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BURNER DEVICE AND MULTI-TUBE THROUGH-FLOW BOILER DEVICE

Aburner device (1) for supplying a mixture (MG)

of a fuel gas (F) and a combustion-supporting gas (A)
into a combustion region (R) includes: a primary mixing
path (27) configured to be introduced with and mix the
fuel gas and the combustion-supporting gas; a secondary
mixing chamber (33) defined inside a wall surface having
a rotating-body shape and configured to be introduced
with and further mix the mixture (MG) from the primary
mixing path (27); and a plurality of mixture introduction
holes (35) defined in a circumferential wall (5a) of the
secondary mixing chamber (33) and configured to intro-
duce the mixture (MG) from the primary mixing path (27)
into the secondary mixing chamber (33) in an eccentric
direction of the secondary mixing chamber (33) to gen-
erate a swirling flow of the mixture (MG).
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Description

CROSS REFERENCE TO THE RELATED APPLICA-
TION

[0001] This application is based on and claims Con-
vention priority to Japanese patent application No.
2017-229025, filed November 29, 2017, the entire dis-
closure of which is herein incorporated by reference as
a part of this application.

BACKGROUND OF THE INVENTION
(Field of the Invention)

[0002] The presentinvention relates to a burnerdevice
for mixing and burning, for example, a fuel gas such as
hydrogen gas and another type of gas.

(Description of Related Art)

[0003] In recentyears, in order to achieve a so-called
low-carbon society, a burner device that uses hydrogen
as a fuel has been proposed to reduce emissions of car-
bon dioxide that causes environmental issues such as
global warming (see, for example, Patent Document 1).

[Related Document]
[Patent Document]

[0004] [Patent Document 1] U.S. Patent Application
Publication No. 2012/0258409

SUMMARY OF THE INVENTION

[0005] Combustion of a highly reactive fuel such as a
hydrogen-containing fuel, however, occurs at high tem-
perature and thus is likely to cause generation of NOx,
which needs to be suppressed.

[0006] An object of the present invention is to provide
a burner device capable of suppressing generation of
NOx even where a highly reactive fuel such as hydrogen
gas is used.

[0007] In order to achieve the object, the present in-
vention provides a burner device for supplying a mixture
of a fuel gas and a combustion-supporting gas into a
combustion region, the burner device including a mixture
injection body including:

a primary mixing path configured to be introduced
with the fuel gas and the combustion-supporting gas
and mix the fuel gas and the combustion-supporting
gas;

a secondary mixing chamber located on an inner di-
ameter side of the primary mixing path and defined
inside a wall surface having a rotating-body shape,
the secondary mixing chamber being configured to

10

15

20

25

30

35

40

45

50

55

be introduced with and further mix the mixture from
the primary mixing path, and the secondary mixing
chamber having an injection opening configured to
inject the mixture into the combustion region; and

a plurality of mixture introduction holes defined in a
circumferential wall of the secondary mixing cham-
ber and configured to introduce the mixture from the
primary mixing path into the secondary mixing cham-
ber in an eccentric direction of the secondary mixing
chamber to generate a swirling flow of the mixture.

[0008] According to this configuration, two types of gas
can be mixed in two steps so as to promote premixing
and produce a homogeneous mixture. This makes it pos-
sible to suppress local increase in flame temperature so
as to reduce generation of NOx. Moreover, it is possible
to further promote mixing by generating a swirling flow
in the secondary mixing chamber inside the mixture in-
jection body.

[0009] In a burner device according to one embodi-
ment of the present invention, the mixture injection body
may further include: a first gas path configured to intro-
duce one of the fuel gas and the combustion-supporting
gas into the primary mixing path from radially outside;
and a second gas path configured to introduce the other
of the fuel gas and the combustion-supporting gas into
the primary mixing path in a direction intersecting the first
gas path. According to this configuration, a shearing force
generated when the fuel gas and the combustion-sup-
porting gas intersect can promote a first step of mixing
in the primary mixing path.

[0010] A burner device according to one embodiment
of the present invention may include a plurality of the
mixture injection bodies. According to this configuration,
anecessary amount of the fuel as a whole can be injected
in a distributed manner from the plurality of mixture in-
jection bodies (injection openings) so as to more effec-
tively suppress local temperature increase. Thus, gen-
eration of NOx can further be suppressed.

[0011] In a burner device according to one embodi-
ment of the present invention, the secondary mixing
chamber may have an increasing diameter toward a
downstream side. According to this configuration, by gen-
erating a swirling flow in the secondary mixing chamber
and feeding the mixture along the wall surface of the sec-
ondary mixing chamber, it is possible to prevent backfire
because this prevents the mixture from flowing at low
velocity in the vicinity of the wall surface.

[0012] In a burner device according to one embodi-
ment of the present invention, where the secondary mix-
ing chamber has an increasing diameter toward the
downstream side, the mixture injection body may further
include a supplementary cone member disposed con-
centrically to the secondary mixing chamber and config-
ured to inject the combustion-supporting gas into the sec-
ondary mixing chamber from a most-upstream part of the
secondary mixing chamber. This configuration makes it
possible to inject the combustion-supporting gas from
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the supplementary cone memberto prevent backfire from
a central part of the secondary mixing chamber.

[0013] In a burner device according to one embodi-
ment of the present invention, the secondary mixing
chamber may have a decreasing diameter toward the
downstream side. This configuration makes it possible
to prevent uneven distribution of the fuel in the swirling
flow of the mixture toward outside to achieve more ho-
mogeneous mixing. Also, since the injection opening has
a smaller opening area, the flow velocity of the mixture
is increased such that the backfire phenomenon can be
effectively prevented.

[0014] A multi-tube once-through boiler device accord-
ing to the present invention may include:

awater pipe group including a plurality of water pipes
arranged in an annular manner;

a connecting wall connecting the adjacent water
pipes; and

the burner device including a plurality of the mixture
injection bodies, the burner device being arranged
soas toinject the mixture into a combustion chamber
defined by the water pipe group and the connecting
wall, wherein

the plurality of mixture injection bodies of the burner
device are arranged concentrically to the water pipe
group in an annular manner.

[0015] According to this configuration, the water pipe
group is arranged outside the mixture injection bodies
for generating swirling flows of the mixture so that flame
generated in the combustion region is brought into colli-
sion with the water pipes. Therefore, heat transfer to the
water pipes can further be promoted, enhancing efficien-
cy of the boiler device.

[0016] In a multi-tube once-through boiler device ac-
cording to one embodiment of the present invention, the
plurality of mixture injection bodies arranged in an annu-
lar manner may be disposed so as to generate swirling
flows of the mixture in the same direction. This configu-
ration makes it possible to generate swirling flows with
large flame inside the combustion chamber to effectively
bring the flame into collision with the water pipes. There-
fore, heat transfer to the water pipes can further be pro-
moted.

[0017] In a multi-tube once-through boiler device ac-
cording to one embodiment of the present invention, the
plurality of mixture injection bodies arranged in an annu-
lar manner may be disposed such that the adjacent mix-
ture injection bodies generate swirling flows of the mix-
ture in opposite directions. This configuration makes it
possible to generate flows of flame toward radially out-
side between the adjacent mixture injection bodies to ef-
fectively bring the flame into collision with the water pipes.
Therefore, heat transfer to the water pipes can further be
promoted.

[0018] The present invention encompasses any com-
bination of at least two features disclosed in the claims
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and/or the specification and/or the drawings. In particular,
any combination of two or more of the appended claims
should be equally construed as included within the scope
of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The present invention will be more clearly un-
derstood from the following description of embodiments
thereof, when taken in conjunction with the accompany-
ing drawings. However, the embodiments and the draw-
ings are given only for the purpose of illustration and ex-
planation, and are not to be taken as limiting the scope
of the present invention in any way whatsoever, which
scope is to be determined by the appended claims. In
the accompanying drawings, like reference numerals are
used to denote like parts throughout the several views.
In the figures,

Fig. 1 is alongitudinal section view showing a sche-
matic structure of a burner device according to one
embodiment of the present invention;

Fig. 2 is a longitudinal section view showing a pe-
ripheral structure of a mixture injection body of the
burner device shown in Fig. 1;

Fig. 3is a cross-section view showing the peripheral
structure of the mixture injection body shown in Fig.
2

Fig. 4 is a longitudinal section view showing, in an
enlarged manner, a part of the peripheral structure
of the mixture injection body shown in Fig. 2;

Fig. 5 is a longitudinal section view showing a pe-
ripheral structure of a mixture injection body accord-
ing to a variant of the burner device shown in Fig. 1;
Fig. 6 is a longitudinal section view showing a pe-
ripheral structure of a mixture injection body accord-
ing to another variant of the burner device shown in
Fig. 1;

Fig. 7 is a longitudinal section view showing a sche-
matic structure of a boiler device according to a first
embodiment of the present invention;

Fig. 8 is a cross-section view showing a schematic
structure of the boiler device shown in Fig. 7; and
Fig. 9 is a cross-section view showing a schematic
structure of a boiler device according to a second
embodiment of the present invention.

DESCRIPTION OF THE EMBODIMENTS

[0020] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the drawings. Fig.
1 shows a burner device according to one embodiment
of the present invention. The burner device 1 shown in
Fig. 1 is configured to supply a mixture MG of a fuel gas
and a combustion-supporting gas into a combustion re-
gion R. The burner device 1 is, for example, used as a
heating device for a power apparatus such as a boiler
and a gas turbine.
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[0021] The fuel gas may be, for example, a fuel that
has a high combustion velocity and a wide range of com-
bustible concentrations. In the present embodiment, a
hydrogen-containing gas such as a hydrogen gas is used
as the fuel gas. In the present embodiment, an air A is
used as the combustion-supporting gas. Other than air,
for example, a gas in which the oxygen concentration in
the air is adjusted or an exhaust gas may be used as the
combustion-supporting gas. In the following description,
the fuel gas is represented as "fuel F" and the combus-
tion-supporting gas is represented as "air A".

[0022] Theburnerdevice 1includes a mixture injection
body 7 including a cone member 5 that defines an injec-
tion opening 3 for injecting the mixture MG into the com-
bustion region R. The mixture injection body 7 includes:
the cone member 5 having a hollow truncated-cone
shape; and a hollow tubular member 9 for housing the
cone member 5. In the illustrated example, the hollow
tubular member 9 has a hollow cylindrical shape. The
cone member 5 and the hollow tubular member 9 are
arranged concentrically to each other. The hollow tubular
member 9 may also have a polygonal cylindrical shape.
In this embodiment, the burner device 1 includes a plu-
rality (12 arranged in a matrix of 43 in this example) of
the mixture injection bodies 7, i.e., a plurality of the cone
members 5. In the following description, a direction that
is in parallel to an axial direction of each cone member
5 is simply referred to as "axial direction X." A radial di-
rection of the cone member 5 is simply referred to as
"radial direction".

[0023] Theburnerdevice 1 may include a non-illustrat-
ed pilot burner for ignition, besides the mixture injection
body 7. In ignition, a fuel for ignition is injected from the
pilot burner into the combustion region R.

[0024] Theburnerdevice 1includes: an airintroduction
header 11 for introducing air A into the mixture injection
body 7; and a fuel introduction header 13 for introducing
a fuel F into the mixture injection body 7 on an upstream
side of the mixture injection body 7. The fuel introduction
header 13 includes a downstream-side wall 13a to which
an upstream-side bottom wall 9a of the hollow tubular
member 9 is fitted. The fuel introduction header 13 in-
cludes an upstream-side wall 13b to which a fuel intro-
duction pipe 15 defining an introduction path for the fuel
F is connected. That is, the fuel introduction pipe 15 is
provided so as to extend in an axial direction X and in-
troduces the fuel F into the fuel introduction header 13
in the axial direction X. The air introduction header 11 is
formed so as to enclose the mixture injection body 7, the
fuel introduction header 13 and the fuel introduction pipe
15 arranged as described above. The air introduction
header 11 has a side wall 11a to which an air introduction
pipe 17 defining an introduction path for the air A is con-
nected.

[0025] The fuel F introduced into the fuel introduction
header 13 is distributed in a direction of a plane in parallel
with the axial direction X that is also an introduction di-
rection of the fuel F, and then is introduced into the hollow
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tubular member 9. The structure of the hollow tubular
member 9 will be described later in detail. Inthe illustrated
example, a rectifying plate 19 is provided to the down-
stream-side wall 13a of the fuel introduction header 13,
at alocation downstream of the fuel introduction pipe 15,
so as to protrude toward the upstream side. The fuel F
introduced into the fuel introduction header 13 collides
against the rectifying plate 19 so as to be substantially
uniformly distributed in the direction of the plane in par-
allel with the axial direction X. It is also possible to omit
the rectifying plate 19 such that the fuel F directly collides
against the downstream-side wall 13a of the fuel intro-
duction header 13. The air A introduced into the air in-
troduction header 11 passes through a gap 21 between
the air introduction header 11 and the fuel introduction
header 13 and then is introduced into the hollow tubular
member 9.

[0026] As shown in Fig. 2, the hollow tubular member
9 of the mixture injection body 7 has a side wall 9b having
an air path (first gas path) 25 that penetrates the side
wall 9b and extend further inside. The air A from the air
introduction header 11 passes through the air path 25
and then is introduced into a mixing path (hereinafter,
referred to as "primary mixing path 27") defined outside
each cone member 5. That is, the air path 25 introduces
the air A into the primary mixing path 27 from radially
outside. In the illustrated example, there are a plurality
of the air paths 25. In the illustrated example, each pri-
mary mixing path 27 is formed as a path extending further
inside from each air path 25 to a circumferential wall 5a
of the cone member 5. In the following description, the
entire path extending from the side wall 9b of the hollow
tubular member 9 of the present embodiment to the cir-
cumferential wall 5a of the cone member 5 to define the
air path 25 and the primary mixing path 27 is referred to
as "gas path 29" as needed.

[0027] On the other hand, the upstream-side bottom
wall 9a of the hollow tubular member 9 has a fuel path
(second gas path) 31 for introducing the fuel F from the
fuel introduction header 13 into the primary mixing path
27. In this example, as shown in Fig. 3, there are a plu-
rality of the fuel paths 31 arranged along a circumferential
edge of the upstream-side bottom wall 9a of the hollow
tubular member 9 at equal intervals. As shown in Fig. 4,
each fuel path 31 extends in the axial direction X. Each
fuel path 31 penetrates the upstream-side bottom wall
9a of the hollow tubular member 9 to further extend to
the downstream side and is connected to an upstream
end of the primary mixing path 27. In other words, the air
path 25 refers to a portion of the gas path 29 which is on
the upstream side of a connecting part to the fuel path
31, and the primary mixing path 27 refers to a portion of
the gas path 29 which is on the downstream side of the
connecting part. In the primary mixing path 27, the fuel
F introduced from the fuel introduction header 13 and the
air A introduced from the air introduction header 11 are
mixed with each other.

[0028] As shown in Fig. 2, the circumferential wall 5a
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of the cone member 5 has a plurality of mixture introduc-
tion holes 35 for introducing the mixture MG from the
primary mixing paths 27 into a mixing chamber (herein-
after, referred to as "secondary mixing chamber 33") that
is an inner space of the cone member 5. That is, the
secondary mixing chamber 33 is defined inside a trun-
cated-cone-shaped wall surface located on an inner di-
ameter side of the primary mixing paths 27. In the sec-
ondary mixing chamber 33, the mixture MG introduced
from the primary mixing paths 27 is further mixed. In this
example, as shown in Fig. 3, the plurality of mixture in-
troduction holes 35 are provided to the circumferential
wall 5a of the cone member 5, at multiple (three in this
example) different positions in the axial direction X at
equal intervals in a circumferential direction. In Fig. 3,
the mixture introduction holes 35 at different positions in
the axial direction X are denoted, in the order of those at
closer positions to those at further positions in the draw-
ing, as mixture introduction holes 35A, 35B, 35C with
solid lines, dot lines, and one-dot chain lines, respective-
ly. The gas paths 29, which will be described later, are
shown in the same way so as to be distinguished. The
mixture introduction holes 35 at different positions in the
axial direction X are provided so as to have circumferen-
tial positions displaced from each other.

[0029] Thus, the mixture introduction holes 35 provid-
ed at multiple (three in this example) different positions
in the axial direction X make it possible to additionally
inject the mixture MG into the mixture MG from the up-
stream side to thereby promote mixing. Also, thanks to
the arrangement that the mixture introduction holes 35
at different positions in the axial direction X have circum-
ferential positions displaced from each other, more uni-
form mixing can be achieved.

[0030] The plurality of mixture introduction holes 35
are provided at the respective positions in the axial di-
rection X so as to extend in respective eccentric direc-
tions of the secondary mixing chamber 33. That is, each
mixture introduction hole 35 extends in a direction in-
clined with respect to the radial direction. The plurality of
mixture introduction holes 35 at the same position in the
axial direction X have the same inclination angle with
respect to the radial direction. Thanks to this configura-
tion of the plurality of mixture introduction holes 35, the
mixture introduction holes 35 introduce the mixture MG
from the primary mixing paths 27 into the secondary mix-
ing chamber 33 in the eccentric directions of the second-
ary mixing chamber 33 to generate a swirling flow of the
mixture MG.

[0031] Specifically, in this embodiment, each gas path
29 including the air path 25 and the primary mixing path
27 is defined at a corresponding position and a corre-
sponding angle to those of each mixture introduction hole
35 of the cone member 5. In other words, the numbers
of the air paths 25 and the primary mixing paths 27 pro-
vided to the hollow tubular member 9 correspond to the
number (12 in this example) of the mixture introduction
holes 35, and each gas path 29 is provided so as to have
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the same axis (mixture introduction axis) C1 as that of
the corresponding mixture introduction hole 35 of the
cone member 5.

[0032] The above structure of the air paths 25, the pri-
mary mixing paths 27 and the mixture introduction holes
35 makes it possible to effectively generate a swirling
flow of the mixture MG in the secondary mixing chamber
33 by a simple structure. However, as long as the plurality
of mixture introduction holes 35 are provided such that
the mixture introduction holes at least one position in the
axial direction X extend in the eccentric direction of the
secondary mixing chamber 33, it is possible to generate
a swirling flow of the mixture MG in the secondary mixing
chamber 33. Other features of the air paths 25, the pri-
mary mixing paths 27 and the mixture introduction holes
35 are not limited to those in the illustrated example.
[0033] In this embodiment, as shown in Fig. 4, each
fuel path 31 is configured to introduce the fuel F into the
primary mixing path 27 in a direction intersecting each
air path 25. Specifically, the number of the fuel paths 31
provided to the hollow tubular member 9 corresponds to
the number (12 in this example) of the air paths 25, and
each fuel path 31 is arranged such that an axis (fuel in-
troduction axis) C2 thereof is perpendicular to an axis
(airintroduction axis) C3 of the corresponding air path 25.
[0034] Thus, each fuel path 31 is configured to intro-
duce the fuel F into the primary mixing path 27 in a di-
rection intersecting the air path 25 so that a shearing
force generated when the fuel F and the air A intersect
can promote a first step of mixing in the primary mixing
path 27. In order to promote mixing of the fuel F and the
air A by the shearing force, an intersection angle o de-
fined between the fuel introduction axis C2 and the air
introduction axis C3 is preferably 90° as in this example
but is not limited to 90°. Also, it is not essential that each
fuel path 31 is configured to introduce the fuel F into the
primary mixing path 27 in a direction intersecting the air
path 25. For example, each fuel path 31 may also be
formed so as to be connected to the air path 25 in a
direction displaced with respect to the air introduction
axis C3 so that a swirling flow of the fuel F is generated
in the primary mixing path 27 to promote mixing of the
fuel F and the air A in the primary mixing path 27.
[0035] The respective introduction paths for introduc-
ing the fuel F and the air A into the primary mixing path
27 may be switched. Thatis, the fuel F may pass through
the first gas path which has been described as the air
path 25, and the air A may pass through the second gas
path which has been described as the fuel path 31. In
such a case, the introduction headers 11, 13 and the
introduction pipes 15, 17 are also exchanged in a corre-
sponding manner for introduction of the air A and the fuel
F.

[0036] The secondary mixing chamber 33 havinga hol-
low truncated-cone shape as shown in Fig. 2 has an in-
creasing diameter toward the downstream side. In such
a case, as shown in Fig. 5 as a variant, a supplementary
cone member 37 configured to inject the air A from a
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most-upstream part of the secondary mixing chamber 33
into the secondary mixing chamber 33 may be provided
concentrically to the secondary mixing chamber 33. The
supplementary cone member 37 is formed in a hollow
truncated-cone shape having a decreasing diameter to-
ward the downstream side. The air A to be injected from
the supplementary cone member 37 may be, for exam-
ple, supplied from the air introduction header 11 (Fig. 1)
by a supplementary-air introduction path 39 provided for
the supplementary cone member 37, which penetrates
the fuel introduction header 13 (Fig. 1). By generating a
swirling flow in the secondary mixing chamber 33 having
an increasing diameter toward the downstream side and
feeding the mixture MG along a wall surface of the sec-
ondary mixing chamber 33, it is possible to prevent back-
fire because this prevents the mixture MG from flowing
at low velocity in the vicinity of the wall surface. Further,
it is possible to inject the air A from the supplementary
cone member 37 to prevent backfire from a central part
of the secondary mixing chamber 33.

[0037] As shown in Fig. 6 as a variant, the secondary
mixing chamber 33 may also have a decreasing diameter
toward the downstream side. In such a case, itis possible
to prevent uneven distribution of the fuel F in the swirling
flow of the mixture MG toward outside to achieve more
homogeneous mixing. Also, since the injection opening
3 has a smaller opening area, the flow velocity of the
mixture is increased such that the backfire phenomenon
can be effectively prevented.

[0038] It should be noted that the shape of the wall
surface defining the secondary mixing chamber 33 may
have a rotating-body shape other than the truncated-
cone shape described as an example above. An example
of such a rotating-body shape may include a cylindrical
shape.

[0039] In this embodiment, as for the mixture injection
body 7 for producing the mixture M and injecting it into
the combustion region R, one example has been de-
scribed in which tube members are combined, the tube
members constituting the cone member 5, the hollow tu-
bular member 9, as well as the respective elements for
introducing and mixing the gas (such as the primary mix-
ing path 27, the secondary mixing chamber 33, and the
mixture introduction hole 35). The configuration of the
mixture injection body 7, however, is not limited to this.
That s, as long as the mixture injection body 7 is formed
with the respective elements for introducing and mixing
the gas as described in the present embodiment, the mix-
ture injection body 7 may be, for example, a component
formed by cutting a single metal block to shape the re-
spective elements.

[0040] This embodiment has been described with ref-
erence to an example in which a plurality of mixture in-
jection bodies 7 are provided. By providing a plurality of
mixture injection bodies 7 as in this example, a necessary
amount of the fuel F as a whole can be injected in a
distributed manner from the plurality of mixture injection
bodies 7 (injection openings 3) so as to more effectively
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suppress local temperature increase. Thus, generation
of NOx can be suppressed. In such a case, the number
and arrangement of the plurality of mixture injection bod-
ies 7 are not limited to those of the above example and
may be suitably selected depending on the design of an
apparatus to which the burner device 1 is applied. It is
also possible to provide only one mixture injection body
7 to the burner device 1.

[0041] According to the burner device 1 according to
the present embodiment as described above, two types
of gas can be mixed in two steps in the primary mixing
path 27 and the secondary mixing chamber 33 so as to
promote premixing and produce a homogeneous mixture
MG. This makes it possible to suppress local increase in
flame temperature so as to reduce generation of NOx.
Moreover, itis possible to further promote mixing by gen-
erating a swirling flow in the secondary mixing chamber
33.

[0042] Next, a multi-tube once-through boiler device
(hereinafter, simply referred to as "boiler device") 51 ac-
cording to a first embodiment of the present invention,
which is shown in Fig. 7, will be described. The boiler
device 51 includes a burner device 1 according to one
of the above embodiments. The boiler device 51 further
includes a water pipe group 53 including a plurality of
water pipes arranged in an annular manner (in two an-
nular rows on inner and outer sides, in this example).
The water pipes of the water pipe group 53 are commu-
nicated by an upper header 55 and a lower header 57
each having an annular shape. As shown in Fig. 8, the
adjacent water pipes are connected by a connecting wall
59. The water pipe group 53 and the connecting wall 59
define a combustion chamber 61. The burner device 1
is arranged so as to inject the mixture MG into the com-
bustion chamber 57. That is, the water pipe group 53
defining the combustion chamber 1 is arranged so as to
surround the mixture injection bodies 7 for injecting the
mixture MG in a plan view. In Fig. 8, the water pipe group
in the outer row is omitted.

[0043] As shown in Fig. 8, in the burner device 1, the
mixture injection bodies 7 are arranged concentrically to
the water pipe group 53. Specifically, in the present em-
bodiment, the plurality of mixture injection bodies 7 ar-
ranged in an annular manner are disposed so as to gen-
erate swirling flows of the mixture MG in the same direc-
tion. The boiler device 51 according to the present em-
bodiment makes it possible to generate swirling flows F1
with large flame inside the combustion chamber 57 to
effectively bring the flame into collision with the water
pipe group 53, as shownin Fig. 8. Therefore, heat transfer
to the water pipe group 53 can further be promoted.
[0044] In the illustrated example, besides the mixture
injection bodies 7 arranged in an annular manner on an
inner side of the water pipe group 53, there is another
mixture injection body 7 arranged at a center part of the
annular arrangement. By providing the mixture injection
body 7 also at the center part, flame can be more uni-
formly distributed inside the combustion chamber 57,
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suppressing backfire. It is also possible to additionally
arrange one or more rows of the mixture injection bodies
7 on an inner side the illustrated mixture injection bodies
7 arranged in an annular manner.

[0045] Fig. 9 shows a boiler device 51 according to a
second embodiment. In this embodiment, the arrange-
ment of the plurality of mixture injection bodies 7 in the
burner device 1 is different from that of the first embod-
iment. That is, in this embodiment, the plurality of mixture
injection bodies 7 arranged in an annular manner are
disposed such that the adjacent mixture injection bodies
7 generate swirling flows of the mixture MG in opposite
directions. Other features are the same as those of the
boiler device 51 according to the first embodiment shown
in Fig. 8.

[0046] The boiler device 51 according to the present
embodiment makes it possible to generate flows F2 of
flame toward radially outside between the adjacent mix-
ture injection bodies 7, 7 to effectively bring the flame
into collision with the water pipes 53, as shown in Fig. 8.
Therefore, heat transfer to the water pipes 53 can further
be promoted. Although the positional relationship be-
tween the water pipe group 53 and the mixture injection
body 7 in a plan view is not limited to that of the illustrated
example, it is preferable that each of the water pipes 53
is arranged on the outer side with respect to a circumfer-
ential position between the adjacent mixture injection
bodies 7, 7 as shown in Fig. 8 in order to effectively bring
the flame into collision with the water pipes 53 in the
present embodiment.

[0047] Although, as for the boiler device 51 according
to each of the above embodiments, examples have been
described in which the plurality of mixture injection bodies
7 ofthe burner device 1, which are arranged in an annular
manner, are disposed such that the mixture MG has a
regular swirling direction(s), the arrangement of the mix-
ture injection bodies 7 is not limited to those of the ex-
amples. That is, since the burner device 1 according to
the present embodiment injects the mixture MG as swirl-
ing flows, instead of injecting the mixture MG in adirection
in parallel with the water pipe group 53, as long as the
mixture injection bodies 7 of the burner device 1 are ar-
ranged in an annular manner concentrically to the water
pipe group 53, the effect that the flame produced by the
mixture MG injected from the cone members 5 collides
against the water pipes 53, promoting heat transfer to
the water pipe group 53, can be provided.

[0048] It should be noted that the burner device 1 ac-
cording to the present embodiment may be applied not
only to the boiler device 51, but also to other types of
power apparatuses such as a gas turbine, as described
above.

[0049] Although the present invention has been fully
described in connection with the embodiments thereof
with reference to the accompanying drawings, various
additions, modifications, or deletions may be made with-
out departing from the scope of the invention. Accord-
ingly, such additions, modifications, and deletions are to
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be construed as included within the scope of the present
invention.

[Reference Numerals]

[0050]

1 Burner device

3 Injection opening

7 Mixture injection body

25 Air path (first gas path)

27 Primary mixing path

31 Fuel path (second gas path)

33 Secondary mixing chamber

35 Mixture introduction hole

51 Boiler device

53 Water pipe group

55 Connecting wall

57 Combustion chamber

A Air (combustion-supporting gas)

F Fuel (fuel gas)

MG  Mixture
R Combustion region
Claims

1. A burner device for supplying a mixture of a fuel gas
and a combustion-supporting gas into a combustion
region, the burner device comprising a mixture in-
jection body including:

a primary mixing path configured to be intro-
duced with the fuel gas and the combustion-sup-
porting gas and mix the fuel gas and the com-
bustion-supporting gas;

a secondary mixing chamberlocated onaninner
diameter side of the primary mixing path and
defined inside a wall surface having a rotating-
body shape, the secondary mixing chamber be-
ing configured to be introduced with and further
mix the mixture from the primary mixing path,
and the secondary mixing chamber having an
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injection opening configured to inject the mixture
into the combustion region; and

a plurality of mixture introduction holes defined
in a circumferential wall of the secondary mixing
chamber and configured to introduce the mix-
ture from the primary mixing path into the sec-
ondary mixing chamber in respective eccentric
directions of the secondary mixing chamber to
generate a swirling flow of the mixture.

2. Theburner device as claimed in claim 1, wherein the

mixture injection body includes:

a first gas path configured to introduce one of
the fuel gas and the combustion-supporting gas
into the primary mixing path from radially out-
side; and

a second gas path configured to introduce the
other of the fuel gas and the combustion-sup-
porting gas into the primary mixing path in a di-
rection intersecting the first gas path.

The burner device as claimed in claim 1 or 2, com-
prising a plurality of the mixture injection bodies.

The burner device as claimed in any one of claims
1 to 3, wherein the secondary mixing chamber has
an increasing diameter toward a downstream side.

The burner device as claimed in claim 4, wherein the
mixture injection body includes a supplementary
cone member disposed concentrically to the second-
ary mixing chamber and configured to inject the com-
bustion-supporting gas into the secondary mixing
chamber from a most-upstream part of the second-
ary mixing chamber.

The burner device as claimed in any one of claims
1 to 3, wherein the secondary mixing chamber has
a decreasing diameter toward a downstream side.

A multi-tube once-through boiler device comprising:

a water pipe group including a plurality of water
pipes arranged in an annular manner;
aconnecting wall connecting the adjacent water
pipes; and

a burner device as claimed in any one of claims
3 to 6, the burner device being arranged so as
to inject a mixture into a combustion chamber
defined by the water pipe group and the con-
necting wall, wherein

the plurality of mixture injection bodies of the
burner device are arranged concentrically to the
water pipe group in an annular manner.

8. The multi-tube once-through boiler device as

claimed in claim 7, wherein the plurality of mixture
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injection bodies arranged in an annular manner are
disposed so as to generate swirling flows of the mix-
ture in the same direction.

The multi-tube once-through boiler device as
claimed in claim 7, wherein the plurality of mixture
injection bodies arranged in an annular manner are
disposed such that the adjacent mixture injection
bodies generate swirling flows of the mixture in op-
posite directions.
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