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Description

[0001] Field of Invention

[0002] The present invention relates generally to fuel
burners and, in particular, to a new and useful pulverized
coal burner and method of combustion which achieves
low NO, emissions by supplying oxygen directly to the
center of the burner flame in a manner so as to create a
fuel rich internal combustion zone within the burner flame
and accelerate fuel combustion.

[0003] Background of the Invention

[0004] NO, is a byproduct produced during the com-
bustion of coal and other fossil fuels. Environmental con-
cerns regarding the effects of NO, have prompted en-
actment of NO, emissions regulations requiring sharp
NO, emission reductions from industrial and utility power
plants in several countries including the United States.
Currentcommercial methods and apparatuses for reduc-
ing NO, emissions have been successful in lowering NO,
emissions from the levels emitted in previous years; how-
ever, further advances, beyond those of currently known
methods and apparatuses, are needed to maintain com-
pliance with current NO, emissions regulations.

[0005] A variety of low NO, burners are commercially
available and widely used to fire pulverized coal (PC) and
other fossil fuels in a NO, reducing manner as compared
to conventional burners. Examples of such burners are
The Babcock & Wilcox Company’s DRB-XCL® and DRB-
4Z®burners. Common to these and other low NO, burner
designs is an axial coal nozzle surrounded by multiple
air zones which supply secondary air (SA). During oper-
ation, PC suspended in a primary air (PA) stream, is in-
jected into the furnace through an axial coal nozzle, as
an axial jet, with little or no radial deflection. Ignition of
the PC is accomplished by swirling SA, thereby causing
recirculation of hot gases along the incoming fuel jet.
[0006] Typically a fraction of the SA is supplied to an
air zone in close proximity to the coal nozzle and swirled
to a relatively greater extent than the SA supplied to the
other air zones to accomplish ignition. The remaining SA
from the burner is introduced through air zones further
outboard in the burner utilizing less swirl, so as to mix
slowly into the burner flame, thereby providing fuel rich
conditions in the root of the flame. Such conditions pro-
mote the generation of hydrocarbons which compete for
available oxygen and serve to destroy NO, and/or inhibit
the oxidation of fuel-bound and molecular nitrogen to
NO,.

[0007] NO, emissions can further be reduced by
staged combustion, wherein the burner is provided with
less than stoichiometric oxygen for complete combus-
tion. A fuel rich environment results at the burner flame.
The fuel rich environment inhibits NO, formation by forc-
ing NO, precursors to compete with uncombusted fuel
in an oxygen lean environment. Combustion is then
staged by providing excess oxygen to the boiler at a point
above the burner wherein the excess fuel combusts at a
lower temperature, thus preceding the production of ther-

10

15

20

25

30

35

40

45

50

55

mal NO, as the combustion occurs at alower temperature
away from the burner flame. Staging also serves to less-
en oxygen concentrations during the combustion proc-
ess which inhibits oxidation of fuel bound nitrogen (fuel
NO,).

[0008] Oxygen for staged combustion is normally pro-
vided in the form of air via air staging ports, commonly
called Over Fire Air (OFA) ports, in a system utilizing low
NO, burners. U.S. Patent No. 5,697,306 to LaRue, and
U.S. PatentNo. 5,199,355 to LaRue, herein incorporated
by reference, disclose low NO, burners that may be com-
bined with air staged combustion methods to further re-
duce NO, emissions.

[0009] Unlike conventional burners, low NO, burners
tend to form long flames and produce higher levels of
unburned combustibles. Long flames are not always de-
sirable as they may be incompatible with furnace depth
or height, and can impair boiler operation by causing
flame impingement, slagging, and/or boiler tube corro-
sion.

[0010] Long flames result from an insufficient air sup-
ply to the fuel jet as it proceeds into the furnace. SA from
the outer air zones of low NO, burners do not effectively
penetrate the downstream fuel jet, such that unburned
fuel persists due to a lack of air supply along the flame
axis. High levels of unburned fuel are undesirable in both
furnaces with OFA and those without. Unburned com-
bustibles in the form of unburned carbon and CO reduce
boiler efficiency and add operation expenses, whereas
unburned pulverized coal, by nature of its abrasiveness,
may cause undesirable erosive damage to the furnace
itself.

[0011] Incomplete air/fuel mixing ahead of an OFA sys-
tem can cause excessive amounts of unburned fuel to
persist up to the OFA ports. When large amounts of un-
burned fuel try to burn with air at the OFA zone, NO,
formation can increase, thereby minimizing or negating
the benefit of staged combustion with OFA. In addition it
becomes increasingly difficult to completely burn out
these combustibles at and beyond the OFA ports, such
that they add to inefficiency and operational difficulties.
[0012] Summary of the Invention

[0013] The present invention solves the aforemen-
tioned problems associated with delayed combustion
produced by typical low NO, burners and introduces a
new burner apparatus and method of combusting fossil
fuels to further reduce NO, emissions in commercial and
utility boilers.

[0014] A burner according to the present invention is
suitable for firing pulverized coal (PC) or gaseous hydro-
carbons. The present invention comprises an axial zone
concentrically surrounded by a first annular zone. The
first annular zone provides fuel to the burner at a prede-
termined velocity so as to create a fuel jet exiting the
burner and subsequently forming a burner flame via com-
bustion in the presence of oxygen. The axial zone pro-
duces a center air jet piercing the burner flame along its
internal axis.




3 EP 2 051 005 A2 4

The center air jet provides oxygen along the center axis
of the burner flame, allowing the flame to combust from
the inside out, while maintaining an overall fuel rich en-
vironment in the flame root thereby suppressing NO, for-
mation.

[0015] Additional oxygen supplied by second and third
annular zones concentrically surrounding the first annu-
lar zone further reduces NO, formation while providing
a means for accelerating combustion. Flow conditioning
devices of the second and third annular zones aerody-
namically suppress fuel jet expansion. Within this aero-
dynamic suppression, swirl from the air exiting the sec-
ond and third annular zones creates an internal recircu-
lation zone along the outer boundary of the flame zone
which inhibits NO, formation. The internal recirculation
zone (IRZ) causes NO, formed along the outer air-rich
periphery of the flame to recirculate back into the fuel
rich flame core. The hotter flame temperature, resulting
from the inside out combustion of the center air jet, cause
uncombusted hydrocarbon radicals to scavenge availa-
ble oxygen within the IRZ, thereby suppressing the for-
mation of NO,, and reducing NO back to other nitroge-
nous species. A wider, shorter flame envelope results as
flame temperature increases due to the accelerated com-
bustion of fuel from the inside out and outside in within
the IRZ.

[0016] Another aspect of the present invention can be
considered a method of reducing NO, emissions in a
center air jet burner comprising, providing a burner hav-
ing an axial zone concentrically surrounded by a first an-
nular zone, providing the axial zone with a first gas com-
prising oxygen, wherein the first gas exits the axial zone
at avelocity between about 5000 ft/min and about 10,000
ft/min, providing the first annular zone with a carrier gas
comprising a pulverized coal, wherein the carrier gas ex-
its the axial zone at a velocity between about 3000 ft/min
and about 5000 ft/min.

[0017] Yetanother aspect of the present invention can
be considered a method of reducing NO, emissions in a
center air jet burner comprising, providing a four zone
burner, wherein the innermost zone is an axial zone con-
centrically surrounded by a first annular zone, which in
turn is concentrically surrounded by a second annular
zone, which in turn is concentrically surrounded by a third
annular zone, providing the axial zone with a first gas
comprising oxygen, providing the first annular zone with
a carrier gas comprising a pulverised coal, providing the
second annular zone with a second gas comprising ox-
ygen, providing the third annular zone with a third gas
comprising oxygen, providing the burner with the carrier
gas atavelocity greater than about 3000 ft/min, providing
the burner with the first gas at a velocity greater than the
carrier gas, providing the burner with the second gas at
a velocity less than the carrier gas, providing the burner
with the third gas at a velocity greater than the carrier
gas, combusting the pulverized coal in the carrier gas
stream from the inside of the stream with the first gas,
combusting the pulverized coal in the carrier gas stream
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from the outside with the second gas and the third gas,
utilizing the velocity gradient between the four annular
zonesto create arecirculation zone within a burner flame,
suppressing NOx formation and accelerating combustion
by recirculation of uncombusted coal and oxygen in the
burner flame.

[0018] The various features of novelty which charac-
terize the present invention are pointed out with particu-
larity in the claims annexed to and forming a part of this
disclosure. For a better understanding of the invention,
it's operating advantages and specific benefits attained
by it's uses, reference is made to the accompanying
drawings and descriptive matter in which the preferred
embodiments of the invention are illustrated.

[0019] Brief Description of the Drawings

[0020] FIG. 1. is a schematic sectional view of an em-
bodiment of the present invention;

[0021] FIG. 2 is a schematic view of an embodiment
of the present invention wherein arrows identify the flow
paths of air and coal;

[0022] FIG. 3 is a outside view of a burner assembly
embodiment of the present invention identifying the lo-
cation of feeding duct 9; and

[0023] FIG. 4is aschematic cross sectional view of an
embodiment of the present invention which identifies the
concentric zones of the present invention.

[0024] Description of the Preferred Embodiments
[0025] Referring to the drawings, generally where like
numerals designate the same or functionally similar fea-
tures, throughout the several views and first to FIG. 1,
there is shown a schematic sectional view of a burner
depicted in accordance with the present invention. Axial
pipe 6, defining an axial zone 25 therein, is concentrically
surrounded by a first annular pipe 3 wherein the area
between the two pipes defines a first annular zone 11.
Radially interposed between a portion of firstannular pipe
3 and axial pipe 6 is feeder duct 9 such that axial pipe 6
and windbox 51 are in fluid communication with opposite
ends of feeder duct 9.

[0026] Referring now to FIG. 3, a top view of feeder
duct 9 radially interposed between at least a portion of
first annular pipe 3 and axial pipe 6 (hot shown in FIG.
3) is provided, such that axial pipe 6 and windbox 51 are
in fluid communication with opposite ends of feeder duct
9.

[0027] Referring back to FIG. 1, secondary air is sup-
plied by forced draft fans (not shown), preheated in air
heaters (not shown), and under pressure to windbox 51.
Feeder duct 9 in turn provides secondary air from wind-
box 51 to axial pipe 6, at a rate controlled by damper 10.
An air flow measuring device 12 quantifies the secondary
air flowing through feeder duct 9.

[0028] A pulverizer (not shown) grinds coal which is
conveyed with primary air through a conduit connected
to a burner elbow 2. An igniter (not shown) may be po-
sitioned on the axis of the burner, penetrating elbow 2,
plug 5, and extending through axial pipe 6.

[0029] Pulverized coal and primary air (PA/PC) 1 pass
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through the burner elbow 2. The pulverized coal generally
travels along the outer radius of elbow 2 and concentrates
into a stream along the outer radius at the elbow exit.
The pulverized coal enters first annular zone 11 and en-
counters a deflector 4 which redirects the coal stream
into plug 5 and disperses the coal. Axial pipe 6 is attached
to the downstream side of plug 5.

Firstannular pipe 3 expands in section 3Ato form a larger
diameter section 3B. The dispersed coal travels along
first annular zone 11 wherein bars and chevrons 7 pro-
vide more uniform distribution of the pulverized coal be-
fore exiting the firstannular zone 11 as a fuel jet. Wedged
shaped pieces 9A and 9B (Fig. 3) provide a more con-
toured flow path for the PA/PC 1 as it travels past feeder
duct 9.

[0030] A flow conditioning device 30 may be used to
disperse the coal to increase the rate at which it interacts
with the secondary air. Flow conditioning device 30 may
consist of swirl vanes and/or one or more bluff bodies to
locally obstruct flow and induce swirl.

[0031] Another flow conditioning device 13 may be po-
sitioned at the end of axial pipe 6 to provide more uniform
flow to secondary air as it exits axial zone 25 into burner
throat 8, and out into the furnace (not shown) in the form
of a center air jet. Flow conditioning device 13 can be
vanes, perforated plates, or other commonly used devic-
es to provide more uniform flow. In some cases, flow
conditioning device 13 may provide swirl to the core air
to further accelerate coal ignition and reduce emissions.
[0032] An aspect pertaining to the operational method
of the present invention is the creation of a center air jet
within with the fuel jet stream as it exits throat 8 and enters
the furnace. Preferably, the center air jet will have a ve-
locity exceeding that of the fuel jet so as to create a ve-
locity gradient within the flame which promotes ignition
of the fuel from the inside out utilizing the oxygen from
the center air jet.

[0033] Optimum operating conditions occur when
PA/PC exits the first annular zone at a velocity between
about 3,000 ft/min and about 5,000 ft/min, and more pref-
erably between about 3,500 ft/min and about 4,500
ft/min. Optimum operating conditions further occur when
secondary air exits axial zone 25 at a velocity between
about 5,000 ft/min and 10,000 ft/min, and more preferably
between about 5,500 ft/min and 7,500 ft/min.

[0034] Damper 15 controls the entry of additional sec-
ondary air to the burner assembly. When in the open
position damper 15 allows secondary air to flow into a
second annular zone 16 concentrically surrounding first
annular zone 11, wherein the second annular zone 16 is
defined as the area between pipe 3B and barrel 19.
Damper 15 further allows secondary air to flow into third
annular zone 17 concentrically surrounding second an-
nular zone 16, wherein the third annular zone 16 is de-
fined as the area between barrel 19 and outside burner
zone wall 38. Damper 15 can be positioned to preferen-
tially throttle secondary air to one zone over the other, or
to supply lesser quantities of secondary air to both zones.
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An igniter (not shown) may optionally be situated in an-
nular zone 17, if not through pipe 6.

[0035] Optimal operating conditions for utilizing all
three annular zones to provide secondary air for com-
bustion occur when between about 20 percent and about
40 percent of the total oxygen provided to the burner by
secondary air is provided through axial zone 25, more
preferably between about 25 percent and 35 percent.
About 10 percent to about 30 percent of the total oxygen
provided to the burner by secondary air is provided
through second annular zone 16, more preferably be-
tween about 15 to about 25 percent. About 40 percent
to about 70 percent of the total oxygen provided to the
burner by secondary air is provided through third annular
air zone 17, more preferably between about 50 percent
to about 65 percent.

[0036] Air flow measurement device 18 measures the
secondary air flow through second annular zone 16 and
third annular zone 17. Optimum operating conditions oc-
cur when secondary air exits second annular zone 16 at
a velocity between about 3000 ft/min and about 4500
ft/min, more preferably between about 3100 ft/min and
about 3900 ft/min. Further, wherein secondary air exits
third annular zone 17 at a velocity between about 5500
ft/min and about 7500 ft/min, more preferably the velocity
is between about 5700 ft/min and about 6700 ft/min.
[0037] Optimal air shear conditions generally occur
when the inner diameter of the axial zone is between
about 9 inches and about 20 inches, the inner diameter
of the first annular zone is between about 15 inches and
about 30inches, the inner diameter of the second annular
zone is between about 20 inches and about 40 inches,
and wherein the inner diameter of the third annual zone
is between about 22 and about 50 inches.

[0038] Adjustable vanes 21 are situated in the second
annular zone 16 to provide swirled secondary air prior to
exiting second annular zone 16. Other air distribution de-
vices such as perforated plates and ramps may also be
installed at the end of second annular zone 16. Fixed
vanes 22A and adjustable vanes 22B impart swirl to the
secondary air passing through third annular zone 17. As
swirled air leaves third annular zone 17, vane 23, which
may alternatively be placed in the middle of the air zone
exit, deflects part of the air away from the primary com-
bustion zone.

[0039] Referring now to FIG. 2, a graphical depiction,
wherein arrows identify the flow paths of secondary air
and PA/PC 1, is provided.

[0040] Inanalternative embodiment, a gas comprising
oxygen ata greater concentration than air may be utilized
in place of all or part of the secondary air.

[0041] Inanother alternative embodiment, a hydrocar-
bonfuel other than pulverized coal may be utilized as fuel.
[0042] In another alternative embodiment a center
conduit may be placed within axial zone 25 such that
axial pipe 6 concentrically surrounds the center conduit.
In such an embodiment the center conduit may house
an igniter, an oil atomizer or gas alternative, or a lance
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for introduction of concentrated oxygen or additional hy-
drocarbon fuel into the flame core either axially or by
radial dispersion.

[0043] Inanother alternative embodiment a plurality of
center conduits may be placed within axial zone 25 such
that axial pipe 6 concentrically surrounds each of the plu-
rality of conduits. In such an embodiment the plurality of
center conduits may provide concentrated oxygen in
more than one stream, or at least one of the conduits
may provide additional coal or other hydrocarbon fuel for
combustion.

[0044] In another embodiment multiple feeder ducts
and/or booster fans or conduits may be utilized to provide
additional secondary air or oxygen to axial zone 25.
[0045] In another embodiment staged combustion is
utilized with the burner and NO, reduction methods of
the present invention to further reduce NO, emissions.
[0046] In yet another embodiment an alternative air
ducting system may be devised wherein secondary air
is ducted through outer wall 51B of windbox 51 and fed
into axial zone 25 through the outer radius of an enlarged
burner elbow or elsewhere to form a axial zone 25 in fluid
connection with the windbox 51.

[0047] Particular aspects of the disclosure are set out
in the following numbered clauses:

1. A center air jet burner comprising:

an axial zone concentrically surrounded by afirst
annular zone,

wherein the diameter of the axial zone is between
about 9inches and about 20 inches and the diameter
of the first annular zone is between about 15 inches
and 30 inches.

2. A burner as recited in clause 1, further comprising
a second annular zone concentrically surrounding
the first annular zone, wherein the diameter of the
second annular zone is between about 20 inches to
about 40 inches.

3. A burner as recited in clause 2, further comprising
a third annular zone concentrically surrounding the
second annular zone, wherein the diameter of the
third annular zone is between about 22 inches to
about 50 inches.

4. A burner as recited in clause 3, further comprising
a conduit concentrically surrounded by the axial
zone.

5. A method of reducing NOx emissions in a pulver-
ized coal burner comprising the steps of;

providing a four zone burner, wherein the innermost
zone is an axial zone concentrically surrounded by
a first annular zone, which in turn is concentrically
surrounded by a second annular zone, which in turn
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is concentrically surrounded by a third annular zone;
providing the axial zone with a first gas comprising
oxygen;

providing the first annular zone with a carrier gas
comprising a pulverized coal;

providing the second annular zone with a second
gas comprising oxygen;

providing the third annular zone with a third gas com-
prising oxygen;

providing the burner with the carrier gas at a velocity
greater than about 3000 ft/min;

providing the burner with the first gas at a velocity
greater than the carrier gas:

providing the burner with the second gas at a velocity
less than the carrier gas;

providing the burner with the third gas at a velocity
greater than the carrier gas;

combusting the pulverized coal in the carrier gas
stream from the inside of the stream with the first gas;
combusting the pulverized coal in the carrier gas
stream from the outside with the second gas and the
third gas;

utilizing the velocity gradient between the four annu-
lar zones to create a recirculation zone within a burn-
er flame; and

suppressing NOx formation and accelerating com-
bustion by recirculation uncombusted coal and oxy-
gen in the burner flame.

6. The method as recited in clause 5, further com-
prising swirling the second gas prior to reaching the
burner flame.

7. The method as recited in clauses 5 or 6, further
comprising swirling the carrier gas prior to combus-
tion.

8. The method as recited in anyone of clauses 5 to
7, further comprising swirling the third gas prior to
combustion.

9. The method as recited in anyone of clauses 5 to
8, further comprising swirling the first gas prior to
combustion.

10. The method as recited in anyone of clauses 5 to
9, wherein the first gas comprises more than 21 per-
cent oxygen.

11. The method as recited in anyone of clauses 5 to
10, wherein the second gas comprises more than 21
percent oxygen.

12. The method as recited in anyone of clauses 5 to
11, wherein the third gas comprises more than 21

percent oxygen.

13. A method of reducing NOx emissions in a pul-
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verized coal burner comprising the steps of;
providing a burner having an axial zone concentri-
cally surrounded by a first annular zone;

providing the axial zone with a first gas comprising
oxygen, wherein the first gas exits the axial zone at
a velocity between about 5000 ft/min and about
10,000 ft/min;

providing the first annular zone with a carrier gas
comprising a pulverized coal, wherein the carrier gas
exits the first annular zone at a velocity between
about 3000 ft/min and about 5000 ft/min.

14. The method as recited in clause 13, further com-
prising;

providing a burner with a second annular zone con-
centrically surrounding the first annular zone and a
third annular zone concentrically surrounding the
second annular zone;

providing the burner with a second gas comprising
oxygen, wherein the second gas exits the second
annular zone at a velocity between about 3000 ft/min
and about 4500 ft/min, and

providing the burner with a third gas comprising ox-
ygen, wherein the third gas exits the third annular
zone at a velocity between about 5500 ft/min and
about 7500 ft/min.

15. The method as recited in clause 14, wherein the
first gas exits the axial zone at a velocity between
about 5500 ft/min and 7500 ft/min, and wherein the
carrier gas exits the first annular zone at a velocity
between about 3500 ft/min and 4500 ft/min.

16. The method as recited in clause 15, wherein the
second gas exits the second annular zone at a ve-
locity between about 3100 ft/min, and about 3900
ft/min, and wherein the third gas exits the third an-
nular zone at a velocity between about 5700 ft/min
and about 6700 ft/min.

17. The method asrecited in clauses 15 or 16, further
comprising the step of providing a burner flame with
oxygen wherein about 20 percent to about 40 per-
cent of the total oxygen is provided by the first gas
through the axial zone, about 10 percent to about 30
percent of the total oxygen is provided by the second
gas through the second annular zone, and about 40
percentto about 70 percent of the oxygen is provided
by the third gas through the third annular zone.

18. The method as recited in clause 17, further com-
prising the step of swirling at least one of the group
consisting of the first gas, the second gas, the third
gas, and the carrier gas prior to reaching the burner
flame.

19. The method as recited in clause 17, further com-
prising, the steps of combusting the pulverized coal
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inthe carrier gas stream from the inside of the stream
with the first gas, combusting the pulverized coal in
the carrier gas stream from the outside with the sec-
ond gas and the third gas;

providing a means for creating a recirculation zone
within the burner flame; and suppressing NOx for-
mation and accelerating combustion by recirculation
of uncombusted coal and oxygen in the burner flame.

20. The method as recited in clause 17, further com-
prising the step of utilizing a flow conditioning means
for conditioning gas flow within at least one of the
group consisting of the axial zone, the first annular
zone, the second annular zone, and the third annular
zone.

[0048] While the specific embodiments of the invention
have been shown and described in detail to illustrate the
application of the principles of the invention, it will be
understood that the invention may be embodied other-
wise as appreciated by one of ordinary skill in the art
without departing from the scope of the presentinvention.

Claims
1. A center air jet burner comprising:

an axial zone concentrically surrounded by afirst
annular zone, the first annular zone concentri-
cally surrounded by a second annular zone, and
the second annular zone concentrically sur-
rounded by a third annular zone,

a feeder duct radially interposed between a por-
tion of the first annular zone and the axial zone,
wherein the feeder duct provides a gas compris-
ing oxygen to the axial zone, and

a means for regulating flow of the gas through
the feeder duct.

2. Aburner asrecited in claim 1, wherein the axial zone
contains a flow conditioning device.

3. Aburner asrecited in claim 1 or claim 2, wherein the
first annular zone contains a flow conditioning de-
vice.

4. A burner as recited in anyone of the preceding
claims, wherein the first annular zone contains a
means of providing more uniform coal distribution.

5. A burner as recited in anyone of the preceding
claims, further comprising a means for providing the
first annular zone with a combustible fuel.

6. A burner as recited in claim 1, further comprising a
means for providing air to the second annular zone,
and a means for providing air to the third annular
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zone.

Aburner as recited in claim 1 to 6, further comprising
a vane in the second annular zone.

A burner as recited in anyone of claims 1 to 8, further
comprising a vane in the third annular zone.

A burner as recited in claim 6, further comprising a
means for regulating air flow to the second annular
zone, and a means for regulating air flow to the third
annular zone.

A burner as recited in anyone of the preceding
claims, wherein a windbox is in fluid communication
with the second annular zone and the third annular
zone.

A burner as recited in claim 10, wherein a windbox
is in fluid communication with the axial zone.

A burner as recited in anyone of the preceding
claims, wherein the axial zone is in fluid communi-
cation with a primary air duct.

A burner as recited in anyone of the preceding
claims, wherein an igniter resides within the axial
zone.

A burner as recited in anyone of the preceding
claims, further comprising a conduit concentrically
surrounded by the axial zone.

A burner as recited in claim 14, wherein the conduit
includes a means for radially dispersing a gas into
the axial zone.

A burner as recited in claim 14 or 15, wherein the
conduit includes a means for longitudinally dispers-
ing a gas into the axial zone.
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FIG. 3
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FIG. 4
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