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portion in the furnace (16), combusts the fuel, and gen-
erates an inert gas having an oxygen content of 1% or
less, at which no reaction occurs with a flammable gas.

FIG. 2
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furnace (16) and the side wall of the lower portion of the
furnace (16), and a bottom refractory (35) and a side
refractory (36) are respectively provided between the
side water-cooling wall (32) and a flame formed by the
lower burner (20) and between the bottom water-cooling
wall (33) and the flame.
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Description
[Technical Field]

[0001] The presentinvention relates to a boiler, a ship
equipped with the boiler, and a method for generating an
inert gas.

[Background Art]

[0002] Beforetheinspection orrepair of aliquefied nat-
ural gas (LNG) tank mounted in an LNG carrier, the work
is necessary to remove a fuel gas in the tank and set the
environment in the tank to the same degree as the at-
mosphere so that a worker can work in the tank. At the
time of setting the environment in the tank to the same
degree as the atmosphere, an inert gas is utilized. This
is because, since the fuel gas and the air may cause a
combustion reaction if air is directly supplied into the tank
to remove the fuel gas, the tank is once filled with an inert
gas to remove the fuel gas, and air is then supplied into
the tank. Therefore, some LNG carriers are equipped
with a dedicated device for generating an inert gas (inert
gas generator (IGG), etc.). Further, in some crude oil
tankers and the like, a combustion flue gas of a boiler or
the like is utilized as an inert gas.

[0003] Systems utilizing the combustion flue gas of the
boiler or the like as an inert gas include, for example, a
system in Patent Literature (PTL) 1. PTL 1 discloses a
volatile organic compound (VOC) gas treatment system
that utilizes, as an inertgas, a flue gas from a boiler which
is cleaned by a scrubber (and from which a sulfur com-
ponent and the like are removed).

[0004] Further, due to the need for the inert gas that is
utilized in the LNG carrier to satisfy a condition as severe
as an oxygen content of about 1%, the combustion flue
gas of the boiler or the like cannot be utilized as an inert
gas in a normal LNG carrier, and a dedicated device for
generating an inert gas is mounted.

[Citation List]
[Patent Literature]

[0005] [PTL 1]
Japanese Patent No. 5916777

[Summary of Invention]
[Technical Problem]

[0006] However, when the dedicated device for gen-
erating an inert gas is mounted, the dedicated device
only combusts light oil or the like, and hence it has not
been possible to effectively utilize energy that occurs at
the time of generating an inert gas.

[0007] Further, in the configuration of PTL 1, the boiler
is provided with only one burner, so that one burner is to
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cover the function of generating steam in the boiler and
the function of generating an inert gas. A burner provided
in a normal ship boiler cannot sufficiently reduce an ox-
ygen content of a combustion flue gas due to the con-
straint of needing to satisfy the function of generating
steam, and the generated inert gas may react with a flam-
mable gas in a fuel tank.

[0008] In addition, the burner for the ship boiler has a
large capacity for the purpose of generating predeter-
mined steam, and the burner may generate more com-
bustion gas than necessary when intended to generate
an inert gas. This requires additional installation of a
small-capacity burner.

[0009] The present invention has been made in view
of such circumstances, and an object of the present in-
vention is to provide a boiler capable of generating steam
by using energy that occurs at the time of generating an
inert gas, a ship equipped with the boiler, and a method
for generating an inert gas.

[Solution to Problem]

[0010] For solving the above problem, the following
means are employed in the boiler, the ship equipped with
the boiler, and the method for generating an inert gas
according to the present invention.

[0011] The boiler according to one aspect of the
present invention includes: a furnace; a first burner that
combusts fuel in the furnace; and a second burner that
is provided separately from the first burner and combusts
fuel in the furnace to generate an inert gas.

[0012] Inthe above configuration, in addition to the first
burner, the second burner for generating an inert gas in
the furnace is provided. This makes it possible to gener-
ate an inert gas having an oxygen content at which no
reaction occurs with a flammable gas, without providing
a dedicated device for generating an inert gas (inert gas
generator (IGG), etc.). Further, it is possible to generate
steam by using energy that occurs at the time of gener-
ating the inert gas.

[0013] Theinertgasis agas having an oxygen content
at which no reaction occurs with a flammable gas. The
oxygen content at which no reaction occurs with a flam-
mable gas means an oxygen content at which no ignition
occurs in air (e.g., atmospheric pressure, etc.), for exam-
ple, 1% or less.

[0014] Inaboileraccordingtoone aspectofthe present
invention, the first burner is disposed in an upper portion
of the furnace and forms a flame downward, and the sec-
ond burner is disposed in a lower portion of the furnace.
[0015] In the above configuration, the first burner is
disposed in the upper portion of the furnace, and the sec-
ond burner is disposed in the lower portion of the furnace.
This enables the first burner and the second burner to
be disposed at positions apart from each other. Itis thus
possible to prevent the first burner from being damaged
by the radiant heat of the flame of the second burner,
while simultaneously preventing the second burner from
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being damaged by the radiant heat of the flame of the
firstburner. Further, with the first burner forming the flame
downward, the heat flux of the flame of the first burner
decreases in the lower portion of the furnace. Thus, by
disposing the second burner in the lower portion of the
furnace, itis possible to further preventthe second burner
from being damaged by the flame of the first burner.
[0016] Moreover, the second burner is disposed apart
from the first burner and thus does not affect the space
in which the first burner is disposed. Hence it is possible
to sufficiently ensure the installation space for the first
burner.

[0017] A boiler according to one aspect of the present
invention may include: a water-cooling wall provided
along a furnace bottom of the furnace and a side wall of
the lower portion of the furnace; and a refractory provided
between the water-cooling wall and a flame formed by
the second burner.

[0018] Inthe above configuration, the refractory is pro-
vided between the water-cooling wall and the flame
formed by the second burner. It is thereby possible to
reduce the heat exchange between the flame and the
water-cooling wall, so that the flame formed by the sec-
ond burner is less likely to be cooled by the water-cooling
wall. Thereby, the combustion temperature of the flame
formed by the second burner can be kept high, thus pro-
moting the combustion of the fuel by the second burner.
Hence the oxygen content of the flue gas generated by
the combustion in the second burner is reduced, so that
an inert gas having a lower oxygen content can be gen-
erated by the second burner. Further, since the water-
coolingwall and the flame do not come into direct contact,
it is possible to prevent the generation of carbon monox-
ide caused by quenching of the flame.

[0019] Moreover, the second burner is disposed in the
lower portion of the furnace. This makes it possible to
limit the range of the flame formed by the second burner
and to thereby reduce the range in which the refractory
is provided. In addition, since the refractory is provided
at the bottom of the furnace and in the lower periphery
of the furnace, it is possible to facilitate the work of in-
stalling the refractory.

[0020] A boiler according to one aspect of the present
invention may include a wind box that supplies combus-
tion air to the second burner; and a fan that supplies a
seal gas into the wind box during operation of the first
burner and stoppage of the second burner.

[0021] In the above configuration, seal air is supplied
into the wind box surrounding the second burner during
the operation of the first burner and the stoppage of the
second burner. During the operation of the first burner,
the furnace is filled with a high-temperature combustion
gas due to the flame formed by the first burner. At this
time, with the seal gas being supplied into the wind box
surrounding the second burner, the high-temperature
combustion gas is prevented by the seal gas from flowing
into the wind box from the furnace. Therefore, during the
stoppage of the second burner, the high-temperature
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combustion gas does not flow into the wind box surround-
ing the second burner, and the second burner is not ex-
posed to the high-temperature combustion gas. As a re-
sult, during the operation of the first burner and the stop-
page of the second burner, the second burner can be
prevented from being damaged by the heat of the flame
formed by the first burner.

[0022] A ship according to one aspect of the present
invention includes a boiler according to any one of the
aforementioned aspects and a fuel tank to which the inert
gas generated by the boiler is supplied.

[0023] Inthe above configuration, the inert gas gener-
ated by the boiler is supplied to the fuel tank. That is, it
is possible to use the flue gas of the boiler as an inert
gas. Hence there is no need to separately provide a de-
vice for generating an inert gas, thereby enabling space-
saving in the ship. Moreover, since the boiler generates
an inert gas having an oxygen content at which no reac-
tion occurs with a flammable gas, it is possible to supply
the inert gas discharged from the boiler to the fuel tank
without performing the process of further reducing the
oxygen content in the inert gas. Hence there is no need
to separately provide a device for reducing the oxygen
content, so that it is possible to simplify the structure of
the ship and save the space in the ship.

[0024] A ship according to one aspect of the present
invention may include another boiler which is provided
separately from the boiler and to which a fuel gas is sup-
plied from the fuel tank.

[0025] In the above configuration, the other boiler, to
which a fuel gas is supplied from the fuel tank, is provided
separately from the boiler that generates an inert gas.
Thus, when the fuel tank is supplied with an inert gas
from the boiler that generates an inert gas, the fuel gas
containing the inert gas discharged out of the fuel tank
can be combusted and oxidized in the other boiler. By
combusting and oxidizing the fuel gas containing the inert
gas, the fuel gas is not discharged to the atmosphere,
and there is thus no need to install equipment such as a
gas fuel unit (e.g., gas combustion unit (GCU)). Further,
steam can be generated while the fuel gas discharged
out of the fuel tank is combusted in the other boiler, so
that the energy efficiency of the entire ship can be im-
proved when the generated steam is utilized in the ship
orwhen power is generated by driving a generator turbine
with the generated steam.

[0026] A method for generating an inert gas in a boiler
according to one aspect of the present invention, the boil-
er including a furnace, a first burner that combusts fuel
in the furnace, a second burner that is provided sepa-
rately from the first burner and combusts fuel in the fur-
nace to generate an inert gas having an oxygen content
at which no reaction occurs with a flammable gas, and a
steam generation unit that generates steam by using a
combustion flue gas generated in the furnace, the meth-
od including: a second burner combustion step of com-
busting the fuel only in the second burner; and a steam
generation step of generating steam in the steam gen-
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eration unit.

[0027] Inthe above configuration, it is possible to gen-
erate an inert gas without providing a dedicated device
for generating an inert gas (inert gas generator (IGG),
etc.). Further, it is possible to generate steam by using
the energy of the generated an inert gas.

[Advantageous Effects of Invention]

[0028] Accordingtothe presentinvention, itis possible
to generate steam by using energy that occurs at the time
of generating an inert gas.

[Brief Description of Drawings]
[0029]

[Fig. 1] Fig. 1 is a schematic configuration view illus-
trating a ship mounted with a boiler according to a
first embodiment of the present invention.

[Fig. 2] Fig. 2 is a schematic side view of the boiler
mounted in the ship of Fig. 1.

[Fig. 3] Fig. 3 is a schematic plan view of the boiler
of Fig. 2.

[Fig. 4] Fig. 4 is a schematic configuration view illus-
trating a ship according to a second embodiment of
the present invention.

[Description of Embodiments]

[0030] Hereinafter, an embodiment of the boiler, the
ship equipped with the boiler, and the method for gener-
ating an inert gas according to the present invention will
be described with reference to the drawings.

[First Embodiment]

[0031] A first embodiment of the present invention will
be described below using Figs. 1 to 3.

[0032] As illustrated in Fig. 1, the ship according to the
present embodiment is, for example, an LNG carrier 1
that transports an LNG. The LNG carrier 1 is mounted
with an LNG tank (fuel tank) 2 that stores an LNG at the
time of transportation, and a boiler 3 that generates an
inert gas to be supplied to the LNG tank 2 at the time of
inspection and repair of the LNG tank 2.

[0033] The boiler 3 is connected to the LNG tank 2
through an inert gas supply pipe 4. Inert gas flows inside
the inert gas supply pipe 4, and a combustion gas gen-
eratedin the boiler 3 is supplied tothe LNG tank 2 through
the inert gas supply pipe 4. The inert gas supply pipe 4
is provided with a scrubber 5, a cooler 6, a dryer 7, and
a booster fan 8 in order from the upstream side of the
combustion gas flow. The combustion gas flowing
through the inert gas supply pipe 4 is cleaned by the
scrubber 5 removing sulfur components, soot and the
like. The cleaned combustion gas is cooled by the cooler
6 and is then dried by the dryer 7. The dried combustion
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gas is supplied as an inert gas into the LNG tank 2 by
the booster 8. Further, a combustion gas discharge pipe
9is branched off from the inert gas supply pipe 4 between
the boiler 3 and the scrubber 5. A part of the combustion
gas generated in the boiler 3 is discharged from a stack
(notillustrated) through the combustion discharge pipe 9.
[0034] A vent pipe 10 is connected to the LNG tank 2.
The fuel gas, discharged by the inert gas being supplied
into the LNG tank 2, is discharged to the atmosphere
through the vent pipe 10. When air is supplied into the
LNG tank 2 after the filling with the inert gas, the inert
gas is discharged to the atmosphere through the vent
pipe 10.

[0035] As illustrated in Fig. 2, the boiler 3 includes a
furnace 16 that combusts a combustion gas, and a steam
generation unit 17 that generates steam by using the
combustion gas generated in the furnace 16. The furnace
16 is a space surrounded by side water-cooling walls 32,
a ceiling water-cooling wall 22, and a bottom water-cool-
ing wall 33. The side water-cooling wall 32 is provided
along the side wall constituting the lateral side of the fur-
nace, the bottom water-cooling wall 33 is provided along
the furnace bottom constituting the lower portion of the
furnace 16, and the ceiling water-cooling wall 22 is pro-
vided along a ceiling constituting the upper portion of the
furnace 16. Further, the side water-cooling wall 32 in-
cludes a front-surface water-cooling wall 23 constituting
the front surface (the upward surface in Fig. 3) of the
furnace 16, a rear-surface water-cooling wall 43 consti-
tuting the rear surface of the furnace 16, and a side-sur-
face water-cooling wall 44 constituting the surface except
for the front and rear surfaces of the furnace 16. Each of
the side water-cooling walls 32 is provided with a plurality
of water wall tubes 34 extending in the vertical direction
and arranged in parallel with predetermined intervals,
and water or steam is flowing inside the water wall tube
34. The ceiling water-cooling wall 22 and the bottom wa-
ter-cooling wall 33 also have substantially the same con-
figuration as the side water-cooling wall 32. However, a
plurality of water wall tubes 34 constituting the ceiling
water-cooling wall 22 and the bottom water-cooling wall
33 extend in the horizontal direction. In Fig. 2, the water
wall tubes 34 are omitted for the illustration.

[0036] As illustrated in Figs. 2 and 3, the furnace 16
includes an upper burner (first burner) 18 installed in the
upper portion of the furnace 16, an upper wind box 19
surrounding the upper burner 18, a lower burner (second
burner) 20 installed in the lower portion of the furnace
16, and alower wind box 21 surrounding the lower burner
20. The upper burner 18 is provided on the ceiling water-
cooling wall 22 and forms a flame downward. The upper
burner 18 performs combustion using, as fuel, the LNG
inthe LNG tank 2 or oil supplied from an oil supply device.
[0037] The lower burner 20 is provided on the front-
surface water-cooling wall 23 and forms a flame in a di-
rection which is horizontal and in which the steam gen-
eration unit 17 is not provided. That is, the lower burner
20 forms a flame from the front surface toward the rear
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surface of the furnace 16. By forming a flame in this man-
ner, the flame does not directly touch components and
the like constituting the steam generation unit 17, thus
enabling the prevention of damage to the components
constituting the steam generation unit 17. The lower
burner 20 performs combustion using, as fuel, oil sup-
plied from the oil supply device. The lower burner 20 is
a small-capacity burner capable of forming a flame by
using less combustion air per unit fuel than the upper
burner 18. In addition, the lower burner 20 is disposed
so as to ensure the length of the flame. Note that Figs.
2 and 3 illustrate an example in which one each of the
upper burner 18 and the lower burner 20 is provided, but
two or more each of the upper burners 18 and the lower
burners 20 may be provided.

[0038] The steam generation unit 17 includes a front
bank tube 28 disposed on the boundary with the furnace
16, an steam generating tubes 29 disposed on the down-
stream side of the combustion gas flow of the front bank
tube 28 and extending in the vertical direction, a partition
plate 41 provided at the substantially central position in
the vertical direction of the steam generating tubes 29,
a water drum 30 provided below the steam generating
tubes 29, a steam drum 31 provided above the steam
generating tubes 29, and a combustion gas discharge
duct 38 connected to the inert gas supply pipe 4.
[0039] Further, in the furnace 16, a bottom refractory
(refractory) 35 is provided so as to cover the bottom wa-
ter-cooling wall from above. Of the side water-cooling
wall 32 located in the lower portion of the furnace 16, on
the rear-surface water-cooling wall 43 and the side-sur-
face water-cooling wall 44 except for the front-surface
water-cooling wall 23 where the lower burner 20 is pro-
vided, a side refractory 36 (refractory) is provided so as
to cover the rear-surface water-cooling wall 43 and the
side-surface water-cooling wall 44 in the direction from
the center of the furnace 16. Thatis, the bottom refractory
35 and the side refractory 36 are provided respectively
between the bottom water-cooling wall 33 and the flame
formed by the lower burner 20 and between the side wa-
ter-cooling wall 32 and the flame. In order to ensure the
combustion gas flow, a ceiling refractory 37 is provided
between the front bank tube 28 and the ceiling portion 22.
[0040] Further, the boiler 3 externally has a forced draft
(FD) fan 24 that supplies combustion air to the upper
burner 18 and the lower burner 20, an upper-burner air
supply line 25 configured to supply the combustion air
from the FD fan 24 to the upper burner 18 via the upper
wind box 19, and a lower-burner air supply line 26 that
is branched off from the upper-burner air supply line 25
and configured to supply the combustion air from the FD
fan 24 to the lower burner 20 via the lower wind box 21.
The lower-burner air supply line 26 is provided with a flow
regulating valve 27 that regulates the flow rate of the
flowing combustion air. Note that a plurality of FD fans
may be provided, and the FD fan for supplying combus-
tion air to the upper burner 18 may be different from the
FD fan for supplying combustion air to the lower burner
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20. The boiler 3 externally has a steam supply pipe 39
(cf. Fig. 1) that supplies steam generated in the boiler 3
to a steam turbine (not illustrated) and equipment using
steam, a fuel supply pipe 40 (cf. Fig. 1) that supplies fuel
such as light oil from a fuel supply device (not illustrated)
to the upper burner 18 and the lower burner 20, and a
fuel gas supply pipe 11 that supplies fuel out of the LNG
tank 2 to the upper burner 18 and the lower burner 20.
[0041] Next, a method for generating an inert gas ac-
cording to the present embodiment will be described.
[0042] Using the combustion air supplied through the
lower-burner air supply line 26, the lower burner 20 com-
busts the fuel supplied through the fuel supply pipe 40
to form a flame (second burner combustion step). The
lower burner 20 is a small-capacity burner for forming a
flame by using less combustion air per unit fuel and is
disposed so as to ensure the length of the flame, so that
the space in the furnace can be used effectively, and the
combustion gas generated by the combustion in the low-
er burner 20 has a low oxygen content. Hence the oxygen
content of the combustion gas introduced into the steam
generation unit 17 is in a low state. Specifically, the com-
bustion gas introduced into the steam generation unit 17
has an oxygen content of 1% or less. At the time of per-
forming the combustionin the lower burner 20 to generate
the combustion gas with a low oxygen content, the com-
bustion is not performed in the upper burner 18.

[0043] As indicated by an arrow in Fig. 2, the combus-
tion gas introduced into the steam generation unit 17
passes through the front bank tube 28 and the steam
generating tubes 29 in this order to generate steam by
the heat exchange with water or water vapor flowing in-
side the front bank tube 28 and the steam generating
tubes 29 (steam generation step). When passing through
the steam generating tubes 29, the combustion gas flows
so as to turn at the partition plate 41. The combustion
gas having completed the heat exchange flows from the
combustion gas discharge hole 38 into the inert gas sup-
ply pipe 4 as an inert gas. The inert gas having flown into
the inert gas supply pipe 4 passes through the scrubber
5, the cooler 6, and the dryer 7 and is supplied into the
LNG tank 2 by the booster 8.

[0044] In the case of generating steam alone in the
boiler 3 while not generating an inert gas, the fuel is sup-
plied only to the upper burner 18, and the fuel is not sup-
plied to the lower burner 20. That is, the combustion is
performed only in the upper burner 18, and the combus-
tion is not performed in the lower burner 20. In the case
of performing the combustion in the upper burner 18 and
not performing the combustion in the lower burner 20,
the opening of the flow regulating valve 27 provided in
the lower-burner air supply line 26 is regulated to supply
a small amount of air into the lower wind box 21. The air
supplied into the lower wind box 21 flows into the furnace
16 via the lower wind box 21 and thereby serves as cool-
ing air and seal air to prevent the high-temperature com-
bustion gas or the like of the furnace 16 from flowing into
the lower wind box 21. That is, the air flowing through
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the lower-burner air supply line 26 serves as the com-
bustion air when the combustionis performedin the lower
burner 20 (i.e., when an inert gas is generated), and
serves as the seal air and the cooling air when the com-
bustion is performed only in the upper burner 18 while
the combustion is not performed in the lower burner 20
(i.e., when only steam is generated) .

[0045] According to the present embodiment, the fol-
lowing effects are exerted.

[0046] In the present embodiment, in addition to the
upper burner 18, the lower burner 20 for generating an
inert gas in the furnace 16 is provided. It is thereby pos-
sible to generate, in the boiler 3, an inert gas having an
oxygen contentof 1% or less, at which no reaction occurs
with a flammable gas, without providing a dedicated de-
vice for generating an inert gas (inert gas generator
(IGG), etc.). Further, it is possible to generate steam by
using energy that occurs at the time of generating the
inert gas.

[0047] The upper burner 18 is disposed in the upper
portion of the furnace 16, and the lower burner 20 is dis-
posed in the lower portion of the furnace 16. This enables
the upper burner 18 and the lower burner 20 to be dis-
posed at positions apart from each other. It is thus pos-
sible to prevent the upper burner 18 from being damaged
by the radiant heat of the flame of the lower burner 20,
while simultaneously preventing the lower burner 20 from
being damaged by the radiant heat of the flame of the
upper burner 18. Further, with the upper burner 18 form-
ing the flame downward, the heat flux of the flame of the
upper burner 18 decreases in the lower portion of the
furnace 16. Thus, by disposing the lower burner 20 in the
lower portion of the furnace 16, it is possible to further
prevent the lower burner 20 from being damaged by the
flame of the upper burner 18.

[0048] Moreover, the lowerburner 20 is disposed apart
from the upper burner 18 and thus does not affect the
space in which the upper burner 18 is disposed. Hence
it is possible to sufficiently ensure the installation space
for the upper burner 18.

[0049] The side refractory 36 and the bottom refractory
35 are provided respectively between the side water-
cooling wall 32 and the flame formed by the lower burner
20 and between the bottom water-cooling wall 33 and
the flame. It is thereby possible to reduce the heat ex-
change between the flame formed by the lower burner
20 and the side water-cooling wall 32 and between the
flame and the bottom water-cooling wall 33, so that the
flame formed by the lower burner 20 is less likely to be
cooled by the side water-cooling wall 32 and the bottom
water-cooling wall 33. Thereby, the combustion temper-
ature of the flame formed by the lower burner 20 can be
kept high, thus promoting the combustion of the fuel by
the lower burner 20. Hence the oxygen content of the
combustion gas generated by the combustion in the low-
er burner 20 is reduced, so that an inert gas having a
lower oxygen content can be generated in the furnace
16. Further, since the flame formed by the lower burner
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20 does not come into direct contact with the side water-
cooling wall 32 or the bottom water-cooling wall 33, it is
possible to prevent the generation of carbon monoxide
caused by quenching of the flame. Moreover, the refrac-
tory is not provided so as to cover the entire surface of
the side water-cooling wall 32 of the furnace 16. Specif-
ically, the refractory is not provided on the front-surface
water-cooling wall 23 where the lower burner 20 is pro-
vided. With such a configuration formed, it is possible to
ensure the heat absorption in the furnace 16.

[0050] The lower burner 20 is disposed in the lower
portion of the furnace 16. This makes it possible to limit
the range of the flame formed by the lower burner 20 and
to thereby reduce the range in which the refractory is
provided. In addition, since the refractory is provided at
the bottom of the furnace 16 and in the lower portion of
the furnace 16, it is possible to facilitate the work of in-
stalling the refractory.

[0051] Further, a seal gas is supplied into the lower
wind box 21 surrounding the lower burner 20 during the
operation of the upper burner 18 and the stoppage of the
lower burner 20. During the operation of the upper burner
18, the furnace 16 is filled with a high-temperature com-
bustion gas due to the flame formed by the upper burner
18. At this time, with the seal gas being supplied into the
lower wind box 21 surrounding the lower burner 20, the
high-temperature combustion gas is prevented by the
seal gas from flowing into the wind box 21 from the fur-
nace 16. Therefore, during the stoppage of the lower
burner 20, the high-temperature combustion gas does
not flow into the lower wind box 21, and the lower burner
20 is not exposed to the high-temperature combustion
gas. As aresult, during the operation of the upper burner
18 and the stoppage of the lower burner 20, it is possible
to prevent the lower burner 20 from being damaged by
the heat of the flame formed by the upper burner 18. In
addition, the seal gas has a low temperature and can
thus cool the lower burner 20, thereby preventing the
lower burner 20 from being damaged.

[0052] The inert gas generated by the boiler 3 is sup-
plied to the fuel tank. That is, it is possible to use the
combustion flue gas of the boiler 3 as an inertgas. Hence
there is no need to separately provide a device for gen-
erating an inert gas, thus enabling space-saving in the
LNG carrier 1. Moreover, since the boiler 3 generates
the inert gas having an oxygen content of 1 % or less, at
which no reaction occurs with a flammable gas, it is pos-
sible to supply the inert gas discharged from the boiler 3
to the LNG tank 2 without performing the process of fur-
ther reducing the oxygen content in the inert gas.

[Second Embodiment]

[0053] Next, a second embodiment of the present in-
vention will be described below using Fig. 4.

[0054] The presentembodimentbasically has a similar
structure to the first embodiment and is different from the
first embodiment mainly in that an LNG carrier 60 is
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equipped with two boilers having different features.
Therefore, the same constituents as those of the first
embodiment are denoted by the same reference numer-
als, and the description thereof will be omitted.

[0055] The LNG carrier 60 according to the present
embodiment includes a flammable gas supply pipe 51
branched off from the vent pipe 10. The first flammable
gas supply pipe 51 is connected to the boiler 50, and a
flammable fuel gas in the LNG tank 2 is supplied to the
boiler 50 by a supply compressor 52 provided in the mid-
dle position of the flammable gas supply pipe 51. Further,
a second flammable gas supply pipe 54 for supplying a
flammable gas from the LNG tank 2 to the boiler 56 is
branched off from the middle position of the first flamma-
ble gas supply pipe 51. Note that the second flammable
gas supply pipe 54 may not be branched from the middle
position of the flammable gas supply pipe 51 but may be
provided so as to directly connect the LNG tank 2 and
the boiler 56.

[0056] The boiler 56 has substantially the same con-
figuration as the boiler 3 described in the first embodi-
ment, but the burner provided is different from that in the
boiler 3. Specifically, only a burner 55 for generating an
inert gas with a low oxygen content is provided in the
boiler 56, and the burner 55 is provided in the upper part
of the boiler 56.

[0057] Further, the boiler 50 has substantially the same
configuration as the boiler 3 described in the first embod-
iment but is different from the boiler 3 in not including the
lower burner 20 that generates an inert gas with a low
oxygen content, the lower wind box 21, the side refractory
36, or the bottom refractory 35.

[0058] According to the present embodiment, the fol-
lowing effects are exerted.

[0059] In the present embodiment, the boiler 50, to
which the flammable fuel gas is supplied from the LNG
tank 2, is provided separately from the boiler 56 that gen-
erates an inert gas. Thereby, when the LNG tank 2 is
supplied with an inert gas from the boiler 56 that gener-
ates an inert gas, the flammable fuel gas and the inert
gas discharged out of the LNG tank 2 can be combusted
in the boiler 50. Therefore, steam can be generated while
the flammable fuel gas and the inert gas discharged out
of the LNG tank 2 are combusted in the boiler 50, so that
the energy efficiency of the entire LNG carrier 1 can be
improved by utilizing the steam in the equipment in the
LNG carrier 1.

[0060] The presentinventionis notlimited to the inven-
tion according to each of the above embodiments, and
modifications can be appropriately made without depart-
ing from the scope of the present invention. For example,
in the second embodiment, the boiler 56 and the boiler
50 have been the boilers with different structures from
the structure of the boiler 3 described in the first embod-
iment, but the boiler 56 and the boiler 50 may have the
same structure as that of the boiler 3.

[0061] In each of the above embodiments, the refrac-
tory has not been provided on the entire surface of the
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furnace 16, and the refractory has not been provided on
the surface where the lower burner 20 is provided, but
the refractory may be provided on the entire surface of
the side wall 23 of the furnace 16. With such a configu-
ration formed, the heat exchange between the flame
formed by the lower burner 20 and the side water-cooling
wall 32 can further be reduced, and the combustion tem-
perature of the flame formed by the lower burner 20 can
be kept high. Moreover, it is possible to prevent the direct
contact between the side water-cooling wall 32 and the
flame formed by the lower burner 20 and further prevent
the generation of carbon monoxide.

[Reference Signs List]

[0062]

1 LNG carrier

2 LNG tank (fuel tank)
3 boiler

4 inert gas supply pipe

16 furnace

17  steam generation unit

18  upper burner (first burner)

19  upper wind box

20 lower burner (second burner)

21 lower wind box

22 ceiling water-cooling wall

23  front-surface water-cooling wall

25  upper-burner air supply line

26  lower-burner air supply line

27  flow regulating valve

29 steam generating tubes

32  side water-cooling wall (water-cooling wall)
33  bottom water-cooling wall (water-cooling wall)
34  water wall tube

35 Dbottom refractory (refractory)

36  side refractory (refractory)

50  boiler

Claims
1. A boiler comprising:

a furnace;

a first burner that combusts fuel in the furnace;
and

asecond burner thatis provided separately from
the first burner and combusts fuel in the furnace
to generate an inert gas.

2. The boiler according to claim 1, wherein
the first burner is disposed in an upper portion of the
furnace and forms a flame downward, and
the second burner is disposed in a lower portion of
the furnace.
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The boiler according to claim 2, comprising:

a water-cooling wall provided along a furnace
bottom of the furnace and a side wall of the lower
portion of the furnace; and

a refractory provided between the water-cooling
wall and a flame formed by the second burner.

The boiler according to any one of claims 1 to 3,
comprising:

a wind box that surrounds the second burner;
and

a fan that supplies a seal gas into the wind box
during operation of the first burner and stoppage
of the second burner.

A ship comprising:

the boiler according to any one of claims 1 to 4;
and

a fuel tank to which the inert gas generated by
the boiler is supplied.

The ship according to claim 5, comprising

another boiler which is provided separately from the
boiler and to which a fuel gas is supplied from the
fuel tank.

A method for generating an inert gas in a boiler, the
boiler including

a furnace,

a first burner that combusts fuel in the furnace,

a second burner that is provided separately from the
first burner and combusts fuel in the furnace to gen-
erate an inert gas, and

a steam generation unit that generates steam by us-
ing a combustion flue gas generated in the furnace,
the method comprising:

a second burner combustion step of combusting
the fuel only in the second burner; and

a steam generation step of generating steam in
the steam generation unit.

Amended claims under Art. 19.1 PCT

(amended) A boiler comprising:

a furnace;

a first burner that combusts fuel in the furnace;
and

asecond burner that is provided separately from
the first burner and combusts fuel in the furnace
to generate an inert gas, wherein

the first burner is disposed in an upper portion
of the furnace and forms a flame downward, and
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the second burner is disposed in a lower portion
of the furnace.

(deleted)

(amended) The boiler according to claim 1, compris-
ing:

a water-cooling wall provided along a furnace
bottom of the furnace and a side wall of the lower
portion of the furnace; and

a refractory provided between the water-cooling
wall and a flame formed by the second burner.

(amended) The boiler according to claim 1 or 3, com-
prising:

a wind box that surrounds the second burner;
and

a fan that supplies a seal gas into the wind box
during operation of the first burner and stoppage
of the second burner.

(amended) A ship comprising:

the boiler according to any one of claims 1, 3
and 4; and

a fuel tank to which the inert gas generated by
the boiler is supplied.

The ship according to claim 5, comprising

another boiler which is provided separately from the
boiler and to which a fuel gas is supplied from the
fuel tank.

A method for generating an inert gas in a boiler, the
boiler including

a furnace,

a first burner that combusts fuel in the furnace,

a second burner that is provided separately from the
first burner and combusts fuel in the furnace to gen-
erate an inert gas, and

a steam generation unit that generates steam by us-
ing a combustion flue gas generated in the furnace,
the method comprising:

a second burner combustion step of combusting
the fuel only in the second burner; and

a steam generation step of generating steam in
the steam generation unit.
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