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Bilobe or multilobe tank
Technical field of the invention

The present invention relates to a bilobe or multilobe tank for storing liquefied
natural gas in accordance with the preamble of 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.

An LNG tank having a shape of a horizontal cylinder has a bottom level run-
ning along a line in the bottom of the cylinder. Similarly, it has a top level run-
ning along a line in the top of the cylinder. An outlet for discharging liquefied
gas can be located anywhere along the bottom level and a pressure relieve
valve can be located anywhere along the top level. Since a multilobe tank can
comprise several parallel cylindrical or spherical segments, the bottom level is
not defined by a single line but by several lines separated from each other by
raised sections. Similarly, the top level is defined by several lines separated
from each other by lowered sections. For enabling complete emptying of a
multilobe tank, several outlets are thus needed. For safety reasons, it is im-
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portant that all those spaces that hold fluid in gas phase are directly connected
to a pressure relief valve. Otherwise, overpressure may spill fluid that is in lig-
uid phase out of the tank. This limits the maximum liquid level in a multilobe
tank.

Summary of the invention

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

The tank according to the invention comprises at least two tank sections, each
tank section having a curved upper surface and curved bottom surface, the
tank sections being joined to each other so that the tank has an undulating up-
per surface and an undulating lower surface. Each tank section is connected to
an adjacent tank section with at least one horizontal connecting duct so that a
horizontal flow path is formed between the lowermost points of the adjacent
tank sections or between the uppermost points of the adjacent tank sections.

By connecting the lowermost points of the tank sections, a single outlet is suffi-
cient for emptying a bilobe or multilobe tank. By connecting the uppermost
points of the tank sections, gas flow between the tank sections is allowed re-
gardless of the liquid level inside the tank, which increases safety.

According to an embodiment of the invention, the tank comprises at least one
lower connecting duct for connecting the lowermost points of two adjacent tank
sections and at least one upper connecting duct for connecting the uppermost
points of two adjacent tank sections.

According to an embodiment of the invention, the connecting ducts are bulges,
which are perpendicular to the longitudinal axis of the tank and join to the walls
of the tank outside the tank.

According to an embodiment of the invention, each tank section has a shape
of a segment of a horizontal cylinder.
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According to an embodiment of the invention, an inlet for a pressure relief
valve is arranged at an uppermost point of the tank.

According to an embodiment of the invention, the tank is provided with an out-
let that is arranged at the lowermost point of the tank.

A sea-going vessel according to the invention comprises a bilobe or multilobe
tank defined above.

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,

Fig. 4 shows an end view of a multilobe tank according to an embodiment of
the invention, and

Fig. 5 shows a perspective view of the multilobe tank of figure 4.

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
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“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 tank 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 tank sections 1a, 1b, 1¢, 1d, 1e each
having the shape of a partial cylinder. The longitudinal center lines of the tank
sections 1a, 1b, 1c, 1d, 1e are parallel to each other. The centermost tank sec-
tion 1c has a shape that is formed by cutting a segment from a horizontal cyl-
inder by two vertical planes. The other tank sections 1a, 1b, 1d, 1e each have
a shape that is formed by cutting a segment from a horizontal cylinder by one
vertical plane. The sections 1a, 1b, 1c, 1d, 1e of the tank 1 are arranged in a
row in a horizontal plane. The outermost tank sections 1a, 1e are shorter than
the three sections 1b, 1¢, 1d in the middle of the LNG tank 1. The ends of the
tank sections 1a, 1b, 1c, 1d, 1e are closed by end caps 4a, 4b, 4c, 4d, 4e, 5a,
5b, 5¢, 5d, 5e. The end caps can have a shape of a spherical cap or part of a
spherical cap.

Figures 4 and 5 show a multilobe tank 1 according to an embodiment of the in-
vention. The tank 1 can be used in the tank arrangement of figures 1 to 3. In
figures 4 and 5, the tank 1 is shown without the insulation. The tank 1 is con-
figured to be arranged in a horizontal position. The tank 1 has a bottom 11 and
top 12. When in use, the top 12 faces upwards and the bottom 11 faces
downwards. Since the tank sections 1a, 1b, 1c, 1d, 1e forming the tank 1 are
segments of horizontal cylinders, both the bottom surface and the top surface
has an undulating shape. Each of the surfaces thus has a cross-sectional
shape of a wave, where troughs 13, 15 and crests 14, 16 alternate. Inside the
tank 1, the uppermost points of tank 1 are located at the areas of the crests 16
of the tops 12 and the lowermost points are located at the areas of the troughs
13 of the bottom 11. Between the troughs 13 of the bottom 11 there are raised
sections. Between the crests 16 of the top 12 there are lowered sections.
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When the liquid level inside the tank 1 is below the crests 14 of the bottom, di-
rect flow of liquid between the tank sections 1a, 1b, 1¢, 1d, 1e is not allowed. If
the liquid level inside the tank 1 is above the troughs 15 of the top 12, direct
gas flow between the between the tank sections 1a, 1b, 1c, 1d, 1e is not al-
lowed. For allowing flow between the tank sections 1a, 1b, 1c, 1d, 1e with all
liquid levels, the tank 1 has been provided with horizontal connecting ducts 17,
18. The upper part of the tank 1 comprises upper connecting ducts 18 and the
lower part of the tank comprises lower connecting ducts 17.

Each tank section 1a, 1b, 1c, 1d, 1e is connected to an adjacent tank section
with at least one upper connecting duct 18. The upper connecting duct 18 is
configured to form a horizontal flow path between the uppermost points of the
adjacent tank sections 1a, 1b, 1c, 1d, 1e. This ensures that gas flow between
the tank sections 1a, 1b, 1c, 1d, 1e is allowed regardless of the liquid level in
the tank 1. In the embodiment of the figures, each tank section 1a, 1b, 1c, 1d,
1e is connected to the adjacent tank sections on both sides with upper con-
necting ducts 18. An inlet for a pressure relief valve can be arranged at an up-
permost point of any of the tank sections 1a, 1b, 1c, 1d, 1e. The tank 1 can be
provided with a pressure relief valve comprising an inlet pipe, and the pressure
relief valve does thus not need to be located at an uppermost point of the tank
1, but it is sufficient that the inlet pipe opens to the uppermost point and allows
gas flow to the pressure relief valve.

Each tank section 1a, 1b, 1¢, 1d, 1e is also connected to an adjacent tank sec-
tion with at least one lower connecting duct 17. The lower connecting duct 17
is configured to form a horizontal flow path between the lowermost points of
the adjacent tank sections 1a, 1b, 1c, 1d, 1e. This ensures that liquid flow be-
tween the tank sections 1a, 1b, 1c, 1d, 1e is allowed regardless of the liquid
level in the tank 1. In the embodiment of the figures, each tank section 1a, 1b,
1c, 1d, 1e is connected to the adjacent tank sections on both sides with lower
connecting ducts 17. An outlet for discharging LNG from the tank 1 can be ar-
ranged at a lowermost point of any of the tank sections 1a, 1b, 1c, 1d, 1e.

In the embodiment of the figures, the upper and lower connecting ducts 17, 18
are bulges, which are perpendicular to the longitudinal axis 19 of the tank 1.
The bulges join to the walls of the tank 1 outside the tank 1. The connecting
ducts 17, 18 are joined to the tank 1 by welding. On the upper surface of the
tank 1, the upper edges of the upper connecting ducts 18 are in the vertical di-
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rection at the same level as the uppermost points of the tank sections 1a, 1b,
1c, 1d, 1e. On the lower surface of the tank 1, the lower edges of the lower
connecting ducts 17 are in the vertical direction at the same level as the low-
ermost points of the tank sections 1a, 1b, 1c, 1d, 1e.

As shown in figure 5, each tank section 1a, 1b, 1c, 1d, 1e can be connected to
an adjacent tank section with more than one lower connecting duct 17. In fig-
ure 5, each tank section 1a, 1b, 1¢, 1d, 1e is connected to the adjacent tank
section on the left with two lower connecting ducts 17 and to the tank section
on the right with two lower connecting ducts 17. Consecutive connecting ducts
17 are arranged at a distance from each other in the direction of the longitudi-
nal axis 19 of the tank 1. The upper connecting ducts 18 can be arranged in
the same way as the lower connecting ducts 17 in figure 5.

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, instead of being a multilobe tank, the LNG tank
could be a bilobe tank having only two sections.



WO 2017/194818 PCT/F12016/050305

10

15

20

25

Claims

1. A bilobe or multilobe tank (1) for storing liquefied natural gas, the tank
comprising at least two tank sections (1a, 1b, 1c, 1d, 1e), each tank section
(1a, 1b, 1¢, 1d, 1e) having a curved upper surface and curved bottom surface,
the tank sections (1a, 1b, 1¢, 1d, 1e) being joined to each other so that the
tank (1) has an undulating upper surface (12) and an undulating lower surface
(11), characterized in that each tank section (1a, 1b, 1¢, 1d, 1e) is connected
to an adjacent tank section (1a, 1b, 1c, 1d, 1e) with at least one horizontal
connecting duct (17, 18) so that a horizontal flow path is formed between the
lowermost points (13) of the adjacent tank sections (1a, 1b, 1c, 1d, 1e) or be-
tween the uppermost points (16) of the adjacent tank sections (1a, 1b, 1c, 1d,
1e).

2. A tank (1) according to claim 1, wherein the tank (1) comprises at least
one lower connecting duct (17) for connecting the lowermost points (13) of two
adjacent tank sections (1a, 1b, 1c, 1d, 1e) and at least one upper connecting
duct (18) for connecting the uppermost points (16) of two adjacent tank sec-
tions (1a, 1b, 1¢, 149, 1e).

3. A tank (1) according to claim 1 or 2, wherein the connecting ducts (17,
18) are bulges, which are perpendicular to the longitudinal axis (19) of the tank
(1) and join to the walls of the tank (1) outside the tank (1).

4. A tank (1) according to any of claims 1 to 3, wherein each tank section
(1a, 1b, 1c, 1d, 1e) has a shape of a segment of a horizontal cylinder.

5. Atank (1) according to any of the preceding claims, wherein an inlet for a
pressure relief valve is arranged at an uppermost point (16) of the tank (1).

6. Atank (1) according to any of the preceding claims, wherein the tank (1)
is provided with an outlet that is arranged at the lowermost point (13) of the
tank (1).

7. A sea-going vessel (2) comprising a bilobe or multilobe tank (1) according
to any of the preceding claims.
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