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DESCRIPTION 

Title of Invention 

WATERCRAFT, AND METHOD FOR ADJUSTING PRESSURE OF TANK IN 

WATERCRAFT 

Technical Field 

[0001] 

The present disclosure relates to a watercraft and a 

method for adjusting a pressure of a tank in a watercraft. 

This application claims priority to Japanese Patent 

Application No. 2021-059785, filed in Japan on March 31, 

2021, the contents of which are incorporated herein by 

reference. 

Background Art 

[0002] 

PTL 1 discloses a configuration for transporting dry 

ice precipitated by spraying liquid carbon dioxide in a 

shipyard. 

[0003] 

Further, PTL 2 discloses that carbon dioxide is 

transported in a state of compressed carbon dioxide gas at 

room temperature (for example, 0°C to 30°C) under a tank 

pressure of 15 kg/cm2. 

Citation List 
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Patent Literature 

[0004] 

[PTL 1]  Japanese Unexamined Patent Application 

Publication No. H5-180394 

[PTL 2]  Japanese Unexamined Patent Application 

Publication No. 2004-125039 

Summary of Invention 

Technical Problem 

[0005] 

Incidentally, in a case where the liquefied carbon 

dioxide is accommodated in the tank provided in the hull, 

the liquefied carbon dioxide may solidify to generate dry 

ice for the following reasons.  That is, the pressure of 

the liquefied carbon dioxide in the tank corresponds to a 

tank operating pressure.  In the liquefied carbon dioxide, 

the pressure at the triple point (triple point pressure) 

at which the gas phase, the liquid phase, and the solid 

phase coexist is higher than the triple point pressure of 

the liquefied natural gas (LNG) or liquefied petroleum gas 

(LPG), and may reach the triple point when the tank is 

depressurized during operation. 

[0006] 

When the pressure of the liquefied carbon dioxide is 

equal to or lower than the triple point pressure, flash 

evaporation of the liquefied carbon dioxide may occur.  
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Then, due to the latent heat of evaporation of the flash 

evaporation of the liquefied carbon dioxide, a decrease in 

temperature of the liquefied carbon dioxide remaining 

without evaporation occurs, and there is a possibility 

that the liquefied carbon dioxide solidifies in the tank 

to generate dry ice.  Therefore, the tank operating 

pressure (tank design pressure) is set such that the 

pressure of the liquefied carbon dioxide does not fall 

below the triple point pressure.  However, in a case where 

the tank operating pressure is set to be significantly 

higher than the triple point pressure of liquefied carbon 

dioxide, the tank itself and the pipes connected to the 

tank have to have a pressure-resistant structure according 

to the tank operating pressure (tank design pressure), 

which leads to an increase in cost. 

[0007] 

Further, for example, in a case where the liquefied 

carbon dioxide in the tank shakes due to the swing of the 

hull, the dynamic pressure of the liquefied carbon dioxide 

is increased according to the flow velocity of the 

liquefied carbon dioxide, and the static pressure of the 

liquefied carbon dioxide is decreased.  Due to the 

decrease in the static pressure of the liquefied carbon 

dioxide in the tank generated in this manner, there is a 

possibility that the liquefied carbon dioxide solidifies 
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in the tank to generate dry ice. 

Since the density of dry ice is higher than that of 

the liquefied carbon dioxide, in a case where the dry ice 

is formed in the tank, the dry ice settles and is 

accumulated on a tank bottom portion, and thus there is a 

possibility that it may take time for the dry ice to 

sublimate even after the pressure in the tank is restored. 

[0008] 

The present disclosure has been made in order to 

solve the above subject, and has an object to provide a 

watercraft and a method for adjusting the pressure of the 

tank in the watercraft which can suppress the generation 

of the dry ice and smoothly operate the tank. 

Solution to Problem 

[0009] 

In order to solve the above subject, a watercraft 

according to the present disclosure includes a hull, a 

tank, and a carbon dioxide injection unit.  The tank is 

provided in the hull.  The tank stores liquefied carbon 

dioxide.  The carbon dioxide injection unit is provided in 

the hull.  The carbon dioxide injection unit is capable of 

injecting carbon dioxide gas which has a higher 

temperature and a higher pressure than those of carbon 

dioxide in the tank, into the tank. 

[0010] 
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A method for adjusting a pressure of a tank in a 

watercraft according to the present disclosure is a method 

for adjusting the pressure of the tank in the watercraft 

described above, and includes a step of acquiring 

information, and a step of injecting the carbon dioxide 

gas into the tank.  In the step of acquiring the 

information, at least one of information regarding a 

pressure in the tank, and information regarding shaking of 

the liquefied carbon dioxide stored in the tank is 

acquired.  In the step of injecting the carbon dioxide gas 

into the tank, the carbon dioxide gas is injected into the 

tank by the carbon dioxide injection unit on the basis of 

the acquired information. 

Advantageous Effects of Invention 

[0011] 

According to the watercraft and the method for 

adjusting the pressure of the tank in the watercraft 

according to the present disclosure, it is possible to 

suppress the generation of the dry ice and smoothly 

operate the tank. 

Brief Description of Drawings 

[0012] 

Fig. 1 is a plan view illustrating a schematic 

configuration of a watercraft according to an embodiment 

of the present disclosure. 
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Fig. 2 is a diagram illustrating a schematic 

configuration of a carbon dioxide injection unit according 

to the embodiment of the present disclosure. 

Fig. 3 is a diagram illustrating a hardware 

configuration of a control device of the carbon dioxide 

injection unit according to the embodiment of the present 

disclosure. 

Fig. 4 is a functional block diagram of the control 

device according to the embodiment of the present 

disclosure. 

Fig. 5 is a flowchart illustrating a procedure of a 

method for adjusting a pressure of a tank in the 

watercraft according to the embodiment of the present 

disclosure. 

Description of Embodiments 

[0013] 

Hereinafter, a watercraft according to an embodiment 

of the present disclosure will be described with reference 

to the drawings. 

(Overall configuration of watercraft) 

Fig. 1 is a plan view illustrating a schematic 

configuration of the watercraft according to the 

embodiment of the present disclosure.  Fig. 2 is a diagram 

illustrating a schematic configuration of a carbon dioxide 

injection unit according to the embodiment of the present 
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disclosure. 

As illustrated in Figs. 1 and 2, a watercraft 1 of 

the embodiment mainly includes a hull 2, a tank 10, and a 

carbon dioxide injection unit 20.  The watercraft 1 

carries the liquefied carbon dioxide. 

[0014] 

As illustrated in Fig. 1, the hull 2 has a pair of 

broadsides 3A and 3B, and a watercraft bottom (not 

illustrated), which form the outer shell of the hull 2.  

The broadsides 3A and 3B include a pair of broadside skins 

respectively forming right and left broadsides.  The 

watercraft bottom (not illustrated) is provided with a 

watercraft bottom skin connecting the broadsides 3A and 3B.  

The pair of broadsides 3A and 3B and the watercraft bottom 

(not illustrated) cause the outer shell of the hull 2 to 

have a U-shape in a cross section orthogonal to a bow-

stern direction FA. 

[0015] 

The hull 2 further includes an upper deck 5 that is 

a through deck which is disposed in the uppermost layer.  

A superstructure 7 is formed on the upper deck 5.  An 

accommodation space and the like are provided in the 

superstructure 7.  In the watercraft 1 of the present 

embodiment, for example, a cargo space 8 for loading cargo 

is provided on the side closer to a bow 2a than the 
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superstructure 7 in the bow-stern direction FA. 

[0016] 

(Configuration of tank) 

The tank 10 is provided in the hull 2.  A plurality 

of tanks 10 are disposed in the cargo space 8 along the 

bow-stern direction FA.  In the embodiment of the present 

disclosure, two tanks 10 are disposed at an interval in 

the bow-stern direction FA.  As illustrated in Fig. 2, the 

tank 10 stores liquefied carbon dioxide L inside the tank 

10.  The pressure in the tank 10 is, for example, about 

0.55 to 2.0 MPaG.  The temperature of the liquefied carbon 

dioxide L stored in the tank 10 is, for example, about 

−50°C to −20°C. 

[0017] 

The tank 10 has, for example, a cylindrical shape 

extending in the horizontal direction.  The tank 10 

includes a tubular portion 12, and an end spherical 

portion 13.  The tubular portion 12 extends in the 

horizontal direction as a longitudinal direction.  In the 

present embodiment, the tubular portion 12 is formed in a 

cylindrical shape having a circular cross-sectional shape 

orthogonal to the longitudinal direction.  The end 

spherical portions 13 are respectively disposed at both 

end portions of the tubular portion 12 in the longitudinal 

direction.  Each end spherical portion 13 has a 
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hemispherical shape, and blocks an opening at both ends of 

the tubular portion 12 in the longitudinal direction.  The 

tank 10 is not limited to a cylindrical shape, and the 

tank 10 may have a spherical shape, a square shape, or the 

like. 

[0018] 

(Configuration of carbon dioxide injection unit) 

As illustrated in Fig. 2, the carbon dioxide 

injection unit 20 is configured to be capable of injecting 

carbon dioxide gas G having a higher temperature and a 

higher pressure than those of the carbon dioxide (liquid 

phase 10a and gas phase 10b) in the tank 10, into the tank 

10.  The carbon dioxide injection unit 20 is provided in 

the hull 2.  The carbon dioxide injection unit 20 includes 

a gas tank 21, a first injection pipe 22, a second 

injection pipe 23, a pressure sensor 24, an acceleration 

sensor 25, and a control device 60. 

[0019] 

The gas tank 21 accommodates the carbon dioxide gas 

G.  The pressure of the carbon dioxide gas G stored in the 

gas tank 21 is, for example, 5 to 15.7 MPaG.  The 

temperature of the carbon dioxide gas G stored in the gas 

tank 21 is room temperature, for example, about 15°C to 

45°C.  Since the gas tank 21 accommodates the carbon 

dioxide gas G at room temperature, the gas tank 21 does 
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not necessarily have to be heat-resistant.  The gas tank 

21 may be provided in the cargo space 8, or may be 

appropriately provided in another place such as above the 

upper deck 5. 

[0020] 

Each of the first injection pipe 22 and the second 

injection pipe 23 forms a flow path for injecting the 

carbon dioxide gas G in the gas tank 21 into the tank 10.  

The base end portion of the first injection pipe 22 and 

the base end portion of the second injection pipe 23 are 

respectively connected to the gas tank 21.  The tip 

portion 22s of the first injection pipe 22 is open into 

the gas phase 10b in the tank 10 at the upper portion in 

the tank 10.  The tip portion 23s of the second injection 

pipe 23 is open into the liquid phase 10a (liquefied 

carbon dioxide L) in the tank 10 at the bottom portion of 

the tank 10. 

[0021] 

The first injection pipe 22 includes an opening-

closing valve 22v, and the second injection pipe 23 

includes an opening-closing valve 23v.  By opening and 

closing the opening-closing valve 22v, the injection of 

the carbon dioxide gas G into the tank 10 by the first 

injection pipe 22 is intermittent, and by opening and 

closing the opening-closing valve 23v, the injection of 
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the carbon dioxide gas G into the tank 10 by the second 

injection pipe 23 is intermittent.  In this embodiment, 

the opening and closing operation of the opening-closing 

valves 22v and 23v is automatically controlled by the 

control device 60.  The opening and closing operation of 

the opening-closing valves 22v and 23v may be manually 

performed by, for example, an operator. 

[0022] 

The pressure sensor 24 acquires information 

regarding the pressure in the tank 10.  More specifically, 

the pressure sensor 24 detects the pressure of the gas 

phase 10b in the tank 10.  The pressure sensor 24 outputs 

the detected pressure data toward the control device 60. 

[0023] 

The acceleration sensor 25 acquires information 

regarding the shaking (sloshing) of the liquid phase 10a 

in the tank 10.  In this embodiment, the acceleration 

sensor 25 detects the acceleration caused by the shaking 

of the hull 2, as the information regarding the shaking of 

the liquid phase 10a in the tank 10.  The acceleration 

sensor 25 detects, for example, the acceleration caused by 

the shaking (pitching) of the hull 2 in the bow-stern 

direction FA and the shaking (rolling) of the hull 2 in 

the watercraft width direction.  The acceleration sensor 

25 may be provided at a plurality of places on the hull 2.  
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The acceleration sensor 25 outputs the detected 

acceleration data toward the control device 60. 

[0024] 

(Hardware configuration diagram) 

As illustrated in Fig. 3, the control device 60 is a 

computer that includes a central processing unit (CPU) 61, 

a read only memory (ROM) 62, a random access memory (RAM) 

63, a hard disk drive (HDD) 64, and a signal receiving 

module 65.  The signal receiving module 65 receives the 

detection signal from the pressure sensor 24 and the 

acceleration sensor 25. 

[0025] 

(Functional block diagram) 

As illustrated in Fig. 4, the CPU 61 of the control 

device 60 executes a program stored in the HDD 64, the ROM 

62, or the like in advance to realize a functional 

configuration of each of a signal input unit 70, a 

determination unit 71, an opening and closing control unit 

72, and an output unit 75. 

The signal input unit 70 receives the detection 

signal from the pressure sensor 24 and the acceleration 

sensor 25, that is, data of the detection value of the 

pressure of the gas phase 10b in the tank 10 and the data 

of the detection value of the acceleration generated by 

the shaking of the hull 2, via the signal receiving module 
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65. 

[0026] 

The determination unit 71 determines the necessity 

of the injection of the carbon dioxide gas G from the gas 

tank 21 to the tank 10, on the basis of the detection 

signals from the pressure sensor 24 and the acceleration 

sensor 25 received by the signal input unit 70. 

The opening and closing control unit 72 controls 

opening and closing of the opening-closing valve 22v and 

opening and closing of the opening-closing valve 23v on 

the basis of the determination result of the necessity of 

the injection of the carbon dioxide gas G in the 

determination unit 71.  The opening and closing control 

unit 72 sends a control signal for opening and closing the 

opening-closing valves 22v and 23v to the output unit 75. 

The output unit 75 outputs the control signal sent 

from the opening and closing control unit 72 to the 

opening-closing valve 22v and the opening-closing valve 

23v. 

[0027] 

(Procedure of method for adjusting pressure of tank) 

As illustrated in Fig. 5, a method S1 for adjusting 

the pressure of the tank 10 according to the embodiment of 

the present disclosure includes a step S2 of acquiring 

information, a step S3 of determining the necessity of the 
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injection, a step S4 of injecting the carbon dioxide gas 

into the tank, and a step S5 of stopping the injection of 

the carbon dioxide gas. 

[0028] 

In step S2 of acquiring information, the control 

device 60 acquires detection signals from the pressure 

sensor 24 and the acceleration sensor 25.  The detection 

signals from the pressure sensor 24 and the acceleration 

sensor 25 are received by the signal input unit 70.  The 

control device 60 acquires the detection value of the 

pressure of the gas phase 10b in the tank 10 from the 

pressure sensor 24, as the information regarding the 

pressure in the tank 10.  The control device 60 acquires 

the detection value of the acceleration due to the shaking 

of the hull 2 from the acceleration sensor 25, as the 

information regarding the shaking of the liquefied carbon 

dioxide L stored in the tank 10. 

[0029] 

In step S3 of determining the necessity of the 

injection, the control device 60 determines the necessity 

of the injection of the carbon dioxide gas G from the gas 

tank 21 to the tank 10 by the determination unit 71.  The 

determination unit 71 determines the necessity of the 

injection of the carbon dioxide gas G on the basis of at 

least one of the information regarding the pressure in the 
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tank 10 acquired in step S2 and the information regarding 

the shaking of the liquefied carbon dioxide L stored in 

the tank 10. 

[0030] 

For example, in a case where the pressure in the 

tank 10 is equal to or lower than a predetermined pressure 

lower limit value, the determination unit 71 determines 

that the injection of the carbon dioxide gas G into the 

tank 10 is necessary.  The predetermined pressure lower 

limit value is set to be equal to or higher than the 

triple point pressure of the liquefied carbon dioxide L.  

Furthermore, for example, in a case where the acceleration 

generated in the hull 2 is equal to or higher than a 

predetermined threshold value, the determination unit 71 

determines that the injection of the carbon dioxide gas G 

into the tank 10 is necessary. 

[0031] 

Here, a state in which the acceleration generated in 

the hull 2 is equal to or higher than a predetermined 

threshold value is a state in which the shaking of the 

liquefied carbon dioxide L stored in the tank 10 is equal 

to or greater than a predetermined level.  In a state 

where the shaking of the liquefied carbon dioxide L stored 

in the tank 10 is equal to or greater than a predetermined 

level in this manner, there is a possibility that the 
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shaking of the liquefied carbon dioxide L stored in the 

tank 10 causes a decrease in the static pressure in the 

tank, and thus the liquefied carbon dioxide L in the tank 

solidifies.  In other words, for example, in a case where 

the acceleration generated in the hull 2 is smaller than a 

predetermined threshold value, the solidification of the 

liquefied carbon dioxide L caused by the shaking of the 

liquefied carbon dioxide L stored in the tank 10 does not 

substantially occur. 

[0032] 

That is, for example, in a case where the 

acceleration generated in the hull 2 is equal to or higher 

than the threshold value even in a case where the pressure 

in the tank 10 is not equal to or lower than the pressure 

lower limit value, the determination unit 71 determines 

that the injection of the carbon dioxide gas G into the 

tank 10 is necessary.  Then, even in a case where the 

acceleration generated in the hull 2 is not equal to or 

higher than the threshold value, in a case where the 

pressure in the tank 10 is equal to or lower than the 

pressure lower limit value, the determination unit 71 

determines that the injection of the carbon dioxide gas G 

into the tank 10 is necessary.  In a case where the 

pressure in the tank 10 is equal to or lower than the 

pressure lower limit value and the acceleration generated 
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in the hull 2 is equal to or higher than the threshold 

value, the determination unit 71 may determine that the 

injection of the carbon dioxide gas G into the tank 10 is 

necessary.  Further, the determination unit 71 may 

determine the necessity of the injection of the carbon 

dioxide gas G on the basis of a map, a table, a 

mathematical formula, or the like that is set in advance 

on the basis of a correlation between the pressure in the 

tank 10 and the acceleration generated in the hull 2. 

[0033] 

In a case where it is determined as a result of the 

determination in step S3 that the injection of the carbon 

dioxide gas G into the tank 10 is not necessary ("No" in 

Fig. 5), the processing returns to step S2 described above.  

On the other hand, in a case where it is determined as a 

result of the determination in step S3 that the injection 

of the carbon dioxide gas G into the tank 10 is necessary 

("Yes" in Fig. 5), the processing proceeds to step S4 of 

injecting the carbon dioxide gas into the tank. 

[0034] 

In the step S4 of injecting the carbon dioxide gas 

into the tank, the carbon dioxide gas G is injected from 

the gas tank 21 to the tank 10.  For this purpose, the 

opening and closing control unit 72 outputs a control 

signal for opening the opening-closing valves 22v and 23v 
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to the opening-closing valves 22v and 23v via the output 

unit 75. 

[0035] 

Here, the opening and closing control unit 72 may 

open both the opening-closing valves 22v and 23v, and 

inject the carbon dioxide gas G from the gas tank 21 to 

the tank 10 through both the first injection pipe 22 and 

the second injection pipe 23.  Further, the opening and 

closing control unit 72 may open only the opening-closing 

valve 22v, and inject the carbon dioxide gas G from the 

gas tank 21 into the gas phase 10b of the tank 10 through 

only the first injection pipe 22.  The opening and closing 

control unit 72 may further open only the opening-closing 

valve 23v, and inject the carbon dioxide gas G from the 

gas tank 21 into the liquid phase 10a at the bottom 

portion of the tank 10 through only the second injection 

pipe 23. 

[0036] 

In a case where the carbon dioxide gas G is injected 

into the tank 10, since the carbon dioxide gas G has a 

higher temperature and a higher pressure than the carbon 

dioxide (including both the liquid phase 10a and the gas 

phase 10b) in the tank 10, the temperature and the 

pressure in the tank 10 are increased.  In a case where 

the dry ice D is generated in the tank 10, the dry ice D 



- 19 - 

is sublimated by the increase in the temperature and the 

pressure in the tank 10. 

[0037] 

In step S5 of stopping the injection of the carbon 

dioxide gas, in a case where an injection end condition 

set in advance is satisfied, the injection of the carbon 

dioxide gas G from the gas tank 21 to the tank 10 is 

stopped.  For example, in a case where the pressure in the 

tank 10 detected by the pressure sensor 24 exceeds the 

pressure lower limit value or in a case where the pressure 

in the tank 10 detected by the pressure sensor 24 exceeds 

a set value set to be equal to or higher than the pressure 

lower limit value, the control device 60 stops the 

injection of the carbon dioxide gas G.  When the injection 

of the carbon dioxide gas G is stopped, the opening and 

closing control unit 72 outputs a control signal for 

closing the opening-closing valves 22v and 23v to the 

opening-closing valves 22v and 23v via the output unit 75.  

In a case where the opening-closing valves 22v and 23v are 

closed, the injection of the carbon dioxide gas G from the 

gas tank 21 to the tank 10 is stopped.  In a case where 

the injection of the carbon dioxide gas G in the step S5 

is stopped, the processing returns to step S2, and the 

series of steps described above is repeated. 

[0038] 
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(Effects) 

The watercraft 1 of the embodiment described above 

includes the hull 2; the tank 10 that is provided in the 

hull 2, and stores the liquefied carbon dioxide L; and the 

carbon dioxide injection unit 20 that is provided in the 

hull 2, and is capable of injecting the carbon dioxide gas 

G having a higher temperature and a higher pressure than 

those of the carbon dioxide (liquid phase 10a and gas 

phase 10b) in the tank 10, into the tank 10. 

[0039] 

With such a watercraft 1, in a case where the dry 

ice D is generated in the liquefied carbon dioxide L 

stored in the tank 10, the carbon dioxide gas G can be 

injected into the tank 10 by the carbon dioxide injection 

unit 20.  Since the carbon dioxide gas G has a higher 

temperature and a higher pressure than those of the carbon 

dioxide (including both the liquid phase 10a and the gas 

phase 10b) in the tank 10, it is possible to suppress a 

decrease in the pressure in the tank 10.  In addition, in 

a case where the dry ice D has been generated in the tank 

10, the dry ice D can be sublimated by the carbon dioxide 

gas G. 

Therefore, it is possible to suppress the generation 

of the dry ice D and smoothly operate the tank 10. 

[0040] 
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In the watercraft 1 of the embodiment described 

above, the carbon dioxide injection unit 20 is further 

configured to be capable of injecting the carbon dioxide 

gas G into the gas phase 10b of the carbon dioxide in the 

tank 10. 

Therefore, it is possible to immediately increase 

the pressure in the tank 10 by injecting the carbon 

dioxide gas G into the gas phase 10b of the carbon dioxide 

in the tank 10 by the carbon dioxide injection unit 20. 

[0041] 

In the watercraft 1 of the embodiment described 

above, the carbon dioxide injection unit 20 is further 

configured to be capable of injecting the carbon dioxide 

gas G into the liquid phase 10a of the carbon dioxide in 

the tank 10. 

Therefore, in a case where the dry ice D has been 

generated in the liquid phase 10a of the carbon dioxide, 

the carbon dioxide gas G can be sent around the dry ice D 

by injecting the carbon dioxide gas G into the liquid 

phase 10a of the carbon dioxide in the tank 10 by the 

carbon dioxide injection unit 20.  Then, the liquid phase 

10a of the carbon dioxide around the dry ice D is gasified 

by the injected carbon dioxide gas G, so that the pressure 

in the tank 10 can be increased, and the sublimation of 

the dry ice D can be promoted. 
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[0042] 

Further, in the embodiment described above, the tip 

portion 23s of the second injection pipe 23 of the carbon 

dioxide injection unit 20 is open into the liquid phase 

10a (liquefied carbon dioxide L) in the tank 10 at the 

bottom portion of the tank 10. 

For example, in a case where the dry ice D is 

generated in the tank 10, the dry ice D has a higher 

density than the liquefied carbon dioxide, and therefore 

tends to be accumulated on the bottom portion of the tank 

10.  On the other hand, as described above, since the tip 

portion 23s of the second injection pipe 23 of the carbon 

dioxide injection unit 20 is open at the bottom portion of 

the tank 10, the carbon dioxide gas G can be injected to a 

position closer to the dry ice D accumulated on the bottom 

portion, and thus it is possible to quickly sublimate the 

dry ice D accumulated on the bottom portion. 

[0043] 

In the watercraft 1 of the embodiment described 

above, in a case where the pressure in the tank 10 is 

equal to or lower than the pressure lower limit value set 

to be equal to or higher than the triple point pressure of 

the liquefied carbon dioxide L, the carbon dioxide 

injection unit 20 further injects the carbon dioxide gas G 

into the tank 10. 
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In this way, in a case where the pressure in the 

tank 10 is equal to or lower than the pressure lower limit 

value so that the dry ice D is likely to be generated in 

the tank 10, it is possible to suppress the generation of 

the dry ice D in the tank 10 by injecting the carbon 

dioxide gas G into the tank 10. 

[0044] 

In the watercraft 1 of the embodiment described 

above, in a case where the shaking of the liquefied carbon 

dioxide L stored in the tank 10 is equal to or greater 

than a predetermined level, the carbon dioxide gas G is 

injected into the tank 10. 

Therefore, in a case where the shaking of the 

liquefied carbon dioxide L stored in the tank 10 is equal 

to or greater than a predetermined level, it is possible 

to increase the pressure in the tank 10, and thereby it is 

possible to suppress the generation of the dry ice D in 

the tank 10. 

[0045] 

The method S1 for adjusting the pressure of the tank 

10 of the embodiment described above includes the step S2 

of acquiring at least one of the information regarding the 

pressure in the tank 10 and the information regarding the 

shaking of the liquefied carbon dioxide L stored in the 

tank 10, and the step S4 of injecting the carbon dioxide 
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gas G into the tank 10 by the carbon dioxide injection 

unit 20 on the basis of the acquired information. 

In this way, since it is possible to inject the 

carbon dioxide gas G into the tank 10 on the basis of the 

pressure in the tank 10 and the shaking state of the 

liquefied carbon dioxide stored in the tank 10, it is 

possible to suppress the generation of the dry ice D, and 

it is possible to smoothly operate the tank 10. 

[0046] 

(Other embodiments) 

Above, the embodiments of the present disclosure 

have been described in detail with reference to the 

drawings, but the specific configuration is not limited to 

the embodiments, and includes design changes and the like 

within a scope not departing from the gist of the present 

disclosure. 

In the watercraft 1 of the embodiment described 

above, the first injection pipe 22 and the second 

injection pipe 23 are provided, but only one of the first 

injection pipe 22 and the second injection pipe 23 may be 

provided. 

[0047] 

The watercraft 1 of the embodiment described above 

includes the pressure sensor 24 in order to acquire the 

information regarding the pressure in the tank 10, but not 
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only the pressure in the tank 10, but also the temperature 

of the gas phase 10b in the tank 10 may be detected, and 

the necessity of the injection of the carbon dioxide gas G 

into the tank 10 may be determined on the basis of the 

pressure and the temperature in the tank 10. 

[0048] 

The watercraft 1 of the embodiment described above 

includes the acceleration sensor 25 in order to acquire 

the information regarding the shaking (sloshing) of the 

liquid phase 10a in the tank 10, but any configuration 

that can detect the shaking of the liquid phase 10a in the 

tank 10 may be used, and for example, the displacement of 

the liquid level of the liquid phase 10a in the tank 10 

may be detected. 

[0049] 

In the procedure of the method for adjusting the 

pressure of the tank described above, specific 

determination contents, the order of procedures, and the 

like can be appropriately changed. 

[0050] 

<Additional notes> 

The watercraft 1 and the method S1 for adjusting the 

pressure of the tank 10 in the watercraft 1 described in 

the embodiments are understood as follows, for example. 

[0051] 
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(1) A watercraft 1 according to a first aspect 

includes a hull 2; a tank 10 that is provided in the hull 

2, and stores liquefied carbon dioxide L; and a carbon 

dioxide injection unit 20 that is provided in the hull 2, 

and is capable of injecting carbon dioxide gas G which has 

a higher temperature and a higher pressure than those of 

carbon dioxide in the tank 10, into the tank 10. 

[0052] 

With the watercraft 1, the carbon dioxide injection 

unit 20 is capable of injecting the carbon dioxide gas G 

having a higher temperature and a higher pressure than 

those of the carbon dioxide in the tank 10, into the tank 

10.  In a case where dry ice D is generated in the 

liquefied carbon dioxide L stored in the tank 10, the 

carbon dioxide gas G is injected into the tank 10 by the 

carbon dioxide injection unit 20.  Since the carbon 

dioxide gas G has a higher temperature and a higher 

pressure than those of the carbon dioxide (including both 

the liquid phase 10a and the gas phase 10b) in the tank 10, 

it is possible to suppress a decrease in the pressure in 

the tank 10.  In addition, in a case where the dry ice D 

has been generated in the tank 10, the dry ice D can be 

sublimated by the carbon dioxide gas G. 

Therefore, it is possible to suppress the generation 

of the dry ice D and smoothly operate the tank 10. 
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[0053] 

(2) The watercraft 1 according to a second aspect is 

the watercraft 1 in (1), and the carbon dioxide injection 

unit 20 injects the carbon dioxide gas G into a gas phase 

10b of the carbon dioxide in the tank 10. 

[0054] 

Accordingly, it is possible to immediately increase 

the pressure in the tank 10 by injecting the carbon 

dioxide gas G into the gas phase 10b of the carbon dioxide 

in the tank 10 by the carbon dioxide injection unit 20. 

[0055] 

(3) The watercraft 1 according to a third aspect is 

the watercraft 1 in (1) or (2), and the carbon dioxide 

injection unit 20 injects the carbon dioxide gas G into a 

liquid phase 10a of the carbon dioxide in the tank 10. 

[0056] 

Accordingly, in a case where the dry ice D has been 

generated in the liquid phase 10a of the carbon dioxide, 

the carbon dioxide gas G can be sent around the dry ice D 

by injecting the carbon dioxide gas G into the liquid 

phase 10a of the carbon dioxide in the tank 10 by the 

carbon dioxide injection unit 20.  The liquid phase 10a of 

the carbon dioxide around the dry ice D is gasified by the 

injected carbon dioxide gas G, so that the pressure in the 

tank 10 can be increased, and the sublimation of the dry 
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ice D can be promoted. 

[0057] 

(4) The watercraft 1 according to a fourth aspect is 

the watercraft 1 in any one of (1) to (3), and in a case 

where a pressure in the tank 10 is equal to or lower than 

a pressure lower limit value set to be equal to or higher 

than a triple point pressure of the liquefied carbon 

dioxide L, the carbon dioxide injection unit 20 injects 

the carbon dioxide gas G into the tank 10. 

[0058] 

Accordingly, in a case where the pressure in the 

tank 10 is equal to or lower than the pressure lower limit 

value so that the dry ice D is likely to be generated in 

the tank 10, it is possible to suppress the generation of 

the dry ice D in the tank 10 by injecting the carbon 

dioxide gas G into the tank 10. 

[0059] 

(5) The watercraft 1 according to a fifth aspect is 

the watercraft 1 in any one of (1) to (4), and in a case 

where shaking of the liquefied carbon dioxide L stored in 

the tank 10 reaches a predetermined level, the carbon 

dioxide injection unit 20 injects the carbon dioxide gas G 

into the tank 10. 

[0060] 

Accordingly, in a case where the shaking of the 
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liquefied carbon dioxide L stored in the tank 10 is equal 

to or greater than the predetermined level, it is possible 

to increase the pressure in the tank 10 by injecting the 

carbon dioxide gas G into the tank 10, and thereby it is 

possible to suppress the generation of the dry ice D in 

the tank 10. 

The shaking of the liquefied carbon dioxide L stored 

in the tank 10 is detected by detecting the acceleration 

caused by the shaking of the hull 2 and by detecting the 

displacement of the liquid level of the liquefied carbon 

dioxide L in the tank 10. 

[0061] 

(6) A method S1 for adjusting a pressure of a tank 

10 in a watercraft 1 according to a sixth aspect is a 

method S1 for adjusting the pressure of the tank 10 in the 

watercraft 1 in any one of (1) to (5), the method includes 

a step S2 of acquiring at least one of information 

regarding a pressure in the tank 10, and information 

regarding shaking of the liquefied carbon dioxide L stored 

in the tank 10; and a step S4 of injecting the carbon 

dioxide gas G into the tank 10 by the carbon dioxide 

injection unit 20 on the basis of the acquired information. 

[0062] 

Accordingly, by injecting the carbon dioxide gas G 

into the tank 10 on the basis of the pressure in the tank 
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10 and the shaking state of the liquefied carbon dioxide 

stored in the tank 10, it is possible to suppress the 

generation of the dry ice D, and it is possible to 

smoothly operate the tank 10. 

Examples of the information regarding the pressure 

in the tank 10 include a pressure value in the tank 10, 

and a temperature of the gas phase 10b in the tank 10. 

Examples of the information regarding the shaking of 

the liquefied carbon dioxide L stored in the tank 10 

include a detection value of the acceleration caused by 

the shaking of the hull 2, and a detection value of the 

displacement of the liquid level of the liquefied carbon 

dioxide L in the tank 10. 

Industrial Applicability 

[0063] 

According to the above aspects, it is possible to 

suppress the generation of the dry ice, and it is possible 

to smoothly operate the tank. 

Reference Signs List 

[0064] 

1: watercraft 

2: hull 

2a: bow 

3A, 3B: broadside 

5: upper deck 
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7: superstructure 

8: cargo space 

10: tank 

10a: liquid phase 

10b: gas phase 

12: tubular portion 

13: end spherical portion 

20: carbon dioxide injection unit 

21: gas tank 

22: first injection pipe 

22s: tip portion 

22v: opening-closing valve 

23: second injection pipe 

23s: tip portion 

23v: opening-closing valve 

24: pressure sensor 

25: acceleration sensor 

60: control device 

61: CPU 

62: ROM 

63: RAM 

64: HDD 

65: signal receiving module 

70: signal input unit 

71: determination unit 
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72: opening and closing control unit 

75: output unit 

FA: bow-stern direction 

D: dry ice 

G: carbon dioxide gas 

L: liquefied carbon dioxide 
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Claims 

[Claim 1] 

A watercraft comprising: 

a hull; 

a tank that is provided in the hull, and stores 

liquefied carbon dioxide; and 

a carbon dioxide injection unit that is provided in 

the hull, and is capable of injecting carbon dioxide gas 

which has a higher temperature and a higher pressure than 

those of carbon dioxide in the tank, into the tank. 

[Claim 2] 

The watercraft according to claim 1, 

wherein the carbon dioxide injection unit injects 

the carbon dioxide gas into a gas phase of the carbon 

dioxide in the tank. 

[Claim 3] 

The watercraft according to claim 1 or 2, 

wherein the carbon dioxide injection unit injects 

the carbon dioxide gas into a liquid phase of the carbon 

dioxide in the tank. 

[Claim 4] 
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 The watercraft according to any one of claims 1 to 3, 

wherein in a case where a pressure in the tank is 

equal to or lower than a pressure lower limit value set to 

be equal to or higher than a triple point pressure of the 

liquefied carbon dioxide, the carbon dioxide injection 

unit injects the carbon dioxide gas into the tank. 

[Claim 5] 

 The watercraft according to any one of claims 1 to 4, 

wherein in a case where shaking of the liquefied 

carbon dioxide stored in the tank reaches a predetermined 

level, the carbon dioxide injection unit injects the 

carbon dioxide gas into the tank. 

[Claim 6] 

A method for adjusting a pressure of a tank in the 

watercraft according to any one of claims 1 to 5, the 

method comprising: 

a step of acquiring at least one of information 

regarding a pressure in the tank, and information 

regarding shaking of the liquefied carbon dioxide stored 

in the tank; and 

a step of injecting the carbon dioxide gas into the 

tank by the carbon dioxide injection unit on the basis of 

the acquired information. 


