidizer, but also the proportions
of the component gases in the oxidizer stream.

[0062] The fuel control module 166 is operatively coupled
to the output terminals 122a-122# and controls the operation
of the fuel valves of the system. In some systems, the fuel
valves are configured to regulate the flow of fuel, and are
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controlled via signals from the fuel control module to adjust
the volume of fuel in accordance with the instructions or
programming of the control module 162. In other cases, the
flow of fuel is a fixed volume, in which fuel pressure and
nozzle aperture are fixed, and the fuel valves are simply
controlled to open or close.

[0063] In some systems, fuel and oxidizer control is more
complex, i.e., there are anumber of additional parameters that
are controlled to regulate the combustion characteristics of
the burners, such as, for example, fuel pressure, EGR propor-
tions, flame oscillation, flame damping, etc. In such systems,
the additional parameters may be controlled via the fuel and/
or oxidizer control modules, via additional modules, or
directly by the control module.

[0064] The high-voltage supply module 160 is configured
to provide a high-voltage signal to be applied to the charge
electrodes, as determined by the charge control module 164.
The high-voltage supply module 160 can include any of a
number of different types of circuits that are configured to
produce high-voltage power, as either alternating or direct-
current signals, according to the configuration of the system
control module, as explained in more detail below.

[0065] The charge control module 164 is operatively
coupled to the output terminals 1084-1087 and controls the
operation of the charge electrodes of the multijet burner sys-
tem. The charge control module 164 controls the polarity and
magnitude of the voltage charges that are carried by the
charge electrodes. In embodiments that include a terminal
156 configured to be coupled to a firebox liner or equivalent
structure, the charge control module 164 can be configured to
control the signal applied to that terminal, as well. Depending
on the configuration of the system, the charge control module
164 may be configured to take a high-voltage signal and, via
high capacity switches, selectively couple the high voltage to
selected ones of the charge electrodes. However, in such an
arrangement, the charge control module 164 is required to
regulate signals at, sometimes, 40 kv or more, which can be
difficult, and can require expensive switching components
that are slower than typical switching circuits.

[0066] According to other embodiments, the charge control
module 164 controls the magnitude and polarity of a rela-
tively low-voltage signal, which is then amplified proportion-
ately by the high-voltage supply module 160 and coupled to
the selected charge electrodes. In this way, switching and
modulation of the signals is done at lower voltages, which are
then passed through the high-voltage supply module to be
amplified to the desired potential. This is the configuration
illustrated in FIG. 7, in which control signals from the charge
control module 164 are passed through the high-voltage sup-
ply module 160 before being transmitted to the charge elec-
trodes.

[0067] The high-voltage supply module 160 may include,
for example, voltage multiplier circuits, which can be config-
ured to repeatedly double an input voltage by a selected factor
to produce a high-voltage, low current output signal. In con-
trast to a high-capacity switching element, such as, e.g., an
IGBT transistor, which must be capable of withstanding the
entire high voltage across its terminals, a voltage multiplier
circuit is made up of a network of diodes and capacitors, none
of' which are exposed to the entire voltage, and none of which
are required to switch on or off on command.

[0068] Various embodiments are a described above, in
which each burner of a multijet burner is positioned adjacent
to a respective charge electrode. According to other embodi-
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ments, each charge electrode is positioned to provide a charge
potential to the fuel jet or flame of two or more burners, or to
those of multiple nozzles within a respective burner.

[0069] The term “flue gas™ is used here to refer to combus-
tion products of the flames of a burner system, as well as any
other gas (including, e.g., nitrogen, CO,, CO, argon, NOx,
etc.,) that has passed through the combustion reaction or is
produced as a result of the combustion reaction.

[0070] Because the drawings are diagrammatic, they are
not intended to show details of actual multijet burner systems,
their components, or control elements, except where those
details are specifically referred to and described. Otherwise,
the drawings are intended to convey the function of the ele-
ments depicted. In particular, elements of known systems,
such as burners and nozzles, valves, sensors, etc., are well
known in the art, and can have any of a large number of
shapes, structures, and arrangements, which vary widely
according to system, manufacturer, capacity, model, etc.
Even the structures that are described in some detail are
provided as examples of various structures that can be
employed, according to the preferences of a user or the limi-
tations imposed by a particular burner system, and do not
limit the claims to the particular structure, except where that
structure is explicitly recited.

[0071] With regard to the system controller in particular,
the controller is shown diagrammatically in FIG. 7 as an
integrated unit, in which the various modules are contained
within a single enclosure. While in some cases, a system
controller will be self-contained, in many other cases, ele-
ments of the controller will be widely separated, with some
element positioned near the burner, and others in remote
locations. Furthermore, in many systems, functions of two or
more of the modules may be performed by a single device or
circuit, while in other systems, the functions of a single mod-
ule may be shared between two or more devices. In some
embodiments, the controller module includes a dedicated
microprocessor device. In some embodiments, the controller
includes a general purpose computer in which operations
specific to the control a multijet burner system are performed
in accordance with a software program. In some embodi-
ments, the functions of the controller module are performed
by a system that also performs other functions that are unre-
lated to the operation of a burner system. Accordingly, the
claims are not limited to the structure or specific arrangement
that is described or implied by the disclosure, but only by the
language of the claims. Where controller functions are recited
in a claim, any device or combination of devices that perform
the recited functions falls within the scope of the claim.

[0072] The abstract of the present disclosure is provided as
a brief outline of some of the principles of the invention
according to one embodiment, and is not intended as a com-
plete or definitive description of any embodiment thereof, nor
should it be relied upon to define terms used in the specifica-
tion or claims. The abstract does not limit the scope of the
claims.

[0073] While various aspects and embodiments have been
disclosed, other aspects and embodiments may be contem-
plated. The various aspects and embodiments disclosed here
are for purposes of illustration and are not intended to be
limiting, with the true scope and spirit being indicated by the
following claims.
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What is claimed is:

1. A device, comprising:

aplurality of burners, each configured to support a respec-
tive flame;

a plurality of charge electrodes, each positioned and con-
figured to apply a charge potential to a fluid flow corre-
sponding to a respective one of the plurality of burners;
and

a controller operatively coupled to each of the plurality of
charge electrodes and configured to cause a selected
voltage potential to be applied to each respective charge
electrode.

2. The device of claim 1, wherein each of the plurality of
charge electrodes is positioned and configured to apply a
charge potential to fluid flow corresponding to at least two of
the plurality of burners.

3. The device of claim 1, wherein the fluid flow correspond-
ing to a respective one of the plurality of burners includes
fluid flow corresponding to only one of the plurality of burn-
ers.

4. The device of claim 1, wherein each of the plurality of
charge electrodes is positioned and configured to apply a
charge potential to the fluid flow corresponding to the respec-
tive one of the plurality of burners and that includes at least
one selected from the group consisting of a fuel stream, an
oxidizer flow, a flowing fuel and oxidizer mixture, a flame
supported by the fluid flow, a reactive reagent inserted into the
fluid flow, and an inert charge carrier inserted into the fluid
flow.

5. The device of claim 1, wherein each of the plurality of
charge electrodes is positioned and configured to apply a
charge potential to the fluid flow corresponding to the respec-
tive one of the plurality of burners and that includes a flue gas.

6. The device of claim 5, wherein the flue gas is incorpo-
rated into an oxidizer flow of the respective one of the plural-
ity of burners.

7. The device of claim 5, wherein the flue gas is incorpo-
rated into a flame supported by the respective one of the
plurality of burners.

8. The device of claim 1, wherein each of the plurality of
charge electrodes is configured to output to the fluid flow that
corresponds to the respective one of the plurality of burners an
electrical charge corresponding to the selected voltage poten-
tial.

9. The device of claim 8, wherein the electrical charge
generates majority charge carriers in a flame supported by the
fluid flow.

10. The device of claim 9, wherein the majority charge
carriers cause flames supported by fluid flows corresponding
to at least two of the plurality of burners to interact with one
another.

11. The device of claim 1, wherein each of the plurality of
charge electrodes is configured to make at least intermittent
contact with a flame supported by the respective one of the
plurality of burners.

12. The device of claim 1, wherein each of the plurality of
charge electrodes includes a charge injector 112 configured to
inject a charge into the fluid flow of the respective one of the
plurality of burners.

13. The device of claim 1, wherein each of the plurality of
charge electrodes includes a corona discharge device.

14. The device of claim 1, wherein each of the plurality of
charge electrodes is directly coupled to the respective one of
the plurality of burners.
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15. The device of claim 1, wherein each of the plurality of
charge electrodes and the respective one of the plurality of
burners are a single, combined element.

16. The device of claim 1, wherein the controller is con-
figured to cause a common voltage potential to be applied to
each of the plurality of charge electrodes.

17. The device of claim 1, wherein the controller is con-
figured to independently control the voltage applied to each of
the plurality of charge electrodes.

18. The device of claim 1, wherein the controller is con-
figured to cause a voltage potential of a first polarity to be
applied a first one of the plurality of charge electrodes while
simultaneously causing a voltage potential of a second polar-
ity, opposite the first polarity, to be applied to a second one of
the plurality of charge electrodes.

19. The device of claim 18, wherein the second one of the
plurality of charge electrodes is positioned adjacent to the first
one of the plurality of charge electrodes.

20. The device of claim 1, wherein the controller is con-
figured to cause a voltage potential of a first polarity to be
applied to a first one of the plurality of charge electrodes
while simultaneously causing a voltage ground to be applied
to a second one of the plurality of charge electrodes.

21. The device of claim 1, wherein the controller is con-
figured to cause a voltage potential of a first polarity to be
applied to a first one of the plurality of charge electrodes
while simultaneously causing a voltage potential of'a second
polarity, opposite the first polarity, to be applied to a second
one of the plurality of charge electrodes, and while simulta-
neously causing a voltage ground to be applied to a third one
of'the plurality of charge electrodes that is positioned between
the first and second ones of the plurality of charge electrodes.

22. The device of claim 1 wherein the controller is config-
ured to cause a voltage potential of a first polarity to be
applied to afirst set of the plurality of charge electrodes and to
cause a voltage potential of a second polarity, opposite the
first polarity, to be applied to a second set of the plurality of
charge electrodes, wherein charge electrodes of the first set
and charge electrodes of the second set are interleaved with
each other.

23. The device of claim 1, wherein the controller is con-
figured to distribute thermal emissions corresponding to the
plurality of burners across a selected volume by selectively
and independently controlling the applied voltage potential to
respective ones of the plurality of charge electrodes.

24. The device of claim 1, wherein the controller is con-
figured to selectively and independently cause a voltage
potential applied to any of the plurality of charge electrodes to
vary in response to a change in condition of the device.

25. The device of claim 1, wherein the controller comprises
a sensor input and is configured to cause a voltage potential
applied to any of the plurality of charge electrodes to vary in
response to a change in a signal at the sensor input.

26. The device of claim 1, wherein the controller comprises
a plurality of sensor inputs and is configured to cause a volt-
age potential applied to any of the plurality of charge elec-
trodes to vary in response to a change in a signal at any of the
plurality of sensor inputs.

27. The device of claim 1, comprising a sensor operatively
coupled to the charge controller and configured to detect a
change in condition of the device.

28. The device of claim 27, wherein the sensor is one of a
thermal sensor, a pressure sensor, a chemical sensor, and an
electrical sensor.
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29. The device of claim 27, wherein the sensor is one of a
plurality of sensors operatively coupled to the charge control-
ler.

30. A method, comprising:

supporting a flame at each of a plurality of burners;

generating majority carriers in the flames supported by
each of the plurality of burners by applying a charge
potential to the flames; and

selecting a charge polarity corresponding to the flame at
each of the plurality of burners to interact with the
charge polarities of flames supported others of the plu-
rality of burners.

31. A charge controller, comprising:

a plurality of output terminals configured to be electrically
coupled to respective charge electrodes of a burner that
continuously emits a fuel jet;

aswitching module configured to selectably switch each of
the plurality of output terminals between a plurality of
charge potentials; and

a control module configured to control operation of the
switching module.

32. The charge controller of claim 31, comprising a voltage
source capable of providing a voltage potential greater, in
absolute value, than 1 KV.

33. The charge controller of claim 31, comprising a voltage
source capable of providing a voltage potential greater, in
absolute value, than 10 kv.

34. The charge controller of claim 31, comprising a voltage
source capable of providing a voltage potential greater, in
absolute value, than 40 kv.

35. The charge controller of claim 31, comprising an input
terminal coupled to the control module and configured to
provide a sensor signal, the control module being configured
to control operation of the switching module according to the
sensor signal.

36. The charge controller of claim 31, claim 35 wherein the
input terminal is one of a plurality of input terminals coupled
to the control module and configured to provide respective
sensor signals.

37. The charge controller of claim 31 wherein the control
module is configured to control the switching module to
independently apply a voltage potential to each of the plural-
ity of output terminals.

38. The charge controller of claim 31, wherein the control
module is configured to control the switching module to
cause a voltage potential of a first polarity to be applied a first
one of the plurality of output terminals while simultaneously
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causing a voltage potential of a second polarity, opposite the
first polarity, to be applied to a second one of the plurality of
output terminals.

39. The charge controller charge controller of claim 31,
wherein the control module is configured to control the
switching module to cause a voltage potential of a first polar-
ity to be applied to a first one of the plurality of output
terminals while simultaneously causing a voltage ground to
be applied to a second one of the plurality of output terminals.

40. The charge controller of claim 31, wherein the control
module is configured to control the switching module to
cause a voltage potential of a first polarity to be applied to a
first one of the plurality of output terminals while simulta-
neously causing a voltage potential of a second polarity,
opposite the first polarity, to be applied to a second one of the
plurality of output terminals, and while simultaneously caus-
ing a voltage ground to be applied to a third one of the
plurality of output terminals.

41. The charge controller of claim 31 wherein the control
module is configured to control the switching module to
cause a voltage potential of a first polarity to be applied to a
first set of the plurality of output terminals and to cause a
voltage potential of a second polarity, opposite the first polar-
ity, to be applied to a second set of the plurality of output
terminals.

42. The charge controller of claim 31, wherein the control
module is configured to control the switching module to
distribute thermal emissions corresponding to the plurality of
burners across a selected volume by selectively and indepen-
dently controlling the applied voltage potential to respective
ones of the plurality of charge electrodes.

43. The charge controller of claim 31, wherein the control
module is configured to control the switching module to
selectively and independently cause a voltage potential
applied to any of the plurality of charge electrodes to vary in
response to a change in condition of the device.

44. The charge controller of claim 31, comprising a sensor
input and wherein the control module is configured to control
the switching module to cause a voltage potential applied to
any of the plurality of charge electrodes to vary in response to
a change in a signal at the sensor input.

45. The charge controller of claim 31, comprising a plural-
ity of sensor inputs and wherein the controller is configured to
cause a voltage potential applied to any of the plurality of
charge electrodes to vary in response to a change in a signal at
any of the plurality of sensor inputs.
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