
DESCRIPTION  

Invention Title  

 THERMALLY INSULATED TANK, SHIP INCLUDING SAME, AND METHOD FOR 

FORMING VACUUM IN THERMALLY INSULATED TANK 

 

Technical Field  

[1] The present disclosure relates to a thermally insulated tank, 

a ship including the same, and a method for forming a vacuum in the 

thermally insulated tank. 

Background Art  

[2] Liquefied hydrogen has a problem of causing heat intrusion from 

the outside due to a cryogenic temperature to generate a large amount 

of boil-off gas. Thus, to prevent the problem, an insulation layer 

needs to be disposed while a high vacuum state is maintained outside 

the tank. Generally, a vacuum insulation structure equipped with a 

multi-layer insulation (MLI) has been used, and in addition, panels 

and membranes are used, and perlite and glass bubbles are used. 

[3] In the case of small tanks, there is no problem in using the 

insulation structure, but in the case of large-capacity tanks 

disposed on ships and land terminals, there is a problem that the 

vacuum operation process is not easy in order to provide a vacuum 

insulation structure filled with an insulator while maintaining a 

vacuum state of several tens of torr or less between an inner 

container and an outer container. That is, in the case of large-scale 

tanks, there is a technical difficulty in forming a high vacuum state 

in the insulating space because the insulating space is considerably 

large. In particular, there is a problem that it takes a long time 

to provide a high-vacuum insulation layer. 

[4] For example, when laminated insulators, separate panels, spray-

type insulators, or membranes are attached to the inside or outside 



of the inner container, insulator installation is first difficult for 

large tanks, and particularly, in the case of panels, there is a high 

probability of thermal penetration occurring at connections between 

panels. 

[5] In addition, when insulator damage occurs, it is not easy to 

find the damaged area in the vacuum space, and when damage occurs 

even locally, the damaged portion becomes a thermal bridge, resulting 

in high heat invasion and local tank damage. 

[6] Conventionally used perlite has irregular particle shapes, and 

glass bubbles have characteristics of spherical particles and various 

particle sizes, so that the vacuum space is densely filled due to a 

structure in which small particles are filled between individual 

particles. Accordingly, it is practically difficult to form a vacuum 

in spaces filled with perlite or glass bubbles, and even if such 

spaces are formed in the vacuum state, the process requires a 

considerably long operation period. 

[7] Recently, powder-type insulators such as perlite and glass 

bubbles, which have sizes of several tens of micrometers or less, 

have very small diameters of several tens of micrometers and become 

densely filled, and thus there is a disadvantage of making it 

difficult to form a vacuum in the space densely filled with the powder. 

[8] As described above, in the case of thermally insulated tanks, 

particularly, large-capacity thermally insulated tanks, there are 

difficulties in vacuum operations for vacuum insulation structures, 

and thus there is a need for technology development that facilitates 

vacuum operations while providing insulation performance. 

Disclosure  

Technical Problem  

[9] The present disclosure has been created to solve the problems 

of the prior arts described above, and an object of the present 



disclosure is to provide a thermally insulated tank that optimizes 

the insulation performance of the thermally insulated tank while 

reducing the labor and time required to form a vacuum state in the 

thermally insulated tank, a ship including the same, and a method for 

forming a vacuum in a thermally insulated tank including an insulating 

space with optimized insulation performance. 

Technical Solution  

[10] An aspect of the present disclosure provides a thermally 

insulated tank for storing liquefied gas including: a first shell for 

accommodating liquefied gas therein; a second shell disposed outside 

the first shell; and an insulating space disposed between the first 

shell and the second shell, wherein the insulating space may be filled 

with an insulator and a low vacuum may be formed therein. 

[11] Specifically, gas molecules in the insulating space may have at 

least one flow selected from a viscous flow, a slip flow, and a 

transition flow. 

[12] Specifically, the Knudsen number of the gas molecules in the 

insulating space may be 10 or less. 

[13] Specifically, the pressure in the insulating space may be 70 

mTorr to 2,400 mTorr. 

[14] Specifically, the pressure in the insulating space may be a 

predetermined value or lower, so that in the first shell, a consumable 

amount of boil-off gas is generated at a demand destination that 

consumes the boil-off gas. 

[15] Specifically, the thermally insulated tank may further include 

a vacuum pump provided outside the thermally insulated tank to 

discharge gas in the insulating space to the outside, wherein the 

vacuum pump may discharge the gas in the insulating space to the 

outside after the liquefied gas is loaded into the first shell. 

[16] Specifically, the thermally insulated tank may further include 



a vacuum pipe having one end connected to the vacuum pump and the 

other end extending into the insulating space. 

[17] Specifically, the vacuum pump may be a low vacuum pump. 

[18] Specifically, the vacuum pipe may be disposed closer to the 

first shell than the second shell. 

[19] Specifically, a ship including the thermally insulated tank may 

further include a demand destination that consumes boil-off gas 

generated in the first shell, wherein the pressure in the insulating 

space may be a predetermined value or lower so that the boil-off gas 

generated in the first shell becomes an amount consumable by the 

demand destination, and the boil-off gas generated in the first shell 

may be consumed as propulsion fuel of the ship. 

[20] Another aspect of the present disclosure provides a method for 

forming a vacuum in a thermally insulated tank, which is provided 

inside a thermally insulated tank and disposed between a first shell 

for accommodating liquefied gas and a second shell disposed outside 

the first shell, the method including a first vacuum step of reducing 

a pressure in the insulating space, in which the insulating space may 

be formed in a low vacuum state. 

[21] Specifically, the method may further include a second vacuum 

step of loading the liquefied gas into the thermally insulated tank 

and then reducing the pressure in the insulating space using a vacuum 

pump provided outside the thermally insulated tank. 

[22] Specifically, the second vacuum step may be performed after a 

ship including the thermally insulated tank starts to operate. 

[23] Specifically, the second vacuum step may include a step of 

measuring the pressure in the thermally insulated tank; and a second 

main-vacuum step of repeating a process of discharging gas in the 

insulating space to the outside to reduce the pressure in the 

insulating space to a predetermined value or lower, and observing 



pressure changes in the insulating space, when the pressure in the 

thermally insulated tank is higher than a predetermined pressure. 

[24] Specifically, the second vacuum step may discharge the gas in 

the insulating space to the outside through a vacuum pipe having one 

end connected to the vacuum pump and the other end extending into the 

insulating space. 

Advantageous Effects  

[25] According to the thermally insulated tank, the ship including 

the same, and the method for forming the vacuum in the thermally 

insulated tank of the present disclosure, it is possible to reduce 

the time required to holding the vacuum in the insulating space while 

ensuring insulation performance in the thermally insulated tank. 

Description of Drawings  

[26] FIG. 1 is a diagram illustrating a thermally insulated tank and 

a ship including the same according to an embodiment of the present 

disclosure. 

[27] FIG. 2 is a diagram illustrating a thermally insulated tank 

according to an embodiment of the present disclosure. 

[28] FIG. 3 is a diagram illustrating a thermally insulated tank 

according to another embodiment of the present disclosure. 

[29] FIG. 4 is a diagram illustrating a thermally insulated tank 

according to another embodiment of the present disclosure. 

[30] FIGS. 5A and 5B are diagrams illustrating a thermally insulated 

tank according to another embodiment of the present disclosure. 

[31] FIG. 6 is a diagram illustrating a thermally insulated tank 

according to an embodiment of the present disclosure. 

[32] FIG. 7 is a diagram illustrating a thermally insulated tank 

according to an embodiment of the present disclosure. 

[33] FIG. 8 is a diagram illustrating a thermally insulated tank and 

a storage terminal including the same according to an embodiment of 



the present disclosure. 

[34] FIG. 9 is a diagram illustrating a thermally insulated tank 

according to an embodiment of the present disclosure. 

[35] FIG. 10 is a diagram illustrating a thermally insulated tank 

according to an embodiment of the present disclosure. 

[36] FIG. 11 is a diagram illustrating a thermally insulated tank 

according to another embodiment of the present disclosure. 

[37] FIG. 12 is a diagram illustrating a thermally insulated tank 

according to another embodiment of the present disclosure. 

[38] FIG. 13 is a diagram illustrating a thermally insulated tank 

according to another embodiment of the present disclosure. 

[39] FIG. 14 is a diagram illustrating a thermally insulated tank 

according to another embodiment of the present disclosure. 

[40] FIGS. 15A and 15B are diagrams illustrating a thermally 

insulated tank and a ship including the same according to an 

embodiment of the present disclosure. 

[41] FIG. 16 is a diagram illustrating a thermally insulated tank 

and a ship including the same according to an embodiment of the 

present disclosure. 

[42] FIG. 17 is a diagram illustrating a thermally insulated tank 

according to an embodiment of the present disclosure. 

[43] FIG. 18 is a diagram illustrating a thermally insulated tank 

according to another embodiment of the present disclosure. 

[44] FIG. 19 is a diagram illustrating a thermally insulated tank 

according to another embodiment of the present disclosure. 

[45] FIG. 20 is a diagram illustrating a thermally insulated tank 

according to another embodiment of the present disclosure. 

[46] FIG. 21 is a diagram illustrating a vacuum pipe disposed in a 

thermally insulated tank according to an embodiment of the present 

disclosure. 



[47] FIG. 22 is a diagram illustrating a vacuum pipe disposed in a 

thermally insulated tank according to an embodiment of the present 

disclosure. 

[48] FIG. 23 is a diagram illustrating a vacuum pipe disposed in a 

thermally insulated tank according to an embodiment of the present 

disclosure. 

[49] FIG. 24 is a diagram illustrating a vacuum pipe disposed in a 

thermally insulated tank according to an embodiment of the present 

disclosure. 

[50] FIG. 25 is a diagram illustrating a thermally insulated tank 

according to another embodiment of the present disclosure. 

[51] FIG. 26A is a diagram for describing a flow of gas molecules as 

a viscous flow, and FIG. 26B is a diagram for describing a flow of 

gas molecules as a molecular flow. 

[52] FIG. 27 is a graph showing a relationship between the Knudsen 

number and pressure.  

[53] FIG. 28 is a graph showing experimental results of a 

relationship between a pressure and a vacuum time of an insulating 

space. 

[54] FIG. 29 is a graph showing a relationship between the pressure 

in an insulating space and thermal conductivity. 

[55] FIG. 30 is a flowchart of a first vacuum step of a method for 

forming a vacuum in an insulating space according to an embodiment 

of the present disclosure. 

[56] FIG. 31 is a flowchart of a second vacuum step of the method 

for forming the vacuum in the insulating space according to an 

embodiment of the present disclosure. 

[57] FIG. 32 is a diagram illustrating a thermally insulated tank 

and a ship including the same according to another embodiment of the 

present disclosure. 



Best Mode  

[58] The objects, specific advantages, and new features of the 

present disclosure will be more apparent from the following detailed 

description and preferred embodiments taken in conjunction with the 

accompanying drawings. When reference numerals are imparted to 

components of each drawing in this specification, it should be noted 

that the same components are denoted by the same reference numerals 

as much as possible, even if they are shown in different drawings. 

Further, in describing the present invention, a detailed description 

of known related technologies will be omitted when it is determined 

to unnecessarily obscure the gist of the present invention. 

[59] In addition, it should be noted that in the following 

description, the inward and outward directions are defined such that 

a direction toward the center of a storage space is the inward 

direction. 

[60] Hereinafter, a thermally insulated tank 600 according to an 

embodiment of the present disclosure and a ship 30 including the same 

will be described. 

[61] FIG. 1 is a diagram illustrating a thermally insulated tank and 

a ship including the same according to an embodiment of the present 

disclosure. 

[62] As illustrated in FIG. 1, the thermally insulated tank 600 

according to an embodiment of the present disclosure is an independent 

thermally insulated tank 600 for storing liquefied gas, including a 

first shell 610 for accommodating liquefied gas therein, a second 

shell 620 disposed outside the first shell 610, and an insulating 

space 630 disposed between the first shell 610 and the second shell 

620, wherein the insulating space 630 is a space filled with an 

insulator 632 and vacuum-treated, and the insulator 632 may be densely 

filled in the insulating space 630. 



[63] The insulator 632 in the present disclosure may include one or 

more of a foamed plastic beads, polyurethane, polystyrene, 

polyethylene, polyisocyanurate, aerogel blankets, fumed silica, 

calcium silicate, mineral wool, glass wool, glass microfiber, perlite, 

and hollow glass microspheres. The hollow glass microspheres may 

include glass bubbles, which are a trade name manufactured by 3M. 

[64] The insulating space 630 filled with the insulator 632 may be 

in a vacuum state. 

[65] In the present disclosure, the vacuum is formed in the 

insulating space 630, thereby enhancing the thermal insulation 

performance and reducing the generation of boil-off gas from the 

liquefied gas. 

[66] The ship 30 according to the present disclosure may include the 

first shell 610, the second shell 620, the insulating space 630 

disposed between the first shell 610 and the second shell 620 and 

filled with the insulator 632, and the vacuum pump 700 capable of 

adjusting the vacuum degree of the insulating space 630 of the 

thermally insulated tank 600, and may include a compressor 800 used 

to transfer boil-off gas generated in the thermally insulated tank 

600 to the outside of the thermally insulated tank 600. 

[67] According to the embodiment, the ship 30 may include a vacuum 

pipe 710 disposed in the insulating space 630 disposed between the 

first shell 610 and the second shell 620. 

[68] Accordingly, according to an embodiment of the present 

disclosure, the insulating space 630 may be filled with the insulator 

632 and vacuum-treated using only the vacuum pump 700 to form a vacuum 

in the insulating space 630, but according to another embodiment, a 

vacuum pipe 710 may also be further included. 

[69] In addition, according to another embodiment of the present 

disclosure, the insulating space 630 may be filled with polyurethane 



foam as the insulator 632 and vacuum-treated using only the vacuum 

pump 700 to form a vacuum in the insulating space 630, but according 

to yet another embodiment, a vacuum pipe 710 may also be further 

included. 

[70] When a space between the insulators 632 is formed in a vacuum 

state while the insulating space 630 is filled with the insulator 

632, exhaustion may not proceed smoothly at a location distant from 

the vacuum pump 700 that forms the vacuum, and as the size of the 

thermally insulated tank 600 increases, it may be difficult to form 

the vacuum in the insulating space 630. Accordingly, according to the 

embodiment of the present disclosure, the vacuum pipe 710 may be 

further included in the insulating space 630 in the thermally 

insulated tank 600, and the vacuum pipe 710 will be described with 

reference to FIGS. 21 to 24 below. 

[71] According to the present disclosure, boil-off gas (BOG) 

generated in the thermally insulated tank 600 may be transferred to 

the outside of the thermally insulated tank. The ship 30 may include 

a compressor 800 that is used to transfer the boil-off gas (BOG) 

generated in the thermally insulated tank 600 to the outside of the 

thermally insulated tank 600, and the boil-off gas (BOG) is 

transferred to the outside through the compressor 800, thereby 

reducing the internal pressure of the first shell 610 to atmospheric 

pressure or lower. 

[72] By maintaining the first shell 610 to an atmospheric pressure 

or less, even if a leak occurs in the first shell 610, the leaked 

liquefied gas may be safely stored. 

[73] The suction pressure of the compressor 800 in the present 

disclosure may be a vacuum, and the suction pipe of the compressor 

800 may be a double pipe. In this case, even if a leak occurs in the 

pipe, there is an advantage of preventing external air from flowing 



into the compressor 800. 

[74] Although not illustrated in the drawing, the ship 30 according 

to the present disclosure may further include a pipe system (not 

shown) including the compressor 800 having a double pipe. 

[75] In addition, the ship 30 of the present disclosure may use the 

boil-off gas (BOG) generated in the thermally insulated tank 600 as 

fuel and may include an engine, a fuel cell, or a boiler that may be 

used as fuel. 

[76] In addition, the ship 30 according to the present disclosure 

includes a cargo hold 900 filled with inert gas, and the thermally 

insulated tank 600 may be disposed in the cargo hold 900. 

[77] In this regard, each configuration of the thermally insulated 

tank 600 according to the present disclosure illustrated in FIG. 1 

will be described through FIGS. 2 to 5 below. 

[78] Conventionally used perlite has irregular particle shapes, and 

glass bubbles have spherical particles and various particle sizes, 

which had difficulty in the process of forming a vacuum after filled 

with the insulator. 

[79] This is because, in the case of perlite and glass bubbles, the 

vacuum space is densely filled by a structure where small particles 

are filled between the particles, making it practically difficult to 

form a vacuum in spaces filled with perlite or glass bubbles using a 

vacuum pump, and even if the corresponding spaces are formed in a 

vacuum state, there is a problem that it takes a considerably long 

operating period. In addition, in the case of fine particles such as 

perlite and glass bubbles having sizes of several tens of micrometers 

or less, the total surface area becomes larger, and as an area 

contacted by the flow passing between the fine particles increases, 

resistance increases, making it more difficult to form a vacuum. 

[80] Meanwhile, expanded polystyrene (EPS) refers to foamed 



polystyrene, which is a white foamed plastic material produced from 

solid beads of polystyrene. EPS is a foamed product formed by 

injecting hydrocarbon gas into a polystyrene (PS) resin and then 

expanding the resin with steam, and has very low thermal conductivity, 

low hygroscopicity, and excellent cushioning performance. Expanded 

polystyrene bead (EPS Bead) refers to a foamed polystyrene bead, 

which means a material with stable insulation performance made by 

compressing and molding polystyrene granules (EPS). 

[81] Fire safety may be secured using semi-incombustible EPS, and by 

coating EPS beads with incombustible inorganic materials or applying 

special treatment, the EPS may have semi-incombustible performance 

on all surfaces even when cut. 

[82] Expanded polypropylene (EPP) refers to foamed polypropylene, 

which is a product made by foaming a polyolefin-based ‘polypropylene 

(PP)’ material, and has characteristics of good heat resistance, 

strong resistance to moisture and chemicals, and strong resistance 

to external stress. EPP has the characteristic of excellent recovery 

against repetitive impact and deformation, and a foam cast with EPP 

beads has the characteristic of maintaining high dimensional 

stability when exposed to extreme temperatures. 

[83] FIG. 2 is a diagram illustrating a thermally insulated tank 

according to an embodiment of the present disclosure. 

[84] FIG. 3 is a diagram illustrating a thermally insulated tank 

according to another embodiment of the present disclosure. 

[85] FIG. 4 is a diagram illustrating a thermally insulated tank 

according to another embodiment of the present disclosure. 

[86] As illustrated in FIGS. 2 to 4, the thermally insulated tank 

600 according to the present disclosure is an independent tank, which 

may be a MOSS type (Type-B) spherical tank, and the insulating space 

630 disposed between the first shell 610 and the second shell 620 of 



the thermally insulated tank 600 may be filled with the insulator 

632. 

[87] The first shell 610 according to an embodiment of the present 

disclosure may be atmospheric pressure tank, and the atmospheric 

pressure referred to in the first shell 610 of the present disclosure 

means a state of 0 to 0.7 barg, considering boil-off gas (BOG) 

generated inside. 

[88] In addition, according to another embodiment, the first shell 

610 may be a pressurized tank of 0.7 barg or more. 0 barg means 1 atm 

and corresponds to a pressurization of 1.7 atm. 

[89] According to the embodiment of the present disclosure, the vapor 

pressure inside the first shell 610 may be maintained in a vacuum 

state of atmospheric pressure or less, so that the ship 30 is operable 

even when the vapor pressure of the first shell 610 is in a vacuum 

state of atmospheric pressure (760 torr) or less. 

[90] An alarm occurs when the vapor pressure inside the first shell 

610 is atmospheric pressure or less, and an alarm for pressure drop 

inside the first shell may occur at atmospheric pressure or less, and 

a low-pressure alarm value of the first shell 610 may be atmospheric 

pressure or less. 

[91] As described above, the ship 30 according to the present 

disclosure is able to operate even when the internal pressure of the 

first shell 610 is a vacuum pressure of atmospheric pressure or less, 

and is also able to operate when the pressure drops to atmospheric 

pressure or less during a process of unloading liquefied gas in the 

thermally insulated tank 600. 

[92] As illustrated in FIGS. 3 and 4, the first shell 610 for 

accommodating the liquefied gas therein according to the present 

disclosure may be made of a cryogenic material, and the insulating 

space 630 filled with the insulator 632 between the first shell 610 



and the second shell 620 may be filled with inert gas. 

[93] According to the embodiment, the insulating space 630 may be 

filled with inert gas such as nitrogen gas, and then the gas may be 

removed to form a vacuum in the insulating space 630 so that the 

residual gas becomes inert gas. 

[94] In yet another embodiment, the insulating space 630 may be 

filled with hydrogen gas and then formed in the vacuum, so that the 

residual gas becomes hydrogen gas. 

[95] The second shell 620 may be at least partially formed of a 

cryogenic material, and FIG. 2 illustrates an embodiment in which 

only a partial region including the lowermost portion is formed of a 

cryogenic material. 

[96] FIG. 4 illustrates an embodiment in which a larger area of the 

second shell 620 is formed of a cryogenic material than in FIG. 3, 

and it can be confirmed that the entire lower hemisphere of the second 

shell 620 is formed of a cryogenic material. 

[97] As such, the lower portion of the second shell 620 made of a 

cryogenic material may serve as a drip tray. 

[98] In addition, as illustrated in FIGS. 3 and 4, a temperature 

sensor 640 may be disposed at a lower portion of the second shell 

620. 

[99] However, the position of the temperature sensor 640 is not 

limited to the positions illustrated in FIGS. 3 and 4, and may be any 

position capable of measuring the temperature of an object that 

settles at the bottom. 

[100] According to the embodiment of the present disclosure, a first 

pressure sensor 650 for measuring the pressure in the insulating 

space 630 may be included. 

[101] The first pressure sensor 650 may be disposed at any position 

capable of measuring the internal pressure of the insulating space 



630, and although not illustrated in FIGS. 3 and 4, a gas sensor 660 

for detecting a component of gas inside the insulating space 630 may 

be further included. 

[102] The gas sensor 660 may analyze the component of the gas present 

in the insulating space 630 and detect changes in the gas component, 

thereby determining whether the gas is changed. 

[103] FIGS. 5A and 5B are diagrams illustrating a thermally insulated 

tank according to another embodiment of the present disclosure. 

[104] As the thermally insulated tank 600 according to another 

embodiment of the present disclosure, FIGS. 5A and 5B illustrate a 

cargo hold 900 filled with inert gas in which the thermally insulated 

tank 600 is disposed inside the ship 30, and the thermally insulated 

tank 600 is disposed inside the cargo hold 900 of the ship 30. 

[105] As the inert gas, nitrogen gas may be used as illustrated in 

FIG. 5, but is not limited thereto. 

[106] The upper portion of the thermally insulated tank 600 may 

further include a gas sampling configuration, and may further include 

a gas analyzer 662 that analyzes the composition of the gas collected 

above. 

[107] According to the embodiment, as illustrated in FIG. 5, the 

thermally insulated tank 600 may include both a first pressure sensor 

650 for measuring the pressure in the insulating space 630 and a 

second pressure sensor 910 for measuring the pressure of the cargo 

hold 900, and may further include pipes and valves capable of 

injecting or discharging nitrogen gas into the cargo hold 900. 

[108] In the thermally insulated tank 600 according to the present 

disclosure, when a leak occurs from the first shell 610, a pressure 

change is detected through the first pressure sensor 650, and in the 

case of an LNG tank, HC in the insulating space 630 is measured, and 

then a temperature is measured through a drip tray at the bottom of 



the second shell 620 to detect the leak through the change. 

[109] When the leak occurs in the second shell 620, the leak may be 

detected by detecting a pressure change in the insulating space 630 

through the first pressure sensor 650 after detecting a pressure 

change in the insulating space 630 or a pressure change in the cargo 

hold 900. 

[110] Hereinafter, first, a thermally insulated tank 100 according to 

an embodiment of the present disclosure and a storage terminal 10 

including the same will be described. 

[111] As illustrated in FIG. 6, the thermally insulated tank 100 

according to an embodiment of the present disclosure is a thermally 

insulated tank 100 for storing liquefied gas, including a first shell 

120 and a second shell 130, and may include a first insulating space 

140 disposed between the first shell 120 and the second shell 130, 

filled with an insulator 142 and vacuum-treated, in which the first 

insulating space 140 may be densely filled with the insulator 142. 

[112] The insulator 142 in the present disclosure may include one or 

more of foamed plastic beads, polyurethane, polystyrene, polyethylene, 

polyisocyanurate, aerogel blankets, fumed silica, calcium silicate, 

mineral wool, glass wool, glass microfiber, perlite, and hollow glass 

microspheres. 

[113] For example, the first insulating space 140 between the first 

shell 120 and the second shell 130 may be filled with the insulator 

142, and the first insulating space 140 filled with the insulator 142 

may be in a vacuum state. 

[114] According to embodiments, the insulator 142 used in the present 

disclosure may be coated, and a coating material may be a material 

different from the insulator 142. For example, EPS beads may be coated 

with a non-combustible inorganic material or may also be coated with 

a flame retardant material. In addition, the EPS beads may also be 



coated with a composite composition consisting of a flame retardant 

and various other inorganic materials, and the coating material is 

not limited to those listed above. 

[115] According to an embodiment of the present disclosure, the first 

insulating space 140 may include a getter (not shown). 

[116] The getter is configured to maintain the first insulating space 

140 at a high vacuum for a long period, and the getter, which is a 

gas absorber, may be included in the first insulating space 140 to 

remove any gas generated inside or any gas infiltrating from the 

outside. 

[117] The getter may be disposed at any location within the first 

insulating space 140, and in an embodiment, may be in a form attached 

to one side of a wall of the first insulating space 140. 

[118] According to an embodiment of the present disclosure, the vapor 

pressure in the first shell 120 enables a vacuum state of atmospheric 

pressure or less. That is, the first shell 120 is operable even when 

the vapor pressure is in a vacuum state of atmospheric pressure (760 

torr) or less, and an alarm may occur when the vapor pressure in the 

first shell 120 is atmospheric pressure or less, in which a low-

pressure alarm value of the first shell 120 may be atmospheric 

pressure or less. 

[119] As described above, the storage terminal 10 according to the 

present disclosure is able to operate even when the internal pressure 

of the first shell 120 is a vacuum pressure of atmospheric pressure 

or less, and is also able to operate when the pressure drops to 

atmospheric pressure or less during a process of unloading liquefied 

gas in the thermally insulated tank 100. 

[120] FIG. 7 is a diagram illustrating a thermally insulated tank 

according to an embodiment of the present disclosure. 

[121] As illustrated in FIG. 7, the thermally insulated tank 100 



according to an embodiment of the present disclosure includes a first 

shell 120 for accommodating liquefied gas therein, and a second shell 

130 disposed outside the first shell 120, and may include a first 

insulating space 140 disposed between the first shell 120 and the 

second shell 130. 

[122] According to an embodiment, the first insulating space 140 may 

be in a vacuum state filled with an insulator 142. 

[123] According to another embodiment, the first shell 120 may further 

include an insulation layer (not shown), in which membranes, 

insulation blankets, insulation panels, and the like may be used as 

insulators, and hydrogen gas may be filled therein. 

[124] The first shell 120 serves to maintain the liquefied gas. 

According to the embodiment, a nickel Ni component may be included 

at 9%, and the second shell 130 serves to maintain the internal 

insulating space and serves as a structural body of the thermally 

insulated tank 100. 

[125] At least one of the first shell 120 and the second shell 130 of 

the present disclosure may be made of a concrete material. That is, 

at least one of the inner and outer sides of the first insulating 

space 140 filled with the insulator has a structure made of concrete 

disposed therein, and has a structurally load-bearing structure. 

[126] In the present disclosure, a barrier (not shown) may be disposed 

in the first shell 120, and the barrier (not shown) may be made of a 

cryogenic material such as SUS, Invar, etc., but the material is not 

limited thereto. 

[127] The first shell 120 may use a reinforced concrete material 

consisting of steel reinforcement and concrete. 

[128] The steel reinforcement is generally made of carbon steel, and 

particularly when exposed to seawater in marine structures, epoxy-

coated steel reinforcement, galvanized steel reinforcement, or 



stainless steel reinforcement may be used. 

[129] The steel reinforcement used in the first shell 120 of the 

present disclosure may be made of a cryogenic material having 

excellent resistance in a cryogenic environment, and in one 

embodiment, stainless steel may be used. 

[130] The second shell 130 of the present disclosure serves to 

maintain structural strength in the thermally insulated tank 100, and 

the second shell 130 may be made of a room-temperature material, and 

preferably a concrete material. 

[131] FIG. 8 is a diagram illustrating a thermally insulated tank and 

a storage terminal including the same according to an embodiment of 

the present disclosure. 

[132] As illustrated in FIG. 8, the storage terminal 10 according to 

one embodiment of the present disclosure includes a thermally 

insulated tank 100 including a first shell 120, a second shell 130, 

and a first insulating space 140 filled with an insulator 142 disposed 

between the first shell 120 and the second shell 130, and may include 

a vacuum pump 200 and a compressor 300. 

[133] The storage terminal 10 of the present disclosure may be 

installed on land or at sea. 

[134] The storage terminal 10 may include a vacuum pump 200 capable 

of adjusting the vacuum degree of the first insulating space 140 of 

the thermally insulated tank 100. 

[135] The vacuum pump 200 is operable even after the thermally 

insulated tank 100 and the storage terminal 10 are manufactured, and 

the vacuum degree of the first insulating space 140 may be adjusted 

using the vacuum pump 200. 

[136] According to the embodiment, the vacuum pump 200 may include a 

vacuum pipe 210 disposed in the first insulating space 140 disposed 

between the first shell 120 and the second shell 130. 



[137] According to an embodiment of the present disclosure, the first 

insulating space 140 may be filled with the insulator 142 and vacuum-

treated using only the vacuum pump 200 to form a vacuum in the first 

insulating space 140, but according to another embodiment, the vacuum 

pipe 210 may also be further included. 

[138] When the vacuum is formed in the space between the insulators 

142 while the first insulating space 140 is filled with the insulator 

142, exhaustion may not be performed smoothly at a location distant 

from the vacuum pump 200 that forms the vacuum. As the size of the 

thermally insulated tank 100 increases, it may be difficult to form 

a vacuum in the first insulating space 140, and thus, the vacuum pipe 

210 may be further included in the first insulating space 140 in the 

thermally insulated tank 100, and the vacuum pipe 210 will be 

described with reference to FIGS. 21 to 24 below. 

[139] According to an embodiment of the present disclosure, the vapor 

pressure in the first shell 120 enables a vacuum state of atmospheric 

pressure or less. That is, the inside of the first shell 120 may or 

may not be under a vacuum. 

[140] The first shell 120 is operable when the vapor pressure is in 

a vacuum state of atmospheric pressure (760 torr) or less, and an 

alarm may occur when the vapor pressure in the first shell 120 is 

atmospheric pressure or less, in which a low-pressure alarm value of 

the first shell 120 may be atmospheric pressure or less. 

[141] In addition, according to the present disclosure, boil-off gas 

(BOG) generated in the first shell 120 may be transferred to the 

outside of the thermally insulated tank 100. 

[142] The present disclosure may include a compressor 300 that is 

used to transfer the boil-off gas (BOG) generated in the thermally 

insulated tank 100 to the outside of the thermally insulated tank 

100, and the boil-off gas (BOG) is transferred to the outside through 



the compressor 300, thereby reducing the internal pressure of the 

first shell 120 to atmospheric pressure or less. 

[143] The suction pressure of the compressor 300 in the present 

disclosure may be under a vacuum. 

[144] A suction pipe of the compressor 300 may be a double pipe, and 

in this case, there is an advantage of preventing external air from 

flowing into the compressor 300 even if a leak occurs in the pipe. 

[145] Although not illustrated in the drawing, the storage terminal 

10 according to the present disclosure may further include a pipe 

system (not shown) including the compressor 300 having a double pipe, 

and may include an engine, a fuel cell, or a boiler that may use 

boil-off gas (BOG) generated from the thermally insulated tank 100 

as fuel. 

[146] Among the contents described in FIGS. 6 to 8, those that overlap 

with the various embodiments to be described below are described in 

the descriptions for FIGS. 9 to 20, respectively. 

[147] The thermally insulated tank 100 and the storage terminal 10 

including the same according to one embodiment of the present 

disclosure have been described above, and hereinafter, a thermally 

insulated tank 400 and a ship 20 including the thermally insulated 

tank 400 according to an embodiment of the present disclosure will 

be described. 

[148] FIG. 9 is a diagram illustrating a thermally insulated tank 

according to an embodiment of the present disclosure. 

[149] As shown in FIG. 9, a thermally insulated tank 400 according to 

one embodiment of the present disclosure is a membrane thermally 

insulated tank 400 for storing liquefied gas, including: a first 

shell 410 for accommodating liquefied gas therein, a second shell 420 

disposed outside the first shell 410, a first insulating space 430 

disposed between the first shell 410 and the second shell 420, and a 



second insulating space 440 disposed between the second shell 420 and 

an inner wall of a ship body disposed outside the second shell 420, 

wherein the first insulating space 430 and the second insulating 

space 440 are insulating spaces which are filled with an insulator 

450 and vacuum-treated, and the first insulating space 430 and the 

second insulating space 440 may be densely filled with the insulator 

450. 

[150] The insulator 450 in the present disclosure may include one or 

more of foamed plastic beads, polyurethane, polystyrene, polyethylene, 

polyisocyanurate, aerogel blankets, fumed silica, calcium silicate, 

mineral wool, glass wool, glass microfiber, perlite, and hollow glass 

microspheres. 

[151] The first insulating space 430 and the second insulating space 

440 filled with the insulator 450 according to the present disclosure 

may be in a vacuum state. 

[152] In the present disclosure, the first insulating space 430 and 

the second insulating space 440 are formed in a vacuum state, thereby 

enhancing thermal insulation performance and reducing generation of 

boil-off gas from the liquefied gas. 

[153] According to an embodiment of the present disclosure, the vapor 

pressure in the first shell 410 enables a vacuum state of atmospheric 

pressure or less. That is, the first shell 410 is operable even when 

the vapor pressure is in a vacuum state of atmospheric pressure (760 

torr) or less, and an alarm may occur when the vapor pressure in the 

first shell 410 is atmospheric pressure or less, in which a low-

pressure alarm value of the first shell 410 may be atmospheric 

pressure or less. 

[154] Each configuration of the thermally insulated tank according to 

the present disclosure illustrated in FIG. 9 will be described through 

FIGS. 10 to 15 below. 



[155] FIG. 10 is a diagram illustrating a thermally insulated tank 

according to an embodiment of the present disclosure. 

[156] FIG. 11 is a diagram illustrating a thermally insulated tank 

according to another embodiment of the present disclosure. 

[157] As illustrated in FIGS. 10 and 11, the thermally insulated tank 

400 according to an embodiment of the present disclosure may include 

a vacuum pump 470 and a pressure control unit 480. 

[158] As illustrated in FIG. 10, the first insulating space 430 and 

the second insulating space 440 may be filled with different gases, 

but as illustrated in FIG. 11, the first insulating space 430 and the 

second insulating space 440 may also be filled with the same gas. 

[159] First, FIG. 10 illustrates a case in which when the liquefied 

gas stored in the thermally insulated tank 400 is liquefied hydrogen, 

the second insulating space 440 is filled with nitrogen gas, and the 

first insulating space 430 is filled with helium gas or hydrogen gas, 

but a type of gas filled in each space is not limited to those listed 

above. 

[160] When filled with the different gases, when the liquefied gas 

accommodated in the first shell 410 is liquefied hydrogen, the first 

insulating space 430 is filled with hydrogen gas or helium gas having 

a temperature lower than or equal to a cooling temperature of the 

liquefied hydrogen, which is to prevent freezing of residual gas in 

the first insulating space 430. 

[161] In addition, the second insulating space 440 is filled with 

nitrogen gas which is less expensive than hydrogen or helium gas, as 

non-flammable gas having a temperature higher than or equal to the 

cooling temperature of the liquefied hydrogen, which has an advantage 

of reducing costs. 

[162] The thermally insulated tank 400 according to the present 

disclosure may include a vacuum pump 470 that forms a vacuum in the 



first insulating space 430 and the second insulating space 440 filled 

with gas, and may include a pressure control unit 480 that controls 

the pressure in the first insulating space 430 and the second 

insulating space 440 by supplying residual gas of the first insulating 

space 430 and the second insulating space 440 after the vacuum 

operation. 

[163] That is, as illustrated in FIG. 11, the thermally insulated 

tank 400 according to the present disclosure may include a vacuum 

pump 470 capable of adjusting the vacuum degree of the first 

insulating space 430 and the second insulating space 440, and the 

vacuum pump 470 is able to operate even after drying of the thermally 

insulated tank 400 and the ship 20. 

[164] Unlike FIG. 11, FIG. 10 illustrates a case where the first 

insulating space 430 and the second insulating space 440 are filled 

with different gases, and may include a first vacuum pump 472 for 

forming a vacuum in the first insulating space 430, and a second 

vacuum pump 474 for forming a vacuum in the second insulating space 

440. 

[165] In addition, after the vacuum operation, the thermally insulated 

tank 400 may include a first pressure control unit 482 for controlling 

the pressure in the first insulating space 430 by supplying the same 

gas as the residual gas in the first insulating space 430, and a 

second pressure control unit 484 for controlling the pressure in the 

second insulating space 440 by supplying the same gas as the residual 

gas in the second insulating space 440, respectively. 

[166] The thermally insulated tank 400 of FIG. 10 is different from 

FIG. 11 which includes a vacuum pump 470 that forms a vacuum in the 

first insulating space 430 and the second insulating space 440 filled 

with the same gas, and includes a pressure control unit 480 that 

controls the pressure in the first insulating space 430 and the second 



insulating space 440 by supplying the same gas as the residual gas 

of the first insulating space 430 and the second insulating space 440 

after the vacuum operation. As an example, the same residual gas may 

be nitrogen gas. 

[167] The liquefied gas to be stored in the thermally insulated tank 

400 of the present disclosure may be liquefied hydrogen as illustrated 

in FIG. 10, but is not limited thereto, and may include LNG as 

illustrated in FIG. 11. 

[168] FIG. 12 is a diagram illustrating a thermally insulated tank 

according to another embodiment of the present disclosure. 

[169] FIG. 13 is a diagram illustrating a thermally insulated tank 

according to another embodiment of the present disclosure. 

[170] As illustrated in FIGS. 12 and 13, the thermally insulated tank 

400 according to the embodiment of the present disclosure may be 

disposed with an insulating box 460 filled with the insulator 450. 

[171] That is, the insulator 450 is filled inside the insulating box 

460, and the insulating box 460 filled with the insulator 450 may be 

disposed in at least one of the first insulating space 430 and the 

second insulating space 440. 

[172] FIGS. 12 and 13 illustrate a case where the insulating boxes 

460 are disposed in both the first insulating space 430 and the second 

insulating space 440, and the manufacturing process of the thermally 

insulated tank 400 in FIGS. 12 and 13 may be disposing the insulating 

box 460 filled with the insulator in the first insulating space 430 

and the second insulating space 440, and then forming a vacuum in the 

first insulating space 430 and the second insulating space 440. 

[173] FIG. 12 illustrates an embodiment where when the liquefied gas 

stored in the thermally insulated tank 400 is liquefied hydrogen as 

illustrated in FIG. 10, the second insulating space 440 is filled 

with nitrogen gas, and the first insulating space 430 is filled with 



helium gas or hydrogen gas. 

[174] That is, as a case where the first insulating space 430 and the 

second insulating space 440 are filled with different gases, the 

thermally insulated tank 400 may include a first vacuum pump 472 for 

forming a vacuum in the first insulating space 430, and a second 

vacuum pump 474 for forming a vacuum in the second insulating space 

440. In addition, after the vacuum operation, the thermally insulated 

tank 400 may include a first pressure control unit 482 for controlling 

the pressure in the first insulating space 430 by supplying the same 

gas as the residual gas in the first insulating space 430, and a 

second pressure control unit 484 for controlling the pressure in the 

second insulating space 440 by supplying the same gas as the residual 

gas in the second insulating space 440. 

[175] FIG. 13 illustrates a case where the first insulating space 430 

and the second insulating space 440 are filled with the same gas as 

illustrated in FIG. 10, and the thermally insulated tank 400 may 

include one vacuum pump 470 for forming a vacuum in the first 

insulating space 430 and the second insulating space 440 filled with 

the same gas, and may include one pressure control unit 480 for 

controlling the pressure in the first insulating space 430 and the 

second insulating space 440 after vacuum operation through the vacuum 

pump 470. 

[176] FIG. 14 is a diagram illustrating a thermally insulated tank 

according to another embodiment of the present disclosure. 

[177] FIG. 14 illustrates an insulating box 460 disposed in the first 

insulating space 430 and the second insulating space 440 according 

to another embodiment of the present disclosure, in which the 

insulating box 460 may have a form including channels through which 

gas moves. 

[178] After the insulating box 460 filled with the insulator 450 is 



disposed in the first insulating space 430 and the second insulating 

space 440, vacuum operation is enabled by moving the gas through the 

channels of the insulating box 460 during the process of forming the 

vacuum. 

[179] According to the embodiment, the inside of the insulating box 

460 is in a vacuum state filled with the insulator 450, the insulating 

box 460 may be in the form of a box consisting of only one space, and 

a plurality of insulating boxes 460 in the form of a single box may 

be disposed to be connected with each other in the first insulating 

space 430 and the second insulating space 440. 

[180] However, the shape of the insulating box 460 is not limited 

thereto and may be a connected structure consisting of a plurality 

of spaces. 

[181] As illustrated in FIG. 14, the insulating box 460 may include 

one or more reinforcing members that separate one space into two 

spaces, and the shape of the insulating box 460 is not limited to the 

shapes listed above and may be any shape formed in a vacuum space 

filled with the insulator 450. 

[182] According to the embodiment, the thermally insulated tank 400 

may further include a load transfer unit (not shown) that transfers 

the load of liquefied gas from the inside of the thermally insulated 

tank 400 to the inner wall of the ship body. The load transfer unit 

(not shown) may be in the form of a reinforcing member that separates 

spaces as illustrated in FIG. 14, and may include any structure 

capable of transferring a load from the first shell 410 to the inner 

wall of the ship body. 

[183] A frame constituting the structure of the insulating box 460 

may be made of plywood or a composite material with low outgassing. 

[184] FIGS. 15A and 15B are diagrams illustrating a thermally 

insulated tank and a ship including the same according to an 



embodiment of the present disclosure. 

[185] As illustrated in FIGS. 15A and 15B, the ship 20 according to 

the present disclosure may include a thermally insulated tank 400 

including a first shell 410, a second shell 420, a first insulating 

space 430 filled with an insulator 450 disposed between the first 

shell 410 and the second shell 420, a second insulating space 440 

disposed between the second shell 420 and an inner wall of a ship 

body disposed outside the second shell 420, a vacuum pump 470 for 

adjusting the vacuum degree of the first insulating space 430 and the 

second insulating space 440, and a pressure control unit 480 for 

controlling pressure, and may include a compressor 500. 

[186] As described above, the ship 20 according to the present 

disclosure includes the vacuum pump 470, thereby further facilitating 

the vacuum operation in the ship 20. 

[187] According to the embodiment of the present disclosure, the ship 

20 may include a vacuum pipe 476 disposed in the first insulating 

space 430 and the second insulating space 440. 

[188] In one embodiment, the first insulating space 430 and the second 

insulating space 440 are filled with the insulator 450, and vacuum-

treated using only the vacuum pump 470 to form a vacuum in the first 

insulating space 430 and the second insulating space 440, but 

according to another embodiment, the ship 20 may further include a 

vacuum pipe 476. 

[189] When the vacuum is formed in the space between the insulators 

450 while the first insulating space 430 and the second insulating 

space 440 are filled with the insulator 450, exhaustion may not be 

performed smoothly at a location distant from the vacuum pump 470 

that forms the vacuum. As the size of the thermally insulated tank 

400 increases, it may be difficult to form a vacuum in the first 

insulating space 430 and the second insulating space 440, and thus, 



the vacuum pipe 476 may be further included in the first insulating 

space 430 and the second insulating space 440 in the thermally 

insulated tank 400, and the vacuum pipe 476 will be described with 

reference to FIGS. 21 to 24 below. 

[190] In addition, as described above, the ship 20 according to the 

present disclosure is able to operate when the internal pressure of 

the first shell 410 is at a vacuum pressure of atmospheric pressure 

or less, and is also able to operate when the pressure drops to 

atmospheric pressure or less during a process of unloading liquefied 

gas in the thermally insulated tank 400. 

[191] According to the present disclosure, boil-off gas (BOG) 

generated in the first shell 410 may be transferred to the outside 

of the thermally insulated tank 400, and may include a compressor 500 

used for transferring the boil-off gas (BOG) generated in the 

thermally insulated tank 400 to the outside of the thermally insulated 

tank 400, and the boil-off gas (BOG) may be transferred to the outside 

through the compressor 500 to reduce the internal pressure of the 

first shell 410 to atmospheric pressure or less. 

[192] The suction pressure of the compressor 500 in the present 

disclosure may be a vacuum, and according to embodiments, a suction 

pipe of the compressor 500 may be a double pipe to have an advantage 

of preventing external air from flowing into the compressor 500 even 

if a leak occurs in the pipe. 

[193] Although not illustrated in the drawing, the ship 20 according 

to the present disclosure may further include a pipe system (not 

shown) including the compressor 500 having a double pipe. 

[194] In addition, the ship 20 of the present disclosure may use boil-

off gas (BOG) generated from the thermally insulated tank 400 as fuel 

and may include an engine, a fuel cell, or a boiler that may be used 

as fuel. 



[195] Hereinafter, a thermally insulated tank 400 according to another 

embodiment of the present disclosure and a ship 20 including the same 

will be described. 

[196] FIG. 16 is a diagram illustrating a thermally insulated tank 

and a ship including the same according to an embodiment of the 

present disclosure. 

[197] As shown in FIG. 16, a thermally insulated tank 400 according 

to an embodiment of the present disclosure is a membrane thermally 

insulated tank 400 for storing liquefied gas, including: a first 

shell 410 for accommodating liquefied gas therein, a second shell 420 

disposed outside the first shell 410, a first insulating space 430 

disposed between the first shell 410 and the second shell 420, and a 

second insulating space 440 disposed between the second shell 420 and 

an inner wall of a ship body disposed outside the second shell 420, 

wherein at least one of the first insulating space 430 and the second 

insulating space 440 is disposed with a load transfer member 462 

including a transfer unit 464, and is filled with an insulator 450 

and vacuum-treated. 

[198] The first insulating space 430 and the second insulating space 

440 may be densely filled with the insulator 450, and the insulator 

450 in the present disclosure may include one or more of foamed 

plastic beads, polyurethane, polystyrene, polyethylene, 

polyisocyanurate, aerogel blankets, fumed silica, calcium silicate, 

mineral wool, glass wool, glass microfiber, perlite, and hollow glass 

microspheres. 

[199] The first insulating space 430 and the second insulating space 

440 filled with the insulator 450 may be in a vacuum state. 

[200] In the present disclosure, the first insulating space 430 and 

the second insulating space 440 are formed in the vacuum state, 

thereby enhancing thermal insulation performance and reducing 



generation of boil-off gas from the liquefied gas. 

[201] Each configuration of the thermally insulated tank according to 

the present disclosure and the ship including the same illustrated 

in FIG. 16 will be described through FIGS. 17 to 20 below. 

[202] According to an embodiment of the present disclosure, the vapor 

pressure in the first shell 410 may be a vacuum state of atmospheric 

pressure or less. That is, the first shell 410 is operable even when 

the vapor pressure is in a vacuum state of atmospheric pressure (760 

torr) or less, and an alarm may occur when the vapor pressure in the 

first shell 410 is atmospheric pressure or less, in which a low-

pressure alarm value of the first shell 410 may be atmospheric 

pressure or less. 

[203] FIG. 17 is a diagram illustrating a thermally insulated tank 

according to an embodiment of the present disclosure. 

[204] FIG. 18 is a diagram illustrating a thermally insulated tank 

according to another embodiment of the present disclosure. 

[205] As illustrated in FIGS. 17 and 18, the thermally insulated tank 

400 according to the embodiment of the present disclosure may include 

a load transfer member 462 disposed in at least one of the first 

insulating space 430 and the second insulating space 440. 

[206] The insulator 450 filled in the first insulating space 430 and 

the second insulating space 440 may be filled between the load 

transfer members 462, and according to embodiments, the load transfer 

member 462 may be made of a non-metallic material having high thermal 

insulation performance. 

[207] The insulator 450 filled between the load transfer members 462 

may be evenly disposed in the first insulating space 430 and the 

second insulating space 440 by the structure of the load transfer 

member 462, and simultaneously, the structure of the load transfer 

members 462 has an effect of distributing and transferring the load 



transmitted from the thermally insulated tank 400 to the ship body. 

[208] In the present disclosure, the load transfer members 462 are 

disposed in the first insulating space 430 and the second insulating 

space 440. In the manufacturing process of the thermally insulated 

tank 400, at least one of the first insulating space 430 and the 

second insulating space 440 is disposed with the load transfer member 

462, and filled with the insulator 450, and then as a subsequent 

operation, the first insulating space 430 and the second insulating 

space 440 may be formed in a vacuum state using a vacuum pump 470. 

[209] The thermally insulated tank 400 according to the present 

disclosure may include a vacuum pump 470 and a pressure control unit 

480. 

[210] As illustrated in FIG. 17, the first insulating space 430 and 

the second insulating space 440 may be filled with different gases, 

but as illustrated in FIG. 18, the first insulating space 430 and the 

second insulating space 440 may also be filled with the same gas. 

[211] FIG. 17 illustrates a case in which when the liquefied gas 

stored in the thermally insulated tank 400 is liquefied hydrogen, the 

second insulating space 440 is filled with nitrogen gas, and the 

first insulating space 430 is filled with helium gas or hydrogen gas, 

but a type of gas filled in each space is not limited to those listed 

above. 

[212] When filled with the different gases, when the liquefied gas 

accommodated in the first shell 410 is liquefied hydrogen, the first 

insulating space 430 is filled with hydrogen gas or helium gas having 

a temperature lower than or equal to a cooling temperature of the 

liquefied hydrogen, which prevents freezing of residual gas in the 

first insulating space 430. 

[213] In addition, the second insulating space 440 is filled with 

nitrogen gas which is less expensive than hydrogen or helium gas, as 



non-flammable gas having a temperature higher than or equal to the 

cooling temperature of the liquefied hydrogen, which has an advantage 

of reducing costs. 

[214] The thermally insulated tank 400 according to the present 

disclosure may include a vacuum pump 470 that forms a vacuum in the 

first insulating space 430 and the second insulating space 440 filled 

with gas, and may include a pressure control unit 480 that controls 

the pressure in the first insulating space 430 and the second 

insulating space 440 by supplying residual gas of the first insulating 

space 430 and the second insulating space 440 after the vacuum 

operation. 

[215] That is, as illustrated in FIG. 18, the thermally insulated 

tank 400 according to the present disclosure may include a vacuum 

pump 470, and the vacuum pump 470 is able to operate even after drying 

of the thermally insulated tank 400 and the ship 20 to adjust the 

vacuum degree of the first insulating space 430 and the second 

insulating space 440 using the vacuum pump 470. 

[216] FIG. 17 illustrates a case where the first insulating space 430 

and the second insulating space 440 are filled with different gases, 

and the thermally insulated tank 400 may include a first vacuum pump 

472 for forming a vacuum in the first insulating space 430, and a 

second vacuum pump 474 for forming a vacuum in the second insulating 

space 440. 

[217] In addition, after the vacuum operation, the thermally insulated 

tank 400 may include a first pressure control unit 482 for controlling 

the pressure in the first insulating space 430 by supplying the same 

gas as the residual gas in the first insulating space 430, and a 

second pressure control unit 484 for controlling the pressure in the 

second insulating space 440 by supplying the same gas as the residual 

gas in the second insulating space 440, respectively. 



[218] The thermally insulated tank 400 of FIG. 17 is different from 

that of FIG. 18 which includes one vacuum pump 470 that forms a vacuum 

in the first insulating space 430 and the second insulating space 440 

filled with the same gas, and includes one pressure control unit 480 

that controls the pressure in the first insulating space 430 and the 

second insulating space 440 by supplying the same gas as the residual 

gas of the first insulating space 430 and the second insulating space 

440 after the vacuum operation. As an example, the same residual gas 

may be nitrogen gas. 

[219] The liquefied gas to be stored in the thermally insulated tank 

400 of the present disclosure may be liquefied hydrogen as illustrated 

in FIG. 17, but is not limited thereto, and may include LNG as 

illustrated in FIG. 18. 

[220] FIG. 19 is a diagram illustrating a thermally insulated tank 

according to another embodiment of the present disclosure. 

[221] FIG. 20 is a diagram illustrating a thermally insulated tank 

according to another embodiment of the present disclosure. 

[222] FIG. 19 illustrates a load transfer member 462 disposed in the 

thermally insulated tank, in which the load transfer member 462 may 

include an upper plate and a lower plate that are disposed to be 

parallel to the first shell 410 and the second shell 420, and a 

transfer unit 464 connecting the upper plate and the lower plate to 

transfer the load of liquefied gas to the inner wall of the ship body. 

[223] FIG. 20 illustrates a cross-section of the load transfer member 

462, and a plurality of column-shaped transfer units 464 may be 

disposed, and an insulator is uniformly filled between the plurality 

of transfer units 464. 

[224] As illustrated in FIGS. 19 and 20, the present disclosure uses 

a load transfer member 462 that connects the upper plate and the 

lower plate through a column-shaped transfer unit 464, so that the 



load transferred from the inside of the thermally insulated tank 400 

to the ship body is transmitted to the ship body through the upper 

and lower plates of the load transfer member 462 that contact the 

respective shells 410 and 420 and the transfer unit 464, and the load 

is evenly distributed during the process of transferring the load 

through the load transfer member 462. 

[225] Referring to FIG. 16, the ship 20 according to the present 

disclosure may include a thermally insulated tank 400 including a 

first shell 410, a second shell 420, a first insulating space 430 

filled with an insulator 450 disposed between the first shell 410 and 

the second shell 420, a second insulating space 440 disposed between 

the second shell 420 and an inner wall of a ship body disposed outside 

the second shell 420, a vacuum pump 470 for adjusting the vacuum 

degree of the first insulating space 430 and the second insulating 

space 440, and a pressure control unit 480 for controlling pressure, 

and may include a compressor 500. 

[226] As described above, the ship 20 according to the present 

disclosure includes the vacuum pump 470, thereby further facilitating 

the vacuum operation in the ship 20. 

[227] According to the embodiment of the present disclosure, the ship 

20 may include a vacuum pipe 476 disposed in the first insulating 

space 430 and the second insulating space 440. 

[228] In one embodiment, the first insulating space 430 and the second 

insulating space 440 are filled with the insulator 450, and vacuum-

treated using only the vacuum pump 470 to form a vacuum in the first 

insulating space 430 and the second insulating space 440, but 

according to another embodiment, the ship 20 may further include a 

vacuum pipe 476. 

[229] In addition, according to another embodiment, the first 

insulating space 430 and the second insulating space 440 are filled 



with polyurethane foam as the insulator 450, and vacuum-treated using 

only the vacuum pump 470 to form a vacuum in the first insulating 

space 430 and the second insulating space 440, but according to yet 

another embodiment, the ship 20 may further include a vacuum pipe 

476. 

[230] When the vacuum is formed in the space between the insulators 

450 while the first insulating space 430 and the second insulating 

space 440 are filled with the insulator 450, exhaustion may not be 

performed smoothly at a location distant from the vacuum pump 470 

that forms the vacuum. As the size of the thermally insulated tank 

400 increases, it may be difficult to form a vacuum in the first 

insulating space 430 and the second insulating space 440, and thus, 

the vacuum pipe 476 may be further included in the first insulating 

space 430 and the second insulating space 440 in the thermally 

insulated tank 400, and the vacuum pipe 476 will be described with 

reference to FIGS. 21 to 24 below. 

[231] In addition, as described above, the ship 20 according to the 

present disclosure is able to operate when the internal pressure of 

the first shell 410 is at a vacuum pressure of atmospheric pressure 

or less, and is also able to operate when the pressure drops to 

atmospheric pressure or less during a process of unloading liquefied 

gas in the thermally insulated tank 400. 

[232] According to the present disclosure, the boil-off gas (BOG) 

generated in the first shell 410 may be transferred to the outside 

of the thermally insulated tank 400, and may include a compressor 500 

used for transferring the boil-off gas (BOG) generated in the 

thermally insulated tank 400 to the outside of the thermally insulated 

tank 400, and the boil-off gas (BOG) may be transferred to the outside 

through the compressor 500 to reduce the internal pressure of the 

first shell 410 to atmospheric pressure or less. 



[233] The suction pressure of the compressor 500 in the present 

disclosure may be a vacuum, and according to embodiments, a suction 

pipe of the compressor 500 may be a double pipe to have an advantage 

of preventing external air from flowing into the compressor 500 even 

if a leak occurs in the pipe. 

[234] Although not illustrated in the drawing, the ship 20 according 

to the present disclosure may further include a pipe system (not 

shown) including the compressor 500 having a double pipe. 

[235] In addition, the ship 20 of the present disclosure may use boil-

off gas (BOG) generated from the thermally insulated tank 400 as fuel 

and may include an engine, a fuel cell, or a boiler capable of being 

used as fuel. 

[236] FIG. 21 is a diagram illustrating a vacuum pipe disposed in a 

thermally insulated tank according to an embodiment of the present 

disclosure. 

[237] FIG. 22 is a diagram illustrating a vacuum pipe disposed in a 

thermally insulated tank according to an embodiment of the present 

disclosure. 

[238] FIG. 23 is a diagram illustrating a vacuum pipe disposed in a 

thermally insulated tank according to an embodiment of the present 

disclosure. 

[239] FIG. 24 is a diagram illustrating a vacuum pipe disposed in a 

thermally insulated tank according to an embodiment of the present 

disclosure. 

[240] In an embodiment of the present disclosure, the thermally 

insulated tanks 100, 400, and 600 described in FIGS. 1 to 20 may 

further include vacuum pipes 210, 476, and 710 connected to respective 

vacuum pumps 200, 470 (471, 472), 700 in vacuum-treated insulating 

spaces 140, 430, 440, and 630 filled with insulators 42, 450, and 632 

between the first shells 120, 410, and 610 and the second shells 130, 



420, and 620. 

[241] In FIGS. 21 to 24, the vacuum pipe 710 is illustrated, and the 

illustrated vacuum pipe 710 is an example applied to a thermally 

insulated tank 600 consisting of a first shell 610 and a second shell 

620, and in addition to the illustrated thermally insulated tank 600, 

the vacuum pipes 210, 476, and 710 may be applied to the respective 

insulating spaces 140, 430, 440, and 630 of the thermally insulated 

tanks 100 and 400. 

[242] An embodiment applied to the thermally insulated tank 600 will 

be described below. 

[243] As illustrated in FIGS. 21 to 24, the vacuum pipe 710 may be 

included in the insulating space 630 that is disposed between the 

first shell 610 and the second shell 620, filled with the insulator 

632, and vacuum-treated. 

[244] First, the insulating space 630 of the thermally insulated tank 

600 may include one or more vacuum pipes 710. The vacuum pipes 710 

surround the first shell 610 and may be embedded in the insulator 632 

filled in the insulating space 630. 

[245] An inlet 716 and a plug 715 may be formed on a side surface of 

the vacuum pipe 710, and the inlet 716 may be a passage through which 

gas is suctioned between the insulators 632, and the plug 715 may be 

connected to a pump pipe 711 and a vacuum pump 700. When the vacuum 

pump 700 is operated, the gas between the insulators 632 may be 

suctioned into the vacuum pipe 710 through the inlet 716 and 

discharged to the outside to form a vacuum state in the insulating 

space 630. 

[246] One or more vacuum pipes 710 may be disposed, and preferably 

two or more vacuum pipes 710 may be disposed. The vacuum pipes 710 

are disposed in the insulating space 630, and a plurality of inlets 

716 are formed in the vacuum pipes 710 along a longitudinal direction 



of the vacuum pipes 710, so that suction may occur at various 

positions surrounding the vacuum pipes 710. 

[247] A central welding line 714 that is mutually welded may be formed 

at a middle portion of the height of the first shell 610 and the 

second shell 620. In this case, when the vacuum pipe 710 is fixed to 

the second shell 620 at the same position as the central welding line 

714, structural stability of the thermally insulated tank 600 and 

fixing force of the vacuum pipes 710 may be degraded, so that the 

vacuum pipes 710 may be fixed spaced apart from each other so as not 

to overlap with the central welding line 714. 

[248] According to an embodiment, the plug 715 may be formed at a 

position adjacent to the central welding line 714, and the plug 715 

may be formed within about 10 m in a vertical direction from the 

central welding line 714, and preferably may be formed within 2 m. 

Accordingly, an operator may easily connect the pump pipe 711 to the 

plug 715 without using other tools. That is, when the vacuum pipe 710 

is disposed in a diagonal direction or vertical direction, the 

operator may connect the pump pipe 711 to the vacuum pipe 710, thereby 

improving work efficiency of the operator. 

[249] FIG. 22 illustrates a cross-section of the thermally insulated 

tank 600, and the vacuum pipe 710 may be disposed in the insulating 

space 630 between the first shell 610 and the second shell 620, and 

according to embodiments, a plurality of vacuum pipes 710 may be 

disposed. 

[250] The vacuum pipes 710 may be spaced from the first shell 610 and 

the second shell 620 by equal distances from each other within the 

insulating space 630, and the spaced distances may be the same as or 

different from each other. 

[251] When the plurality of vacuum pipes 710 are disposed in the 

insulating space 630, each vacuum pipe may be disposed in the 



insulating space 630 to be close to the second shell 620 or close to 

the first shell 610. 

[252] The vacuum pipe 710 may be provided with an inlet 716 and may 

be fixed to the second shell 620 by a connection unit 712. The vacuum 

pipe 710 is provided with a plug 715, and is connected to the pump 

pipe 711 through the plug 715, and gas in the insulating space 630 

may be suctioned through the inlet 716. 

[253] FIG. 23 illustrates a cross-sectional view of the vacuum pipe 

710, and the vacuum pipe 710 may include an inlet 716 formed on a 

side surface (width direction) and a filter unit 717 covering the 

inlet 716. 

[254] The vacuum pipe 710 is connected to the pump pipe 711 through 

the plug 715, and when the vacuum pump 700 is operated, gases in the 

insulating space 630 may be suctioned to the vacuum pipe 710 through 

the inlet 716 and discharged to the outside. 

[255] In this case, since the insulating space 630 is filled with the 

insulator 632 such as powder, when the vacuum pump 700 is operated, 

the insulator 632 may be suctioned into the inlet 716 and the 

insulator 632 may be transferred to the vacuum pump 700 along the 

vacuum pipe 710. Thus, to prevent the insulator 632 from flowing into 

the vacuum pump 700 through the inlet 716, the inlet 716 may be 

covered with the filter unit 717. 

[256] The filter unit 717 has a porous structure such as a mesh, and 

according to embodiments, the filter units 717 may be arranged in 

multiple layers to enhance the filtering effect of the insulator 632. 

For example, the filter unit 717 may be in the form of multiple layers 

stacked with metal meshes or filters made of a pulp material. 

[257] Holes formed in the filter unit 717 itself, or holes formed 

when the filter units 717 are stacked in multiple layers, may have a 

diameter smaller than the particle diameter of the insulator 632 to 



prevent the insulator 632 from flowing into the inlet 716. The filter 

unit 717 may be formed of various materials other than the 

aforementioned material and may be manufactured in various sizes or 

shapes, but the present disclosure is not limited thereto. 

[258] The filter unit 717 may also cover only a region where the inlet 

716 is formed, or also cover the region where the inlet 716 is formed 

while surrounding the entire vacuum pipe 710. However, the present 

disclosure is not limited thereto. 

[259] As illustrated in FIG. 24, according to an embodiment of the 

present disclosure, the vacuum pipe 710 may be disposed to be fixed 

to the second shell 620 by the connection unit 712. 

[260] As the connection unit 712 is provided in the insulating space 

630, the connection unit 712 may receive cold heat from the first 

shell 610 so that a temperature may drop, and thus, the connection 

unit 712 may be formed of wood, SUS, polytetrafluoroethylene (PTFE), 

or bakelite as a material that may withstand a low temperature. 

[261] However, when the connection unit 712 is installed on the 

central welding line 714 of the second shell 620, the structural 

stability of the thermally insulated tank 600 and the fixing force 

of the vacuum pipe 710 may be reduced, so that the vacuum pipe 710 

is preferably installed spaced apart from each other so as not to 

overlap with the central welding line 714. 

[262] FIG. 25 is a diagram illustrating a thermally insulated tank 

according to another embodiment of the present disclosure. 

[263] Referring to FIG. 25, the thermally insulated tank 600 according 

to another embodiment of the present disclosure is an independent 

thermally insulated tank for storing liquefied gas, including a first 

shell 1010 for accommodating liquefied gas therein, a second shell 

1020 disposed outside the first shell 1010, and an insulating space 

1030 disposed between the first shell 1010 and the second shell 1020, 



in which the insulating space 1030 is a space filled with an insulator 

and vacuum-treated. 

[264] For example, the insulator in the present disclosure may be 

powder or beads. 

[265] In another example, the insulator in the present disclosure may 

include, for example, one or more of foamed plastic beads, 

polyurethane, polystyrene, polyethylene, polyisocyanurate, aerogel 

blankets, fumed silica, calcium silicate, mineral wool, glass wool, 

glass microfiber, perlite, and hollow glass microspheres. The hollow 

glass microspheres may include glass bubbles, which are a trade name 

manufactured by 3M company. Hereinafter, the glass bubbles have been 

described as the insulator, which is for illustrative purpose, and 

the present disclosure is not limited by a type of insulator. 

[266] Meanwhile, a vacuum pump 1100 may be provided outside the 

thermally insulated tank 1000 to discharge gas from the insulating 

space 1030. Hereinafter, forming a vacuum means discharging gas by 

the vacuum pump 1100 to reduce pressure. The vacuum degree may 

indicate the degree of discharging gas in a predetermined space, and 

increasing the vacuum degree may indicate discharging gas from a 

predetermined space to reduce pressure. 

[267] The vacuum pump 1100 may be provided on a ship, and the vacuum 

pump 1100 may make a low vacuum in the insulating space 1030. The 

vacuum pump 1100 may be a low vacuum pump. In this case, the vacuum 

pump 1100 may have a capacity of 5 m3/hr or more, and preferably, a 

capacity of 10 m3/hr or more. In this case, the vacuum pump 1100 may 

reduce the pressure in the insulating space 1030 to 100 mTorr or less, 

and preferably, reduce the pressure in the insulating space 1030 to 

10 mTorr or less, and preferably, reduce the pressure in the 

insulating space 1030 to 1 mTorr or less. 

[268] In this case, the thermally insulated tank 1000 may generate 



less boil-off gas in the first shell 1010 than the amount of boil-

off gas required by a demand destination (not shown) that uses the 

boil-off gas. The insulation performance of the thermally insulated 

tank 1000 may be determined by the vacuum degree of the insulating 

space 1030, and the vacuum degree of the insulating space 1030 may 

be at least low vacuum. 

[269] For example, the pressure in the insulating space 1030 may be 

70 mTorr or higher. More preferably, the pressure in the insulating 

space 1030 may be 100 mTorr, and the pressure in the insulating space 

1030 may be 300 mTorr or higher. The higher the pressure in the 

insulating space 1030 is set, the less labor or time may be required 

to form a vacuum state in the insulating space 1030. 

[270] The vacuum pipe 1140 may be connected to the vacuum pump 1100 

provided outside the thermally insulated tank 1000, and specifically, 

a manifold 1030 may be provided between the vacuum pump 1100 and the 

thermally insulated tank 1000, and a pump pipe 1110 connecting the 

vacuum pump 1100 and the manifold 1030, and a manifold pipe 1130 

connecting the manifold 1030 and the vacuum pipe 1140 may be provided. 

At least one of the pump pipe 1110 and the manifold pipe 1130 may be 

provided with a valve (not shown), and the valve (not shown) may 

control the flow of gas in the insulating space 1030. 

[271] The vacuum pipe 1140 surrounds the first shell 1010 and may be 

embedded in the insulator filled in the insulating space 1030. 

[272] The vacuum pipe 1140 may be disposed closer to the first shell 

1010 than to the second shell 1020. As described below, a Knudsen 

number Kn of gas molecules in the insulating space 1030 may decrease 

as the pressure in the insulating space 1030 becomes lower, and the 

smaller the Knudsen number Kn, the easier it is to control the flow 

of gas molecules in the insulating space 1030. Accordingly, the vacuum 

pipe 1140 is disposed at a position close to the first shell 1010 



having a relatively low temperature to easily discharge gas molecules 

to the outside along the vacuum pipe 1140 by the vacuum pipe 1140 and 

rapidly hold the vacuum of the insulating space 1030. 

[273] A plurality of vacuum pipes 1140 may be provided and disposed 

at the upper and lower portions of the insulating space 1030, 

respectively, and one vacuum pipe 1140 may be formed in a structure 

surrounding the first shell 1010. 

[274] The vacuum pipe 1140 may be fixed to the first shell 1010 or 

the second shell 1020 by a support (not shown). The support (not 

shown) is fixed to the first shell 1010, and a distance between the 

vacuum pipe 1140 disposed close to the first shell 1010 and the 

support (not shown) is decreased, thereby reducing the length of the 

support (not shown). The vacuum pipe 1140 may include an inlet (not 

shown) formed on a side surface (width direction) and a filter unit 

(not shown) covering the inlet (not shown). The vacuum pipe 1140 may 

have one end connected to the manifold pipe 1130 and the other end 

inserted into the insulating space 1030, and at this time, the inlet 

(not shown) may be provided at the other end. 

[275] The vacuum pipe 1140 is connected to the pump pipe 1110, and 

when the vacuum pump 1100 is operated, gases in the insulating space 

1030 may be suctioned to the vacuum pipe 1140 through the inlet (not 

shown) formed in the vacuum pipe 1140 and discharged to the outside. 

[276] In this case, since the insulating space 1030 is filled with an 

insulator such as powder, when the vacuum pump 1100 is operated, the 

insulator may be suctioned into the inlet (not shown) and the 

insulator may be transferred to the vacuum pump 1100 along the vacuum 

pipe 1140. Thus, to prevent the insulator from flowing into the vacuum 

pump 1100 through the inlet (not shown), the inlet (not shown) may 

be covered with the filter unit (not shown). 

[277] The filter unit (not shown) has a porous structure such as a 



mesh, and according to embodiments, the filter units may be disposed 

in multiple layers to enhance the filtering effect of the insulator. 

For example, the filter unit (not shown) may be in the form of 

multiple layers of metal meshes or filters made of a pulp material. 

[278] Holes formed in the filter unit (not shown) itself, or holes 

formed when the filter units (not shown) are stacked in multiple 

layers, may have a diameter smaller than the particle diameter of the 

insulator to prevent the insulator from flowing into the inlet (not 

shown). The filter unit (not shown) may be formed of various materials 

in addition to the materials and may be prepared in various sizes or 

shapes, but the present disclosure is not limited thereto. 

[279] The filter unit (not shown) may also cover only a region where 

the inlet (not shown) is formed, or also cover the region where the 

inlet (not shown) is formed while surrounding the entire vacuum pipe 

1140. However, the present disclosure is not limited thereto. 

[280] In the thermally insulated tank 1000 according to another 

embodiment of the present disclosure, the insulating space 1030 is 

filled with an insulator and a vacuum pipe 1140 is provided therein, 

thereby forming a vacuum even in the insulating space 1030 that is 

distant from the vacuum pump 1100. 

[281] Meanwhile, in the case of conventional storage tanks for storing 

liquefied hydrogen, if the storage tanks do not have sufficient 

thermal insulation performance, a large amount of boil-off gas is 

generated to form a high vacuum in the insulating space. However, it 

takes a lot of time to form the high vacuum in the insulating space. 

[282] Therefore, the present disclosure can reduce the time and labor 

required to form a vacuum in the insulating space 1030 by forming the 

low vacuum in the insulating space 1030. Specifically, the present 

disclosure can identify the pressure range in which the vacuum may 

be easily held through the Knudsen number Kn. The Knudsen number will 



be described in detail below. 

[283] When the low vacuum is formed in the insulating space 1030, the 

Knudsen number may be considered. The Knudsen number is a 

dimensionless number that indicates the characteristics of flow, and 

may be expressed as a ratio of a mean free path l, which is an average 

distance that fluid molecules move while continuously colliding, to 

a characteristic length, which is a representative length 

characterizing the flow, as shown in Equation below. In this case, 

when the fluid molecules pass between the insulators, the 

characteristic length may be an average pore size dp of the insulator. 

 

 

[284]  

[285] Kb represents Boltzmann's constant (1.38 × 10-23J/K), T 

represents an absolute temperature, dg represents a diameter of the  

 

fluid molecule, p represents an absolute pressure,                   , 

dp represents a diameter of the insulator, and ψ represents the 

porosity of the insulator. 

[286] The gas molecules contained in the insulating space 1030 may 

exchange kinetic energy with neighboring gas molecules and move to 

the vacuum pump 1100 when the pressure in the insulating space 1030 

is not low. 

[287] However, as the Knudsen number increases, it is meant that the 

gas molecules have less interaction with each other, thereby making 

it difficult to control the movement of the gas molecules and making 

it difficult for the vacuum pump 1100 to form a vacuum in the 

insulating space 1030. 

[288] FIG. 26A is a diagram for describing a flow of gas molecules as 

a viscous flow, and FIG. 26B is a diagram for describing a flow of 



gas molecules as a molecular flow. 

[289] The gas molecules may be classified into a viscous flow, a slip 

flow, a transition flow, or a molecular flow depending on a value of 

the Knudsen number, wherein as the Knudsen number increases, the flow 

of gas molecules may change from the viscous flow to the molecular 

flow. 

[290] In the viscous flow, since the momentum and energy transfer 

between molecules occur continuously, the flow of gas molecules may 

be controlled by a pump, whereas the molecular flow is a flow of gas 

molecules in a rare state of the gas molecules where intermolecular 

collisions may be neglected, and it is difficult to control the flow 

of gas molecules by a pump. 

[291] Referring to FIG. 26A, when the gas molecules flow as the 

viscous flow, the directionality is strong, so that it is easy for 

the pump to control the gas molecules to pass between pores of the 

insulator. Referring to FIG. 26B, when the gas molecules flow as the 

molecular flow, the directionality is weak, so that it is difficult 

for the pump to control the gas molecules to pass between the pores 

of the insulator. 

[292] When the Knudsen number is 0.01 or less, the gas molecules may 

flow as the viscous flow, and when the Knudsen number exceeds 0.01 

and 0.1 or less, the gas molecules may flow as the slip flow, when 

the Knudsen number exceeds 0.1 and 10 or less, the gas molecules may 

flow as the transition flow, and when the Knudsen number exceeds 10, 

the gas molecules may flow as the molecular flow. 

[293] In the case of the molecular flow having the Knudsen number 

exceeding 10, it is difficult to control the flow of gas molecules, 

and thus in the case of the insulating space 1030 of the thermally 

insulated tank 1000 according to an embodiment of the present 

disclosure, it is preferable to reduce the pressure until the Knudsen 



number becomes 10 or less, that is, it is preferable that the pressure 

in the insulating space 1030 is greater than the pressure at which 

the Knudsen number becomes 10. 

[294] Furthermore, when the vacuum is held in the insulating space 

1030, the flow of the gas molecules is preferably at least one of the 

viscous flow, the slip flow, and the transition flow. 

[295] FIG. 27 is a graph showing a relationship between the Knudsen 

number and pressure. At this time, a diameter of the insulator filled 

in the insulating space 1030 is 1,000 mm, the porosity of the 

insulator is 0.5, the temperature is 273 K, and the diameter of the 

gas molecules is 3.63 pm. In this specification, the diameter of the 

insulator is an average value of the overall diameter of the insulator 

filled in the insulating space 1030. 

[296] Referring to FIG. 27, the Knudsen number may increase as 

pressure decreases. Accordingly, in the process of forming the vacuum 

in the insulating space 1030 according to an embodiment of the present 

disclosure, when the insulating space 1030 reaches a predetermined 

pressure or less, the flow of gas molecules may become a molecular 

flow. At this time, since it is difficult to control the flow of the 

molecular flow, it may be difficult to form the vacuum in the 

insulating space 1030 using the vacuum pump 1100. 

[297] Referring to FIG. 27, for example, when the diameter of the 

insulator is 1,000 mm and the pressure in the insulating space 1030 

is 66 mTorr or less, the Knudsen number may be greater than 10, and 

in this case, the gas molecules in the insulator may become a 

molecular flow. 

[298] As such, the thermally insulated tank 1000 according to an 

embodiment of the present disclosure may control the Knudsen number 

depending on a diameter of the insulator filled in the insulating 

space 1030 and a pressure in the insulating space 1030. 



[299] In order to control the Knudsen number, the diameter of the 

insulator may be adjusted by filtering the insulator through a sieve, 

and the size of the mesh of the sieve may be determined according to 

the diameter of the insulator, in which the diameter of the insulator 

may be 10 to 3,000 mm. 

[300] Since it is preferable to reduce the pressure in the insulating 

space 1030 within a range where the flow of the gas molecules does 

not become the molecular flow, according to FIG. 27, when the diameter 

of the insulator is 1,000 mm, it is preferable to form the vacuum 

until the pressure in the insulating space 1030 is 66 mTorr. 

[301] Meanwhile, glass bubbles (GB) may be supplied to the insulating 

space 1030 as the insulator, and Table 1 below shows a pressure (KN10) 

at which the Knudsen number becomes 10 and a pressure (KN100) at 

which the Knudsen number becomes 100, based on the size of the glass 

bubbles. The temperature when holding the vacuum is 30°C, and the 

size of the glass bubbles may be 10 to 3,000 mm. 

[302] Since it is preferable to reduce the pressure in the insulating 

space 1030 within a range where the flow of gas molecules does not 

become the molecular flow, it is preferable to reduce the pressure 

in the insulating space 1030 to at least KN10 in accordance with 

Table 1 below. That is, the pressure in the insulating space 1030 is 

preferably greater than KN10 of Table 1. 

[303] For example, when the diameter of the insulator is 65 mm, it is 

preferable to form a vacuum until the pressure in the insulating 

space 1030 becomes about 1125.9 mTorr. However, since the Knudsen 

number may vary depending on a diameter of the insulator, the pressure 

at which the Knudsen number becomes a predetermined value may vary 

depending on a diameter of the insulator. For example, the pressure 

(KN10) at which the Knudsen number becomes 10 may be 1125.9 mTorr 

when the diameter of the insulator is 65 mm. 



[304] According to Table 1, when the diameter of the insulator is 

large, the Knudsen number may be 10 or greater even at a relatively 

low pressure, and accordingly, the pressure in the insulating space 

1030 may be rapidly reduced to the relatively low pressure. 

[305] [Table 1] 

Size of glass bubble (mm) KN10(mTorr) KN100(mTorr) 

10 7318.3 731.8 

30 2439.4 243.9 

65 1125.9 112.6 

115 636.4 63.6 

177 413.5 41.3 

300 243.9 24.4 

420 174.2 17.4 

1000 73.2 7.3 

[306] Meanwhile, the vacuum time required to form the vacuum in the 

insulating space 1030 may vary depending on the Knudsen number. 

[307] FIG. 28 is a graph showing experimental results of a 

relationship between a pressure and a vacuum time of the insulating 

space. 

[308] Table 2 and FIG. 28 below show results of measuring the pressure 

and vacuum time of the insulating space 1030 in a Lab scale. Here, 

the diameter of the insulator may be 65 mm. 

[309] When the pressure in the insulating space 1030 reaches a 

predetermined pressure, it is difficult for the pressure to fall to 

the predetermined pressure or less. For example, referring to Table 

2 and FIG. 28, a rate at which the pressure in the insulating space 

1030 decreases is reduced from about 120 mTorr, and it takes a lot 

of time to make the pressure in the insulating space 1030 smaller 

than 120 mTorr. 

[310] [Table 2] 



Time elapsed 

(hour:min) 

Pressure 

(mTorr) 

Time elapsed 

(hour:min) 

Pressure 

(mTorr) 

0:00 - 1:59 253 

0:14 1901 2:29 238 

0:14 1800 2:59 219 

0:15 1700 3:28 212 

0:16 1600 4:36 198 

0:17 1500 5:04 208 

0:18 1400 5:34 198 

0:19 1300 6:04 213 

0:21 1200 6:34 205 

0:22 1100 7:04 211 

0:24 1000 7:34 215 

0:26 900 8:34 204 

0:29 800 9:34 197 

0:33 700 10:04 181 

0:38 600 24:35 138 

0:46 500 31:29 134 

1:00 400 32:32 128 

1:30 316 47:32 125 

[311] Meanwhile, by comparing a graph shape of the pressure in the 

insulating space 1030 and elapsed time in the graph FIG. 28 with a 

graph shape of the Knudsen number and the pressure in the insulating 

space 1030 in FIG. 27, it is confirmed that as the Knudsen number 

increases, the time required to form the vacuum in the insulating 

space 1030 may increase. 

[312] Referring to Table 2 above, as an example, the pressure in the 

insulating space 1030 may be formed within 24 hours, and preferably 

within 12 hours. At this time, the pressure in the insulating space 



1030 may be 70 mTorr or higher, and more preferably 300 mTorr or 

higher. The higher the pressure in the insulating space 1030 is set, 

the less labor or time may be required to form a vacuum state in the 

insulating space 1030. 

[313] Therefore, the present disclosure can reduce the pressure in 

the insulating space 1030 to a predetermined pressure at which the 

pressure may be easily reduced, and at this time, the Knudsen number 

of the flow of gas molecules in the insulating space 1030 may be 10 

or less, and the flow of the gas molecules in the insulating space 

1030 may be at least one of a viscous flow, a slip flow, and a 

transition flow. 

[314] FIG. 29 is a graph illustrating a relationship between the 

pressure in the insulating space and thermal conductivity. 

[315] FIG. 29 shows a graph of thermal conductivity (Absolute k-value) 

and cold vacuum pressure (CVP), when insulators such as Glass Bubbles, 

Perlite Powder, and Aerogel Beads are filled in the insulating space 

1030 to hold the vacuum, and when the insulators are not filled in 

the insulating space 1030 to hold the vacuum. The temperature of the 

insulating space 1030 may be -253°C to 0°C. 

[316] Referring to FIG. 29, the lower the pressure in the insulating 

space 1030, the smaller the thermal conductivity (k). It means that 

the lower the pressure in the insulating space 1030, the less heat 

is transferred into the thermally insulated tank 1000. 

[317] Meanwhile, liquefied hydrogen may be stored in the thermally 

insulated tank 1000 according to an embodiment of the present 

disclosure. Specifically, the liquefied hydrogen may be stored in the 

first shell 1010 of the thermally insulated tank 1000. 

[318] Heat outside the thermally insulated tank 1000 may pass through 

the second shell 1020, the insulating space 1030 and the first shell 

1010 to be transferred to the liquefied hydrogen. At this time, the 



liquefied hydrogen may be vaporized by the external heat to generate 

boil-off gas in the first shell 1010. 

[319] In order to increase the insulation performance of the thermally 

insulated tank 1000, the insulating space 1030 may be filled with the 

insulator, and the insulating space 1030 may be formed in the vacuum 

state. Here, the vacuum may mean a pressure lower than the external 

pressure of the thermally insulated tank 1000. 

[320] Referring to FIGS. 27 and 28, when the Knudsen number is 10 or 

less, the pressure in the insulating space 1030 may be rapidly reduced. 

Therefore, it is preferable to reduce the pressure in the insulating 

space 1030 in the range where the Knudsen number is 10 or less. 

[321] In addition, referring to FIG. 28, the pressure in the 

insulating space 1030 tends to no longer decrease after 24 hours have 

passed since the vacuum in the insulating space 1030 is held. 

Therefore, the pressure in the insulating space 1030 may be formed 

before 24 hours have elapsed, even if the vacuum holding time in the 

insulating space 1030 is extended. 

[322] On the other hand, referring to FIG. 29, it is preferable to 

reduce the pressure in the insulating space 1030 to enhance the 

thermal insulation performance of the thermally insulated tank 1000. 

[323] That is, referring to FIGS. 27 to 29, it is preferable to reduce 

the pressure in the insulating space 1030 in the range where the 

Knudsen number is 10 or less in terms of the vacuum holding time, and 

it is preferable to reduce the pressure in the insulating space 1030 

as much as possible in terms of the thermal insulation performance 

of the thermally insulated tank 1000. However, the pressure in the 

insulating space 1030 may be reduced to a pressure where the Knudsen 

number becomes 10 or more, and in the present disclosure, the pressure 

in the insulating space 1030 is not limited to the range where the 

Knudsen number is 10 or more. 



[324] However, the thermal insulation performance of the thermally 

insulated tank 1000 is intended to reduce the amount of boil-off gas 

generated in the thermally insulated tank 1000 and prevent waste of 

liquefied hydrogen. Thus, if all of the boil-off gas generated in the 

thermally insulated tank 1000 may be used as fuel, within the pressure 

range where usable boil-off gas is generated, the pressure in the 

insulating space 1030 may be increased to rather reduce the thermal 

insulation performance of the thermally insulated tank 1000 while 

reducing the time required to hold the vacuum in the insulating space 

1030. 

[325] That is, the present disclosure may reduce the time required to 

form the vacuum in the insulating space 1030 while achieving the 

target thermal insulation performance of the thermally insulated tank 

1000 by considering both the thermal insulation performance of the 

thermally insulated tank 1000 and the time required to form the vacuum 

in the insulating space 1030. 

[326] In the thermally insulated tank 1000 according to an embodiment 

of the present disclosure, the insulating space 1030 has a pressure 

of 300 mTorr or more, and at this time, the hydrogen boil-off gas 

generated daily in the thermally insulated tank 1000 may all be used 

as propulsion fuel for the ship. As one example, there is all of the 

boil-off gas generated in the thermally insulated tank 1000 is used 

as the propulsion fuel, and the boil-off gas may be used at boil-off 

gas demand destinations, such as boilers, power generation equipment, 

etc., in addition to the propulsion fuel. However, the present 

disclosure is not limited to the boil-off gas demand destinations. 

[327] As an example, referring to FIG. 29, when the pressure in the 

insulating space 1030 filled with glass bubbles is 600 to 700 mTorr, 

the thermal conductivity (k) value may be 6 mW/mK. 

[328] At this time, the liquefied hydrogen stored in the thermally 



insulated tank 1000 evaporates at about 0.11% per day, which 

corresponds to about 300 kg/hr (7.2 ton/day). 

[329] The thermally insulated tank 1000 is provided on a ship that 

uses liquefied hydrogen as propulsion fuel, and since the ship uses 

1.5 tons of hydrogen as fuel per day, the hydrogen boil-off gas 

generated daily in the thermally insulated tank 1000 may all be used 

as propulsion fuel for the ship. 

[330] The thermally insulated tank 1000 of the present disclosure 

includes an insulating space 1030 in a low vacuum state with a 

pressure of 70 mTorr to 2,400 mTorr, preferably an insulating space 

1030 with a pressure of 100 mTorr to 1,000 mTorr, and more preferably 

an insulating space 1030 in a low vacuum state of 300 mTorr to 700 

mTorr. At this time, the boil-off gas generated from the thermally 

insulated tank 1000 may all be used as fuel for propulsion fuel. 

[331] Therefore, the pressure in the insulating space 1030 may be 

determined by considering the total amount of boil-off gas required 

from various demand destinations other than propulsion fuel. That is, 

as the amount of required boil-off gas increases, the thermal 

insulation performance of the thermally insulated tank 1000 may be 

reduced, so that the pressure in the insulating space 1030 may 

increase and the vacuum degree may decrease. 

[332] Glass bubbles (GB) may be supplied to the insulating space 1030 

as the insulator, and Table 3 below shows a pressure (KN10) at which 

the Knudsen number becomes 10 and a pressure (KN100) at which the 

Knudsen number becomes 100, based on the size of the glass bubbles. 

The temperature for holding the vacuum may be about -0°C or less in 

a low-temperature region. The size of the glass bubbles may be 10 to 

3,000 mm. 

[333] Since it is preferable to reduce the pressure in the insulating 

space 1030 within a range where the flow of gas molecules does not 



become the molecular flow, it is preferable to reduce the pressure 

in the insulating space 1030 to at least KN10 in the low-temperature 

region in accordance with Table 3 below. That is, the pressure in the 

insulating space 1030 is preferably greater than KN10 of Table 3. 

[334] For example, when the diameter of the insulator is 65 mm, it is 

preferable to form a vacuum until the pressure in the insulating 

space 1030 reaches 580.39 mTorr at -116.5°C, which is an intermediate 

temperature between the external temperature of the thermally 

insulated tank 1000 and the internal temperature of the thermally 

insulated tank 1000, and it is preferable to form a vacuum until the 

pressure in the insulating space 1030 reaches about 74.32 mTorr at -

253°C, which is a temperature at which liquefied hydrogen is stored. 

However, the Knudsen number may vary depending on a diameter of the 

insulator, and a target vacuum degree value of the insulating space 

1030 may vary depending on a diameter of the insulator. 

[335] In addition, the Knudsen number and the temperature have a 

proportional relationship, and the Knudsen number may decrease as the 

temperature decreases. As the temperature of the insulating space 

1030 decreases, the Knudsen number becomes smaller, so that the gas 

molecules in the insulating space 1030 may not become a molecular 

flow up to a relatively low pressure and may remain as at least one 

of a viscous flow, a slip flow, and a transition flow. This may mean 

that the insulating space 1030 may be formed in a high vacuum degree 

for a short time in the low-temperature region. That is, while it was 

difficult to reduce the pressure at 20°C, the pressure may be rapidly 

reduced at -253°C. 

[336] Therefore, at Cold Vacuum Pressure (CVP), the pressure in the 

insulating space 1030 may be reduced until having a larger Knudsen 

number than Warm Vacuum Pressure (WVP). 

[337] [Table 3] 



Size of glass 

bubble (mm) 

KN10(mTorr) KN100(mTorr) 

-253°C -116.5°C 20°C -253°C -116.5°C 20°C 

10 483.06 3772.45 7076.8 48.31 377.25 707.7 

30 161.02 1257.50 2358.9 16.10 125.75 235.9 

65 74.32 580.39 1088.7 7.43 58.04 108.9 

115 42.00 328.05 615.4 4.20 32.80 61.5 

177 27.29 213.14 399.8 2.73 21.31 40.0 

300 16.10 125.75 235.9 1.61 12.58 23.6 

420 11.50 89.82 168.5 1.15 8.98 16.8 

1000 4.83 37.73 70.8 0.48 3.77 7.1 

[338] Hereinafter, a method for forming a vacuum in the insulating 

space according to an embodiment of the present disclosure will be 

described. 

[339] FIG. 30 is a flowchart of a first vacuum step of a method for 

forming a vacuum in the insulating space according to an embodiment 

of the present disclosure. 

[340] The method for forming the vacuum in the insulating space 1030 

according to an embodiment of the present disclosure includes a first 

vacuum step (1200) and a second vacuum step (1300). 

[341] The first vacuum step (1200) may be performed before loading 

liquefied hydrogen into the thermally insulated tank 1000, and the 

second vacuum step (1300) may be performed after loading the liquefied 

hydrogen into the thermally insulated tank 1000. Referring to FIG. 

25, the liquefied hydrogen may be loaded into the first shell 1010 

that accommodates liquefied gas in the thermally insulated tank 1000. 

The second shell 1020 is disposed outside the first shell 1010, and 

the insulating space 1030 may be disposed between the first shell 

1010 and the second shell 1020. 

[342] Specifically, the first vacuum step (1200) may be performed by 

a vacuum pump provided on land, and the second vacuum step (1300) may 



be performed after loading the liquefied hydrogen into the thermally 

insulated tank 1000 and then the ship equipped with the thermally 

insulated tank 1000 starts to operate. 

[343] Accordingly, the method for forming the vacuum in the insulating 

space 1030 according to an embodiment of the present disclosure may 

adjust the vacuum degree of the insulating space 1030 during ship 

operation, so that there is no need to greatly reduce the vacuum 

degree of the insulating space 1030 in preparation for changes in the 

vacuum degree of the insulating space 1030 during ship operation, 

thereby greatly reducing the time required to hold the vacuum in the 

insulating space 1030 before ship operation. 

[344] In particular, the insulating space 1030 according to one 

embodiment of the present disclosure has a relatively high pressure 

value in a low vacuum state, so that it is possible to adjust the 

vacuum degree of the insulating space 1030 even during operation of 

the ship. 

[345] In addition, during operation of the ship, moisture or gas may 

be discharged from the insulator of the insulating space 1030 or the 

thermally insulated tank 1000 itself, so that the vacuum degree in 

the insulating space 1030 may change. At this time, the vacuum pump 

1100 in the ship may discharge moisture and the like from the 

insulating space 1030 to the outside, thereby maintaining the vacuum 

degree in the insulating space 1030. 

[346] Referring to FIG. 30, the first vacuum step (1200) may include 

a pre-vacuum step (1210), a first main-vacuum step (1220), a vacuum 

maintenance test step (1230), and a pressure measurement step (1240) 

of the thermally insulated tank. 

[347] The pre-vacuum step (1210) may be performed before the 

insulating space 1030 is filled with the insulator. In the pre-vacuum 

step (1210), gas in the insulating space 1030 is discharged to the 



outside using the vacuum pump 1100, thereby reducing the pressure in 

the insulating space 1030 to a predetermined value or lower. In the 

pre-vacuum step (1210), the pressure in the insulating space 1030 may 

be reduced to 1,000 mTorr or less, preferably 700 mTorr or less, 

preferably 500 mTorr or less, and preferably 300 mTorr or less. 

[348] Thereafter, the pressure in the insulating space 1030 is 

measured for a predetermined time to observe pressure changes in the 

insulating space 1030. 

[349] At this time, if the pressure in the insulating space 1030 

increases, moisture, gas, or the like may be discharged from the 

first shell 1010 or the second shell 1020 of the thermally insulated 

tank 1000 itself. 

[350] On the other hand, when the pressure in the insulating space 

1030 decreases, gas may be leaked from the first shell 1010 or the 

second shell 1020. 

[351] In the pre-vacuum step (1210), a process of observing pressure 

changes after reducing the pressure in the insulating space 1030 may 

be repeated multiple times. As such, while the process of observing 

pressure changes after reducing the pressure in the insulating space 

1030 is repeated, when the increased level of the pressure in the 

insulating space 1030 is a predetermined value or lower, the first 

main-vacuum step (1220) may be performed. 

[352] In the pre-vacuum step (1210), while the pressure in the 

insulating space 1030 is reduced to the predetermined value or lower, 

moisture and gas contained in the thermally insulated tank 1000 itself 

may be discharged to the outside. 

[353] Whether there is leakage in the thermally insulated tank 1000 

may be determined by reducing the pressure in the insulating space 

1030 to the predetermined value lower. Specifically, whether there 

is leakage may be determined by whether the pressure in the insulating 



space 1030 reaches 1 mTorr or less. That is, when the pressure in the 

insulating space 1030 is 1 mTorr or less, it may be determined that 

no leakage occurs in the thermally insulated tank 1000. The leakage 

determination step may be performed before reducing the pressure in 

the insulating space 1030 and observing the pressure changes. 

[354] After the pre-vacuum step (1210), the insulating space 1030 may 

be filled with the insulator. At this time, the insulator consists 

of powder or beads, and preferably, may be hollow glass microspheres. 

[355] The first main-vacuum step (1220) may be performed after the 

insulating space 1030 is filled with the insulator. After the 

insulating space 1030 is filled with the insulator, gas in the 

insulating space 1030 may be discharged to the outside by the vacuum 

pump 1100 to reduce the pressure in the insulating space 1030 to a 

predetermined value or lower. 

[356] At this time, the pressure in the insulating space 1030 is 2,400 

mTorr or less, preferably 1,000 mTorr or less, preferably 700 mTorr 

or less, preferably 500 mTorr or less, and preferably 300 mTorr or 

less. The temperature of the insulating space 1030 is room temperature, 

and the pressure in the insulating space 1030 is warm vacuum pressure 

(WVP). 

[357] The pressure in the insulating space 1030 is preferably as low 

as possible within a range where the Knudsen number is 10 or less, 

and for example, when the diameter of the insulator is 65 mm, the 

pressure in the insulating space 1030 may be 70 mTorr to 2,400 mTorr, 

preferably 100 mTorr to 1,000 mTorr, and preferably 300 mTorr to 700 

mTorr. 

[358] In the vacuum maintenance test step (1230), gas in the 

insulating space 1030 is discharged to the outside using the vacuum 

pump 1100, thereby reducing the pressure in the insulating space 1030 

to a predetermined value or lower. Thereafter, the pressure in the 



insulating space 1030 is measured for a predetermined time to observe 

pressure changes in the insulating space 1030. 

[359] At this time, if the pressure in the insulating space 1030 

increases, moisture, gas, or the like may be discharged from the 

first shell 1010 or the second shell 1020 of the thermally insulated 

tank 1000 itself. 

[360] In the vacuum maintenance test step (1230), a process of 

observing pressure changes after reducing the pressure in the 

insulating space 1030 may be repeated multiple times. As such, while 

the process of observing pressure changes after reducing the pressure 

in the insulating space 1030 is repeated, when the increased level 

of the pressure in the insulating space 1030 is a predetermined value 

or lower, liquefied hydrogen may be loaded into the thermally 

insulated tank 1000. The vacuum maintenance test step (1230) may be 

continued until the pressure in the insulating space 1030 changes to 

about 100 mTorr or less, preferably about 70 mTorr or less, preferably 

about 50 mTorr or less, preferably about 30 mTorr or less, and 

preferably about 10 mTorr or less. 

[361] When liquefied hydrogen is loaded into the thermally insulated 

tank 1000, in the pressure measurement step (1240) of the thermally 

insulated tank, the pressure (cold vacuum pressure, CVP) of the 

insulating space 1030 may be measured. The liquefied hydrogen in the 

thermally insulated tank 1000 may lower the temperature of the 

insulating space 1030. As the temperature decreases, the pressure in 

the insulating space 1030 may decrease, and since the Knudsen number 

also decreases as the temperature decreases, the pressure in the 

insulating space 1030 may be easily reduced. 

[362] FIG. 31 is a flowchart of a second vacuum step of the method 

for forming the vacuum in the insulating space according to an 

embodiment of the present disclosure. 



[363] The second vacuum step (1300) may be performed after loading 

liquefied hydrogen into the thermally insulated tank 1000. 

Specifically, the second vacuum step (1300) may be performed after 

the liquefied hydrogen is loaded into the thermally insulated tank 

1000 and then the ship equipped with the thermally insulated tank 

1000 starts to operate. 

[364] The second vacuum step (1300) may include a step (1310) of 

periodically measuring pressure in thermally insulated tank, a second 

main-vacuum step (1320), and a vacuum maintenance test step (1330). 

[365] When the ship starts to operate, the pressure (CVP) in the 

insulating space 1030 may be measured periodically. At this time, 

when the pressure in the insulating space 1030 is higher than a 

predetermined pressure, the second main-vacuum step (1320) may be 

performed. At this time, the pressure in the insulating space 1030 

may be 70 mTorr to 2,400 mTorr. Preferably, the pressure in the 

insulating space 1030 may be 100 mTorr to 1,000 mTorr, and preferably 

300 mTorr to 700 mTorr. 

[366] The vacuum pump 1100 used in the second main-vacuum step (1320) 

is provided on the ship and may have specifications capable of forming 

a low vacuum in the insulating space 1030. 

[367] In the vacuum maintenance test step (1330), gas in the 

insulating space 1030 is discharged to the outside using the vacuum 

pump 1100, thereby reducing the pressure in the insulating space 1030 

to a predetermined value or lower. Thereafter, the pressure in the 

insulating space 1030 is measured for a predetermined time to observe 

pressure changes in the insulating space 1030. 

[368] At this time, when the pressure in the insulating space 1030 

increases, moisture, gas, or the like may be discharged from the 

first shell 1010 or the second shell 1020 of the thermally insulated 

tank 1000 itself. 



[369] In the vacuum maintenance test step (1330), a process of 

observing pressure changes after reducing the pressure in the 

insulating space 1030 may be repeated multiple times. As such, while 

the process of observing pressure changes after reducing the pressure 

in the insulating space 1030 is repeated, when the increased level 

of the pressure in the insulating space 1030 is a predetermined value 

or lower, the step (1310) of periodically measuring the pressure in 

the thermally insulated tank may be performed until the ship reaches 

its destination. 

[370] The second vacuum step (1300) may be performed after loading 

liquefied hydrogen into the thermally insulated tank 1000. Since the 

temperature of the insulating space 1030 is lowered by the liquefied 

hydrogen and the Knudsen number is also reduced, the gas flow in the 

insulating space 1030 may be maintained as at least one of a viscous 

flow, a slip flow, and a transition flow to a relatively lower 

pressure than at room temperature. That is, according to the second 

vacuum step (1300), a low Knudsen number is maintained to a lower 

pressure than at room temperature, and accordingly, the pressure in 

the insulating space 1030 may be rapidly reduced to a low pressure. 

[371] FIG. 32 is a diagram illustrating a thermally insulated tank 

and a ship including the same according to another embodiment of the 

present disclosure. 

[372] Referring to FIG. 32, the thermally insulated tank 1000 

according to another embodiment of the present disclosure is a device 

for storing liquefied gas, including a first shell 1010 for 

accommodating liquefied gas therein, a second shell 1020 disposed 

outside the first shell 1010, and an insulating space 1030 disposed 

between the first shell 1010 and the second shell 1020, wherein the 

insulating space 1030 is a space filled with an insulator 1040 and 

vacuum-treated, and the insulator 1040 may be densely filled in the 



insulating space 1030. 

[373] For example, the insulator 1040 in the present disclosure may 

be an insulator in a powder or bead form. 

[374] In another example, the insulator 1040 in the present disclosure 

may include one or more of foamed plastic beads, polyurethane, 

polystyrene, polyethylene, polyisocyanurate, aerogel blankets, fumed 

silica, calcium silicate, mineral wool, glass wool, glass microfiber, 

perlite, and hollow glass microspheres. 

[375] The vacuum in the insulating space 1030 filled with the 

insulator 1040 may be a low vacuum, and the pressure in the insulating 

space 1030 may be 70 mTorr to 2,400 mTorr, preferably 100 mTorr to 

1,000 mTorr, and preferably 300 mTorr to 700 mTorr. 

[376] The present disclosure is to optimize the pressure in the 

insulating space 1030 by considering both the vacuum holding time and 

the thermal insulation performance of the thermally insulated tank 

1000, since it is preferable to reduce the pressure in the insulating 

space 1030 in the range where the Knudsen number is 10 or less in 

terms of the vacuum holding time, and it is preferable to reduce the 

pressure in the insulating space 1030 as much as possible in terms 

of the thermal insulation performance of the thermally insulated tank 

1000. 

[377] In the present disclosure, the low vacuum is formed in the 

insulating space 1030, thereby enhancing the thermal insulation 

performance and reducing the generation of boil-off gas from the 

liquefied gas. 

[378] The ship 30 according to the present disclosure may include the 

first shell 1010, the second shell 1020, the insulating space 1030 

disposed between the first shell 1010 and the second shell 1020 and 

filled with the insulator 1040, and the vacuum pump 1100 capable of 

adjusting the vacuum degree of the insulating space 1030 of the 



thermally insulated tank 1000, and may include a compressor 1400 used 

to transfer boil-off gas generated in the thermally insulated tank 

1000 to the outside of the thermally insulated tank 1000. 

[379] The compressor 1400 may compress boil-off gas (BOG) generated 

in the first shell 1010 and transfer the compressed boil-off gas (BOG) 

to the outside of the thermally insulated tank 1000. As the boil-off 

gas (BOG) is transferred to the outside through the compressor 1400, 

the internal pressure of the first shell 1010 may be lowered to an 

atmospheric pressure or less. 

[380] In addition, the ship 30 may further include a demand 

destination 1500 capable of consuming liquefied gas in the first 

shell 1010. Specifically, the demand destination 1500 may be a device 

that consumes boil-off gas generated within the first shell 1010. For 

example, the demand destination 1500 may include an engine, a fuel 

cell, and a boiler. The boil-off gas generated in the first shell 

1010 may be supplied by the compressor 1400 to the demand destination 

1500 that consumes the boil-off gas. 

[381] For example, when the demand destination 1500 corresponds to a 

propulsion engine, the ship 30 may be propelled using the boil-off 

gas (BOG) generated from the thermally insulated tank 1000 as fuel. 

[382] Meanwhile, when the insulating space 1030 is filled with the 

insulator 1040 and a space between the insulators 1040 is formed in 

a vacuum state, exhaustion may not proceed smoothly at a location 

distant from the vacuum pump 1100 that forms the vacuum, and as the 

size of the thermally insulated tank 1000 increases, it may be 

difficult to form the vacuum in the insulating space 1030. 

[383] Referring to FIG. 25, the vacuum pipe 1140 may be disposed in 

the insulating space 1030 disposed between the first shell 1010 and 

the second shell 1020. That is, the insulating space 1030 may be 

filled with the insulator 1040 and vacuum-treated using only the 



vacuum pump 1100 to form the vacuum in the insulating space 1030, but 

the vacuum pipe 1140 extends into the insulating space 1030, and the 

vacuum pipe 1140 may be connected to the vacuum pump 1100 to extract 

gas from the inside of the insulating space 1030. 

[384] As such, the thermally insulated tank 600 according to the 

present disclosure may solve the problem of deteriorating exhaust 

performance as the distance from the inlet 716 increases by widely 

distributing the vacuum pipe 710 and the inlet 716 formed in the 

vacuum pipe 710 in the insulating space 630 to reduce the distance 

from the inlet 716 to each point of the insulating space 630. 

[385] In addition, the vacuum pipe 710 may be spaced apart from the 

central welding line 714 and fixed to the second shell 620 to prevent 

the deterioration of the structural stability and fixing force of the 

thermally insulated tank 600. In addition, when the vacuum pipe 710 

is disposed diagonally or vertically, the plug 715 of the vacuum pipe 

710 is positioned near a deck to facilitate connection of the pump 

pipe 711 to the plug 715 by an operator. 

[386] In addition, the pressure in the insulating space 1030 in the 

thermally insulated tank 1000 is lowered only to a predetermined 

value or higher to reduce the time for forming the vacuum, and 

simultaneously maintained to a predetermined value or lower to 

generate an amount of boil-off gas that may all be used as fuel in 

the thermally insulated tank 1000. 

[387] In addition, since the low vacuum is formed in the insulating 

space 1030, the required specifications of the vacuum pump 1100 are 

lowered, the installation and operating costs of the vacuum pump 1100 

may be reduced, and the time to form the vacuum in the insulating 

space 1030 while the ship is docked may be reduced, thereby 

dramatically reducing a preparation time for departure. 

[388] In addition, since the liquefied hydrogen is loaded into the 



thermally insulated tank 1000 and then the pressure in the insulating 

space 1030 is reduced, a low Knudsen number is maintained to a lower 

pressure than at room temperature, and accordingly, the pressure in 

the insulating space 1030 may be rapidly reduced to a low pressure. 

[389] The present disclosure is not limited to the embodiments 

described above, and may include a combination of the embodiments or 

a combination of at least one of the embodiments and known arts as 

yet another embodiment. 

[390] In the above, although the present disclosure has been described 

in detail through detailed embodiments thereof, this is intended to 

specifically describe the present disclosure, and the present 

disclosure is not limited thereto, and it will be apparent that 

modification and improvement of the present disclosure can be made 

by those skilled in the art within the technical spirit of the present 

disclosure. 

[391] Simple modification and change of the present disclosure all 

belong to the scope of the present invention and a detailed protection 

scope of the present disclosure will be clear by the appended claims. 

[392] [Description of Symbols] 

[393] 10: Storage terminal   20, 30: Ship 

[394] 100: Thermally insulated tank 120: First shell 

[395] 130: Second shell   140: First insulating space 

[396] 142: Insulator    200: Vacuum pump 

[397] 210: Vacuum pipe    300: Compressor 

[398] 400: Thermally insulated tank 410: First shell 

[399] 420: Second shell   430: First insulating space 

[400] 440: Second insulating space 450: Insulator 

[401] 460: Insulating box   462: Load transfer member 

[402] 464: Transfer unit   470: Vacuum pump 

[403] 472: First vacuum pump   474: Second vacuum pump 



[404] 476: Vacuum pipe    480: Pressure control unit 

[405] 482: First pressure control unit 484: Second pressure control 

unit 

[406] 500: Compressor    600: Thermally insulated tank 

[407] 610: First shell    620: Second shell 

[408] 630: Insulating space   632: Insulator 

[409] 640: Temperature sensor  650: First pressure sensor 

[410] 660: Gas sensor    662: Gas analyzer 

[411] 700: Vacuum pump    710: Vacuum pipe 

[412] 800: Compressor    900: Cargo hold 

[413] 910: Second pressure sensor 

[414] 1000: Thermally insulated tank 1010: First shell 

[415] 1020: Second shell   1030: Insulating space 

[416] 1040: Insulator 

[417] 1100: Vacuum pump   1110: Pump pipe 

[418] 1120: Manifold    1130: Manifold pipe 

[419] 1140: Vacuum pipe 

[420] 1200: First vacuum step  1210: Pre-vacuum step 

[421] 1220: First main-vacuum step 1230: Vacuum maintenance test 

step 

[422] 1240: Pressure measurement step of thermally insulated tank 

[423] 1300: Second vacuum step 

[424] 1310: Step of periodically measuring pressure in thermally 

insulated tank 

[425] 1320: Second main-vacuum step 1330: Vacuum maintenance test 

step 

[426] 1400: Compressor    1500: Demand destination 

 

  



CLAIMS  

Claim 1  

 A thermally insulated tank for storing liquefied gas, the 

thermally insulated tank comprising: 

 a first shell for accommodating liquefied gas therein; 

 a second shell disposed outside the first shell; and 

 an insulating space disposed between the first shell and the 

second shell, 

 wherein the insulating space is filled with an insulator and a 

low vacuum is formed therein. 

Claim 2  

 The thermally insulated tank of claim 1, wherein gas molecules 

in the insulating space have at least one flow selected from a viscous 

flow, a slip flow, and a transition flow. 

Claim 3  

 The thermally insulated tank of claim 1, wherein the Knudsen 

number of the gas molecules in the insulating space is 10 or less. 

Claim 4  

 The thermally insulated tank of claim 1, wherein the pressure 

in the insulating space is 70 mTorr to 2,400 mTorr. 

Claim 5  

 The thermally insulated tank of claim 1, wherein the pressure 

in the insulating space is a predetermined value or lower, so that 

in the first shell, a consumable amount of boil-off gas is generated 

at a demand destination that consumes the boil-off gas. 

Claim 6  

 The thermally insulated tank of claim 1, further comprising: 

 a vacuum pump provided outside the thermally insulated tank to 

discharge gas in the insulating space to the outside, 

 wherein the vacuum pump discharges the gas in the insulating 



space to the outside after the liquefied gas is loaded into the first 

shell. 

Claim 7  

 The thermally insulated tank of claim 6, further comprising: 

 a vacuum pipe having one end connected to the vacuum pump and 

the other end extending into the insulating space. 

Claim 8  

 The thermally insulated tank of claim 7, wherein the vacuum 

pump is a low vacuum pump. 

Claim 9  

 The thermally insulated tank of claim 8, wherein the vacuum 

pipe is disposed closer to the first shell than the second shell. 

Claim 10  

 A ship comprising the thermally insulated tank of claim 1, the 

ship further comprising: 

 a demand destination that consumes boil-off gas generated in 

the first shell, 

 wherein the pressure in the insulating space is a predetermined 

value or lower so that the boil-off gas generated in the first shell 

becomes an amount consumable by the demand destination, and 

 the boil-off gas generated in the first shell is consumed as 

propulsion fuel of the ship. 

Claim 11  

 A method for forming a vacuum in an insulating space provided 

inside a thermally insulated tank and disposed between a first shell 

for accommodating liquefied gas and a second shell disposed outside 

the first shell, the method comprising: 

 a first vacuum step of reducing a pressure in the insulating 

space, 

 wherein the insulating space is formed in a low vacuum state. 



Claim 12  

 The method of claim 11, further comprising: 

 a second vacuum step of loading the liquefied gas into the 

thermally insulated tank, and then reducing the pressure in the 

insulating space using a vacuum pump provided outside the thermally 

insulated tank. 

Claim 13  

 The method of claim 12, wherein the second vacuum step is 

performed after a ship including the thermally insulated tank starts 

to operate. 

Claim 14  

 The method of claim 12, wherein the second vacuum step comprises 

 a step of measuring the pressure in the thermally insulated 

tank; and 

 a second main-vacuum step of repeating a process of discharging 

gas in the insulating space to the outside to reduce the pressure in 

the insulating space to a predetermined value or lower, and observing 

pressure changes in the insulating space, when the pressure in the 

thermally insulated tank is higher than a predetermined pressure. 

Claim 15  

 The method of claim 12, wherein the second vacuum step comprises 

discharging the gas in the insulating space to the outside through a 

vacuum pipe having one end connected to the vacuum pump and the other 

end extending into the insulating space. 

  


