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(54) COMBINED COMBUSTION BURNER AND COMBUSTION APPARATUS INCLUDING SAME

(57) A combined combustion burner (100, 200) and
a combustion apparatus including the combined com-
bustion burner (100, 200). The combined combustion
burner (100, 200) may include a center tube(130) forming
a center passage(135) configured to supply cooling air,
a fuel tube(120) surrounding the center tube(130) and
forming a fuel passage(125) through which premixed fuel

mixed with solid fuel and primary air is sprayed, a sec-
ondary tube(140) surrounding the fuel tube(120) and
forming a secondary passage(145) through which sec-
ondary air (SA1) is sprayed, and an additional spray noz-
zle(170, 271, 272, 273, 274) inserted inside the center
tube(130) and configured to spray auxiliary fuel(AM1)
containing ammonia.
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Description

[0001] The present application claims priority to Kore-
an Patent Application No. 10-2023-0059255, filed May
8, 2023.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] Exemplary embodiments relate to a combined
combustion burner using solid fuel, and relate to a com-
bustion apparatus including the combined combustion
burner.

Description of the Related Art

[0003] Generally, a thermal power generation plant re-
fers to a plant that burns fossil fuels and generates steam
required for a power plant or industrial use. In a coal
thermal power generation plant, steam is generated by
thermal energy obtained by burning pulverized coal that
is solid fuel, and power is generated by operating a tur-
bine and a generator.
[0004] A plurality of nozzles is provided inside the coal
thermal power generation plant, and the plurality of noz-
zles provided on a side wall of a burner is configured to
spray pulverized coal and combustion air to an inner side
of the burner. The nozzles not only spray pulverized coal
and mixed air, but also spray secondary air and tertiary
air to the outside of premixed air, thereby forming a re-
circulation region inside a furnace. Such a recirculation
area is an area in which a reduction reaction is performed
because air is sparse, and the generation of nitrogen
oxides is suppressed in the recirculation area.
[0005] However, in a conventional combustion appa-
ratus that burns fossil fuel, there is a problem of high
carbon dioxide emissions. In order to solve this problem,
a technology of supplying ammonia as fuel is being de-
veloped. However, ammonia contains a large amount of
nitrogen, and there is a problem that a large amount of
nitrogen oxides is generated when ammonia is combust-
ed.

SUMMARY OF THE INVENTION

[0006] It is an object of the present disclosure to pro-
vide a combined combustion burner and a combustion
apparatus including the combined combustion burner ca-
pable of reducing the generation of carbon dioxide and
the generation of nitrogen oxides.
[0007] Additional aspects will be set forth in part in the
description which follows and, in part, will become ap-
parent from the description, or may be learned by practice
of the exemplary embodiments.
[0008] The object is solved by the features of the in-
dependent claims. Preferred embodiments are given in
the dependent claims.

[0009] According to an aspect of an exemplary embod-
iment, there is provided a combined combustion burner
including: a center tube forming a center passage con-
figured to supply cooling air; a fuel tube surrounding the
center tube and forming a fuel passage through which
premixed fuel mixed with solid fuel and primary air is
sprayed; a secondary tube surrounding the fuel tube and
forming a secondary passage through which secondary
air is sprayed; and an additional spray nozzle inserted
inside the center tube and configured to spray auxiliary
fuel containing ammonia.
[0010] The additional spray nozzle may be configured
to spray the auxiliary fuel to an inner side of a space
where the secondary air is sprayed.
[0011] The additional spray nozzle may be configured
to spray the auxiliary fuel to an inner side of a space
where the premixed fuel is sprayed.
[0012] In one or more embodiments, an oil nozzle may
be provided configured to spray liquid fuel.
[0013] In one or more embodiments, the oil nozzle may
be mounted in the center passage.
[0014] In one or more embodiments, the additional
spray nozzle may be configured to spray the auxiliary
fuel to an outside of a space where the liquid fuel is
sprayed.
[0015] The additional spray nozzle may be mounted
such that ammonia is sprayed to a recirculation area.
[0016] A discharge portion inclined with respect to a
longitudinal direction of the additional spray nozzle may
be formed on the additional spray nozzle.
[0017] A spray port through which the auxiliary fuel is
sprayed may be formed on the additional spray nozzle.
[0018] In one or more embodiments, the spray port
may be formed such that a normal direction of the spray
port is inclined with respect to a radial direction of the
additional spray nozzle.
[0019] One part of an outer circumferential surface of
the discharge portion may extend in a straight line.
[0020] In one or more embodiments, the other part of
the outer circumferential surface of the discharge portion
may be curved in an arc shape.
[0021] The additional spray nozzle may be mounted
such that the additional spray nozzle is capable of being
rotated with respect to a central axis of the additional
spray nozzle.
[0022] A rotation control member configured to rotate
the additional spray nozzle may be connected to the ad-
ditional spray nozzle.
[0023] An auxiliary spray member configured to spray
ammonia fuel containing ammonia in a gaseous state
into the fuel passage may be mounted in the fuel pas-
sage.
[0024] The auxiliary spray member may be formed in
a ring shape.
[0025] The auxiliary spray member may include a plu-
rality of spray holes configured to spray the ammonia fuel.
[0026] The auxiliary spray member may include a dis-
tribution passage that extends along a circumferential
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direction of the auxiliary spray member.
[0027] The auxiliary spray member may be fixed to an
outer circumferential surface of the center tube.
[0028] An ammonia supply tube connected to the dis-
tribution passage may be mounted in the center tube.
[0029] The spray holes may be inclined toward an out-
side of a radial direction of the auxiliary spray member.
[0030] The spray holes may be formed of long holes.
[0031] The spray holes may be formed such that a ma-
jor axis direction of the spray holes is inclined with respect
to the radial direction.
[0032] The spray holes may be formed such that an
inner diameter of each of the spray holes is gradually
decreased toward a downstream side of each of the spray
holes.
[0033] According to an aspect of another exemplary
embodiment, there is provided a combustion apparatus
including: a furnace forming a combustion space; and a
burner including a plurality of burners mounted in the
furnace, wherein the burner includes: a center tube form-
ing a center passage configured to supply cooling air; a
fuel tube surrounding the center tube and forming a fuel
passage through which premixed fuel mixed with solid
fuel and primary air is sprayed; a secondary tube sur-
rounding the fuel tube and forming a secondary passage
through which secondary air is sprayed; and an additional
spray nozzle inserted inside the center tube and config-
ured to spray auxiliary fuel containing ammonia.
[0034] An oil nozzle configured to spray liquid fuel may
be mounted in the center passage, and the additional
spray nozzle may be configured to spray the auxiliary
fuel to an outside of a space where the liquid fuel is
sprayed and may be configured to spray the auxiliary fuel
to an inside of a space where the premixed fuel is
sprayed.
[0035] As described above, the burner according to an
aspect of the present disclosure includes the additional
spray nozzle, so that the generation of carbon dioxide
may be reduced and the generation of nitrogen oxides
that is generated during combustion of ammonia may be
reduced. In addition, ammonia fuel is sprayed between
solid fuel and liquid fuel, so that a flame may be stably
maintained without harming the stability of the flame. In
addition, since the additional spray nozzle and the aux-
iliary spray member are provided, a combustion amount
of ammonia fuel is increased, so that a generation
amount of carbon dioxide may be further reduced.
[0036] It is to be understood that both the foregoing
general description and the following detailed description
of exemplary embodiments are exemplary and explana-
tory and are intended to provide further explanation of
the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The above and other objectives, features, and
other advantages of the present disclosure will be more
clearly understood from the following detailed description

when taken in conjunction with the accompanying draw-
ings, in which:

FIG. 1 is a view schematically illustrating a configu-
ration of a combustion apparatus according to a first
embodiment of the present disclosure;
FIG. 2 is a cross-sectional view illustrating a burner
of the first embodiment of the disclosure;
FIG. 3 is a front view illustrating the burner of the first
embodiment of the present disclosure;
FIG. 4 is an enlarged view illustrating area A1 in FIG.
2;
FIG. 5 is a view illustrating an additional spray nozzle
and a center tube viewed from the front;
FIG. 6 is a cross-sectional view illustrating the addi-
tional spray nozzle of the first embodiment of the
present disclosure;
FIG. 7 is a view illustrating a configuration of the burn-
er of the first embodiment of the disclosure;
FIG. 8 is a cross-sectional view illustrating the addi-
tional spray nozzle according to a first modification
example of the first embodiment of the present dis-
closure;
FIG. 9 is a cross-sectional view illustrating the addi-
tional spray nozzle according to a second modifica-
tion example of the first embodiment of the present
disclosure;
FIG. 10 is a cross-sectional view illustrating the ad-
ditional spray nozzle according to a third modification
example of the first embodiment of the present dis-
closure;
FIG. 11 is a cross-sectional view illustrating the ad-
ditional spray nozzle according to a fourth modifica-
tion example of the first embodiment of the present
disclosure; and
FIG. 12 is a cross-sectional view illustrating the burn-
er of a second embodiment of the disclosure.

DETAILED DESCRIPTION

[0038] Various modifications and different embodi-
ments will be described below in detail with reference to
the accompanying drawings so that those skilled in the
art can easily carry out the present disclosure. It should
be understood, however, that the present disclosure is
not intended to be limited to the specific embodiments,
but the present disclosure includes all modifications,
equivalents or replacements that fall within the scope of
the disclosure as defined in the following claims.
[0039] The terminology used herein is for the purpose
of describing specific embodiments only and is not in-
tended to limit the scope of the present disclosure. As
used herein, the singular forms "a", "an", and "the" are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. In the present disclo-
sure, terms such as "comprises", "includes", or
"have/has" should be construed as designating that there
are such features, integers, steps, operations, compo-
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nents, parts, and/or combinations thereof, not to exclude
the presence or possibility of adding of one or more of
other features, integers, steps, operations, components,
parts, and/or combinations thereof.
[0040] Hereinafter, exemplary embodiments will be
described below in detail with reference to the accompa-
nying drawings. It should be noted that like reference
numerals refer to like parts throughout various drawings
and exemplary embodiments. In certain embodiments,
a detailed description of functions and configurations well
known in the art may be omitted to avoid obscuring ap-
preciation of the present disclosure by those skilled in
the art. For the same reason, some components may be
exaggerated, omitted, or schematically illustrated in the
accompanying drawings.
[0041] Hereinafter, a combustion apparatus according
to a first embodiment of the present disclosure will be
described.
[0042] FIG. 1 is a view schematically illustrating a con-
figuration of a combustion apparatus according to the
first embodiment of the present disclosure.
[0043] Referring to FIG. 1, a combustion apparatus 2
according to the present embodiment may be the com-
bustion apparatus 2 that generates steam by burning fuel
in a thermal power plant and so on.
[0044] The combustion apparatus 2 may include a fur-
nace 3 that provides a combustion space and a space in
which combustion gas is moved, a plurality of burners
100 mounted in the furnace 3, a hopper 5 in which solid
fuel is accommodated, a pulverizer 6 configured to pul-
verize the solid fuel, and a boiler 4 configured to generate
steam by heat exchange.
[0045] Solid fuel is stored in the hopper 5, and the solid
fuel may be formed of consist of pulverized coal, biomass,
and so on. The pulverizer 6 is configured to finely pulver-
ize solid fuel supplied from the hopper 5. The furnace 3
provides the combustion space, and the plurality of burn-
ers 100 may be mounted in the furnace 3.
[0046] The burners 100 may be disposed such that the
burners 100 are spaced apart from each other and dis-
posed along a circumferential direction of the furnace 3.
In addition, in the furnace 3, an additional supply tube 8
that additionally supplies air may be mounted on an upper
portion of the burner 100. The boiler 4 is configured to
generate steam by exchanging heat with combustion gas
that is generated from the burner 100. An ammonia sup-
ply portion 7 that supplies fuel containing ammonia may
be connected to the burners 100.
[0047] FIG. 2 is a cross-sectional view illustrating a
burner according to the first embodiment of the present
disclosure, FIG. 3 is a front view illustrating the burner
according to the first embodiment of the present disclo-
sure, FIG. 4 is a view enlarging and illustrating an A1 in
FIG. 2, FIG. 5 is a view illustrating an additional spray
nozzle and a center tube viewed from the front, and FIG.
6 is a cross-sectional view illustrating the additional spray
nozzle according to the first embodiment of the present
disclosure.

[0048] Referring to FIGS. 2 to 6, the burner 100 forms
a flame by burning liquid fuel, solid fuel, and auxiliary
fuel. The burner 100 may include a center tube 130, a
fuel tube 120, a secondary tube 140, a tertiary tube 150,
an additional spray nozzle 170, and an oil nozzle 136.
[0049] The center tube 130 is formed in a cylindrical
shape, and a center passage 135 that supplies cooling
air is formed inside the center tube 130. In addition, the
oil nozzle 136 configured to spray liquid fuel may be
mounted on a center of the center tube 130 in a radial
direction. Liquid fuel may be supplied to the oil nozzle
136, and the liquid fuel may be formed of heavy fuel oil
and so on.
[0050] The fuel tube 120 is mounted such that the fuel
tube 120 surrounds the center tube 130, and a fuel pas-
sage 125 in which premixed fuel formed by mixing solid
fuel and primary air is moved is formed inside the fuel
tube 120. Here, solid fuel may be formed of coal or bio-
mass. A protrusion portion 123 for maintaining the flame
may be formed on a downstream side of the fuel tube
120. In addition, a first flared tube portion 126 is formed
on a distal end of the fuel tube 120. An outer diameter of
the first flared tube portion 126 is gradually increased
toward the distal end of the fuel tube 120, but an inner
diameter of the first flared tube portion 126 is formed
uniformly.
[0051] The secondary tube 140 is mounted such that
the secondary tube 140 surrounds the fuel tube 120, and
forms a secondary passage 145 through which second-
ary air SA1 (see FIG. 7) is sprayed. The secondary air
SA1 is sprayed to an outside of the premixed fuel and
provides oxygen, and is discharged while surrounding
the flame. A second flared tube portion 146 is formed on
a distal end of the secondary tube 140, and the second
flared tube portion 146 is formed such that an outer di-
ameter and an inner diameter of the second flared tube
portion 146 are gradually increased toward the distal end
of the secondary tube 140. A swirler vane 141 forming a
swirl flow may be mounted in the secondary tube 140.
[0052] The tertiary tube 150 is mounted such that the
tertiary tube 150 surrounds the secondary tube 140, and
forms a tertiary passage 155 through which tertiary air
TA1 (see FIG. 7) is sprayed. The tertiary air TA1 is
sprayed to the outside of the premixed fuel and provides
oxygen, and is discharged while surrounding the flame.
A third flared tube portion 156 is formed on a distal end
of the tertiary tube 150, and the third flared tube portion
156 is formed such that an outer diameter and an inner
diameter of the third flared tube portion 156 are gradually
increased toward the distal end of the tertiary tube 150.
A swirler vane 151 forming a swirl flow may be mounted
in the tertiary tube 150.
[0053] Meanwhile, as illustrated in FIG. 3 and FIG. 4,
an auxiliary spray member 180 is mounted in the fuel
passage 125. The auxiliary spray member 180 sprays
ammonia fuel containing ammonia in a gaseous state
into the fuel passage 125. Accordingly, in the fuel pas-
sage 125, pulverized coal, ammonia, and the primary air
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may be moved together.
[0054] The auxiliary spray member 180 may include a
plurality of spray holes 181 configured to spray ammonia
fuel, and may include a distribution passage 182 that
extends along a circumferential direction of the auxiliary
spray member 180. The auxiliary spray member 180 is
formed in a ring shape, and is fixed to an outer circum-
ferential surface of the center tube 130. Meanwhile, an
ammonia supply tube 186 configured to supply ammonia
to the auxiliary spray member 180 may be mounted in
the center tube 130. The ammonia supply tube 186 may
be connected to the distribution passage 182 of the aux-
iliary spray member 180 by passing through the center
tube 130 from an upstream side of the center tube 130.
As such, when the ammonia supply tube 186 is mounted
in the center tube 130, ammonia fuel may be easily sup-
plied without interfering with the movement of the
premixed fuel.
[0055] The distribution passage 182 is formed inside
the auxiliary spray member 180, and is formed such that
the distribution passage 182 extends along the circum-
ferential direction of the auxiliary spray member 180. The
plurality of spray holes 181 is formed in the auxiliary spray
member 180, and the spray holes 181 may extend front-
ward from the distribution passage 182 and may oblique-
ly extend toward the outside in a radial direction. In ad-
dition, the spray holes 181 are formed of long holes, and
may be formed such that a major axis direction of the
spray holes 181 is inclined at a third inclination angle A13
with respect to the radial direction. Here, the third incli-
nation angle A13 may be 5 degrees to 60 degrees. Ac-
cordingly, ammonia sprayed from the auxiliary spray
member 180 may be mixed with the primary air and solid
fuel while forming a swirl.
[0056] In addition, the spray hole 181 may be formed
such that an inner diameter is gradually decreased to-
ward a downstream side thereof. Accordingly, pulverized
coal may be prevented from being introduced inside the
spray hole 181.
[0057] In addition, as illustrated in FIG. 5 and FIG. 6,
the additional spray nozzle 170 configured to spray aux-
iliary fuel AM1 containing ammonia is mounted in the
center passage 135. A plurality of additional spray noz-
zles 170 may be mounted in the center passage 135,
and the additional spray nozzles 170 may be disposed
such that the additional spray nozzles are disposed on
the outside of the oil nozzle 136 and are spaced apart
from each other along a circumferential direction. The
auxiliary fuel AM1 may include at least 50% ammonia,
in some aspects. The auxiliary fuel AM1 may include from
about 80% ammonia to about 100% ammonia, in other
aspects. The auxiliary fuel AM1 may include ammonia in
a gaseous form, but the present disclosure is not limited
thereto, and the auxiliary fuel AM1 may include ammonia
in a liquid form or in a powder form.
[0058] The additional spray nozzle 170 is formed such
that the additional spray nozzle 170 extends along a lon-
gitudinal direction of the center passage 135, and a noz-

zle cap 176 having a spray port 171 is mounted on the
additional spray nozzle 170. In addition, a discharge por-
tion 175 having an internal flow path inclined with respect
to a longitudinal direction of the additional spray nozzle
170 may be formed on an end portion of the additional
spray nozzle 170. The discharge portion 175 may be
formed on the nozzle cap 176.
[0059] A longitudinal end portion of the additional spray
nozzle 170 is positioned such that the longitudinal end
portion of the additional spray nozzle 170 protrudes to
the same extent as a longitudinal end portion of the center
tube 130 or protrudes further forward than the longitudi-
nal end portion of the center tube 130, and is positioned
further rear than longitudinal end portions of the fuel tube
120 and the secondary tube 140. Accordingly, damage
to the additional spray nozzle 170 by heat may be mini-
mized.
[0060] A part 176a of an outer circumferential surface
of the discharge portion 175 may extend in a straight line,
and the other part 176b may be curved in an arc shape.
Accordingly, the part formed in the straight line may guide
the discharge of cooling air, and auxiliary fuel may be
sprayed without interrupting the flow of air.
[0061] The discharge portion 175 may be inclined at a
first inclination angle A11 with respect to the longitudinal
direction of the additional spray nozzle 170, and the dis-
charge portion 175 may be formed such that the dis-
charge portion 175 is inclined outward in the radial direc-
tion.
[0062] Here, the first inclination angle A11 may be 45
degrees. However, the present disclosure is not limited
thereto. Furthermore, a discharge portion 271a may be
inclined at zero degrees with respect to a longitudinal
direction of an additional spray nozzle 271 as illustrated
in FIG. 8, a discharge portion 272a may be formed such
that a first inclination angle A21 of the discharge portion
272a inclined with respect to a longitudinal direction of
an additional spray nozzle 272 may be 15 degrees as
illustrated in FIG. 9, a discharge portion 273a may be
formed such that a first inclination angle A22 of the dis-
charge portion 273a inclined with respect to a longitudinal
direction of an additional spray nozzle 273 may be 30
degrees as illustrated in FIG. 10, and a discharge portion
274a may be formed such that a first inclination angle
A23 of the discharge portion 274a inclined with respect
to a longitudinal direction of an additional spray nozzle
274 may be 60 degrees as illustrated in FIG. 11. As such,
the first inclination angle may be set to zero degrees to
60 degrees.
[0063] In addition, the spray port 171 through which
auxiliary fuel is sprayed is formed on the additional spray
nozzle 170, and the spray port 171 may be formed such
that a normal direction of the spray port 171 is inclined
at a second inclination angle A12 with respect to the radial
direction. The additional spray nozzle 170 may be mount-
ed such that the additional spray nozzle 170 is capable
of being rotated with respect to a central axis of the ad-
ditional spray nozzle 170, and the second inclination an-
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gle A12 may be adjusted according to the rotation of the
additional spray nozzle 170. The second inclination angle
A12 may be set to zero degrees to 45 degrees.
[0064] As illustrated in FIG. 7, a recirculation area RA1
in which a reduction reaction is performed since air is
rarefied is formed inside the tertiary air TA1 and the sec-
ondary air SA1, and the additional spray nozzle 170 may
spray the auxiliary fuel AM1 to the recirculation area RA1.
When the auxiliary fuel AM1 is sprayed into the recircu-
lation area RA1, ammonia does not meet with air and is
not oxidized, and ammonia is pyrolyzed into nitrogen and
hydrogen, so that the generation of nitrogen oxides may
be significantly reduced.
[0065] The additional spray nozzle 170 is configured
to spray the auxiliary fuel AM1 into an inside of a space
where the secondary air SA1 is sprayed. Accordingly,
the auxiliary fuel AM1 does not interrupt the flow of the
secondary air SA1, and the auxiliary fuel AM1 may be
prevent from being dispersed by the secondary air SA1.
[0066] In addition, the additional spray nozzle 170 is
configured to spray the auxiliary fuel AM1 into an inside
of a space where premixed fuel is sprayed. Accordingly,
the auxiliary fuel AM1 containing ammonia is sprayed to
an inner side of a flame formed by solid fuel such as
pulverized coal and so on, thereby being capable of pre-
venting oxidation of ammonia.
[0067] Meanwhile, the additional spray nozzle 170 is
configured to spray the auxiliary fuel AM1 into an outside
of a space where liquid fuel is sprayed. Accordingly, a
flame is maintained by the liquid fuel, and ammonia is
sprayed into the recirculation area RA1 formed inside the
maintained flame, so that the auxiliary fuel AM1 may par-
ticipate in combustion while the flame is maintained in a
stable state.
[0068] As described above, according to the present
embodiment, since fuel containing ammonia is sprayed
by the additional spray nozzle 170 and the auxiliary spray
member 180, the generation of carbon dioxide may be
reduced. In addition, since ammonia is sprayed into a
reduction area, the generation of nitrogen oxides due to
combustion of ammonia may be reduced.
[0069] Hereinafter, the burner according to a second
embodiment of the present disclosure will be described.
[0070] FIG. 12 is a cross-sectional view illustrating the
burner according to a second embodiment of the present
disclosure.
[0071] Referring to FIG. 12, since a burner 200 accord-
ing to the present embodiment has the same structure
as the burner according to the first embodiment, except
for a rotation control member 210, a duplicate description
of the same configuration is omitted.
[0072] The additional spray nozzle 170 may be mount-
ed such that the additional spray nozzle 170 is capable
of being rotated with respect to the central axis of the
additional spray nozzle 170. The rotation control member
210 configured to rotate the additional spray nozzle 170
is mounted on the additional spray nozzle 170. A spray
direction of mixed fuel containing ammonia may be con-

trolled according to the rotation of the additional spray
nozzle 170. The rotation control member 210 may include
an actuator or a motor.
[0073] As described above, according to the present
embodiment, since the rotation control member 210 is
mounted, the additional spray nozzle 170 is rotated and
ammonia is sprayed according to a combustion situation,
so that a flame may be stabilized and the generation of
nitrogen oxides may be significantly reduced.
[0074] While one or more exemplary embodiments
have been described with reference to the accompanying
drawings, it will be apparent to those skilled in the art that
various variations and modifications may be made by
adding, changing, or removing components without de-
parting from the scope of the present disclosure as de-
fined in the appended claims, and these variations and
modifications fall within the scope of the present disclo-
sure as defined in the appended claims. In addition, it is
noted that any one feature of an embodiment of the
present disclosure described in the specification may be
applied to another embodiment of the present disclosure.

Claims

1. A combined combustion burner (100, 200) compris-
ing:

a center tube (130) forming a center passage
(135) configured to supply cooling air;
a fuel tube (120) surrounding the center tube
(130) and forming a fuel passage (125) through
which premixed fuel mixed with solid fuel and
primary air is sprayed;
a secondary tube (140) surrounding the fuel tube
(120) and forming a secondary passage (145)
through which secondary air (SA1) is sprayed;
and
an additional spray nozzle (170, 271, 272, 273,
274) inserted inside the center tube (130) and
configured to spray auxiliary fuel (AM1) contain-
ing ammonia.

2. The combined combustion burner (100, 200) of claim
1, wherein the additional spray nozzle (170, 271,
272, 273, 274) is configured to spray the auxiliary
fuel (AM1) to an inner side of a space where the
secondary air (SA1) is sprayed or to an inner side of
a space where the premixed fuel is sprayed.

3. The combined combustion burner (100, 200) of any
one of the preceding claims, further comprising an
oil nozzle (136) mounted in the center passage (135)
and configured to spray liquid fuel.

4. The combined combustion burner (100, 200) of claim
3, wherein the additional spray nozzle (170, 271,
272, 273, 274) is configured to spray the auxiliary
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fuel (AM1) to an outside of a space where the liquid
fuel is sprayed.

5. The combined combustion burner (100, 200) of any
one of the preceding claims, wherein the additional
spray nozzle (170, 271, 272, 273, 274) is mounted
such that ammonia is sprayed to a recirculation area
(RA1).

6. The combined combustion burner (100, 200) of any
one of the preceding claims, wherein a discharge
portion (175, 271a, 272a, 273a, 274a) inclined with
respect to a longitudinal direction of the additional
spray nozzle (170, 271, 272, 273, 274) is formed on
the additional spray nozzle (170, 271, 272, 273, 274).

7. The combined combustion burner (100, 200) of any
one of the preceding claims, wherein a spray port
(171) through which the auxiliary fuel (AM1) is
sprayed is formed on the additional spray nozzle
(170, 271, 272, 273, 274), preferably the spray port
(171) is formed such that a normal direction of the
spray port (171) is inclined with respect to a radial
direction of the additional spray nozzle (170, 271,
272, 273, 274).

8. The combined combustion burner (100, 200) of claim
6 or 7, wherein one part of an outer circumferential
surface of the discharge portion (175, 271a, 272a,
273a, 274a) extends in a straight line, and the other
part of the outer circumferential surface of the dis-
charge portion (175, 271a, 272a, 273a, 274a) is
curved in an arc shape.

9. The combined combustion burner (100, 200) of any
one of the preceding claims, wherein the additional
spray nozzle (170, 271, 272, 273, 274) is mounted
such that the additional spray nozzle (170, 271, 272,
273, 274) is capable of being rotated with respect to
a central axis of the additional spray nozzle (170,
271, 272, 273, 274).

10. The combined combustion burner (100, 200) of any
one of the preceding claims, further comprising a
rotation control member configured to rotate the ad-
ditional spray nozzle (170, 271, 272, 273, 274), pref-
erably the rotation control member is connected to
the additional spray nozzle (170, 271, 272, 273, 274).

11. The combined combustion burner (100, 200) of any
one of the preceding claims, further comprising an
auxiliary spray member (180) mounted in the fuel
passage (125) and configured to spray ammonia fuel
containing ammonia in a gaseous state into the fuel
passage (125).

12. The combined combustion burner (100, 200) of claim
11, wherein the auxiliary spray member (180) is

formed in a ring shape, comprises a plurality of spray
holes (186) configured to spray the ammonia fuel,
and comprises a distribution passage that extends
along a circumferential direction of the auxiliary
spray member (180).

13. The combined combustion burner (100, 200) of claim
11 or 12, wherein the auxiliary spray member (180)
is fixed to an outer circumferential surface of the cent-
er tube (130).

14. The combined combustion burner (100, 200) of claim
12 or 13, wherein an ammonia supply tube (186)
connected to the distribution passage is mounted in
the center tube (130).

15. A combustion apparatus (2) comprising:

a furnace (3) forming a combustion space; and
a burner (100, 200) as claimed in any one of the
preceding claims and comprising a plurality of
burners (100, 200) mounted in the furnace (3).
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