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(54) Low NOx burner

(57) The present invention is a burner tip for the com-
bustion of fuel gas in the combustion zone of a furnace,
comprising a burner tube having a longitudinal axis and
having a dowstream end and an upstream end for re-
ceiving the fuel gas, wherein,
the furnace comprises means to introduce an effective
amount of air into the combustion zone to cause the com-
bustion of the fuel gas,
the burner tube extends through an opening in the wall
or floor into the combustion zone,
the burner tube comprises a plurality of primary ports to
deliver the primary fuel gas in the combustion zone, said
primary ports are located in the combustion zone in order
to create the fuel-lean combustion zone,
a bluff body is attached to the tube, located close to the
primary ports which deliver the primary fuel gas and be-
tween said ports and the upstream end of the burner tube,
the bluff body is designed to produce, in the vicinity of
the ports which deliver the primary fuel gas, an air speed
as low as possible, advantageously lower than the flame
speed, such as the said primary fuel gas is given sufficient
residence time to ignite,
the burner tube comprises a plurality of secondary ports
to deliver the secondary fuel gas in the combustion zone,
said secondary ports are located in the flue gas zone (or
outside the combustion zone) in order to create a fuel-
rich zone,
said secondary ports are located between the primary
ports and the downstream end,
optionally other ports are located after the secondary
ports having regards to the fuel gas flow from the up-
stream end to the downstream end.

The flame stabilization is ensured by the bluff body,
for example fins or a perforated plate, which has been
welded to the tip just below the primary fuel ports. The

flame stabilizer creates a recirculation zone for the air in
which the primary fuel is given sufficient residence time
to ignite.
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Description

[Field of the invention]

[0001] The present invention relates to a low NOx
burner. Nitrogen oxides NO and NO2 are produced in
three different ways in furnaces and boilers:

- fuel NOx: based on the nitrogen that is present in
liquid and solid fuels

- prompt NOx: produced early in the flame, but in small
quantities

- thermal NOx: produced at very high temperatures
Thermal NOx is the dominant mode for furnaces that
use gaseous fuels, for example steam cracking fur-
naces that use mixtures of methane with 5-30 vol%
hydrogen. So in order to achieve low emissions of
nitrogen oxides (NOx) with a gaseous fuel it is nec-
essary to reduce the peak flame temperature in order
to reduce the thermal NOx production. Research has
shown that the highest formation of thermal NOx oc-
curs around the stoichiometric ratio, which means
that ratio where the oxygen requirements for com-
plete combustion are precisely fulfilled. The NOx for-
mation is significantly less in case the amount of ox-
ygen is much higher than necessary for complete
combustion (fuel - lean combustion) or in case the
amount of oxygen is much less than necessary for
complete combustion (fuel - rich combustion). Burn-
er technology to reduce thermal NOx therefore usu-
ally consists of methods to divide the combustion
zone into fuel-lean and fuel-rich zones. This can be
accomplished by staging the fuel into different injec-
tion zones (fuel staging) or by staging the combus-
tion air into different zones (air staging). The present
invention relates to a fuel staging method.

[Bacgkround of the invention]

[0002] Examples of fuel staging patents are :

US 5,195,884
US 5,275,552
US 7,198,482
US 6,695,609
These burners consist of various arrangements
where separate primary fuel tip (s), with or without
additional flue gas recirculation methods, are com-
bined with separate staged fuel tips which are locat-
ed around the burner tile.

[0003] In US 5,195,884 the burner apparatus includes
a refractory burner tile having a base portion and a wall
portion, the wall portion extending into the furnace, sur-
rounding a central area of the base portion and having
exterior sides which are slanted. Means are attached to
the burner tile for mixing a portion of the fuel gas with the
air and discharging the resulting mixture into a primary

burning zone in the furnace from within the space defined
by the wall portion of the burner tile. At least one second-
ary fuel gas nozzle means positioned for discharging the
remaining portion of the fuel gas adjacent to an external
slanted side of the wall portion whereby the fuel gas mix-
es with flue gases and air in the furnace and burns in a
secondary burning zone therein. US 5,275,552 is very
close to US 5,195,884.
[0004] In US 6,695,609 the burner apparatus is basi-
cally comprised of a housing having a burner tile attached
thereto and means for introducing air therein. The burner
tile has an opening therein with a wall surrounding the
opening which extends into a furnace space. The exterior
sides of the wall are divided into sections by radially po-
sitioned baffles with alternate sections having the same
or different heights and slanting towards the opening at
the same or different angles. Primary fuel gas mixed with
flue gases and air is discharged through the burner tile.
Secondary fuel gas is discharged adjacent to the external
slanted wall sections whereby the secondary fuel gas
mixes with flue gases in the furnace space. The resulting
fuel gas-flue gases streams mix with the fuel gas-flue
gases-air mixture discharged through the burner tile and
the resulting mixture is burned in the furnace space. US
7,198,482 is very close to US 6,695,609.
[0005] A problem of these fuel tips is overheating and
internal fouling/coking caused by thermal cracking of the
fuel. This applies especially to the staged fuel tips. They
are typically exposed to the furnace radiation because
they need to entrain flue gas in order to create a fuel rich
combustion zone. In order to minimize radiation exposure
it is necessary to minimze the exposed surface and keep
the tips short.
[0006] The present invention simplifies the design by
combining the primary and secondary fuel stages into
one single riser, without increasing the fouling tendency.
Basis of the design is a bluff body attached to the burner
tip, located close to the ports which deliver the primary
fuel gas, said bluff body is designed to produce, in the
vicinity of the said ports, an air speed as low as possible,
advantageously lower than the flame speed, such as the
said fuel gas is given sufficient residence time to ignite.
The bluff body also provides near-burner recirculations,
which improves ignition and flame stability. Secondary
ports, to deliver the secondary fuel gas, are located in
the flue gas zone (or outside the combustion zone) in
order to create a fuel-rich zone.
[0007] US 4,604,048 (and also US 4,645,449) relates
to a burner in which fuel is discharged from a nozzle
disposed within a burner housing, air is introduced into
the housing which is mixed with the fuel and the resulting
fuel-air mixture is ignited and combusted. A first portion
of the fuel is discharged from the nozzle through one or
more orifices therein whereby the fuel mixes with air and
provides an ignition zone adjacent the nozzle. A second
portion of the fuel is discharged from the nozzle by way
of one or more additional orifices whereby the second
portion of fuel is distributed in a turbulent pattern which
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exposes the fuel to a quantity of air in excess of that
required for the stoichiometric burning thereof and caus-
es the fuel to burn in a primary combustion zone. The
remaining portion of the fuel is discharged from the nozzle
by way of one or more additional orifices which are sur-
rounded by one or more fuel discharge recesses whereby
high velocity jets of fuel shielded by slow moving fuel are
produced and the fuel is distributed within and down-
stream of the primary combustion zone. This portion of
the fuel is mixed with excess air from the primary com-
bustion zone and combustion products and is burned in
a secondary combustion zone substantially shielded
from direct contact with incoming air by the primary com-
bustion zone. The nozzle by which fuel is ejected is sur-
rounded by a cone including openings. Primary and sec-
ondary fuel are ejected by the same ejector (or nozzle).
It has nothing to see with the present invention in which
the primary ports and the secondary ports are separated.

[Brief summary of the invention]

[0008] The present invention is a burner tip for the com-
bustion of fuel gas in the combustion zone of a furnace,
comprising a burner tube having a longitudinal axis and
having a dowstream end and an upstream end for re-
ceiving the fuel gas, wherein,
the furnace comprises means to introduce an effective
amount of air into the combustion zone to cause the com-
bustion of the fuel gas,
the burner tube extends through an opening in the wall
or floor into the combustion zone,
the burner tube comprises a plurality of primary ports to
deliver the primary fuel gas in the combustion zone, said
primary ports are located in the combustion zone in order
to create the fuel-lean combustion zone,
a bluff body is attached to the tube, located close to the
primary ports which deliver the primary fuel gas and be-
tween said ports and the upstream end of the burner tube,
the bluff body is designed to produce, in the vicinity of
the ports which deliver the primary fuel gas, an air speed
as low as possible, advantageously lower than the flame
speed, such as the said primary fuel gas is given sufficient
residence time to ignite,
the burner tube comprises a plurality of secondary ports
to deliver the secondary fuel gas in the combustion zone,
said secondary ports are located in the flue gas zone (or
outside the combustion zone) in order to create a fuel-
rich zone,
said secondary ports are located between the primary
ports and the downstream end,
optionally other ports are located after the secondary
ports having regards to the fuel gas flow from the up-
stream end to the downstream end.
[0009] The flame stabilization is ensured by the bluff
body, for example fins or a perforated plate, which has
been welded to the tip just below the primary fuel ports.
The flame stabilizer creates a recirculation zone for the
air in which the primary fuel is given sufficient residence

time to ignite.
[0010] The purpose of said secondary ports and op-
tional subsequent ports to deliver the fuel gas is to stage
the combustion zone into fuel-lean and fuel-rich zones.
This approach reduces the NOx formation chemistry

Advantages of the invention :

[0011]

- All functions are combined into one tip. This makes
it cheap and easy to retrofit into existing burners.

- It is an ideal design for applications where additional
gases need to be incinerated in process furnaces.
These off-gas streams are not constant and are
ususally injected through raw gas nozzles. These
raw gas nozzles may lead to increased NOx num-
bers. The integral tip proposed here is a much better
candidate.

- Due to its design the tip stays very clean inside. Foul-
ing is usually one of the main issues hampering low-
NOx burners.

- It is flexible enough to allow multiple fuel stagings
and increased tip length.

[Detailed description of the invention]

[0012] Fuel gas means any gas capable to burn but
advantageously comprises essentially methane or mix-
tures of methane with hydrogen (e.g. 5 to 30 vol % in
methane), or mixtures of methane with hydrogen and/or
purge gas recovered in a steam cracking plant. The purge
gas comprises hydrocarbons having up to 5 carbon at-
oms.
[0013] As regards the burner tube it would not depart
from the scope of the invention to have a burner type
having a non circular cross section area. The burner type
can be horizontal or vertical. The secondary fuel ports
can be circular or slotted. Circular ports are preferred as
they entrain more flue gas.
[0014] As regards the bluff body it can be any shape
which produce, in the vicinity of the ports which deliver
the primary fuel gas, an air speed as low as possible,
advantageously lower than the flame speed, such as the
said primary fuel gas is given sufficient residence time
to ignite. The bluff body can be a plurality of fins or a cone
having a symetrical axis essentially in line with the lon-
gitudinal axis of the burner tube. The fins and/or the cone
can be made of a solid or perforated plate.
[0015] In a preferred embodiment the burner tip is re-
duced in diameter after each fuel gas injection to maintain
a high velocity inside the tip. In other words a burner tip
having primary ports and secondary ports has a reduced
diameter between the primary ports and secondary ports
as compared with the section between the upstream end
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and the primary ports. The reduction in diameter is done
gradually (e.g. over a length of about 3 to about 4 diam-
eters) in order to prevent recirculations and dead zones.
The internal diameters are advantageously chosen such
that a minimum fuel gas velocity of about 30 m/s, pref-
erably about 40 m/s is achieved over the entire length of
the burner tip. This means that if tertiary fuel ports are
added, the tip is again reduced in diameter.
[0016] These design features prevent overheating and
cracking of the fuel inside the tip. Additional protection
against overheating can be provided by covering the ex-
terior surface in a ceramic liner. Due to burner tip design
the staged fuel riser length can be varied in order to
achieve the optimal NOx reduction. By increasing the
length it will entrain more oxygen-depleted flue gas from
the firebox and achieve better dilution of the combustion
reactants.
[0017] Figure 1 shows an example with primary and
secondary fuel ports and a conical perforated plate type
flame stabilizer.

Claims

1. Burner tip for the combustion of fuel gas in the com-
bustion zone of a furnace, comprising a burner tube
having a longitudinal axis and having a dowstream
end and an upstream end for receiving the fuel gas,
wherein,

• the furnace comprises means to introduce an
effective amount of air into the combustion zone
to cause the combustion of the fuel gas,
• the burner tube extends through an opening in
the wall or floor into the combustion zone,
• the burner tube comprises a plurality of primary
ports to deliver the primary fuel gas in the com-
bustion zone, said primary ports are located in
the combustion zone in order to create the fuel-
lean combustion zone,
• a bluff body is attached to the tube, located
close to the primary ports which deliver the pri-
mary fuel gas and between said ports and the
upstream end of the burner tube,
• the bluff body is designed to produce, in the
vicinity of the ports which deliver the primary fuel
gas, an air speed as low as possible, advanta-
geously lower than the flame speed, such as the
said primary fuel gas is given sufficient resi-
dence time to ignite,
• the burner tube comprises a plurality of sec-
ondary ports to deliver the secondary fuel gas
in the combustion zone,
• said secondary ports are located in the flue gas
zone (or outside the combustion zone) in order
to create a fuel-rich zone,
• said secondary ports are located between the
primary ports and the downstream end,

• optionally other ports are located after the sec-
ondary ports having regards to the fuel gas flow
from the upstream end to the downstream end.

2. Burner tip according to claim 1 wherein the bluff body
is a plurality of fins.

3. Burner tip according to claim 1 wherein the bluff body
is a cone having a symetrical axis essentially in line
with the longitudinal axis of the burner tube.

4. Burner tip according to claim 2 or 3 wherein the fins
and/or the cone are made of a solid or perforated
plate.

5. Burner tip according to any one of the preceding
claims having primary ports and secondary ports
wherein the diameter between the primary ports and
secondary ports is reduced as compared with the
section between the upstream end and the primary
ports.

6. Burner tip according to claim 5 wherein the reduction
in diameter is done gradually in order to prevent re-
circulations and dead zones.
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