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(54) SHIP

(57) This ship includes: a hull; a tank provided on the
hull and capable of storing liquefied carbon dioxide; an
external connection pipe that connects the top inside the
tank to the outside of the hull; a circulation pipe that has
one end connected to the inside of the tank and the other
end connected to the inside of the tank via the outside
of the tank; and a compressor provided partway through
the circulation pipe outside the tank and capable of
force-feeding fluid from one end to the other end.
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Description

Technical Field

[0001] The present disclosure relates to a ship.

Background Art

[0002] For example, PTL 1 discloses a configuration
in which a liquefied gas is stored in a tank in a ship. In
PTL 1, a configuration is disclosed in which a pressure
inside a loading pipe is adjusted in a case where the
liquefied gas is loaded in a storage tank, in order to sup-
press evaporation of the liquefied gas when the liquefied
gas is loaded in the tank.

Citation List

Patent Literature

[0003] [PTL 1] PCT Japanese Translation Patent Pub-
lication No. 2016-536209

Summary of Invention

Technical Problem

[0004] In recent years, there has been a demand for
transporting liquefied carbon dioxide using a tank as de-
scribed in PTL 1. However, in a case of the liquefied
carbon dioxide, a pressure at a triple point where a gas
phase, a liquid phase, and a solid phase coexist (triple
point pressure) is higher compared to a triple point pres-
sure of LNG or LPG, and has a small difference from a
tank operating pressure during operation. As a result,
depending on the tank operating pressure (design pres-
sure of tank), the pressure of the liquefied carbon dioxide
in the tank may be equal to or lower than the triple point
pressure, and flash evaporation of the liquefied carbon
dioxide may occur. When the flash evaporation of the
liquefied carbon dioxide occurs as described above, a
temperature of the liquefied carbon dioxide remaining
without being evaporated is lowered due to an evapora-
tion latent heat, and there is a possibility that the liquefied
carbon dioxide is solidified to generate dry ice in the tank.
[0005] If the dry ice is generated in the tank, there is a
possibility that it is difficult to discharge the liquefied car-
bon dioxide or the dry ice from the tank to an outboard
facility.
[0006] The present disclosure has been made to solve
above problems, and an object of the present disclosure
is to provide a ship in which even in a case where the
dry ice is generated in the tank, the liquefied carbon di-
oxide can be favorably discharged from the tank.

Solution to Problem

[0007] In order to solve the above problems, a ship

according to the present disclosure includes a hull, a tank,
an external connection pipe, a circulation pipe, and a
compressor. The tank is provided in the hull. The tank is
capable of storing liquefied carbon dioxide. The external
connection pipe connects an upper portion in the tank
and an outside of the hull. One end of the circulation pipe
is connected to the tank. The other end of the circulation
pipe is connected to an inside of the tank via the outside
of the tank. The compressor is provided outside the tank
in a middle of the circulation pipe. The compressor is
capable of pressure-feeding a fluid from one end toward
the other end.
[0008] A ship according to the present disclosure in-
cludes a hull, a tank, an external connection pipe, a cir-
culation pipe, and a compressor. The tank is provided in
the hull. The tank is capable of storing liquefied carbon
dioxide. The external connection pipe connects an upper
portion in the tank and an outside of the hull. The circu-
lation pipe is loop-shaped and provided such that a fluid
circulates throughout an inside and an outside of the tank.
The compressor is provided outside the tank in a middle
of the circulation pipe. The compressor is capable of pres-
sure-feeding the fluid in the circulation pipe.

Advantageous Effects of Invention

[0009] According to the ship of the present disclosure,
even in a case where the dry ice is generated in the tank,
the liquefied carbon dioxide can be favorably discharged
from the tank.

Brief Description of Drawings

[0010]

Fig. 1 is a plan view of a ship according to an em-
bodiment of the present disclosure.
Fig. 2 is a view showing a layout of a tank, a circu-
lation pipe, an external connection pipe, and a com-
pressor provided in the ship according to a first em-
bodiment of the present disclosure.
Fig. 3 is a view showing a flow of a carbon dioxide
gas when the carbon dioxide gas in the tank is cooled
by a cooler, in the ship according to the first embod-
iment of the present disclosure.
Fig. 4 is a view showing a flow of a carbon dioxide
gas when the carbon dioxide gas in the tank is dis-
charged, in the ship according to the first embodi-
ment of the present disclosure.
Fig. 5 is a view showing a layout of a tank, a circu-
lation pipe, an external connection pipe, and a com-
pressor provided in a ship according to a second
embodiment of the present disclosure.
Fig. 6 is a view showing a flow of a carbon dioxide
gas when the carbon dioxide gas in the tank is cooled
by a cooler, in the ship according to the second em-
bodiment of the present disclosure.
Fig. 7 is a view showing a flow of a carbon dioxide
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gas when the carbon dioxide gas is sent to the cir-
culation pipe in a case where the carbon dioxide gas
in the tank is discharged, in the ship according to the
second embodiment of the present disclosure.
Fig. 8 is a view showing a flow of a carbon dioxide
gas when the carbon dioxide gas in the tank is dis-
charged, in the ship according to the second embod-
iment of the present disclosure.

Description of Embodiments

<First Embodiment>

[0011] Hereinafter, a ship according to an embodiment
of the present disclosure will be described with reference
to Figs. 1 to 8.

(Hull Configuration of Ship)

[0012] As shown in Fig. 1, a ship 1A of the embodiment
of the present disclosure transports liquefied carbon di-
oxide or various liquefied gases including the liquefied
carbon dioxide. The ship 1A includes at least a hull 2, a
tank 21, or a liquefied gas storage tank 22. The tank 21
can store liquefied carbon dioxide therein. The liquefied
gas storage tank 22 can store, for example, a liquefied
gas such as a liquefied natural gas (LNG) or liquefied
ethane therein, which has a lower density than that of
liquefied carbon dioxide.

(Configuration of Hull)

[0013] The hull 2 has a pair of broad sides 3A and 3B,
a bottom (not shown), and an upper deck 5, which form
an outer shell thereof. The broad sides 3A and 3B include
a pair of broad side skins respectively forming right and
left broad sides. The bottom (not shown) includes a bot-
tom skin connecting the broad sides 3A and 3B. With the
pair of broad sides 3A and 3B and the bottom (not shown),
the outer shell of the hull 2 forms a U-shape in a cross
section orthogonal to a bow-stern direction Da. The upper
deck 5 is a completely open deck exposed outward. In
the hull 2, a superstructure 7 having an accommodation
space is formed on the upper deck 5 on a stern 2b side.
[0014] A tank storage compartment (hold) 8 is formed
on a bow 2a side of the superstructure (accommodation
space) 7 in the hull 2. The tank storage compartment 8
is a closed compartment that is recessed toward the bot-
tom (not shown) below the upper deck 5 and that is cov-
ered with a tank cover (not shown) to protrude upward,
or a closed compartment with the upper deck 5 as a ceil-
ing. The tank storage compartment 8 accommodates a
plurality of tanks 21 and a liquefied gas storage tank 22.
In the embodiment of the present disclosure, two tanks
21 and two liquefied gas storage tanks 22 are accommo-
dated in the tank storage compartment 8. The number
or disposition of the tanks 21 and the liquefied gas stor-
age tanks 22 accommodated in the tank storage com-

partment 8 can be appropriately changed.

(Configuration of Tank)

[0015] As shown in Fig. 2, the tank 21 has a space
(hereinafter, simply referred to as inside of tank 21) in
which a liquefied carbon dioxide L is accommodated
therein. A carbon dioxide gas G generated by vaporizing
the liquefied carbon dioxide L is also accommodated in
the tank 21. The liquefied carbon dioxide L is accommo-
dated in a lower portion in the tank 21, and the carbon
dioxide gas G is accommodated in an upper portion in
the tank 21. The liquefied carbon dioxide L in the tank 21
may include dry ice in which the liquefied carbon dioxide
L is solidified. The liquefied carbon dioxide L in the tank
21 may be entirely solidified. In the embodiment of the
present disclosure, the tank 21 is, for example, a spher-
ical shape. The tank 21 may have a cylindrical shape
extending in a horizontal direction (specifically, bow-
stern direction).
[0016] The ship 1A further includes a circulation pipe
30A, a compressor 41, a bypass pipe 32A, a cooler 42,
and an external connection pipe 25A in addition to the
tank 21.
[0017] The circulation pipe 30A is configured to include
one end 30s, an intermediate portion 30u, and the other
end 30t. The one end 30s and the other end 30t of the
circulation pipe 30A communicate with the inside of the
tank 21, respectively. The intermediate portion 30u is a
portion of the circulation pipe 30A between the one end
30s and the other end 30t, and is disposed outside the
tank 21. That is, the circulation pipe 30A forms a flow
path that returns to the inside of the tank 21 again from
the inside of the tank 21 via the outside of the tank 21.
[0018] The one end 30s of the circulation pipe 30A is
connected to the upper portion of the tank 21. The one
end 30s of the circulation pipe 30A is disposed above a
liquid level Lf of the liquefied carbon dioxide L stored in
the tank 21 in a vertical direction Dv. The one end 30s
of the circulation pipe 30A is open downward in the ver-
tical direction Dv at a top of the tank 21.
[0019] The other end 30t of the circulation pipe 30A
communicates with the inside of the tank 21. The other
end 30t of the circulation pipe 30A is disposed in a vicinity
of a bottom portion of the tank 21. The vicinity of the
bottom portion is a position that is closer to the bottom
portion than a center of the tank 21 is in the vertical di-
rection Dv. In Fig. 2, a situation is shown, in which the
other end 30t of the circulation pipe 30A is immersed in
the liquefied carbon dioxide L stored in the tank 21. Ac-
cordingly, a part of the circulation pipe 30A is disposed
below the liquid level Lf of the liquefied carbon dioxide L
stored in the tank 21 in the vertical direction Dv. In addi-
tion, in Fig. 2, the other end 30t is open downward, but
an opening direction is not limited to a downward direc-
tion.
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(Configuration of Compressor)

[0020] The compressor 41 is provided in the interme-
diate portion 30u that is a middle of the circulation pipe
30A. The compressor 41 pressure-feeds a fluid from the
one end 30s toward the other end 30t. Here, the fluid to
be a target pressure-fed by the compressor 41 is the
carbon dioxide gas G stored in the tank 21. When the
carbon dioxide gas G is pressure-fed by the compressor
41, the carbon dioxide gas G is compressed and a tem-
perature thereof rises (adiabatic compression). As a re-
sult, the carbon dioxide gas G heated more than the car-
bon dioxide gas G stored in the tank 21, is returned to
the tank 21 from the other end 30t of the circulation pipe
30A.

(Configuration of Bypass Pipe)

[0021] The bypass pipe 32A is formed to partially by-
pass the circulation pipe 30A outside the tank 21. The
bypass pipe 32A is connected to a downstream side with
respect to the compressor 41 of the circulation pipe 30A
in a flow direction of the carbon dioxide gas G. In other
words, in the circulation pipe 30A, the bypass pipe 32A
is connected to the compressor 41 and the other end 30t
of the circulation pipe 30A. The bypass pipe 32A branch-
es from the circulation pipe 30A on the downstream side
with respect to the compressor 41, and merges with the
circulation pipe 30A on the downstream side in the flow
direction with respect to the position where the circulation
pipe 30A branches, and on an upstream side in the flow
direction with respect to the other end 30t.

(Configuration of Cooler)

[0022] The cooler 42 is provided in a middle of the by-
pass pipe 32A. The cooler 42 cools the carbon dioxide
gas G passing through the compressor 41 and flowing
through the bypass pipe 32A. The cooler 42 cools the
carbon dioxide gas G by exchanging heat between the
carbon dioxide gas G flowing through the bypass pipe
32A and a medium having a temperature lower than that
of the carbon dioxide gas G. As a low-temperature me-
dium for cooling the carbon dioxide gas G in the cooler
42, for example, a liquefied gas stored in another liquefied
gas storage tank 22 may be used. The low-temperature
medium used in the cooler 42 may be a medium other
than the liquefied gas stored in the liquefied gas storage
tank 22.
[0023] The compressor 41 and the cooler 42 may be
components that configure a refrigeration device 40 for
suppressing a temperature rise of the liquefied carbon
dioxide L in the tank 21.
[0024] The bypass pipe 32A includes a first opening-
closing valve 33 that opens and closes a flow path in the
bypass pipe 32A on the upstream side with respect to
the cooler 42. In addition, the circulation pipe 30A in-
cludes a second opening-closing valve 34 that opens and

closes a flow path in the circulation pipe 30A on a down-
stream side of a branch portion on a side close to a branch
portion between the circulation pipe 30A and the bypass
pipe 32A.

(Configuration of External Connection Pipe)

[0025] The external connection pipe 25A connects the
upper portion in the tank 21 and the outside of the hull
2. The external connection pipe 25A allows an onshore
liquefied carbon dioxide supply facility, a bunker ship, or
the like and the upper portion in the tank 21 to commu-
nicate with each other. The external connection pipe 25A
may be used to discharge the liquefied carbon dioxide
to the outside of the hull 2, or may be used to load the
liquefied carbon dioxide L supplied from the outside of
the hull 2 into the tank 21. In the present embodiment, a
case is shown, in which the external connection pipe 25A
shares a tank side end portion 25s connected to the upper
portion of the tank 21 with the one end 30s of the circu-
lation pipe 30A. Then, the external connection pipe 25A
in the present embodiment is branched from the circula-
tion pipe 30A between the one end 30s of the circulation
pipe 30A and the compressor 41. The external connec-
tion pipe 25A extends toward the broad side 3A, and a
pipe (not shown) on a land side is connectable to a broad
side end portion 25t.
[0026] The external connection pipe 25A includes a
third opening-closing valve 35 on a downstream side
close to the branch portion between the external connec-
tion pipe 25A and the circulation pipe 30A. In contrast,
the circulation pipe 30A includes a fourth opening-closing
valve 36 on the downstream side close to the branch
portion between the external connection pipe 25A and
the circulation pipe 30A.
[0027] As shown in Fig. 3, in the ship 1A as described
above, the third opening-closing valve 35 is in a closed
state during navigation. In the ship 1A, during the navi-
gation, the fourth opening-closing valve 36 is set as an
opened state as necessary, and the carbon dioxide gas
G generated by vaporizing the liquefied carbon dioxide
L in the tank 21 is cooled by the cooler 42. In addition,
the first opening-closing valve 33 is set as the opened
state, and the second opening-closing valve 34 is set as
the closed state. Accordingly, the carbon dioxide gas G
that has passed through the compressor 41 can be guid-
ed to the bypass pipe 32A. The carbon dioxide gas G
guided to the bypass pipe 32A is cooled by the cooler
42, and then returned to the lower portion in the tank 21
through the bypass pipe 32A and the circulation pipe 30A.
[0028] In the ship 1A described above, for example, in
a case where the ship 1A is docked and the liquefied
carbon dioxide L in the tank 21 is discharged to the out-
side of the ship, the ship 1A is set as shown in Fig. 4.
Specifically, the third opening-closing valve 35 and the
fourth opening-closing valve 36 are set as the opened
state. Further, the first opening-closing valve 33 and the
second opening-closing valve 34 are set as the opened
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state. As a result, the carbon dioxide gas G in the tank
21 enters a state of being able to be discharged to the
outside of the ship through the external connection pipe
25A. Then, when the carbon dioxide gas G in the circu-
lation pipe 30A is pressure-fed by the compressor 41, a
part of the carbon dioxide gas G discharged from the tank
21 is sucked into the circulation pipe 30A from the one
end 30s of the circulation pipe 30A. The carbon dioxide
gas G sucked into the circulation pipe 30A is compressed
by the compressor 41, and the temperature thereof rises.
The carbon dioxide gas G in which the temperature has
risen, is returned from the other end 30t of the circulation
pipe 30A into the liquefied carbon dioxide L (solid-liquid
mixture including dry ice) stored in the lower portion in
the tank 21.

(Effects of Action)

[0029] In the ship 1A of the first embodiment, the com-
pressor 41 provided in the circulation pipe 30A pressure-
feeds the carbon dioxide gas G in the tank 21. The tem-
perature of the carbon dioxide gas G rises by being com-
pressed by the compressor 41. The carbon dioxide gas
G in which the temperature has risen, is returned to the
tank 21 from the other end 30t of the circulation pipe 30A.
Accordingly, even in a case where the temperature of
the liquefied carbon dioxide L in the tank 21 has risen so
that the dry ice has been generated in the tank 21, the
dry ice can be heated, liquefied, or sublimated. In addi-
tion, the liquefied carbon dioxide L can be heated and
vaporized by the carbon dioxide gas G flowing from the
other end 30t into the tank 21. Then, the carbon dioxide
gas G in the tank 21 can be discharged to the outside of
the hull 2 via the external connection pipe 25A. Therefore,
even in a case where the dry ice is generated in the tank
21, it is possible to favorably discharge the liquefied car-
bon dioxide L stored in the tank 21.
[0030] In the above-described embodiment, the one
end 30s of the circulation pipe 30A is disposed in the
upper portion in the tank 21. Therefore, only the carbon
dioxide gas G stored in the upper portion in the tank 21
can be sucked into the circulation pipe 30A as the fluid.
As a result, the discharge and compression of the carbon
dioxide gas G can be smoothly performed.
[0031] In the above-described embodiment, the other
end 30t of the circulation pipe 30A is disposed below the
liquid level Lf of the liquefied carbon dioxide L stored in
the tank 21 in the vertical direction Dv. As a result, the
carbon dioxide gas G that has passed through the com-
pressor 41 so that the temperature has risen, is returned
to the liquefied carbon dioxide L in the tank 21 from the
other end 30t of the circulation pipe 30A. Accordingly,
the liquefied carbon dioxide L can be efficiently heated.
Therefore, even in a case where the dry ice has been
generated, the carbon dioxide gas G can be smoothly
generated in the tank 21.
[0032] In the above-described embodiment, the exter-
nal connection pipe 25A is branched from the circulation

pipe 30A between the one end 30s of the circulation pipe
30A and the compressor 41. Accordingly, it is not nec-
essary to separately connect the external connection
pipe 25A and the circulation pipe 30A to the tank 21, so
that a time and effort of pipe installation and a length of
a needed pipe can be reduced. Further, since a space
for connecting the external connection pipe 25A to the
tank 21 is not required, the space can be effectively used
for other purposes.
[0033] In the above-described embodiment, the ship
1A includes the cooler 42 provided in the bypass pipe
32A. As a result, the carbon dioxide gas G compressed
by the compressor 41 is cooled by the cooler 42 and
returned to the tank 21, so that a temperature rise of the
liquefied carbon dioxide L in the tank 21 is suppressed.
Therefore, it is possible to suppress the vaporization of
the liquefied carbon dioxide L in the tank 21 during the
navigation (transportation).
[0034] In the above-described embodiment, the ship
1A further includes the liquefied gas storage tank 22 ca-
pable of storing a liquefied gas having a boiling point
lower than that of the liquefied carbon dioxide L. As a
result, the liquefied gas stored in the liquefied gas storage
tank 22 and the liquefied carbon dioxide L stored in the
tank 21 can be mixed to be transported. The liquefied
carbon dioxide L in the tank 21 is achieved to be cooled
by a cold heat of the liquefied gas having the boiling point
lower than that of the liquefied carbon dioxide L, and a
generation of the carbon dioxide gas G in the tank 21 is
suppressed, so that the pressure in the tank 21 can be
suppressed from rising.

<Second Embodiment>

[0035] Next, a ship according to a second embodiment
of the present disclosure will be described with reference
to Figs. 5 to 8. In the second embodiment of the present
disclosure to be described below, only a configuration of
the circulation pipe 30B is different from that of the first
embodiment of the present disclosure. Therefore, the
same parts as those of the first embodiment will be de-
noted by the same reference numerals and will not be
redundantly described.

(Hull Configuration of Ship)

[0036] As shown in Fig. 1, a ship 1B of the embodiment
of the present disclosure includes at least a hull 2, a tank
21, or a liquefied gas storage tank 22.

(Configuration of Tank)

[0037] As shown in Fig. 5, the ship 1B includes a cir-
culation pipe 30B, a compressor 41, a bypass pipe 32B,
a cooler 42, an external connection pipe 25B, and a con-
nection pipe 48.
[0038] The circulation pipe 30B is provided in a loop
shape (endless shape) such that a fluid circulates
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throughout an inside and an outside of the tank 21. A
heat exchange part 30m that is a part of the circulation
pipe 30B is disposed inside the tank 21. The heat ex-
change part 30m is disposed below a liquid level Lf of a
liquefied carbon dioxide L stored in the tank 21 in a ver-
tical direction Dv. In the liquefied carbon dioxide L in the
tank 21, in order to increase a contact surface with the
liquefied carbon dioxide L, for example, the heat ex-
change part 30m of the circulation pipe 30B may be
formed in a spiral shape or a zigzag shape, or may include
a plurality of fins. A remaining portion 30n of the circula-
tion pipe 30B is disposed outside the tank 21.

(Configuration of Compressor)

[0039] The compressor 41 is disposed in the remaining
portion 30n of the circulation pipe 30B. That is, the com-
pressor 41 is disposed outside the tank 21. The com-
pressor 41 pressure-feeds the fluid of the circulation pipe
30B. The fluid pressure-fed by the compressor 41 is the
carbon dioxide gas G in the tank 21. When the carbon
dioxide gas G is pressure-fed by the compressor 41, the
carbon dioxide gas G is compressed and a temperature
thereof rises (adiabatic compression).

(Configuration of Bypass Pipe)

[0040] The bypass pipe 32B is formed to partially by-
pass the remaining portion 30n of the circulation pipe
30B. The bypass pipe 32B is connected to the circulation
pipe 30B on a downstream side with respect to the com-
pressor 41 in the circulation pipe 30B, in a flow direction
of the carbon dioxide gas G. In other words, in the re-
maining portion 30n of the circulation pipe 30B, the by-
pass pipe 32B branches from the remaining portion 30n
on the downstream side with respect to the compressor
41, and merges with the remaining portion 30n on a
downstream side with respect to a position in which the
bypass pipe 32B branches, in the flow direction.

(Configuration of Cooler)

[0041] The cooler 42 cools the carbon dioxide gas G
passing through the compressor 41 and flowing through
the bypass pipe 32B.
[0042] The cooler 42 is provided in a middle of the by-
pass pipe 32B. The cooler 42 cools the carbon dioxide
gas G passing through the compressor 41 and flowing
through the bypass pipe 32A, as in the first embodiment.
The cooler 42 cools the carbon dioxide gas G by ex-
changing heat between the carbon dioxide gas G flowing
through the bypass pipe 32A and a medium having a
temperature lower than that of the carbon dioxide gas G.
[0043] The bypass pipe 32B includes a first opening-
closing valve 33 on an upstream side of the cooler 42.
In addition, the remaining portion 30n of the circulation
pipe 30B includes a second opening-closing valve 34
that opens and closes a flow path in the circulation pipe

30B on a downstream side of a branch portion on a side
close to a branch portion between the remaining portion
30n and the bypass pipe 32B.

(Configuration of External Connection Pipe)

[0044] The external connection pipe 25B connects the
upper portion in the tank 21 and the outside of the hull
2. The external connection pipe 25B has a tank side end
portion 25v and a broad side end portion 25w. The tank
side end portion 25v is connected to the upper portion of
the tank 21. The external connection pipe 25B extends
from the tank side end portion 25v toward a broad side
3B. A pipe (not shown) on a ship outer side is set to be
connectable to the broad side end portion 25w.
[0045] The connection pipe 48 connects the external
connection pipe 25B and the circulation pipe 30B. The
connection pipe 48 connects the remaining portion 30n
of the circulation pipe 30B and the external connection
pipe 25B on an upstream side of the compressor 41. The
external connection pipe 25B includes a third opening-
closing valve 35 that opens and closes a flow path inside
the external connection pipe 25B on a side closer to the
broad side end portion 25w than a branch portion be-
tween the external connection pipe 25B and the connec-
tion pipe 48. In addition, the connection pipe 48 includes
a connection pipe opening-closing valve 49 that opens
and closes a flow path inside the connection pipe 48.
[0046] In the above-described ship 1B, during naviga-
tion, the third opening-closing valve 35 and the second
opening-closing valve 34 are in a closed state, and the
first opening-closing valve 33 is in an opened state. In
the ship 1B, the compressor 41 and the cooler 42 are
operated as necessary during navigation to cool the liq-
uefied carbon dioxide L and the carbon dioxide gas G in
the tank 21. In addition, as shown in Fig. 6, first, the con-
nection pipe opening-closing valve 49 is set as the
opened state, and the compressor 41 is operated. Then,
a part of the carbon dioxide gas G in the tank 21 is sucked
into the circulation pipe 30B through the external con-
nection pipe 25B and the connection pipe 48. After the
carbon dioxide gas G in the tank 21 is sucked, the con-
nection pipe opening-closing valve 49 is set as the closed
state. As a result, a closed loop is formed in the circulation
pipe 30B. In a case where the carbon dioxide gas G inside
the closed loop is insufficient, the connection pipe open-
ing-closing valve 49 may be set as the opened state to
replenish the carbon dioxide gas G. The carbon dioxide
gas G sucked into the circulation pipe 30B circulates in-
side the closed loop formed by the circulation pipe 30B
and the bypass pipe 32. In this case, the carbon dioxide
gas G flowing into the bypass pipe 32B is cooled by the
cooler 42, and then returns to the compressor 41 by ex-
changing heat with the liquefied carbon dioxide L and the
carbon dioxide gas G in the tank 21, with the heat ex-
change part 30m. Accordingly, a temperature rise of the
liquefied carbon dioxide L and the carbon dioxide gas G
in the tank 21 is suppressed.
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[0047] In the ship 1B described above, for example, in
a case where the ship is docked and the liquefied carbon
dioxide L in the tank 21 is discharged to the outside of
the ship, the third opening-closing valve 35 and the con-
nection pipe opening-closing valve 49 are set as the
opened state as shown in Fig. 7. In addition, the first
opening-closing valve 33 is set as the closed state, and
the second opening-closing valve 34 is set as the opened
state. Then, the carbon dioxide gas G in the tank 21 en-
ters a state of being able to be discharged to the outside
of the ship through the external connection pipe 25B.
[0048] On the other hand, when the carbon dioxide gas
G in the circulation pipe 30B is pressure-fed by the com-
pressor 41, a part of the carbon dioxide gas G discharged
from the tank 21 is sucked into the circulation pipe 30B
through the connection pipe 48. After the carbon dioxide
gas G in the tank 21 is sucked into the circulation pipe
30B, the connection pipe opening-closing valve 49 is set
as the closed state as shown in Fig. 8. As a result, a
closed loop is formed in the circulation pipe 30B. The
carbon dioxide gas G sucked into the circulation pipe 30B
circulates inside the circulation pipe 30B. The carbon di-
oxide gas G inside the circulation pipe 30B is compressed
by the compressor 41, so that the temperature of the
carbon dioxide gas G rises. The carbon dioxide gas G in
which the temperature has risen, exchanges heat with
the liquefied carbon dioxide L around the circulation pipe
30B in the heat exchange part 30m of the circulation pipe
30B immersed in the liquefied carbon dioxide L in the
tank 21. As a result, the temperature of the liquefied car-
bon dioxide L in the tank 21 rises.

(Effects of Action)

[0049] In the ship 1B of the above-described second
embodiment, the compressor 41 pressure-feeds the car-
bon dioxide gas G in the circulation pipe 30B, so that the
carbon dioxide gas G circulates through the loop-shaped
circulation pipe 30B. The temperature of the carbon di-
oxide gas G rises by being compressed by the compres-
sor 41. As a result, the temperature of the liquefied carbon
dioxide L in the tank 21 rises. As a result, in a case where
the dry ice is generated in the tank 21, the dry ice can be
heated to be liquefied or be sublimated. In addition, when
the liquefied carbon dioxide L in the tank 21 is discharged
to the outside of the ship, the liquefied carbon dioxide L
in the tank 21 can be vaporized and discharged from the
upper portion in the tank 21 to the outside of the hull 2
through the external connection pipe 25B. Therefore,
even in a case where the dry ice is generated in the tank
21, the liquefied carbon dioxide L can be favorably dis-
charged from the tank 21.
[0050] In the second embodiment, the heat exchange
part 30m of the circulation pipe 30B is disposed below
the liquid level Lf with respect to the liquefied carbon di-
oxide L stored in the tank 21 in the vertical direction Dv.
As a result, the circulation pipe 30B through which a fluid
having a risen temperature circulates can be brought into

direct contact with the liquefied carbon dioxide L. There-
fore, the liquefied carbon dioxide L in the tank 21 can be
efficiently heated, and the dry ice can be liquefied or be
sublimated.
[0051] In the second embodiment, the ship 1B includes
the connection pipe 48 that connects the circulation pipe
30B and the external connection pipe 25B, and the con-
nection pipe opening-closing valve 49 that opens and
closes the connection pipe 48. Accordingly, when the
connection pipe opening-closing valve 49 is opened, the
carbon dioxide gas G in the upper portion in the tank 21
can be introduced as a fluid, from the external connection
pipe 25B connected to the upper portion in the tank 21
into the circulation pipe 30B, via the connection pipe 48.
Thereafter, the connection pipe opening-closing valve 49
is closed, and the carbon dioxide gas G is pressure-fed
by the compressor 41, so that the carbon dioxide gas G
can be circulated while being heated in the circulation
pipe 30B.
[0052] In the above-described second embodiment,
the ship 1B includes the cooler 42 provided in the bypass
pipe 32B. Accordingly, the carbon dioxide gas G com-
pressed by the compressor 41 is cooled by the cooler
42, and the temperature rise of the liquefied carbon di-
oxide L in the tank 21 is suppressed by passing the cooled
carbon dioxide gas G through the heat exchange part
30m. Accordingly, the liquefied carbon dioxide L in the
tank 21 is suppressed from being vaporized during the
navigation (transportation).
[0053] In addition, the ship 1B further includes the liq-
uefied gas storage tank 22 capable of storing a liquefied
gas having a lower boiling point than that of the liquefied
carbon dioxide L. As a result, the liquefied gas stored in
the liquefied gas storage tank 22 and the liquefied carbon
dioxide L stored in the tank 21 can be mixed to be trans-
ported. The liquefied carbon dioxide L in the tank 21 can
be achieved to be cooled by the cold heat of the liquefied
gas having the lower boiling point than that of the liquefied
carbon dioxide L, so that a suppression of a generation
of dry ice, a suppression of a pressure rise of the tank
21 due to a sublimation of the dry ice, and a liquefaction
of the carbon dioxide gas G vaporized in the tank 21 can
be achieved.

(Modification Example of Second Embodiment)

[0054] In the second embodiment, the external con-
nection pipe 25B and the circulation pipe 30B are con-
nected via the connection pipe 48. However, the present
disclosure is not limited thereto. The external connection
pipe 25B and the circulation pipe 30B may be systems
independent to each other, without being connected via
the connection pipe 48. In that case, the circulation pipe
30B may introduce, for example, another fluid such as
steam generated in a ship, not limited to the carbon di-
oxide gas G in the tank 21.
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(Other Embodiments)

[0055] The embodiments of the present disclosure
have been described in detail with reference to the draw-
ings. However, the specific configuration is not limited to
the embodiments of the present disclosure, and includes
design changes and the like without departing from the
gist of the present disclosure.
[0056] In the embodiments described above, a config-
uration is made in which the tank 21 is provided in the
tank storage compartment 8 formed in the hull 2. How-
ever, the configuration is not limited thereto, for example,
the tank 21 may be, for example, provided on the upper
deck 5.

<Additional Notes>

[0057] The ships 1A and 1B described in each embod-
iment can be understood as follows, for example.
[0058]

(1) A ship 1A according to a first aspect including: a
hull 2; a tank 21 provided in the hull 2 and capable
of storing liquefied carbon dioxide L; an external con-
nection pipe 25A connecting an upper portion in the
tank 21 and an outside of the hull 2; a circulation pipe
30A of which one end 30s communicates with an
inside of the tank 21 and of which the other end 30t
communicates with the inside of the tank 21 via an
outside of the tank 21; and a compressor 41 provided
in a middle of the circulation pipe 30A outside the
tank 21 and capable of pressure-feeding a fluid from
the one end 30s to the other end 30t.

[0059] Examples of the fluid include a carbon dioxide
gas G in which the liquefied carbon dioxide L in the tank
21 is vaporized.
[0060] In the ship 1A, when the compressor 41 pres-
sure-feeds the fluid in the circulation pipe 30A, the fluid
in the tank 21 (carbon dioxide gas G in which liquefied
carbon dioxide L in tank 21 is vaporized) is sucked into
the circulation pipe 30A from the one end 30s of the cir-
culation pipe 30A. The carbon dioxide gas G sucked into
the circulation pipe 30A passes through the compressor
41 and is returned to the inside of the tank 21 from the
other end 30t of the circulation pipe 30A. The temperature
of the carbon dioxide gas G rises by being compressed
by the compressor 41. In this way, the carbon dioxide
gas G that has passed through the compressor 41 so
that the temperature has risen, is returned to the inside
of the tank 21 from the other end 30t of the circulation
pipe 30A. As a result, the temperature of the liquefied
carbon dioxide L in the tank 21 rises. Accordingly, in a
case where the dry ice is generated in the tank 21, the
dry ice can be heated to be liquefied or be sublimated.
When the liquefied carbon dioxide L in the tank 21 is
discharged to the outside of the ship, the liquefied carbon
dioxide L in the tank 21 is vaporized and discharged from

the upper portion in the tank 21 to the outside of the hull
2 through the external connection pipe 25A. In this way,
even in a case where the dry ice is generated in the tank
21, it is possible to favorably discharge the liquefied car-
bon dioxide L from the tank 21.
[0061] (2) The ship 1A according to a second aspect,
which is the ship 1A of (1), in which the one end 30s of
the circulation pipe 30A is disposed above a liquid level
Lf of the liquefied carbon dioxide L stored in the tank 21,
in the upper portion in the tank 21.
[0062] Accordingly, the liquefied carbon dioxide L is
stored in the lower portion in the tank 21, and the carbon
dioxide gas G in which the liquefied carbon dioxide L is
vaporized is stored in the upper portion in the tank 21.
The one end 30s of the circulation pipe 30A is disposed
in the upper portion in the tank 21. Therefore, the carbon
dioxide gas G in the upper portion in the tank 21 is sucked
into the circulation pipe 30A as the fluid. The temperature
of the carbon dioxide gas G is higher than the tempera-
ture of the liquefied carbon dioxide L in the tank 21. By
compressing the above-described carbon dioxide gas G
with the compressor 41, the carbon dioxide gas G having
a higher temperature can be returned from the other end
30t of the circulation pipe 30A into the tank 21. Therefore,
the dry ice in the tank 21 can be more efficiently heated
to be liquefied or be sublimated.
[0063] (3) The ship 1A according to a third aspect,
which is the ship 1A of (1) or (2), in which the other end
30t of the circulation pipe 30A is disposed below a liquid
level Lf of the liquefied carbon dioxide L stored in the tank
21.
[0064] As a result, the fluid (carbon dioxide gas G in
which the liquefied carbon dioxide L in the tank 21 is
vaporized) that has passed through the compressor 41
so that the temperature has risen, is returned into the
liquefied carbon dioxide L in the tank 21 from the other
end 30t of the circulation pipe 30A. Accordingly, in a case
where the dry ice is generated in the tank 21, the dry ice
can be efficiently heated to be liquefied or be sublimated.
[0065] (4) The ship 1A according to a fourth aspect,
which is the ship 1A of any one of (1) to (3), in which the
external connection pipe 25A branches from the circula-
tion pipe 30A between the one end 30s of the circulation
pipe 30A and the compressor 41.
[0066] Accordingly, it is not necessary to separately
connect the external connection pipe 25A and the one
end 30s of the circulation pipe 30A to the tank 21, so that
a time and effort of pipe installation and a pipe cost can
be reduced.
[0067] (5) A ship 1B according to a fifth aspect includ-
ing: a hull 2; a tank 21 provided in the hull 2 and capable
of storing liquefied carbon dioxide L; an external connec-
tion pipe 25B connecting an upper portion in the tank 21
and an outside of the hull 2, a loop-shaped circulation
pipe 30B provided such that a fluid circulates throughout
an inside and an outside of the tank 21; and a compressor
41 provided in a middle of the circulation pipe 30B outside
the tank 21 and capable of pressure-feeding the fluid in
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the circulation pipe 30B. Examples of the fluid include
carbon dioxide gas G in which the liquefied carbon diox-
ide L in the tank 21 is vaporized, or steam used in a ship.
[0068] Accordingly, in the ship 1B, the compressor 41
pressure-feeds the fluid in the circulation pipe 30B, so
that the fluid circulates in the loop-shaped circulation pipe
30B. The temperature of the fluid rises by being com-
pressed by the compressor 41. The fluid in which the
temperature has risen, circulates in the circulation pipe
30B, so that the temperature of the liquefied carbon di-
oxide L in the tank 21 rises. Accordingly, in a case where
the dry ice is generated in the tank 21, the dry ice can be
heated to be liquefied or be sublimated. When the lique-
fied carbon dioxide L in the tank 21 is discharged to the
outside of the ship, the liquefied carbon dioxide L in the
tank 21 is vaporized and discharged from the upper por-
tion in the tank 21 to the outside of the hull 2 through the
external connection pipe 25B. In this way, even in a case
where the dry ice is generated in the tank 21, it is possible
to favorably discharge the liquefied carbon dioxide L from
the tank 21.
[0069] (6) The ship 1B according to a sixth aspect,
which is the ship 1B of (5), in which a part 30m of the
circulation pipe 30B is disposed below a liquid level Lf of
the liquefied carbon dioxide L stored in the tank 21.
[0070] As a result, the circulation pipe 30B through
which a fluid having a risen temperature circulates can
be brought into direct contact with the liquefied carbon
dioxide L. As a result, the liquefied carbon dioxide L in
the tank 21 can be efficiently heated, and the dry ice can
be liquefied or be sublimated.
[0071] (7) The ship 1B according to a seventh aspect,
which is the ship 1B of (5) or (6), further including: the
connection pipe 48 connecting the circulation pipe 30B
and the external connection pipe 25B; and the connection
pipe opening-closing valve 49 opening and closing the
connection pipe 48.
[0072] The liquefied carbon dioxide L is stored in a low-
er portion in the tank 21, and the carbon dioxide gas G
in which the liquefied carbon dioxide L is vaporized is
stored in an upper portion of the tank 21. When the con-
nection pipe opening-closing valve 49 is opened, the car-
bon dioxide gas G in the upper portion in the tank 21
flows into the circulation pipe 30B as a fluid via the con-
nection pipe 48 from the external connection pipe 25B
connected to the upper portion in the tank 21. Thereafter,
the connection pipe opening-closing valve 49 is closed
and the fluid is pressure-fed by the compressor 41, so
that the fluid can be circulated while being heated in the
circulation pipe 30B.
[0073] (8) The ships 1A and 1B according to an eighth
aspect, which are the ships 1A and 1B of any one of (1)
to (7), further including: bypass pipes 32A and 32B pro-
vided to be bypassed from circulation pipes 30A and 30B
on a downstream side in a flow direction of the fluid in
the circulation pipes 30A and 30B with respect to the
compressor 41; and the cooler 42 provided in the bypass
pipes 32A and 32B and cools the fluid that has passed

through the compressor 41.
[0074] As a result, the fluid compressed by the com-
pressor 41 is cooled by the cooler 42 and is returned to
the tank 21, so that the temperature rise of the liquefied
carbon dioxide L in the tank 21 is suppressed. Accord-
ingly, the liquefied carbon dioxide L in the tank 21 is sup-
pressed from being vaporized.
[0075] (9) The ships 1A and 1B according to a ninth
aspect, which are the ships 1A and 1B of any one of (1)
to (8), further including: the liquefied gas storage tank 22
provided in the hull 2 and capable of storing a liquefied
gas having a lower boiling point than that of the liquefied
carbon dioxide L.
[0076] As a result, the liquefied gas stored in the liq-
uefied gas storage tank 22 and the liquefied carbon di-
oxide L stored in the tank 21 can be mixed to be trans-
ported. The liquefied carbon dioxide L in the tank 21 can
be achieved to be cooled by the cold heat of the liquefied
gas having the lower boiling point than that of the liquefied
carbon dioxide L, so that a suppression of a generation
of dry ice, a suppression of a pressure rise of the tank
21 due to a sublimation of the dry ice, and a liquefaction
of the carbon dioxide gas G vaporized in the tank 21 can
be achieved.

Industrial Applicability

[0077] According to the ship of the present disclosure,
even in a case where the dry ice is generated in the tank,
the liquefied carbon dioxide can be favorably discharged
from the tank.

Reference Signs List

[0078]

1A, 1B: ship
2: hull
2a: bow
2b: stern
3A, 3B: broad side
5: upper deck
7: superstructure
8: tank storage compartment
21: tank
22: liquefied gas storage tank
25A, 25B: external connection pipe
25s, 25v: tank side end portion
25t, 25w: broad side end portion
30A, 30B: circulation pipe
30m: heat exchange part (part)
30n: remaining portion
30s: one end
30t: the other end
30u: intermediate portion
32A, 32B: bypass pipe
33: first opening-closing valve
34: second opening-closing valve
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35: third opening-closing valve
36: fourth opening-closing valve
40: refrigeration device
41: compressor
42: cooler
48: connection pipe
49: connection pipe opening-closing valve
Da: bow-stern direction
Dv: vertical direction
G: carbon dioxide gas
L: liquefied carbon dioxide
Lf: liquid level

Claims

1. A ship comprising:

a hull;
a tank provided in the hull and capable of storing
liquefied carbon dioxide;
an external connection pipe connecting an up-
per portion in the tank and an outside of the hull;
a circulation pipe of which one end communi-
cates with an inside of the tank and of which the
other end communicates with the inside of the
tank via an outside of the tank; and
a compressor provided in a middle of the circu-
lation pipe outside the tank and capable of pres-
sure-feeding a fluid from the one end toward the
other end.

2. The ship according to Claim 1,
wherein the one end of the circulation pipe is dis-
posed above a liquid level of the liquefied carbon
dioxide stored in the tank, in the upper portion in the
tank.

3. The ship according to Claim 1 or 2,
wherein the other end of the circulation pipe is dis-
posed below a liquid level of the liquefied carbon
dioxide stored in the tank.

4. The ship according to any one of Claims 1 to 3,
wherein the external connection pipe branches from
the circulation pipe between the one end of the cir-
culation pipe and the compressor.

5. A ship comprising:

a hull;
a tank provided in the hull and capable of storing
liquefied carbon dioxide;
an external connection pipe connecting an up-
per portion in the tank and an outside of the hull;
a loop-shaped circulation pipe provided such
that a fluid circulates throughout an inside and
an outside of the tank; and

a compressor provided in a middle of the circu-
lation pipe outside the tank and capable of pres-
sure-feeding the fluid in the circulation pipe.

6. The ship according to Claim 5,
wherein a part of the circulation pipe is disposed be-
low a liquid level of the liquefied carbon dioxide
stored in the tank.

7. The ship according to Claim 5 or 6, further compris-
ing:

a connection pipe connecting the circulation
pipe and the external connection pipe; and
a connection pipe opening-closing valve open-
ing and closing the connection pipe.

8. The ship according to any one of Claims 1 to 7, further
comprising:

a bypass pipe provided to be bypassed from the
circulation pipe on a downstream side in a flow
direction of the fluid in the circulation pipe with
respect to the compressor; and
a cooler provided to the bypass pipe and cooling
the fluid that has passed through the compres-
sor.

9. The ship according to any one of Claims 1 to 8, further
comprising:
a liquefied gas storage tank provided in the hull and
capable of storing a liquefied gas having a boiling
point lower than a boiling point of the liquefied carbon
dioxide.
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