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BURNER AND METHOD FOR ALTERNATELY
IMPLEMENTING OXYCOMBUSTION AND
AIR COMBUSTION

[0001] The present invention relates to a burner and a com-
bustion method which can make use alternately of a high-
oxygen-content gas or of air as oxidizer.

[0002] With the increasingly stringent environmental
restrictions, particularly in terms of the production of CO,
and NO,, the combustion of a fuel using oxygen or a high-
oxygen-content gas is becoming increasingly attractive for
the combustion of fossil fuels. However, the conventional
combustion devices using air as oxidizer do not always have
the geometry, nor the requisite materials, for operating with
oxygen or a high-oxygen-content gas. This is because the
absence of the nitrogen ballast in high-oxygen or all-oxygen
combustion significantly modifies the heat transfer modes,
the species concentrations, and the pressure conditions in the
combustion chamber.

[0003] In order to operate with all-oxygen combustion in
these installations, one proposed solution is to reinject flue
gas produced by the said combustion or another combustion
to partly make up for the absence of nitrogen. This procedure
serves to avoid a high production of NO, due both to the
absence of nitrogen, and also to a lower flame temperature
than in all-oxygen combustion. However, the reinjected flue
gas often nullifies the benefits of oxycombustion, such as, in
particular, the lower proportion of unburnts from heavy oil
residues, or the decrease of part of the ash, these unburnts and
this ash then causing complications in the downstream flue
gas treatment method.

[0004] This flue gas injection can be made essentially in
two ways. First, by mixing the said flue gas with oxygen
before its introduction into the burner, so as to reconstitute an
oxidizer comprising about 21 to 27% oxygen and the remain-
der essentially consisting of CO, instead of nitrogen. One
advantage that can be found for this solution in the case of a
conversion of an air boiler is the possibility of retaining the air
burners with minor operating adjustments. On the contrary,
the premixing of the flue gases with the oxygen before their
introduction into the burner may give rise to safety problems.
To avoid this problem, in a second alternative, the flue gas can
also be injected separately, either at a location of'the combus-
tion chamber, or through the burner. In the latter case, the flue
gas is injected at a velocity such as to lengthen the flame,
which may overheat the elements of the combustion chamber
(opposite wall or tubes, in the case of a boiler). To avoid this
problem, the flue gas injection velocities must be low, which
has the effect of increasing the size of the burner and of
creating layout problems, whereas it is well known that the
surface areas of the combustion chamber must be maximized.
[0005] The preceding problems therefore imply the need to
improve the methods and the oxycombustion burners making
use of flue gas recycling.

[0006] Furthermore, practice demonstrates the utility of
being able to use the combustion burners in flexible mode,
that is, alternately in oxycombustion and in air combustion. In
fact, owing to the restrictions in oxygen availability and/or
safety problems, it may be useful to be able to convert an
oxycombustion into air combustion without replacing the
burner. Similarly, for certain types of combustion, it is pref-
erable to start the combustion with air and then switch to
oxycombustion for safety reasons.
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[0007] It is therefore the object of the present invention to
propose a device for implementing an oxycombustion with
flue gas recycle in a device designed for an air combustion.
[0008] A further object of the present invention is to pro-
pose a combustion device for alternately implementing an
oxycombustion with flue gas recycle or an air combustion.
[0009] A further object of the present invention is to pro-
pose a combustion device for alternately implementing an
oxycombustion with flue gas recycle or an air combustion, the
said combustions producing a flame having a controlled size.
[0010] For this purpose, the invention relates to a method of
combustion of at least one fuel using at least one oxidizer and
at least one mainly inert gas, in which:

[0011] the fuel and the oxidizer are injected in such a way
as to create a flame,

[0012] the mainly inert gas is injected in the form of two
jets, in such a way that:

[0013] the first jet surrounds the flame created by the
fuel and the oxidizer and the said first jet has a diver-
gent swirl with regard to the said flame,

[0014] the second jet surrounds the first jet of mainly
inert gas and the said second jet has a convergent swirl
with regard to the flame created by the fuel and the
oxidizer.

[0015] The invention further relates to a burner suitable for
implementing the said method and comprising:

[0016] at least one means for injecting fuel and at least
one means for injecting oxidizer, the said means being
placed with regard to one another in such a way that the
oxidizer and the fuel are capable of producing a flame,

[0017] two means for injecting a mainly inert gas:
[0018] the first means for injecting the mainly inert

gas being suitable for injecting part of the mainly inert
gas in the form of a jet surrounding the flame pro-
duced by the oxidizer and the first fuel, the said first
means for injecting the mainly inert gas comprising a
means suitable for divergently swirling the flow of
mainly inert gas passing through it,

[0019] the second means for injecting the mainly inert
gas being suitable for injecting part of the mainly inert
gas in the form of a jet surrounding the jet of mainly
inert gas produced by the first means for injecting
mainly inert gas, and the said second means for inject-
ing mainly inert gas comprising a means suitable for
convergently swirling the flow of mainly inert gas
passing through it.

[0020] Other features and advantages of the invention will
appear from a reading of the description that follows.
Embodiments of the invention are provided as non-limiting
examples, illustrated by the FIG. 1 which is a schematic view
of a burner according to the invention.

[0021] The invention therefore relates to a method of com-
bustion of at least one fuel using at least one oxidizer and at
least one mainly inert gas, in which:

[0022] the fuel and the oxidizer are injected in such a way
as to create a flame,

[0023] the mainly inert gas is injected in the form of two
jets, in such a way that:

[0024] the first jet surrounds the flame created by the
fuel and the oxidizer and the said first jet has a diver-
gent swirl with regard to the said flame,

[0025] the second jet surrounds the first jet of mainly
inert gas and the said second jet has a convergent swirl
with regard to the flame created by the fuel.
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[0026] The method according to the invention implements
the main combustion of a fuel by an oxidizer. The fuel may be
any liquid or gas type of fuel. If it is a gas, the fuel may be
natural gas, mine gas, coke oven gas, blast furnace gas, refin-
ery gas or syngas. If it is liquid, the fuel can be selected from
home-heating oil, heavy fuel oil, asphalt, refinery residue,
crude oil. The method may concern the combustion of a
plurality of fuel types, for example natural gas and liquid fuel
oil. These various types of fuels are injected in such a way as
to form a flame with the oxidizer. The injections of the fuel or
fuels and the oxidizer can be made in any manner known to a
personskilled in the art in order to produce a flame. According
to the method of the invention, a mainly inert gas is also
injected. In the context of the present invention, “mainly inert
gas” means a gas or a gas mixture of which the molar com-
position comprises at least 50% oxygen. In general, the
mainly inert gas comprises at least one of the following com-
pounds: CO,, N,, H,O, Ar, preferably in a molar quantity of
at least 50%. The type of mainly inert gas may be identical or
different to that of the oxidizer according to whether the
operating mode of the method is with air combustion or with
oxycombustion. Regardless of the operating mode, the
mainly inert gas is injected in the form oftwo jets. The first jet
surrounds the flame created by the fuel and the oxidizer, and
the second jet surrounds the said first jet of mainly inert gas.
In consequence, the second jet also surrounds the flame cre-
ated by the fuel and the oxidizer, but is located at a greater
distance from the flame than the second jet of mainly inert
gas; in the application, mention is made of the first jet of
mainly inert gas as the inner peripheral jet, and mention is
made of the second jet of mainly inert gas as the outer periph-
eral jet. In the context of the present invention, “surround”
means the fact that these jets of mainly inert gas encircle the
central flame of the fuel and the oxidizer. According to a
preferred embodiment, the jets of mainly inert gas have the
shape of rings centred on the flame of fuel and oxidizer.
[0027] According to the invention, the inner peripheral jet
has a divergent swirl with regard to the flame of fuel and
oxidizer. In the context of the present invention, swirl of a jet
means a swirl movement of the jet about itself. The inner
peripheral jet is therefore a jet swirling about itself. Since the
said jet surrounds the flame of fuel and oxidizer, the said inner
peripheral jet is also swirling about the said flame. According
to the invention, this swirl is divergent, that is, in the inner
peripheral jet, the mainly inert gas moves away from the
flame of fuel and oxidizer as it is injected.

[0028] According to the invention, the outer peripheral jet
has a convergent swirl with regard to the flame of fuel and
oxidizer. Like the inner peripheral jet, the outer peripheral jet
is also swirling about the said flame. According to the inven-
tion, this swirl is convergent, that is, in the outer peripheral jet,
the mainly inert gas moves away from the flame of fuel and
oxidizer as it is injected.

[0029] Whether for the inner peripheral jet or the outer
peripheral jet, the swirl rate of each of these jets of mainly
inert gas is advantageously between 0.26 and 1.73. The swirl
rate S is defined as follows: S=It/la, where It and la are
respectively the tangential and axial pulses of the fluid
swirled in a jet.

[0030] The method according to the invention serves to
control the length of the flame by modifying the ratio of the
flow rate of the peripheral jet to the flow rate of the inner jet.
[0031] The method according to the invention can be
implemented both for an oxycombustion method and for an
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air combustion method. According to a first embodiment of
the method, it concerns an oxycombustion, which means that
one of the two oxidizers is an oxygen-containing gas. In the
context of the present invention, oxygen-containing gas
means a gas having an oxygen concentration above 80%,
preferably above 90%. According to this first embodiment,
the oxidizer is an oxygen-containing gas and the mainly inert
gas is composed of the flue gases from a combustion. The flue
gases from a combustion generally comprise mainly, if not
exclusively, CO,. These gases may also comprise H,O. Pref-
erably, the mainly inert gas consists at least partly of the gases
issuing from the combustion of the present method and which
are recycled during the combustion method. In this case, the
flue gases are recycled outside the combustion chamber in
which the present method is implemented. They may be
treated before being recycled. In general, at least 4 Sm® of flue
gases are recycled during the method according to the inven-
tion. According to this first embodiment, it is preferable for
the flow rate of mainly inert gas injected into the first jet of
mainly inert gas to account for 50 to 97% of the total flow rate
of mainly inert gas injected. This distribution of the mainly
inert gas between the inner and outer peripheral jets serves to
avoid the rise of hot gases in the combustion chamber. Fur-
thermore, the gases issuing from a combustion injected in the
form of inner and outer peripheral jets do not disturb the flame
issuing from the combustion of the fuel and of the oxygen-
containing gas, but create a corridor close to the nose of the
burner which protects the walls of the combustion chamber
from excessively intense radiation. Beyond the burner nose,
the gases issuing from a combustion and injected in the form
of inner and outer peripheral jets and the hot gases issuing
from the actual combustion of the method, are mixed to form
only one uniform mixture. According to a first embodiment,
gases issuing from a combustion may also be injected into at
least one point of the combustion chamber that is different
from the injection points of the inner and outer peripheral jets.
[0032] According to a second embodiment of the method,
the method is an air combustion method, which means that the
two oxidizers are air (or none of the oxidizers is an oxygen-
containing gas). According to this second embodiment, the
oxidizer is air and the mainly inert gas is also air. Preferably,
deoiled air is used, because this air flows in injection means
which may also serve for injecting an oxygen-containing gas
in oxycombustion mode; the said injection means must there-
fore not comprise fatty matter in case of injection of oxygen-
containing gas. Preferably, the flow rate of air injected as
oxidizer accounts for 5 to 30% of the total flow rate of air
injected into the method. It is also preferable for the flow rate
of air injected into the first jet of mainly inert gas to account
for 4 to 25% of the total flow rate of air injected into the
method. Preferably, the total flow rate of air injected into the
method may correspond to the quantity of air necessary for
the combustion of the fuel. This distribution of the air flow
rate in the inner and outer peripheral jets serves to make the air
converge towards the fuel in such a way as to connect the
flame to the burner nose and to shorten it so as to prevent the
overheating of the walls of the combustion chamber.

[0033] According to a third embodiment of the method, the
oxidizer is an oxygen-containing gas and the mainly inert gas
is air. This third embodiment is particularly used for the
startup of the combustion method.

[0034] The invention also relates to a burner comprising:

[0035] at least one means for injecting fuel and at least
one means for injecting oxidizer, the said means being
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placed with regard to one another in such a way that the

oxidizer and the first fuel are capable of producing a

flame,

[0036] two means for injecting a mainly inert gas:

[0037] the first means for injecting the mainly inert
gas being suitable for injecting part of the mainly inert
gas in the form of a jet surrounding the flame pro-
duced by the oxidizer and the fuel, the said first means
for injecting the mainly inert gas comprising a means
suitable for divergently swirling the flow of mainly
inert gas passing through it,

[0038] the second means for injecting the mainly inert
gas being suitable for injecting part of the mainly inert
gas in the form of a jet surrounding the jet of mainly
inert gas produced by the first means for injecting
mainly inert gas, and the said second means for inject-
ing mainly inert gas comprising a means suitable for
convergently swirling the flow of mainly inert gas
passing through it.

[0039] The burner according to the invention therefore
comprises a first central part comprising at least one means
for injecting fuel and at least one means for injecting oxidizer.
These two injection means must be positioned with regard to
one another in such a way that the oxidizer and fuel are
capable of producing a flame when the burner operates. Thus
the means for injecting fuel and oxidizer may be coaxial tubes
or separate tubes. Any known technique for injecting fuel and
oxidizer in order to form a flame can be used.

[0040] The burner comprises a second peripheral part con-
sisting of the two means for injecting mainly inert gas. The
two parts of the burner may be adjacent, or separated by a
partition. Preferably, the means suitable for convergently
swirling the flows of mainly inert gas passing through the first
injection means or the second injection means causes the said
flows to swirl with a swirl rate of between 0.26 and 1.73. The
said means suitable for divergent or convergent swirling is
generally a deflector.

[0041] According to a particular embodiment, the burner is
such that:
[0042] the first means for injecting mainly inert gas com-

prises two coaxial tubes centred around the means for
injecting fuel and the means for injecting oxidizer, the
space between the two tubes allowing the passage of part
of the mainly inert gas and comprising the means suit-
able for divergently swirling the flow of mainly inert gas
passing through it,

[0043] the second means for injecting mainly inert gas
comprises two coaxial tubes centred around the two
coaxial tubes of the first means for injecting mainly inert
gas, the space between the two tubes of the second
means for injecting mainly inert gas allowing the pas-
sage of part of the mainly inert gas and comprising the
means suitable for convergently swirling the flow of
mainly inert gas passing through it.

[0044] According to this particular embodiment, the burner
may also comprise two means for injecting oxidizer, the said
means being coaxial tubes, and the means for injecting fuel
may be a metal ring drilled with at least one ring of orifices,
the said metal ring being coaxial with the oxidizer injection
tubes and placed between the said tubes. The burner is then
composed of four coaxial tubes and the metal ring drilled with
orifices arranged in a ring, the said ring being placed between
the smallest tube and the tube having the immediately larger
diameter.
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[0045] According to the invention, the burner may com-
prise two distinct means for injecting fuel for the injection of
two different fuels.

[0046] Theinventionalso relates to a method for converting
an air-fuel burner comprising at least one means for injecting
fuel and at least one means for injecting air, the said means
being positioned with regard to one another in such a way that
the air and the first fuel are capable of producing a flame, into
an oxygen-fuel burner. The said conversion method consists
in supplementing the said burner by two means for injecting
oxidizer:

[0047] the first means for injecting oxidizer being suit-
able for injecting part of the oxidizer in the form of a jet
surrounding the air-fuel burner, and the said first means
for injecting oxidizer comprising a means suitable for
divergently swirling the flow of oxidizer passing
through it,

[0048] the second means for injecting oxidizer being
suitable for injecting part of the mainly inert gas in the
form of a jet surrounding the air-fuel burner, and the said
second means for injecting oxidizer comprising a means
suitable for convergently swirling the flow of oxidizer
passing through it.

[0049] It is thereby possible to convert an air-fuel burner
into an oxygen-fuel burner for the combustion of the same
fuel with an oxygen-containing gas. The conversion consists
in adding to the air-fuel burner two means for injecting oxi-
dizer. These injection means must be positioned in such a way
as to permit the injection of a first jet of oxidizer in a form
surrounding the air-fuel burner and the injection of a second
jet of oxidizer in a form surrounding the first jet of oxidizer
and therefore the air-fuel burner. Furthermore, these two
injection means must be equipped with means for actuating
them with a swirl movement: the jet closest to the flame
having a divergent swirl and the second a convergent swirl.
[0050] Theinvention also relates to a method for converting
a method of air combustion of a fuel in which the fuel and the
air are injected in such a way as to create a flame, into an
oxycombustion method, in which:

[0051] the air is replaced by an oxygen-containing gas,
and
[0052] gases issuing from a combustion are injected in

the form of two jets, in such a way that:

[0053] the first jet surrounds the flame created by the
fuel and the oxygen-containing gas and the said first
jet has a divergent swirl with regard to the said flame,

[0054] the second jet surrounds the first gas jet issuing
from a combustion and the said second jet has a con-
vergent swirl with regard to the flame created by the
fuel and the oxygen-containing gas.

[0055] It is thereby possible to convert an air combustion
method implementing an air/fuel combustion into an oxy-
combustion method implementing a combustion of the same
fuel with an oxygen-containing gas. The conversion consists
in replacing the air by an oxygen-containing gas in the initial
method and in injecting the gases issuing from a combustion
in addition to the said oxycombustion. The gases issuing from
a combustion may be the gases issuing from the oxycombus-
tion, which have been recycled, or may issue from another
combustion. These gases issuing from a combustion must be
introduced into the oxycombustion method in the form of two
jets both surrounding the flame created by the fuel and the
oxygen-containing gas, the second jet itself surrounding the
first jet. Furthermore, the first jet, which is the closest to the
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oxygen-fuel flame, must have a divergent swirl effect with
regard to the flame created by the fuel and the oxygen-con-
taining gas and the second jet, which is the closest to the
oxygen-fuel flame, must have a convergent swirl effect with
regard to the flame created by the fuel and the oxygen-con-
taining gas.

[0056] FIG. 1 shows the end of a burner according to the
invention. It comprises a first central part consisting of:

[0057] fuel injection means 1 which is a tube,

[0058] oxidizer injection means 2 which comprises two
tubes 21 and 22: one 21 is placed at the centre of the fuel
injection tube 1 and the other 22 around the same fuel
injection tube 1.

[0059] The burner also comprises a second part which is a
means for injecting mainly inert gas; it comprises three
coaxial tubes 22, 31, 32 centred on the first central part, the
smallest tube corresponding to the tube 22 for injecting fuel 1.
The space between the largest tube 32 and the intermediate
tube 31 comprises means 4 (fins) suitable for divergently
swirling the flow of mainly inert gas passing through it. The
space between the intermediate tube 31 and the smallest tube
22 comprises means 5 (fins) suitable for convergently swirl-
ing the flow of mainly inert gas passing through it.

[0060] One advantage of the invention is that it serves to
modify a burner normally operating with air in such a way that
it operates with an oxygen-containing gas and oxygen-con-
taining flue gases. It suffices to supplement the air burner
corresponding to the first part of the burner according to the
invention with the second part of the burner according to the
invention suitable for injecting the recycled flue gases. The
oxygen-containing gas is then injected into the first part of the
burner and the flue gases are injected into the second part.
[0061] One advantage of the burner according to the inven-
tionis that it can operate with air exclusively as oxidizer while
preserving the flow of fuel used for oxycombustion. This
all-air operating necessity may be required for continuing
production in situations in which the oxygen supply to the
burner is interrupted.

[0062] One advantage of the burner and of the combustion
method according to the invention is that they produce a flame
having a controlled size, which is useful in confined vessels,
such as boiler combustion chambers in which the direct con-
tact of the excessively long flame with bare steel tubes is fatal.
In this latter case, the geometry of the flame produced by the
burner according to the invention allows a uniform distribu-
tion of the heat flux on all the inner surfaces of the boiler; a
boiler equipped with this burner operating in oxycombustion
can withstand an energy density of up to 0.600 MW/m>
depending on the proportion of flue gas recycled.

[0063] A further advantage of the burner and of the com-
bustion method according to the invention operating with an
oxygen-containing gas is that they produce a flame having a
high core temperature, whereby the unburnts are significantly
decreased.

1-15. (canceled)

16. A method of combustion of at least one fuel using at
least one oxidizer and at least one mainly inert gas, compris-
ing the steps of:

injecting a fuel and an oxidizer to create a flame therefrom;

injecting a mainly inert gas in two jets, wherein:

the first jet surrounds the flame created by the fuel and
the oxidizer,

the first jet has a divergent swirl with regard to the flame,

the second jet surrounds the first jet, and

Dec. 17, 2009

the second jet has a convergent swirl with regard to the
flame.
17. The method of claim 16, wherein the oxidizer is an
oxygen-containing gas and the mainly inert gas is comprised
of gases issuing from a combustion process.
18. The method of claim 16, wherein the oxidizer is an
oxygen-containing gas and the mainly inert gas is comprised
of recycled gases from combustion of the oxidizer, fuel, and
mainly inert gas.
19. The method of claim 17, wherein a flow rate of the first
jet accounts for 50 to 97% of a total flow rate of mainly inert
gas injected.
20. The method of claim 16, wherein the oxidizer is air and
the mainly inert gas is air.
21. The method of claim 20, wherein a flow rate of air
injected as oxidizer accounts for 5 to 30% of a total flow rate
of air necessary for combustion of the fuel.
22. The method of claim 20, wherein a flow rate of air
injected into the first jet accounts for 4 to 25% of a total flow
rate of air necessary for combustion of the fuel.
23. The method of claim 16, wherein the oxidizer is an
oxygen-containing gas and the mainly inert gas is air.
24. The method of claim 16, wherein swirl rates of each of
the jets is between 0.26 and 1.73.
25. The method of claim 16, wherein the jets are ring-
shaped.
26. A burner comprising:
at least one means for injecting fuel;
at least one means for injecting oxidizer being placed with
regard to said at least one means for injecting fuel such
that the oxidizer and the fuel are capable of producing a
flame; and
first and second means for injecting a mainly inert gas,
wherein:
said first means for injecting the mainly inert gas is
suitable for injecting part of the mainly inert gas as a
divergently swirled jet surrounding the flame pro-
duced by the oxidizer and the fuel,

said second means for injecting the mainly inert gas is
suitable for injecting part of the mainly inert gas in the
form of a convergently swirled jet surrounding the
divergently swirled jet.

27. The burner of claim 26, wherein:

said first and second means for injecting mainly inert gas
comprise first, second, and third coaxial tubes centred
around said means for injecting fuel and said means for
injecting oxidizer;

a space between said first and second coaxial tubes allow-
ing passage of part of the mainly inert gas and compris-
ing a swirler suitable for divergently swirling a flow of
mainly inert gas passing therethough; and

a space between said second and third coaxial tubes allow-
ing passage of part of the mainly inert gas and compris-
ing a swirler suitable for convergently swirling a flow of
mainly inert gas passing therethrough.

28. The burner of claim 27, wherein:

said at least one means for injecting oxidizer comprises
said first coaxial tube surrounding, and coaxial with, an
inner tube;

said means for injecting fuel comprises a metal ring drilled
with at least one ring of orifices; and

said metal ring being coaxial with, and placed between,
said first coaxial tube and said inner tube.
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29. A method for converting an air-fuel burner into an
oxygen-fuel burner, the air-fuel burner having at least one
means for injecting fuel and at least one means for injecting
air, the said means for injecting fuel and air being positioned
with regard to one another such that the air and the fuel are
capable of producing a flame, said method comprising the
steps of:

providing the air-fuel burner;

providing first and second means for injecting mainly inert
gas, said first means for injecting mainly inert gas being
suitable for injecting a portion of mainly inert gas in the
form of a jet surrounding the flame, said first means for
injecting mainly inert gas comprising a swirler suitable
for divergently swirling a flow of mainly inert gas pass-
ing therethrough, said second means for injecting
mainly inert gas being suitable for injecting a portion of
the mainly inert gas in the form of a jet surrounding the
flame, said second means for injecting mainly inert gas
comprising a swirler suitable for convergently swirling
the flow of mainly inert gas passing therethrough.

30. A method for converting a method of air combustion of

a fuel in which the fuel and the air are injected into a com-
bustion space in such a way as to create a flame, into an
oxycombustion method, comprising the steps of:

replacing the air with an oxygen-containing gas; and

injecting gases issuing from combustion into the combus-
tion space in the form of first and second jets, the first jet
surrounding the flame created by the fuel and the oxy-
gen-containing gas and having divergent swirl with
regard to the said flame, the second jet surrounding the
first gas jet, the second jet having a convergent swirl with
regard to the flame created by the fuel and the oxygen-
containing gas.

31. The method of claim 16, wherein the oxidizer is deoiled

air and the mainly inert gas is air.

32. A burner comprising:

a first oxidizer injection tube;

a fuel injection device disposed coaxially around said first
oxidizer injection tube;

a second oxidizer injection tube disposed coaxially around
said first oxidizer injection tube and said fuel injection
device, said burner capable of producing a flame through
injection of oxidizer through said first oxidizer tube,
injection of oxidizer through a space between said fuel
injection device and said second oxidizer injection tube,
and injection of fuel through said fuel injection device;

a first mainly inert gas injection tube disposed coaxially
around said second oxidizer injection tube, a first swirler
being disposed in a space between said second oxidizer
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injection tube and said first mainly inert gas injection
tube, said first swirler being adapted to inject a diver-
gently swirled jet of mainly inert gas therethrough that
surrounds the flame; and

a second mainly inert gas injection tube disposed coaxially
around said first mainly inert gas injection tube, a second
swirler being disposed in a space between said first
mainly inert gas injection tube and said second mainly
inert gas injection tube, said second swirler being
adapted to inject a convergently swirled jet of mainly
inert gas therethrough that surrounds the divergently
swirled jet.

33. The burner of claim 32, wherein said fuel injection
device comprises a metal ring drilled with at least one ring of
orifices.

34. A method for converting an air-fuel burner into an
oxygen-fuel burner, the air fuel-burner having a first oxidizer
injection tube, a fuel injection device disposed coaxially
around the first oxidizer injection tube, and a second oxidizer
injection tube disposed coaxially around the first oxidizer
injection tube and the fuel injection device, the burner capable
of producing a flame through injection of air through the first
oxidizer tube, injection of air through a space between the
fuel injection device and the second oxidizer injection tube,
and injection of fuel through the fuel injection device, said
method comprising the step of:

providing first and second mainly inert gas injection
devices, the first mainly inert gas injection device being
suitable for injecting a first jet of mainly inert gas sur-
rounding the flame, and the first mainly inert gas injec-
tion device comprising a swirler suitable for divergently
swirling the flow of mainly inert gas passing there-
through, the second mainly inert gas injection device
being suitable for a jet of injecting mainly inert gas
surrounding the first jet, the second mainly inert gas
injection device comprising a swirler suitable for con-
vergently swirling the flow of mainly inert gas passing
through it.

35. A method of combustion, comprising the steps of:

injecting an oxidizer and a fuel into a combustion space to
create a flame;

injecting a divergently swirled jet of mainly inert gas sur-
rounding the flame; and

injecting a convergently swirled jet of mainly inerg gas
surrounding the divergently swirled jet.
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