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Tank arrangement
Technical field of the invention

The present invention relates to a tank arrangement for storing liquefied natu-
ral gas in accordance with claim 1.

Background of the invention

Natural gas, or in general mixtures of hydrocarbons that are volatile enough to
make the mixture appear in gaseous form in room temperature, constitutes an
advantageous alternative to fuel oil as the fuel of internal combustion engines.
In sea-going vessels that use natural gas as fuel, the natural gas is typically
stored onboard in liquid form, giving rise to the commonly used acronym LNG
(Liquefied Natural Gas). Natural gas can be kept in liquid form by maintaining
its temperature below a boiling point, which is approximately -162 degrees
centigrade. LNG is usually stored at a pressure that is close to the atmospheric
pressure, but large tanks used for storing LNG need to withstand significant
hydrostatic pressures and a certain overpressure. For achieving good mechan-
ical strength, LNG tanks are typically constructed as cylindrical or spherical
containers. However, for practical reasons, large LNG tanks are sometimes
designed as bilobe or multilobe tanks instead of cylindrical tanks. A bilobe tank
comprises two mating curved halves, for instance two spherical caps or two cy-
lindrical segments. A multilobe tank comprises at least three curved sections
that are joined to each other. The sections can be partial cylinders or spheres.

Due to the low temperature needed for storing LNG, the dimensions of a tank
that is in use and an empty tank that can be at a temperature of +30 °C can
differ significantly from each other. This makes supporting of the LNG tanks
challenging especially in ships, where it is important to firmly attach the tank to
the hull of the ship.
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Summary of the invention

An object of the present invention is to provide an improved tank arrangement
for storing liquefied natural gas. The characterizing features of the tank ar-
rangement according to the invention are given in claim 1.

The arrangement according to the invention comprises a multilobe tank having
a longitudinal axis defining a longitudinal direction and a lateral axis defining a
lateral direction, the tank comprising at least three tank sections arranged in a
row in the lateral direction, wherein each tank section is supported against a
support surface with a first support allowing movement of the tank relative to
the support surface in the longitudinal direction and with a second support, at
least one of the second supports preventing movement of the tank relative to
the support surface in the longitudinal direction. One of the tank sections is fur-
ther provided with a third support, which allows movement of the tank relative
to the support surface in the longitudinal direction and prevents movement in
the lateral direction, the first and second supports being configured to allow
shrinkage and expansion of the tank in the lateral direction.

With the tank arrangement according to the invention, expansion and shrink-
age of the tank is allowed, but the tank is fixed to a supporting surface both in
the longitudinal direction and the lateral direction.

According to an embodiment of the invention, all the second supports of the ar-
rangement are configured to prevent movement of the tank relative to the sup-
port surface in the longitudinal direction. Longitudinal forces are thus carried by
several supports.

According to an embodiment of the invention, each of the first supports allows
movement of the tank in the lateral direction. This ensures that the tank can
shrink and expand both in the lateral and the longitudinal direction. Alternative-
ly, the first support of the tank section that is supported by the third support is
configured to prevent movement of the tank in the lateral direction and the first
supports of other tank sections are configured to allow movement of the tank in
the lateral direction. One of the first supports can fix the tank in the lateral di-
rection, and the tank can still expand and shrink in the lateral direction.

The second supports can be configured in a similar way. Thus, each of the
second supports can allow movement of the tank in the lateral direction. Alter-
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natively, the second support of the tank section that is supported by the third
support can be configured to prevent movement of the tank in the lateral direc-
tion and the second supports of other tank sections can be configured to allow
movement of the tank in the lateral direction.

According to an embodiment of the invention, the third support is arranged to
support the centermost tank section. The tank thus shrinks symmetrically
about the longitudinal center line of the tank and the center of gravity does not
change.

According to an embodiment of the invention, the tank section that is provided
with the third support is further provided with a fourth support which allows
movement of the tank relative to the support surface in the longitudinal direc-
tion and prevents movement in the lateral direction. The fourth support pre-
vents spinning of the tank about a vertical axis.

According to an embodiment of the invention, the first support and the second
support are arranged between the third support and fourth support in the longi-
tudinal direction. By placing the third support and the fourth support close to
the ends of the tank, smaller lateral forces are needed for preventing the tank
from spinning about a vertical axis.

The sea going vessel according to the invention comprises a tank arrangement
defined above.

According to an embodiment of the invention, the longitudinal axis of the tank
is parallel to the longitudinal axis of the vessel.

Brief description of the drawings

Embodiments of the invention are described below in more detail with refer-
ence to the accompanying drawings, in which

Fig. 1 shows a cross-sectional view of a ship comprising an LNG tank ar-
rangement,

Fig. 2 shows a top view of the tank arrangement of figure 1,

Fig. 3 shows a side view of the tank arrangement,
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Fig. 4 shows a side view of the LNG tank with supports,
Fig. 5 shows a support for the tank,

Fig. 6 shows an end view of the tank, and

Fig. 7 shows a top view of the tank with supports.

Description of embodiments of the invention

Figures 1 to 3 show an LNG tank arrangement of a ship 2. The arrangement
comprises an LNG tank 1. The LNG tank 1 is a container that is configured to
store liquefied natural gas. Natural gas is kept in liquid form by maintaining its
temperature below a boiling point, which is approximately -162 degrees centi-
grade. The LNG tank 1 is located in a tank hold 3, which is located around the
longitudinal center line of the ship 2. The LNG tank 1 stores liquefied gas that
is used as fuel in one or more engines of the ship 2.

The LNG tank 1 has a single shell structure. The space holding the LNG is
formed by a shell 6 that is made of a cold resistant material. The expression
“cold resistant material” refers to a material that can withstand the temperature
of liquefied natural gas. Minimum design temperature of the material should be
at most -165 °C. The material can be, for instance, stainless steel. Suitable
materials are, for instance, 9 % nickel steel, low manganese steel, austenitic
steels, such as types 304, 304L, 316, 316L, 321 and 347 and austenitic Fe-Ni
alloy (36 % nickel). An insulation layer 7 is arranged around the shell 6. The
insulation layer 7 can be made of, for instance, polyurethane.

The LNG tank 1 is a multilobe tank. The expression “multilobe tank” refers here
to a tank that comprises at least three sections that have a curved cross-
sectional profile and which are joined to each other such that the shell 6 of the
tank 1 has an undulating shape at least on two sides. In the embodiment of the
figures, the LNG tank 1 comprises five sections 1a, 1b, 1c¢, 1d, 1e each having
the shape of a partial cylinder. The longitudinal center lines of the sections 1a,
1b, 1c, 1d, 1e are parallel to each other. The centermost section 1c has a
shape that is formed by cutting a segment from a horizontal cylinder by two
vertical planes. The other sections 1a, 1b, 1d, 1e each have a shape that is
formed by cutting a segment from a horizontal cylinder by one vertical plane.
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The sections 1a, 1b, 1c, 1d, 1e of the tank 1 are arranged in a row in a hori-
zontal plane. The tank 1 has thus an undulating upper surface and an undulat-
ing lower surface. The outermost sections 1a, 1e are shorter than the three
sections 1b, 1¢, 1d in the middle of the LNG tank 1. The ends of the sections
1a, 1b, 1c, 1d, 1e are closed by end caps 4a, 4b, 4c, 4d, 4e, 5a, 5b, 5¢, 5d, Se.
The end caps can have a shape of a spherical cap or part of a spherical cap.

The tank 1 has a longitudinal axis 19 defining a longitudinal direction and a lat-
eral axis 20 defining a lateral direction, which can be best seen in figure 7. The
tank 1 has a first end 27 and a second end 28. The tank 1 is supported against
a support surface 21, which can be formed by the hull of a ship 2, with sup-
ports that support the tank 1 in the vertical direction and also limit movements
of the tank 1 in the horizontal plane. The support arrangement is described by
referring in particular to figures 4 to 7.

Each section 1a, 1b, 1c, 1d, 1e of the tank 1 is supported against the support
surface 21 with a first support 22 and a second support 23. The first support 22
is arranged closer to the first end 27 and the second support 23 is arranged
closer to the second end 28 of the tank 1. The first supports 22 form a first row
of supports and the second supports 23 form a second row of supports. Each
of the first supports 22 and the second supports 23 has a curved upper surface
that is adapted to the shape of the lower surface of the corresponding tank
section 1a, 1b, 1c, 1d, 1e. Due to thermal expansion, the dimensions of the
tank 1 may vary significantly. For instance, when the tank 1 is in use, its tem-
perature should be approximately -162 °C. An empty tank 1 can have a tem-
perature of +30 °C. To allow expansion and shrinkage of the tank 1, one row of
supports is configured to allow movements of the tank 1 in the longitudinal di-
rection. In the embodiment of the figures, the first supports 22 allow move-
ments of the tank 1 in the longitudinal direction. The first supports 22 also allow
movements of the tank 1 in the lateral direction, which allows expansion of the
tank 1 in that direction. However, one of the first supports 22 could also fix the
tank 1 in the lateral direction, and the tank 1 could still shrink and expand. The
second supports 23 are configured to prevent movements of the tank 1 in the
longitudinal direction. The position of the tank 1 is thus fixed in the longitudinal
direction, although the first end 27 and the second end 28 are allowed to move
in the longitudinal direction outwards from the fixing points defined by the sec-
ond supports 23. It is not necessary that all the second supports 23 prevent
movements of the tank 1 in the longitudinal direction, but it may be sufficient
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that one of the second supports 23 prevents longitudinal movements of the
tank 1. If only one of the second supports 23 prevents longitudinal movements,
it is preferably the second support 23 supporting the centermost tank section
1c. If two or more second supports 23 prevent longitudinal movements, they
are preferably arranged symmetrically about the longitudinal center line of the
tank 1. All second supports 23, or all except one of the second supports 23, al-
so allow movements of the tank 1 in the lateral direction. The tank 1 can thus
freely expand in the lateral direction. One of the second supports 23 can fix the
tank 1 in the lateral direction, but that is not necessary. If one of the second
supports 23 and one of the first supports 22 fix the tank 1 in the lateral direc-
tion, they should support the same tank section.

The tank arrangement is further provided with a third support 24. The third
support 24 allows movements of the tank 1 in the longitudinal direction but
prevents movements in the lateral direction. The third support 24 thus fixes the
tank 1 in the lateral direction. Since the lateral position of the tank 1 is fixed by
the third support 24, all the first supports 22 and second supports 23 can allow
movements of the tank 1 in the lateral direction. In the embodiment of the fig-
ures, the third support 24 is arranged to support the centermost tank section
1c. The position of the longitudinal center line of the tank 1 is thus stationary
and the tank 1 expands and shrinks around the center line 1. This is advanta-
geous especially in ships, since the position of the center of gravity of the tank
1 does not change.

In the embodiment of the figures, the tank arrangement is further provided with
a fourth support 25. Also the fourth support 25 allows movements of the tank 1
in the longitudinal direction but prevents movements in the lateral direction.
The fourth support 25 is arranged to support the same tank section as the third
support 24. The fourth support 25 ensures that the tank 1 does not spin about
a vertical axis. The third support 24 is arranged close to the first end 27 of the
tank 1 and the fourth support 25 is arranged close to the second end 28 of the
tank 1. The first support 22 and the second support 23 are thus between the
third support 24 and the fourth support 25 in the longitudinal direction of the
tank 1. By placing the third support 24 and the fourth support 25 close to op-
posite ends 27, 28 of the tank 1, smaller lateral support forces are needed to
prevent spinning of the tank 1 about the vertical axis.
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Figure 5 shows an example of a support that can be used as the third support
24 or the fourth support 25. The support 24, 25 comprises a support element
30 that can be attached to the support surface 21. A rail 29 is supported
against the support element 30 so that the rail 29 can move in the longitudinal
direction of the support element 30. Lateral forces exerted on the rail 29 are
carried by side supports 32 that are arranged on both sides of the rail 29. A re-
inforcement plate 31 is attached to an upper surface of the rail 29. The rein-
forcement plate 31 is attached to the bottom of one of the tank sections 1a, 1b,
1c, 1d, 1e. The reinforcement plate 31 is welded to the shell 6 of the tank 1
and functions as an additional reinforcement member.

It will be appreciated by a person skilled in the art that the invention is not lim-
ited to the embodiments described above, but may vary within the scope of the
appended claims. For instance, the tank can comprise only three sections, or
more than five sections.
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Claims

1. A tank arrangement for storing liquefied natural gas, the arrangement
comprising a multilobe tank (1) having a longitudinal axis (19) defining a longi-
tudinal direction and a lateral axis (20) defining a lateral direction, the tank (1)
comprising at least three tank sections (1a, 1b, 1¢, 1d, 1e) arranged in a row in
the lateral direction, wherein each tank section (1a, 1b, 1c, 1d, 1e) is supported
against a support surface (21) with a first support (22) allowing movement of
the tank (1) relative to the support surface (21) in the longitudinal direction and
with a second support (23), at least one of the second supports (23) preventing
movement of the tank (1) relative to the support surface (21) in the longitudinal
direction, one of the tank sections (1a, 1b, 1c, 1d, 1e) being further provided
with a third support (24), which allows movement of the tank (1) relative to the
support surface (21) in the longitudinal direction and prevents movement in the
lateral direction, the first and second supports (22, 23) being configured to al-
low shrinkage and expansion of the tank (1) in the lateral direction.

2. Atank arrangement according to claim 1, wherein all the second supports
(23) of the arrangement are configured to prevent movement of the tank (1)
relative to the support surface (21) in the longitudinal direction.

3. A tank arrangement according to claim 1 or 2, wherein each of the first
supports (22) allows movement of the tank (1) in the lateral direction.

4. A tank arrangement according to claim 1 or 2, wherein the first support
(22) of the tank section that is supported by the third support (24) is configured
to prevent movement of the tank (1) in the lateral direction and first supports
(22) of other tank sections are configured to allow movement of the tank (1) in
the lateral direction.

5. A tank arrangement according to any of the preceding claims, wherein
each of the second supports (23) allows movement of the tank (1) in the lateral
direction.

6. A tank arrangement according to any of claim 1 to 4, wherein the second
support (23) of the tank section that is supported by the third support (24) is
configured to prevent movement of the tank (1) in the lateral direction and the
second supports (23) of other tank sections are configured to allow movement
of the tank (1) in the lateral direction.
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7. A tank arrangement according to any of the preceding claims, wherein
the third support (24) is arranged to support the centermost tank section (1c).

8. A tank arrangement according to any of the preceding claims, wherein
the tank section that is provided with the third support (24) is further provided
with a fourth support (25) which allows movement of the tank (1) relative to the
support surface (21) in the longitudinal direction and prevents movement in the
lateral direction.

9. A tank arrangement according to claim 8, wherein the first support (22)
and the second support (23) are arranged between the third support (24) and
fourth support (25) in the longitudinal direction.

10. A sea going vessel (2) comprising a tank arrangement according to any
of the preceding claims.

11. A sea going vessel (2) according to claim 10, wherein the longitudinal ax-
is (19) of the tank (1) is parallel to the longitudinal axis of the vessel (2).
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