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(54) TANK INTERNAL PRESSURE SUPPRESSION DEVICE

(57) In order to readily manufacture a device that uti-
lizes boil-off gas generated in a tank, a tank internal pres-
sure suppression device comprises: a gas combustion
unit (31) that generates pressurized exhaust gas by using
compressed air and combusting boil-off gas generated
inside an LNG tank (1); a compressor (36) that generates
compressed air by using driving power generated in a
pressurized exhaust gas expansion process by an air-
compression gas turbine (34), to compress air; and a

load (37) that utilizes recovered driving power generated,
using pressurized exhaust gas, by a power recovery gas
turbine (35) different from the air-compression gas tur-
bine (34). This kind of tank internal pressure suppression
device is capable of having a simpler configuration than
other tank internal pressure suppression devices (10)
whereby the load (37) utilizes driving power generated
by the air-compression gas turbine (34).
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Description

Technical Field

[0001] The present invention relates to a tank internal
pressure suppression device, and particularly, to a tank
internal pressure suppression device that suppresses an
increase in an internal pressure of a tank that stores LNG.

Background Art

[0002] An LNG tank that stores Liquefied Natural Gas
(LNG) is known. Boil-off gas is generated inside the LNG
tank, and thus, an internal pressure of the LNG tank in-
creases. It is necessary to extract and process the boil-
off gas so that the internal pressure does not exceed an
allowable pressure of the LNG tank.
[0003] Japanese Patent No. 4859980 discloses an
LNG cold heat gas turbine that uses boil-off gas gener-
ated in an LNG tank. In this LNG cold heat gas turbine,
an internal pressure is decreased by extracting a portion
of the boil-off gas from the LNG tank, and thus, it is pos-
sible to maintain soundness of the LNG tank.

Citation List

Patent Literature

[0004] [PTL 1] Japanese Patent No. 4859980

Summary of Invention

Technical Problem

[0005] In many cases, boil-off gas generated in an LNG
tank is combusted and discarded in an air-cooling type
incinerator, or the boil-off gas is supplied to a boiler of a
vessel as a fuel and surplus steam is cooled and con-
densed by sea water to be discarded, and thus, it is pref-
erable to effectively use the boil-off gas. Meanwhile, in
order to use the boil-off gas in a vessel, it is preferable
to more simply configure a device that uses the boil-off
gas.
[0006] An object of the present invention is to provide
a tank internal pressure suppression device that effec-
tively uses boil-off gas generated in a tank and is more
easily configured.

Solution to Problem

[0007] A tank internal pressure suppression device ac-
cording to the present invention includes a gas combus-
tion unit, a plurality of gas turbines, a compressor, and a
load. The gas combustion unit generates pressurized ex-
haust gas by combusting boil-off gas generated inside a
tank using compressed air. The plurality of gas turbines
generate a plurality of driving powers using the pressu-
rized exhaust gas. The compressor compresses air using

the driving power generated by an air-compression gas
turbine among the plurality of gas turbines, and gener-
ates compressed air. The load uses recovered driving
power generated by a power recovery gas turbine which
is different from the air-compression gas turbine among
the plurality of gas turbines.
[0008] The tank internal pressure suppression device
is effectively used to supply rotational driving power re-
quired in a vessel. That is, when a flow rate of the pres-
surized exhaust gas which is generated by combusting
the boil-off gas through the compressed air using the gas
combustion unit is greater than a flow rate of the pressu-
rized exhaust gas required by the air-compression gas
turbine generating the compressed air, the present de-
vice is established, and the flow rate of surplus pressu-
rized exhaust gas which is equal to or greater than the
flow rate required by the air-compression gas turbine is
used for the recovered driving power generated by the
air-compression gas turbine and the separate power re-
covery gas turbine and can be effectively used for other
loads. In the tank internal pressure suppression device,
other loads can use the recovered driving power for the
purpose of use other than air compression. Accordingly,
compared to other tank internal pressure suppression
devices which are configured to generate the com-
pressed air required for the gas combustion unit by an
air-compression gas turbine which uses other drive
sources, since other drive sources are not required, it is
possible to achieve a simpler configuration.
[0009] The gas combustion unit may include a plurality
of gas combustor elements corresponding to the plurality
of gas turbines. In this case, an arbitrary gas turbine
among the plurality of gas turbines generates the driving
power using the pressurized exhaust gas generated by
the gas combustor element corresponding to the arbitrary
gas turbine among the plurality of gas combustor ele-
ments.
[0010] In the tank internal pressure suppression de-
vice, the boil-off gas is supplied to each of the plurality
of gas combustor elements so that a supplied amount of
the boil-off gas is changed, and thus, it is possible to
change the plurality of driving powers generated by the
plurality of gas turbines. Since it is possible to more ap-
propriately change the loads which use the plurality of
driving powers, it is possible to achieve a simpler config-
uration.
[0011] The tank internal pressure suppression device
according to the present invention may further include a
refrigerator that supplies low-temperature LNG, which is
generated by cooling LNG through a refrigeration cycle
which uses high-pressure refrigerant gas, to the tank. In
this case, the load generates the high-pressure refriger-
ant gas by compressing low-pressure refrigerant gas us-
ing the surplus driving power.
[0012] In the tank internal pressure suppression de-
vice, since the driving power for generating the high-pres-
sure refrigerant gas uses the surplus driving power re-
covered by the power recovery gas turbine, compared
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to other devices in which the driving power for generating
the high-pressure refrigerant gas is generated by an elec-
tric motor or the like which uses electricity, it is possible
to decrease consumption of power energy.
[0013] The refrigerator may further include: a heat ex-
changer A that generates low-temperature and high-
pressure refrigerant gas by cooling the high-pressure re-
frigerant gas; an expansion turbine that generates low-
temperature and low-pressure refrigerant gas by adia-
batically expanding the low-temperature and high-pres-
sure refrigerant gas; and a heat exchanger B that gen-
erates the low-temperature LNG by cooling the LNG
stored in the tank using the low-temperature and low-
pressure refrigerant gas. In this case, the heat exchanger
A and the heat exchanger B generate the low-pressure
refrigerant gas by heating the low-temperature and low-
pressure refrigerant gas.
[0014] In the refrigerator, since the high-pressure re-
frigerant gas immediately before the adiabatic expansion
is performed is precooled using the low-temperature and
low-pressure refrigerant gas used to cool the LNG, com-
pared to other refrigerators which perform cooling without
using the low-temperature and low-pressure refrigeration
gas, it is possible to effectively use a cold heat source.
Accordingly, it is possible to more appropriately generate
the low-temperature and low-pressure refrigerant gas,
and it is possible to prevent generation of the boil-off gas
by cooling the LNG more effectively.
[0015] The refrigerator may further include a condens-
er that generates liquefied boil-off gas by liquefying the
boil-off gas. In this case, the heat exchanger B supplies
low-temperature liquefied boil-off gas, which is generat-
ed by cooling the liquefied boil-off gas, to the tank. The
condenser heats the low-temperature and low-pressure
refrigerant gas.
[0016] In the tank internal pressure suppression de-
vice, since the refrigerator liquefies the boil-off gas, gen-
eration of the boil-off gas is prevented, and it is possible
to appropriately decrease the internal pressure of the
tank.
[0017] The tank internal pressure suppression device
according to the present invention may further include a
cold heat storage system. In this case, the heat exchang-
er B stores liquefied refrigerant gas, which is generated
by cooling low-temperature refrigerant gas, in the cold
heat storage system, and cools the LNG using the lique-
fied refrigerant gas.
[0018] In the tank internal pressure suppression de-
vice, since the refrigerator generates the liquefied refrig-
erant gas or the refrigerator cools the LNG using the liq-
uefied refrigerant gas, it is possible to appropriately cool
the LNG even when the load of the refrigerator is
changed.
[0019] The tank internal pressure suppression device
according to the present invention may further include
an LNG heating device that generates high-temperature
LNG by heating the LNG using high-temperature refrig-
erant gas. In this case, the refrigerator generates the

high-temperature refrigerant gas by heating the low-tem-
perature refrigerant gas. The LNG heating device gen-
erates the low-temperature refrigerant gas by cooling the
high-temperature refrigerant gas.
[0020] In the tank internal pressure suppression de-
vice, since the LNG is cooled using the cold heat of the
low-temperature refrigerant gas generated by the LNG
heating device, it is possible to decrease the load of the
refrigerator.
[0021] A vessel according to the present invention in-
cludes the tank internal pressure suppression device ac-
cording to claim 7; an engine that generates propulsion
driving power using the high-temperature LNG; and a
propulsion device that propels a vessel main body using
the propulsion driving power.
[0022] In the vehicle, since the tank internal pressure
suppression device drives the refrigerator by the boil-off
gas, it is possible to save energy with respect to the driv-
ing power in the vessel using a simpler configuration.
[0023] A tank internal pressure suppression method
according to the present invention, includes: a step of
generating pressurized exhaust gas by combusting boil-
off gas using compressed air; a step of generating the
compressed air by compressing air using driving power
which is generated using the pressurized exhaust gas
by an air-compression gas turbine among a plurality of
gas turbines; and a step of operating a load using recov-
ered driving power which is generated using the pressu-
rized exhaust gas by a power recovery gas turbine dif-
ferent from the air-compression gas turbine among the
plurality of gas turbines.
[0024] In the tank internal pressure suppression device
in which the tank internal pressure suppression method
is performed, since the air-compression gas turbine and
the separate power recovery gas turbine use the pres-
surized exhaust gas, compared to other tank internal
pressure suppression devices which use the driving pow-
er generated by the air-compression gas turbine for pur-
poses other than compression of air, it is possible to the
generated boil-off gas more effectively, and it is possible
to achieve a simpler configuration.
[0025] Another tank internal pressure suppression de-
vice according to the present invention includes: a refrig-
erator that generates liquefied boil-off gas by cooling boil-
off gas generated inside a tank which stores LNG and
supplies the liquefied boil-off gas to the tank; and an LNG
heating device that generates high-temperature LNG by
heating the LNG using high-temperature refrigerant gas.
In this case, the refrigerator generates the high-temper-
ature refrigerant gas by heating low-temperature refrig-
erant gas. The LNG heating device generates the low-
temperature refrigerant gas by cooling the high-temper-
ature refrigerant gas.
[0026] In the tank internal pressure suppression de-
vice, since the LNG is cooled using the cold heat of the
low-temperature refrigerant gas cooled by the LNG heat-
ing device, it is possible to decrease the load of the re-
frigerator.
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Advantageous Effects of Invention

[0027] The tank internal pressure suppression device
according to the present invention can effectively use
boil-off gas generated in a tank, and can be easily con-
figured.

Brief Description of Drawings

[0028]

Fig. 1 is a block diagram showing a vessel including
a tank internal pressures suppression device.
Fig. 2 is a block diagram showing another gas com-
bustion system.

Description of Embodiments

[0029] An embodiment of a tank internal pressure sup-
pression device will be described below with reference
to the drawings. As shown in Fig. 1, a tank internal pres-
sure suppression device 10 is used in a vessel. The ves-
sel includes an LNG tank 1, an engine 2, and a propulsion
device 3 in addition to the tank internal pressure suppres-
sion device 10, and includes a vessel main body (not
shown). The tank internal pressure suppression device
10, the LNG tank 1, the engine 2, and the propulsion
device 3 are installed in the vessel main body.
[0030] The LNG tank 1 stores LNG. In the LNG tank
1, the internal pressure of the LNG tank needs to be de-
creased and soundness of the LNG tank needs to be
maintained so that the internal pressure does not exceed
a predetermined allowable internal pressure. The LNG
tank 1 stores a predetermined amount of LNG in the tank
internal pressure suppression device 10, and the LNG is
evaporated since the boiling point of the LNG is approx-
imately -160°C. Accordingly, generated boil-off gas is
supplied to the tank internal pressure suppression device
10 at a predetermined flow rate. After the boil-off gas is
heat-exchanged with each of heat exchangers described
below, the boil-off gas is supplied to a gas combustion
unit 31 of a combustion system 8 described below.
[0031] Meanwhile, the pressure of the LNG is in-
creased by a booster pump 11 described below, the tem-
perature of the LNG is increased by a heat exchanger
16 described below in a liquid state, and thus, high-tem-
perature LNG is generated. The engine 2 generates driv-
ing power by combusting the high-temperature LNG sup-
plied from the tank internal pressure suppression device
10. The propulsion device 3 generates a propulsive force
which propels the vessel main body, using the driving
power generated by the engine 2.
[0032] The tank internal pressure suppression device
10 includes an LNG heating device 5, a cold heat storage
system 6, a refrigerator 7, and the combustion system 8,
and includes a control device (not shown). The LNG heat-
ing device 5 includes the booster pump 11, a heating
device 12, a refrigerant gas supply device 14, a circulator

15, and the heat exchanger 16. The booster pump 11
increases the pressure of the LNG supplied to the tank
internal pressure suppression device 10 from the LNG
tank 1, and supplies the LNG to the heat exchanger 16.
The refrigerator 7 is configured of a refrigeration cycle
which uses a nitrogen refrigerant, includes nitrogen gas
A operated in a system through which the nitrogen is
circulated by the LNG heating device 5 and the refriger-
ator 7, and nitrogen gas B operated in a system through
which the nitrogen is circulated by the refrigerator 7 and
the combustion system 8. The t nitrogen gas A and the
nitrogen gas B are combined with each other via the cold
heat storage system 6. The heating device 12 heats the
high-temperature nitrogen gas A which is supplied from
the refrigerator 7, using sea water or the like. The refrig-
erant gas supply device 14 mixes nitrogen gas with the
high-temperature nitrogen gas A which is heated by the
heating device 12 when an amount of the high-temper-
ature nitrogen gas A supplied from the refrigerator 7 is
less than a predetermined amount. The circulator 15 in-
creases the pressure of the high-temperature nitrogen
gas A heated by the heating device 12, and supplies the
high-temperature nitrogen gas A to the heat exchanger
16.
[0033] The heat exchanger 16 transmits the heat of
the high-temperature nitrogen gas A supplied from the
circulator 15 to the LNG supplied from the booster pump
11. That is, the heat exchanger 16 generates low-tem-
perature nitrogen gas A by cooling the high-temperature
nitrogen gas A supplied from the circulator 15 using the
LNG, and generates high-temperature LNG by heating
the LNG supplied from the booster pump 11. The LNG
heating device 5 supplies the low-temperature nitrogen
gas A generated by the heat exchanger 16 to the refrig-
erator 7. The tank internal pressure suppression device
10 supplies the high-temperature LNG generated by the
heat exchanger 16 to the engine 2.
[0034] The cold heat storage system 6 includes a valve
17, a liquefied nitrogen tank 18, and a valve 19. The valve
17 supplies liquefied nitrogen generated by the refriger-
ator 7 to the liquefied nitrogen tank 18, and a flow rate
of the liquefied nitrogen supplied to the liquefied nitrogen
tank 18 is changed by the control of the control device.
The liquefied nitrogen tank 18 stores the liquefied nitro-
gen supplied from the valve 17. The valve 19 supplies
the liquefied nitrogen stored in the liquefied nitrogen tank
18 to the refrigerator 7, and the flow rate of the liquefied
nitrogen supplied to the refrigerator 7 is changed by the
control of the control device.
[0035] The refrigerator 7 includes a cooling device 21,
a first precooling device 22, a second precooling device
23, an expansion turbine 24, a heat exchanger 25, a con-
denser 26, a blower 27, and a gas-liquid separation de-
vice 28.
[0036] The cooling device 21 cools high-pressure ni-
trogen gas B, which is supplied from the combustion sys-
tem 8 to the refrigerator 7, using sea water or the like.
The first precooling device 22 transmits the heat of the
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high-pressure nitrogen gas B cooled by the cooling de-
vice 21 to low-temperature and low-pressure nitrogen
gas B and the low-temperature boil-off gas heated by the
second precooling device 23. That is, the first precooling
device 22 further cools the high-pressure nitrogen gas B
cooled by the cooling device 21, and heats the low-tem-
perature and low-pressure nitrogen gas B and the boil-
off gas heated by the second precooling device 23. The
second precooling device 23 transmits the heat of the
high-pressure nitrogen gas B cooled by the first precool-
ing device 22 to the low-temperature nitrogen gas B and
the low-temperature and low-pressure nitrogen gas B
heated by the condenser 26, and low-temperature boil-
off gas generated by the gas-liquid separation device 28.
That is, the second precooling device 23 cools the high-
pressure nitrogen gas B cooled by the first precooling
device 22, heats the low-temperature nitrogen gas B and
the low-temperature and low-pressure nitrogen gas B
heated by the condenser 26, and heats the low-temper-
ature boil-off gas generated by the gas-liquid separation
device 28. In this case, the refrigerator 7 supplies boil-
off gas for combustion, which is generated by heating
the low-temperature boil-off gas generated by the gas-
liquid separation device 28 using the first precooling de-
vice 22 and the second precooling device 23, to the com-
bustion system 8.
[0037] The expansion turbine 24 adiabatically expands
low-temperature and high-pressure nitrogen gas B in
which the high-pressure nitrogen gas B supplied from
the combustion system 8 is cooled by the cooling device
21, the first precooling device 22, and the second pre-
cooling device 23, generates the low-temperature and
low-pressure nitrogen gas B, and generates rotational
driving power.
[0038] The heat exchanger 25 transmits the heat of
the liquefied boil-off gas generated by the gas-liquid sep-
aration device 28, the heat of the LNG supplied from the
LNG tank 1, and the condensation heat of the low-tem-
perature nitrogen gas A supplied from the LNG heating
device 5 and the low-temperature and low-temperature
nitrogen gas B generated by the expansion turbine 24
and the liquefied nitrogen stored in the cold heat storage
system 6. That is, the heat exchanger 25 generates the
low-temperature LNG by cooling the LNG supplied from
the LNG tank 1, and generates the low-temperature liq-
uefied boil-off gas by cooling the liquefied boil-off gas
generated by the gas-liquid separation device 28. More-
over, the heat exchanger 25 generates the liquefied ni-
trogen by cooling the low-temperature nitrogen gas A
supplied from the LNG heating device 5. In addition, the
heat exchanger 25 mixes the low-temperature and low-
pressure nitrogen gas B generated by the expansion tur-
bine 24 with the liquefied nitrogen supplied from the cold
heat storage system 6, and heats the low-temperature
and low-pressure nitrogen gas B. In this case, the refrig-
erator 7 supplies the low-temperature LNG and the low-
temperature liquefied boil-off gas to the LNG tank 1, and
supplies the liquefied nitrogen to the cold heat storage

system 6.
[0039] The condenser 26 transmits the condensation
heat of the boil-off gas supplied from the LNG tank 1 to
the refrigerator 7 to the low-temperature nitrogen gas A
supplied from the LNG heating device 5, and the nitrogen
gas B supplied from the heat exchanger 25. That is, the
condenser 26 cools the boil-off gas so that the boil-off
gas supplied from the LNG tank 1 to the refrigerator 7 is
liquefied. In addition, the condenser 26 heats the low-
temperature nitrogen gas A supplied from the LNG heat-
ing device 5, and further heats the low-temperature and
low-pressure nitrogen gas heated by the heat exchanger
25. In this case, the refrigerator 7 supplies the high-tem-
perature nitrogen gas A, which is generated by heating
the low-temperature nitrogen gas A supplied from the
LNG heating device 5 using the second precooling device
23 and the condenser 26, to the LNG heating device 5.
[0040] That is, the first precooling device 22 and the
second precooling device 23 generate the low-pressure
nitrogen gas A by heating the low-temperature and low-
pressure nitrogen gas B which is used by the heat ex-
changer 25 and the condenser 26. The blower 27 in-
creases the pressure of the low-pressure nitrogen gas B
using the rotational driving power generated by the ex-
pansion turbine 24. In this case, the refrigerator 7 sup-
plies the low-pressure nitrogen gas B, of which the pres-
sure has been increased, to the combustion system 8.
[0041] The gas-liquid separation device 28 performs
gas-liquid separation on the boil-off gas cooled by the
condenser 26, and generates the liquefied boil-off gas
which is liquid, and the low-temperature boil-off gas
which is gas.
[0042] The combustion system 8 includes the gas com-
bustion unit 31, a first flow rate adjusting valve 32, the
second flow rate adjusting valve 33, an air-compression
gas turbine 34, a refrigerant gas compression gas turbine
35, an air compressor 36, and a refrigerant gas compres-
sor 37. The gas combustion unit 31 combusts the boil-
off gas for combustion which is supplied from the refrig-
erator 7, using the compressed air generated by the air
compressor 36, and generates high-temperature and
high pressure pressurized exhaust gas.
[0043] The first flow rate adjusting valve 32 supplies
the pressurized exhaust gas generated by the gas com-
bustion unit 31 to the air-compression gas turbine 34,
and changes the flow rate of the pressurized exhaust gas
supplied to the air-compression gas turbine 34 by the
control of the control device. The second flow rate ad-
justing valve 33 supplies the pressurized exhaust gas
generated by the gas combustion unit 31 to the refrigerant
gas compression gas turbine 35, and changes the flow
rate of the pressurized exhaust gas supplied to the re-
frigerant gas compression gas turbine 35 by the control
of the control device.
[0044] The air-compression gas turbine 34 generates
rotation driving power using kinetic energy of the pres-
surized exhaust gas supplied from the first flow rate ad-
justing valve 32. The refrigerant gas compression gas
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turbine 35 generates rotational driving power using ki-
netic energy of the pressurized exhaust gas supplied
from the second flow rate adjusting valve 33.
[0045] The air compressor 36 compresses air using
the rotational driving power generated by the air-com-
pression gas turbine 34, and thus, generates com-
pressed air. The refrigerant gas compressor 37 com-
presses the low-pressure nitrogen gas B generated by
the refrigerator 7 using the rotational driving power gen-
erated by the refrigerant gas compression gas turbine
35, and thus, generates the high-pressure nitrogen gas
B.
[0046] Regarding the rotational driving power of the
refrigerant gas compressor 37, when the refrigerant gas
compressor 37 uses the rotational driving power gener-
ated by the air-compression gas turbine 34, it is neces-
sary to dispose the air-compression gas turbine 34, the
air compressor 36, and the refrigerant gas compressor
37 in one row on a straight line, or it is necessary to
include a device which changes the direction of the rotary
axis of the rotational driving power.
[0047] Meanwhile, in the tank internal pressure sup-
pression device 10, the refrigerant gas compressor 37
uses the rotational driving power which is generated by
the air-compression gas turbine 34 and the separate re-
frigerant gas compression gas turbine 35. That is, the
pressurized exhaust gas generated by the gas combus-
tion unit 31 is dividedly supplied to the air-compression
gas turbine 34 and the separate refrigerant gas compres-
sion gas turbine 35, thus it is not necessary to dispose
the air-compression gas turbine 34, the air compressor
36, and the refrigerant gas compressor 37 in one row on
a straight line, or it is not necessary to include a device
which changes the direction of the rotary axis of the ro-
tational driving power, and thus, it is possible to more
easily manufacture the tank internal pressure suppres-
sion device. Accordingly, it is possible to more easily in-
stall the tank internal pressure suppression device 10 in
the vessel main body.
[0048] The control device is a computer, and is elec-
trically connected to the valve 17, the valve 19, the first
flow rate adjusting valve 32, and the second flow rate
adjusting valve 33 so as to transmit information.
[0049] When a load of the refrigerator 7 is smaller than
a predetermined load, the control device controls the
valve 17 so that the liquefied nitrogen generated by the
refrigerator 7 is supplied to the liquefied nitrogen tank 18,
and controls the valve 19 so that the liquefied nitrogen
stored in the liquefied nitrogen tank 18 is not supplied to
the refrigerator 7. In addition, when the load of the refrig-
erator 7 is larger than the predetermined load, the control
device controls the valve 17 so that the liquefied nitrogen
generated by the refrigerator 7 is not supplied to the liq-
uefied nitrogen tank 18, and controls the valve 19 so that
the liquefied nitrogen stored in the liquefied nitrogen tank
18 is supplied to the refrigerator 7.
[0050] Moreover, in order to maintain an amount of air
supplied to the gas combustion unit 31 so as to be at a

predetermined flow rate, the control device controls the
first flow rate adjusting valve 32 so that the rotational
driving power generated by the air-compression gas tur-
bine 34 is not changed, that is, so that the rotational driv-
ing power is equal to predetermined driving power. In
addition, the control device controls the second flow rate
adjusting valve 33 so that the rotational driving power
generated by the refrigerant gas compression gas turbine
35 is not changed, that is, so that the rotational driving
power is equal to the predetermined driving power.
[0051] An embodiment of a tank internal pressure sup-
pression method is performed by the tank internal pres-
sure suppression device 10, and includes an operation
of a refrigeration loop, an operation of a cold heat storage
loop, and an operation of a boil-off gas system.
[0052] In the refrigeration loop, the nitrogen gas B cir-
culates through a refrigerant circuit which is formed of
the refrigerant gas compressor 37, the cooling device 21,
the first precooling device 22, the second precooling de-
vice 23, the expansion turbine 24, the heat exchanger
25, the condenser 26, and the blower 27. That is, the
refrigerant gas compressor 37 generates the high-pres-
sure nitrogen gas B by compressing the low-pressure
nitrogen gas B generated by the refrigerator 7. The cool-
ing device 21, the first precooling device 22, and the sec-
ond precooling device 23 generate the low-temperature
and high-pressure nitrogen gas B by precooling the high-
pressure nitrogen gas B. The expansion turbine 24 gen-
erates the low-temperature and low-pressure nitrogen
gas B by adiabatically expanding the low-temperature
and high-pressure nitrogen gas B.
[0053] The heat exchanger 25 transmits the cold heat
of the low-temperature and high-pressure nitrogen gas
B to the liquefied boil-off gas generated by the gas-liquid
separation device 28 and the LNG supplied from the LNG
tank 1, and thus, cools the liquefied boil-off gas and the
LNG. In this case, the tank internal pressure suppression
device 10 supplies the low-temperature liquefied boil-off
gas which is generated by cooling the liquefied boil-off
gas and the low-temperature LNG which is generated by
cooling the LNG in the LNG tank 1.
[0054] The condenser 26 cools the boil-off gas by
transmitting the cold heat of the low-temperature and low-
pressure nitrogen gas B supplied from the heat exchang-
er 25, to the boil-off gas supplied from the LNG tank 1 to
the refrigerator 7. The first precooling device 22 and the
second precooling device 23 generate low-pressure ni-
trogen gas by heating the second low-temperature and
low-pressure nitrogen gas which is used by the heat ex-
changer 25 and the condenser 26. The refrigerator 7 sup-
plies the low-pressure nitrogen gas B to the refrigerant
gas compressor 37.
[0055] In the refrigeration loop, the refrigerator 7 can
more appropriately generate the low-temperature and
low-pressure nitrogen gas B by adiabatically expanding
the low-temperature and high-pressure nitrogen gas B
in which the high-pressure nitrogen gas B is precooled,
and can more appropriately cool the LNG and the lique-
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fied boil-off gas. In addition, since the refrigerator 7 uses
the cold heat of the low-temperature and low-pressure
nitrogen gas B so as to precool the high-pressure nitro-
gen gas B, it is possible to further decrease energy con-
sumption.
[0056] Moreover, in the refrigeration loop, since the
tank internal pressure suppression device 10 supplies
the low-temperature LNG and the low-temperature liq-
uefied boil-off gas to the LNG tank 1, it is possible to more
appropriately cool the LNG stored in the LNG tank 1, and
it is possible to more appropriately suppress the increase
of the internal pressure of the LNG tank 1.
[0057] In the cold heat storage loop, the nitrogen gas
circulates through a refrigerant circuit formed of the re-
frigerator 7, the heating device 12, the circulator 15, and
the heat exchanger 16. That is, in this case, the condens-
er 26 of the refrigerator 7 cools the boil-off gas by trans-
mitting the cold heat of the low-temperature nitrogen gas
A which is supplied from the heating device 12 to the boil-
off gas which is supplied from the LNG tank 1 to the re-
frigerator 7. The second precooling device 23 of the re-
frigerator 7 further cools the high-pressure nitrogen gas
B by transmitting the cold heat of the low-temperature
nitrogen gas to the high-pressure nitrogen gas B cooled
by the first precooling device 22. The refrigerator 7 sup-
plies the high-temperature nitrogen gas A, which is gen-
erated by heating the low-temperature nitrogen gas B
using the condenser 26 and the first precooling device
22, to the heating device 12.
[0058] The heating device 12 heats the high-temper-
ature nitrogen gas A. The circulator 15 supplies the high-
temperature nitrogen gas A to the heat exchanger 16.
The heat exchanger 16 cools the high-temperature nitro-
gen gas A by transmitting the heat of the high-tempera-
ture nitrogen gas A to the LNG supplied from the LNG
tank 1, and heats the LNG. The LNG heating device 5
supplies the high-temperature LNG generated by heating
the LNG to the engine 2, and supplies the low-tempera-
ture nitrogen gas A generated by cooling the high-tem-
perature nitrogen gas A to the refrigerator 7.
[0059] In this case, the engine 2 generates the driving
power by combusting the heated high-temperature LNG.
The propulsion device 3 generates the propulsive force
which propels the vessel main body using the driving
power. The vessel main body is propelled by the propul-
sive force.
[0060] In addition, the heat exchanger 25 of the refrig-
erator 7 generates the liquefied nitrogen by cooling the
low-temperature nitrogen gas A supplied from the LNG
heating device 5. When the load of the refrigerator 7 is
smaller than a predetermined load, the control device
supplies the liquefied nitrogen generated by the refriger-
ator 7 to the liquefied nitrogen tank 18 by controlling the
valve 17, and stops the supply of the liquefied nitrogen
stored in the liquefied nitrogen tank 18 to the refrigerator
7 by controlling the valve 19. In addition, when the load
of the refrigerator 7 is larger than the predetermined load,
the control device stops the supply of the liquefied nitro-

gen generated by the refrigerator 7 to the liquefied nitro-
gen tank 18 by controlling the valve 17, and supplies the
liquefied nitrogen stored in the liquefied nitrogen tank 18
to the refrigerator 7 by controlling the valve 19.
[0061] When the liquefied nitrogen from the cold heat
storage system 6 is supplied to the refrigerator 7, the
heat exchanger 25 of the refrigerator 7 further transmits
the cold heat of the liquefied nitrogen to the liquefied boil-
off gas generated by the gas-liquid separation device 28
and the LNG supplied from the LNG tank 1 to cool the
LNG and the liquefied boil-off gas. The refrigerator 7 sup-
plies the low-temperature LNG generated by cooling the
LNG and the low-temperature liquefied boil-off gas gen-
erated by cooling the liquefied boil-off gas to the LNG
tank 1.
[0062] In the cold heat storage loop, since the refrig-
erator 7 uses the cold heat of the low-temperature nitro-
gen gas A supplied from the LNG heating device 5, it is
possible to decrease the load required for the cooling,
and it is possible to more appropriately cool the LNG and
the liquefied boil-off gas. In addition, since the refrigerator
7 uses the cold heat of the low-temperature nitrogen gas
A supplied from the LNG heating device 5, it is possible
to decrease consumption of the energy supplied from the
outside. Since the tank internal pressure suppression de-
vice 10 decreases consumption of the energy required
by the refrigerator 7, it is possible to decrease consump-
tion of the energy supplied from the outside.
[0063] Moreover, since the refrigerator 7 uses the liq-
uefied nitrogen stored by the cold heat storage system
6, even when the load of the refrigerator 7 is changed, it
is possible to stably cool the LNG, and it is possible to
stably liquefy and cool the boil-off gas. Since the refrig-
erator 7 stably cools the LNG and the boil-off gas, the
tank internal pressure suppression device 10 can more
stably control the increase of the internal pressure of the
LNG tank 1.
[0064] The boil-off gas system is formed of the con-
denser 26, the gas-liquid separation device 28, the sec-
ond precooling device 23, and the first precooling device
22. The condenser 26 generates the low-temperature
boil-off gas by cooling the boil-off gas supplied from the
LNG tank 1. The gas-liquid separation device 28 gener-
ates the liquefied boil-off gas which is liquid and the low-
temperature boil-off gas which is gas by performing gas-
liquid separation of the low-temperature boil-off gas. The
second precooling device 23 and the first precooling de-
vice 22 generate the boil-off gas for combustion by heat-
ing the low-temperature boil-off gas. The refrigerator 7
supplies the boil-off gas for combustion to the combustion
system 8.
[0065] The gas combustion unit 31 of the combustion
system 8 combusts the boil-off gas for combustion sup-
plied from the refrigerator 7, using the compressed air
generated by the air compressor 36, and generates the
high-temperature and high-pressure pressurized ex-
haust gas.
[0066] The control device supplies the pressurized ex-
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haust gas to the air-compression gas turbine 34 at a pre-
determined flow rate so that the rotational driving power
generated by the air-compression gas turbine 34 is con-
stant by controlling the first flow rate adjusting valve 32.
In addition, the control device supplies the pressurized
exhaust gas to the refrigerant gas compression gas tur-
bine 35 at a predetermined flow rate so that the rotational
driving power generated by the refrigerant gas compres-
sion gas turbine 35 is constant by controlling the second
flow rate adjusting valve 33.
[0067] The air-compression gas turbine 34 generates
the rotational driving power using the kinetic energy of
the pressurized exhaust gas supplied from the first flow
rate adjusting valve 32. The air compressor 36 generates
the compressed air by compressing air using the rota-
tional driving power generated by the air-compression
gas turbine 34.
[0068] The refrigerant gas compression gas turbine 35
generates the rotational driving power using the kinetic
energy of the pressurized exhaust gas supplied from the
second flow rate adjusting valve 33. The refrigerant gas
compressor 37 generates the high-pressure nitrogen gas
B by compressing the low-pressure nitrogen gas B gen-
erated by the refrigerator 7 using the rotational driving
power generated by the refrigerant gas compression gas
turbine 35.
[0069] In the boil-off gas system, the tank internal pres-
sure suppression device 10 extracts the boil-off gas gen-
erated in the LNG tank 1 from the LNG tank 1, and it is
possible to appropriately control the increase of the in-
ternal pressure of the LNG tank 1.
[0070] In addition, since the driving power is recovered
by using the pressurized exhaust gas in which the boil-
off gas is combusted by the gas combustion unit 31, and
the refrigerator 7 is operated by the driving power, the
LNG and the boil-off gas are stably cooled, and thus, it
is possible to more stably suppress the increase of the
internal pressure of the LNG tank 1.
[0071] Moreover, it is possible to use the tank internal
pressure suppression device 10 in applications other
than the vessel. For example, as the applications, the
tank internal pressure suppression device 10 may be
used in a single LNG tank 1, and float type liquefied nat-
ural gas production, storage, and shipping facility which
ships the liquefied natural gas stored at sea in the tank.
Similarly to in the tank internal pressure suppression de-
vice 10 of the above-described embodiment, it is possible
to appropriately suppress the increase of the internal
pressure of the LNG tank through the tank internal pres-
sure suppression device used in the applications.
[0072] The refrigerator 7 can cool the LNG and the boil-
off gas without using the low-temperature nitrogen gas
A cooled by the LNG heating device 5. Accordingly, when
it is not necessary to heat the LNG, for example, when
the tank internal pressure suppression device 10 is not
used in the vessel, the LNG heating device 5 can be
replaced with a nitrogen gas supply device which sup-
plies nitrogen gas to the refrigerator 7 without heating

the LNG. In this case, the heat exchanger 25 of the re-
frigerator 7 generates the liquefied nitrogen by liquefying
the nitrogen gas supplied from the nitrogen gas supply
device. Similarly to in the tank internal pressure suppres-
sion device 10 of the above-described embodiment, also
by this tank internal pressure suppression device, it is
possible to more stably suppress the increase of the in-
ternal pressure of the LNG tank 1. However, compared
to the tank internal pressure suppression device, in the
tank internal pressure suppression device 10 of the
above-described embodiment, since the LNG and the
boil-off gas is cooled using the low-temperature nitrogen
gas cooled by the LNG heating device 5, it is possible to
decrease the load of the refrigerator 7.
[0073] In addition, in the tank internal pressure sup-
pression device 10, since the LNG and the boil-off gas
can be sufficiently cooled, it is possible to omit the cold
heat storage system 6. Similar to the tank internal pres-
sure suppression device 10 of the above-described em-
bodiment, also in this tank internal pressure suppression
device in which the cold heat storage system 6 is omitted,
it is possible to more appropriately suppress the increase
of the internal pressure of the LNG tank 1.
[0074] The refrigerator 7 can be replaced with another
refrigerator which precools the high-temperature nitro-
gen gas immediately before being adiabatically expand-
ed without using the low-temperature and low-pressure
refrigerant gas. For example, the refrigerator precools
the high-pressure nitrogen by using the atmospheric cold
heat. Similarly to in the tank internal pressure suppres-
sion device 10 of the above-described embodiment, also
in this tank internal pressure suppression device in which
the refrigerator is included, it is possible to appropriately
suppress the increase of the internal pressure of the LNG
tank 1. Moreover, in the refrigerator 7, the condenser 26
may be omitted. The refrigerator in which the condenser
26 is omitted can cool the LNG similar to the refrigerator
7, and it is possible to appropriately suppress the in-
crease of the internal pressure of the LNG tank 1.
[0075] In another embodiment of the tank internal pres-
sure suppression device, the combustion system 8 of the
above-described embodiment is replaced with another
combustion system. As shown in Fig. 2, a combustion
system 50 includes a plurality of flow rate adjusting valves
51-1 to 51-n (n = 2, 3, 4, ...), a plurality of gas combustion
units 52-1 to 52-n, a plurality of gas turbines 53-1 to 53-
n, an air compressor 54, and a refrigerant gas compres-
sor 55.
[0076] The plurality of flow rate adjusting valves 51-1
to 51-n corresponds to the plurality of gas combustion
units 52-1 to 52-n. An arbitrary flow rate adjusting valve
51-i (i = 1, 2, 3, ..., n) among the plurality of flow rate
adjusting valves 51-1 to 51-n supplies the boil-off gas for
combustion generated by the refrigerator 7 to the gas
combustion unit 52-i corresponding to the flow rate ad-
justing valve 51-i among the plurality of gas combustion
units 52-1 to 52-n. In addition, the flow rate adjusting
valve 51-i changes the flow rate of the boil-off gas for
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combustion supplied to the gas combustion unit 52-i by
the control of the control device.
[0077] The arbitrary gas combustion unit 52-i among
the plurality of gas combustion units 52-1 to 52-n gener-
ates the high-temperature and high-pressure pressu-
rized exhaust gas by combusting the boil-off gas for com-
bustion supplied from the flow rate adjusting valve 51-i
using the compressed air supplied from the air compres-
sor 54.
[0078] The plurality of gas turbines 53-1 to 53-n corre-
sponds to the plurality of gas combustion units 52-1 to
52-n. An arbitrary gas turbine 53-i among the plurality of
gas turbines 53-1 to 53-n generates the rotational driving
power using the kinetic energy of the pressurized exhaust
gas generated by the gas combustion unit 52-i corre-
sponding to the gas turbine 53-i among the plurality of
gas combustion units 52-1 to 52-n.
[0079] The air compressor 54 generates the com-
pressed air by compressing air using the rotational driv-
ing power generated by the air-compression gas turbine
53-1 among the plurality of gas turbines 53-1 to 53-n.
The air compressor 54 supplies the generated com-
pressed air to the plurality of gas combustion units 52-1
to 52-n.
[0080] The refrigerator gas compressor 55 generates
the high-pressure nitrogen gas by compressing the low-
pressure nitrogen gas generated by the refrigerator 7,
using the rotational driving power generated by the re-
frigerant gas compression gas turbine 53-2 among the
plurality of gas turbines 53-1 to 53-n. The refrigerant gas
compressor 55 supplies the generated high-pressure ni-
trogen gas to the refrigerator 7.
[0081] In this case, the control device controls the flow
rate adjusting valve 51-i so that the rotational driving pow-
er generated by the air-compression gas turbine 53-i is
not changed, that is, the rotational driving power is equal
to predetermined driving power.
[0082] Similarly to in the tank internal pressure sup-
pression device 10 of the above-described embodiment,
in this tank internal pressure suppression device includ-
ing the combustion system 50, it is possible to effectively
use surplus energy generated from the boil-off gas for
combustion generated by the refrigerator 7, and it is pos-
sible to easily manufacture the tank internal pressure
suppression device. In addition, compared to the tank
internal pressure suppression device 10 of the above-
described embodiment, also in this tank internal pressure
suppression device, by changing the flow rate of the boil-
off gas for combustion which is generated by the refrig-
erator 7 and supplied to each of the plurality of gas com-
bustion units 52-1 to 52-n, it is possible to more easily
change the plurality of rotational driving powers gener-
ated by the plurality of gas turbines 53-1 to 53-n. Accord-
ingly, it is possible to effectively use the plurality of rota-
tional driving powers with respect to the loads for driving
other devices.
[0083] Moreover, the refrigerator 7 can be replaced
with another device which appropriately supplies the boil-

off gas generated by the LNG tank 1 to the combustion
system 8 or the combustion system 50 without cooling
the LNG and the boil-off gas. Similarly to in the tank in-
ternal pressure suppression device 10 of the above-de-
scribed embodiment, also in the tank internal pressure
suppression device in which the refrigerator 7 is omitted,
it is possible to appropriately control the increase of the
internal pressure of the LNG tank 1 by extracting the boil-
off gas from the LNG tank 1. In addition, similarly to in
the tank internal pressure suppression device 10 of the
above-described embodiment, also in this tank internal
pressure suppression device, since the load different
from the air compressor 54 (36) uses the rotational driving
powers which are generated by the air-compression gas
turbine 53-1 (34) and the separate gas turbine, it is pos-
sible to more easily manufacture the tank internal pres-
sure suppression device.
[0084] In addition, the refrigerant gas compressor 55
(37) can use driving power which is generated by a driving
power source different from the refrigerant gas compres-
sion gas turbine 53-2 (35). For example, the driving power
source may include a motor which generates the rota-
tional driving power using electric power. Similarly to in
the tank internal pressure suppression device 10 of the
above-described embodiment, also in the tank internal
pressure suppression device in which this driving power
source is used, it is possible to more appropriately sup-
press the increase of the internal pressure of the LNG
tank 1. Compared to this tank internal pressure suppres-
sion device, in the tank internal pressure suppression
device 10 of the above-described embodiment, it is pos-
sible to more effectively use surplus driving power gen-
erated by the boil-off gas, and it is possible to further
decrease consumption of energy.

Reference Signs List

[0085]

1: LNG TANK
2: ENGINE
3: PROPULSION DEVICE
5: LNG HEATING DEVICE
6: COLD HEAT STORAGE SYSTEM
7: REFRIGERATOR
8: COMBUSTION SYSTEM
10: TANK INTERNAL PRESSURE SUPPRESSION
DEVICE
11: BOOSTER PUMP
12: HEATING DEVICE
14: REFRIGERANT GAS SUPPLY DEVICE
15: CIRCULATOR
16: HEAT EXCHANGER
22: FIRST PRECOOLING DEVICE
23: SECOND PRECOOLING DEVICE
24: EXPANSION TURBINE
25: HEAT EXCHANGER
26: CONDENSER
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32: FIRST FLOW RATE ADJUSTING VALVE
33: SECOND FLOW RATE ADJUSTING VALVE
34: AIR-COMPRESSION GAS TURBINE
35: REFRIGERANT GAS COMPRESSION GAS
TURBINE
36: AIR COMPRESSOR
37: REFRIGERANT GAS COMPRESSOR
50: COMBUSTION SYSTEM
51-1 to 51-n: PLURALITY OF FLOW RATE AD-
JUSTING VALVE
53-1 to 53-n: PLURALITY OF GAS TURBINE
54: AIR COMPRESSOR
55: REFRIGERANT GAS COMPRESSOR

Claims

1. A tank internal pressure suppression device, com-
prising:

a gas combustion unit that generates pressu-
rized exhaust gas by combusting boil-off gas
generated inside a tank using compressed air;
a plurality of gas turbines that divide and use the
pressurized exhaust gas, and generate a plural-
ity of driving powers;
a compressor that compresses air using the driv-
ing power generated by an air-compression gas
turbine among the plurality of gas turbines, and
generates the compressed air; and
a load that uses recovered driving power gen-
erated by a power recovery gas turbine different
from the air-compression gas turbine among the
plurality of gas turbines.

2. The tank internal pressure suppression device ac-
cording to claim 1,
wherein the gas combustion unit includes a plurality
of gas combustor elements corresponding to the plu-
rality of gas turbines, and
wherein an arbitrary gas turbine among the plurality
of gas turbines generates the driving power using
the pressurized exhaust gas generated by the gas
combustor element corresponding to the arbitrary
gas turbine among the plurality of gas combustor
elements.

3. The tank internal pressure suppression device ac-
cording to claim 1 or 2, further comprising:

a refrigerator that supplies low-temperature
LNG, which is generated by cooling the LNG
using high-pressure refrigerant gas, to the tank,
wherein the load generates the high-pressure
refrigerant gas by compressing low-pressure re-
frigerant gas using the recovered driving power.

4. The tank internal pressure suppression device ac-

cording to claim 3,
wherein the refrigerator includes:

a heat exchanger A that generates low-temper-
ature and high-pressure refrigerant gas by cool-
ing the high-pressure refrigerant gas;
an expansion turbine that generates low-tem-
perature and low-pressure refrigerant gas by ad-
iabatically expanding the low-temperature and
high-pressure refrigerant gas; and
a heat exchanger B that generates the low-tem-
perature LNG by cooling the LNG stored in the
tank using the low-temperature and low-pres-
sure refrigerant gas,
wherein the heat exchanger A and the heat ex-
changer B generate the low-pressure refrigerant
gas by heating the low-temperature and low-
pressure refrigerant gas.

5. The tank internal pressure suppression device ac-
cording to claim 4,
wherein the refrigerator further includes a condenser
that generates liquefied boil-off gas by liquefying the
boil-off gas,
wherein the heat exchanger B supplies low-temper-
ature liquefied boil-off gas, which is generated by
cooling the liquefied boil-off gas, to the tank, and
wherein the condenser heats the low-temperature
and low-pressure refrigerant gas.

6. The tank internal pressure suppression device ac-
cording to any one of claims 3 to 5, further compris-
ing:

a cold heat storage system,
wherein the heat exchanger B stores liquefied
refrigerant gas, which is generated by cooling
low-temperature refrigerant gas, in the cold heat
storage system, and cools the LNG using the
liquefied refrigerant gas.

7. The tank internal pressure suppression device ac-
cording to claim 6, further comprising:

an LNG heating device that generates high-tem-
perature LNG by heating the LNG using high-
temperature refrigerant gas,
wherein the refrigerator generates the high-tem-
perature refrigerant gas by heating the low-tem-
perature refrigerant gas, and
wherein the LNG heating device generates the
low-temperature refrigerant gas by cooling the
high-temperature refrigerant gas.

8. A vessel, comprising:

the tank internal pressure suppression device
according to claim 7;
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an engine that generates propulsion driving
power using the high-temperature LNG; and
a propulsion device that propels a vessel main
body using the propulsion driving power.

9. A tank internal pressure suppression method, com-
prising:

a step of generating pressurized exhaust gas by
combusting boil-off gas using compressed air;
a step of generating the compressed air by com-
pressing air using driving power which is gener-
ated using the pressurized exhaust gas through
an air-compression gas turbine among a plural-
ity of gas turbines; and
a step of operating a load using recovered driv-
ing power which is generated using the pressu-
rized exhaust gas by a power recovery gas tur-
bine different from the air-compression gas tur-
bine among the plurality of gas turbines.

10. A tank internal pressure suppression device, com-
prising:

a refrigerator that generates liquefied boil-off
gas by cooling boil-off gas generated inside a
tank which stores LNG and supplies the liquefied
boil-off gas to the tank; and
an LNG heating device that generates high-tem-
perature LNG by heating the LNG using high-
temperature refrigerant gas,
wherein the refrigerator generates the high-tem-
perature refrigerant gas by heating low-temper-
ature refrigerant gas, and
wherein the LNG heating device generates the
low-temperature refrigerant gas by cooling the
high-temperature refrigerant gas.

Amended claims under Art. 19.1 PCT

1. (Amended) A tank internal pressure suppression
device, comprising:

a gas combustion unit that generates pressu-
rized exhaust gas by combusting boil-off gas
generated inside a tank using compressed air;
a plurality of gas turbines that generate a plural-
ity of motive forces using the pressurized ex-
haust gas;
a compressor that compresses air using the mo-
tive force generated by an air-compression gas
turbine among the plurality of gas turbines, and
generates the compressed air;
a refrigerant gas compressor that generates
compressed high-pressure refrigerant gas us-
ing a recovered motive force which is generated
by a motive force recovery gas turbine different

from the air-compression gas turbine among the
plurality of gas turbines; and
a refrigerator that supplies low-temperature
LNG, which is generated by cooling LNG stored
in the tank using the high-pressure refrigerant
gas, to the tank.

2. The tank internal pressure suppression device ac-
cording to claim 1,
wherein the gas combustion unit includes a plurality
of gas combustor elements corresponding to the plu-
rality of gas turbines, and
wherein an arbitrary gas turbine among the plurality
of gas turbines generates the motive force using the
pressurized exhaust gas generated by the gas com-
bustor element corresponding to the arbitrary gas
turbine among the plurality of gas combustor ele-
ments.

3. (Deleted)

4. (Amended) The tank internal pressure suppres-
sion device according to claim 1 or 2,
wherein the refrigerator includes:

a first heat exchanger that generates low-tem-
perature and high-pressure refrigerant gas by
cooling the high-pressure refrigerant gas;
an expansion turbine that generates low-tem-
perature and low-pressure refrigerant gas by ad-
iabatically expanding the low-temperature and
high-pressure refrigerant gas; and
a second heat exchanger that generates the
low-temperature LNG by cooling the LNG using
the low-temperature and low-pressure refriger-
ant gas,
wherein the first heat exchanger and the second
heat exchanger generate the low-pressure re-
frigerant gas by heating the low-temperature
and low-pressure refrigerant gas, and
wherein the refrigerator gas compressor gener-
ates the high-pressure refrigerant gas by com-
pressing the low-pressure refrigerator gas.

5. The tank internal pressure suppression device ac-
cording to claim 4,
wherein the refrigerator further includes a condenser
that generates liquefied boil-off gas by liquefying the
boil-off gas,
wherein the second heat exchanger supplies low-
temperature liquefied boil-off gas, which is generat-
ed by cooling the liquefied boil-off gas, to the tank,
and
wherein the condenser heats the low-temperature
and low-pressure refrigerant gas.

6. (Amended) The tank internal pressure suppres-
sion device according to any one of claims 1 to 5,
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further comprising:

a cold heat storage system,
wherein the second heat exchanger stores liq-
uefied refrigerant gas, which is generated by
cooling low-temperature refrigerant gas, in the
cold heat storage system, and cools the LNG
using the liquefied refrigerant gas.

7. The tank internal pressure suppression device ac-
cording to claim 6, further comprising:

an LNG heating device that generates high-tem-
perature LNG by heating the LNG using high-
temperature refrigerant gas,
wherein the refrigerator generates the high-tem-
perature refrigerant gas by heating the low-tem-
perature refrigerant gas, and
wherein the LNG heating device generates the
low-temperature refrigerant gas by cooling the
high-temperature refrigerant gas.

8. A vessel, comprising:

the tank internal pressure suppression device
according to claim 7;
an engine that generates a propulsion motive
force using the high-temperature LNG; and
a propulsion device that propels a vessel main
body using the propulsion motive force.

9. (Amended) A tank internal pressure suppression
method, comprising:

a step of generating pressurized exhaust gas by
combusting boil-off gas generated inside tank
using compressed air;
a step of generating the compressed air by com-
pressing air using a motive force which is gen-
erated using the pressurized exhaust gas
through an air-compression gas turbine among
a plurality of gas turbines;
a step of generating compressed high-pressure
refrigerant gas using a recovered motive force
which is generated using the pressurized ex-
haust gas by a motive force recovery gas turbine
different from the air-compression gas turbine
among the plurality of gas turbines; and
a step of supplying low-temperature LNG, which
is generated by cooling LNG stored in the tank
using the high-pressure refrigerant gas, to the
tank.

10. (Deleted)
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