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Abstract of the Disclosure‘

Low NOy axial premix burner apparatus and methods for burning fuel gas are
provided by the present invention. The methods of the invention are basically
comprised of the steps of mixing a first portion of the fuel gas and all of the air to
form a lean primary fuel gas-air mixture, discharging the lean primary fuel gas-air
mixture into the furnace space whereby the mixture is burned in a primary
combustion zone therein, discharging a second portion of the fuel gas into the primary
combustion zone to stabilize the flame produced therein and discharging the

remaining portion of the fuel gas into a secondary combustion zone in the furnace

space.
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LOW NO, PREMIX BURNER
S APPARATUS AND METHODS

Background of the Invention

1. Field of the Invention.

10 The present invention relates to low NOy producing burner apparatus and
methods, and more particularly, to low NO, axial premix burner apparatus and

methods.

2. Description of the Prior Art.

Because of stringent environmental emission standards adopted by
15 government authorities and agencies, burner apparatus and methods have heretofore
been developed which suppress the formation of nitrogen oxides (NO,) in flue gases
produced by the combustion of fuel-air mixtures. For example, burner apparatus and
methods wherein liquid or gaseous fuel is burned in less than a stoichiometric
concentration of air to lower the flame temperature and thereby reduce thermal NO,
20 have been developed. That is, staged air burner apparatus and methods have been
developed wherein the fuel is burned in a deficiency of air in a first combustion zone
whereby a reducing environment which suppresses NO, formation is produced, and
the remaining portion of the air is introduced into a second zone downstream from the

first zone wherein the unburned remaining fuel is combusted.
25 Staged fuel burner apparatus have also been developed wherein all of the air
and some of the fuel is burned in a first zone with the remaining fuel being burned in
a second downstream zone. In such staged fuel burner apparatus and methods, an
excess of air in the first zone functions as a diluent which lowers the temperature of

the burning gases and thereby reduces the formation of NO,.
30 While staged fuel burners which produce flue gases containing low levels of
NOy have been utilized heretofore, there are continuing needs for improved axial
premix burner apparatus having high firing capacities and producing flue gases

having ultra low NOy emission levels and methods of using the apparatus.
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Summary of the Invention

By the present invention low NOy axial premix burner apparatus and methods
are provided which meet the needs described above and overcome the deficiencies of
the prior art. That is, in accordance with the present invention, a low NOy forming
premix burner apparatus for burning gaseous fuels adapted to be connected to a
furnace space is provided. The burner apparatus includes a housing having a
discharge end attached to the furnace space and a closed opposite end. Means for
introducing air into the housing are attached thereto and a burner tile having an
opening therethrough and optionally including a flame stabilizing block as a part
thereof is disposed within the furnace space adjacent to the burner housing. At least
one elongated primary fuel gas and air venturi mixer is disposed within the housing
having an open inlet end positioned adjacent to the closed end of the housing and a
primary fuel gas-air mixture discharge nozzle attached to the other end thereof. The
discharge nozzle extends into the burner tile through the opening therein and is
positioned so that the flame produced by the burning of the primary fuel gas-air
mixture is projected in a direction which is axial to the burner housing and impinges
on the flame stabilizing block when it is utilized. A first primary fuel gas nozzle
connected to a source of pressurized fuel gas is positioned to discharge a primary gas
fuel jet into the open inlet end of the elongated venturi mixer whereby air from within
the housing is drawn into the mixer, the air is mixed with the primary fuel gas therein
and the resulting primary fuel gas-air mixture is discharged by the discharge nozzle
and burned in the burner tile and in the furnace space. A second primary fuel gas
nozzle connected to a source of pressurized fuel gas is positioned within the burner
tile to discharge additional primary fuel gas into the flame therein whereby the flame
1s further stabilized. At least one secondary fuel gas nozzle connected to a source of
pressurized fuel and positioned to discharge secondary fuel gas within the furnace
space 1s provided whereby the secondary fuel gas mixes with air and flue gases in the

furnace space and is burned therein.

T'he methods of the present invention basically comprise the following steps.

(a) mixing a first portion of the fuel gas and all of the air to form a lean primary fuel

gas-air mixture; (b) discharging the lean primary fuel gas-air mixture into a furnace
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space whereby the mixture is burned in a primary combustion zone therein and flue
gases having very low NOy content are formed therefrom; (c) discharging a second
portion of the fuel gas into the primary combustion zone whereby the second portion
of the fuel gas is mixed with air and is burned to further stabilize the flame produced
therein; and (d) discharging the remaining portion of the fuel gas into a secondary
combustion zone In the furnace space wherein the remaining portion of the fuel gas
mixes with air in the furnace space and with flue gases therein to form a second fuel
gas-air mixture diluted with flue gases whereby the mixture is burned in the
secondary combustion zone and additional flue gases having very low NO, content
are formed therefrom. The flame produced in the primary combustion zone by the
burning of the lean primary fuel gas-air mixture discharged in accordance with step
(a) can optionally contact a flame stabilizing block in the furnace space.

It 1s, therefore, a general object of the present invention to provide an
improved low NOy axial premix burner apparatus and methods of burning an at least
substantially stoichiometric mixture of fuel gas and air whereby flue gases having
very low NOy content are formed therefrom.

Other and further objects, features and advantages of the present invention will
be readily apparent to those skilled in the art upon a reading of the description of
preferred embodiments which follows when taken in conjunction with the

accompanying drawings.

Brief Description of the Drawings

FIG. 1 1s a side elevational view of the burner apparatus of the present
invention attached to a furnace space.

FIG. 2 1s an end view of the burner apparatus taken along line 2-2 of FIG. 1.

FIG. 3 1s an opposite end view of the burner apparatus taken along line 3-3 of
FIG. 1.

FIG. 4 1s a cross-sectional view of the burner apparatus taken along line 4-4 of
FIG. 3.
Description of Preferred Embodiments
The present invention provides a low NOy axial premix burner which provides

a high heat release and a high burner efficiency while maintaining very low NO,
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formation. The burner apparatus can achieve very high firing capacity, a variety of
flame shapes, excellent stability and very low NO, emissions which meet desired
performance specifications. The burner apparatus may be utilized to fire horizontally
along a furnace floor, vertically up a furnace wall or at an angle along a furnace wall.
Other advantages of the burner apparatus and methods of this invention will be
apparent to those skilled in the art from the following description.

Referring now to the drawings, the low NOy premix axial burner apparatus of
the present invention is illustrated and generally designated by the numeral 10. The
burner 10 includes a housing 12 having an open discharge end 14 and a closed
opposite end 16. As illustrated in FIG. 1, the open end 14 of the housing 12 is
adapted to be connected to an opening 18 in a wall 20 of a furnace. As will be
understood by those skilled in the art, the furnace wall 18 generally includes an
internal layer of insulation material 22 and the wall 20 and insulation material 22
define a furnace space 24 within which fuel and air are burned to form hot flue gases.

As shown in FIG. 2, an air register 26 is sealingly connected over an opening
(not shown) 1n a side of the housing 12 for introducing a controlled quantity of air into
the housing 12. The air register 26 includes louvers 28 or the like which can be
adjusted by means of a handle 29 to control the quantity of air flowing therethrough
and 1nto the housing 12.

A burner tile generally designated by the numeral 28 is attached to the open
inlet end 14 of the housing 12 and extends into the furnace space 24 as shown in
FIGS. 1 and 4. In an alternate arrangement, the burner tile 28 can be disposed in the
furnace space 24 sealingly attached over the opening 18 in the wall 20 of the furnace
space 24. The burner tile 28 is formed of a heat and flame resistant ceramic material
and can be molded as a single part or it can be formed of a plurality of parts as shown
in FIGS. 1 and 3. The burner tile 28 includes two openings 30 (FIG. 3) for receiving
discharge nozzles 32 connected to a pair of fuel gas and air venturi mixers which will

be described further hereinbelow. The openings 30 and the discharge nozzles 32 are
surrounded by the side and bottom walls 34, 36, 38 and 40 of the burner tile 28. The

center portion of the burner tile 28 surrounding the discharge nozzles 32 includes an
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opening 42 therein. Also, a flame stabilizing block 44 can optionally be attached to or
otherwise positioned adjacent to the bottom wall 38 of the burner tile 28.

As shown 1n FIGS. 1, 3 and 4, a pair of fuel gas and air venturi mixers 46 are
axially disposed within the housing 12. The elongated venturi mixers 46 each include
an open end 48 positioned adjacent to the closed end 16 of the housing 12 with the
other end being connected to a previously mentioned discharge nozzle 32. The
discharge nozzles 32 are positioned at slight angles such that the fuel gas and air
mixtures discharged through the nozzles 32 and the flame produced from their
combustion 1s projected towards the flame stabilizing block 44 when it is utilized.
Each of the venturi mixers 46 includes an adjustable air door assembly at the open
inlet end thereof generally designated by the numeral 50 (FIG. 1). Control handles 52
which are a part of the assemblies 50 are utilized to control and balance the air
entering the venturi mixers 46.

As best shown in FIGS. 1 and 4, a closed compartment generally designated
by the numeral 54 1s disposed within the housing 20 and sealingly attached over the
opening 18 in the furnace space 24. The closed compartment 54 includes an opening
56 therein (FIG. 4) and a door 58 is hinged to the compartment 54 over the opening
56. The door 58 1s connected to a rod 60 which is in turn connected to a control
handle mounted on the outside of the closed end of the housing 12 for opening and
closing the door 58. When the door 58 is opened, air from within the housing 12
flows through the opening 56 into the closed compartment 54 and then flows into the
furnace space 24 by way of the opening 42 in the burner tile 28. While the door 58
can be used to allow a controlled rate of secondary air into the furnace space 24, it is
normally only used when the fuel gas-air mixtures discharged from the venturi mixers
46 are 1intially 1gnited as will be described hereinbelow.

A pair of primary fuel gas nozzles 64 are attached to the closed end 16 of the
housing 12 and are positioned to discharge primary fuel gas jets into the open ends 48
of the venturt mixers 46 (only one of the nozzles 64 and one venturi mixer 46 are
shown 1n FIG. 1). Each of the primary fuel gas nozzles 64 is connected by a conduit
66 to a fuel gas header 68 as shown in FIGS. 1 and 2. As will be understood by those
skilled 1n the art, the primary fuel gas jets discharged into the open ends 48 of the
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venturl mixers 46 cause air from within the housing 12 to be drawn into the venturi
mixers 46 whereby the air mixes with the discharged primary fuel gas and the
resulting mixtures exit the venturi mixers 46 by way of the discharge nozzles 32
attached thereto. The discharge nozzles 32 include a plurality of openings therein
designed to provide the total exit area necessary for the fuel gas-air mixtures from the
venturi mixers to flow through the discharge nozzles. Also, as is well understood by
those skilled 1n the art, the discharge nozzles 32 are of a design to insure that the
burner 10 can be operated without the occurrence of flash backs.

A pair of secondary fuel gas nozzles (staged fuel gas nozzles) 70 are
positioned at the end of the burner tile 28 within the furnace space 24. The secondary
fuel gas tips 70 are positioned above and on opposite sides of the two fuel gas-air
mixture discharge nozzles 32, and the nozzles 70 are oriented so that the secondary
fuel gas 1s discharged into a secondary combustion zone downstream of the primary
combustion zone within the furnace space 24.

The flame produced by the burning of the primary fuel gas-air mixtures
discharged from the nozzles 32 impinges on the flame stabilizing block 44 when it is
utilized causing the block to be heated, stabilizing the flame and establishing a mixing
zone within the primary combustion zone in the furnace space 24. Because the
primary fuel gas-air mixtures discharged into the primary combustion zone contain
excess atr, the flue gases generated in the primary combustion zone have a very low
NOy content. The secondary fuel gas discharged by the secondary fuel gas nozzles 70
Into the secondary combustion zone mixes with air remaining in the furnace space and
with flue gases contained therein to form a second fuel gas-air mixture diluted with
flue gases which i1s burned in the secondary combustion zone forming additional flue
gases having very low NOy content. The secondary fuel gas nozzles 70 are connected
by conduits 72 within the housing 12 and by conduits 74 outside the closed end 16 of
the housing 12 to the fuel gas inlet header 68.

In order to further stabilize the flame produced in the primary combustion
zone 1n addition to the tlame stabilization brought about by the stabilizing block 44
when it 1s used, a primary fuel gas nozzle 76 is positioned adjacent to the primary fuel

gas-air discharge nozzles 32. That is, the primary fuel gas nozzle 76 is positioned
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below and between the discharge nozzles 32 as best shown in FIG. 3. The primary
fuel gas nozzle 76 is connected by a conduit 78 within the housing 12 and a conduit
80 outside the housing 12 to the fuel gas inlet header 68. The primary fuel gas
discharged into the primary combustion zone by the fuel gas nozzle 76 mixes with air
in the primary combustion zone and forms a fuel gas-air mixture therein which is
substantially stoichiometric. The burning of that mixture in the primary combustion
zone functions to stabilize the overall flame produced.

A conduit 82 for facilitating the ignition of the primary fuel gas-air mixtures
discharged by the venturi mixer discharge nozzles 32 is sealingly connected through
the closed end 16 of the housing 12 and through and into the closed compartment 54.
A cover door i1s attached to the housing 12 over the outside end of the conduit 82. As
will be understood by those skilled in the art, a torch is inserted through the conduit
82 1nto the closed compartment 54 and through the opening 42 for igniting the
primary fuel gas-air mixture exiting the nozzles 32. Prior to inserting the torch, the
air door 58 in the closed compartment 54 is opened to insure that fuel gas does not
enter the closed compartment 54 prior to ignition.

As will be understood by those skilled in the art, depending on the design
conditions to be met by the burner apparatus 10, the burner apparatus can include one
or more primary fuel gas-air venturi mixers, one or more first primary fuel gas
nozzles for injecting primary fuel gas into the venturi mixer or mixers, one or more
second primary fuel gas nozzles for stabilizing the flame in the primary combustion
zone and one or more secondary fuel gas nozzles for introducing fuel gas into the
secondary combustion zone. Further, a single primary fuel gas-air venturi mixer
having a plurality of primary fuel nozzles therein for causing air to be drawn into the
venturl mixer can be used.

The methods carried out by the burner apparatus of this invention, i.e., the
methods of discharging an at least substantially stoichiometric mixture of fuel gas and
alr into a furnace space wherein the mixture is burned and flue gases having very low
NOy content are formed therefrom, are basically comprised of the following steps:
(a) a first portion of the fuel gas (referred to herein as primary fuel gas) and all of the

air are mixed 1n the venturi mixers 46 to form lean primary fuel gas-air mixtures;

T e SEATONRON AT A A WAARERAINE 4 SRR AT ST 1 ¢ LT T I ST ATTAR AT ST NS e o) SN AR AT eyt N A A EDAINTII Sr e  r  A0 ekl  nkIN R O TR Tw) Pe ve  AP BT R S A Abr BS G = b W



D) R LMl A A P APt

10

15

20

25

30

CA 02364221 2001-11-29

(b) the lean primary fuel gas-air mixtures are discharged into the furnace space 24
whereby the mixtures are burned in a primary combustion zone therein, the flame
produced optionally contacts a flame stabilizing block 44 in the furnace space 24 and
1s stabilized thereby and flue gases having very low NOyx content are formed
therefrom; (c¢) a second portion of the fuel gas (also referred to as primary fuel gas) is
discharged into the primary combustion zone whereby the second portion of the
primary fuel gas 1s mixed with air and is burned to stabilize the flame produced in the
primary combustion zone; and (d) the remaining portion of the fuel gas (referred to as
secondary fuel gas) i1s discharged into a secondary combustion zone in the furnace
space 24 wherein the remaining portion of the fuel gas mixes with air remaining in the
furnace space 24 and with flue gases contained therein to form a second fuel gas-air
mixture diluted with flue gases whereby the mixture is burned in the secondary
combustion zone and additional flue gases having very low NO, content are formed
therefrom.

As mentioned above, depending upon the particular application involved, the
above described method can be carried out in a burner apparatus of this invention
having one or more primary fuel gas-air venturi mixers, one or more first primary fuel
gas nozzles for injecting primary fuel gas into the venturi mixer or mixers, one or
more second primary fuel gas nozzles for stabilizing the tlame in the primary
combustion zone and one or more secondary fuel gas nozzles for introducing fuel gas
into the secondary combustion zone.

The lean mixture of the first portion of the primary fuel gas and air which is
discharged into the primary combustion zone is generally a mixture having a
stoichiometric ratio of fuel gas to air of about 1.5:4. The first portion of the primary
fuel gas in the lean primary fuel gas-air mixture is also generally an amount in the
range of from about 30% to about 70% by volume of the total fuel gas discharged into
the furnace space. The second portion of the primary fuel gas discharged into the
primary combustion zone to stabilize the flame is generally an amount in the range of
from about 2% to about 25% by volume of the total fuel gas discharged into the
furnace space. The remaining portion of the fuel gas, 1.e., the secondary fuel gas, 1s

generally discharged into the secondary combustion zone in an amount 1n the range of
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from about 25% to about 68% by volume of the total fuel gas discharged into the
furnace space.
In order to further illustrate the burner apparatus and methods of the present

invention, the following example is given.

Example

A burner apparatus 10 designed for a heat release of 4.8 BTU per hour by
burning fuel gas having a caloric value of 1160 BTU per SCF is fired into the furnace
space 24. Pressurized fuel gas is supplied to the burner 10 at a pressure of about 45
psig and at a rate of 4100 SCF per hour. A portion of the fuel gas flows into and
through the primary fuel gas and air ventur1 mixers 46 wherein the fuel gas is mixed
with air. The lean primary fuel gas-air mixtures formed in the venturi mixers 46 are
discharged into a primary combustion zone in the furnace space wherein they are
burned and the flame produced contacts the flame stabilizing block 44 and is
stabilized thereby. A second portion of the fuel gas is discharged into the furnace
space 24 by way of the primary fuel gas nozzle 76 wherein it is mixed with air and is
burned to further stabilize the flame produced in the primary combustion zone. The
remaining portion of the fuel gas 1s discharged into the furnace space by way of the
secondary fuel gas nozzles 70. In this example, the rate of air introduced in the
housing 12 i1s controlled by means of the damper 28 such that the total rate of air
introduced into the furnace space 24 i1s an amount which results in 15% excess air
therein. All of the air is introduced into the furnace space 24 by way of the venturi
mixers 46.

The secondary fuel gas discharged from the secondary fuel nozzles 70 mixes
with the air remaining in the furnace space 24 and relatively cool flue gases therein to
form a flue gases diluted fuel-air mixture which is burned in a secondary combustion
zone adjacent to the primary combustion zone in the furnace space 24.

As a result of the burning of the lean primary fuel gas-air mixture in the
primary combustion zone and the flue gases diluted secondary fuel gas-air mixture in
the secondary combustion zone, the flue gases exiting the furnace space 24 have a
very low NOy content. That is, the flue gases withdrawn from the furnace space 24
have a NOy content of less than about 12 ppm.
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Thus, the present invention is well adapted to carry out the objects and the
ends and advantages mentioned as well as those which are inherent therein. While
presently preferred embodiments of the invention have been described for purposes of
this disclosure, numerous changes in the construction and in the arrangement of parts
and steps will suggest themselves to those skilled in the art which are encompassed

within the spirit of this invention as defined by the appended claims.
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WE CLAIM:

1. A low NOy axial premix burner apparatus for burning fuel gas adapted
to be attached to an opening in a furnace space comprising:

a housing having a discharge end attached to said opening in said
furnace space and a closed opposite end;

means for introducing air into said housing attached thereto;

a burner tile having an opening therethrough attached to said discharge
end of said housing or otherwise disposed within said furnace space adjacent to said
opening therein;

at least one elongated primary fuel gas and air venturi mixer disposed
within said housing having an open inlet end positioned adjacent to said closed end of
said housing and a primary fuel gas-air mixture discharge nozzle attached to the other
end thereof;

a first primary fuel gas nozzle connected to a source of pressurized fuel
gas positioned to discharge a primary fuel gas jet into said open inlet end of said
elongated venturi mixer whereby air from within said housing is drawn into said
mixer, mixed with said primary fuel-gas therein and the resulting primary fuel gas-air
mixture 1s discharged by said discharge nozzle and burned in said burner tile and in
said furnace space;

a second primary fuel gas nozzle connected to a source of pressurized
fuel gas and positioned within said burner tile for discharging additional primary fuel
gas into said tlame therein to stabilize said flame; and

at least one secondary fuel gas nozzle connected to a source of
pressurized fuel gas and positioned to discharge secondary fuel gas within said
furnace space whereby said secondary fuel gas mixes with air and flue gases in said

furnace space and 1s burned therein.
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2. The burner apparatus of claim 1 which further comprises a flame
stabilizing block attached to said burner tile or otherwise positioned in said furnace
space so that the flame produced by the burning of said primary fuel gas-air mixture
discharged by said discharge nozzle impinges on said flame stabilizing block and is

5 stabilized thereby.

3. The burner apparatus of claim 1 which further comprises an air
passage 1n said burner tile and a closed compartment disposed within said housing
and sealingly attached over said opening in said furnace space, said compartment

10 having an air door therein which can be selectively opened to allow air to flow into
sald compartment and through said air passage in said burner tile into said furnace

space.

4, The burner apparatus of claim 1 which further comprises one or more

15 additional elongated primary fuel gas and air venturi mixers having discharge nozzles
attached thereto and extending into said burner tile through openings therein and

having first primary fuel gas nozzles positioned to discharge primary fuel gas jets into

said open 1nlet ends thereof.

20 5. The burner apparatus of claim 1 which further comprises one or more
additional second primary fuel gas nozzles positioned within said burner tile to further

stabilize said flame.

6. The burner apparatus of claim 1 which further comprises one or more
25 additional secondary fuel gas nozzles.
7. The burner apparatus of claim 3 which further comprises a conduit for

facilitating the ignition of said primary fuel gas-.air mixture discharged by said
venturi mixer discharge nozzle sealingly connected through said closed end of said
30 housing at one end and sealingly connected through and into said closed compartment

disposed within said housing at the other end.
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8. A low NOy premix axial burner apparatus for burning fuel gas adapted
to be attached to an opening in a furnace space comprising:

a housing having a discharge end attached to said opening in said
furnace space and a closed opposite end;

means for introducing air into said housing attached thereto:

a burner tile having a pair of openings therethrough attached to said
discharge end of said housing or otherwise disposed within said furnace space
adjacent to said opening therein, said burner tile including a flame stabilizing block as
a part thereof;

a pair of elongated primary fuel gas and air venturi mixers disposed
within said housing, each having an open inlet end positioned adjacent to said closed
end of said housing and a primary fuel gas-air mixture discharge nozzle attached to
the other end thereof, said discharge nozzles extending into said burner tile through
said openings therein and being positioned therein so that the flame produced by the
burning of said primary fuel gas-air mixtures discharged by said discharge nozzles
impinges on said flame stabilizing block and is stabilized thereby;

a pair of first primary fuel gas nozzles connected to a source of
pressurized fuel gas, each positioned to discharge a primary fuel gas jet into an open
inlet end of one of said elongated venturi mixers whereby air from within said
housing is drawn into said mixers, mixed with said primary fuel-gas therein and the
resulting primary fuel gas-air mixtures are discharged by said discharge nozzles and
burned in said burner tile and in said furnace space;

a second primary fuel gas nozzle connected to a source of pressurized
fuel gas and positioned within said burner tile to discharge additional primary fuel gas
into said flame therein to further stabilize said flame; and

a pair of secondary fuel gas nozzles connected to a source of
pressurized fuel and positioned to discharge secondary fuel gas within said furnace
space whereby said secondary fuel gas mixes with air and flue gases in said furnace

space and 1s burned therein.
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9. The burner apparatus of claim 8 which further comprises an air
passage 1n said burner tile and a closed compartment disposed within said housing
and sealingly attached over said opening in said furnace space, said compartment
having an air door therein which can be selectively opened to allow air to flow into
sald compartment and through said air passage in said burner tile into said furnace

space.

10.  The burner apparatus of claim 9 which further comprises a conduit for
facilitating the ignition of said primary fuel gas-.air mixtures discharged by said
venturl mixer discharge nozzles sealingly connected through said closed end of said
housing at one end and sealingly connected through and into said closed compartment

disposed within said housing at the other end.

11.  The burner apparatus of claim 10 wherein said air passage in said
burner tile is positioned between said venturi mixer discharge nozzle openings in said

burner tile.

12. A method of discharging an at least substantially stoichiometric
mixture of fuel gas and air into a furnace space wherein said mixture is burned and
flue gases having low NOy content are formed therefrom comprising the steps of:

(a) mixing a first portion of said fuel gas and all of said air to form a
lean primary fuel gas-air mixture;

(b) discharging said lean primary fuel gas-air mixture into said furnace
space whereby said mixture is burned in a primary combustion zone therein and flue
gases having low NOy content are formed therefrom;

(c) discharging a second portion of said fuel gas into said primary
combustion zone whereby said second portion of said fuel gas is mixed with air and is
burned to stabilize said flame produced therein; and

(d) discharging the remaining portion of said fuel gas into a secondary
combustion zone 1n said furnace space wherein said remaining portion of said fuel gas

mixes with air remaining in said furnace space and with flue gases contained therein
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to form a second fuel gas-air mixture diluted with flue gases whereby said mixture is
burned in said secondary combustion zone and additional flue gases having low NOy

content are formed therefrom.

3. The method of claim 12 which further comprises the step of providing
a flame stabilizing block in said furnace space positioned so that the flame produced
by the burning of said lean primary fuel gas-air mixture therein impinges on said

flame stabilizing block and is stabilized thereby.

14.  The method of claim 12 wherein said lean primary fuel gas-air mixture
1s formed in a primary fuel gas and air venturi mixer and discharged into said primary

combustion zone through a discharge nozzle attached thereto.

15.  The method of claim 12 wherein said lean primary fuel gas-air mixture
1s formed in two or more primary fuel gas and air venturi mixers and discharged into

said primary combustion zone through discharge nozzles attached thereto.

16.  The method of claim 12 wherein said remaining portion of said fuel
gas 1s discharged into said secondary combustion zone by at least one secondary fuel

gas nozzle.

17.  The method of claim 12 wherein said lean primary fuel gas-air mixture

discharged into said furnace space has a stoichiometric ratio of fuel gas to air of about

1.5:4.

18.  The method of claim 12 wherein said first portion of said fuel gas in
saild lean primary fuel gas-air mixture discharged into said furnace space is an amount

in the range of from about 30% to about 70% by volume of the total fuel gas

discharged 1nto said furnace space.




CA 02364221 2001-11-29

16

19.  The method of claim 12 wherein said second portion of said fuel gas
discharged into said furnace space is an amount in the range of from about 2% to

about25% by volume of the total fuel gas discharged into said furnace space.

20.  The method of claim 12 wherein said remaining portion of said fuel
gas discharged 1nto said furnace space is an amount in the range of from about 25% to

about 68% by volume of the total fuel gas discharged into said furnace space.

Ridout & Maybee LLP
Suite 2400
One Queen Street East
Toronto, Canada M5C 381
Patent Agents of the Applicant
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