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(67)  Adouble-shell ship tank includes: an inner shell
including an inner shell main part storing a liquefied gas
and an inner shell dome protruding upward from the inner
shell main part; an outer shell including an outer shell
main part surrounding the inner shell main part and an
outer shell dome surrounding the inner shell dome; and
at least three support mechanisms disposed around the
inner shell dome between the inner shell and the outer
shell. Each of the support mechanisms includes: a first
support member fixed to one of the inner shell and the
outer shell, the first support member including a first sup-
porting surface parallel to a reference plane thatincludes
a central axis of the inner shell dome; a second support
member fixed to the other one of the inner shell and the
outer shell, the second support member including a sec-
ond supporting surface facing the first supporting sur-
face; and an insulating member interposed between the
first supporting surface and the second supporting sur-
face, the insulating member being fixed to the second
supporting surface and sliding along the first supporting
surface. One of the first support member and the second
support member, the one support member being fixed to
the inner shell, is positioned on the reference plane.
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Description
Technical Field

[0001] The presentinvention relates to a double-shell
ship tank mounted on a ship and a ship including the
double-shell ship tank.

Background Art

[0002] For example, a double-shell tank for a liquefied
gas is mounted on a ship, such as a liquefied gas carrier.
In such adouble-shell ship tank, athermalinsulating layer
(e.g., a vacuum thermal insulating layer) is formed be-
tween the inner shell and the outer shell (see Patent Lit-
erature 1, for example).

[0003] To be more specific, the inner shell includes an
inner shell main part storing a liquefied gas and an inner
shell dome protruding upward from the inner shell main
part, and the outer shell includes an outer shell main part
surrounding the inner shell main part and an outer shell
dome surrounding the inner shell dome. The inner shell
dome is intended for putting pipes penetrating the inner
shell into one place. These pipes are disposed such that
they penetrate the inner shell dome and the outer shell
dome.

Citation List
Patent Literature

[0004] PTL 1:Japanese Laid-Open Patent Application
Publication No. 2015-4383

Summary of Invention
Technical Problem

[0005] In a double-shell ship tank, it is desirable to re-
strict the relative position between the inner shell dome
and the outer shell dome in the radial direction of the
inner shell dome (hereinafter, "dome-to-dome relative
position"), because if the dome-to-dome relative position
is not restricted, when the ship swings, the inner shell is
displaced relative to the outer shell due to inertial force,
and thereby a stress is repeatedly applied to the pipes
that penetrate the inner shell dome and the outer shell
dome. In addition, when a liquefied gas is fed into the
inner shell, the temperature of the entire inner shell is
lowered. As aresult, thermal contraction of the inner shell
dome occurs in the axial direction and the radial direction.
Therefore, it is necessary to restrict the dome-to-dome
relative position while allowing the thermal contraction of
the inner shell dome.

[0006] In view of the above, an object of the present
invention is to provide: a double-shell ship tank capable
of restricting the dome-to-dome relative position while
allowing the thermal contraction of the inner shell dome;
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and a ship including the double-shell ship tank.
Solution to Problem

[0007] Inorderto solve the above-described problems,
a double-shell ship tank according to the present inven-
tion includes: an inner shell including an inner shell main
part storing a liquefied gas and an inner shell dome pro-
truding upward from the inner shell main part; an outer
shell including an outer shell main part surrounding the
inner shellmain partand an outer shelldome surrounding
the inner shell dome; and at least three support mecha-
nisms disposed around the inner shell dome between
the inner shell and the outer shell. Each of the support
mechanisms includes: a first support member fixed to
one of the inner shell and the outer shell, the first support
member including a first supporting surface parallel to a
reference plane that includes a central axis of the inner
shell dome; a second support member fixed to the other
one of the inner shell and the outer shell, the second
support member including a second supporting surface
facing the first supporting surface; and an insulating
member interposed between the first supporting surface
and the second supporting surface, the insulating mem-
ber being fixed to the second supporting surface and slid-
ing along the first supporting surface. One of the first
support member and the second support member, the
one support member being fixed to the inner shell, is
positioned on the reference plane.

[0008] According to the above configuration, the at
least three support mechanisms are disposed around the
inner shell dome, and the insulating member included in
each support mechanism is movable in a direction par-
allel to the reference plane that includes the central axis
of the inner shell dome. This makes it possible to restrict
the dome-to-dome relative position while allowing ther-
mal contraction of the inner shell dome in the axial direc-
tion and the radial direction.

[0009] The first support member may be a plate whose
one main surface is the first supporting surface, and the
second support member may be a plate whose one main
surface is the second supporting surface. According to
this configuration, the first support member and the sec-
ond support member can be fabricated at low cost.
[0010] The first support member may be fixed to the
outer shell dome or the outer shell main part, and the
second support member may be fixed to the inner shell
dome or the inner shell main part. According to this con-
figuration, the temperature of the first supporting surface
is kept at substantially ordinary temperatures. Therefore,
the sliding performance between the insulating member
and the first supporting surface can be designed under
ordinary temperature conditions.

[0011] Theinsulating member may be tubular and may
extend in a direction orthogonal to the reference plane.
According to this configuration, entry of heat from the
outside of the outer shell into the inner shell via the insu-
lating member can be suppressed.
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[0012] Each of the support mechanisms may include
a first holding member that holds one end of the tubular
insulating member and a second holding member that
holds another end of the tubular insulating member. The
tubular insulating member may be in contact with the first
supporting surface via the first holding member, and may
be fixed to the second supporting surface via the second
holding member. According to this configuration, one end
of the simple-shaped tubular insulating member can be
readily fixed to the second supporting surface by using
the second holding member. In addition, the first holding
member, which holds the other end of the tubular insu-
lating member, can be contacted with the first supporting
surface over a large area. This makes it possible to allow
the tubular insulating member to make smooth sliding
movement together with the first holding member.
[0013] A lubricating liner may be sandwiched between
the first holding member and the first supporting surface.
According to this configuration, favorable sliding ability
can be obtained with a simple configuration.

[0014] The insulating member may be made of glass
fiber reinforced plastic. According to this configuration,
the entry of heat via the insulating member can be further
suppressed.

[0015] The second support member may be a plate
whose one main surface and another main surface each
serve as the second supporting surface. Each of the sup-
port mechanisms may include a pair of the first support
members disposed at both sides of the second support
member. According to this configuration, each support
mechanism alone can restrict the inner shell dome in the
circumferential direction.

[0016] Each of the support mechanisms may include
one first support member and one second support mem-
ber. A positional relationship between the one first sup-
port member and the one second support member may
be reversed between adjacent support mechanisms
among the at least three support mechanisms. This con-
figuration makes it possible to simplify the structure of
each support mechanism while restricting the dome-to-
dome relative position and restricting the inner shell
dome in the circumferential direction, and facilitate posi-
tion adjustment between the support mechanisms.
[0017] Each of the support mechanisms may include
one first support member and one second support mem-
ber. The at least three support mechanisms may be four
or more support mechanisms, and in each one of at least
four pairs of the support mechanisms that are adjacent
to each other, a positional relationship between the one
first support member and the one second support mem-
ber may be reversed between the adjacent support
mechanisms. This configuration also makes it possible
to simplify the structure of each support mechanism while
restricting the dome-to-dome relative position and re-
stricting the inner shell dome in the circumferential direc-
tion.

[0018] A space between the inner shell and the outer
shell may be a vacuum space. According to this config-
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uration, the liquefied gas can be kept at low temperatures
for a long period of time.

[0019] The innershell main part may be cylindrical and
may extend in a horizontal direction. The at least three
support mechanisms may be four support mechanisms
that are disposed between the inner shell dome and the
outer shell dome, each support mechanism being dis-
posed at a position that is away from the central axis of
the inner shell dome in an angular direction of 45 degrees
relative to an axial direction of the inner shell main part.
According to this configuration, the distances from the
inner shell main part to all the support mechanisms can
be made equal to each other. Consequently, loads ex-
erted on all the support mechanisms can be made uni-
form.

[0020] A ship according to the present invention in-
cludes the above-described double-shell ship tank.

Advantageous Effects of Invention

[0021] The present invention makes it possible to re-
strict the dome-to-dome relative position while allowing
thermal contraction of the inner shell dome.

Brief Description of Drawings
[0022]

Fig. 1 is a vertical sectional view of a double-shell
ship tank according to Embodiment 1 of the present
invention.

Fig. 2 is a sectional view showing an essential part
of Fig. 1 in an enlarged manner.

Fig. 3 is a horizontal sectional view schematically
showing support mechanisms, the view being taken
along line llI-11l of Fig. 2.

Fig. 4 is a horizontal sectional view of one support
mechanism.

Figs. 5A and 5B are vertical sectional views taken
along line VA-VA and line VB-VB of Fig. 4, respec-
tively.

Fig. 6 is a horizontal sectional view schematically
showing support mechanisms according to one var-
iation of Embodiment 1.

Fig. 7 is a horizontal sectional view schematically
showing support mechanisms of a double-shell ship
tank according to Embodiment 2 of the present in-
vention.

Fig. 8 is a horizontal sectional view schematically
showing support mechanisms of a double-shell ship
tank according to Embodiment 3 of the present in-
vention.

Description of Embodiments
(Embodiment 1)

[0023] Fig. 1 shows adouble-shell ship tank 2A mount-
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ed on a ship 1, such as a liquefied gas carrier, according
to Embodiment 1 of the present invention.

[0024] Specifically, the double-shell tank 2A includes
an inner shell 3 and an outer shell 4. The outer shell 4
surrounds a space 20 formed around the inner shell 3.
In the present embodiment, the space 20 between the
inner shell 3 and the outer shell 4 is a vacuum space.
However, as an alternative, the space 20 between the
inner shell 3 and the outer shell 4 may be filled with a
gas having low thermal conductivity, such as argon gas.
[0025] The inner shell 3 includes an inner shell main
part 31 storing a liquefied gas and an inner shell dome
32 protruding upward from the inner shell main part 31.
Inthe present embodiment, the axial direction of the inner
shell dome 32 is parallel to the vertical direction. Howev-
er, as an alternative, the axial direction of the inner shell
dome 32 may be slightly inclined relative to the vertical
direction. In the present embodiment, the inner shell
dome 32 is provided with a manhole 30 intended for in-
spection of the inside of the inner shell. However, as an
alternative, the inner shell main part 31 may be provided
with the manhole 30.

[0026] Inthe presentembodiment, the inner shell main
part 31 is cylindrical and extends in the horizontal direc-
tion. However, as an alternative, the inner shell main part
31 may be spherical or rectangular, for example. To be
more specific, the inner shell main part 31 includes: a
body portion that extends laterally with a constant cross-
sectional shape; and hemispherical sealing portions that
seal openings on both sides of the body portion. Alter-
natively, each sealing portion may have a flat shape per-
pendicular to the body portion or may be dish-shaped.
[0027] For example, the liquefied gas stored in the in-
ner shell main part 31 is liquefied petroleum gas (LPG,
about -45°C), liquefied ethylene gas (LEG, about
-100°C), liquefied natural gas (LNG, about -160°C), lig-
uefied hydrogen (LH,, about -250°C), or liquefied helium
(LHe, about -270°C).

[0028] The outer shell 4 includes an outer shell main
part 41 surrounding the inner shell main part 31 and an
outer shell dome 42 surrounding the inner shell dome
32. That is, the outer shell main part 41 has the shape
of the inner shell main part 31, but is larger than the inner
shell main part 31, and the outer shell dome 42 has the
shape of the inner shell dome 32, but is larger than the
inner shell dome 32. Alternatively, the shape of the outer
shell dome 42 may be slightly different from the shape
of the inner shell dome 32. The outer shell dome 42 is
provided with a manhole 40 at a position corresponding
to the position of the inner shell dome 32.

[0029] A pairofouterbases 12 spaced apartfrom each
other in the axial direction of the outer shell main part 41
is provided on a ship bottom 11, and the outer shell main
part 41 is supported by the outer bases 12. Between the
inner shell main part 31 and the outer shell main part 41,
a pair of inner bases 21 is disposed at positions corre-
sponding to the positions of the outer bases 12. The inner
bases 21 support the inner shell main part 31 in such a
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manner that the inner shell main part 31 is slidable in the
axial direction thereof. The inner bases 21 support the
inner shell main part 31 in such a slidable manner so as
to accommodate thermal contraction of the inner shell
main part 31 in the axial direction when the liquefied gas
is fed into the inner shell 3.

[0030] The double-shell tank 2A is provided with vari-
ous pipes 13, such as a liquefied gas pipe and an electric
wire pipe. The pipes 13 penetrate the inner shell dome
32 and the outer shell dome 42. It should be noted that
Fig. 1 shows only one pipe that represents the pipes 13.
[0031] Next, theinnershelldome 32 and the outer shell
dome 42 are described in detail with reference to Fig. 2
and Fig. 3.

[0032] In the present embodiment, each of the inner
shell dome 32 and the outer shell dome 42 has a round
sectional shape. However, as an alternative, each of the
inner shell dome 32 and the outer shell dome 42 may
have an ellipsoidal sectional shape, for example. In the
present embodiment, the inner shell dome 32 has a cen-
tral axis 36, which coincides with the central axis of the
outer shell dome 42. However, as an alternative, the cen-
tral axis 36 of the inner shell dome 32 may deviate from
the central axis of the outer shell dome 42.

[0033] The inner shell dome 32 includes: a peripheral
wall 33 extending upward from the inner shell main part
31; and a dish-shaped ceiling wall 34, which is raised
upward from the upper end of the peripheral wall 33. Sim-
ilarly, the outer shell dome 42 includes: a peripheral wall
43 extending upward from the outer shell main part 41;
and a dish-shaped ceiling wall 44, which is raised upward
from the upper end of the peripheral wall 43. It should be
noted thatthe ceiling walls 34 and 44 may have a different
shape, for example, a hemispherical shape or a flat plate
shape. The ceiling walls 34 and 44 are provided with the
aforementioned manholes 30 and 40, respectively.
[0034] In the present embodiment, a bellows pipe 45
is incorporated in the peripheral wall 43 of the outer shell
dome 42, and the peripheral wall 43 is divided by the
bellows pipe 45 into a base portion 43A and a distal end
portion 43B. The aforementioned pipes 13 penetrate the
peripheral wall 33 of the inner shell dome 32 and the
distal end portion 43B of the peripheral wall 43 of the
outer shell dome 42. Alternatively, the pipes 13 may pen-
etrate the ceiling wall 34 of the inner shell dome 32 and
the ceiling wall 44 of the outer shell dome 42. Further
alternatively, the pipes 13 may be bent at a position be-
tween the inner shell dome 32 and the outer shell dome
42, and may penetrate the peripheral wall 33 of the inner
shell dome 32 and the ceiling wall 44 of the outer shell
dome 42, or may penetrate the ceiling wall 34 of the inner
shell dome 32 and the peripheral wall 43 of the outer
shell dome 42.

[0035] A first annular plate 22 is fixed to the inner pe-
ripheral surface of the distal end portion 43B of the pe-
ripheral wall 43 of the outer shell dome 42. A second
annular plate 23 facing the first annular plate 22 is fixed
to the outer peripheral surface of the peripheral wall 43
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of the inner shell dome 32. In the illustrated example, the
second annular plate 23 is positioned below the first an-
nular plate 22. However, as an alternative, the second
annular plate 23 may be positioned above the first annu-
lar plate 22. The first annular plate 22 and the second
annular plate 23 are coupled together by a plurality of
coupling members 25. Each coupling member 25 may
be pillar-shaped or block-shaped. Accordingly, when the
liquefied gas is fed into the inner shell 3, the inner shell
main part 31 thermally contracts, and the inner shell
dome 32 moves downward. At the time, the upper portion
ofthe outer shelldome 42 also moves downward together
with the inner shell dome 32, causing the bellows pipe
45 to be compressed.

[0036] A tubular blocking member 24, which partitions
off the space 20 in the outer shell dome 42 into a lower
region and an upper region, is disposed between the first
annular plate 22 and the second annular plate 23. The
blocking member 24 is intended for reducing the volume
open to the atmosphere when the manhole 40 is opened.
However, the position of the blocking member 24 is not
limited to this example. As an alternative example, a tu-
bular protrusion may be provided on each of the ceiling
wall 34 of the inner shell dome 32 and the ceiling wall 44
of the outer shell dome 42 such that the tubular protru-
sions form a double pipe surrounding the manholes 30
and 40, and the blocking member 24 formed as an an-
nular plate may be disposed between these protrusions.
As another alternative example, a plurality of first projec-
tion pieces arranged at intervals in the circumferential
direction may be provided instead of the firstannular plate
22, and a plurality of second projection pieces facing the
first projection pieces may be provided instead of the
second annular plate 23.

[0037] Between the peripheral wall 33 of the inner shell
dome 32 and the base portion 43A of the peripheral wall
43 ofthe outershelldome 42, atleast three supportmech-
anisms 5 are disposed around the inner shell dome 32.
These support mechanisms 5 are intended for restricting
the dome-to-dome relative position (the relative position
betweenthe inner shelldome 32 and the outer shelldome
42 in the radial direction of the inner shell dome 32). In
the present embodiment, four support mechanisms 5 are
provided. Each of the support mechanisms 5 is disposed
at a position that is away from the central axis 36 of the
inner shell dome 32 in an angular direction of 45 degrees
relative to the axial direction D of the inner shell main
part 31. However, the angular pitches between the sup-
port mechanisms 5 need not be equal to each other, but
may be unequal to each other.

[0038] In the present embodiment, each support
mechanism 5 includes: a pair of first support members 6
fixed to the outer shell dome 42; one second support
member 7 fixed to the inner shell dome 32. The second
support member 7 is positioned on a reference plane 50
(i.e., a plane that is defined by the axial direction and the
radial direction of the inner shelldome 32), which includes
the central axis 36 of the inner shell dome 32. The first
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support members 6 are disposed at both sides of the
second support member 7.

[0039] Each first support member 6 includes, on the
second support member 7 side, a first supporting surface
61 parallel to the reference plane 50. The second support
member 7 includes a pair of second supporting surfaces
71 facing the respective first supporting surfaces 61. In
the present embodiment, each first support member 6 is
a plate whose one main surface is the first supporting
surface 61, and the second support member 7 is a plate
whose one main surface and another main surface are
the second supporting surfaces 71. It should be noted
that each first support member 6 need not be a plate, but
may have any shape, so long as each first support mem-
ber 6 includes the first supporting surface 61. However,
if each of the first support members 6 and the second
support member 7 is a plate, the first and the second
support members 6 and 7 can be fabricated at low cost.
[0040] The second support member 7 protrudes out-
ward in the radial direction from the peripheral wall 33 of
the inner shell dome 32. That is, the second supporting
surfaces 71 are parallel to the reference plane 50. At a
position where each support mechanism 5 is present, a
doubling plate 35 is joined to the peripheral wall 33 of the
inner shell dome 32, and the second support member 7
is fixed to the peripheral wall 33 via the doubling plate
35. However, the doubling plate 35 may be eliminated,
and the second support member 7 may be directly fixed
to the peripheral wall 33. Meanwhile, each first support
member 6 is fixed to the base portion 43A of the periph-
eral wall 43 of the outer shell dome 42, and protrudes
from the base portion 43A toward the peripheral wall 33
oftheinner shelldome 32in parallel to the second support
member 7.

[0041] To be more specific, as shownin Fig. 4 and Fig.
5B, on the distal end of a main surface (outer main sur-
face) of each first support member 6, the main surface
being the opposite surface to the first supporting surface
61, a reinforcing plate 62 extending in the axial direction
of the inner shell dome 32 is joined perpendicularly to
the first supporting surface 61. Between the reinforcing
plate 62 and the base portion 43A, ribs 63 are provided,
which are connected to the upper and lower ends of the
outer main surface of the first support member 6.
[0042] As shown in Fig. 4 and Fig. 5A, on the distal
end of each second supporting surface 71 of the second
support member 7, a reinforcing plate 72 extending in
the axial direction of the inner shell dome 32 is joined
perpendicularly to the second supporting surface 71. Be-
tween the reinforcing plate 72 and the doubling plate 35,
ribs 73 are provided, which are connected to the upper
and lower ends of the second supporting surface 71.
[0043] Aninsulatingmember 55isinterposed between
each second supporting surface 71 and the correspond-
ing first supporting surface 61. In the present embodi-
ment, the insulating member 55 is tubular and extends
in a direction orthogonal to the reference plane 50. It
should be noted that the axial direction of the insulating
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member 55 need not be parallel to the direction orthog-
onaltothereference plane 50, but may be slightly inclined
relative to the direction orthogonal to the reference plane
50. The tubular insulating member 55 may have a round
sectional shape or a polygonal sectional shape.

[0044] In the present embodiment, each tubular insu-
lating member 55 is made of glass fiber reinforced plastic
(GFRP). However, as an alternative, each tubular insu-
lating member 55 may be made of carbon fiber reinforced
plastic (CFRP) or a different FRP (e.g., fabric reinforced
phenolic resin), or may be made of a metal.

[0045] One end and the other end of the tubular insu-
lating member 55 are held by a first holding member 8A
and a second holding member 8B, respectively. The in-
sulating member 55 is in contact with the first supporting
surface 61 via the first holding member 8A, and is fixed
to the second supporting surface 71 via the second hold-
ing member 8B. The insulating member 55 slides along
the first supporting surface 61 together with the first hold-
ing member 8A. Fig. 3 previously referred to schemati-
cally shows each support mechanism 5. In Fig. 3, the
sliding movement of the insulating member 55 along the
first supporting surface 61 is represented by a gap be-
tween the insulating member 55 and the first supporting
surface 61 (in Fig. 3, the ribs 63 and 73 are indicated by
two-dot chain lines, and the holding members 8A and 8B
are omitted).

[0046] When the liquefied gas is fed into the inner shell
3, the temperature of the second support member 7, the
second holding member 8B, and the insulating member
55 is lowered, and the second support member 7, the
second holding member 8B, and the insulating member
55 thermally contract, which may result in formation of a
gap between the first holding member 8A and the first
supporting surface 61. That is, the term "slide" or "sliding
movement" herein means notonly relative movement be-
tween two objects that are in physical contact with each
other, but also relative movement between two objects
that are not in physical contact with each other.

[0047] In the present embodiment, each of the first
holding member 8A and the second holding member 8B
has a shape that allows the tubular insulating member
55 to be inserted therein. Specifically, each holding mem-
ber includes: a tubular portion 82, in which the tubular
insulating member 55 is fitted; and a bottom portion 81,
which contacts with an end surface of the tubular insu-
lating member 55. In the present embodiment, an open-
ing is formed at the center of the bottom portion 81. How-
ever, it is not essential that the opening be formed. The
tubular portion 82 is coupled to the insulating member
55 by a pin 56. Alternatively, each holding member may
have a shape that allows the holding member to be in-
serted in the tubular insulating member 55. Further alter-
natively, each holding member and the insulating mem-
ber 55 may be coupled together, for example, by screws
or rivets.

[0048] A lubricating liner 51 is sandwiched between
the first holding member 8A and the first supporting sur-
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face 61. The thickness of the lubricating liner 51 is not
particularly limited, and the lubricating liner 51 may be
thin or thick. The lubricating liner 51 is fixed to the first
supporting surface 61, for example, by screws. Alterna-
tively, the lubricating liner 51 may be fixed to the first
holding member 8A. The lubricating liner 51 is made of
a favorably slidable material (e.g., fluorine resin or mo-
lybdenum disulfide).

[0049] As described above, in the double-shell ship
tank 2A of the presentembodiment, at least three support
mechanisms 5 are disposed around the inner shelldome
32, and the insulating members 55 included in each sup-
port mechanism 5 are movable in a direction parallel to
the reference plane 50. This makes it possible to restrict
the dome-to-dome relative position (the relative position
between the inner shell dome 32 and the outer shelldome
42 in the radial direction of the inner shell dome 32) while
allowing thermal contraction of the inner shell dome 32
in the axial direction and the radial direction.

[0050] In addition, since each insulating member 55 is
made of GFRP in the present embodiment, entry of heat
via the insulating member 55 can be further suppressed.
[0051] Moreover, in each support mechanism 5, the
pair of first support members 6 is disposed at both sides
of the second support member 7. Therefore, each sup-
port mechanism 5 alone can restrict the inner shell dome
32 in the circumferential direction.

[0052] Furthermore, since the space 20 between the
inner shell 3 and the outer shell 4 is a vacuum space, the
liquefied gas can be kept at low temperatures for a long
period of time.

<Variations>

[0053] Hereinafter, variations of Embodiment 1 are de-
scribed. The variations described below, except the sec-
ond variation, are applicable also as variations of Em-
bodiments 2 and 3 described below.

[0054] Assume that the axial direction D and the width
direction of the inner shell main part 31 are the front-rear
direction and the right-left direction, respectively. In this
case, the four support mechanisms 5 may be disposed
such that two of them are positioned at the front and rear
of the central axis 36 of the inner shell dome 32, respec-
tively, and the other two are positioned at the right and
left of the central axis 36 of the inner shell dome 32, re-
spectively. In this case, however, although the upper sur-
face of the inner shell main part 31 is straight in the front-
rear direction, the upper surface of the inner shell main
part 31 is curved in the right-left direction, and for this
reason, the distance from the inner shell main part 31 to
the right and left support mechanisms 5 is greater than
the distance from the inner shell main part 31 to the front
and rear support mechanisms 5. In this respect, by adopt-
ing the layout as in the above-described embodiment,
the distances from the inner shell main part 31 to all the
support mechanisms 5 can be made equal to each other.
Consequently, loads exerted on all the support mecha-
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nisms 5 can be made uniform.

[0055] As in a double-shell ship tank 2B according to
one variation shown in Fig. 6, each support mechanism
5 may include: one first support member 6 fixed to the
inner shell dome 32 and positioned on the reference
plane 50; and a pair of second support members 7 fixed
to the outer shell dome 42 and disposed at both sides of
the first support member 6. In this case, each second
support member 7 need not be a plate, but may have
any shape, so long as each second support member 7
includes the second supporting surface 71. However, if
the first support members 6 are fixed to the outer shell 4
and the second support member 7 is fixed to the inner
shell 3 as in the above-described embodiment, the tem-
perature of each first supporting surface 61 is kept at
substantially ordinary temperatures. Therefore, the slid-
ing performance between the insulating member 55 and
the first supporting surface 61 can be designed under
ordinary temperature conditions.

[0056] It is not essential that the second supporting
surface 71 of the second support member 7 be parallel
to the reference plane 50. For example, in a case where
an end portion of the insulating member 55 is cut away
diagonally, the second supporting surface 71 may be in-
clined relative to the reference plane 50, such that the
second supporting surface 71 extends along the end por-
tion of the insulating member 55. In this case, it will suffice
if the second support member 7 positioned on the refer-
ence plane 50 is disposed such that the reference plane
50 passes through at least part of the second support
member 7.

[0057] The insulating member 55 may be a solid-core
block. However, if the insulating member 55 is tubular as
in the above-described embodiment, entry of heat from
the outside of the outer shell 4 into the inner shell 3 via
the insulating member 55 can be suppressed. It should
be noted that in a case where the insulating member 55
is a solid-core block, the insulating member 55 may be
directly fixed to the second supporting surface 71, and
may be directly slid on the first supporting surface 61.
[0058] In a case where flanges are provided on both
ends of the tubular insulating member 55, the insulating
member 55 can be directly fixed to the second supporting
surface 71, and can be directly slid on the first supporting
surface 61. However, by adopting the configuration as in
the above-described embodiment, one end of the simple-
shaped tubular insulating member 55 can be readily fixed
to the second supporting surface 71 by using the second
holding member 8B. In addition, the first holding member
8A, which holds the other end of the tubular insulating
member 55, can be contacted with the first supporting
surface 61 over a large area. This makes it possible to
allow the tubular insulating member 55 to make smooth
sliding movement together with the first holding member
8A.

[0059] Itis not essential that the lubricating liner 51 be
sandwiched between the first holding member 8A and
the first supporting surface 61. For example, the firsthold-

10

15

20

25

30

35

40

45

50

55

ing member 8A can be made of a resin with favorable
sliding ability. Alternatively, in a case where the first hold-
ing member 8A is made of a metal, a lubricant may be
applied onto the first supporting surface 61, which con-
tacts with the first holding member 8A. However, if the
lubricating liner 51 is sandwiched between the first hold-
ing member 8A and the first supporting surface 61 as in
the above-described embodiment, favorable sliding abil-
ity can be obtained with a simple configuration.

[0060] The support mechanisms 5 may be disposed
between the peripheral wall 33 of the inner shell dome
32 and the distal end portion 43B of the peripheral wall
43 of the outer shell dome 42. In this case, the insulating
member 55 may make the sliding movement only in a
direction orthogonal to the central axis 36 of the inner
shell dome 32.

[0061] It is not essential that the bellows pipe 45 be
incorporated in the peripheral wall 43 of the outer shell
dome 42. In a case where no bellows pipe 45 is incorpo-
rated in the peripheral wall 43, when the liquefied gas is
fed into the inner shell 3 and the inner shell main part 31
thermally contracts, the movement of the inner shell
dome 32 in the axial direction is allowed by deflection of
the pipes 13.

(Embodiment 2)

[0062] Next, a double-shell ship tank 2C according to
Embodiment 2 of the present invention is described with
reference to Fig. 7. It should be noted that, in the present
embodiment and the following Embodiment 3, the same
components as those described in Embodiment 1 are
denoted by the same reference signs as those used in
Embodiment 1, and repeating the same descriptions is
avoided.

[0063] In the present embodiment, each support
mechanism 5 includes: one first support member 6 fixed
to the outer shell dome 42; a pair of second supportmem-
bers 7 fixed to the inner shell dome 32. The pair of second
support members 7 is disposed at both sides of the first
support member 6, and each second support member 7
is positioned on the corresponding reference plane 50,
which includes the central axis 36 of the inner shell dome
32. Each second support member 7 is a plate protruding
outward in the radial direction from the peripheral wall 33
of the inner shell dome 32, and includes the second sup-
porting surface 71 parallel to the reference plane 50. The
first support member 6 is substantially trapezoidal when
seen in the axial direction of the inner shell dome 32, and
includes a pair of first supporting surfaces 61, each of
which is parallel to the corresponding reference plane
50. Embodiment 2 is the same as Embodiment 1 in the
following point: the tubular insulating members 55 are in
contact with the first supporting surfaces 61 via the first
holding members 8A, and are fixed to the second sup-
porting surfaces 71 via the second holding members 8B.
[0064] The present embodiment provides the same
advantageous effects as those provided by Embodiment



13 EP 3 366 568 A1 14

1.

[0065] It should be noted that, although not illustrated,
each support mechanism 5 may include: a pair of first
support members 6, each of which is fixed to the inner
shell dome 32 and positioned on the corresponding ref-
erence plane 50; and one second support member 7
(substantially trapezoidal when seen in the axial direction
of the inner shell dome 32) fixed to the outer shell dome
42 and disposed between the first support members 6.
In this case, each first support member 6 need not be a
plate, but may have any shape, so long as each first
support member 6 includes the first supporting surface
61. However, if the first support member 6 is fixed to the
outer shell 4 and the second support members 7 are fixed
to the inner shell 3 as in the above-described embodi-
ment, the temperature of each first supporting surface
61 is kept at substantially ordinary temperatures. There-
fore, the sliding performance between the insulating
member 55 and the first supporting surface 61 can be
designed under ordinary temperature conditions.

(Embodiment 3)

[0066] Next, a double-shell ship tank 2D according to
Embodiment 3 of the present invention is described with
reference to Fig. 8.

[0067] In the present embodiment, each support
mechanism 5 includes: one first support member 6 fixed
to the outer shelldome 42; and one second supportmem-
ber 7 fixed to the inner shell dome 32 and positioned on
the reference plane 50. For this reason, the support
mechanisms 5 are arranged such that they are symmet-
rically identical with each other alternately. In other
words, the positional relationship between the first sup-
port member 6 and the second support member 7 is re-
versed between adjacent support mechanisms among
the four support mechanisms 5. Embodiment 3 is the
same as Embodiment 1 in the following point: the tubular
insulating member 55 is in contact with the first supporting
surface 61 via the first holding member 8A, and is fixed
to the second supporting surface 71 via the second hold-
ing member 8B. It should be noted that the first support
member 6 need not be a plate, but may have any shape,
so long as the first support member 6 includes the first
supporting surface 61. Similarly, the second support
member 7 need not be a plate, but may have any shape,
so long as the second support member 7 includes the
second supporting surface 71.

[0068] The present embodiment provides the same
advantageous effects as those provided by Embodiment
1. Additionally, the present embodiment makes it possi-
ble to simplify the structure of each support mechanism
5whilerestricting the dome-to-dome relative positionand
restricting the inner shell dome 32 in the circumferential
direction, and facilitate position adjustment between the
support mechanisms 5. It should be noted that, in the
present embodiment, it is desirable that the number of
support mechanisms 5 be an even number in order to
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realize the symmetry. If the number of support mecha-
nisms 5 is an even number, in each pair of adjacent sup-
port mechanisms 5 (e.g., in a case where the number of
support mechanisms 5 is four, in each one of four pairs
of adjacent support mechanisms 5), the positional rela-
tionship between the first support member 6 and the sec-
ond support member 7 is reversed between the adjacent
support mechanisms 5. On the other hand, if the number
of support mechanisms 5 is an odd number, in each pair
of adjacent support mechanisms 5 except one pair of
adjacent support mechanisms 5 (e.g., in a case where
the number of support mechanisms 5 is five, in each one
of four pairs of adjacent support mechanisms 5), the po-
sitional relationship between the first support member 6
and the second support member 7 is reversed between
the adjacent support mechanisms 5.

[0069] It should be noted that, although not illustrated,
each support mechanism 5 may include: one first support
member 6 fixed to the inner shell dome 32 and positioned
on the reference plane 50; and one second supportmem-
ber 7 fixed to the outer shell dome 42. However, if the
first support member 6 is fixed to the outer shell 4 and
the second support member 7 is fixed to the inner shell
3 as in the above-described embodiment, the tempera-
ture of the first supporting surface 61 is kept at substan-
tially ordinary temperatures. Therefore, the sliding per-
formance between the insulating member 55 and the first
supporting surface 61 can be designed under ordinary
temperature conditions.

[0070] Itis not essential that the support mechanisms
5 be arranged such that they are symmetrically identical
with each other alternately. For example, assume that
the number of support mechanisms 5 is four or more. In
this case, so long as the positional relationship between
the first support member 6 and the second support mem-
ber 7 is reversed between the adjacent support mecha-
nisms 5 in each one of at least four pairs of adjacent
support mechanisms 5, the structure of each support
mechanism 5 can be simplified while restricting the
dome-to-dome relative position and restricting the inner
shell dome 32 in the circumferential direction. For exam-
ple, in a case where the number of support mechanisms
5 is six and the support mechanisms 5 are each catego-
rized into A or B depending on the orientation of each
support mechanism 5, the support mechanisms 5 may
be arranged in the circumferential direction as follows:
A1 —> A2 - B1 — A3 - B2 — B3 — (A1). In this case,
in each one of four pairs (A2 and B1, B1 and A3, A3 and
B2, B3 and Al) of adjacent support mechanisms 5, the
positional relationship between the first support member
6 and the second support member 7 is reversed between
the adjacent support mechanisms 5.

(Other Embodiments)
[0071] The present invention is not limited to the

above-described Embodiments 1 to 3. Various modifica-
tions can be made without departing from the spirit of the
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present invention.

[0072] For example, the support mechanisms 5 need
not be disposed between the inner shell dome 32 and
the outer shell dome 42, but may be disposed between
the inner shell main part 31 and the outer shell main part
41. Specifically, the first support members 6 may be fixed
to one of the inner shell main part 31 and the outer shell
main part 41, and the second support members 7 may
be fixed to the other one of the inner shell main part 31
and the outer shell main part 41. In this case, between
the first support members 6 and the second support
members 7, those fixed to the inner shell main part 31
are each positioned on the corresponding reference
plane 50.

[0073] It is not essential that all the support mecha-
nisms 5 be disposed at the same height position. Alter-
natively, the support mechanisms 5 may be disposed
such that, for example, their positions are vertically shift-
ed from each other alternately.

Reference Signs List
[0074]

1 ship

2A to 2D double-shell ship tank
3 inner shell

31 inner shell main part

32 inner shell dome

36 central axis

4 outer shell

41 outer shell main part

42 outer shell dome

5 support mechanism

50 reference plane

51 lubricating liner

55 insulating member

6 first support member

61 first supporting surface

7 second support member

71 second supporting surface
8A first holding member

8B second holding member

Claims
1. A double-shell ship tank comprising:

an inner shell including an inner shell main part
storing a liquefied gas and an inner shell dome
protruding upward from the inner shell main part;
an outer shell including an outer shell main part
surrounding the inner shell main partand an out-
er shell dome surrounding the inner shell dome;
and

at least three support mechanisms disposed
around the inner shell dome between the inner
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shell and the outer shell, wherein
each of the support mechanisms includes:

a first support member fixed to one of the
inner shell and the outer shell, the first sup-
portmemberincluding afirst supporting sur-
face parallel to a reference plane that in-
cludes a central axis of the inner shelldome;
a second support member fixed to the other
one of the inner shell and the outer shell,
the second support member including a
second supporting surface facing the first
supporting surface; and

an insulating member interposed between
the first supporting surface and the second
supporting surface, the insulating member
being fixed to the second supporting sur-
face and sliding along the first supporting
surface, and

one of the first support member and the second
support member, the one support member being
fixed to the inner shell, is positioned on the ref-
erence plane.

The double-shell ship tank according to claim 1,
wherein

the first support member is a plate whose one main
surface is the first supporting surface, and

the second support member is a plate whose one
main surface is the second supporting surface.

The double-shell ship tank according to claim 1 or
2, wherein

the first support member is fixed to the outer shell
dome or the outer shell main part, and

the second support member is fixed to the inner shell
dome or the inner shell main part.

The double-shell ship tank according to any one of
claims 1 to 3, wherein

the insulating member is tubular and extends in a
direction orthogonal to the reference plane.

The double-shell ship tank according to claim 4,
wherein

each of the supportmechanisms includes afirst hold-
ing member that holds one end of the tubular insu-
lating member and a second holding member that
holds another end of the tubular insulating member,
and

the tubular insulating member is in contact with the
first supporting surface via the first holding member,
and is fixed to the second supporting surface via the
second holding member.

The double-shell ship tank according to claim 5,
wherein
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a lubricating liner is sandwiched between the first
holding member and the first supporting surface.

The double-shell ship tank according to any one of
claims 1 to 6, wherein

the insulating member is made of glass fiber rein-
forced plastic.

The double-shell ship tank according to any one of
claims 1 to 7, wherein

the second support member is a plate whose one
main surface and another main surface each serve
as the second supporting surface, and

each of the support mechanisms includes a pair of
the first support members disposed at both sides of
the second support member.

The double-shell ship tank according to any one of
claims 1 to 7, wherein

each of the support mechanisms includes one first
support member and one second support member,
and

a positional relationship between the one first sup-
port member and the one second support member
is reversed between adjacent support mechanisms
among the at least three support mechanisms.

The double-shell ship tank according to any one of
claims 1 to 7, wherein

each of the support mechanisms includes one first
support member and one second support member,
the at least three support mechanisms comprise four
or more support mechanisms, and in each one of at
least four pairs of the support mechanisms that are
adjacent to each other, a positional relationship be-
tween the one first support member and the one sec-
ond support member is reversed between the adja-
cent support mechanisms.

The double-shell ship tank according to any one of
claims 1 to 10, wherein

a space between the inner shell and the outer shell
is a vacuum space.

The double-shell ship tank according to any one of
claims 1 to 11, wherein

the inner shell main part is cylindrical and extends
in a horizontal direction,

the atleast three support mechanisms comprise four
support mechanisms that are disposed between the
inner shell dome and the outer shell dome, each sup-
port mechanism being disposed at a position that is
away from the central axis of the inner shell dome in
an angular direction of 45 degrees relative to an axial
direction of the inner shell main part.

A ship comprising the double-shell ship tank accord-
ing to any one of claims 1 to 12.
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