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(87) Abstract: Method of combusting a fuel with an oxidizer and corresponding burner assembly, whereby a jet of tuel (210) and a
jet of primary oxidizer (241) are mjected mmto a combustion zone (21) i contact with one another so as to generate a primary fuel-
rich flame (200), a swirling first peripheral gas jet 1s injected through a first passage (120) around the tuel jet and primary oxidizer
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Low Nox combustion process and burner therefor

The present invention relates to highly flexible combustion equipment and a highly
flexible process capable of operating with both oxygen and with a combination of oxygen and
atr, as fuel combustion oxidizer.

Thermal processes in which the thermal energy comes from the combustion of a fuel
face ever stricter environmental constraints, in particular in terms of CO,; and NOx emissions.
Examples of such thermal processes are, for example, steam generation in boilers and melting
processes 1n furnaces.

The two most prevalent techniques used to reduce NOx emissions are low-NOx
burners and flue gas recirculation (FGR) burner systems.

Low-NOx burners reduce NOx emissions by accomplishing the combustion process in
stages: 1.€. by staging the 1njection of the fuel and/or of the oxidizer. Staging partially delays
the combustion process, resulting in lower combustion temperatures, 1t being known that
higher combustion temperatures contribute to NOx generation.

The two most common types of low-NOx burners for natural-gas fired boilers are
staged air injection burners and staged fuel injection burners. NOx emission reductions of
40% to 85% have been observed with low NOx burners compared to non-staged burners.

In an FGR system, a portion of the flue gases generated by the combustion 1s recycled
from the stack to the burner windbox. The recycled flue gas reduces NOx emissions by two
mechanisms. It firstly reduces nitrogen concentrations in the combustion zone and secondly
acts as an inert or ballast to reduce the oxygen concentration and thereby the combustion
temperature.

FGR 1s normally used with specially designed low-NOx burners capable of sustaining
a stable flame even with increased 1nert gas tflow.

In the present context, the term “1nert” 1s used to refer to substances or tflows which, 1n
the given process, do not as such contribute to heat generation by combustion, 1.e. the 1inert
gas 1s neither a combustion fuel nor a combustion oxidizer under the given combustion
process parameters.

Examples of known low-NOx burners are described 1n inter alia WQO00/79182, WO
02/081967, WO 04/094902, WO 2005/059438 and WO 2005/059439.

Examples of known FGR burner systems are described in inter alia WO 2008/007016,
WO 2009/090232 and WO 2009/136366.
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A specific example of a low-NOx combustion method and burner with FGR 1s
proposed 1n US-A-5411394 on the basis of an experimental parameter study. In accordance
with this known method there 1s provided a burner having a chamber with an 1nsertion region,

said 1nsertion region including a low divergence fuel nozzle arranged on a burner axis and

first, second and third concentric nozzles. Each said nozzle i1s arranged at increasing radii
from said axis and 1s arranged to introduce flow to said chamber from substantially the same
axial location. Fuel 1s injected through said fuel nozzle to form a combustible fuel flow along
said axis. A concentric flow formed by first, second and third successively concentric
component flows, including oxidant gases, 1s injected through said first, second and third
concentric nozzles. The fuel flow and the concentric flow are stratified to limit mixing of
oxidant gases with said fuel flow so as to maintain a high-temperature fuel rich core zone near
the 1nsertion region and to induce mixing with oxidant gases in a lower temperature
recirculation zone spaced from said 1nsertion region. Stratification 1s achieved by providing a
combination of a radial density gradient from low density, high temperature 1n said core zone
close to the axis to higher density, lower temperature spaced radially from said core and by
swirling said concentric flow. The fuel pyrolizes in the high-temperature fuel-rich core zone
near said insertion region, where the mixing of oxidant gases with said fuel 1s limited by the
stratifying. The product of said high temperature fuel-rich core zone 1s combusted in the
lower-temperature recirculation zone spaced from said insertion region, where mixing of
ambient gases 1s induced. According to US-A-5411394, the use of small amounts of flue
effluent 1in the primary air and/or tertiary air flow to deplete the oxygen concentration of the
air flow and the flame temperature 1s a particular aspect for reducing NOx emissions.

In certain other cases, in particular in furnaces shielded from the ambient nitrogen-rich
air atmosphere, oxygen-fuel combustion (as opposed to air-fuel combustion) 1s an option for
reducing NOx generation due to the lower or even zero nitrogen content i1n the oxidizer. Also
due to the lower nitrogen content of the oxidizer, oxygen-fuel combustion can also be of
interest for reducing CO, emissions. Indeed, due to the lower nitrogen concentration and thus
the higher CO; concentration in the oxygen-fuel combustion flue gases, CO;, capture and
sequestration becomes an option.

An example of a low-NOx oxygen-fuel burner 1s described in EP-A-0754912.

From an environmental point of view, there 1s a clear need for low-NOx oxygen-fuel

combustion equipment and processes.
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In spite of this, a major portion of thermal processes still rely on air-fuel combustion
for the generation of thermal energy, and oxygen-fuel combustion has been slow to conquer
the industry.

This can at least in part be explained as tollows.

The established air-fuel combustion plants, with which the industrial operator 1s
familiar, often do not have the proper geometry or the proper equipment to operate with
oxygen instead of air as the combustion oxidizer. One reason for this 1s that the use of oxygen
instead of air significantly alters the heat transfer modes, the concentrations of combustion
product species and the pressure regimes within the combustion chamber and possible
downstream heat transfer areas.

Known oxygen-fuel combustion plants likewise do not usually have the proper
geometry or the proper equipment to operate with air instead of oxygen as the combustion
oxidizer.

When designing or constructing a plant, the operator therefore has to select the
oxidizer with which the combustion plant 1s to operate.

Hence, 1n spite of the well-known advantages of oxygen-fuel combustion as regards
reduced pollution and increased energy efficiency, many plant operators are reluctant to
construct oxygen-fuel combustion plants, in particular for those processes for which the
environmental constraints currently do not impose or commercially justify oxygen-fuel
operation.

It 1s an aim of the present invention to provide combustion equipment, such as in
particular burners, to promote environmentally oxygen-fuel combustion thermal processes.

Thereto, the invention aims to overcome the reluctance of industrial operators to build
installations only suitable for oxygen-fuel combustion.

The 1invention intends to achieve this goal by providing combustion equipment which,
although suitable for air-fuel combustion, 1s also suitable for oxygen-fuel combustion and for
oxygen-enriched air-fuel combustion within a same geometry.

It 1s a further aim of the present invention to provide a combustion process suitable for
replacing air-fuel combustion with oxygen-fuel combustion and/or with oxygen-enriched air-
fuel combustion.

The present invention provides a burner assembly which comprises a fuel 1njection
passage for injecting a jet of fuel into a combustion zone and a primary oxidizer injection
passage for injecting a jet of primary oxidizer into the combustion zone. The primary oxidizer

injection passage 1s designed to inject the jet of primary oxidizer in contact with the jet of fuel
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injected by the fuel injection passage so as to generate a primary flame in the combustion
zone.

The burner assembly further comprises a first peripheral gas injection passage for
injecting a first peripheral gas jet into the combustion zone and a second peripheral gas
injection passage for injecting a second peripheral gas jet into the combustion zone. The first
peripheral gas injection passage surrounds the fuel injection passage and primary oxidizer
passage so as to inject the first peripheral gas jet into the combustion zone around the fuel jet
and the primary oxidizer jet, 1.e. around the primary flame.

A second peripheral gas injection passage surrounds the first peripheral gas injection
passage, and therefore indirectly also the fuel injection passage and the primary oxidizer
injection passage, so as to inject the second peripheral gas jet into the combustion zone
around the first peripheral gas jet, and indirectly also around the primary flame.

The first peripheral gas injection passage 1s equipped with a first swirler for conferring
to the first peripheral gas jet a swirl (referred to as “first swirl) with respect to the primary
flame. The second peripheral gas injection passage 1s likewise equipped with a second swirler
for conferring to the second peripheral gas jet a swirl (referred to as “second swirl”) with
respect to the primary flame.

In accordance with the present invention, the burner assembly further comprises a
secondary oxidizer injection passage for injecting a jet of secondary oxidizer into the
combustion zone. The secondary oxidizer injection passage 1s located between the first and
the second peripheral gas injection passages.

In the context of the present invention, the term “surround” 1s to be interpreted as
follows:

e passage A "surrounds" passage B when passage A encompasses or encircles passage B 1n
the longitudinal direction, 1.¢. 1n the flow or propagation direction of the fluids passing
through the passages (fuel, oxidizer, peripheral gas) and

o fluid jet A “surrounds” fluid jet B or flame B when fluid jet A encompasses or encircles
fluid jet B or flame B 1n the flow or propagation direction of the fluids.

In the context of the present invention, “swirl” of a jet means a swirl movement of the
jet about 1ts axis. Swirlers for conferring a swirl to a fluid jet are well known 1n the art. In the
context of the present invention, vane-swirlers are preferred.

The primary and the secondary oxidizer injection passages are suitably connected to a
source of oxygen-rich gas having an oxygen content of between 80%vol and 100%vol. The

first and second peripheral gas injection passages are suitably each connected to a source of
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air or to a source of a ballast gas containing from 0%vol to 19%vol oxygen and from 0%vol
to 50%vol nitrogen.

The first peripheral gas jet 1s injected 1in the combustion zone tfrom the first peripheral
ogas 1njection passage through a first peripheral injection cross section area. The second
peripheral gas jet 1s injected in the combustion zone from the second peripheral gas injection
passage through a second peripheral injection cross section area. The jet of secondary oxidizer
1S 1njected 1into the combustion zone from the secondary oxidizer injection passage through a
secondary oxidizer injection cross section area. Preferably, the secondary oxidizer injection
Cross section area 1s one tenth to one thirtieth of the sum of the first and the second peripheral
1njection cross section areas. Advantageously, the secondary oxidizer cross section area 1s one
fifth to one fifteenth of the first and/or of the second peripheral 1njection cross section area.
The 1njection cross section area refers to the total cross section area through which the
corresponding jet 1s injected and may correspond to a single injection opening (single nozzle)
or to a combination of multiple individual 1njection openings (multiple nozzles).

Preferably, the first swirler and the second swirler are designed to confer a difterent
swirl to respectively the first peripheral gas jet (first swirl) and to the second peripheral gas jet
(second swirl). In this manner, 1t 1s possible to control the global flame appearance and
properties, and 1n particular the global flame length, by modifying the ratio of the flow rate of
the first peripheral gas jet to the flow rate of the second peripheral gas jet.

In the present context, the term “global flame” refers to the flame generated by the
injected fuel with all of the injected oxidizers. The global flame thus differs from the primary
flame which 1s generated by the partial combustion of the i1njected fuel with the primary
oxidizer only.

The first and second swirler can advantageously be designed to confer to the first and
second peripheral gas jets swirls with opposite senses of rotation around the primary flame,
1.e. one swirl with a positive swirl and one with a negative swirl. For example, the first swirler
may confer a clockwise swirl to the first peripheral gas jet (1.e. clockwise with respect to the
flow or propagation direction of the jet and the second swirler may confer a counterclockwise
swirl to the second peripheral jet or vice-versa.

Alternatively, the first and second swirler may be designed to confer to the first and
second peripheral gas jets swirls with the same sense of rotation around the primary flame,
but with a different amplitude; 1.e. a more rapidly swirling/rotating first peripheral gas jet and

a more slowly swirling/rotating second peripheral gas jet or vice-versa.
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The first and second swirlers of the burner according to the present invention
preferably each comprise a set of swirl vanes and whereby the vanes of the first swirler have a
oreater swirl angle than the vanes of the second swirler. The swirl angle of the vanes 1s the
angle between the vane and the main tlow or propagation direction of the jet, which, in the
context of the present invention, coincides with the main propagation direction of the primary
flame.

Preferably, the swirl angle of the vanes of the second swirler 1s from one third (1/3) to
two thirds (2/3) of the swirl angle of the vanes of the first swirler.

The swirl angle of the vanes of the first swirler 1s preferably between 45° and 65°,
more preferably between 50° and 60°.

According to one embodiment of the invention, the first swirler 1s designed to confer
to the first peripheral gas jet a swirl which 1s divergent with respect to the primary flame.
According to a further embodiment of the invention, the second swirler 1s designed to confer
onto the second peripheral gas jet a swirl which 1s convergent with respect to the primary
flame. These two embodiments may be combined 1in a third embodiment, whereby the first
swirler 1s designed to generate a divergent first swirl and the second swirler 1s designed to
generate a divergent second swirl.

The primary oxidizer injector preferably surrounds the fuel injection passage. In that
case, the primary oxidizer jet 1s injected in the combustion zone around the fuel jet.

The fuel injection passage can be a fuel lance. Said lance 1s advantageously mounted
in the burner assembly so as to be removable from the burner assembly without requiring
access to the combustion zone, 1.e. from the cold side of the burner. In order to facilitate the
removal and 1nstallation of the fuel injection passage, it 1s preferable that the primary oxidizer
surrounds the fuel injection passage and/or that the fuel injection passage 1s the innermost
passage of the burner assembly. A removable fuel injection passage facilitates burner
maintenance and also increases the flexibility of the burner in that 1t 1s possible to replace a
fuel lance specifically adapted for the injection of a first fuel with a fuel lance adapted for the
injection of a different fuel. The burner according to the present invention can thus be used
for the combustion of different fuels, such as gaseous fuels, liquid fuels and pulverized solid
fuels and can switch between diftterent fuels without major intervention to the furnace. Liquid
and pulverized solid fuels are typically injected by means of a carrier gas.

As 1s known 1n the state of the art, the fuel lance may comprise an 1gniter and/or a

pilot burner.
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The primary oxidizer passage may be equipped so as to inject at least part of the
primary oxidizer gas jet into or towards the first peripheral gas jet, for example by means of a
suitable orientation of the primary oxidizer passage outlet or by means of one or more
oriented primary oxidizer injector nozzles.

According to a preferred embodiment of the invention, the secondary oxidizer
injection passage surrounds the first peripheral gas injection passage and the secondary
oxidizer injection passage 1s in turn surrounded by the second peripheral gas injection
passage. This permits an even spread of the secondary oxidizer injection around the primary
flame.

The secondary oxidizer injection passage may be equipped with a multitude of
secondary oxidizer injection nozzles. In that case the secondary oxidizer jet 1s divided 1n a
multitude of sub-jets of secondary oxidizer. The secondary oxidizer injection passage may
advantageously be equipped with between 10 and 50 secondary oxidizer injection nozzles,
preferably between 20 and 40 secondary oxidizer injection nozzles. Such secondary oxidizer
injection nozzles are preterably evenly distributed around the outer circumference of the first
peripheral gas injection passage. The secondary oxidizer nozzles can be designed or
posttioned so as to 1nject secondary oxidizer with an angle (# 0°) with respect along the main
fluid flow or propagation direction of the burner assembly. For example, the secondary
oxidizer nozzles can be designed or positioned so as to inject the secondary oxidizer with a
direction towards the primary oxidizer and fuel jets and/or so as to inject the secondary
oxidizer in direction(s) at least partially tangential to the main flmd flow or propagation
direction of the burner assembly.

The fuel 1njection passage 1s usefully centrally positioned within the burner assembly.

The burner may thus have a burner axis which defines an axis of symmetry of the
1njection passages, the burner axis being directed along the main fluid flow or propagation
direction of the burner assembly.

The burner assembly typically comprises a burner block through which the respective
injection passages pass. Such a bumner block 1s typically made of mineral or ceramic
refractory material and facilitates the integration of the burner assembly in the walls of the
combustion chamber. In that case, the burner assembly typically comprises a burner block and
a metallic 1injector assembly defining the respective injection passages within the block. In
some cases, the outermost injection passage may be defined by the outermost surface of the
metallic 1njector assembly and the inner surface of the through bore in the burner block 1n

which the metallic injector assembly 1s mounted.
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In other cases, the outermost injection passage may be defined by two tubular
structures of the metallic 1njector assembly, whereby one tubular structure 1s located with the
other.

The outermost injection passage is typically the second peripheral gas injection
passage.

According to the present invention, the injector passages may all terminate
substantially 1n a single plane, whereby said plane 1s typically perpendicular to the
longitudinal direction of the fuel injection passage, to the main fluid flow direction or to the
main propagation direction of the burner assembly, or, if the burner assembly has an axis of
symmetry, perpendicular to said burner axis.

When the burner assembly comprises a burner block, the 1njector passages may all
terminate substantially in the outlet face of the burner block or they may terminate upstream
of the burner block outlet face. The latter provides some protection to the metallic injector
assembly against thermal damage arising from the heat generated 1n the combustion zone and
from pollutants 1n said zone.

As will be explained below, the burner assembly may comprise a supply pipe for
peripheral gas which 1s connected both to the first and to the second peripheral gas 1njection
passages. Such a peripheral gas supply pipe may then be equipped with a gas distributor for
controlling the proportion of peripheral gas supplied by the peripheral gas supply pipe
flowing 1nto respectively the first and the second peripheral gas injection passages.

The present invention also relates to a combustion chamber comprising at least one
burner according to any one of the above-described embodiments of the invention. The
present invention more specifically relates to a boiler comprising such a combustion chamber.

The present invention further relates to a method of combusting a fuel with an
oxidizer. According to said method a jet of fuel and a jet of primary oxidizer are injected into
a combustion zone. The jet of primary oxidizer injects an amount of oxygen corresponding to
between 10 % and 50% of the amount of oxygen required for the stoichiometric combustion
of the jet of fuel. Said jet of primary oxidizer 1s injected into the combustion zone 1n contact
with the jet of fuel, thereby generating a primary fuel-rich flame 1n the combustion zone. A
first and a second peripheral gas jet are also injected into the combustion zone. The first
peripheral gas jet 1s 1njected into the combustion zone around the fuel jet and the primary
oxidizer jet, 1.e. around the primary fuel-rich flame and the second peripheral gas jet 1s
injected into the combustion zone around the first peripheral gas jet and therefore indirectly

also around the fuel jet and the primary oxidizer jet / around the primary flame. The first
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peripheral gas jet 1s injected with a first swirl with respect to the primary flame and the
second peripheral gas jet 1s 1njected with a second swirl with respect to the primary flame.
According to the present invention, a jet of secondary oxidizer 1s injected into the combustion
zone between the tirst and second peripheral gas jets.

Preferably, the jet of primary oxidizer inmjects an amount of oxygen into the
combustion zone which corresponds to between 15% and 40% of the amount of oxygen
required for the stoichiometric combustion of the jet of fuel. In that case, the secondary
oxidizer advantageously injects the remainder of the oxygen required for the complete
combustion of the fuel, 1.e. 85 % to 60% of the amount of oxygen required for the
stoichiometric combustion of the jet of fuel or a minor excess thereof.

The primary oxidizer and the secondary oxidizer are suitably oxygen-rich gas having
on oxygen content of between 80%vol and 100%vol. The first and the second peripheral gas
jets each are suitably jets of air or of a ballast gas containing from 0%vol to 19%vol oxygen
and from 0%vol to 50%vol of nitrogen.

As already explained above with respect to the burner assembly of the invention, the
first and second peripheral gas jets preferably have ditterent swirls (first, respectively second
swirl) with respect to the primary flame. For example, the first swirl and the second swirl may
have opposite senses of rotation (one clockwise and one counterclockwise around the primary
flame). The first and the second swirl may also have a same sense of rotation, but a different
swirl angle. The swirl angle of the first peripheral gas jet 1s referred to as the first swirl angle
and the swirl angle of the second peripheral gas jet 1s referred to as the second swirl angle.
Advantageously, the second swirl angle 1s from 1/3 to 2/3 of the first swirl angle. The first
swirl angle 1s preferably between 45° and 65°, more preferably between 50° and 60°.

According to an embodiment of the present invention, the first swirl 1s divergent with
respect to the primary flame. The second swirl may be convergent with respect to the primary
flame. Usefully, the method combines a divergent first swirl and a convergent second swirl.

According to a preferred embodiment of the invention, the primary oxidizer jet 1s
1injected around the fuel jet.

Advantageously, the secondary oxidizer jet 1s injected around the first peripheral gas
jet and the second peripheral gas jet 1s injected around the secondary oxidizer jet.

The secondary oxidizer jet may 1n particular consist of a multitude of secondary
oxidizer sub-jets. This can 1n particular be achieved by dividing the secondary oxidizer flow
into a multitude of sub-jets by means of a multitude of secondary oxidizer injector nozzles,

typically between 10 and 50 secondary oxidizer subjects, preferably between 20 and 40 sub-
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jets. When the secondary oxidizer 1s injected in the form of a multitude of sub-jets, said sub-

jets are advantageously evenly distributed around primary tlame.

Advantageously, the fluid jets are injected 1n a symmetrical pattern around an axis of
symmetry. The jet of fuel 1s preferably injected into the combustion zone centrally with
respect to the jet of primary oxidizer, with respect to the first peripheral gas jet and with
respect to the second peripheral gas jet. The jet of fuel, the jet of primary oxidizer, the first
peripheral gas jet, the jet of secondary oxidizer and the second peripheral gas jet may in
particular present a common point of symmetry at their respective points of injection into the
combustion.

The burner and the method according to the present invention are highly flexible. They
can be used for air-fuel combustion, for oxygen-fuel combustion and for oxygen-enriched air-
fuel combustion. They are furthermore suitable for use in narrow combustion spaces, where
the maximum allowable flame length 1s limited, as they permit an effective control of the
flame length 1n different operation regimes.

The present invention thus allows the first and the second peripheral gas jets to be jets
of air. When the first and secondary oxidizer jets and the first and second peripheral gas jets
are all combustion air, the method 1s a fully air-fuel combustion method. The flow of
secondary oxidizer may, 1n this embodiment, be limited to the flow necessary to keep the one
or more secondary oxidizer injection nozzles clean and unblocked. The present invention thus
permits an operator to operate the burner and the method with only air as the oxidizer and
without FGR.

When the first and second peripheral gas jets are air jets, the primary and/or the
secondary oxidizer jets preferably consist of an oxygen-rich gas. In that case, the method 1s an
oxygen-enriched air-fuel combustion method. It is, 1in particular, preferred that at least the
primary oxidizer jet consists of an oxygen-rich gas.

In the context of the present invention, the term “oxygen-rich gas” refers to a gas
containing between 80%vol and 100%vol of oxygen. In general, substantially pure oxygen,
containing from 95%vol to 100%vol oxygen, 1s preferred as oxygen-rich gas. When the
secondary oxidizer 1s an oxygen-rich gas, oxygen-enrichment takes place between the first
and second peripheral gas jets. When the primary oxidizer 1s an oxygen-rich gas, oxygen-
enrichment takes place at the level of the primary flame. When the primary oxidizer 1s an
oxygen-rich gas, part of the primary oxidizer can advantageously, at least in part, be 1njected
into or towards the first peripheral gas jet so as to reduce the temperature of the primary

flame, thereby reducing NOx generation.
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According to an alternative embodiment of the method, the first peripheral gas jet
consists of ballast gas and the second peripheral gas jet is an air jet. In that case, the
secondary oxidizer 1s preferably an oxygen-rich gas. The primary oxidizer may be an
oxygen-rich gas or air. In the context of the present invention, a ballast gas is a gas
containing from 0%vol to 19%vol oxygen and from 0%vol to 50%vol nitrogen.
Preferably, the ballast gas contains from 0%vol to 10%vol oxygen and from 0%vol to
30%vol nitrogen. Suitable ballast gases are recycled combustion gases (also referred to as
flue gas), steam and COs-rich gas (containing typically from 80%vol to 100%vol CO>).
According to this low-NOx oxygen-enriched air-fuel combustion method, part of the
stoichtometric combustion air is replaced by a combination of ballast-gas and oxygen-rich
gas.

According to an alternative low-NOx method, the first and second peripheral gas
jets are jets of ballast gas and the primary and secondary oxidizer jets are oxygen-rich gas.
In this case, the combustion air is entirely replaced by a combination of ballast gas and
oxygen-rich gas and the method is an oxygen-fuel combustion method. As indicated above,
at |east part of the oxygen-rich primary oxidizer is advantageously injected into or towards
the first peripheral gas jet.

The tuel may be any liquid or gaseous fuel. If it is a gas, the fuel may be natural
gas, mine gas, coke oven gas, blast furnace gas, refinery gas or syngas. If it is a liquid, the
fuel can be selected from home-heating oil, heavy fuel oil, asphalt, refinery residue, crude

o1l.

The tuel may also be a particulate solid fuel entrained by a carrier gas or a carrier

liquid.

The method according to the present invention advantageously makes use of a

burner assembly according to any one of the above-described embodiments.

As indicated above, when the burner assembly comprises a fuel injection
passage which can be removed from the cold side of the burner assembly, it is possible to
replace the fuel injection passage with minimal intervention in the thermal process and in
particular without having to interrupt the thermal process.

The present invention relates in particular to the use of the method for generating
steam In a boiler.

In accordance with a further aspect, the invention provides a burner assembly

comprising:
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a tuel injection passage for injecting a jet of fuel into a combustion zone,

a primary oxidizer injection passage for injecting a jet of primary oxidizer into the
combustion zone in contact with the jet of fuel to generate a primary flame in the
combustion zone,

a first peripheral gas injection passage surrounding the fuel injection passage and
the primary oxidizer passage for injecting a first peripheral gas jet through a first peripheral
Injection cross section area into the combustion zone around the fuel jet and the primary
oxidizer jet, said first peripheral gas injection passage being equipped with a first swirler
for conferring to the first peripheral gas jet a first swirl with respect to the primary flame,

a second peripheral gas injection passage surrounding the first peripheral gas
Injection passage for injecting a second periphcral gas jet through a second peripheral
Injection cross section area into the combustion zone around the first peripheral gas jet,
said second peripheral gas injection passage being equipped with a sccond swirler for
conferring to the second peripheral gas jet a second swirl with respect to the primary flame,

the burner assembly being characterized in that it is further equipped with:

a secondary oxidizer injection passage located between the first and second
peripheral gas injection passages for injecting a jet of secondary oxidizer through a
secondary oxidizer injection cross section area into the combustion zone, whereby said
secondary oxidizer injection cross section area is between one tenth and one thirtieth of the
sum of the first and second peripheral injection cross section areas.

Some of the advantages presented by the invention are illustrated in the example
hereatter, reference being made to figure 1 which is a schematic partial (top half)
representation in longitudinal cross section of a burner assembly according to the
Invention.

The 1llustrated burner assembly prescnts an axial symmetry around axis X-X.

CA 2827331 2017-10-30
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The burner assembly comprises a refractory burner block 10 with a through passage
11 1n which a metallic injector assembly 100 1s mounted.

The 1njector assembly has a central fuel lance 110 through which a jet of fuel
(schematically represented by arrows 210) 1s injected into the downstream combustion zone
1.

Fuel lance 110 1s surrounded by a first oxidizer passage 140 through which a primary
oxidizer (arrows 240, 241) 1s injected into combustion zone 1 through nozzles. Inside
combustion zone 1, fuel 210 partially combusts with primary oxidizer 241 in a fuel-rich
primary flame 200.

Primary oxidizer passage 140 1s in turn surrounded by first peripheral gas passage 120
for the injection of a first peripheral gas (arrow 220) into combustion zone 1 after having
passed through first vane swirler 121. First swirler 121 has a swirl angle of 55°.

First peripheral gas injection passage 120 in turn surrounded by secondary oxidizer
passage 150 for the injection of a jet of secondary oxidizer (arrows 250, 251) into combustion
zone 1. Secondary oxidizer passage 150 1s equipped with a large number of 1njection nozzle
151 evenly distributed around axis X-X, so that secondary oxidizer 250 1s injected 1n the form
of a large number of sub-jets 251 evenly distributed around primary flame 200.

Secondary oxidizer passage 130 1s surrounded by second peripheral gas injection
passage 130 through which a second peripheral gas jet (arrow 230) is injected into
combustion zone 1 after having passed through second vane swirler 131. Second swirler 131
has a vane angle of 35° and has the same swirl orientation as first swirler 121.

In the illustrated embodiment, second peripheral gas passage 130 1s defined by the
outer surface of metallic assembly 100 (outer wall of secondary oxidizer passage 150) and the
inner surface of the through passage 11 of burner block 11.

A portion (arrow 242) of primary oxidizer 240 1s furthermore injected into first
peripheral gas passage 140, thereby further increasing the fuel richness of primary flame 200.

Through controlling the flow rate of the first peripheral gas jet injected with the first
swirl, the flow rate of the second peripheral gas jet injected with the second swirl and the ratio
between the tlow rates of the first and the second peripheral gas jet, analogous flame lengths
can be obtained 1n air-fuel combustion without FGR, 1n oxygen-fuel gas combustion with
FGR and with oxygen-enriched air-fuel combustion at substantially identical burner power.

Consequently, when using the present invention, 1t 1s no longer necessary to design the
combustion chamber 1n function of a specific choice of combustion oxidizer, nor 1s 1t

necessary always to use the same combustion oxidizer within a given combustion chamber.
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The present invention furthermore provides for low-NOx combustion using difterent
types of combustion oxidizer are used. Additionally, the present invention enables low-NOx
combustion and produces high-CO,; flue gas suitable for CO; capture and sequestration when
operating 1n oxygen-combustion mode.

For those thermal processes for which the environmental constraints do not yet
commercially justify oxygen-fuel operation, the present invention thus provides equipment
allowing 1nitial air-fuel combustion and an easy and rapid switch to environmentally friendly
oxygen-fuel combustion at the opportune moment 1n time. As a consequence, operators of
thermal processes can, by virtue of the invention, install, within their combustion chamber,
equipment suitable for low-NOx and high CO, combustion, even 1f they have not yet decided
to operate 1n oxygen-fuel combustion mode and still wish to operate 1n air-fuel combustion
mode. The switch from air-fuel combustion to oxygen-fuel combustion can then easily be
realized within a same combustion chamber with very limited intervention to the combustion
installation.

In this manner, the present invention provides an important tool for promoting

environmentally friendly oxygen-fuel combustion.
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Claims
. Burner assembly comprising:
e a fuel injection passage (110) for injecting a jet of fuel (210) into a combustion
zone (1),
e a primary oxidizer injection passage (140) for injecting a jet of primary oxidizer
(240) 1nto the combustion zone (1) in contact with the jet of fuel (210) to

generate a primary flame (200) in the combustion zone (1),

e a first peripheral gas injection passage (120) surrounding the fuel injection
passage (110) and the primary oxidizer passage (140) for injecting a first
peripheral gas jet through a first peripheral injection cross section area into the
combustion zone (1) around the fuel jet (210) and the primary oxidizer jet (240) ,
said first peripheral gas injection passage being equipped with a first swirler
(121) for conferring to the first peripheral gas jet a first swirl with respect to the
primary tflame (200),

e a second peripheral gas injection passage (130) surrounding the first peripheral
gas 1njection passage (120) for injecting a second peripheral gas jet through a
second peripheral 1njection cross section area into the combustion zone (1)
around the first peripheral gas jet, said second peripheral gas injection passage
(130) being equipped with a second swirler (131) for conferring to the second
peripheral gas jet a second swirl with respect to the primary flame (200),

the burner assembly being characterized in that it is further equipped with:

a secondary oxidizer injection passage (150) located betwecen the first and second

peripheral gas injection passages (120, 130) for injecting a jet of sccondary
oxidizer through a secondary oxidizer injection cross section area into the
combustion zone (1), whereby said secondary oxidizer injection cross section area
1s between one tenth and one thirtieth of the sum of the first and second peripheral
injection cross section areas.

2. Burner assembly according to claim 1, wherein the primary and the secondary
oxidizer njection passages (140, 150) are connected to a source of oxygen-rich gas
having an oxygen content of between 80%vol and 100%vol and wherein the first
and second peripheral gas injection passages (120, 130) are connected to a source of

air or to a source of a ballast gas containing from 0%vol to 19%vol oxygen and from

0%vol to 50%vol nitrogen.
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3.  Burner assembly according to claim 1 or 2, wherein the first swirler (121) and the
second swirler (131) are designed to confer a different swirl to respectively the first

and to the second peripheral gas jet.

4. Burner assembly according to any one of claims 1 to 3, wherein the primary oxidizer

injection passage (140) surrounds the fuel injection passage (110).

>.  Burner assembly according to any one of claims 1 to 4, wherein the secondary
oxidizer injection passage (150) surrounds the first peripheral gas injection passage
(120) and whereby the secondary oxidizer injection passage (150) is surrounded by

the second peripheral gas injection passage (130).

6. Combustion chamber equipped with at least one burner assembly according to any

one of claims 1 to 5.

7. Combustion chamber according to claim 6, wherein said combustion chamber is part

ot a boiler.

8.  Method of combusting a fuel with an oxidizer in a combustion zone, in which:

e a jet of fuel (210) is injected into the combustion zone (1),

e a jet of primary oxidizer (240) is injected into the combustion zone (1) in contact
with the jet of fuel (210) to generate a primary fuel-rich flame (200),

e a first peripheral gas jet is injected through a first peripheral injection cross
section area into the combustion zone (1) around the fuel jet (210) and the
primary oxidizer jet (140), said first peripheral gas jet having a first swirl with
respect to the primary flame (200),

® a sccond peripheral gas jet 1s injected through a second peripheral injection cross
section area into the combustion zone (1) around the first peripheral gas jet, said
second peripheral gas jet having a second swirl with respect to the primary flame
(200),

the method of combustion being characterized in that:

CA 2827331 2017-10-30
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e the jet of primary oxidizer (240) injects an amount of oxygen corresponding to
between 10 % and 50% of the amount of oxygen required for the stoichiometric

combustion of the jet of fuel (210), and

e a jet of secondary oxidizer is injected through a secondary oxidizer injection
cross section area into the combustion zone between the first and second
peripheral gas jets, wherein the second oxidizer injection cross section area is
between one tcnth and one thirtieth of the sum of the first and the second

peripheral injection cross section area.

9. Method according to claim 8, wherein the amount of oxygen injected by the jet of

primary oxidizer is between 15% and 40%.

10.  Method according to claim 8 or 9, wherein the primary oxidizer and the second

oxidizer are oxygen-rich gas having on oxygen content of between 80%vol and
100%vol and wherein the first and the second peripheral gas jets are jets of air or of

a ballast gas containing from 0%vol to 19%vol oxygen and from 0%vol to 50%vol

ol nitrogen.

11.  Method according to any one of claims 8 to 10, wherein the first and second swirl

are different.

2. Method according to any one of claims 8 to 11, wherein the primary oxidizer jet

(240) 1s mjected around the fuel jet (210).
13.  Method according to any one of claims 8 to 12, wherein the secondary oxidizer jet is
injected around the first peripheral gas jet and the second peripheral gas jet is

injected around the secondary oxidizer jet.

14.  Method according to any one of claims 8 to 13, wherein the first and second

peripheral gas jets are air jets.

I5. Method according to any one of claims 8 to 13, wherein the first peripheral gas jet

consists of ballast gas and the second peripheral gas jct is an air jet.

CA 2827331 2017-10-30
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16. Method according to any one of claims 8 to 13, wherein the first and second

peripheral gas jets are jets of ballast gas.

17. Use of a burner assembly according to any one of claims 1 to 5 in a method

according to any one of claims & to 16.

18. Use according to claim 17, for generating steam in a boiler.

CA 2827331 2017-10-30
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