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Description
Technical Field

[0001]
burner.

The present invention relates to a tubular flame

Background Art

[0002] As illustrated in Fig. 1, a tubular flame burner
10 includes a tubular combustion chamber 11 having an
open end, a fuel gas injection nozzle 12, and an oxygen-
containing gas injection nozzle 13. The injection nozzles
12 and 13 are each disposed on a closed end side of the
combustion chamber 11 so as to be oriented in a direction
tangential to the combustion chamber 11. The tubular
flame burner 10 forms a tubular flame 14 in the combus-
tionchamber 11. The tubular flame burner 10 is an epoch-
making burner that can reduce the size of combustion
facility and that can reduce the amounts of hazardous
substances, such as NOx, which may increase depend-
ing on the combustion conditions; unburned substances,
such as hydrocarbon; and environmental pollutants,
such as soot and smoke, and the like (see, for example,
PTLs 1 and 2).

Citation List
Patent Literature
[0003]

PTL 1: Japanese Unexamined Patent Application
Publication No. 11-281015

PTL 2: Japanese Unexamined Patent Application
Publication No. 2012-097918

[0004] US 4,687,436 A relates to a gasified fuel com-
bustion apparatus which is constructed such that an air
chamber connected with a blower is provided to surround
a cylindrical combustion chamber having an outer wall
made of a heat-resistant material. A fuel supplying tube
is provided to open tangentially in a closed end portion
of the combustion chamber and a plurality of main air
blowing holes of a comparatively large diameter are pro-
vided through the outer wall of the combustion chamber
at positions adjacent to the fuel supplying tube such that
the main air blowing holes are inclined to both of the
rotating direction of the fuel and the blowing direction of
the combustion flame. A number of auxiliary air blowing
holes having a comparatively small diameter are also
provided through the outer wall of the combustion cham-
ber at positions downstream from the main blowing holes
with orientations similar to those of the main air blowing
holes. JP 2005/265394 A and JP 2007/255744 A are
further prior art.
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Summary of Invention
Technical Problem

[0005] In order to use such a tubular flame burner as
a hot-blast generating device or the like, it is necessary
to adjust the temperature of a combustion exhaust gas
to a desired temperature. However, PTL 1 does not de-
scribe a method for adjusting the temperature of the com-
bustion exhaust gas.

[0006] In contrast, PTL 2 describes a method for ad-
justing the temperature of a combustion exhaust gas by
disposing a temperature-adjustment gas injection nozzle
for injecting a temperature-adjustment gas on an open
end side of a combustion chamber and by injecting the
temperature-adjustment gas from the nozzle. However,
as described below in detail in "Description of Embodi-
ments", with the technology described in PTL 2, a flame
failure (extinguishment of combustion) may occur.
[0007] An object of the present invention, which has
been achieved under the circumstances described
above, is to provide a tubular flame burner that can ap-
propriately adjust the temperature of a combustion ex-
haust gas and that can continue a stable combustion in
a case where the tubular flame burner is used as a hot-
blast generating device or the like.

Solution to Problem

[0008] In order to solve the problem described above,
the present invention has the following characteristics.
[0009] The invention is defined by the independent
claims.

[1] A tubular flame burner includes a tubular com-
bustion chamber having an open end, a fuel gas in-
jection nozzle, and an oxygen-containing gas injec-
tion nozzle, each of the injection nozzles being dis-
posed on a closed end side of the combustion cham-
ber so as to be oriented in a direction tangential to
an inner wall surface of the combustion chamber.
The tubular flame burner further includes a temper-
ature-adjustment gas injection nozzle and backflow
preventing means, the temperature-adjustment gas
injection nozzle being disposed on the open end side
of the combustion chamber and injecting a temper-
ature-adjustment gas for adjusting a temperature of
a combustion exhaust gas, the backflow preventing
means preventing backflow of the temperature-ad-
justment gas, which has been injected from the tem-
perature-adjustment gasinjection nozzle, toward the
fuel gas injection nozzle.

[2] In the tubular flame burner described in [1], the
backflow preventing means is provided by inclining
an injection direction of the temperature-adjustment
gas from the temperature-adjustment gas injection
nozzle in a downstream direction at an angle in the
range of 10° to 60° with respect to a plane perpen-
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dicular to an axis of the tubular combustion chamber.
[3] In the tubular flame burner described in [1], the
backflow preventing means is a turbulence generat-
ing mechanism disposed upstream of the tempera-
ture-adjustment gas injection nozzle.

[4] In the tubular flame burner described in [3], the
turbulence generating mechanism is one of an ori-
fice, a grid, and a packed bed.

[5] In the tubular flame burner described in [1], the
temperature-adjustment gas injection nozzle is sep-
arated from the fuel gas injection nozzle by a dis-
tance that is 2.5 to 3.5 times an inside diameter D of
the combustion chamber.

[6] In the tubular flame burner described in [1], the
temperature-adjustment gas injection nozzle is sep-
arated from the fuel gas injection nozzle by a dis-
tance that is 3.5 to 6 times an inside diameter D of
the combustion chamber.

[7] An unclaimed tubular flame burner includes a tu-
bular combustion chamber having an open end, a
fuel gas injection nozzle, and an oxygen-containing
gas injection nozzle, each of the injection nozzles
being disposed on a closed end side of the combus-
tion chamber so as to be oriented in a direction tan-
gential to an inner wall surface of the combustion
chamber. The tubular flame burner further includes
a temperature-adjustment gas injection nozzle dis-
posed on the open end side of the combustion cham-
ber and injecting a temperature-adjustment gas for
adjusting a temperature of a combustion exhaust
gas, and an injection direction of the temperature-
adjustment gas from the temperature-adjustment
gas injection nozzle is inclined in a downstream di-
rection at an angle in the range of 10° to 60° with
respect to a plane perpendicular to an axis of the
tubular combustion chamber.

[8] In the unclaimed tubular flame burner described
in [7], the injection direction of the temperature-ad-
justment gas is inclined in the downstream direction
at an angle in the range of 25° to 60° with respect to
the plane perpendicular to the axis of the tubular
combustion chamber. Advantageous Effects of In-
vention

[0010] The tubular flame burner according to the
present invention can appropriately adjust the tempera-
ture of a combustion exhaust gas and can continue a
stable combustionin a case where the tubular flame burn-
er is used as a hot-blast generating device or the like.

Brief Description of Drawings

[0011]
Fig. 1 illustrates a conventional tubular flame burner.
Fig. 2 illustrates a tubular flame burner on which an

embodiment of the present invention is based.
Fig. 3 illustrates a tubular flame burner according to
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a first embodiment of the present invention.

Fig. 4 is a cross-sectional view of the tubular flame
burner according to the first embodiment of the
present invention, taken along a plane passing
through a temperature-adjustment gas injection noz-
Zle.

Fig. 5illustrates another example of the tubular flame
burner according to the first embodiment of the
present invention.

Fig. 6 is a cross-sectional view of the tubular flame
burner according to the other example of the first
embodiment of the present invention, taken along a
plane passing through temperature-adjustment gas
injection nozzles.

Fig. 7 illustrates another example of the tubular flame
burner according to the first embodiment of the
present invention.

Fig. 8 is a cross-sectional view of the tubular flame
burner according to the other example of the first
embodiment of the present invention, taken along a
plane passing through temperature-adjustment gas
injection nozzles.

Fig. 9illustrates another example of the tubular flame
burner according to the first embodiment of the
present invention.

Fig. 10 is a cross-sectional view of the tubular flame
burner according to the other example of the first
embodiment of the present invention, taken along a
plane passing through temperature-adjustment gas
injection nozzles.

Fig. 11 illustrates a tubular flame burner according
to a second embodiment of the present invention.
Fig. 12 illustrates a tubular flame burner according
to the second embodiment of the present invention.
Fig. 13 illustrates a tubular flame burner according
to the second embodiment of the present invention.
Fig. 14 is a cross-sectional view of the tubular flame
burner according to the second embodiment of the
present invention, illustrating a configuration of a
temperature-adjustment gas injection nozzle.

Fig. 15 is a cross-sectional view of the tubular flame
burner according to the second embodiment of the
present invention, illustrating another configuration
of temperature-adjustment gas injection nozzles.
Fig. 16 is a cross-sectional view of the tubular flame
burner according to the second embodiment of the
present invention, illustrating another configuration
of temperature-adjustment gas injection nozzles.
Fig. 17 illustrates a combustion test device used to
test the performance of a tubular flame burner.

Description of Embodiments

[0012] Embodiments of the present invention will be
described with reference to the drawings.

[0013] Fig. 1 illustrates a conventional tubular flame
burner described in PTL 1. Fig. 2 illustrates a tubular
flame burner 10A having a temperature-adjustment gas
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injection nozzle, on which an embodiment of the present
invention is based. The tubular flame burner 10A corre-
sponds to a tubular flame burner described in PTL 2 cited
above.

[0014] Asinthe existing tubularflame burner 10 shown
in Fig. 1, the tubular flame burner 10A of Fig. 2 includes
a tubular combustion chamber 11 having an open end,
anozzle for injecting a fuel gas (fuel gas injection nozzle)
12, and a nozzle for injecting an oxygen-containing gas
(oxygen-containing gas injection nozzle) 13. Each of the
nozzles 12 and 13 is disposed on a closed end side of
the combustion chamber so as to be oriented in a direc-
tion tangential to an inner wall surface of the combustion
chamber 11. The tubular flame burner 10A forms a tu-
bular flame 14 in the combustion chamber 11. In addition
to the fuel gas injection nozzle 12 and the oxygen-con-
taining gas injection nozzle 13, the tubular flame burner
10A further includes a nozzle for injecting a temperature-
adjustment gas (temperature-adjustment gas injection
nozzle) 16 for injecting a temperature-adjustment gas 17
for adjusting the temperature of a combustion exhaust
gas 19. The temperature-adjustment gas injection nozzle
16 is disposed on the open end side of the combustion
chamber 11 so as to be oriented in a direction tangential
to the inner wall surface of the combustion chamber 11.
[0015] The tubular flame burner 10A is capable of ad-
justing the temperature of the combustion exhaust gas
19 by injecting the temperature-adjustment gas 17 from
the temperature-adjustment gas injection nozzle 16 and
mixing the combustion exhaust gas 19 with the temper-
ature-adjustment gas 17.

[0016] However, the tubular flame burner 10A occa-
sionally caused a flame failure (extinguishment of com-
bustion) when the temperature-adjustment gas 17 hav-
ing a low temperature (such as room temperature) was
injected in a certain amount or more. Moreover, it was
observed that a smaller amount of the temperature-ad-
justment gas 17 caused a flame failure in a case where
the fuel gas had a low heating value and the tubular flame
14 had a large length.

[0017] The inventors examined the cause of the flame
failure by performing a combustion test using a combus-
tion test device, a numerical simulation, and the like. As
a result, the inventors found that the flame failure occurs
through the following mechanism.

(a) Extinguishment of Combustion due to Mixing of Tem-
perature-adjustment Gas prior to Complete Combustion

[0018] Intheexistingtubularflame burner 10 described
in PTL 1, it is not necessary that the length of the com-
bustion chamber 11 be considerably large relative the
diameter D of the combustion chamber 11, provided that
mixing of the temperature-adjustment gas 17 is not per-
formed. This is because, a fuel gas, once ignited, can
complete combustion without being extinguished, as
long as mixing of the temperature-adjustment gas 17 is
not performed. A fuel, oxygen, and a gas temperature
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are three essential factors for a substance to burn. In the
tubular flame burner 10A, when the temperature-adjust-
mentgas 17, which is a gas atroom temperature, is mixed
into the tubular flame 14, the temperature of the tubular
flame 14 falls sharply and a flame failure occurs. As the
temperature-adjustment gas 17, three gases at room
temperature, i.e., a combustible gas, air, and an inert gas
(argon) were used. In any of these cases, a flame failure
occurred, and it was confirmed that a fall in the temper-
ature of the tubular flame 14 is the biggest cause of a
flame failure.

(b) Backflow of Temperature-adjustment Gas toward Up-
stream

[0019] According to conventional ideas, regarding the
tubular flame burner 10A, it was considered that the tem-
perature-adjustment gas 17 injected from the tempera-
ture-adjustment gas injection nozzle 16 in a direction tan-
gential to the inner wall surface of the combustion cham-
ber 11 was supplied to only a region located downstream
of the injection position. Therefore, it was not considered
that the temperature-adjustment gas 17 might influence
a portion of the tubular flame 14 that is located upstream
of the injection position (and might extinguish the tubular
flame 14). However, in reality, it was observed in a com-
bustion test that, when the temperature-adjustment gas
17 was injected, not only the diameters of the tubular
flame 14 at the injection position and a position down-
stream of the injection position but also the diameter of
the tubular flame 14 at a position upstream of the injection
position decreased. Moreover, as a result of a numerical
simulation, it was found that, even when the exhaust gas
(combustion exhaust gas) 19 of the tubular flame 14 was
flowing downstream, the temperature-adjustment gas 17
injected from the temperature-adjustment gas injection
nozzle 16 tended to diffuse from the injection position in
a concentric manner. Accordingly, as illustrated in Fig.
2, a portion 18 of the temperature-adjustment gas 17
flowed upstream (flowed back) along the inner wall sur-
face of the combustion chamber 11, even if over a short
distance.

[0020] From the above results, the inventors obtained
the following conclusion. In order to mix the temperature-
adjustment gas 17 while reliably preventing a flame fail-
ure, it is necessary to inject the temperature-adjustment
gas 17 to a position behind a position at which a fuel gas
and an oxygen-containing gas forming the tubular flame
14 have completed combustion and to prevent backflow
of the temperature-adjustment gas 17 toward the fuel
gas injection nozzle 12. To be specific, it is necessary to
inject the temperature-adjustment gas 17 to a position
downstream of the position at which the tubular flame 14
is formed and to prevent backflow of the temperature-
adjustmentgas 17 toward the fuel gas injection nozzle 12.
[0021] In order to realize prevention of backflow, the
inventors conceived tubular flame burners according to
embodiments (a first embodiment and a second embod-



7 EP 2 762 779 B1 8

iment) of the present invention described below.
First Embodiment

[0022] Fig. 3 illustrates a flame burner 10B according
to the first embodiment of the present invention. Fig. 4 is
a cross-sectional view of the tubular flame burner 10B
illustrating a configuration of the temperature-adjustment
gas injection nozzle 16.

[0023] The tubular flame burner 10B according to the
first embodiment is configured to prevent backflow of the
portion 18 of the temperature-adjustment gas 17 in the
upstream direction, which is shown in Fig. 2.

[0024] In other words, as illustrated in Fig. 3, the tem-
perature-adjustment gas injection nozzle 16 is disposed
at an angle 6 so that the temperature-adjustment gas 17
is injected in a direction thatis inclined in the downstream
direction at the angle 6 with respect to a direction per-
pendicular to the axis of a tubular combustion chamber
117. To be specific, the angle 8 is in the range of 10° to
60° (10° < 6 <60°). It is preferable that the angle 6 be in
the range of 25° to 60°.

[0025] It was confirmed in a numerical simulation that,
when the angle 6 was 10° or more, backflow of the tem-
perature-adjustment gas 17 decreased, and, when the
angle 6 was 45°, backflow of the temperature-adjustment
gas 17 was almost eliminated. By setting the angle 6 to
be 60° or less, production is very easy because interfer-
ence between the temperature-adjustment gas injection
nozzle 16 and the combustion chamber 11 is small.
[0026] The temperature-adjustment gas 17 may be in-
jected in a direction that is inclined in the downstream
direction at the angle 0 by, instead of disposing the tem-
perature-adjustment gas injection nozzle 16 so as to be
inclined at the angle 6, providing a mechanism (such as
straightening vanes 25) for making the flow of the tem-
perature-adjustment gas 17 be inclined at the angle 0 in
the adjustment gas injection nozzle 16.

[0027] Thus, the tubular flame burner 10B according
to the first embodiment prevents backflow of the temper-
ature-adjustment gas 17 by injecting the temperature-
adjustment gas 17 at an injection angle that is inclined
in the downstream direction by a predetermined angle 6
(10° <6 £60°). As a result, without increasing the length
of the combustion chamber 11, it is possible to appropri-
ately adjust the temperature of the combustion exhaust
gas 19 while reliably preventing a flame failure.

[0028] AsillustratedinFig. 4, whichis across-sectional
view of the tubular flame burner 10B taken along a plane
passing through the temperature-adjustment gas injec-
tion nozzle 16, a single temperature-adjustment gas in-
jection nozzle 16 injects the temperature-adjustment gas
17 in a direction tangential to the inner wall surface of
the combustion chamber 11. However, the temperature-
adjustment gas injection nozzle 16 may be configured in
a different manner.

[0029] For example, Fig. 5 illustrates a tubular flame
burner 10B,, and Fig. 6 is a cross-sectional view of the
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tubular flame burner 10B, taken along a plane passing
through temperature-adjustment gas injection nozzles
16. As shown in Figs. 5 and 6, a plurality of (three, in Fig.
6) temperature-adjustment gas injection nozzles 16 may
inject the temperature-adjustment gas 17 in directions
tangential to the inner wall surface of the combustion
chamber 11.

[0030] Itis not necessary that the temperature-adjust-
ment gas be injected in a direction tangential to the inner
wall surface of the combustion chamber 11. Fig. 7 illus-
trates a tubular flame burner 10B,, and Fig. 8 is a cross-
sectional view of the tubular flame burner 10B, taken
along a plane passing through temperature-adjustment
gas injection nozzles 16. As shown in Figs. 7 and 8, a
plurality of (three, in Fig. 8) temperature-adjustment gas
injection nozzles 16 may inject the temperature-adjust-
ment gas 17 toward a central part of the combustion
chamber 11.

[0031] Fig. 9 illustrates a tubular flame burner 10B;,
and Fig. 10 is a cross-sectional view of the tubular flame
burner 10B5 taken along a plane passing through tem-
perature-adjustment gas injection nozzles 16. As shown
in Fig. 9 and 10, the combustion chamber 11 may have
a portion having a decreasing inside diameter near an
end of the tubular flame 14, and a predetermined number
of (three, in Fig. 10) temperature-adjustment gas injec-
tion nozzles 16 may inject the temperature-adjustment
gas 17 at the portion toward a central part of the com-
bustion chamber 11.

[0032] The shape of eachtemperature-adjustment gas
injection nozzle 16 may be the same as that of the tubular
flame burner 10B (Figs. 3 and 4), which has a rectangular
cross section (slit nozzle); or any one of those of the
tubular flame burner 10B4 (Figs. 5 and 6), the tubular
flame burner 10B, (Figs. 7 and 8), and the tubular flame
burner 10B5 (Figs. 9 and 10), each of which has a circular
cross section.

[0033] Inshort, the shapes and the number of the tem-
perature-adjustment gas injection nozzles 16 may be ap-
propriately determined so that the temperature-adjust-
ment gas may have a desired flow rate and a desired
flow speed.

Second Embodiment

[0034] Figs. 11,12, and 13 respectively illustrate tubu-
lar flame burners 10C, 10D, and 10E according to the
second embodiment of the present invention.

[0035] The tubular flame burners 10C, 10D, and 10E
according to the second embodiment actively accelerate
combustion of the tubular flame 14 so that a burnout po-
sition at which combustion is completed is moved up-
stream from a position at which combustion is completed
naturally, and the temperature-adjustment gas injection
nozzle 16 is disposed downstream of the burnout posi-
tion.

[0036] In other words, a turbulence generating mech-
anism 20 is disposed at a position downstream of the
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tubular flame 14 and upstream of the temperature-ad-
justment gas injection nozzle 16. By doing so, oxygen
and a fuel gas are mixed with each other at a high tem-
perature and combustion is accelerated and forcibly com-
pleted without allowing the temperature of the tubular
flame 14 to fall due to backflow of the temperature-ad-
justment gas 17.

[0037] To be specific, the tubular flame burner 10C il-
lustrated in Fig. 11 has an orifice 21 as the turbulence
generating mechanism 20. The tubular flame burner 10D
illustrated in Fig. 12 has a grid (mesh) 22 as the turbu-
lence generating mechanism 20. The tubular flame burn-
er 10E illustrated in Fig. 13 has a packed bed 23 (includ-
ing, for example, sintered ceramic balls) as the turbu-
lence generating mechanism 20.

[0038] By disposing the turbulence generating mech-
anism 20, an advantageous effect is obtained in that the
tubular flame 14 is maintained to be stable, because
backflow of the temperature-adjustment gas 17 in the
upstream direction along the inner wall surface of the
combustion chamber 11 is prevented.

[0039] Thus, in the tubular flame burners 10C, 10D,
and 10E according to the second embodiment, the tur-
bulence generating mechanism 20 is disposed down-
stream of the tubular flame 14. Accordingly, without in-
creasing the length of the combustion chamber 11, it is
possible to appropriately adjust the temperature of the
combustion exhaust gas 19 while reliably preventing a
flame failure.

[0040] In the second embodiment (Figs. 11 to 13), as
illustrated in Fig. 14, whichis a cross-sectional view taken
along a plane passing through the temperature-adjust-
ment gas injection nozzle 16, a single temperature-ad-
justment gas injection nozzle 16 injects the temperature-
adjustment gas 17 in a direction tangential to the inner
wall surface of the combustion chamber 11. However,
the temperature-adjustment gas injection nozzle 16 may
be configured in a different manner.

[0041] For example, as illustrated in Fig. 15, which is
a cross-sectional view, a plurality of (three, in Fig. 15)
temperature-adjustment gas injection nozzles 16 may in-
ject the temperature-adjustment gas 17 in directions tan-
gential to the inner wall surface of the combustion cham-
ber 11. It is not necessary that the temperature-adjust-
ment gas be injected in a direction tangential to the inner
wall surface of the combustion chamber 11. Forexample,
as illustrated in Fig. 16, which is a sectional view, a plu-
rality of (three, in Fig. 16) temperature-adjustment gas
injection nozzles 16 may inject the temperature-adjust-
ment gas 17 toward a central part of the combustion
chamber 11.

[0042] The shape of eachtemperature-adjustmentgas
injection nozzle 16 may be the same as any one of those
of the tubular flame burner 10C (Figs. 11 and 14), the
tubular flame burner 10D (Figs. 12 and 14), and the tu-
bular flame burner 10E (Figs. 13 and 14), each of which
has a rectangular cross section (slit nozzle); or any one
of those of Figs. 15 and 16, each of which has a circular
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cross section.

[0043] Inshort, the shapes and the number of the tem-
perature-adjustment gas injection nozzles 16 may be ap-
propriately determined so that the temperature-adjust-
ment gas may have a desired flow rate and a desired
flow speed.

[0044] A fuel gas used in the present invention is not
particularly limited. However, the present invention pro-
vides a greater advantage in a case where a low-heating-
value gas, which is more likely to cause a flame failure
when the temperature-adjustment gas 17 is injected as
illustrated in Fig. 2, is used as the fuel gas. Examples of
a low-heating-value gas include gases having heating
values in the range of 2510 to 3766 kJ/Nm3 (600 to 900
kcal/Nm3) and in particular in the range of 2510 to 3347
kJ/Nm3 (600 to 800 kcal/Nm3) such as a blast furnace
gas (BFG), a CDQ gas, an exhaust gas including a small
amount of combustible component, and the like.

[0045] Itis preferable that the temperature-adjustment
gas injection nozzle 16 be disposed at a position behind
a position at which the gases (a fuel gas and an oxygen-
containing gas), which form the tubular flame 14, have
completed combustion. This position changes depend-
ing on the heating value of the fuel gas and the flow
speeds of gases in the combustion chamber.

[0046] For example, in a case where a gas having a
comparatively high heating value is used as a fuel gas,
it is preferable that the distance L between the position
of the fuel gas injection nozzle 12 and the position of the
temperature-adjustment gas injection nozzle 16 be in the
range of 2.5 to 3.5 times the inside diameter D of the
combustion chamber 11. It is more preferable that the
distance L be in the range of 2.5 to 3.0 times the inside
diameter D, because, in this case, the length of the com-
bustion chamber 11 (burner length) can be decreased.

[0047] For example, in a case where a low-heating-
value gas having a heating value of 3347 kJ/Nm3 (800
kcal/Nm3) or less is used as fuel gas, it is preferable that
the distance L between the position of the fuel gas injec-
tion nozzle 12 and the position of the temperature-ad-
justment gas injection nozzle 16 be in the range of 3.5
to 6 times the inside diameter D of the combustion cham-
ber 11. It is more preferable that the distance L be in the
range of 4.0 to 5.0 times the inside diameter D, because,
in this case, the length of the combustion chamber 11
(burner length) can be decreased.

[0048] As described above, a necessary length of the
combustion chamber 11 (the length of a combustion zone
of the tubular flame) changes depending on the heating
value of the fuel gas. In any of the cases, the length of
the combustion chamber 11 can be easily decreased with
the present invention.

[0049] Regarding the temperature-adjustment gas,
the temperature and the feed amount of the temperature-
adjustment gas may be appropriately set so that the tem-
perature of the combustion exhaust gas can be adjusted
to a desired temperature. For example, in a case where
the combustion exhaust gas is injected into a blast fur-
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nace as a preheating gas, it is preferable that the tem-
perature of the preheating gas be 500°C or higher and it
is more preferable that the temperature be 800°C or high-
er. In this case, the temperature and the feed amount of
the temperature-adjustment gas may be set so that the
preheating gas can have such a temperature. In a case
where the temperature-adjustment gas needs to also
have a function of adjusting the composition of the pre-
heating gas, it is preferable that the temperature-adjust-
ment gas include a reduction gas such as CO or H,. For
example, at least one of a blast furnace gas, a converter
gas, a coke-oven gas, and the like may be used. In par-
ticular, it is preferable that a part of a blast furnace gas
be extracted and used as the temperature-adjustment
gas.

Example 1

[0050] As Example 1 of the presentinvention, the per-
formance of the tubular flame burner 10B according to
the first embodiment of the present invention was exam-
ined by using a combustion test device 30 shown in Fig.
17.

[0051] In this test, the tubular flame burner 10 was at-
tached to a furnace body 31, and a diluted LPG (diluted
propane gas, having a heating value of 10042 kJ/Nm3
(2400 kcal/Nm3)) made by diluting LPG (propane gas)
with nitrogen at a ratio of ten was used as a fuel gas, and
air was used as an oxygen-containing gas. The sizes of
the fuel gas injection nozzle 12 and the oxygen-contain-
ing gas injection nozzle 13 were adjusted so that the in-
jection speeds of the fuel gas and air respectively injected
in directions tangential to the inner wall surface of the
combustion chamber 11 would be about 9 times the
speed of a mixed gas formed in the combustion chamber
11.

[0052] As the temperature-adjustment gas 17, three
types of gases, which were a diluted LPG (diluted pro-
pane gas) made by diluting LPG with nitrogen at a ratio
often, nitrogen, and air, were used. The injection amount
of the temperature-adjustment gas 17 was set to be the
same as the amount of combustion exhaust gas, and the
size of the temperature-adjustment gas injection nozzle
16 was adjusted so that the injection speed of the tem-
perature-adjustment gas 17 would be about 9 times the
speed of a mixed gas formed in the combustion chamber
11.

[0053] Theinside diameter of the combustion chamber
11 was about 200 mm. The entirety of the tubular flame
burner 10 had a length of 3 m so that the influence the
injection position of the temperature-adjustment gas
could be examined.

[0054] Because the temperature of the combustion ex-
haust gas would become as high as about 2000°C when
the temperature-adjustment gas 17 was not injected, the
combustion exhaust gas discharged from the furnace
body 31 is cooled by using a sprinkler device 32 and then
discharged from a smokestack 33. The entirety of the
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furnace body 31 was covered with refractories, and pipes
to an upper roof portion and the sprinkler device 32 had
a water-cooling structure. An inspection window, an ig-
nition plug, and a luminance detector were disposed at
the rear end of the tubular flame burner 10. The tubular
flame burner 10 was configured so that supply of propane
gas could be instantaneously stopped upon detection of
a flame failure by the luminance detector.

[0055] The results of assessing and examining the per-
formances of tubular flame burners will be described be-
low. A case where air was used as the temperature-ad-
justment gas 17 will be described here, because the
same results were obtained for the cases where a diluted
LPG (diluted propane gas), nitrogen, and air were used
as the temperature-adjustment gas 17.

[0056] In order to examine the performance of the tu-
bular flame burner 10A, on which the first embodiment
of the present invention is based, an experiment was
performed in which the distance L from the position of
the fuel gas injection nozzle 12 to the position of the tem-
perature-adjustment gas injection nozzle 16 was
changed.

[0057] As aresult, in a case where the distance L was
2.5 times the inside diameter D of the combustion cham-
ber 11, a flame failure occurred as soon as the temper-
ature-adjustment gas (air) was mixed. After the temper-
ature-adjustment gas (air) was mixed, it was not possible
to ignite by using the ignition plug. In a case the distance
L was 3 times the inside diameter D of the combustion
chamber, when the temperature-adjustment gas (air)
was injected, combustion occurred but continued for only
20 minutes or shorter, and it was necessary to reignite
after a flame failure occurred. On the other hand, in a
case where the distance L was 3.5 times the inside di-
ameter D of the combustion chamber 11, combustion
continued when the temperature-adjustment gas (air)
was injected, and stable combustion continued for at
least for 60 minutes. Also in a case where the distance
L was 4 times the inside diameter D of the combustion
chamber 11, stable combustion continued for 60 minutes
or longer.

[0058] In order to examine the performance of the tu-
bular flame burner 10B according to the first embodiment
of the presentinvention, the temperature-adjustment gas
injection nozzle 16 was disposed at an inclination angle
6 of 30°, and an experiment was performed in which the
distance L from the position of the fuel gas injection noz-
zle 12 to the position of the temperature-adjustment gas
injection nozzle 16 was changed. In the experiment, in
order to smooth out the flow of the temperature-adjust-
ment gas 17, four straightening vanes 25 were disposed
in the temperature-adjustment gas injection nozzle 16.
[0059] As aresult, stable combustion continued for 60
minutes or longer in any of cases where the distance L
was 2.5 times and 3.5 times the inside diameter D of the
combustion chamber 11.

[0060] Next, the fuel gas was changed to a blast fur-
nace gas (having a heating value of 3180 kJ/Nm3 (760
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kcal/Nm3)), the temperature-adjustment gas 17 was also
changed to the blast furnace gas, the oxygen-containing
gas was not changed from air, and the same experiment
was performed.

[0061] As aresult, for the tubular flame burner 10A, on
which the first embodiment of the present invention is
based, in a case where the distance L was 3 times the
inside diameter D of the combustion chamber 11, a flame
failure occurred as soon as the temperature-adjustment
gas (air) was mixed. In cases where the distance L was
3.5 times, 4 times, and 5 times the inside diameter D of
the combustion chamber, combustion continued for 5
minutes or shorter, 20 minutes or shorter, and 60 minutes
or shorter, respectively. On the other hand, when the
distance L was 6 times the inside diameter D of the com-
bustion chamber 11, stable combustion continued for 60
minutes or longer.

[0062] In contrast, with the tubular flame burner 10B
according to the first embodiment of the present inven-
tion, in the case where the distance L was 3 times the
inside diameter D of the combustion chamber 11, com-
bustion continued for 60 minutes or shorter. In any of the
cases where the distance L was 3.5 times, 4 times, 5
times, and 6 times the inside diameter D of the combus-
tion chamber, stable combustion continued for 60 min-
utes or longer.

[0063] An experiment the same as that for the tubular
flame burner 10B described above was performed for
each of other examples of the tubular flame burner 10B
according to the first embodiment of the present inven-
tion, which were the tubular flame burner 10B, (Figs. 5
and 6), the tubular flame burner 10B, (Figs. 7 and 8),
and the tubular flame burner 10B5 (Figs. 9 and 10). A
result the same as that for the tubular flame burner 10B
was obtained for any of these burners.

[0064] Thus, the effectiveness of the present invention
was proved.

Example 2

[0065] As Example 2 of the presentinvention, the per-
formances of the tubular flame burners 10C, 10D, and
10E according to the second embodiment of the present
invention were examined by using the combustion test
device 30 shown in Fig. 17.

[0066] In this test, the tubular flame burner 10 was at-
tached to a furnace body 31, and a diluted LPG (diluted
propane gas, having a heating value of 10042 kJ/Nm3
(2400 kcal/Nm3) made by diluting LPG (propane gas)
with nitrogen at a ratio of ten was used as a fuel gas, and
air was used as an oxygen-containing gas. The sizes of
the fuel gas injection nozzle 12 and the oxygen-contain-
ing gas injection nozzle 13 were adjusted so that the in-
jection speeds of the fuel gas and air respectively injected
in directions tangential to the inner wall surface of the
combustion chamber 11 would be about 9 times the
speed of a mixed gas formed in the combustion chamber
11.
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[0067] As the temperature-adjustment gas 17, three
types of gases, which were a diluted LPG (diluted pro-
pane gas) made by diluting LPG with nitrogen at a ratio
of ten, nitrogen, and air, were used. The injection amount
of the temperature-adjustment gas 17 was set to be the
same as the amount of combustion exhaust gas, and the
size of the temperature-adjustment gas injection nozzle
16 was adjusted so that the injection speed of the tem-
perature-adjustment gas 17 would be about 9 times the
speed of a mixed gas formed in the combustion chamber
11.

[0068] The inside diameter of the combustion chamber
11 was about 200 mm. The entirety of the tubular flame
burner 10 had a length of 3 m so that the influence the
injection position of the temperature-adjustment gas
could be examined.

[0069] Because the temperature of the combustion ex-
haust gas would become as high as about 2000°C when
the temperature-adjustment gas 17 was not injected, the
combustion exhaust gas discharged from the furnace
body 31 is cooled by using a sprinkler device 32 and then
discharged from a smokestack 33. The entirety of the
furnace body 31 was covered with refractories, and pipes
to an upper roof portion and the sprinkler device 32 had
a water-cooling structure. An inspection window, an ig-
nition plug, and a luminance detector were disposed at
the rear end of the tubular flame burner 10. The tubular
flame burner 10 was configured so that supply of propane
gas could be instantaneously stopped upon detection of
a flame failure by the luminance detector.

[0070] The results of assessing and examining the per-
formances of tubular flame burners will be described be-
low. A case where air was used as the temperature-ad-
justment gas 17 will be described here, because the
same results were obtained for the cases where a diluted
LPG (diluted propane gas), nitrogen, and air were used
as the temperature-adjustment gas 17.

[0071] As in Example 1, in order to examine the per-
formance of the tubular flame burner 10A, on which the
second embodiment of the present invention is based,
an experiment was performed in which the distance L
from the position of the fuel gas injection nozzle 12 to the
position of the temperature-adjustment gas injection noz-
zle 16 was changed.

[0072] As aresult, as in Example 1, in a case where
the distance L was 2.5 times the inside diameter D of the
combustion chamber 11, aflame failure occurred as soon
as the temperature-adjustment gas (air) was mixed. After
the temperature-adjustment gas (air) was mixed, it was
not possible to ignite by using the ignition plug. In a case
the distance L was 3 times the inside diameter D of the
combustion chamber, when the temperature-adjustment
gas (air) was injected, combustion occurred but contin-
ued for only 20 minutes or shorter, and it was necessary
to reignite after a flame failure occurred. On the other
hand, in a case where the distance L was 3.5 times the
inside diameter D of the combustion chamber 11, com-
bustion continued when the temperature-adjustment gas
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(air) was injected, and stable combustion continued for
at least for 60 minutes. Also in a case where the distance
L was 4 times the inside diameter D of the combustion
chamber 11, stable combustion continued for 60 minutes
or longer.

[0073] In order to examine the performance of each of
the tubular flame burners 10C, 10D, and 10E according
to the second embodiment of the present invention, the
turbulence generation mechanism 20 (orifice 21, grid 22,
or packed bed 23) was disposed immediately upstream
of the temperature-adjustment gas injection nozzle 16,
and an experiment was performed in which the distance
L from the position of the fuel gas injection nozzle 12 to
the position of the temperature-adjustment gas injection
nozzle 16 was changed. A ring-shaped ceramic plate
having a hole having an inside diameter of 120 mm was
used as the orifice 21. Due to the presence of the orifice
21, the cross-sectional area of a flow path in the com-
bustion chamber 11 was decreased by half in a part of
the combustion chamber 11 and the pressure loss in-
creased. The grid 22 was made of a ceramic and had
eight bars. Due to the presence of the grid 22, the cross-
sectional area of the flow passage in the combustion
chamber 11 decreased in a part thereof. The packed bed
23 included five layers of sintered ceramic particles each
having aninside diameter D thatwas 1/10 of the diameter
of the combustion chamber 11.

[0074] As a result, stable combustion continued for 60
minutes or longer in any of cases where the distance L
was 2.5 times and 3.5 times the inside diameter D of the
combustion chamber 11.

[0075] Next, the fuel gas was changed to a blast fur-
nace gas (having a heating value of 3180 kJ/Nm3 (760
kcal/Nm3)), the temperature-adjustment gas 17 was also
changed to the blast furnace gas, the oxygen-containing
gas was not changed from air, and the same experiment
was performed.

[0076] As aresult, for the tubular flame burner 10A, on
which the second embodiment of the present invention
is based, in a case where the distance L was 3 times the
inside diameter D of the combustion chamber 11, a flame
failure occurred as soon as the temperature-adjustment
gas (air) was mixed. In cases where the distance L was
3.5 times, 4 times, and 5 times the inside diameter D of
the combustion chamber, combustion continued for 5
minutes or shorter, 20 minutes or shorter, and 60 minutes
or shorter, respectively. On the other hand, when the
distance L was 6 times the inside diameter D of the com-
bustion chamber 11, stable combustion continued for 60
minutes or longer.

[0077] In contrast, with the tubular flame burners 10C,
10D, and 10E according to the second embodiment of
the present invention, in the case where the distance L
was 3 times the inside diameter D of the combustion
chamber 11, combustion continued for 60 minutes or
shorter. In any of the cases where the distance L was
3.5 times, 4 times, 5 times, and 6 times the inside diam-
eter D of the combustion chamber, stable combustion
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continued for 60 minutes or longer.

[0078] Anexperimentthe same as those for the tubular
flame burners 10C, 10D, and 10E described above (each
having a configuration shown in Fig. 14) was performed
for each of the tubular flame burners 10C, 10D, and 10E
according to the second embodiment of the present in-
vention having the temperature-adjustment gas injection
nozzles 16 having other configurations (Figs. 15 and 16).
In any of these cases, the results the same as those for
the tubular flame burners 10C, 10D, and 10E (Fig. 14)
were obtained.

[0079] Thus, the effectiveness of the present invention
was proved.

Reference Signs List

[0080]

10 tubular flame burner

10A tubular flame burner

10B tubular flame burner

10B, tubular flame burner

10B, tubular flame burner

10B;  tubular flame burner

10C tubular flame burner

10D tubular flame burner

10E tubular flame burner

11 combustion chamber

12 fuel gas injection nozzle

13 oxygen-containing gas injection nozzle
14 tubular flame

16 temperature-adjustment gas injection nozzle
17 temperature-adjustment gas

18 backflow portion of temperature-adjustment gas
19 combustion exhaust gas

20 turbulence generating mechanism

21 orifice

22 grid

23 packed bed

25 straightening vanes

30 combustion test device

31 furnace body

32 sprinkler device

33 smokestack

Claims

1. A tubular flame burner (10A) comprising a tubular
combustion chamber (11) having an open end, a fuel
gas injection nozzle (12), and an oxygen-containing
gas injection nozzle (13), each of the injection noz-
zles (12, 13) being disposed on a closed end side of
the combustion chamber (11) so as to be oriented
in a direction tangential to an inner wall surface of
the combustion chamber (11),
wherein the tubular flame burner further comprises
a temperature-adjustment gas injection nozzle (16)
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and backflow preventing means, the temperature-
adjustment gas injection nozzle (16) being disposed
on the open end side of the combustion chamber
(11) and injecting a temperature-adjustment gas for
adjusting a temperature of a combustion exhaust
gas, the backflow preventing means preventing
backflow of the temperature-adjustment gas, which
has been injected from the temperature-adjustment
gas injection nozzle (16), toward the fuel gas injec-
tion nozzle (12), wherein the backflow preventing
means is provided by inclining an injection direction
of the temperature-adjustment gas from the temper-
ature-adjustment gasinjection nozzle (16) in a down-
stream direction at an angle in the range of 10° to
60° with respect to a plane perpendicular to an axis
of the tubular combustion chamber (11).

A tubular flame burner (10A) comprising a tubular
combustion chamber (11) having an open end, afuel
gas injection nozzle (12), and an oxygen-containing
gas injection nozzle (13), each of the injection noz-
zles (12, 13) being disposed on a closed end side of
the combustion chamber (11) so as to be oriented
in a direction tangential to an inner wall surface of
the combustion chamber (11),

wherein the tubular flame burner further comprises
a temperature-adjustment gas injection nozzle (16)
and backflow preventing means, the temperature-
adjustment gas injection nozzle (16) being disposed
on the open end side of the combustion chamber
(11) and injecting a temperature-adjustment gas for
adjusting a temperature of a combustion exhaust
gas, the backflow preventing means preventing
backflow of the temperature-adjustment gas, which
has been injected from the temperature-adjustment
gas injection nozzle (16), toward the fuel gas injec-
tion nozzle (12), wherein the backflow preventing
means is a turbulence generating mechanism (20)
disposed upstream of the temperature-adjustment
gas injection nozzle (16).

The tubular flame burner according to Claim 2,
wherein the turbulence generating mechanism is
one of an orifice (21), a grid (22), and a packed bed
(23).

The tubular flame burner according to Claim 1 or 2,
wherein the temperature-adjustment gas injection
nozzle (16) is separated from the fuel gas injection
nozzle (12) by a distance that is 2.5 to 3.5 times an
inside diameter D of the combustion chamber (11).

The tubular flame burner according to Claim 1 or 2,
wherein the temperature-adjustment gas injection
nozzle (16) is separated from the fuel gas injection
nozzle (12) by a distance that is 3.5 to 6 times an
inside diameter D of the combustion chamber (11).
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Patentanspriiche

1.

Réhrenférmiger Flammenbrenner (10A), der eine
réhrenférmige Brennkammer (11), die ein offenes
Ende aufweist, eine Injektionsdise (12) fur Brenn-
gas und eine Injektionsdise (13) fir Sauerstoff ent-
haltendes Gas aufweist, wobei jede der Injektions-
disen (12, 13) an einer geschlossenen Endseite der
Brennkammer (11) angeordnet ist, sodass sie in ei-
ner Richtung, die tangential zu einer Innenwando-
berflache der Brennkammer (11) verlauft, ausgerich-
tet ist,

wobei der réhrenférmige Flammenbrenner ferner ei-
ne Injektionsdiise (16) fur Temperatureinstellgas
und ein Ruckflussverhinderungsmittel umfasst, die
Injektionsdiise (16) fir Temperatureinstellgas an der
offenen Endseite der Brennkammer (11) angeordnet
ist und ein Temperatureinstellgas zum Einstellen ei-
ner Temperatur eines Verbrennungsabgases inji-
ziert, das Ruckflussverhinderungsmittel einen Riick-
fluss des Temperatureinstellgases, das von der In-
jektionsduse (16) fir Temperatureinstellgas injiziert
worden ist, in Richtung der Injektionsdise (12) fir
Brenngas verhindert, wobei das Ruickflussverhinde-
rungsmittel durch Neigen einer Injektionsrichtung
des Temperatureinstellgases aus der Injektionsdu-
se (16) fur Temperatureinstellgas in eine Richtung
nach stromabwarts in einem Winkel im Bereich von
10° bis 60° mit Bezug auf eine Ebene, die rechtwink-
lig zu einer Achse der rohrenférmigen Brennkammer
(11) ist, vorgesehen ist.

Réhrenférmiger Flammenbrenner (10A), umfas-
send eine réhrenférmige Brennkammer (11), die ein
offenes Ende aufweist, eine Injektionsdise (12) fur
Brenngas und eine Injektionsdiise (13) fir ein Sau-
erstoff enthaltendes Gas, wobei jede der Injektions-
disen (12, 13) an einem geschlossenen Ende der
Brennkammer (11) angeordnet ist, sodass sie in ei-
ner Richtung, die tangential zu einer Innenwando-
berflache der Brennkammer (11) verlauft, ausgerich-
tet ist,

wobei der réhrenfédrmige Flammenbrenner ferner ei-
ne Injektionsdise (16) fur Temperatureinstellgas
umfasst und ein Rickflussverhinderungsmittel, die
Injektionsdiise (16) fir Temperatureinstellgas an der
offenen Endseite der Brennkammer (11) angeordnet
ist und ein Temperatureinstellgas zum Einstellen ei-
ner Temperatur eines Verbrennungsabgases inji-
ziert, das Ruckflussverhinderungsmittel Rickfluss
des Temperatureinstellgases, das aus der Injekti-
onsduse (16) fir Temperatureinstellgas injiziert wor-
den ist, zur Injektionsdise (12) fiir Brenngas verhin-
dert,

wobei das Ruickflussverhinderungsmittel ein Turbu-
lenz erzeugender Mechanismus (20) ist, der strom-
aufwarts der Injektionsduse (16) fir Temperaturein-
stellgas angeordnet ist.
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Réhrenférmiger Flammenbrenner nach Anspruch 2,
wobei der Turbulenzen erzeugende Mechanismus
eine Blende (21), ein Gitter (22) oder eine Schittung
(23) ist.

Réhrenférmiger Flammenbrenner nach Anspruch 1
oder 2, wobei die Injektionsduse (16) fur Tempera-
tureinstellgas von der Injektionsdise (12) fir Brenn-
gas durch einen Abstand getrennt ist, der das 2,5-
bis 3,5-fache eines Innendurchmessers D der
Brennkammer (11) betragt.

Réhrenférmiger Flammenbrenner nach Anspruch 1
oder 2, wobei die Injektionsdise (16) fur Tempera-
tureinstellgas von der Injektionsdise (12) fir Brenn-
gas durch einen Abstand getrennt ist, der das 3,5-
bis 6-fache eines Innendurchmessers D der Brenn-
kammer (11) betragt.

Revendications

Brileur a flamme tubulaire (10A) comprenant une
chambre de combustion tubulaire (11) ayant une ex-
trémité ouverte, une buse d’injection de gaz com-
bustible (12) et une buse d'’injection de gaz conte-
nant de I'oxygéne (13), chacune des buses d’injec-
tion (12, 13) étant disposée sur un cété d’extrémité
fermé de la chambre de combustion (11) de maniére
a étre orientée dans une direction tangentielle a une
surface de paroi interne de la chambre de combus-
tion (11),

dans lequel le braleur a flamme tubulaire comprend
en outre une buse d’injection de gaz de réglage de
température (16) et un moyen de prévention de re-
flux, la buse d’injection de gaz de réglage de tem-
pérature (16) étant disposée sur le coté d’extrémité
ouvert de la chambre de combustion (11) etinjectant
un gaz de réglage de température pour régler une
température d’'un gaz d’échappement de combus-
tion, le moyen de prévention de reflux empéchant le
reflux du gaz de réglage de température qui a été
injecté par la buse d’injection de gaz de réglage de
température (16), vers la buse d’injection de gaz
combustible (12), dans lequel le moyen de préven-
tion de reflux est disposé en inclinant une direction
d’injection du gaz de réglage de température a partir
de la buse d’injection de gaz de réglage de tempé-
rature (16) dans une direction aval sous un angle
dans la plage de 10° a 60° par rapport a un plan
perpendiculaire a un axe de la chambre de combus-
tion tubulaire (11).

Brdleur a flamme tubulaire (10A) comprenant une
chambre de combustion tubulaire (11) ayant une ex-
trémité ouverte, une buse d’injection de gaz com-
bustible (12) et une buse d'’injection de gaz conte-
nant de I'oxygéne (13), chacune des buses d’injec-
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tion (12, 13) étant disposée sur un cété d’extrémité
fermé de la chambre de combustion (11) de maniéere
a étre orientée dans une direction tangentielle a une
surface de paroi interne de la chambre de combus-
tion (11),

dans lequel le braleur a flamme tubulaire comprend
en outre une buse d’injection de gaz de réglage de
température (16) et un moyen de prévention de re-
flux, la buse d’injection de gaz de réglage de tem-
pérature (16) étant disposée sur le cété d’extrémité
ouvert de lachambre de combustion (11) etinjectant
un gaz de réglage de température pour régler une
température d’'un gaz d’échappement de combus-
tion, le moyen de prévention de reflux empéchant le
reflux du gaz de réglage de température qui a été
injecté par la buse d’injection de gaz de réglage de
température (16), vers la buse d’injection de gaz
combustible (12), dans lequel le moyen de préven-
tion de reflux est un mécanisme générateur de tur-
bulences (20) disposé en amont de la buse d’injec-
tion de gaz de réglage de température (16).

Braleur a flamme tubulaire selon la revendication 2,
dans lequel le mécanisme générateur de turbulen-
ces est I'un formé d’un orifice (21), d’une grille (22)
et d’'un lit tassé (23).

Brileur a flamme tubulaire selon la revendication 1
ou 2, dans lequel la buse d’injection de gaz de ré-
glage de température (16) est séparée de la buse
d’injection de gaz combustible (12) d’'une distance
qui estde 2,5 a 3,5 fois un diametre interne D de la
chambre de combustion (11).

Brileur a flamme tubulaire selon la revendication 1
ou 2, dans lequel la buse d’injection de gaz de ré-
glage de température (16) est séparée de la buse
d’injection de gaz combustible (12) d’'une distance
qui est de 3,5 a 6 fois un diamétre interne D de la
chambre de combustion (11).
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