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Description
Technical Field

[0001] The presentinvention relates to a liquefied-gas
vaporization method, a liquefied-gas vaporization sys-
tem, and an offshore floating-body structure provided
with the system.

Background Art

[0002] A liquefied-gas vaporization system which per-
forms vaporization (gasification) of a liquefied gas is pro-
vided in a liquefied-gas carrier ship (in other words, an
LNG ship) which transports a liquefied gas, such as an
LNG, or an offshore floating-body structure, such as an
FSRU (in other words, a liquefied-gas receiving base),
whichreceives aliquefied gas from aliquefied-gas carrier
ship, stores the liquefied gas, and supplies the liquefied
gas to a city gas line.

[0003] In such a liquefied-gas vaporization system,
various methods are conceived as a method of liquefied-
gas vaporization. In a general method, a liquefied gas
flows in an inner portion of a vaporizer having an open-
rack shape and sea water flows over the outside of the
vaporizer, in such a manner that the liquefied gas is
warmed by the heat of the sea water and is vaporized.
However, it becomes difficult to apply the method to a
sea area (of Europe, North America, or the like) in which
an intake and discharge of sea water are restricted in
order to conserve the marine environment.

[0004] In some cases, in a cold sea area, an intake of
sea water cannot be performed because the sea water
is frozen or the temperature of the sea water is signifi-
cantly low, in terms of heating water.

[0005] Accordingly, in some cases, a liquefied gas is
vaporized without discharging sea water to the outside
of a system, by causing heated sea water to be circulated
in a closed-loop shape, as a heat medium, or causing
the liquefied gas to be heated by a vaporization loop, as
disclosed in, for example, JP 2010-58772A or JP
2012-17030A.

[0006] In some cases, air heated by a heater is blown,
using a blower, to an inner portion of a liquefied-gas va-
porization unit, in such a manner that a liquefied gas is
vaporized without sea water, as disclosed in JP
2002-39695A.

[0007] Meanwhile,inaninner portion of aliquefied-gas
tank, a liquefied gas is vaporized by, for example, the
heat which is naturally input from the outside, and thus
a boil-off gas (a vaporized gas) is generated. It is neces-
sary to handle the boil-off gas, such that the pressure of
the tank is prevented from exceeding a design pressure
due to the boil-off gas. In a case of the related art, a boil-
off gas is supplied to, for example, a propulsion engine
or a power generation engine of a liquefied-gas carrier
ship and is converted into energy or the boil-off gas is
subjected to combustion by a combustor, in such a man-
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ner that the boil-off gas is handled.

[0008] EP 0580910A1 discloses aliquefied-gas vapor-
ization system including an air compressor, a combustor,
a combustion turbine, and an exhaust gas cooler provid-
ed for producing energy and heat to vaporize LNG stored
in a cryogenic LNG terminal. The liquid LNG is subjected
to pressurized combustion using the compressed air
compressed by the compressor, and the combustion gas
is diluted by causing the combustion gas to be mixed with
compressed nitrogen compressed by a nitrogen com-
pressor.

[0009] WO 2008/031147A1 discloses that the boil-off
gas removed from a LNG storage tank on board a marine
vessel can be used as a source of fuel gas for a gas-fired
power generation unit. The boil-off gas is subjected to
heating and pressurizing in a compressor of a fuel gas
conditioning unit before it is introduced into the combus-
tor.

Summary of Invention
Technical Problem

[0010] However, in a case of the related art, a heat
medium, such as sea water and air, is heated and a lig-
uefied gas is vaporized by the heat medium, as described
above. Therefore, a system of the related art requires a
large amount of energy, and thus the system is uneco-
nomical.

[0011] Furthermore, it is necessary to provide an inci-
dental facility, such as a large-scale gas power genera-
tion facility, a boiler facility, and a large blower, and thus
the cost of investment in facilities increases and it is nec-
essary to provide a large space for allowing the facilities
to be installed. Particularly, in a case of a liquefied-gas
carrier ship, space is extremely limited, and thus it is dif-
ficult to provide the facilities described above.

[0012] Itis also possible to conceive a method in which
a boil-off gas is subject to combustion and a liquefied gas
is vaporized using the heat of the combustion gas. How-
ever, when the combustion gas is directly supplied to a
liquefied-gas vaporization unit, there is a problem in that
the liquefied-gas vaporization unit may be damaged due
to a large temperature difference between the combus-
tion gas and the cold heat of the liquefied gas or replace-
ment frequency of a component used in a high-temper-
ature circumstance increases due to a reduced life span.
There is a method in which a combustion gas is diluted
with a large amount of air such that the temperature of
the heat of the combustion gas is reduced. However,
there is a problem in terms of power of a blowing machine
which supplies the air for dilution, the cost of facilities,
and reduction in size.

[0013] The invention is made in view of such a circum-
stance. An object of the invention is to provide a liquefied-
gas vaporization method, a liquefied-gas vaporization
system in which a liquefied gas can be effectively vapor-
ized with a compact configuration by effectively utilizing
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a boil-off gas in a liquefied-gas tank, without having to
take in any sea water, and an offshore floating-body
structure provided with the system.

Solution to Problem

[0014] To achieve the object described above, the in-
vention provides a liquefied-gas vaporization method as
defined by claim 1 and a liquefied-gas vaporization sys-
tem as defined by claim 2.

[0015] First, a liquefied-gas vaporization method ac-
cording to an aspect of the invention is a liquefied-gas
vaporization method in which vaporization of a liquefied
gas stored in a liquefied-gas tank is promoted by causing
the liquefied gas to be subjected to heat exchange with
a heat medium. In the method, a boil-off gas generated
in the liquefied-gas tank is subjected to combustion, a
turbine is driven by the energy of a combustion gas, the
combustion gas after driving the turbine is used as the
heat medium, and vaporization of the liquefied gas is
promoted by the heat of the combustion gas.

[0016] According to the liquefied-gas vaporization
method described above, the combustion gas obtained
after the boil-off gas generated in the liquefied-gas tank
is combusted is expanded by driving the turbine, and thus
the temperature of the combustion gas is reduced. Va-
porization of the liquefied gas is promoted by the heat of
the combustion gas which is expanded and is subjected
to atemperature reduction, as described above. The driv-
en turbine can perform a predetermined operation.
[0017] The combustion gas passing through the tur-
bine is expanded, and thus the volume of the combustion
gas is increased. Accordingly, the temperature of the
combustion gas is decreased. As a result, upon compar-
ison with a case where a combustion gas obtained after,
for example, a boil-off gas is subjected to combustion
does not pass through the turbine and is directly supplied
to the liquefied-gas vaporization unit, in such a manner
thata liquefied gas is vaporized, a temperature difference
between the combustion gas and the liquefied-gas va-
porization unit can be reduced. Accordingly, it is possible
to prevent damage to the liquefied-gas vaporization unit
and reduction in durability.

[0018] The combustion gas passing through the tur-
bine has a certain amount of pressure. Accordingly, even
when the combustion gas is not forcibly sent by, for ex-
ample, a blower, the combustion gas can be supplied to
the liquefied-gas vaporization unit. As a result, the con-
figuration of the liquefied-gas vaporization system can
be simplified. The driven turbine can perform a predeter-
mined operation. Thus, the boil-off gas in the liquefied-
gas tank is effectively utilized and the liquefied gas can
be vaporized with high efficiency.

[0019] Theliquefied gas can be vaporized, without any
problem, by the heat of the combustion gas obtained by
combusting the boil-off gas, as described above. Thus,
it is not necessary to heat a heat medium, such as sea
water or air. As a result, the liquefied-gas vaporization
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system of the invention does not require any additional
energy. Furthermore, energy can be obtained by oper-
ating the turbine. Thus, the liquefied gas can be signifi-
cantly and effectively vaporized.

[0020] A liquefied-gas vaporization system according
to another aspect of the invention is configured to include
a liquefied-gas vaporization unit in which a liquefied gas
stored in a liquefied-gas tank is subjected to heat ex-
change with a heat medium, and vaporized, a boil-off-
gas combustion unit which induces combustion of a boil-
off gas generated in the liquefied-gas tank, a turbine
which performs a predetermined operation by being ro-
tationally driven by the energy of a combustion gas ob-
tained after combustion has been performed in the boil-
off-gas combustion unit, and a combustion-gas supply
unit which supplies, as the heat medium, to the liquefied-
gas vaporization unit, the combustion gas discharged
from the turbine.

[0021] Accordingtothe liquefied-gas vaporization sys-
tem having the configuration described above, the boil-
off gas generated in the liquefied-gas tank is subjected
to combustion by the boil-off-gas combustion unit and
the turbine is driven by the combustion gas. Then, the
combustion gas after driving the turbine passes through
the combustion-gas supply unit and is supplied, as the
heat medium, to the liquefied-gas vaporization unit, in
such a manner that vaporization of the liquefied gas is
promoted. In addition, the turbine can perform a prede-
termined operation.

[0022] The combustion gas after driving the turbine is
expanded, and thus the temperature of the combustion
gas is decreased. As a result, upon comparison with a
case where a combustion gas discharged from, for ex-
ample, a boil-off-gas combustion portion does not pass
through the turbine and is directly supplied to the lique-
fied-gas vaporization unit, in such a manner that a lique-
fied gas is vaporized, a temperature difference between
the combustion gas and the liquefied-gas vaporization
unit can be reduced. Accordingly, itis possible to prevent
damage to the liquefied-gas vaporization unit and reduc-
tion in durability.

[0023] The combustion gas passing through the tur-
bine has a certain amount of pressure. Accordingly, even
when the combustion gas may not be forcibly sent by,
for example, a blower, the combustion gas can be sup-
plied to the liquefied-gas vaporization unit. As a result,
the configuration of the liquefied-gas vaporization system
can be simplified. Furthermore, the liquefied gas can be
vaporized, without any problem, by the heat of the com-
bustion gas obtained by combusting the boil-off gas.
Thus, itis not necessary to supply additional energy and,
further, energy can be obtained by operating the turbine.
As a result, the liquefied gas can be significantly effec-
tively vaporized.

[0024] In the configuration described above, the boil-
off-gas combustion unit may be a pressurized combus-
tion unit which has compressed air supplied thereto and
in which the boil-off gas is subjected to pressurized com-
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bustion and a compressor which generates the com-
pressed air and supplies the compressed air to the boil-
off-gas combustion unit as air for pressurized combus-
tion, may be provided on the same axis as that of the
turbine.

[0025] Accordingto the liquefied-gas vaporization sys-
tem having the configuration described above, the boil-
off-gas combustion unit which is a pressurized combus-
tion unit receives the compressed air from the compres-
sor which is provided on the same axis as that of the
turbine and performs pressurized compression of the
boil-off gas. Thus, upon comparison with in a case in
which a boil-off gas is subjected to combustion at atmos-
pheric pressure, the size of flame during combustion is
reduced. As a result, the size of a furnace and the size
of a flue are reduced, and thus the size of the liquefied-
gas vaporization system can be reduced.

[0026] In the liquefied-gas vaporization system de-
scribed above, the boil-off-gas combustion unit may in-
clude a combustion-gas dilution portion which dilutes the
combustion gas by causing the combustion gas to be
mixed with a part of the compressed air supplied from
the compressor.

[0027] Accordingto the liquefied-gas vaporization sys-
tem having the configuration described above, the com-
bustion gas discharged from the boil-off-gas combustion
unit is diluted with the compressed air, in the combustion-
gas dilution portion. Thus, the volume of the combustion
gasisincreased. The combustion gas which is subjected
to dilution is expanded by passing through the turbine.
In addition, the volume of the combustion gas is in-
creased. The combustion gas is supplied to the liquefied-
gas vaporization unit, in a state where the temperature
of the combustion gas is decreased. Accordingly, alarge
amount of diluted combustion gas having an appropriate
temperature is introduced to the liquefied-gas vaporiza-
tion unit, in such a manner that the liquefied gas can be
vaporized with high efficiency. In addition, it is possible
to prevent damage to the liquefied-gas vaporization unit
and reduction in durability, by reducing a temperature
difference between the combustion gas and the liquefied-
gas vaporization unit.

[0028] In the configuration described above, the com-
bustion-gas supply unit may include an air eductor which
dilutes the combustion gas by causing the combustion
gas to be mixed with air for dilution.

[0029] Accordingto the liquefied-gas vaporization sys-
tem having the configuration described above, when the
combustion gas passing through the turbine passes
through the air eductor, the combustion gas is mixed with
air for dilution, and thus the volume of the combustion
gasis furtherincreased. Accordingly, the combustion gas
is supplied to the liquefied-gas vaporization unit, in a state
where the temperature of the combustion gas is further
reduced. Accordingly, a large amount of diluted combus-
tion gas having an appropriate temperature is introduced
to the liquefied-gas vaporization unit, in such a manner
that the liquefied gas can be vaporized with high efficien-
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cy. In addition, it is possible to prevent damage to the
liquefied-gas vaporization unit and reduction in durability,
by reducing a temperature difference between the com-
bustion gas and the liquefied-gas vaporization unit.
[0030] In the configuration described above, in the air
eductor, a mixing ratio of air for dilution may be set to a
value in which the combustion gas which is subjected to
dilution and is supplied to the liquefied-gas vaporization
unit has a temperature of 100°C or less.

[0031] Accordingtothe liquefied-gas vaporization sys-
tem having the configuration described above, the com-
bustion gas which is subjected to dilution and is supplied
to the liquefied-gas vaporization unit has a temperature
of 100°C or less. Thus, it is possible to prevent damage
to the liquefied-gas vaporization unit and reduction in du-
rability, by reducing a temperature difference between
the combustion gas and the liquefied-gas vaporization
unit.

[0032] Inthe configuration described above, the lique-
fied-gas vaporization system may further include a dilu-
tion-air supply portion which extracts a part of the com-
pressed air generated in the compressor and supplies,
as the air for dilution, the extracted compressed air to the
air eductor, and a flow-rate regulating valve which regu-
lates a flow rate of the air for dilution.

[0033] According tothe liquefied-gas vaporization sys-
tem having the configuration described above, a part of
the compressed air generated in the compressor is ex-
tracted. Then, the extracted compressed air is supplied,
as air for dilution, to the air eductor, in a state where the
flow rate of the extracted compressed air is adjusted by
the flow-rate regulating valve. Accordingly, it is not nec-
essary to control the flow rate of air for dilution, on the
turbine side or the boil-off-gas combustion unit side. As
aresult, it is possible to easily perform control.

[0034] Inthe configuration described above, the lique-
fied-gas vaporization unit may have a configuration in
which a vaporizing tube through which the liquefied gas
flows is provided along an up-down direction, in an inner
portion of a casing body, and the combustion gas flows
in from an upper portion of the casing body and is dis-
charged from a lower portion of the casing body.
[0035] Moistureis necessarily included in the combus-
tion gas obtained by combusting the boil-off gas of the
liquefied gas. Accordingly, when the combustion gas is
supplied to the liquefied-gas vaporization unit, there is a
concern that the combustion gas may be subjected to
heat exchange with the liquefied gas having a low tem-
perature, and thus condensed water is generated and
frozen. However, according to the liquefied-gas vapori-
zation system having the configuration described above,
the condensed water is discharged from the lower portion
of the liquefied-gas vaporization unit. As a result, it is
difficult for the condensed water to be frozen, and thus
it is possible to vaporize the liquefied gas with high effi-
ciency.

[0036] Inthe configuration described above, the lique-
fied-gas vaporization system may further include a com-
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pressed-air supply unit which extracts a part of the com-
pressed air generated in the compressor and blows the
extracted air to a part of the liquefied-gas vaporization
unit, which is a portion in the vicinity of an inlet portion of
the liquefied gas.

[0037] Accordingto the liquefied-gas vaporization sys-
tem having the configuration described above, the com-
pressed air having a high temperature is blown to a part
of the liquefied-gas vaporization unit, which is a portion
in the vicinity of an inlet portion of the liquefied gas and
in which freezing of the condensed water is likely to occur.
Thus, it is difficult for the condensed water to be frozen.
Furthermore, even when freezing of the condensed water
occurs, the compressed air can remove ice by blowing
the ice off. As a result, the liquefied-gas vaporization unit
is prevented from freezing, and thus it is possible to va-
porize the liquefied gas with high efficiency.

[0038] Inthe configuration described above, the lique-
fied-gas vaporization system may further include a dilut-
ed-combustion-gas supply unit which extracts a part of
the combustion gas which has been supplied to the lig-
uefied-gas vaporization unit and is subjected to dilution
and supplies the extracted combustion gas to the com-
pressor.

[0039] Accordingto the liquefied-gas vaporization sys-
tem having the configuration described above, the com-
bustion gas is diluted with the compressed air and in-
cludes a large amount of oxygen. Furthermore, the dilute
combustion gas which is cooled by being subjected to
heat exchange with the liquefied gas, in the liquefied-gas
vaporization unit, is supplied to the compressor. As a
result, the temperature of intake air of the compressor is
reduced, and thus the efficiency of the compressor can
be increased.

[0040] In the configuration described above, the dilut-
ed-combustion-gas supply unit may also be able to sup-
ply the combustion gas extracted from the liquefied-gas
vaporization unit to the air eductor.

[0041] Accordingto the liquefied-gas vaporization sys-
tem having the configuration described above, the com-
bustion gas is subjected, inthe liquefied-gas vaporization
unit, to heat exchange with the liquefied gas having a low
temperature and the combustion gas of which the con-
densed water is (subjected to dehumidification) separat-
ed and which is in a lean state is supplied to the air educ-
tor, in such a manner that the combustion gas which is
in a dried and lean state returns to the liquefied-gas va-
porization unit. As a result, freezing of the liquefied-gas
vaporization unit is prevented by reducing the amount of
condensed water of the combustion gas entering the lig-
uefied-gas vaporization unit, and thus the liquefied gas
can be vaporized with high efficiency.

[0042] An offshore floating-body structure according
to still another aspect of the invention may include the
liquefied-gas vaporization system having any one of the
configurations described above.

[0043] According to the offshore floating-body struc-
ture having the configuration described above, regard-
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less of in a case where the offshore floating-body struc-
ture is either a liquefied-gas carrier ship or a liquefied-
gas receiving base, the size of the liquefied-gas vapori-
zation system is reduced and it is possible to effectively
vaporize, without any problem, the liquefied gas by the
heat of the combustion gas obtained by combusting the
boil-off gas in the liquefied-gas tank.

Advantageous Effects of Invention

[0044] According to a liquefied-gas vaporization meth-
od, a liquefied-gas vaporization system, and an offshore
floating-body structure provided with the liquefied-gas
vaporization system of the invention, a liquefied gas can
be effectively vaporized by effectively utilizing a boil-off
gas in a liquefied-gas tank, with a significantly compact
configuration in which, for example, a large-scale gas
power generation facility and a large-scale boiler facility
are not provided, as described above.

[0045] In addition, the liquefied gas can be vaporized
without having to take in any sea water. Thus, it is pos-
sible to contribute to marine environment conservation.

Brief Description of Drawings
[0046]

Fig. 1is a schematic configuration view of a liquefied-
gas vaporization system illustrating an embodiment
1 of the invention.

Fig. 2 is a schematic cross-sectional view illustrating
the configuration of an air eductor.

Fig. 3is a schematic configuration view of a liquefied-
gas vaporization system illustrating an embodiment
2 of the invention.

Description of Embodiments
Embodiment 1

[0047] Hereinafter, an embodiment of a liquefied-gas
vaporization method and a liquefied-gas vaporization
system according to the invention will be described with
reference to the accompanying drawings.

[0048] Fig. 1 is a schematic configuration view of the
liquefied-gas vaporization system illustrating an embod-
iment 1 of the invention. A liquefied-gas vaporization sys-
tem 1 is provided in a liquefied-gas carrier ship, such as
an LNG carrier ship, or a liquefied-gas receiving base,
such as afloating storage and regasification unit (FSRU).
The liquefied-gas vaporization system 1 has a configu-
ration in which a liquefied gas stored in a liquefied-gas
tank (not illustrated) is vaporized and a boil-off gas gen-
erated in the liquefied-gas tank is subjected to combus-
tion. Then, in the liquefied-gas vaporization system 1,
vaporization of the liquefied-gas is promoted using heat
of the combustion gas.

[0049] The liquefied-gas vaporization system 1 is con-
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figured to include a liquefied-gas vaporization unit 2, a
boil-off-gas combustion unit 3, a turbine 4, a compressor
5, agenerator 6, astarter unit 7, a combustion-gas supply
unit 8, air trunks 9 and 10, a compressed-air supply unit
11, afunnel 12, and a diluted-combustion-gas supply unit
13. The compressor 5 and the generator 6 are provided
on the same axis as that of the turbine 4.

[0050] The liquefied-gas vaporization unit2 has a con-
figurationin which the liquefied gas stored in the liquefied-
gastankis subjected to heat exchange with a combustion
gas (in other words, a heat medium) of a boil-off gas, in
such a manner that the liquefied gas is vaporized. In the
inner portion of a casing body 15, a vaporizing tube 16
through which the liquefied gas flows is provided in an
up-down direction. The vaporizing tube 16 has a structure
in which a plurality of air fins 16b extending in a vertical
direction are provided around, for example, a central tube
16a, in such a manner that the surface area of the va-
porizing tube 16 is increased. Aninlet path 17 is connect-
ed to an upstream-side of a group of vaporizing tubes 16
and an outlet path 18 is connected to a downstream-side
of the group of the vaporizing tubes 16. The liquefied gas
flows in from the inlet path 17 and passes through the
inner portion of the vaporizing tube 16. Then, the liquefied
gas flows out from the outlet path 18.

[0051] The combustion gas of the boil-off gas flows in,
as a heat medium, from the upper portion of the casing
body 15 of the liquefied-gas vaporization unit 2, as de-
scribed below. Then, the combustion gas flows down-
ward along the vaporizing tube 16 extending in the up-
down direction and the combustion gas is subjected to
heat exchange with the liquefied gas, in such a manner
that the liquefied gas is vaporized. Subsequently, the
combustion gas is discharged to the outside, from a dis-
charge port 19 which is provided in the lower portion of
the casing body 15.

[0052] The turbine4 isrotationally driven by the energy
of the combustion gas obtained after combustion has
been performed in the boil-off-gas combustion unit 3, in
such a manner that the turbine 4 performs a predeter-
mined operation. In this case, the turbine 4 drives the
compressor 5 and the generator 6 which are provided on
the same axis as that of the turbine 4. Then, compressed
air which is generated in the compressor 5 and has a
pressure of 3 atm. passes through a compressed-air sup-
ply tube 21. Then, the compressed air is supplied to the
boil-off-gas combustion unit 3, as air for pressurized com-
bustion and air for dilution. An air trunk 9 is connected to
the intake side of the compressor 5 through an outside-
air supply tube 22. Outside air which flows from an inlet
port 9a to the air trunk 9 is subjected to rectification, and
then the outside air is supplied to the compressor 5.
[0053] The boil-off-gas combustion unit 3 receives the
compressed air from the compressor 5 and induces pres-
surized combustion of the boil-off gas generated in the
liquefied-gas tank. In addition, the boil-off-gas combus-
tion unit 3 causes the combustion gas to be mixed with
a part of the compressed air supplied from the compres-
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sor 5, in such a manner that the boil-off-gas combustion
unit 3 dilutes the combustion gas. The boil-off-gas com-
bustion unit 3 includes a combustion chamber 3a and a
combustion-gas dilution portion 3b. The combustion
chamber 3a forms the central portion of the boil-off-gas
combustion unit 3 and has a cylindrical shape. The com-
bustion-gas dilution portion 3b surrounds the outer cir-
cumference of the combustion chamber 3a and has a
cylindrical shape. The compressed-air supply tube 21
extending from the compressor 5 is connected to one
end of the combustion-gas dilution portion 3b. The com-
pressed air supplied from the compressed-air supply
tube 21 flows to both the combustion chamber 3a and
the combustion-gas dilution portion 3b. A confluence dis-
charge port 3c is provided in the other ends of the com-
bustion chamber 3a and combustion-gas dilution portion
3b.

[0054] A boil-off-gas supply tube 25 extending from the
liquefied-gas tank (not illustrated) is provided in a state
where the boil-off-gas supply tube 25 diffuses the boil-
off gas in the inner portion of the combustion chamber
3a of boil-off-gas combustion unit 3. In the inner portion
of the combustion chamber 3a, the compressed air sup-
plied from the compressor 5 and the boil-off gas are
mixed at a predetermined ratio and are subjected to com-
bustion. Next, in the confluence discharge port 3c, the
combustion gas is mixed with the compressed air passing
through the combustion-gas dilution portion 3b, in such
a manner that the combustion gas is diluted. Then, the
diluted combustion gas passes through a discharge-gas
supply tube 26 and is supplied to the turbine 4.

[0055] The starter unit 7 has a configuration in which,
when liquefied-gas vaporization system 1 is started, an
auxiliary compressor 29 is driven by an electric motor 28
instead of the compressor 5 not subjected to operation
and compressed air for starting is generated, and then
the compressed air is supplied from a starting-air supply
tube 30 to the boil-off-gas combustion unit 3. The starting-
air supply tube 30 meets the compressed-air supply tube
21. A check valve 31 is provided in the tubular path 21
and a check valve 32 is provided in the tubular path 30.
[0056] The liquefied-gas vaporization system 1 may
have a configuration in which the starter unit 7 is not
provided and an electric power is supplied to the gener-
ator 6 at the time of starting the liquefied-gas vaporization
system 1, in such a manner that the compressor 5 is
forcibly driven by the generator 6 instead of an electric
motor and compressed air is supplied to the boil-off-gas
combustion unit 3.

[0057] The combustion-gas supply unit 8 is a tubular
path through which the combustion gas discharged from
the turbine 4 is supplied, as a heat medium, to the lique-
fied-gas vaporization unit 2. The combustion-gas supply
unit 8 extends from the turbine 4 and branches into two
paths in two directions. The air trunk 10 is connected to
the middle of a branch path 8a which is one of the two
paths. A branch path 8b which is the other of the two
paths is joined to the funnel 12. The branch path 8a pass-
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es through the air trunk 10. An end portion of the branch
path 8a branches into distribution piping portions 8c and
the respective distribution piping portions 8c are connect-
ed to the upper portion of the casing body 15 of the lig-
uefied-gas vaporization unit 2.

[0058] In a period of time in which the liquefied-gas
vaporization system 1 is started by the starter unit 7, the
compressor 5 is operated, and the compressor 5 is stably
driven, a combustion gas which is discharged from the
turbine 4 and has an unstable temperature and an un-
stable pressure passes through the branch path 8b.
Then, the combustion gas is introduced to the funnel 12
and is discarded. When driving of the compressor 5 is
stabilized, the combustion gas passes through the
branch path 8a and is supplied to an air eductor 35. Fur-
thermore, even in a case where the amount of the com-
bustion gas is extremely large, the excess amount of
combustion gas is discarded from the funnel 12. Switch-
ing of branch paths 8a and 8b is performed by opening
or closing a gate valve.

[0059] The air eductor 35 is provided in the inner por-
tion of the air trunk 10. The air eductor 35 causes the
combustion gas flowing from the combustion-gas supply
unit 8 to be mixed with outside air which flows from an
inlet port 10a to the air trunk 10 and functions as air for
dilution, in such a manner that the air eductor 35 dilutes
the combustion gas and increases the amount of the
combustion gas.

[0060] Specifically, in the inner portion of the air trunk
10, the branch path 8a of combustion-gas supply unit 8
is bent at a right angle, as illustrated in Fig. 2. One end
of the a dilution air tube 36 is open to the inner portion
of abent portion 8R. The other end of the dilution air tube
36 is open to the inner portion of the air trunk 10. Accord-
ingly, when the combustion gas passes through the bent
portion 8R of the combustion-gas supply unit 8, air in the
inner portion of the air trunk 10 is drawn from a dilution
air tube 36 to the inner portion of the combustion-gas
supply unit 8 and the air is mixed with the combustion
gas, in such a manner that the combustion gas is diluted.
[0061] The combustion gas which is diluted by being
mixed with air in the air trunk 10 by the air eductor 35,
as described above, passes through the combustion-gas
supply unit 8 and flows to the liquefied-gas vaporization
unit 2 side. In the air eductor 35, a mixing ratio of air for
dilution is set to a value in which the combustion gas
which is subjected to dilution and is supplied to the lig-
uefied-gas vaporization unit 2 has a temperature of
100°C or less, preferably, approximately 90°C and the
combustion gas has substantially the same concentra-
tion as that of air.

[0062] Thecompressed-airsupply unit11hasatubular
path shape which extracts, from the compressed-air sup-
ply tube 21, a part of the compressed air generated in
the compressor 5 and blows the extracted air to a part
of the inner portion of the liquefied-gas vaporization unit
2, which is the portion in the vicinity (for example, the
vaporizing tube 16 located at a position close to the inlet
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path 17) of an inlet portion of the liquefied gas. The com-
pressed-air supply unit 11 can regulate the flow rate of
the compressed air supplied to the liquefied-gas vapor-
ization unit 2, using the flow-rate regulating valve 38 pro-
vided in the middle of the compressed-air supply unit 11.
[0063] The diluted-combustion-gas supply unit 13 is
formed in a tubular path shape in which a part of the
combustion gas which has been supplied to the liquefied-
gas vaporization unit 2 and is subjected to dilution so that
the concentration is decreased to the value close to that
of air is extracted from the casing body 15 and the part
of the combustion gas is supplied to the compressor 5
(in other words, the air trunk 9) and the air eductor 35 (in
other words, the air trunk 10). In other words, the down-
stream-side of a combustion-gas supply tube 13a ex-
tending from the casing body 15 of the liquefied-gas va-
porization unit 2 branches into two branch tubes 13b and
13c. The branch tube 13b which is one of the two branch
tubes is connected to the air trunk 9. The branch tube
13c which is the other of the two branch tubes is con-
nected to the air trunk 10. A flow-rate regulating valve 41
is provided in the branch tube 13b and a flow-rate regu-
lating valve 42 is provided in the branch tube 13c. Thus,
the extraction amount of diluted combustion gas can be
regulated. When the flow-rate regulating valve 41 is
open, the diluted combustion gas passes through the air
trunk 9 and is supplied to the compressor 5. When the
flow-rate regulating valve 42 is open, the diluted com-
bustion gas passes through the air trunk 10 and returns
to the liquefied-gas vaporization unit 2.

[0064] The liquefied-gas vaporization system 1 having
the configuration described above operates as follows.

[0065] First, when the liquefied-gas vaporization sys-
tem 1 is started, the compressor 5 is not subjected to
operation. Accordingly, the electric motor 28 of the starter
unit 7 drives the auxiliary compressor 29, in such a man-
ner that the compressed air for starting is generated.
Then, the compressed air is supplied from the starting-
air supply tube 30 to both the combustion chamber 3a
and the combustion-gas dilution portion 3b of the boil-
off-gas combustion unit 3.

[0066] At this time, the boil-off gas passes through the
boil-off-gas supply tube 25 and the boil-off gas is sup-
plied, in a diffused manner, from the liquefied-gas tank
(not illustrated) to the inner portion of the combustion
chamber 3a. Next, ignition is performed and the boil-off
gas and compressed air combust. Then, a combustion
gas and the compressed air passing through the com-
bustion-gas dilution portion 3b are mixed in the conflu-
ence discharge port 3c. Next, the combustion gas which
is diluted with the compressed air passes through the
discharge-gas supply tube 26 and is supplied to the tur-
bine 4, in such a manner that the turbine 4 is driven. The
combustion gas discharged from the boil-off-gas com-
bustion unit 3 has a pressure of, for example, 3 atm. and
a temperature of, for example, 500°C.

[0067] Theturbine4isdriven, andthusthe compressor
5 provided on the same axis as that of the turbine 4 is
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operated. Accordingly, outside air is introduced from the
air trunk 9, and thus compressed air is generated. Then,
the compressed air is supplied from the compressed-air
supply tube 21 to both the combustion chamber 3a and
the combustion-gas dilution portion 3b of the boil-off-gas
combustion unit 3. At this time, the electric motor 28 and
the auxiliary compressor 29 of the starter unit 7 are
stopped. However, in the boil-off-gas combustion unit 3,
combustion of the boil-off gas and dilution of the com-
bustion gas are continuously performed by the com-
pressed air supplied from the compressor 5.

[0068] The combustion gas discharged from the tur-
bine 4 passes through the combustion-gas supply unit 8
and is supplied to the liquefied-gas vaporization unit 2.
However, in the middle of the operation, in the inner por-
tion of the air trunk 10, the combustion gas and a large
amount of outside air are mixed and diluted by the air
eductor 35. Thus, the temperature of the combustion gas
of which the pressure is 0.5 atm. and the temperature is
200°C when the combustion gas is discharged from the
turbine 4 is decreased to 100°C or less. Furthermore, the
concentration of the combustion gas becomes a value
close to that of air.

[0069] The combustion gas which is diluted with air
and of which the temperature is decreased, as described
above, flows in from the upper portion of the casing body
15 to the inner portion of the liquefied-gas vaporization
unit 2, and then the combustion gas is diffused. Next, the
combustion gas flows downward along the vaporizing
tube 16, in a state where the combustion gas equally
comes into contact with the group of the vaporizing tubes
16 which extends in the up-down direction, in the inner
portion of the casing body 15. Then, the combustion gas
is subjected to heat exchange with the liquefied gas flow-
ing through the inner portion of the vaporizing tube 16,
in such amanner thatthe liquefied gas is vaporized. Next,
the combustion gas is discharged from the discharge port
19 to the outside.

[0070] Theliquefied gas which flows from the inlet path
17 to the liquefied-gas vaporization unit 2 is vaporized in
the inner portion of the vaporizing tube 16, as described
above. Next, the liquefied gas in a gaseous state flows
out from the outlet path 18, and then the liquefied gas is
supplied to, for example, a city gas line. Particularly, at
a position close to the inlet path 17, a large amount of
moisture contained in the combustion gas is subjected
to heat exchange with the liquefied gas of a low temper-
ature, and thus the moisture is condensed. As a result,
condensed water is generated. There is a concern in that
the condensed water may be frozen and significantly re-
duce the vaporization performance of the liquefied-gas
vaporization unit 2. Thus, the flow-rate regulating valve
38 of the compressed-air supply unit 11 is open at, for
example, a predetermined time interval and a part of the
compressed air which has a high temperature and is gen-
erated in the compressor 5 is blown to a liquefied-gas
inlet portion (particularly, the upstream portion of the va-
porizing tube 16) of the liquefied-gas vaporization unit 2.
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Accordingly, the frozen ice is removed by being blown
off or a portion corresponding to the frozen portion is
heated in advance by the heat of the compressed air and
is prevented from being frozen, in such a manner that a
favorable vaporization performance of the liquefied-gas
vaporization unit 2 is maintained. As a result, the liquefied
gas can be vaporized with high efficiency.

[0071] The flow-rate regulating valve 41 of the branch
tube 13b of two branch tubes 13b and 13c which is
branched from the combustion-gas supply tube 13a of
the diluted-combustion-gas supply unit 13 is open. Ac-
cordingly, a part of the combustion gas which has been
supplied to the liquefied-gas vaporization unit 2 and is
subjected to dilution so that the concentration of the com-
bustion gas becomes a value close to that of air is ex-
tracted and is supplied to the air trunk 9. Then, the part
of the combustion gas flows into the compressor 5. The
combustion gas in a lean state is subjected to heat ex-
change with the liquefied gas, and thus the temperature
of the combustion gas is cooled to room temperature or
less. Thus, the temperature of intake air of the compres-
sor 5 is reduced. As a result, the efficiency of the com-
pressor can be increased. The combustion gas is diluted
with air and includes a large amount of oxygen. Thus,
even when the combustion gas passes through the com-
pressor 5 and is supplied to the boil-off-gas combustion
unit 3, this does not affect combustion of the boil-off gas.
[0072] The flow-rate regulating valve 42 of branch tube
13c is opened, in such a manner that a part of the com-
bustion gas which has been supplied to the liquefied-gas
vaporization unit 2 is supplied to the air trunk 10. In the
air eductor 35, the supplied combustion gas is mixed, as
dilution air, with the combustion gas. In the inner portion
of the liquefied-gas vaporization unit 2, the combustion
gas is subjected to heat exchange with the liquefied gas
of a low temperature, in such a manner that condensed
water is separated. In addition, the combustion gas which
is subjected to dehumidification and is in a lean state
passes through the air trunk 10 (in other words, the air
eductor 35) and returns to the liquefied-gas vaporization
unit 2. As aresult, freezing of the liquefied-gas vaporiza-
tion unit 2 is prevented by reducing the amount of con-
densed water in the combustion gas entering the lique-
fied-gas vaporization unit 2, and thus the liquefied gas
can be vaporized with high efficiency.

[0073] According to the liquefied-gas vaporization
method and the liquefied-gas vaporization system 1, the
liquefied gas stored in the liquefied-gas tank is vaporized
by the liquefied-gas vaporization unit 2 and the boil-off
gas generated in the liquefied-gas tank is subjected to
combustion by the boil-off-gas combustion unit 3, as de-
scribed above. Next, the turbine 4 is driven by the energy
of the combustion gas, and then vaporization of the lig-
uefied gas in the liquefied-gas vaporization unit 2 is pro-
moted by the heat of the combustion gas after driving the
turbine 4.

[0074] According to the liquefied-gas vaporization
method and the liquefied-gas vaporization system 1, the
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combustion gas obtained after the boil-off gas generated
in the liquefied-gas tank is combusted, is expanded by
driving the turbine 4, and thus the temperature of the
combustion gas is reduced. Vaporization of the liquefied
gas in the liquefied-gas vaporization unit 2 is promoted
by the heat of the combustion gas which is expanded
and is subjected to atemperature reduction, as described
above. The driven turbine 4 can perform a predetermined
operation. In other words, in the embodiment, the driven
turbine 4 can perform driving of the compressor 5 and
the generator 6.

[0075] The combustion gas passing through the tur-
bine 4 is expanded, and thus the volume of the combus-
tion gasis increased. Accordingly, the temperature of the
combustion gas is significantly decreased. As a result,
upon comparison with a case where a combustion gas
obtained after, for example, a boil-off gas is subjected to
combustion does not pass through the turbine 4 and is
directly supplied to the liquefied-gas vaporization unit 2,
in such a manner that a liquefied gas is vaporized, a
temperature difference between the combustion gas and
the liquefied-gas vaporization unit 2 can be reduced. Ac-
cordingly, it is possible to prevent damage to the lique-
fied-gas vaporization unit 2 and reduction in durability.
[0076] The combustion gas passing through the tur-
bine 4 has a certain amount of pressure. Accordingly,
even when the combustion gas is not forcibly sent by, for
example, a blower, the combustion gas can be supplied
to the liquefied-gas vaporization unit 2. As a result, the
configuration of the liquefied-gas vaporization system 1
can be simplified.

[0077] Theliquefied gas can be vaporized, without any
problem, by the heat of the combustion gas obtained by
combusting the boil-off gas, as described above. Thus,
it is not necessary to heat a heat medium, such as sea
water or air, using additional energy, as in a case of the
related art. As aresult, the liquefied-gas vaporization sys-
tem of the invention does not require any additional en-
ergy. Furthermore, a predetermined operation (forexam-
ple, air compression or power generation) can be per-
formed by operating the turbine 4. Thus, the boil-off gas
in the liquefied-gas tank is effectively utilized and the lig-
uefied gas can be significantly effectively vaporized.
[0078] The liquefied-gas vaporization system 1 is a
pressurized combustion unit in which the boil-off-gas
combustion unit 3 receives compressed air from the com-
pressor 5 which is provided on the same axis as that of
the turbine 4 and the boil-off gas combusts. Accordingly,
upon comparison with in a case in which a boil-off gas is
subjected to combustion at atmospheric pressure, the
size of flame during combustion is reduced. Thus, the
size of the boil-off-gas combustion unit 3 and the size of
a flue are reduced. Furthermore, this significantly con-
tributes to reduction in the size of the liquefied-gas va-
porization system 1.

[0079] The boil-off-gas combustion unit 3 is configured
to include the combustion chamber 3a which induces
pressurized combustion of the boil-off gas and the com-
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bustion-gas dilution portion 3b which causes the com-
bustion gas to be mixed with a part of the compressed
air supplied from the compressor 5, in such a manner
that the combustion gas is diluted. Thus, in the combus-
tion-gas dilution portion 3b, the combustion gas dis-
charged from the combustion chamber 3a is diluted with
compressed air, and thus the volume of the combustion
gas is increased.

[0080] The combustion gas which is subjected to dilu-
tion, as described above, is expanded by passing through
the turbine 4. In addition, the volume of the combustion
gas is increased. The combustion gas is supplied to the
liquefied-gas vaporization unit 2, in a state where the
temperature ofthe combustion gasis decreased. Accord-
ingly, a large amount of diluted combustion gas having
an appropriate temperature is introduced to the liquefied-
gas vaporization unit 2, in such a manner that the lique-
fied gas can be vaporized with high efficiency. In addition,
it is possible to prevent damage to the liquefied-gas va-
porization unit 2 and reduction in durability, by reducing
a temperature difference between the combustion gas
and the liquefied-gas vaporization unit 2.

[0081] The air eductor 35 is provided in the air trunk
10 which is provided in the combustion-gas supply unit
8. The air eductor 35 causes the combustion gas after
driving the turbine 4 to be mixed with air for dilution, in
such a manner that the air eductor 35 dilutes the com-
bustion gas. In addition, the combustion gas subjected
to dilution is supplied to the liquefied-gas vaporization
unit 2, in a state where the temperature of the diluted
combustion gas is set to 100°C or less, preferable, about
90°C. Thus, when the combustion gas passing through
the turbine 4 passes through the air eductor 35, the com-
bustion gas is mixed with air for dilution, and thus the
volume of the combustion gas is further increased. Ac-
cordingly, the combustion gas is supplied to the liquefied-
gas vaporization unit 2, in a state where the temperature
of the combustion gas is reduced to 100°C or less.
[0082] Accordingly, alargeramountofdiluted combus-
tion gas of an appropriate temperature is introduced to
the liquefied-gas vaporization unit 2, in such a manner
that the liquefied gas can be vaporized with high efficien-
cy. Furthermore, it is possible to prevent damage to the
liquefied-gas vaporization unit 2 and reduction in dura-
bility by reducing a temperature difference (a tempera-
ture difference between the combustion gas and the lig-
uefied gas) between the combustion gas and the lique-
fied-gas vaporization unit 2.

[0083] The liquefied-gas vaporization unit 2 has a con-
figuration in which the vaporizing tube 16 through which
the liquefied gas flows is provided along the up-down
direction, in the inner portion of the casing body 15, and
the combustion gas flows in from the upper portion of the
casing body 15 and is discharged from the discharge port
19 of the lower portion of the casing body 15. Accordingly,
even when moisture which is necessarily included in the
combustion gas is condensed by being subjected to heat
exchange with the vaporizing tube 16 (in other words,
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the liquefied gas) having a low temperature, and thus
condensed water is generated, the condensed water
flows downward by the combustion gas flowing along the
vaporizing tube 16 which extends in the vertical direction,
in the inner portion of the casing body 15. As a result, it
is easy for the condensed water to be discharged from
the discharge port 19. Thus, it is possible to reduce a
concern that the condensed water may be frozen around
the vaporizing tube 16, and thus a heat-exchange per-
formance thereof is decreased. As a result, the liquefied
gas can be vaporized with high efficiency.

[0084] When the liquefied-gas vaporization system 1
having the configuration described above is provided in
an offshore floating-body structure, such as a liquefied-
gas carrier ship and an FSRU, the liquefied-gas vapori-
zation system 1 is configured to have a compact size. In
addition, the liquefied gas can be effectively vaporized
by the heat of the combustion gas obtained by combust-
ing the boil-off gas in the liquefied-gas tank, without any
problem.

Embodiment 2

[0085] Next, an embodiment 2 of the liquefied-gas va-
porization system according to the invention will be de-
scribed with reference to Fig. 3. In a liquefied-gas vapor-
ization system 51 illustrated in Fig. 3, the same reference
numerals and letters are given to components of which
the configurations are the same as those of the liquefied-
gas vaporization system 1 of the embodiment 1 illustrated
in Fig. 1. The descriptions thereof will not be repeated.
[0086] In theliquefied-gas vaporization system 51, the
compressed-air supply tube 21 extending from the com-
pressor 5 driven by the turbine 4 branches into paths in
a two direction. A branch path 21a which is one of the
paths described above is connected to the boil-off-gas
combustion unit 3, similar to the embodiment 1. A branch
path 21b (in other words, a dilution-air supply portion)
which is the other of the paths described above is con-
nected to the air trunk 10 (in other words, the air eductor
35) through a flow-rate regulating valve 43.

[0087] A partof the compressed air which is generated
in the compressor 5 and has a pressure of approximately
3 atm. is extracted from the branch path 21b. The flow
rate of the extracted compressed air is adjusted by the
flow regulating valve 43, and then the compressed air is
supplied to the air trunk 10. Then, in the inner portion of
the air trunk 10, the compressed air is mixed, as air for
dilution, with the combustion gas which flows in from the
combustion-gas supply unit 8 (in other words, the branch
path 8a) and has driven the turbine 4, in such a manner
that the combustion gas is diluted, similar to the liquefied-
gas vaporization system 1 of the embodiment 1.

[0088] The diluted combustion gas sent from the air
eductor 35 is subjected to control so that the diluted com-
bustion gas has a pressure of approximately 1 atm. and
a temperature of 100°C or less. Then, the combustion
gas is supplied to the liquefied-gas vaporization unit 2.
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[0089] Inthe liquefied-gas vaporization system 1 of the
embodiment 1, a turbine side (for example, the boil-off-
gas combustion unit 3, the turbine 4, and the compressor
5) and the flow regulating valve 42 which supplies the
combustion gas to the air eductor 35 are adjusted, in
such a manner that the pressure of the combustion gas
(in other words, dilution air) supplied to the liquefied-gas
unit 2 is controlled.

[0090] In contrast, in the liquefied-gas vaporization
system 51 of the embodiment 2, a part of the compressed
air generated by the compressor 5 is extracted and is
supplied to the air eductor 35, in a state where the flow
rate (in other words, the pressure) of the compressed air
is adjusted, in such a manner that the combustion gas is
diluted.

[0091] Accordingly, in the liquefied-gas vaporization
system 51, it is not necessary to control the flow rate of
airfor dilution, onthe turbine side. As aresult, itis possible
to easily perform control.

[0092] According to the liquefied-gas vaporization
method, the liquefied-gas vaporization system 1 or 51,
and the offshore floating-body structure provided with the
liquefied-gas vaporization system of the invention, the
liquefied gas can be effectively vaporized by effectively
utilizing the boil-off gas in the liquefied-gas tank, with a
significantly compact configuration in which, for example,
a large-scale gas power generation facility and a large-
scale boiler facility are not provided, as described above.
[0093] The liquefied gas can be vaporized without hav-
ing to take in any sea water. Thus, it is possible to con-
tribute to the marine environment conservation.

[0094] Itis possible to easily perform a retrofit work in
which a liquefied-gas vaporization system of the related
art, in which a liquefied gas is vaporized using heated
sea water or air as a heat medium, is changed to the
liquefied-gas vaporization system according to the inven-
tion.

[0095] The invention is not intended to be limited to
only the configuration of the embodiment 1 or 2 described
above.

[0096] It is possible to conceive a configuration in
which, for example, the air trunk 9 and the air trunk 10
(in other words, the air eductor 35) are not provided.
[0097] In the embodiments 1 and 2 described above,
a diluted gas which is obtained by diluting, with air, a
combustion gas obtained by combusting a boil-off gas is
directly supplied to the liquefied-gas vaporization unit 2.
It is possible to conceive, as a modification example, a
configuration in which a liquefied gas passes through a
vaporizer having an open-rack shape, instead of the lig-
uefied-gas vaporization unit 2 allowing the liquefied gas
to pass therethrough, and the liquefied gas is vaporized
by a heat medium, such as heated sea water or air, flow-
ing through a closed-loop circuit of the vaporizer. In this
configuration, the heat of the combustion gas obtained
by combusting the boil-off gas is used for heating the
heat medium.

[0098] It is possible to conceive a configuration in
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which the liquefied-gas vaporization system 1 of the em-
bodiment 1 and the liquefied-gas vaporization system 51
of the embodiment 2 are used in combination.

Reference Signs List

[0099]

1, 51: liquefied-gas vaporization system
2: liquefied-gas vaporization unit

3: boil-off-gas combustion unit

3a: combustion chamber

3b: combustion-gas dilution portion

4: turbine

5: compressor

8: combustion-gas supply unit

11: compressed-air supply unit

13: diluted-combustion-gas supply unit
15: casing body

16: vaporizing tube

19: discharge port

21b: branch path (dilution-air supply portion)
35: air eductor

43: flow-rate regulating valve

Claims

1.

A liquefied-gas vaporization method of promoting
vaporization of a liquefied gas stored in a liquefied-
gas tank by causing the liquefied gas to be subjected
to heat exchange with a heat medium, the method
comprising:

generating compressed air by a compressor (5)
which is provided on the same axis as that of a
turbine (4) and causing a boil-off gas generated
in the liquefied-gas tank to be subjected to pres-
surized combustion using a first quantity of the
compressed air, thereby generating a combus-
tion gas;

diluting the combustion gas by causing the com-
bustion gas to be mixed with a second quantity
of the compressed air; and

driving the turbine (4) by the energy of the diluted
combustion gas and, after driving the turbine (4),
using the diluted combustion gas as a heat me-
dium to promote the vaporization of the liquefied
gas by the heat of the diluted combustion gas.

2. Aliquefied-gas vaporization system (1;51) compris-

ing:

a liquefied-gas vaporization unit (2) arranged
such that a liquefied gas stored in a liquefied-
gas tank is subjected to heat exchange with a
heat medium therein and vaporized;

a boil-off-gas combustion unit (3) which is ar-
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ranged to induce combustion of a boil-off gas
generated in the liquefied-gas tank;

a turbine (4) which is arranged to perform a pre-
determined operation by being rotationally driv-
en by the energy of a combustion gas obtained
after combustion has been performed in the boil-
off-gas combustion unit (3);

a compressor (5) which is provided on the same
axis as that of the turbine (4) and is arranged to
generate a compressed air and supply the com-
pressed air to the boil-off-gas combustion unit
(3) as air for the combustion, and

a combustion-gas supply unit (8) which is ar-
ranged to supply, as the heat medium, to the
liquefied-gas vaporization unit (2), the combus-
tion gas discharged from the turbine (4),

wherein the boil-off-gas combustion unit (3) includes
a combustion chamber (3a) which is arranged such
that a first quantity of the compressed air supplied
from the compressor (5) and the boil-off gas are sub-
jected therein to pressurized combustion to generate
the combustion gas, and a combustion-gas dilution
portion (3b) arranged to dilute the combustion gas
by causing the combustion gas to be mixed with a
second quantity of the compressed air supplied from
the compressor (5).

The liquefied-gas vaporization system (1;51) ac-
cording to Claim 2,

wherein the combustion-gas supply unit (8) includes
an air eductor (35) which is arranged to dilute the
combustion gas by causing the combustion gas to
be mixed with air for dilution.

The liquefied-gas vaporization system (1;51) ac-
cording to Claim 3,

wherein, in the air eductor (35), a mixing ratio of air
for dilution is set to a value in which the combustion
gas which is subjected to dilution and is supplied to
the liquefied-gas vaporization unit (2) has a temper-
ature of 100°C or less.

The liquefied-gas vaporization system (51) accord-
ing to any one of Claims 2, 3, and 4, further compris-

ing:

a dilution-air supply portion (21b) which is ar-
ranged to extract a part of the compressed air
generated in the compressor (5) and supply, as
the air for dilution, the extracted compressed air
to the air eductor (35); and

a flow-rate regulating valve (43) which is ar-
ranged to regulate a flow rate of the air for dilu-
tion.

6. The liquefied-gas vaporization system (1;51) ac-

cording to any one of Claims 2 to 5,
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wherein the liquefied-gas vaporization unit (2) has a
configuration in which a vaporizing tube (16) through
which the liquefied gas flows is provided along an
up-down direction, in an inner portion of a casing
body (15), and the combustion gas flows in from an
upper portion of the casing body (15) and is dis-
charged from a lower portion of the casing body (15).

The liquefied-gas vaporization system (1;51) ac-
cording to any one of Claims 2 to 6, further compris-
ing:

a compressed-air supply unit (11) which is ar-
ranged to extract a quantity of the compressed
air generated in the compressor (5) and blow
the extracted compressed air to a portion of the
liquefied-gas vaporization unit (2) in the vicinity
of an inlet path (17) of the liquefied gas.

8. Theliquefied-gas vaporization system (1) according

to any one of Claims 2 to 7, further comprising:

a diluted-combustion-gas supply unit (13) which
is arranged to extract a quantity of the combus-
tion gas which has been supplied to the lique-
fied-gas vaporization unit (2) and is subjected
to dilution and to supply the extracted combus-
tion gas to the compressor (5).

The liquefied-gas vaporization system (1) according
to Claim 8,

wherein the diluted-combustion-gas supply unit (13)
is arranged to also supply the combustion gas ex-
tracted from the liquefied-gas vaporization unit (2)
to the air eductor (35).

10. An offshore floating-body structure comprising:

the liquefied-gas vaporization system (1;51) ac-
cording to any one of Claims 2 to 9.

Patentanspriiche

1.

Ein Flissiggas-Verdampfungsverfahren zum For-
dern der Verdampfung eines in einem Flissiggas-
tank gespeicherten Fliissiggases durch Unterziehen
des Flussiggases einem Warmetausch mit einem
Heizmedium, wobei das Verfahren aufweist:

Erzeugen von komprimierter Luft durch einen
Kompressor (5), der an oder auf derselben Ach-
se vorgesehen ist wie die einer Turbine (4) und
Bewirken, dass ein in dem Fliissiggastank er-
zeugtes Abdampfgas einer Verbrennung unter
Druck unter Nutzung einer ersten Menge der
komprimierten Luft unterzogen wird, wodurch
ein Verbrennungsgas erzeugt wird,

10

15

20

25

30

35

40

45

50

55

12

Verdinnen des Verbrennungsgases durch Be-
wirken, dass das Verbrennungsgas mit einer
zweiten Menge der komprimierten Luft gemischt
wird, und

Antreiben der Turbine (4) durch die Energie des
verdiinnten Verbrennungsgases und, nach dem
Antreiben der Turbine (4), Verwenden des ver-
dinnten Verbrennungsgases als ein Heizmedi-
um, um die Verdampfung des Fllssiggases
durch die Warme des verdiinnten Verbren-
nungsgases zu fordern.

2. Ein Flissiggas-Verdampfungssystem (1;51) mit:

einer Flissiggas-Verdampfungseinheit (2), die
so angeordnetist, dass einin einem Flissiggas-
tank gespeichertes Flissiggas einem Warme-
austausch mit einem Heizmedium darin unter-
zogen und verdampft wird,

einer Abdampfgas-Verbrennungseinheit (3), die
angeordnet ist, um eine Verbrennung eines in
dem Flissiggastank erzeugten Abdampfgases
zu induzieren,

einer Turbine (4), die angeordnet ist, um einen
vorbestimmten Betrieb auszuflihren, indem sie
zur Rotation durch die Energie eines Verbren-
nungsgases angetrieben wird, das erhalten wur-
de, nachdem die Verbrennung in der Abdampf-
gas-Verbrennungseinheit (3) ausgefuhrt wor-
den ist,

einem Kompressor (5), der an oder auf dersel-
ben Achse wie die der Turbine (4) vorgesehen
ist und angeordnet ist, um eine komprimierte
Luft zu erzeugen und die komprimierte Luft zu
der Abdampfgas-Verbrennungseinheit (3) als
Luft fir die Verbrennung zuzufiihren, und
einer Verbrennungsgas-Zufiihreinheit (8), die
angeordnet ist, um das von der Turbine (4) aus-
getragene Verbrennungsgas als das Heizmedi-
um zu der Flussiggas-Verdampfungseinheit (2)
zuzufthren,

wobei die Abdampfgas-Verbrennungseinheit (3) ei-
ne Verbrennungskammer (3a), die so angeordnet
ist, dass eine erste Menge der komprimierten Luft,
die von dem Kompressor (5) zugefihrt wird, und das
Abdampfgas darin einer Verbrennung unter Druck
unterzogen wird, um das Verbrennungsgas zu er-
zeugen, und einen Verbrennungsgas-Verdin-
nungsabschnitt (3b), der angeordnetist,um das Ver-
brennungsgas zu verdiinnen, indem bewirkt wird,
dass das Verbrennungsgas mit einer zweiten Menge
der von dem Kompressor (5) zugefiihrten kompri-
mierten Luft gemischt wird, aufweist.

Das Flussiggas-Verdampfungssystem (1;51) ge-
maf Anspruch 2,
wobei die Verbrennungsgas-Zufiihreinheit (8) einen
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Luftejektor oder -eduktor (35) aufweist, der angeord-
net ist, um das Verbrennungsgas zu verdiinnen, in-
dem das Verbrennungsgas mit Luft zur Verdiinnung
vermischt wird.

Das Flussiggas-Verdampfungssystem (1;51) ge-
maf Anspruch 3,

wobei in dem Luftejektor (35) ein Mischverhaltnis
von Luft zur Verdiinnung auf einen Wert eingestellt
ist, bei dem das Verbrennungsgas, das der Verdiin-
nung unterzogen wird und der Flissiggas-Verdamp-
fungseinheit (2) zugeflihrtwird, eine Temperatur von
100°C oder weniger hat.

Das Flussiggas-Verdampfungssystem (51) geman
einem der Anspriiche 2, 3 und 4, ferner mit:

einem Verdiinnungsluft-Zufiihrabschnitt (21b),
der angeordnet ist, um einen Teil der in dem
Kompressor (5) erzeugten komprimierten Luft
zu extrahieren und die extrahierte komprimierte
Luftals die Luft zur.Verdinnung dem Luftejektor
(35) zuzufiihren, und

einem Strdmungsraten-Regulierventil (43), das
angeordnet ist, um eine Strémungsrate der Luft
zur Verdiinnung zu regulieren.

Das Flussiggas-Verdampfungssystem (1;51) ge-
maf einem der Anspriiche 2 bis 5,

wobei die Flissiggas-Verdampfungseinheit (2) eine
Konfiguration besitzt, bei der ein Verdampferrohr
(16), durch das das Flissiggas strémt, entlang einer
auf-ab-Richtung vorgesehen ist, in einem inneren
Abschnitt eines Gehdusekdrpers (15), und das Ver-
brennungsgas von einem oberen Abschnitt des Ge-
hausekdrpers (15) einstrédmt und von einem unteren
Abschnitt des Gehausekorpers (15) ausgetragen
wird.

Das Flussiggas-Verdampfungssystem (1;51) ge-
maf einem der Anspriiche 2 bis 6, ferner mit:

einer Zufuihreinheit fir komprimierte Luft (11),
die angeordnet ist, um eine Menge der in dem
Kompressor (5) komprimierten Luft zu extrahie-
ren und die extrahierte komprimierte Luft zu ei-
nem Abschnitt der Flissiggas-Verdampfungs-
einheit (2) in der Umgebung eines Einlasswegs
(17) des Flissiggases zu blasen.

Das Flussiggas-Verdampfungssystem (1) gemaf
einem der Anspriiche 2 bis 7, ferner mit:

einer Zufuhreinheit fir verdiinntes Verbren-
nungsgas (13), die angeordnetist, um eine Men-
ge des Verbrennungsgases, das der Flussig-
gas-Verdampfungseinheit (2) zugefiihrt und der
Verdiinnung unterzogen wurde, zu extrahieren
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und das extrahierte Verbrennungsgas dem
Kompressor (5) zuzufiihren.

Das Flissiggas-Verdampfungssystem (1) gemaR
Anspruch 8, wobei die Zuflihreinheit fiir verdiinntes
Verbrennungsgas (13) angeordnet ist, um auch das
von der Flussiggas-Verdampfungseinheit (2) extra-
hierte Verbrennungsgas dem Luftejektor (35) zuzu-
fuhren.

10. Eine Offshore-Schwimmkd&rperstruktur mit:

dem Flussiggas-Verdampfungssystem (1;51)
gemal einem der Anspriiche 2 bis 9.

Revendications

Procédé de vaporisation de gazliquéfié en favorisant
une vaporisation d’'un gaz liquéfié, stocké dans une
cuve de gaz liquéfié, en faisant que le gaz liquéfié
soit soumis a un échange de chaleur avec un fluide
cédant de la chaleur, procédé dans lequel:

on produit de I'air comprimé par un compresseur
(5) qui est prévu surle méme axe que celuid’'une
turbine (4) et on fait en sorte qu’'un gaz a I'ébul-
lition, produit dans la cuve de gaz liquéfie, soit
soumis a une combustion sous pression en uti-
lisant une premiére quantité de I'air comprimé,
en produisant ainsi un gaz de combustion;

on dilue le gaz de combustion en faisant que le
gaz de combustion soit mélangé a une deuxie-
me quantité de I'air comprimé et

on entraine la turbine (4) par I'énergie du gaz
de combustion dilué et, aprés avoir entrainé la
turbine (4), on utilise le gaz de combustion dilué
comme fluide cédant de lachaleur pour favoriser
la vaporisation du gaz liquéfié par la chaleur du
gaz de combustion dilué.

2. Systeme (1;51) de vaporisation de gaz liquéfié com-

prenant:

une unité (2) de vaporisation de gaz liquéfié,
agencée de maniére qu'un gaz liquéfié, stocké
dans une cuve de gaz liquéfié, y soit soumis a
un échange de chaleur avec un fluide cédant de
la chaleur et vaporisé;

une unité (3) de combustion de gaz aI'ébullition,
qui est agencée pour induire une combustion
d’'un gaz a I'ébullition, produit dans la cuve de
stockage de gaz;

une turbine (4), qui est agencée pour effectuer
un fonctionnement déterminé a l'avance, en
étantentrainée enrotation parI’énergie d’'un gaz
de combustion obtenu aprés qu’'une combustion
a eté effectuée dans I'unité (3) de combustion
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de gaz a I'ébullition;

un compresseur (5), qui est prévu sur le méme
axe que celui de la turbine (4) et qui est agencé
pour produire un air comprimé et envoyer l'air
comprimé a I'unité (3) de combustion de gaz a
I'ébullition, comme air de combustion et

une unité (8) d’alimentation en gaz de combus-
tion, qui est agencée pour fournir, comme fluide
cédant de la chaleur a l'unité (2) de vaporisation
de gaz liquéfié, le gaz de combustion s’échap-
pant de la turbine (4),

dans lequel l'unité (3) de combustion de gaz a I'ébul-
lition comprend une chambre de combustion (3a) qui
est agencée de maniére a ce qu’une premiére quan-
tité de I'air comprimé fourni par le compresseur (5)
etle gaz a I'ébullition y soient soumis a une combus-
tion sous pression pour produire le gaz de combus-
tion, et une partie (3b) de dilution de gaz de com-
bustion, agencée pour diluer le gaz de combustion
en faisant que le gaz de combustion soit mélangé a
une deuxiéme quantité de I'air comprimé envoyée
par le compresseur (5).

Systeme (1;51) de vaporisation de gaz liquéfié sui-
vant la revendication 2,

dans lequel I'unité (8) d’alimentation en gaz de com-
bustion comprend un injecteur (35) d’air, agencé
pour diluer le gaz de combustion en faisant que le
gaz de combustion soit mélangé a de I'air pour une
dilution.

Systeme (1; 51) de vaporisation de gaz liquéfié sui-
vant la revendication 3,

dans lequel, dans l'injecteur (35) d’air, un rapport de
mélange de I'air pour une dilution est fixé a une va-
leur a laquelle le gaz de combustion, qui est soumis
a une dilution et qui est envoyé a 'unité (2) de va-
porisation de gaz liquéfié, a une température infé-
rieure ou égale a 100°C.

Systeme (51) de vaporisation de gaz liquéfié suivant
'une quelconque des revendications 2, 3, et 4, com-
prenant en outre:

une partie (21b) d’alimentation en air de dilution,
qui est agencée pour extraire une partie de 'air
comprimé produit dans le compresseur (5) et
pour envoyer, comme air de dilution, I'air com-
primé extrait a I'injecteur (35) d’air et

un robinet (43) de régulation du débit, qui est
agenceé pour réguler un débit de 'air pour dilu-
tion.

Systeme (1; 51) de vaporisation de gaz liquéfié sui-
vant I'une quelconque des revendications 2 a 5,

dans lequel I'unité (2) de vaporisation de gaz liquéfié
a une configuration dans laquelle un tube (16) de
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vaporisation, dans lequel le gaz liquéfié passe, est
prévu le long d’'une direction de haut en bas dans
une partie intérieure d’un corps (15) d’enveloppe, et
le gaz de combustion s’écoule a partir d'une partie
supérieur du corps (15) d’enveloppe et est évacué
d’une partie inférieure du corps (15) d’enveloppe.

Systeme (1; 51) de vaporisation de gaz liquéfié sui-
vantl'une quelconque des revendications 2a 6, com-
prenant en outre:

une unité (11) d’alimentation en air comprimé,
qui est agencée pour extraire une quantité de
I'air comprimé produit dans le compresseur (5)
et insuffler 'air comprimé extrait a une partie de
I'unité (2) de vaporisation de gaz liquéfié a proxi-
mité du trajet (17) d’entrée du gaz liquéfié.

8. Systeme (1) de vaporisation de gaz liquéfié suivant

I'une quelconque des revendications 2 a 7, compre-
nant en outre:

une unité (13) d’alimentation en gaz de combus-
tion dilué, qui est agencée pour extraire une
quantité du gaz de combustion, qui est envoyé
al'unité (2) de vaporisation de gaz liquéfié et est
soumise a dilution, et pour envoyer le gaz de
combustion extrait au compresseur (5).

Systeme (1) de vaporisation de gaz liquéfié suivant
la revendication 8,

dans lequel l'unité (13) d’alimentation en gaz de
combustion dilué est agencée pour envoyer aussile
gaz de combustion extrait de I'unité (2) de vaporisa-
tion de gaz liquéfié a l'injecteur (35) d’air.

10. Structure marine a corps de flottant comprenant:

le systéme (1; 51 de vaporisation de gaz liquéfié
suivant 'une quelconque des revendications 2
ao.
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