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(57) In order to suppress pressure rise in a storage
tank for storing liquefied gas, simplify a facility and lower
the cost of the facility, a pressure rise suppression device
for a storage tank is provided with: the storage tank (2)
in which liquefied gas is stored; a heat exchange means
(4) in which the liquefied gas in a liquid state extracted
from the storage tank (2) and a refrigerant exchange heat
with seach other; a refrigerant compression means (31)
which compresses the refrigerant led to the heat ex-
change means (4); a refrigerant expansion means (33)
which reduces the pressure of the refrigerant com-
pressed by the refrigerant compression means (31) and
supplies the refrigerant to the heat exchange means (4),
and a supply means (11) which supplies the liquefied gas
in the liquid state cooled in the heat exchange means (4)
to the liquefied gas in the liquid state in the storage tank
(2).
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Description

{Technical Field}

[0001] The present invention relates to a storage-tank
pressure-rise suppressing apparatus, a pressure-rise
suppressing system including the same, a suppressing
method for the same, a liquefied-gas cargo ship including
the same, and liquefied-gas storage equipment including
the same. In particular, the present invention relates to
suppression of a pressure rise in a storage tank storing
liquefied gas.

{Background Art}

[0002] Generally, in a storage tank (hereinafter re-
ferred to as a "cargo tank") storing liquefied gas such as
liquefied natural gas (hereinafter referred to as "LNG")
or liquefied petroleum gas (hereinafter referred to as
"LPG") in the liquid phase, in order to suppress an in-
crease in the internal pressure of the cargo tank due to
liquefied gas that has vaporized naturally due to heat
entering the cargo tank from the outside (hereinafter re-
ferred to as "boil-off gas"), the vaporized gas is relique-
fied, or the boil-off gas is extracted from the cargo tank
and is combusted or disposed of outside.
[0003] As a reliquefaction apparatus for boil-off gas,
for example, as shown in Fig. 7, in a reliquefaction ap-
paratus 101 of a liquefied-petroleum-gas cargo ship for
transporting LPG, boil-off gas in a cargo tank 102 is com-
pressed to high pressure by a boil-off-gas compressor
103, and the compressed boil-off gas is cooled in a con-
denser 104 by exchanging heat with seawater (design
temperature: about 32 °C) supplied from outside the ship,
whereby the boil-off gas is condensed at about 40 °C.
The LPG condensed in this manner is fed to the cargo
tank 102, and a portion of the LPG gasifies when the LPG
is subjected to pressure reduction (expansion) in the car-
go tank 102. At this time, the temperature of the liquid-
phase LPG stored in the cargo tank 102 is lowered by
using the heat of cooling due to the evaporation of the
LPG, so that the total amount of boil-off gas (the total
amount of the gas phase) in the cargo tank 102 is re-
duced, thereby suppressing the pressure in the cargo
tank 102.
[0004] Fig. 8 shows a process diagram in the case
where, for example, propane is reliquefied by using the
reliquefaction apparatus 101 shown in Fig. 7. In Fig. 8,
the vertical axis represents pressure (MPa), and the hor-
izontal axis represents specific enthalpy (kJ/kg).
[0005] In Fig. 8, I indicates evaporation of the liquid-
phase LNG stored in the cargo tank 102 shown in Fig.
7, becoming boil-off gas, II indicates compression of the
boil-off gas by the boil-off-gas compressor 103, III indi-
cates cooling of the boil-off gas with seawater in the con-
denser 104, and IV indicates expansion of the condensed
LPG in the cargo tank 102, thus cooling the liquid-phase
LPG stored in the cargo tank 102 by means of gas.

[0006] In the reliquefaction apparatus 101 shown in
Fig. 7, for example, a reciprocal multi-stage boil-off-gas
compressor 103 in which a piston 107 is provided inside
a cylinder 105 and that includes a driving unit 111 that
drives the piston 107 via a crankshaft 109 is used to com-
press boil-off gas to high pressure of about 16 to 20 at-
mospheres before it is fed to the condenser 104. A plate
or shell-and-tube heat exchanger of a cooling system
that utilizes seawater is used in the condenser 104.
[0007] In a reliquefaction apparatus that is installed in
a liquefied-natural-gas cargo ship for transferring LNG,
since methane, which is a major component of LNG, is
a supercritical fluid in the vicinity of room temperature, it
is not possible to liquefy LNG boil-off gas in the temper-
ature range of the seawater (about 32 °C) fed to the con-
denser 104 shown in Fig. 7. Therefore, it is not possible
to directly use the LPG reliquefaction apparatus 101 as
an LNG reliquefaction apparatus.
[0008] Accordingly, as shown in Fig. 9, as an LNG rel-
iquefaction apparatus 201, an indirect cooling system
that uses nitrogen as a refrigerant and that is based on
the Brayton cycle is adopted. More specifically, in the
reliquefaction apparatus 201, boil-off gas generated in a
cargo tank 202 is passed through a boil-off-gas feeding
pipe 209, is subjected to pressurization by a boil-off-gas
compressor 203 via a boil-off-gas thermal relaxation and
separator 207, and is fed to a cold box 204 employing
the indirect cooling system. Then, the boil-off gas ex-
changes heat with nitrogen serving as refrigerant in the
cold box 204 employing the indirect cooling system. By
exchanging heat with the nitrogen gas in the cold box
204, the boil-off gas is condensed and supercooled to
enter the liquid phase. The liquid-phase condensed (rel-
iquefied) LNG is passed through a reliquefied-gas pipe
205 and is again fed into the cargo tank: 202. A pressure
rise in the cargo tank 202 is suppressed by reliquefying
boil-off gas as described above.
[0009] A reliquefied-LNG feeding pipe 211 for extract-
ing and feeding a portion of the LNG reliquefied in the
cold box 204 is connected to the boil-off-gas thermal re-
laxation and separator 207. In the boil-off-gas thermal
relaxation and separator 207, boil-off gas is cooled (ther-
mally relaxed) by the reliquefied LNG fed from the re-
liquefied-LNG feeding pipe 211, and gas and liquid are
separated from each other.
[0010] Fig. 10 shows a process diagram in the case
where LNG is reliquefied by using the reliquefaction ap-
paratus 201 shown in Fig. 9, in which the vertical axis
represents pressure (MPa) and the horizontal axis rep-
resents specific enthalpy (kJ/kg).
[0011] Also in Fig. 10, similarly to Fig. 8, I indicates that
LNG evaporates and becomes boil-off gas in the cargo
tank 202 shown in Fig. 9, II indicates compression of the
boil-off gas by the boil-off-gas compressor 203, III indi-
cates cooling of the boil-off gas with nitrogen in the cold
box 204, and IV indicates that the pressure in the cargo
tank 202 is reduced.
[0012] Nitrogen is used as the refrigerant fed to the
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cold box 204 of the reliquefaction apparatus 201 shown
in Fig. 9. The nitrogen is compressed to high pressure
through three stages constituted of a two-stage nitrogen
compressor 231 and a nitrogen booster 232. More spe-
cifically, the nitrogen whose pressure has been made
high by the nitrogen compressor 231 is fed to the cold
box 204 and exchanges heat with low-pressure, low-tem-
perature nitrogen gas obtained by cooling and condens-
ing the boil-off gas, whereby the temperature of the high-
pressure nitrogen is lowered. The high-pressure nitrogen
at the lowered temperature is fed to a nitrogen expander
233 that is provided coaxially with the nitrogen booster
232. The high-pressure nitrogen fed to the nitrogen ex-
pander 233 is subjected to pressure reduction, whereby
it becomes low-temperature, low-pressure nitrogen gas.
The low-temperature, low-pressure nitrogen gas is again
fed to the cold box 204, exchanges heat with the boil-off
gas and the high-pressure nitrogen mentioned earlier, in
that order, and is fed out from the cold box 204. The
nitrogen fed out from the cold box 204 is fed to the nitro-
gen booster 232, is compressed by the nitrogen booster
232, and is fed to the inlet of the nitrogen compressor 231.
[0013] Before the nitrogen compressed by the nitrogen
compressor 231 enters the cold box 204, it is cooled by
a first heat exchanger 235, whereby the heat of compres-
sion is removed. A second heat exchanger 237 is pro-
vided between the nitrogen booster 232 and the nitrogen
compressor 231 to remove the heat of compression of
the nitrogen that has been boosted by the nitrogen boost-
er 232.

{Citation List}

{Patent Literature}

[0014] {PTL 1} Japanese Unexamined Patent Applica-
tion, Publication No. 2009-58199

{Summary of Invention}

{Technical Problem}

[0015] It has been believed that it is necessary to install
both the LPG reliquefaction apparatus 101 shown in Fig.
7 and the LNG reliquefaction apparatus 201 shown in
Fig. 9 on a vessel that carries and transports both LPG
and LNG. However, in the case where these systems
101 and 201 are both installed in a single vessel, there
have been problems in that increased equipment com-
plexity and increased equipment costs result.
[0016] Although Patent Document 1 discloses that
coolant stored in a coolant tank is cooled by exchanging
heat with a refrigerant in a heat exchanger and that laser
machining equipment is cooled with the coolant that has
been cooled while being fed back to the coolant tank, this
is temperature control of coolant for cooling laser ma-
chining equipment, and a method of suppressing a pres-
sure rise in a cargo tank storing liquefied gas is not dis-

closed.
[0017] The present invention has been made in view
of the situation described above, and it is an object there-
of to provide a storage-tank pressure-rise suppressing
apparatus with which it is possible to suppress a pressure
rise in a storage tank storing liquefied gas and with which
it is possible to simplify equipment and to reduce equip-
ment costs, as well as a pressure-rise suppressing sys-
tem for the same, a suppressing method for the same, a
liquefied-gas cargo ship including the same, and lique-
fied-gas storage equipment including the same.

{Solution to Problem}

[0018] A storage-tank pressure-rise suppressing ap-
paratus according to a first aspect of the present invention
includes a storage tank storing liquefied gas; a heat ex-
change means for exchanging heat between the liquid-
phase liquefied gas extracted from the storage tank and
a refrigerant; a refrigerant compression means for com-
pressing the refrigerant that is to be fed to the heat ex-
change means; a refrigerant expansion means for reduc-
ing the pressure of the refrigerant that has been com-
pressed by the refrigerant compression means and feed-
ing the refrigerant to the heat exchange means; and a
feeding means for feeding the liquid-phase liquefied gas
that has been cooled in the heat exchange means to the
liquid-phase liquefied gas in the storage tank.
[0019] The liquid-phase liquefied gas extracted from
the storage tank is cooled by exchanging heat with the
refrigerant in the heat exchange means, and the cooled
liquid-phase liquefied gas is fed back to the liquid-phase
liquefied gas in the storage tank via the feeding means.
Thus, it is possible to cool the liquid-phase liquefied gas
stored in the storage tank by using the liquid-phase liq-
uefied gas fed from the feeding means. This makes it
possible to lower the overall temperature of the liquid-
phase liquefied gas in the storage tank, suppressing gas-
ification of the liquid-phase liquefied gas. At this time,
since only the circulated liquefied gas in the liquid phase
(single phase) is subjected to heat exchange in the heat
exchange means, it suffices in the heat exchange means
to impart, by means of the refrigerant compression
means, a pressure difference corresponding to a tem-
perature difference that is imparted by the refrigerant in
the heat exchange means, so that it is possible to adjust
the temperature of the liquid-phase liquefied gas fed to
the storage tank to a temperature suitable for the storage
tank. Accordingly, it is possible to suppress a pressure
rise in the storage tank by cooling the liquid-phase lique-
fied gas stored in the storage tank.
[0020] When exchanging heat between the liquid-
phase liquefied gas and the refrigerant in the heat ex-
change means, heat exchange takes place only in the
liquid phase without involving a phase change in the liq-
uefied gas, so that the temperature difference of the liq-
uefied gas at the inlet and outlet of the heat exchange
means becomes small. Accordingly, the refrigerant tem-
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perature difference at the inlet and outlet of the heat ex-
change means also becomes small. Since the refrigerant
temperature difference is proportional to the refrigerant
pressure difference, the refrigerant pressure difference
at the inlet and outlet of the heat exchange means is
reduced as a result. This makes it possible to reduce the
compression ratio of the refrigerant compression means,
which compresses the refrigerant that is to be fed to the
heat exchange means, making it possible to reduce the
number of stages of the refrigerant compression means.
The reduction in the number of stages of the refrigerant
compression means simplifies the design of the refriger-
ant compression means, and mechanical loss in the re-
frigerant compression means can be reduced. Since the
liquid-phase liquefied gas fed to the heat exchange
means is cooled without involving a phase change, the
heat exchange efficiency of the heat exchange means
can be improved. Thus, it is possible to implement the
heat exchange means in a compact form. Accordingly,
it is possible to simplify the pressure-rise suppressing
apparatus and to improve the overall efficiency of the
apparatus.
[0021] As the liquefied gas, liquefied natural gas
(LNG), liquefied petroleum gas (LPG), ethane, ethylene,
ammonia, a mixture thereof, etc. can be used.
[0022] A storage-tank pressure-rise suppressing ap-
paratus according to a second aspect of the present in-
vention includes a storage tank storing liquefied gas; a
heat exchange means for exchanging heat between the
liquid-phase liquefied gas extracted from the storage tank
and a refrigerant; a refrigerant compression means for
compressing the refrigerant that is to be fed to the heat
exchange means; a refrigerant expansion means for re-
ducing the pressure of the refrigerant that has been com-
pressed by the refrigerant compression means and feed-
ing the refrigerant to the heat exchange means; and a
spraying means for spraying the liquid-phase liquefied
gas that has been cooled in the heat exchange means
into the gas-phase liquefied gas in the storage tank.
[0023] The liquid-phase liquefied gas extracted from
the storage tank is cooled by exchanging heat with the
refrigerant in the heat exchange means, and the cooled
liquid-phase liquefied gas is sprayed into the gas-phase
liquefied gas in the storage tank by the spraying means.
By exchanging heat between the cooled liquefied gas
and the gas-phase liquefied gas in the storage tank as
described above, it is possible to condense (reliquefy)
the gas-phase liquefied gas. That is, due to the super-
cooling heat of the cooled liquid-phase liquefied gas, the
droplet diameter of the cooled liquid-phase liquefied gas
sprayed into the gas-phase liquefied gas increases.
Then, the liquefied gas having an increased droplet di-
ameter drops on the surface of the liquid-phase liquefied
gas (liquid surface) stored in the storage tank. Thus, it is
possible to suppress a pressure rise in the storage tank
due to the gas-phase liquefied gas and to reduce the
pressure in the storage tank.
[0024] A storage-tank pressure-rise suppressing ap-

paratus according to a third aspect of the present inven-
tion includes a storage tank storing liquefied gas; a heat
exchange means for exchanging heat between the liquid-
phase liquefied gas extracted from the storage tank and
a refrigerant; a refrigerant compression means for com-
pressing the refrigerant that is to be fed to the heat ex-
change means; a refrigerant expansion means for reduc-
ing the pressure of the refrigerant that has been com-
pressed by the refrigerant compression means and feed-
ing the refrigerant to the heat exchange means; a feeding
means for feeding the liquid-phase liquefied gas that has
been cooled in the heat exchange means to the liquid-
phase liquefied gas in the storage tank; and a spraying
means for spraying the liquid-phase liquefied gas that
has been cooled in the heat exchange means into the
gas-phase liquefied gas in the storage tank.
[0025] The liquid-phase liquefied gas extracted from
the storage tank is cooled by exchanging heat with the
refrigerant in the heat exchange means, and the cooled
liquid-phase liquefied gas is fed to the liquid-phase liq-
uefied gas in the storage tank via the feeding means and
is also sprayed by the spraying means into the gas-phase
liquefied gas in an upper part of the interior of the storage
tank. With these measures, it is possible to lower the
overall temperature of the liquid-phase liquefied gas in
the storage tank, suppressing gasification of the liquid-
phase liquefied gas, and to recondense (reliquefy) the
gas-phase liquefied gas in the upper part of the interior
of the storage tank. Thus, it is possible to suppress a
pressure rise and to reduce the pressure in the storage
tank.
[0026] In the storage-tank pressure-rise suppressing
apparatus according to the present invention, the feeding
means may include a feeding-flow-rate adjusting means
for adjusting the feeding flow rate of the liquid-phase liq-
uefied gas that has been cooled in the heat exchange
means.
[0027] By providing the feeding means with the feed-
ing-flow-rate adjusting means for adjusting the flow rate
for feeding the liquid-phase liquefied gas cooled in the
heat exchange means to the liquid-phase liquefied gas
in the storage tank, it becomes possible to adjust the flow
rate to a flow rate corresponding to heat that has entered
the storage tank from the outside when the liquid-phase
liquefied gas cooled by the heat exchange means is fed
to the storage tank. Thus, even in the case where the
overall temperature of the liquid-phase liquefied gas in
the storage tank increases due to incoming heat, it is
possible to suppress a pressure rise in the storage tank.
[0028] In the storage-tank pressure-rise suppressing
apparatus according to the present invention, the spray-
ing means may include a spraying-amount adjusting
means for adjusting the spraying amount of the liquid-
phase liquefied gas that has been cooled in the heat ex-
change means.
[0029] By providing the spraying means with the spray-
ing-amount adjusting means for adjusting the spraying
amount for feeding the liquid-phase liquefied gas cooled
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in the heat exchange means to the gas-phase liquefied
gas in the storage tank, it becomes possible to adjust the
flow rate of the cooled liquid-phase liquefied gas that is
sprayed into the gas-phase liquefied gas in the storage
tank, thereby adjusting the rate of condensation (reliq-
uefaction) of the gas-phase liquefied gas in the storage
tank. Accordingly, it is possible to adjust the pressure
due to the gas-phase liquefied gas in the storage tank,
making the pressure in the storage tank less than or equal
to a predetermined pressure.
[0030] The storage-tank pressure-rise suppressing
apparatus according to the present invention may include
a bypassing means for making a portion of the liquid-
phase liquefied gas that is fed to the heat exchange
means bypass the heat exchange means and for feeding
the portion to the feeding means and/or the spraying
means; and a bypass-flow-rate adjusting means for ad-
justing the bypass flow rate of the liquid-phase liquefied
gas that is passed through the bypassing means.
[0031] By providing the bypassing means for making
a portion of the liquid-phase liquefied gas extracted from
the storage tank bypass the heat exchange means and
for feeding the portion to the feeding means and/or the
spraying means, and by providing the bypassing means
with the bypass-flow-rate adjusting means for adjusting
the flow rate of the liquid-phase liquefied gas that is
passed through the bypassing means, it becomes pos-
sible to adjust the temperature of the liquid-phase lique-
fied gas that is fed to the feeding means and/or the spray-
ing means by mixing together the liquid-phase liquefied
gas that has been cooled by the heat exchange means
and the liquid-phase liquefied gas that has not been
cooled by the heat exchange means. Thus, it is possible
to suppress a pressure rise in the storage tank by adjust-
ing the rate of cooling of the liquid-phase liquefied gas
stored in the storage tank and/or the rate of condensation
(reliquefaction) of the gas-phase liquefied gas.
[0032] In the storage-tank pressure-rise suppressing
apparatus according to the present invention, the storage
tank may include a reserve tank and an intermediate tank
that is provided between the reserve tank and the heat
exchange means and that temporarily stores the liquid-
phase liquefied gas and/or gas-phase liquefied gas ex-
tracted from the reserve tank, the feeding means and/or
the spraying means may be provided at the intermediate
tank, and the liquid-phase liquefied gas that has been
cooled in the heat exchange means may be fed to the
intermediate tank.
[0033] By providing the reserve tank and the interme-
diate tank and feeding the liquid-phase liquefied gas that
has been cooled by the heat exchange means back to
the intermediate tank, even in the case where the capac-
ity of the reserve tank is relatively small, it becomes pos-
sible to store a portion of the liquid-phase liquefied gas
that has been cooled in the heat exchange means in the
intermediate tank, without feeding the whole liquid-phase
liquefied gas that has been cooled in the heat exchange
means to the reserve tank. Accordingly, even in the case

where the capacity of the reserve tank is relatively small,
it is possible to cool the liquid-phase liquefied gas in the
reserve tank to an appropriate temperature.
[0034] By providing the feeding means and the spray-
ing means at the intermediate tank, it becomes possible
to perform maintenance of the spraying means and the
feeding means without making the reserve tank gas-free.
This facilitates the maintenance of the pressure-rise sup-
pressing apparatus.
[0035] A pressure-rise suppressing system according
to a fourth aspect of the present invention includes the
above-described storage-tank pressure-rise suppress-
ing apparatus according to the present invention, wherein
multiple storage tanks are provided as the storage tank
and wherein the liquefied gas stored in the individual stor-
age tanks are of gas kinds that vary among the storage
tanks.
[0036] With the pressure-rise suppressing apparatus,
in which only the liquid phase (single phase) of the cir-
culated liquefied gas is subjected to heat exchange in
the heat exchange means, it suffices to impart, by means
of the refrigerant compression means, a pressure differ-
ence corresponding to a temperature difference that is
imparted by the refrigerant in the heat exchange means.
Thus, it is possible with a single pressure-rise suppress-
ing apparatus to cool the variety of kinds of liquefied gas
stored in the individual storage tanks. Accordingly, it is
possible to simplify the pressure-rise suppressing sys-
tem and to reduce equipment costs.
[0037] A liquefied-gas cargo ship according to a fifth
aspect of the present invention includes the above-de-
scribed pressure-rise suppressing system according to
the fourth aspect of the present invention.
[0038] With the liquefied-gas cargo ship according to
the fifth aspect of the present invention, since natural-
gas processing equipment utilizing a compact relique-
faction plant is installed, it is possible to reduce the in-
stallation space needed for the equipment.
[0039] Accordingly, it becomes possible to simplify a
pressure-rise suppressing system that is installed on a
liquefied-gas cargo ship and to reduce equipment costs.
[0040] Liquefied-gas storage equipment according to
a sixth aspect of the present invention includes the
above-described pressure-rise suppressing system ac-
cording to the fourth aspect of the present invention.
[0041] The pressure-rise suppressing system that can
cool a variety of kinds of liquefied gas stored in the indi-
vidual storage tanks by means of a single pressure-rise
suppressing apparatus is used. Accordingly, it becomes
possible to simplify a pressure-rise suppressing system
that is installed on a liquefied-gas cargo ship and to re-
duce equipment costs.
[0042] In a storage-tank pressure-rise suppressing
method according to a fifth aspect of the present inven-
tion, liquid-phase liquefied gas extracted from storage
tank storing the liquefied gas is cooled by exchanging
heat between the liquid-phase liquefied gas and a refrig-
erant that has been compressed and whose pressure
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has then been reduced, and the liquid-phase liquefied
gas that has been cooled by exchanging heat is fed to
the liquid-phase liquefied gas and/or gas-phase liquefied
gas stored in the storage tank.
[0043] Only the liquid phase (single phase) of the cir-
culated liquefied gas is cooled by exchanging heat with
the refrigerant, and the cooled liquid-phase liquefied gas
is fed to the liquid-phase and/or gas phase liquefied gas
in the storage tank. This makes it possible to lower the
temperature of the whole liquid-phase liquefied gas in
the storage tank, thereby suppressing gasification of the
liquid-phase liquefied gas in the storage tank, and to con-
dense and reliquefy the gas-phase liquefied gas in the
storage tank.

{Advantageous Effects of Invention

[0044] According to the present invention, the liquid-
phase liquefied gas extracted from the storage tank is
cooled by exchanging heat with the refrigerant in the heat
exchange means, and the cooled liquid-phase liquefied
gas is fed to the liquid-phase liquefied gas in the storage
tank via the feeding means. Thus, it is possible to cool
the liquid-phase liquefied gas stored in the storage tank
by using the liquid-phase liquefied gas fed from the feed-
ing means. This makes it possible to lower the overall
temperature of the liquid-phase liquefied gas in the stor-
age tank, suppressing gasification of the liquid-phase liq-
uefied gas. At this time, since only the circulated liquefied
gas in the liquid phase (single phase) is subjected to heat
exchange in the heat exchange means, it suffices in the
heat exchange means to impart, by means of the refrig-
erant compression means, a pressure difference corre-
sponding to a temperature difference that is imparted by
the refrigerant in the heat exchange means, so that it is
possible to adjust the temperature of the liquid-phase
liquefied gas fed to the storage tank to a temperature
suitable for the storage tank. Accordingly, it is possible
to suppress a pressure rise in the storage tank by cooling
the liquid-phase liquefied gas stored in the storage tank.
[0045] When exchanging heat between the liquid-
phase liquefied gas and the refrigerant in the heat ex-
change means, heat exchange takes place only in the
liquid phase without involving a phase change in the liq-
uefied gas, so that the temperature difference of the liq-
uefied gas at the inlet and outlet of the heat exchange
means becomes small. Accordingly, the refrigerant tem-
perature difference at the inlet and outlet of the heat ex-
change means also becomes small. Since the refrigerant
temperature difference is proportional to the refrigerant
pressure difference, the refrigerant pressure difference
at the inlet and outlet of the heat exchange means is
reduced as a result. This makes it possible to reduce the
compression ratio of the refrigerant compression means,
which compresses the refrigerant that is to be fed to the
heat exchange means, making it possible to reduce the
number of stages of the refrigerant compression means.
The reduction in the number of stages of the refrigerant

compression means simplifies the design of the refriger-
ant compression means, and mechanical loss in the re-
frigerant compression means can be reduced. Since the
liquid-phase liquefied gas fed to the heat exchange
means is cooled without involving a phase change, the
heat exchange efficiency of the heat exchange means
can be improved. Thus, it is possible to implement the
heat exchange means in a compact form. Accordingly,
it is possible to simplify the pressure-rise suppressing
apparatus and to improve the overall efficiency of the
apparatus.

{Brief Description of Drawings}

[0046]

{Fig. 1}
Fig. 1 is a schematic configuration diagram of a stor-
age-tank pressure-rise suppressing apparatus in-
stalled in a liquefied-natural-gas cargo ship accord-
ing to a first embodiment of the present invention.
{Fig. 2}
Fig. 2 is a schematic process diagram of pressure
and specific enthalpy due to the pressure-rise sup-
pressing apparatus shown in Fig. 1.
{Fig. 3}
Fig. 3 is a graph showing the relationship between
the temperature of liquefied natural gas and the
amount of heat exchanged in a cold box, in which
(A) shows a conventional case and (B) shows the
case of this embodiment.
{Fig. 4}
Fig. 4 is a schematic diagram showing the individual
temperature differences of nitrogen and recirculated
LNG at the inlet and outlet of the cold box shown in
Fig. 1 and the pressure ratio of nitrogen at the inlet
and outlet of a nitrogen compressor.
{Fig. 5}
Fig. 5 is a graph showing the relationship among the
nitrogen temperature, the nitrogen temperature dif-
ference at the inlet and outlet of the cold box, and
the pressure ratio shown in Fig. 4.
{Fig. 6}
Fig. 6 is a schematic configuration diagram of a stor-
age-tank pressure-rise suppressing apparatus in-
stalled in a liquefied-natural-gas cargo ship accord-
ing to a second embodiment of the present invention.
{Fig. 7}
Fig. 7 is a schematic configuration diagram showing
a reliquefaction apparatus installed in a conventional
liquefied-petroleum-gas cargo ship.
{Fig. 8}
Fig. 8 is a process diagram for propane in the case
where the reliquefaction apparatus shown in Fig. 7
is used.
{Fig. 9}
Fig. 9 is a schematic configuration diagram showing
a reliquefaction apparatus installed in a conventional
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liquefied-natural-gas cargo ship.
{Fig. 10}
Fig. 10 is a process diagram for methane (liquefied
natural gas) in the case where the reliquefaction ap-
paratus shown in Fig. 9 is used.

{Description of Embodiments}

First Embodiment

[0047] A liquefied-natural-gas cargo ship equipped
with a storage-tank pressure-rise suppressing system
according to a first embodiment of the present invention
will be described based on Figs. 1 and 2.
[0048] Fig. 1 is a schematic configuration diagram of
a cargotank pressure-rise suppressing apparatus con-
stituting the pressure-rise suppressing system installed
in the liquefied-natural-gas cargo ship according to this
embodiment. Fig. 2 shows a schematic process diagram
of pressure and specific enthalpy due to the pressure-
rise suppressing apparatus shown in Fig. 1, in which the
vertical axis represents pressure (MPa) and the horizon-
tal axis represents enthalpy (kJ/kg).
[0049] As shown in Fig. 1, in the liquefied-natural-gas
cargo ship (liquefied-gas cargo ship), which is not shown,
a pressure-rise suppressing apparatus 1 is installed,
which is equipped with a cargo tank (storage tank) 2 that
stores liquefied natural gas (liquefied gas), a cold box
(heat exchange means) 4 in which liquid-phase liquefied
natural gas extracted from the cargo tank 2 (hereinafter
referred to as "recirculated LNG") exchanges heat with
nitrogen (refrigerant), a nitrogen compressor (refrigerant
compression means) 31 and a nitrogen booster (refrig-
erant compression means) 32 that compress nitrogen
that is fed to the cold box 4, a nitrogen expander (refrig-
erant expansion means) 33 that reduces the pressure of
the nitrogen compressed by the nitrogen compressor 31
and the nitrogen booster 32 and supplies the resulting
nitrogen to the cold box 4, a pipe (feeding means) 11 for
feeding the liquid-phase recirculated LNG cooled in the
cold box 4 to the liquid-phase liquefied natural gas (here-
inafter referred to as "LNG") stored in the cargo tank 2,
and a boil-off-gas spraying nozzle (spraying means) 18
for spraying the liquid-phase recirculated LNG cooled in
the cold box 4 to the boil-off gas (gas-phase LNG) stored
in the upper space (not shown) in the cargo tank 2.
[0050] In the liquefied-natural-gas cargo ship equipped
with the thus-configured pressure-rise suppressing ap-
paratus 1, multiple cargo tanks 2 (only one tank is shown
in Fig. 1) that store LNG as cargo are provided, and these
multiple cargo tanks 2 and the pressure-rise suppressing
apparatus 1 together constitute a pressure-rise sup-
pressing system.
[0051] The pressure-rise suppressing apparatus 1 in-
cludes an LNG recirculating system 10 that cools a por-
tion of the liquid-phase LNG stored as cargo in the cargo
tank 2 and recirculates the LNG to the boil-off gas stored
in the upper space in the cargo tank 2 and the liquid-

phase LNG stored in the lower part of the cargo tank 2,
and also includes a nitrogen refrigerant cycle 30 for cir-
culating nitrogen that has been subjected to heat ex-
change with the recirculated LNG, i.e., the liquid-phase
LNG extracted from the cargo tank 2.
[0052] The LNG recirculating system 10 includes an
LNG circulating pump 12 for extracting a portion of the
liquid-phase LNG stored in the cargo tank 2; the cold box
4, in which the recirculated LNG extracted by the LNG
circulating pump 12 exchanges heat with nitrogen,
whereby the liquid-phase recirculated LNG is cooled; the
pipe 11 for feeding the recirculated LNG cooled in the
cold box 4 to the vicinity of the bottom of the cargo tank
2; a bypassing pipe (bypassing means) for making a por-
tion of the recirculated LNG that is fed to the cold box 4
bypass the cold box 4 and merge with the pipe 11; a pipe
14 that branches from the pipe 11 on the downstream
side of the point at which the bypassing pipe 13 merges
with the pipe 11 and through which a portion of the cooled
liquid-phase recirculated LNG is fed to the upper space
in the cargo tank 2; and the boil-off-gas spraying nozzle
18, which is provided at the end of the pipe 14 and which
sprays the cooled liquid-phase recirculated LNG into the
boil-off gas stored in the upper space in the cargo tank 2.
[0053] A bypass-flow control valve (bypass-flow-rate
adjusting means) 15 for adjusting the bypass flow rate
of the recirculated LNG fed to the bypassing pipe 13 is
provided on the bypassing pipe 13 of the LNG recircu-
lating system 10, and a spraying control valve (spraying-
amount adjusting means) 16 for adjusting the spraying
amount of the liquid-phase recirculated LNG cooled in
the cold box 4 is provided on the pipe 14, and a recircu-
lation control valve (feeding-flow-rate adjusting means)
17 for adjusting the recirculating amount (feeding flow
rate) of the liquid-phase recirculated LNG cooled in the
cold box 4 is provided on the pipe 11 on the downstream
side of the point at which the pipe 14 merges with the
pipe 11.
[0054] On the pipe 11 between the point at which the
pipe 11 and the bypassing pipe 13 merge together and
the point at which the pipe 11 and the pipe 14 merge
together, a temperature measurement means 19 for
measuring the temperature of the liquid-phase recircu-
lated LNG passing through the pipe 11 is provided.
[0055] The cargo tank 2 stores liquid LNG as cargo.
Although the cargo tank 2 has a heat-insulating structure,
due to heat entering the cargo tank 2 from the outside,
the liquid LNG stored in the cargo tank 2 is warmed, and
a portion of the liquid LNG evaporates. The evaporated
LNG is stored as boil-off gas in the upper space above
the liquid surface of the liquid-phase LNG stored in the
cargo tank 2.
[0056] In the cargo tank 2, a loading pump that is im-
mersed in the stored liquid-phase LNG and that is used
to load the liquid-phase LNG is provided. Although the
LNG circulating pump 12 used to circulate the recirculat-
ed LNG in the LNG recirculating system 10 also works
as this loading pump in the case of this embodiment,
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there is no limitation to this embodiment.
[0057] In the cargo tank 2, in addition to the pipe 11
and the pipe 14, a vent pipe 21 that allows removing the
boil-off gas stored in the upper space in the cargo tank
2 from the inside to the outside of the cargo tank 2 is
connected to the top of the cargo tank 2.
[0058] The cold box 4 is a heat exchanger of an indirect
cooling system that cools the liquid-phase recirculated
LNG by way of heat exchange between the nitrogen fed
from the nitrogen refrigerant cycle 30 and the liquid-
phase recirculated LNG fed from the LNG recirculating
system 10. The cold box 4 includes a precooling unit C1
and a cooling unit C2. In the precooling unit C1, heat is
exchanged between low-pressure, low-temperature ni-
trogen gas fed from the nitrogen refrigerant cycle 30,
which will be described later, and high-pressure nitrogen
compressed by the nitrogen compressor 31. In the cool-
ing unit C2, heat is exchanged between low-temperature,
low-pressure nitrogen gas and the liquid-phase recircu-
lated LNG fed from the LNG recirculating system 10.
[0059] The nitrogen refrigerant cycle 30 feeds nitro-
gen, which serves as refrigerant, to the cold box 4. The
nitrogen refrigerant cycle 30 includes the cold box 4 de-
scribed above, in which the liquid-phase recirculated
LNG fed from the LNG recirculating system 10 exchang-
es heat with nitrogen; the nitrogen expander 33, which
reduces the pressure of the nitrogen whose pressure has
been made high by the nitrogen compressor 31 and the
nitrogen booster 32, a first heat exchanger 34 that cools
the high-pressure nitrogen compressed by the nitrogen
compressor 31, and a second heat exchanger 35 that
cools the nitrogen compressed by the nitrogen booster
32.
[0060] The nitrogen compressor 31 is a single-stage
compressor, and it sucks and compresses nitrogen,
which serves as refrigerant, to make it high-temperature,
high-pressure nitrogen.
[0061] The nitrogen booster 32 compresses the nitro-
gen that has exchanged heat in the cold box 4 with the
liquid-phase recirculated LNG fed from the LNG recircu-
lating system 10. The nitrogen booster 32 has a rotation
shaft 36, and the nitrogen expander 33 is provided co-
axially with the rotation shaft 36.
[0062] The nitrogen expander 33 reduces the pressure
of and thereby expands the high-pressure nitrogen
whose temperature has been reduced while passing
through the cold box 4 from the nitrogen compressor 31,
thereby making it low-temperature, low-pressure nitro-
gen gas. The rotation shaft 36 is driven by using the ex-
panding force of the compressed nitrogen as a rotating
force, whereby the nitrogen booster 32 is driven to rotate.
[0063] The first heat exchanger 34, by using clean wa-
ter, etc. serving as refrigerant, cools and lowers the tem-
perature of the nitrogen whose pressure has been made
high by the nitrogen compressor 31.
[0064] The second heat exchanger 35, by using clean
water, etc. serving as refrigerant, cools and lowers the
temperature of the nitrogen that has been compressed

by the nitrogen booster 32.
[0065] The refrigerant used in the first heat exchanger
34 and the second heat exchanger 35 may be seawater.
[0066] Next, the suppressing method of the pressure-
rise suppressing apparatus 1 according to this embodi-
ment will be described by using Figs. 1 and 2.
[0067] Here, Fig. 2 shows a schematic process dia-
gram of pressure and specific enthalpy due to the pres-
sure-rise suppressing apparatus 1 shown in Fig. 1.
[0068] In the LNG recirculating system 10 shown in
Fig. 1, the liquid-phase LNG stored in the cargo tank 2
is fed out to a pipe 20 by the LNG circulating pump 12 (I
in Fig. 2). The liquid-phase recirculated LNG fed out to
the pipe 20 is fed from the pipe 20 to the cold box 4 (II in
Fig. 2). In the cooling unit C2 of the cold box 4, the liquid-
phase recirculated LNG fed to the cold box 4 exchanges
heat with the low-temperature, low-pressure nitrogen gas
fed from a pipe 37 of the nitrogen refrigerant cycle 30 to
the cold box 4, whereby the recirculated LNG is cooled
(III in Fig. 2).
[0069] Here, in the case of this embodiment, when the
liquid-phase recirculated LNG exchanges heat with the
nitrogen gas in the cooling unit C2 of the cold box 4, the
liquid-phase recirculated LNG is directly cooled in a sin-
gle phrase without undergoing a condensation process,
as opposed to the case where gas-phase LNG, i.e., boil-
off gas, is condensed and supercooled in a cold box 204
provided in a conventional LNG reliquefaction apparatus
201 shown in Fig. 9.
[0070] The bypassing pipe 13 for detouring (bypass-
ing) the cold box 4 is connected to the pipe 20. The by-
pass-flow control valve 15 is provided on the bypassing
pipe 13. Thus, by opening the bypass-flow control valve
15, a portion of the liquid-phase recirculated LNG fed
from the pipe 20 to the cold box 4 is made to pass through
the bypassing pipe 13.
[0071] The liquid-phase recirculated LNG cooled in the
cold box 4 and the liquid-phase recirculated LNG passed
through the bypassing pipe 13 without being cooled
merge together and are mixed in the pipe 11. The mixed
liquid-phase recirculated LNG is fed into the cargo tank
2 through the pipe 11 and is fed to the vicinity of the
bottom of the interior of the cargo tank 2 via a nozzle
18-2, whereby the overall temperature of the liquid-phase
LNG stored in the cargo tank 2 is lowered (IV in Fig. 2).
[0072] Here, by adjusting the degree of opening of the
bypass-flow control valve 15 based on the temperature
of the liquid-phase recirculated LNG passing through the
pipe 11, measured by the temperature measurement
means 19 provided on the pipe 11, it is possible to adjust
the temperature of the liquid-phase recirculated LNG cir-
culated inside the cargo tank 2.
[0073] A portion of the recirculated LNG obtained by
mixing together the liquid-phase recirculated LNG that
has been cooled in the cold box 4 and the liquid-phase
recirculated LNG that has not been cooled (that has
passed through the bypassing pipe 13) is branched off
from the pipe 11 to the pipe 14 and is sprayed from the
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boil-off-gas spraying nozzle 18 into the boil-off gas stored
in the upper space in the cargo tank 2 (V in Fig. 2).
[0074] By subjecting the supercooled liquid-phase re-
circulated LNG that has been sprayed to form a mist
(droplets) to heat exchange with the boil-off gas in the
tank, the boil-off gas is condensed due to the supercool-
ing heat of the droplets. The condensed and reliquefied
boil-off gas drops onto the liquid surface of the liquid-
phase LNG stored in the cargo tank 2 (VI in Fig. 2). As
the boil-off gas stored in the cargo tank 2 is reliquefied
as described above, the pressure due to the boil-off gas
inside the cargo tank 2 decreases. Thus, it becomes pos-
sible to prevent a pressure rise and to reduce pressure
in the cargo tank 2.
[0075] The recirculation control valve 17 and the spray-
ing control valve 16 are provided on the pipe 11 and the
pipe 14 in the vicinity of the exterior of the cargo tank 2.
By adjusting the degrees of opening of the recirculation
control valve 17 and the spraying control valve 16, it is
possible to adjust the flow rates of the supercooled liquid-
phase recirculated LNG individually supplied to the liquid-
phase LNG and boil-off gas stored in the cargo tank 2.
[0076] In the nitrogen refrigerant cycle 30, the nitrogen
compressor 31 is driven by a driving source, which is not
shown, to compress nitrogen that is fed via a pipe 38,
making it high-temperature, high-pressure nitrogen. The
compressed, high-temperature nitrogen is fed from the
nitrogen compressor 31 to the first heat exchanger 34
via a pipe 39. The high-temperature, high-pressure ni-
trogen fed to the first heat exchanger 34 exchanges heat
with clean water serving as refrigerant. The high-pres-
sure nitrogen that has been cooled by exchanging heat
with the clean water is fed out from the first heat exchang-
er 34 to a pipe 40. The high-pressure nitrogen at a lower
temperature, fed out to the pipe 40, is fed into the cold
box 4.
[0077] In the precooling unit C1 provided in the cold
box 4, the high-pressure nitrogen fed into the cold box 4
from the pipe 40 exchanges heat with nitrogen gas fed
into the cold box 4 from the pipe 37, which will be de-
scribed later, whereby the high-pressure nitrogen is
cooled. The high-pressure nitrogen cooled in the precool-
ing unit C1 is fed from the precooling unit C1 to the ni-
trogen expander 33 via a pipe 41.
[0078] The high-pressure nitrogen fed into the nitrogen
expander 33 is expanded by reducing its pressure, be-
coming low-temperature, low-pressure nitrogen gas. Via
the pipe 37, in the cooling unit C2 in the cold box 4, the
low-temperature, low-pressure nitrogen gas exchanges
heat with the liquid-phase recirculated LNG fed into the
cold box 4 from the pipe 20 of the LNG recirculating sys-
tem 10. The low-temperature, low-pressure nitrogen gas
fed into the cooling unit C2 from the pipe 37 imparts its
cooling heat to the liquid-phase recirculated LNG, where-
by the liquid-phase recirculated LNG is cooled. The ni-
trogen gas that has exchanged heat with the liquid-phase
recirculated LNG in the cooling unit C2 is further fed to
the precooling unit C1 in the cold box 4, whereby the

high-pressure nitrogen fed from the pipe 40, described
earlier, is cooled.
[0079] The nitrogen gas that has exchanged heat with
the high-pressure nitrogen fed from the pipe 40 in the
precooling unit C1 is fed out to a pipe 42 via the pipe 41
and the nitrogen expander 33, whereby it is fed to the
nitrogen booster 32. The nitrogen booster 32 compress-
es the nitrogen fed from the pipe 42. The compressed,
high-temperature nitrogen is fed out to a pipe 43 con-
nected between the nitrogen booster 32 and the second
heat exchanger 35. The compressed, high-temperature
nitrogen fed out to the pipe 43 is fed into the second heat
exchanger 35, where the nitrogen is cooled by exchang-
ing heat with clean water serving as refrigerant. The
cooled nitrogen is fed from the second heat exchanger
35 to the nitrogen compressor 31 via the pipe 38.
[0080] The nitrogen refrigerant cycle 30 is repeated in
the manner described above.
[0081] The vent pipe 21 connected to the top of the
cargo tank 2 communicates with the outside via the cold
box 4. The boil-off gas fed from the vent pipe 21 to the
cold box 4 exchanges heat with the nitrogen gas fed from
the pipe 37 of the nitrogen refrigerant cycle 30 in the
cooling unit C2 and the precooling unit C1, in that order,
in the cold box 4. The boil-off gas is cooled by exchanging
heat with the nitrogen gas in the nitrogen refrigerant cycle
30, as described above. The cooled boil-off gas is fed
out from the cold box 4 and is fed to a boiler, etc., which
is not shown, where the gas is used as fuel gas, etc.
[0082] Now, heat exchange by boil-off gas in the cold
box 204 of the conventional LNG reliquefaction appara-
tus 201 (see Fig. 9) and heat exchange by the liquid-
phase recirculated LNG in the cold box 4 of the pressure-
rise suppressing apparatus 1 according to this embodi-
ment will be compared. Fig. 3 is a graph showing how
these heat exchanges occur. Fig. 3 (A) shows heat ex-
change by boil-off gas in the cold box 204 of the conven-
tional reliquefaction apparatus 201 shown in Fig. 9, and
Fig. 3(B) shows heat exchange by the liquid-phase re-
circulated LNG in the cold box 4 provided in the pressure-
rise suppressing apparatus 1 according to this embodi-
ment. In Figs. 3(A) and 3(B), the vertical axis represents
the temperature T of the boil-off gas, liquid-phase recir-
culated LNG, or refrigerant, and the horizontal axis rep-
resents the amount of heat exchanged.
[0083] Fig. 4 shows a schematic diagram representing
the temperature differences of nitrogen and liquid-phase
recirculated LNG at the inlet and outlet of the cold box 4
according to this embodiment and the nitrogen pressure
ratio at the inlet and outlet of the nitrogen compressor 31.
[0084] Fig. 5 shows a graph representing the relation-
ship among the nitrogen temperature and the tempera-
ture difference and pressure ratio at the inlet and outlet
of the cold box, shown in Fig. 4. In Fig. 5, the left vertical
axis represents the temperature of the nitrogen gas serv-
ing as refrigerant at the outlet of the cold box 4, the hor-
izontal axis represents the nitrogen pressure ratio at the
inlet and outlet of the cold box 4, and the right vertical
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axis represents the temperature difference at the inlet
and outlet of the cold box. In Fig. 5, broken line L1 rep-
resents the saturation temperature of the nitrogen gas,
line L2 represents the temperature of the nitrogen gas at
the outlet of the cold box 4, and line L3 represents the
temperature difference of the nitrogen gas at the inlet
and outlet of the cold box 4.
[0085] In the case of the conventional reliquefaction
apparatus 201, as shown in Fig. 3(A), the boil-off gas fed
to the cold box 204 is cooled in the cold box 204 by low-
temperature, low-pressure nitrogen gas serving as re-
frigerant. At this time, the LNG fed to the inlet of the cold
box 204 is in the gas phase, as represented by gas I in
Fig. 3(A), and it is cooled by the nitrogen gas (II in Fig.
3(A)) and enters the gas-liquid dual phase (III in Fig. 3(A))
constituted of the liquid phase and the gas phase. The
LNG in the gas-liquid dual phase is condensed and rel-
iquefied (into the liquid phase) (IV in Fig. 3(A)) by further
exchanging heat with the nitrogen gas in the cold box 204.
[0086] As described above, in the conventional reliq-
uefaction apparatus 201, since the boil-off gas is cooled
(I in Fig. 3(A)) and is then condensed (IV in Fig. 3(A))
into the liquid phase, the temperature differences of boil-
off gas and nitrogen at the inlet and outlet of the cold box
204 become large (V in Fig. 3(A)). Thus, in order to in-
crease the nitrogen temperature difference at the inlet
and outlet of the cold box 204, it becomes necessary to
increase the pressure difference of nitrogen serving as
refrigerant at the inlet and outlet of the condenser 204.
[0087] On the other hand, in the case of this embodi-
ment, liquid-phase recirculated LNG is fed to the cold
box 4. Thus, as shown in Fig. 3(B), heat is simply ex-
changed between single-phase (liquid-phase) recirculat-
ed LNG (I in Fig. 3(B)) and nitrogen gas (II in Fig. 3(B)).
Accordingly, the temperature differences of the liquid-
phase recirculated LNG and nitrogen at the inlet and out-
let of the cold box 4 become smaller (V in Fig. 3(B)) com-
pared with the conventional case shown in Fig. 3(A).
[0088] As indicated by I in Fig. 4 and by Fig. 5, the
nitrogen temperature difference at the inlet and outlet of
the cold box 4 is proportional to the nitrogen pressure
ratio at the inlet and outlet of the cold box 4. That is, the
nitrogen temperature difference at the inlet and outlet of
the cold box 4 is proportional to the pressure difference
(pressure ratio) at the inlet and outlet of the nitrogen com-
pressor 31, as indicated by II in Fig. 4 and by Fig. 5. Thus,
if the nitrogen temperature difference becomes smaller,
it is possible to reduce the pressure difference generated
by the nitrogen compressor 31. Accordingly, it is possible
to reduce the required intake/discharge pressure ratio of
the nitrogen compressor 31 provided in the nitrogen re-
frigerant cycle 30 and to reduce the number of stages
compared with a conventional two-stage nitrogen com-
pressor 231 (see Fig. 9), realizing the single-stage nitro-
gen compressor 31.
[0089] In the case of this embodiment, since liquid-
phase recirculated LNG in a single phase is cooled by
exchanging heat with nitrogen gas in the cold box 4, the

heat exchange efficiency of the cold box 4 is improved
compared with the conventional cold box 104 (see Fig.
9), which makes it possible to implement the cold box 4
in a compact form.
[0090] As described above, with the pressure-rise sup-
pressing apparatus 1 for the cargo tank 2 according to
this embodiment, the pressure-rise suppressing system
including the same, the suppressing method for the
same, and the liquefied-natural-gas cargo ship equipped
with the same, the following operations and advantages
are realized.
[0091] Liquid-phase LNG (liquefied gas, recirculated
LNG) extracted from the cargo tank (storage tank) 2 is
cooled by exchanging heat with nitrogen gas (refrigerant)
in the cold box (heat exchange means) 4, and the cooled
liquid-phase recirculated LNG is fed to the liquid-phase
LNG stored in the cargo tank 2 via the pipe (feeding
means) 11. Thus, it is possible to cool the liquid-phase
LNG stored in the cargo tank 2 by using the liquid-phase
recirculated LNG fed from the pipe 11. This makes it pos-
sible to lower the overall temperature of the liquid-phase
LNG stored in the cargo tank 2, suppressing gasification
of the liquid-phase LNG. At this time, since only the re-
circulated LNG in the liquid phase (single phase) is sub-
jected to heat exchange in the cold box 4, it suffices in
the cold box 4 to import, by means of the nitrogen com-
pressor (refrigerant compression means) 31 and the ni-
trogen booster (refrigerant compression means) 32, a
pressure difference corresponding to a temperature dif-
ference that is imparted by gas-phase nitrogen in the cold
box 4, so that it is possible to adjust the temperature of
the liquid-phase recirculated LNG fed to the cargo tank
2 to a temperature suitable for the cargo tank 2. Accord-
ingly, it is possible to suppress a pressure rise in the
cargo tank 2 by cooling the liquid-phase LNG stored in
the cargo tank 2.
[0092] When exchanging heat between liquid-phase
recirculated LNG and nitrogen gas in the cold box 4, heat
exchange takes place only in the liquid phase without
involving a phase change in the recirculated LNG, so that
the temperature difference of the liquid-phase recirculat-
ed LNG at the inlet and outlet of the cold box 4 becomes
small. Accordingly, the temperature difference of nitro-
gen at the inlet and outlet of the cold box 4 also becomes
small. Since the nitrogen temperature difference is pro-
portional to the nitrogen pressure difference, the nitrogen
pressure difference at the inlet and outlet of the cold box
4 is reduced as a result. This makes it possible to reduce
the compression ratio of the nitrogen compressor 31,
which compresses nitrogen fed to the cold box 4, realizing
the single-stage nitrogen compressor 31 (it is possible
to reduce the number of stages of the nitrogen compres-
sor 31). Adopting the single-stage nitrogen compressor
31 simplifies the design of the nitrogen compressor 31,
and mechanical loss in the nitrogen compressor 31 can
be reduced. Since the liquid-phase recirculated LNG fed
to the cold box 4 is cooled without involving a phase
change, the heat exchange efficiency of the cold box 4
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can be improved. Thus, it is possible to implement the
cold box 4 in a compact form. Accordingly, it is possible
to simplify the pressure-rise suppressing apparatus 1 and
to improve the overall efficiency of the pressure-rise sup-
pressing apparatus 1.
[0093] Liquid-phase recirculated LNG extracted from
the cargo tank 2 is cooled by exchanging heat with nitro-
gen gas in the cold box 4, and the cooled liquid-phase
recirculated LNG is sprayed into the boil-off gas (gas-
phase LNG) in the cargo tank 2 by means of the boil-off-
gas spraying nozzle (spraying means) 18. By exchanging
heat between the cooled liquid-phase recirculated LNG
and the boil-off gas in the cargo tank 2 as described
above, it is possible to condense (reliquefy) the boil-off
gas. That is, due to the supercooling heat of the cooled
liquid-phase recirculated LNG, the droplet diameter of
the cooled liquid-phase recirculated LNG sprayed in the
boil-off gas increases. Then, the liquid-phase recirculat-
ed LNG having an increased droplet diameter drops on
the surface of the liquid-phase LNG (liquid surface)
stored in the cargo tank 2. Thus, it is possible to suppress
a pressure rise in the cargo tank 2 due to boil-off gas and
to reduce the pressure in the cargo tank 2.
[0094] The recirculation control valve {feeding-flow-
rate adjusting means) 17 for adjusting the recirculating
amount (flow rate) of the liquid-phase recirculated LNG
cooled in the cold box 4, which is fed to the liquid-phase
LNG stored in the cargo tank 2, is provided at the feeding
means. This makes it possible to adjust the flow rate of
the liquid-phase recirculated LNG cooled by the cold box
4 to a flow rate corresponding to heat that has entered
the cargo tank 2 from the outside when the liquid-phase
recirculated LNG is fed to the cargo tank 2. Thus, even
in the case where the overall temperature of the liquid-
phase LNG stored in the cargo tank 2 increases due to
incoming heat, it is possible to suppress a pressure rise
in the cargo tank 2.
[0095] The spraying control valve (spraying-amount
adjusting means) 16 for adjusting the spraying amount
of the liquid-phase recirculated LNG cooled in the cold
box 4, which is fed to the boil-off gas in the cargo tank 2,
is provided at the boil-off-gas spraying nozzle 18. This
makes it possible to adjust the flow rate of the cooled
liquid-phase recirculated LNG that is sprayed into the
boil-off gas in the cargo tank 2, thereby adjusting the rate
of condensation (reliquefaction) of the boil-off gas in the
cargo tank 2. Accordingly, it is possible to adjust the pres-
sure due to the boil-off gas in the cargo tank 2, making
the pressure in the cargo tank 2 less than or equal to a
predetermined pressure.
[0096] The bypassing pipe (bypassing means) 13 is
provided for making a portion of the liquid-phase recir-
culated LNG extracted from the cargo tank 2 bypass (de-
tour) the cold box 4 and feeding it to the pipe 11 and
(and/or) the boil-off-gas spraying nozzle 18. On the by-
passing pipe 13, the bypass-flow control valve (bypass-
flow-rate adjusting means) 15 is provided for adjusting
the bypassing flow rate (flow rate) of the liquid-phase

recirculated LNG that is passed through the bypassing
pipe 13. With these means, it is possible to adjust the
temperature of the recirculated LNG that is fed to the pipe
11 and the boil-off-gas spraying nozzle 18 by mixing to-
gether the liquid-phase recirculated LNG that has been
cooled by the cold box 4 and the liquid-phase recirculated
LNG that has not been cooled by the cold box 4 (that has
been passed through the bypassing pipe 13). Thus, it is
possible to suppress a pressure rise in the cargo tank 2
by adjusting the rate of cooling of the liquid-phase LNG
stored in the cargo tank 2 and (and/or) the rate of reliq-
uefaction of the boil-off gas.
[0097] The pressure-rise suppressing system (not
shown) is provided with the pressure-rise suppressing
apparatus 1 that can cool single-phase (liquid-phase) re-
circulated LNG to cool liquid-phase LNG or reliquefy boil-
off gas stored in the cargo tanks 2 installed in the lique-
fied-natural-gas cargo ship (liquefied gas cargo ship).
Thus, it is possible to simplify and reduce equipment
costs of the pressure-rise suppressing system installed
in the liquefied-natural-gas cargo ship.

Second Embodiment

[0098] This embodiment differs from the first embodi-
ment in that a flash tank for storing a portion of boil-off
gas and liquid-phase LNG extracted from a cargo tank
is provided, and the liquid-phase LNG extracted from the
flash tank is circulated to the flash tank as recirculated
LNG, and is otherwise the same. Thus, regarding the
same components and the suppressing method, the
same reference signs will be attached thereto, and de-
scriptions thereof will be omitted.
[0099] Fig. 6 shows a schematic diagram of the con-
struction of a pressure-rise suppressing apparatus 51
according to this embodiment.
[0100] As shown in Fig. 6, an LNG recirculating system
60 includes a cargo tank (reserve tank) 61 that is provided
as a storage tank, a flash tank (intermediate tank) 62 that
is provided between the cargo tank 61 and the cold box
(heat exchange means) 4, and an LNG circulating pump
63 for recirculating the liquid-phase LNG (liquefied gas)
stored in the flash tank 62.
[0101] As opposed to the case of the first embodiment,
the LNG circulating pump 63 in this embodiment is pro-
vided separately from an LNG loading pump.
[0102] The flash tank 62 temporarily stores liquid-
phase LNG extracted from the cargo tank 61 and boil-off
gas (gas-phase LNG) generated in the cargo tank 61.
[0103] A portion of the liquid-phase LNG is fed to this
flash tank 62 from the cargo tank 61 by a loading pump,
which is not shown, and the boil-off gas stored in the
upper space in the cargo tank 61 is also fed thereto.
[0104] A portion of the liquid-phase LNG stored in the
flash tank 62 (recirculated LNG) is fed out to the pipe 20
by the LNG circulating pump 63. The liquid-phase recir-
culated LNG fed out to the pipe 20 is fed to the cold box
4 and exchanges heat in the cooling unit C2 in the cold
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box 4 with low-temperature, low-pressure nitrogen gas
(refrigerant) fed from the nitrogen refrigerant cycle 30.
Thus, the liquid-phase recirculated LNG is cooled and
fed out to the pipe (feeding means) 11.
[0105] The cooled liquid-phase recirculated LNG fed
out to the pipe 11 is fed from the vicinity of the bottom of
the flash tank 62 to the liquid-phase LNG stored in the
flash tank 62 via a nozzle 18’. Thus, the liquid-phase LNG
in the flash tank 62 is cooled by the recirculated LNG.
[0106] The portion of the liquid-phase recirculated
LNG fed out to the pipe 11 is fed to the upper space of
the flash tank 62 and is sprayed into the boil-off gas in
the flash tank 62 via the boil-off-gas spraying nozzle
(spraying means) 18. Thus, the boil-off gas in the flash
tank 62 is condensed, and the condensed (reliquefied)
boil-off gas drops onto the liquid phase in the flash tank
62.
[0107] Between the cargo tank 61 and the flash tank
62, a liquid transfer pipe 65 for transferring the liquid-
phase LNG in the flash tank 62 to the cargo tank 61, a
liquid pressure-application and transfer pipe 66 for ap-
plying pressure to the liquid-phase LNG in the cargo tank
61 and transferring the LNG to the lower part in the flash
tank 62, and a gas transfer pipe 67 for transferring the
boil-off gas in the cargo tank 61 to the upper part in the
flash tank 62 are provided.
[0108] As described above, the liquid-phase LNG that
has been cooled in the flash tank 62 is fed from the flash
tank 62 into the cargo tank 61 via the liquid transfer pipe
65. By feeding the cooled liquid-phase LNG in the flash
tank 62 from the flash tank 62 into the cargo tank 61, the
liquid-phase LNG stored in the cargo tank 61 is cooled.
This makes it possible to suppress a pressure rise in the
cargo tank 61.
[0109] As described above, with the pressure-rise sup-
pressing apparatus 51 for a cargo tank according to this
embodiment, a pressure-rise suppressing system includ-
ing the same, a suppressing method for the same, and
a liquefied-natural-gas cargo ship equipped with the
same, the following operations and advantages are re-
alized.
[0110] The cargo tank (reserve thank) 61, and the flash
tank (intermediate tank) 62 between the cargo tank 61
and the cold box (heat exchange means) 4, are provided,
and the liquid-phase recirculated LNG (liquefied gas) that
has been cooled by the cold box 4 is fed back to the flash
tank 62. Thus, even in the case where the capacity of
the cargo tank 61 is relatively small, it is possible to store
a portion of the liquid-phase recirculated LNG that has
been cooled in the cold box 4 in the flash tank 62, without
feeding the whole liquid-phase recirculated LNG that has
been cooled in the cold box 4 to the cargo tank 61. Ac-
cordingly, even in the case where the capacity of the
cargo tank 61 is relatively small, it is possible to cool the
liquid-phase LNG stored in the cargo tank 61 to an ap-
propriate temperature.
[0111] The pipe (feeding means) 11 and the boil-off-
gas spraying nozzle (spraying means) 18 are provided

at the flash tank 62. Thus, it is possible to perform main-
tenance of the boil-off-gas spraying nozzle 18 and the
LNG circulating pump 63 without making the cargo tank
61 gas-free. This facilitates the maintenance of the pres-
sure-rise suppressing apparatus 51.
[0112] It should be noted that the pressure-rise sup-
pressing system according to the present invention is
applicable not only to a liquefied-natural-gas cargo ship
but also to liquefied-natural-gas storage equipment (not
shown) that stores LNG.
[0113] Although liquefied natural gas (LNG) is used as
liquefied gas in the description of the first and second
embodiments, the present invention is not limited thereto,
and the liquefied gas may be liquefied petroleum gas
(LPG), ethane, ethylene, ammonia, or a mixture thereof.
[0114] Although the first and second embodiments
have been described such that the liquid-phase recircu-
lated LNG that has been cooled by the cold box 4 is fed
to both liquid-phase LNG and boil-off gas stored in the
cargo tank 2 or the flash tank 62, the liquid-phase recir-
culated LNG may be fed to either liquid-phase LNG or
boil-off gas stored in the cargo tank 2 or the flash tank 62.
[0115] In the case where the cooled liquid-phase re-
circulated LNG is fed only to the liquid-phase LNG stored
in the cargo tank 2 or the flash tank 62, it is possible to
lower the temperature of all of the liquid-phase LNG
stored in the cargo tank 2 or 61, which makes it possible
to prevent the generation of boil-off gas from the liquid-
phase LNG. As a result, it is possible to suppress a pres-
sure rise in the cargo tank 2 or 61.
[0116] On the other hand, in the case where the cooled
liquid-phase recirculated LNG is fed only to the boil-off
gas, reliquefaction of the boil-off gas is promoted, which
makes it possible to suppress a pressure rise or to reduce
the pressure in the cargo tank 2 or 61 due to the boil-off
gas.
[0117] Although the first and second embodiments
have been described in the context of pressure-rise sup-
pressing systems in which only one kind of liquefied gas,
namely, LNG, is used in multiple cargo tanks, the pres-
sure-rise suppressing system may be configured such
that a variety of kinds of liquefied gas, varying among
cargo tanks installed in a liquefied-gas cargo ship or car-
go tanks installed in liquefied-gas storage equipment, is
stored.
[0118] In this case, since only the liquid phase (single
phase) of the recirculated liquefied gas is subjected to
heat exchange in the cold box, it suffices to impart, by
means of the nitrogen compressor (refrigerant compres-
sion means), a pressure difference corresponding to a
temperature difference imparted by nitrogen gas (refrig-
erant) in the cold box. Thus, it is possible with a single
pressure-rise suppressing apparatus to cool the variety
of kinds of liquefied gas stored in the individual cargo
tanks (storage tanks). Accordingly, it is possible to sim-
plify the pressure-rise suppressing system and to reduce
equipment costs.
[0119] Since the pressure-rise suppressing system is
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configured such that it is possible with the single pres-
sure-rise suppressing apparatus to cool the variety of
kinds of liquefied gas stored in the individual cargo tanks,
it is possible to simplify a pressure-rise suppressing sys-
tem installed in a liquefied-gas cargo ship or liquefied-
gas storage equipment and to reduce equipment costs.

{Reference Signs List}

[0120]

1, 51 Pressure-rise suppressing apparatus
2 Storage tank (cargo tank)
4 Heat exchange means (cold box)
11 Feeding means (pipe)
13 Bypassing means (bypassing pipe)
15 Bypass-flow-rate adjusting means (bypass-

flow control valve)
16 Spraying-amount adjusting means (spraying

control valve)
17 Feeding-flow-rate adjusting means (recircula-

tion control valve)
18 Spraying means (boil-off-gas spraying nozzle)
31, 32 Refrigerant compression means (nitrogen

compressor, nitrogen booster)
33 Refrigerant expansion means (nitrogen ex-

pander)
61 Reserve tank (cargo tank)
62 Intermediate tank (flash tank)

Claims

1. A storage-tank pressure-rise suppressing apparatus
comprising:

a storage tank storing liquefied gas;
a heat exchange means for exchanging heat be-
tween the liquid-phase liquefied gas extracted
from the storage tank and a refrigerant;
a refrigerant compression means for compress-
ing the refrigerant that is to be fed to the heat
exchange means;
a refrigerant expansion means for reducing the
pressure of the refrigerant that has been com-
pressed by the refrigerant compression means
and feeding the refrigerant to the heat exchange
means; and
a feeding means for feeding the liquid-phase liq-
uefied gas that has been cooled in the heat ex-
change means to the liquid-phase liquefied gas
in the storage tank.

2. A storage-tank pressure-rise suppressing apparatus
comprising:

a storage tank storing liquefied gas;
a heat exchange means for exchanging heat be-

tween the liquid-phase liquefied gas extracted
from the storage tank and a refrigerant;
a refrigerant compression means for compress-
ing the refrigerant that is to be fed to the heat
exchange means;
a refrigerant expansion means for reducing the
pressure of the refrigerant that has been com-
pressed by the refrigerant compression means
and feeding the refrigerant to the heat exchange
means; and
a spraying means for spraying the liquid-phase
liquefied gas that has been cooled in the heat
exchange means into the gas-phase liquefied
gas in the storage tank.

3. A storage-tank pressure-rise suppressing apparatus
comprising:

a storage tank storing liquefied gas;
a heat exchange means for exchanging heat be-
tween the liquid-phase liquefied gas extracted
from the storage tank and a refrigerant;
a refrigerant compression means for compress-
ing the refrigerant that is to be fed to the heat
exchange means;
a refrigerant expansion means for reducing the
pressure of the refrigerant that has been com-
pressed by the refrigerant compression means
and feeding the refrigerant to the heat exchange
means;
a feeding means for feeding the liquid-phase liq-
uefied gas that has been cooled in the heat ex-
change means to the liquid-phase liquefied gas
in the storage tank; and
a spraying means for spraying the liquid-phase
liquefied gas that has been cooled in the heat
exchange means into the gas-phase liquefied
gas in the storage tank.

4. A storage-tank pressure-rise suppressing apparatus
according to any one of Claims 1 to 3, wherein the
feeding means includes a feeding-flow-rate adjust-
ing means for adjusting the feeding flow rate of the
liquid-phase liquefied gas that has been cooled in
the heat exchange means.

5. A storage-tank pressure-rise suppressing apparatus
according to any one of Claims 2 to 4, wherein the
spraying means includes a spraying-amount adjust-
ing means for adjusting the spraying amount of the
liquid-phase liquefied gas that has been cooled in
the heat exchange means.

6. A storage-tank pressure-rise suppressing apparatus
according to any one of Claims 1 to 5, comprising:

a bypassing means for making a portion of the
liquid-phase liquefied gas that is fed to the heat
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exchange means bypass the heat exchange
means and feeding the portion to the feeding
means and/or the spraying means; and
a bypass-flow-rate adjusting means for adjust-
ing the bypass flow rate of the liquid-phase liq-
uefied gas that is passed through the bypassing
means.

7. A storage-tank pressure-rise suppressing apparatus
according to any one of Claims 1 to 6,
wherein the storage tank includes:

a reserve tank; and
an intermediate tank that is provided between
the reserve tank and the heat exchange means
and that temporarily stores the liquid-phase liq-
uefied gas and/or gas-phase liquefied gas ex-
tracted from the reserve tank,
wherein the feeding means and/or the spraying
means are provided at the intermediate tank,
and
wherein the liquid-phase liquefied gas that has
been cooled in the heat exchange means is fed
to the intermediate tank.

8. A pressure-rise suppressing system comprising a
storage-tank pressure-rise suppressing apparatus
according to any one of Claims 1 to 7,
wherein multiple storage tanks are provided as the
storage tank, and
wherein the liquefied gas stored in the individual stor-
age tanks are of gas kinds that vary among the stor-
age tanks.

9. A liquefied-gas cargo ship comprising a pressure-
rise suppressing system according to Claim 8.

10. Liquefied-gas storage equipment comprising a pres-
sure-rise suppressing system according to Claim 8.

11. A storage-tank pressure-rise suppressing method
wherein liquid-phase liquefied gas extracted from a
storage tank storing the liquefied gas is cooled by
exchanging heat between the liquid-phase liquefied
gas and a refrigerant that has been compressed and
whose pressure has then been reduced, and the liq-
uid-phase liquefied gas that has been cooled by ex-
changing heat is fed to the liquid-phase liquefied gas
and/or gas-phase liquefied gas stored in the storage
tank.

Amended claims under Art. 19.1 PCT

1. (Currently amended) A storage-tank pressure-rise
suppressing apparatus comprising:

a storage tank storing liquefied gas;

a heat exchange means for exchanging heat be-
tween the liquid-phase liquefied gas extracted
from the storage tank and a refrigerant;
a refrigerant compression means for compress-
ing the refrigerant that is to be fed to the heat
exchange means;
a refrigerant expansion means for reducing the
pressure of the refrigerant that has been com-
pressed by the refrigerant compression means
and feeding the refrigerant to the heat exchange
means; [[and]]
a feeding means for feeding the liquid-phase liq-
uefied gas that has been cooled in the heat ex-
change means to the liquid-phase liquefied gas
in the storage tank;
a bypassing means for makin a portion of the
liquid-phase liquefied gas that is fed to the heat
exchange means bypass the heat exchange
means and feeding the portion to the feeding
means;
a bypass-flow-rate adjusting means for adjust-
ing the bypass flow rate of the liquid-phase liq-
uefied gas that is passed through the bypassing
means; and
a temperature measurement means for meas-
uring temperature of liquefied gas that is merged
and mixed the portion of the liquid-phase lique-
fied gas passed through the heat exchanger and
the portion of the liquid-phase liquefied gas
passed through the bypass means, wherein
the bypass-flow-rate adjusting means adjusts
the bypass flow rate on the basis of the meas-
uring result by the temperature measurement
means.

2. (Currently amended) A storage-tank pressure-rise
suppressing apparatus comprising:

a storage tank storing liquefied gas;
a heat exchange means for exchanging heat be-
tween the liquid-phase liquefied gas extracted
from the storage tank and a refrigerant;
a refrigerant compression means for compress-
ing the refrigerant that is to be fed to the heat
exchange means;
a refrigerant expansion means for reducing the
pressure of the refrigerant that has been com-
pressed by the refrigerant compression means
and feeding the refrigerant to the heat exchange
means; [[and]]
a spraying means for spraying the liquid-phase
liquefied gas that has been cooled in the heat
exchange means into the gas-phase liquefied
gas in the storage tank;
a bypassing means for making a portion of the
liquid-phase liquefied gas that is fed to the heat
exchange means bypass the heat exchange
means and feeding the portion to the feeding
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means;
a bypass-flow-rate adjusting means for adjust-
ing the bypass flow rate of the liquid-phase liq-
uefied gas that is passed through the bypassing
means; and
a temperature measurement means for meas-
uring temperature of a liquefied gas that is
merged and mixed the portion of the liquid-
phase liquefied gas passed through the heat ex-
changer and the portion of the liquid-phase liq-
uefied gas passed through the bypass means,
wherein
the bypass-flow-rate adjusting means adjusts
the bypass flow rate on the basis of the meas-
uring result by the temperature measurement
means.

3. (Currently amended) A storage-tank pressure-rise
suppressing apparatus comprising:

a storage tank storing liquefied gas;
a heat exchange means for exchanging heat be-
tween the liquid-phase liquefied gas extracted
from the storage tank and a refrigerant;
a refrigerant compression means for compress-
ing the refrigerant that is to be fed to the heat
exchange means;
a refrigerant expansion means for reducing the
pressure of the refrigerant that has been com-
pressed by the refrigerant compression means
and feeding the refrigerant to the heat exchange
means;
a feeding means for feeding the liquid-phase liq-
uefied gas that has been cooled in the heat ex-
change means to the liquid-phase liquefied gas
in the storage tank; [[and]]
a spraying means for spraying the liquid-phase
liquefied gas that has been cooled in the heat
exchange means into the gas-phase liquefied
gas in the storage tank;
a bypassing means for making a portion of the
liquid-phase liquefied gas that is fed to the heat
exchange means bypass the heat exchange
means and feeding the portion to the feeding
means and/or the spraying means;
a bypass-flow-rate adjusting means for adjust-
ing the bypass flow rate of the liquid-phase liq-
uefied gas that is passed through the bypassing
means; and
a temperature measurement means for meas-
uring temperature of a liquefied gas that is
merged and mixed the portion of the liquid-
phase liquefied gas passed through the heat ex-
changer and the portion of the liquid-phase liq-
uefied gas passed through the bypass means,
wherein
the bypass-flow-rate adjusting means adjusts
the bypass flow rate on the basis of the meas-

uring result by the temperature measurement
means.

4. Original) A storage-tank pressure-rise suppress-
ing apparatus according to any one of Claims 1 to
3, wherein the feeding means includes a feeding-
flow-rate adjusting means for adjusting the feeding
flow rate of the liquid-phase liquefied gas that has
been cooled in the heat exchange means.

5. (Original) A storage-tank pressure-rise suppress-
ing apparatus according to any one of Claims 2 to
4, wherein the spraying means includes a spraying-
amount adjusting means for adjusting the spraying
amount of the liquid-phase liquefied gas that has
been cooled in the heat exchange means.

6. (Cancelled)

7. (Original) A storage-tank pressure-rise suppress-
ing apparatus according to any one of Claims 1 to 6,
wherein the storage tank includes:

a reserve tank; and
an intermediate tank that is provided between
the reserve tank and the heat exchange means
and that temporarily stores the liquid-phase liq-
uefied gas and/or gas-phase liquefied gas ex-
tracted from the reserve tank,
wherein the feeding means and/or the spraying
means are provided at the intermediate tank,
and
wherein the liquid-phase liquefied gas that has
been cooled in the heat exchange means is fed
to the intermediate tarik.

8. (Original) A pressure-rise suppressing system
comprising a storage-tank pressure-rise suppress-
ing apparatus according to any one of Claims 1 to 7,
wherein multiple storage tanks are provided as the
storage tank, and
wherein the liquefied gas stored in the individual stor-
age tanks are of gas kinds that vary among the stor-
age tanks.

9. (Original) A liquefied-gas cargo ship comprising a
pressure-rise suppressing system according to
Claim 8.

10. (Original) Liquefied-gas storage equipment com-
prising a pressure-rise suppressing system accord-
ing to Claim 8.

11. (Currently amended) A storage-tank pressure-
rise suppressing method wherein liquid-phase lique-
fied gas extracted from a storage tank storing the
liquefied gas is cooled by exchanging heat between
the liquid-phase liquefied gas and a refrigerant that
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has been compressed and whose pressure has then
been reduced, and the liquid-phase liquefied gas that
has been cooled by exchanging heat is fed to the
liquid-phase liquefied gas and/or gas-phase lique-
fied gas stored in the storage tank, the method com-
prises
a bypassing step for making a portion of the liquid-
phase liquefied gas that is fed to the storage tank
bypassed without exchanging heat with the refriger-
ant,
a bypass-flow-rate adjusting step for adjusting the
bypass flow rate of the liquid-phase liquefied gas that
is bypassed by the bypassing step, and
a temperature measurement step for measuring
temperature of a liquefied gas that .is merged and
mixed the portion of the liquid-phase liquefied gas
that is cooled by the exchanging heat and the portion
of the liquid-phase liquefied gas that is bypassed by
the bypassing step, wherein
the bypass-flow-rate adjusting step adjusts the
bypass flow rate on the basis of the measuring result
by the temperature measurement steep.
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