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SHIP DESULFURIZATION DEVICE AND SHIP EQUIPPED WITH SHIP
DESULFURIZATION DEVICE

TECHNICAL FIELD
[0001] The present disclosure relates to a ship desulfurization device and a ship equipped

with the ship desulfurization device.

BACKGROUND ART

[0002] With the recent tightening of the exhaust gas regulations for ships, in the emission
control area (ECA), it is required to use fuel oil containing 0.1% or less of sulfur , or to take
an alternative measure that has an effect similar thereto. Furthermore, from 2020, also in a
normal sea area, it is going to be required to use fuel oil containing 0.5% or less of sulfur, or
to take an alternative measure that has an effect similar thereto. Typically, for super-large
size ships such as an ultra large container ship (ULCS), a low-sulfur fuel oil containing a
small amount of sulfur has been used to comply with such regulations. In future, a demand
for provision of desulfurization devices is expected to increase also for these super-large size
ships.

[0003] The amount of exhaust gas discharged from a main engine of a super-large size
ship (exhaust gas amount at the time of 100% load) reaches as much as 200,000 Nm?3/h, or
even more. Further, to meet various demands for electricity in the vessel, a super-large size
ship is equipped with a plurality of generator engines and boilers. Thus, a desulfurization
device to be mounted to a super-large size ship needs to have an absorber having a broad area
for passage, to desulfurize a large volume of exhaust gas discharged from the main engine and
the plurality of generator engines and boilers. However, if a typical desulfurization device
for a main engine mounted to a relatively small ship such as a bulk carrier is diverted for a
super-large size ship, a plurality of absorbers would be needed, which causes limitations and
changes in terms of design such as reducing the load capacity and increasing the vessel-body

dimensions.
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[0004] Further, a typical desulfurization device for a relatively small main engine is
equipped with a round (circular) absorber. One may consider increasing the size of this
round absorber for a super-large size ship. However, a round absorber tends to involve dead
space when placed in a ship, as compared to a rectangular absorber, and thus may deteriorate
the layout efficiency in a ship.

[0005] Thus, to solve the above problems, as an absorber of a desulfurization device for a
super-large size ship, a rectangular absorber may be provided, which is a proven absorber that
has been used in onshore desulfurization devices for plant facilities, factories, and the like.
For instance, Patent Document 1 discloses an example of cleaning device provided with a
rectangular cleaning tank (absorber), which is a wet-type cleaning device for removing
pollutants such as particulate matters, harmful gases, acidic compounds, and foul odor, from a

production process, an industrial process, a commercial process, or the like.

Citation List

Patent Literature

[0006]

Patent Document 1: JP5631985B
Patent Document 2: JPH9-239233A

SUMMARY

Problems to be Solved

[0007] Meanwhile, most of the rectangular absorbers used in onshore desulfurization
devices have a length L in the exhaust gas introducing direction in the interior space of the
absorber and a length W in a direction orthogonal to the exhaust gas introducing direction,
which satisfy a ratio (W:L) of from 1:0.2 to 1:1.0. In other words, in a planar view, the
absorber has a rectangular shape with a lateral (shorter) direction along the exhaust gas
introducing direction, and a longitudinal (longer) direction along a direction orthogonal to the

exhaust gas introducing direction. This is because, if the shape has a longitudinal direction
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along the exhaust gas introducing direction, the gas flow velocity varies considerably between
the front side (the side of exhaust gas introducing port) and the back side (opposite side to the
exhaust gas introducing port) in the longitudinal direction, which makes it difficult to let
exhaust gas flow uniformly through the absorber. If the flow of exhaust gas in the absorber
becomes uneven, the desulfurization process in the absorber becomes also uneven, which may
deteriorate the desulfurization performance.

[0008] To address the above problem, the cleaning device of the Patent Document 1
described above has an exhaust gas introducing port on an upper end portion of the absorber,
and is configured to introduce exhaust gas introduced from the exhaust gas introducing port
into a gas distribution chamber disposed on a lower part of the absorber via an exhaust gas
duct extending vertically in the absorber, so as to let exhaust gas flow uniformly through the
absorber.

[0009] However, diverting such an absorber as disclosed in Patent Document 1 to an
absorber for a super-large size ship raises several problems in terms of layout limitations, as
described below.

[0010] Firstly, while the absorber disclosed in Patent Document 1 has a substantially
square shape in a planar view (W:L = 1:1), in a certain type of super-large size ship such as
ULCS, an absorber having a longitudinal direction along the exhaust gas introducing direction
in a planar view may have a higher arrangement performance.

[0011] Secondly, as described above, the cleaning tank disclosed in Patent Document 1
includes an exhaust gas duct extending vertically in the absorber, and a gas distribution
chamber disposed on a lower part of the cleaning tank. Thus, the volume of the absorber is
increased as much as the space required to provide the exhaust gas duct and the gas
distribution chamber.

[0012] Thirdly, while the absorber for a ship is normally disposed protruding upward
from the upper deck, the main engine, which is a main source that discharges exhaust gas, is
disposed in an engine room in a lower section inside the hull. That is, the absorber is

normally disposed above the main engine in the hull. Thus, with the absorber in Patent
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Document 1, it is necessary to guide exhaust gas discharged from the main engine not to the
lateral end portion of the absorber but to the upper end portion via the lateral end portion,
which leads to an increase in the length of the exhaust gas introducing line.

[0013] Further, Patent Document 2 discloses a desulfurization device having a rectangular
absorber mounted to a ship (FIGs. 3 and 4). However, the absorber of Patent Document 2 is
mounted to a barge towed by a tanker (main ship), not to the main ship itself, and there is no
disclosure of the problem related to layout limitations in arranging a desulfurization device on
a ship (main ship), or solution thereto.

[0014] The present invention was made under the above described background art, and
the object thereof is to provide a ship desulfurization device which has a high arrangement

performance in a ship such as a super-large size ship.

Solution to the Problems

[0015] (1) A ship desulfurization device for desulfurizing exhaust gas discharged from an
exhaust gas generation device mounted to a ship, according to at least one embodiment of the
present invention, includes: an absorber including an absorber body unit defining an interior
space having a longitudinal direction and having an exhaust gas introducing port formed on
an end portion of the absorber body unit with respect to the longitudinal direction, the exhaust
gas introducing port being in communication with the interior space; and an exhaust gas
introducing device for introducing exhaust gas discharged from the exhaust gas generation
device to the absorber body unit. When L is a maximum length of the interior space of the
absorber body unit with respect to the longitudinal direction, and W is a maximum width of
the interior space of the absorber body unit with respect to a lateral direction that is
orthogonal to the longitudinal direction, a ratio (W:L) of the maximum width W to the
maximum length L is within a range of 1: over 1.1 and 1:6.0 or under 6.0.

[0016] The ship desulfurization device according to the above embodiment (1) includes
an absorber including an absorber body unit defining an interior space having a longitudinal

direction and having an exhaust gas introducing port formed on an end portion of the absorber
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body unit with respect to the longitudinal direction, the exhaust gas introducing port being in
communication with the interior space. That is, the interior space of the absorber body unit
is formed to have a longitudinal direction along the exhaust gas introducing direction. Thus,
dead space is less likely to be formed as compared to a typical round (circular) absorber, and
thus the arrangement performance is high when being provided for the ship. Further, it is
possible to provide a ship desulfurization device with a high arrangement performance, for a
ship being a super-large size container ship or the like such as ULCS (ships for which an
absorber having a planar shape with a longitudinal direction along the exhaust gas introducing
direction has a higher arrangement performance). Furthermore, compared to a case in which
the interior space of the absorber body unit has a longitudinal direction along a direction
orthogonal to the exhaust gas introducing direction, it is possible to reduce the risk of exhaust
gas being discharged outside of the absorber without being desulfurized.

[0017] Further, according to the above embodiment (1), the ratio (W:L) of the maximum
width W to the maximum length L of the interior space is within the range of 1: over 1 and
1: 6.0 or under 6.0. Accordingly, by setting the upper limit of 1:6.0 for the ratio (W:L) of
the maximum width W to the maximum length L of the interior space, it is possible to keep
the unevenness of the exhaust gas flow in the absorber within the practical allowable range
according to the study of the present inventors.

[0018] (2) In some embodiments, in the above ship desulfurization device (1), the ratio
(W:L) of the maximum width W to the maximum length L is within a range of 1: over 1.5 and
1: 2.0 or under 2.0.

[0019] According to the study of the present inventors, the upper limit of the ratio (W:L)
of the maximum width W to the length L for maintaining the uniformity of the exhaust gas
flow in the absorber in a preferable state is 1:2.0. On the other hand, taking account of the
arrangement performance of the desulfurization device in a ship, the ratio (W:L) of the
maximum width W to the length L should be increased to some extent, and thus the lower
limit of the ratio (W:L) of the maximum width W to the length L is preferably 1:1.5. Thus,

according to the embodiment (2), it is possible to provide a ship desulfurization device with a
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good balance, which excels in both of the arrangement performance and the desulfurization
performance.

[0020] (3) In some embodiments, in the above ship desulfurization device (1) or (2), the
absorber is mounted to the ship so that the longitudinal direction of the interior space of the
absorber body unit is along a width direction of the ship.

[0021] In a super-large size ship of a kind such as ULCS, the absorber may have a higher
arrangement performance when having the longitudinal direction in the starboard-port
direction (width direction) orthogonal to the fore-aft direction of the ship, than when having
the longitudinal direction in the fore-aft direction. For instance, in some cases of the above
described ULCS, the hull is divided into a plurality of regions in the fore-aft direction of the
ship, whose basic unit is a length capable of accommodating a 40-feet container along the
longitudinal direction of the container, and the absorber needs to be placed in one of the
regions. Thus, according to the above embodiment (3), it is possible to improve the
arrangement performance in the case of such a ship.

[0022] Furthermore, according to the above embodiment (3), it is possible to configure
the absorber body unit so as to have the longitudinal direction along the width direction of the
ship, and thus it is possible to reduce bending stress applied to the absorber at the time of
rolling of the ship, as compared to an absorber having the longitudinal direction along the
fore-aft direction of the ship. Thus, it is possible to enhance the resistance of the absorber
against rolling.

[0023] (4) In some embodiments, in the above ship desulfurization device (3), the ship
includes a funnel for releasing exhaust gas discharged from the exhaust gas generation device
to outside, the funnel having a cylindrical shape with a longitudinal direction along the width
direction of the ship.  Further, the absorber is disposed inside the funnel.

[0024] According to the above embodiment (4), with the absorber positioned inside the
funnel having an elongated tubular shape having the longitudinal direction along the width
direction of the ship, it is possible to minimize the influence on the arrangement plan of

various facilities to be mounted to the ship other than the absorber. Thus, an existing ship
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can be easily retrofitted. Further, with the absorber disposed inside the funnel, it is possible
to improve the installation workability and maintainability, compared to a case in which the
absorber is disposed inside the ship, like inside the engine room.

[0025] (5) In some embodiments, in the above ship desulfurization device (4), an waste
heat recovery device is disposed inside the funnel, for recovering thermal energy from
exhaust gas discharged from the exhaust gas generation device. Further, the absorber is
disposed next to the waste heat recovery device in the width direction of the ship.

[0026] According to the above embodiment (5), with the absorber and the waste heat
recovery device being arranged next to each other along the width direction of the ship inside
the funnel, it is possible to simplify the configuration of the exhaust gas introducing device,
compared to a case in which the waste heat recovery device and the absorber are disposed
away from each other.

[0027] (6) In some embodiments, in the above ship desulfurization device (5), the
absorber further includes an exhaust gas introducing unit having a first end portion connected
to the exhaust gas introducing port of the absorber body unit, the exhaust gas introducing unit
extending upward from the first end portion toward a second end portion.

[0028] According to the above embodiment (6), the absorber further includes an exhaust
gas introducing unit extending upward from the exhaust gas introducing port of the absorber
body unit. Accordingly, by connecting the exhaust gas introducing line to the second end
portion of the exhaust gas introducing unit, it is possible to introduce exhaust gas into the
absorber disposed in a small space inside the funnel.

[0029] (7) In some embodiments, in the above ship desulfurization device (6), the exhaust
gas generation device includes a main engine and an auxiliary engine, and the exhaust gas
introducing device includes: an exhaust gas introducing pipe extending along the width
direction of the ship from the waste heat recovery device toward the second end of the
exhaust gas introducing unit; and an auxiliary exhaust gas introducing pipe connected to the
exhaust gas introducing pipe, for introducing exhaust gas discharged from the auxiliary

engine into the absorber body unit via the exhaust gas introducing pipe.
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[0030] According to the above embodiment (7), it is possible to introduce exhaust gas
discharged from the main engine and the auxiliary engine into the absorber disposed in a
small space inside the funnel.

[0031] (8) In some embodiments, in the above ship desulfurization device according to
any one of the above (1) to (7), the absorber body unit includes: a pair of longitudinal wall
surfaces extending in parallel to each other along the longitudinal direction of the interior
space; and a pair of lateral wall surfaces extending in parallel to each other along the lateral
direction of the interior space.

[0032] According to the above embodiment (8), the planar shape of the interior space of
the absorber body unit is formed into a rectangular shape defined by the pair of longitudinal
wall surfaces and the pair of lateral wall surfaces. When the interior space of the absorber
body unit has such a rectangular shape, dead space is less likely to be formed in the ship, and
thus the arrangement efficiency upon arrangement in a ship is improved.

[0033] (9) In some embodiments, in the above ship desulfurization device (8), the
absorber body unit includes a storage space formed therein, the storage space storing a
cleaning liquid after being sprayed over the exhaust gas introduced into the interior space, and
the absorber body unit includes a traverse member which connects the pair of longitudinal
wall surfaces and which traverses the storage space along the lateral direction of the interior
space.

[0034] According to the above embodiment (9), when sloshing occurs due to rolling of
the ship or the like, which is heavy surge on the surface of the cleaning liquid stored in the
storage space, for instance, it is possible to suppress the surge of the liquid surface with the
traverse member. Further, with the traverse member connecting the pair of longitudinal wall
surfaces, it is possible to improve the strength of the absorber body unit having the interior
space with a rectangular shape.

[0035] (10) In some embodiments, in the above ship desulfurization device (9), the

traverse member includes a traverse beam member having an elongated shape.
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[0036] According to the above embodiment (10), with the traverse beam member having
an elongated shape, it is possible to achieve the above described effects to reinforce the
absorber body unit and suppress sloshing.

[0037] (11) In some embodiments, in the above ship desulfurization device (9), the
traverse member includes a sheeting member having a flat plate shape.

[0038] According to the above embodiment (11), with the sheeting member having a flat
plate shape, it is possible to achieve the above described effects to reinforce the absorber body
unit and suppress sloshing.

[0039] (12) In some embodiments, the ship desulfurization device according to any one of
the above (8) to (11) further includes a spraying device for spraying a cleaning liquid over the
exhaust gas introduced into the interior space of the absorber body unit. The spraying device
includes: a longitudinal spray pipe extending parallel to each of the pair of longitudinal wall
surfaces in the interior space of the absorber body unit; and a plurality of spray nozzles
disposed on the longitudinal spray pipe.

[0040] According to the above embodiment (12), it is possible to provide a constant
distance between the longitudinal wall surfaces and each of the plurality of spray nozzles
disposed on the longitudinal spray pipe. Accordingly, it is possible to spray the cleaning
liquid uniformly in the interior space, and thus it is possible to suppress the negative effect of
uneven spraying of the cleaning liquid due to swaying (rolling, pitching, yawing) of the ship.
[0041] (13) In some embodiments, the ship desulfurization device according to any one of
the above (8) to (11) further includes a spraying device for spraying a cleaning liquid over the
exhaust gas introduced into the interior space of the absorber body unit. The spraying device
includes: a plurality of lateral spray pipes extending parallel to each of the pair of lateral wall
surfaces in the interior space of the absorber body unit, the lateral spray pipes arranged at
regular intervals; and at least one spray nozzle disposed on each of the plurality of lateral
spray pipes.

[0042] According to the above embodiment (13), it is possible to set an equal spraying

area for the spray nozzles disposed on each of the plurality of lateral spray pipes.
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Accordingly, it is possible to spray the cleaning liquid uniformly in the interior space, and
thus it is possible to suppress the negative effect of uneven spraying of the cleaning liquid due
to swaying (rolling, pitching, yawing) of the ship.

[0043] (14) In some embodiments, in the ship desulfurization device according to any one
of the above (1) to (13), the exhaust gas generation device includes a main engine, and an
exhaust gas amount of the main engine is at least 200,000Nm?/h.

[0044] The ship desulfurization device according to the above (1) to (13) can be suitably
used as a desulfurization device for a super-large size ship whose main engine discharges an
exhaust gas amount of 200,000 Nm?/h or higher, for instance. While the upper limit of the
exhaust gas amount of a main engine is not particularly limited, it is practically not higher
than 500,000Nm?3/h.

[0045] (15) In some embodiments, in the ship desulfurization device according to any one
of the above (1) to (14), the ship is a container ship having a container load capacity of at least
10,000 TEU.

[0046] The ship desulfurization device according to the above (1) to (14) can be suitably
used as a desulfurization device for a ultra large container ship (ULCS) having a container
capacity load of 10,000 TEU or higher. While the upper limit of the container capacity load
is not particularly limited, it is practically not higher than 20,000 TEU.

[0047] (16) A ship according to at least one embodiment of the present invention includes

the ship desulfurization device according to any one of the above (1) to (15).

Advantageous Effects

[0048] According to at least one embodiment of the present invention, it is possible to
provide a ship desulfurization device having a high arrangement performance, for a ship being

a super-large size container ship or the like as described above.

BRIEF DESCRIPTION OF DRAWINGS

- 10 -
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[0049] FIG. 1 is a perspective view of a ship according to an embodiment of the present
invention.

FIG. 2A is a diagram showing dimensions of a 40-feet container, and FIG. 2B is an
enlarged view of a funnel and its surroundings in the ship shown in FIG. 1.

FIG. 3 is a perspective view of a ship desulfurization device according to an
embodiment of the present invention.

FIG. 4 is a perspective view of a ship desulfurization device according to an
embodiment of the present invention, as seen in a different direction from FIG. 3.

FIG. 5 is a schematic diagram of an absorber of a ship desulfurization device according
to an embodiment of the present invention.

FIG. 6 is a diagram showing a result of a study on the planar shape of the interior space
of the absorber body unit in a ship desulfurization device according to an embodiment of the
present invention.

FIG. 7 is a diagram for describing a traverse member disposed in the storage space of
the absorber main unit, in a ship desulfurization device according to an embodiment of the
present invention.

FIG. 8 is a schematic diagram of an absorber of a ship desulfurization device according
to an embodiment of the present invention.

FIG. 9 is a graph showing a relationship between a desulfurization performance
parameter and the shape (aspect ratio) of the interior space of the absorber body unit in a ship
desulfurization device according to an embodiment of the present invention.

FIG. 10 is a diagram showing a result of a study on the relationship between a
desulfurization performance parameter and the shape (aspect ratio) of the interior space of the
absorber body unit in a ship desulfurization device according to an embodiment of the present
invention.

FIG. 11 is a planar view for describing the arrangement condition of a spray nozzle in

the interior space of the absorber body unit.
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DETAILED DESCRIPTION

[0050] Embodiments of the present invention will now be described in detail with
reference to the accompanying drawings. It is intended, however, that unless particularly
identified, dimensions, materials, shapes, relative positions and the like of components
described in the embodiments shall be interpreted as illustrative only and not intended to limit
the scope of the present invention.

For instance, an expression of relative or absolute arrangement such as “in a direction”,
“along a direction”, “parallel”, “orthogonal”, “centered”, “concentric” and “coaxial” shall not
be construed as indicating only the arrangement in a strict literal sense, but also includes a
state where the arrangement is relatively displaced by a tolerance, or by an angle or a distance
whereby it is possible to achieve the same function.

29 ¢

For instance, an expression of an equal state such as “same” “equal” and “uniform”
shall not be construed as indicating only the state in which the feature is strictly equal, but
also includes a state in which there is a tolerance or a difference that can still achieve the same
function.

Further, for instance, an expression of a shape such as a rectangular shape or a
cylindrical shape shall not be construed as only the geometrically strict shape, but also
includes a shape with unevenness or chamfered corners within the range in which the same
effect can be achieved.

On the other hand, an expression such as “comprise”, “include”, “have”, “contain” and
“constitute” are not intended to be exclusive of other components.

Further, in the description below, some the same features are associated with the same
reference numerals and not described again.

[0051] FIG. 1 is a perspective view of a ship according to an embodiment of the present
invention. The ship 1 according to an embodiment of the present invention is a super-large
size ship which includes a main engine whose exhaust gas amount (exhaust gas amount at the

time of 100% load) exceeds 200,000Nm®h. In the depicted embodiment, the ship 1 is a

super-large size container ship having a container load capacity of at least 10,000 TEU,
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known as an ultra large container ship (ULCS).

[0052] As shown in FIG. 1, the ship 1 includes a hull 2, an accommodation house 4
protruding from an upper deck 3 at a position slightly closer to the front from the center with
respect to the fore-aft direction, and a funnel 6 protruding from the upper deck 3 at a position
closer to the stern from the accommodation house 4. Further, in the bulk of the hull 2, a
plurality of bulkheads 8 are provided at intervals from one another, extending in the
starboard-port direction orthogonal to the fore-aft direction. Accordingly, in the fore-aft
direction, the hull 2 is divided into a plurality of regions, whose basic unit is a length capable
of accommaodating a 40-feet container 9 along the longitudinal direction of the container.
[0053] FIG. 2A shows the dimensions of the 40-feet container 9. FIG. 2B is an enlarged
view of a funnel and its surroundings in the ship shown in FIG. 2B. As shown in FIG. 2B,
the funnel 6 is disposed between a pair of adjacent bulkheads 8A, 8B. An engine room 10 is
formed inside the hull 2, directly below the funnel 6. A main engine 12 and a plurality of
auxiliary engines 14 are disposed in the engine room 10. The main engine 12 includes a
marine diesel engine for applying a propelling force to the ship 1, or a main engine boiler for
driving a main engine turbine. The auxiliary engines 14 include auxiliary boilers and
auxiliary engines for meeting various heat demands in the ship 1. The main engine 12 and
the auxiliary engines 14 correspond to an exhaust gas generation device mounted to the ship 1
according to an embodiment of the present invention.

[0054] The funnel 6 is a structure for releasing exhaust gas discharged from the main
engine 12 and the auxiliary engines 14 to outside of the ship 1, and is formed to have an
elongated tubular shape having a longitudinal direction along the starboard-port direction
(width direction) of the ship 1. Further, inside the funnel 6, a ship desulfurization device 20
is disposed, for desulfurizing exhaust gas discharged from the main engine 12 and the
auxiliary engines 14 mounted to the ship 1. In some embodiments, the inner width of the
funnel 6 (length in a direction orthogonal to the longitudinal direction) is within a range from
about 3m to 8m. On the other hand, the length in the longitudinal direction of the funnel 6

has relatively fewer limitations, and may be set within a range from 5m to 20m, for instance.
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[0055] FIG. 3 is a perspective view of a ship desulfurization device according to an
embodiment of the present invention. FIG. 4 is a perspective view of a ship desulfurization
device according to an embodiment of the present invention, as seen in a different direction
from FIG. 3.

As shown in FIGs. 3 and 4, the ship desulfurization device 20 according to an
embodiment of the present invention includes an absorber 30 including an absorber body unit
32, and an exhaust gas introducing device 40 for guiding exhaust gas discharged from the
main engine 12 and the auxiliary engines 14 to the absorber body unit 32.

[0056] FIG. 5 is a schematic diagram of an absorber of a ship desulfurization device
according to an embodiment of the present invention. As shown in FIG. 5, the absorber 30
includes an absorber body unit 32, an exhaust gas introducing unit 34, and an exhaust gas
discharge unit 36. The absorber body unit 32 defines an interior space 31 having a
longitudinal direction therein. Furthermore, on a lateral end portion 39a on a first side, with
respect to the longitudinal direction, of the absorber body unit 32, an exhaust gas introducing
port 33 is formed and is in communication with the interior space 31 (lower interior space
31b). Exhaust gas introduced into the interior space 31 through the exhaust gas introducing
port 33 flows through the lower interior space 31b from the lateral end portion 39a on the first
side toward the lateral end portion 39b on the second side, and continues flowing upward
through the interior space 31.

[0057] In the depicted embodiment, in the interior space 31, a packed layer 35 separating
the lower interior space 31b and the upper interior space 31c is formed, in a position above
the lower interior space 31b. The packed layer 35 includes a plurality of regular packings
laminated into several layers. Further, above the packed layer 35, a spraying device 38 is
disposed, for spraying a cleaning liquid (e.g. sea water or pure water) into the interior space.
Further, the spraying device 38 is configured to remove sulfur from exhaust gas by spraying
the cleaning liquid over exhaust gas passing through the packed layer 35 and causing gas-
liquid contact between exhaust gas and the cleaning liquid.

[0058] Further, in the interior space 31, a mist eliminator 37 separating the upper interior
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space 31c and the outlet-side interior space 31d is disposed, in a position above the upper
interior space 31c. The mist eliminator 37 is configured to remove moisture from exhaust
gas passing through the mist eliminator 37. Further, exhaust gas having passed through the
mist eliminator 37 is discharged outside the ship 1 from the exhaust gas discharge unit 36
connected to the top section of the absorber body unit 32, via the outlet-side interior space 31d.
[0059] Further, a storage space 3la storing a cleaning liquid after being sprayed over
exhaust gas introduced into the interior space 31 is formed in the absorber body unit 32. In
the depicted embodiment, the storage space 31a is formed on a position below the lower
interior space 31b, and below the lower surface of the exhaust gas introducing port 33.

[0060] Further, as shown in FIGs. 3 and 4, the ship desulfurization device 20 further
includes a sea-water supplying device 50 for suppling sea water to the above described
spraying device 38. The sea-water supplying device 50 includes a discharged water dilution
pump 52a, a sea-water supply pump 54a, a discharge water pipe 56, a sea-water supply pipe
58, and a sea-water discharge pipe 59. Further, the sea-water supplying device 50 is
configured to supply sea water introduced into the hull 2 with the sea-water supply pump 54a
to the spraying device 38 via the sea-water supply pipe 58. Further, the sea-water supplying
device 50 is configured to dilute scrubber discharge water discharged from the absorber 30
with the dilution pump 52a, and discharge the water outside the ship 1 via the discharge water
pipe 56. Further, in the depicted embodiment, each of a plurality of discharged water
dilution pumps 52a is connected to the same No.1 sea chest 52.  Similarly, each of a plurality
of sea-water supply pumps 54a is connected to the same No.2 sea chest 54.

[0061] As described above, the interior space 31 of the absorber body unit 32 is formed to
have a planar shape that has a longitudinal direction along the exhaust gas introducing
direction. The planar shape of the interior space 31 of the absorber body unit 32 will now be
described in detail with reference to FIG. 6. Further, in FIG. 6, reference sign L indicates
the length of the interior space 31 (length in the longitudinal direction) and reference sign W
indicates the width of the interior space 31 (length in a direction orthogonal to the

longitudinal direction).  Further, reference sign D indicates the equivalent diameter, which is
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a diameter of a circular cross-section that has the same cross-sectional area as that of a
rectangular having the length L and the width W.

Further, in the embodiment shown in FIG. 6, the planar shape of the interior space 31 of
the absorber body unit 32 has a rectangular shape defined by a pair of longitudinal wall
surfaces extending parallel to each other and a pair of lateral wall surfaces extending parallel
to each other. Nevertheless, the planar shape of the interior space 31 is not limited to a
rectangular shape, and may be a quadrilateral shape, an oval shape, or an ellipse shape having
a longitudinal direction, as long as the effect of the present invention can be achieved.

[0062] FIG. 6 is a diagram showing a result of a study on the planar shape of the interior
space of the absorber body unit in a ship desulfurization device according to an embodiment
of the present invention. In the tables shown in FIGs. 6A to 6C, each planar shape is
evaluated according to two items: “arrangement performance” refers to how easily the
absorber 30 can be arranged in the ship 1 in terms of layout, and “desulfurization
performance” refers to how uniform the exhaust gas flows through the interior space 31 in the
absorber 30.

[0063] The “arrangement performance” was evaluated on the basis of the following
evaluation criteria, in four stages of A, B, C, and D, which represent the arrangement
performance in the descending order. This evaluation is based on the idea that, when the
absorber 30 is to be placed in an area having an elongated shape such as the inside of the
funnel 6, the smaller maximum width W in the lateral direction relative to the equivalent
diameter D, the higher the arrangement performance.

(Evaluation Criteria)

A: (W/D)<0.50

B: 0.50<(W/D)<0.75

C: 0.75<(W/D)<0.90

D: 0.90 <(W/D)

[0064] FIG. 9 is a graph showing a relationship between a desulfurization performance

parameter and the shape (aspect ratio L/W) of the interior space of the absorber in a ship
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desulfurization device according to an embodiment of the present invention. The data is
expressed in double logarithm in order to make its change stand out. FIG. 10 is a diagram
showing a result of a study on the relationship between a desulfurization performance
parameter and the shape (aspect ratio) of the interior space of the absorber body unit in a ship
desulfurization device according to an embodiment of the present invention. FIG. 11 is a
planar view for describing the arrangement condition of a spray nozzle in the interior space of
the absorber body unit.

The relationship between the desulfurization performance and the shape of the interior
space 31 of the absorber body unit 32 was studied by using the desulfurization performance
parameter defined below.

Desulfurization performance parameter = perimeter ratio o x interference nozzle
number ratio f3

a: inverse ratio of perimeter to the standard condition (L/W=1)

=perimeter under standard condition / perimeter under aspect ratio to be studied

B: ratio of the number of interference nozzles to the standard condition

=the number of interference nozzles under the aspect ratio to be studied / the number of
interference nozzles under standard condition
[0065] The perimeter is the outer perimeter length in a horizontal cross section of the
absorber body unit 32. If the cleaning liquid adheres to the wall surface, it generates loss
that does not contribute to desulfurization. Thus, when the cross section is the same, a
longer perimeter is an obstructive factor that deteriorates the desulfurization performance.
Since the perimeter is an obstructive factor, the perimeter ratio o is defined by an inverse ratio
to the standard condition (L/W=1).

[0066] An interference nozzle refers to a spray nozzle which is surrounded by other spray
nozzles on four sides. That is, as shown in FIG. 11, in a case where a plurality of rows of
spray nozzles 70 are disposed along the longitudinal direction and the width direction in the
interior space 31 of the absorber body unit 32, such that a plurality of spray nozzles 70 are

arranged in a grid pattern as a whole, the spray nozzles 70b disposed inside the range 70A
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excluding the spray nozzles 70a disposed on the outermost side are the above described
interference nozzles.

If the cross-sectional area is the same and the number of interference nozzles increases,
injected desulfurization liquid interferes (overlaps) in a larger area between adjacent spray
nozzles, and thus a larger number of interference nozzles is a promotional factor that
improves the desulfurization performance. Since the number of interference nozzles is a
promotional factor, the interference nozzle number ratio B is defined by the ratio to the
standard condition (L/W=1). Further, the nozzle number was calculated assuming that the
nozzles are arranged in a grid pattern using a predetermined nozzle pitch (in the present
embodiment, 0.5m), and a decimal was rounded to an integer.

[0067] As shown in FIG. 9, under the condition that the cross-sectional area is the same,
as the aspect ratio L/W becomes greater than one, the perimeter increases, and the number of
interference nozzles decreases. Thus, the desulfurization performance parameter decreases.
From FIG. 9, the desulfurization performance parameter is substantially constant when L/W is
2.0 or below, decreases in the range from 2.0 to 6.0, and decreases considerably when L/W is
6.0 or higher. Thus, it was determined that there are two inflection points at L/W 2.0 and 6.0.
[0068] The “desulfurization performance” was evaluated on the basis of the following
evaluation criteria, in four stages of A, B, C, and D, which represents the desulfurization
performance in the descending order. This is based on the idea that, the more uniform the
exhaust gas flows through the absorber 30, the higher the desulfurization performance.
Further, the uniformity of the exhaust gas flow inside the absorber 30 was evaluated from the
above study results on the basis of the following study conditions. As shown in FIG. 9,
when the aspect ratio is two or lower, it is possible to maintain the desulfurization
performance parameter at a substantially constant high level, and it is possible to maintain the
uniformity of the exhaust gas flow in the absorber 30 in a preferable state. Further, when the
aspect ratio is greater than two and not greater than three, the desulfurization performance
gradually decreases with an increase in the aspect ratio, but the desulfurization performance

parameter can be maintained at a high level. Further, also when the aspect ratio is greater
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than three and not greater than six, the desulfurization performance gradually decreases with
an increase in the aspect ratio, but still the desulfurization performance parameter can be
maintained at a relatively high level. On the other hand, as shown in FIG. 9, when the aspect
ratio exceeds six, the desulfurization parameter decreases rapidly, and the uniformity of the
exhaust gas in the absorber 30 can be considered to get out of the allowable range for exerting
the required desulfurization performance. Accordingly, the aspect ratio was set to have an
upper limit of six.

(Evaluation Criteria)

A:  W:L=1:over 1.1, and 1: 2.0 or under 2.0

B: W:L=1:over 2.0, and 1: 3.0 or under 3.0

C:  W:L=1:over 3.0, and 1: 6.0 or under 6.0

D: W:L=1:over6.0

(Study condition)

Inlet gas flow velocity = 2 to 20m/s

Absorber interior flow velocity = 1 to 5 m/s

Spray amount = 30 to 200m®m?-h

[0069] Further, on the basis of the evaluation results on the two items of “arrangement
performance* and “desulfurization performance”, “comprehensive evaluation” was performed.
The “comprehensive evaluation” was evaluated on the basis of the following evaluation
criteria, in three stages of “Excellent”, “Good”, and “Passable”, in the descending order of the
comprehensive evaluation.

Excellent: at least one A, with no C or D

Good: two Bs

Pass: at least one C, withno D

Fail: one or more D

[0070] As shown in FIGs. 6A to 6C, the planar shape of the interior space 31 where W:L
is 1: over 1.5 and 1:2.0 or under 2.0 was evaluated as “excellent” in the comprehensive

evaluation. While “arrangement performance” and “desulfurization performance” have a
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trade-off relationship, by setting W:L in the above range, it is possible to provide a ship
desulfurization device 20 with a good balance, which excels in both of the arrangement
performance and the desulfurization performance.

[0071] Next, the planar shape of the interior space 31 where W:L is 1: over 2.0 and 1:3.0
or under 3.0 was evaluated as “good” in the comprehensive evaluation. Next, the planar
shape of the interior space 31 where W:L is 1: over 3.0 and 1:6.0 or under 6.0 was evaluated
as “passable” in the comprehensive evaluation.

Further, the planar shape of the interior space 31 where W:L is 1:1.1 or under 1.1 was
evaluated as “fail”, for the “arrangement performance” is low, although the “desulfurization
performance” is high. Furthermore, as described above, the planar shape of the interior
space 31 where W:L is 1: over 6.0 was evaluated as “fail”, for the uniformity of the exhaust
gas flow in the absorber 30 cannot be ensured, and the “desulfurization performance” is low.
[0072] Accordingly, the ship desulfurization device 20 according to an embodiment of the
present invention described above includes the absorber 30 including the absorber body unit
32 defining the interior space 31 having the longitudinal direction and having the exhaust gas
introducing port 33 formed on the lateral end portion 39a on the first side in the longitudinal
direction so as to be in communication with the interior space 31 (lower interior space 31b).
That is, the interior space 31 of the absorber body unit 32 is formed to have a longitudinal
direction along the exhaust gas introducing direction. Thus, dead space is less likely to be
formed as compared to a typical round (circular) absorber, and thus the arrangement
performance is high when being provided for the ship 1. Further, with the absorber 30
having a planar shape with a longitudinal direction along the exhaust gas introducing direction,
it is possible to improve the arrangement performance of the ship desulfurization device 20,
for the ship 1 being a super-large size container ship or the like as described above.
Furthermore, compared to a case in which the interior space of the absorber body unit has a
longitudinal direction along a direction orthogonal to the exhaust gas introducing direction, it
is possible to reduce the risk of exhaust gas being discharged outside of the absorber without

being desulfurized.
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[0073] Further, according to the ship desulfurization device 20 according to an
embodiment of the present invention, the ratio (W:L) of the maximum width W to the
maximum length L of the interior space 31 is within the range of 1: over 1 and 1:6.0 or under
6.0. Accordingly, by setting the upper limit of 1:6.0 for the ratio (W:L) of the maximum
width W to the maximum length L of the interior space 31, it is possible to keep the
unevenness of the exhaust gas flow in the absorber 30 within the practically allowable range
according to the study of the present inventors.

[0074] In some embodiments, as shown in FIG. 6 described above, in the ship
desulfurization device 20, the ratio (W:L) of the maximum width W to the maximum length L
of the interior space 31 is within the range of 1: over 1.5 and 1:2.0 or under 2.0.

According to this embodiment, as described above, it is possible to provide a ship
desulfurization device with a good balance, which excels in the arrangement performance,
and the desulfurization performance in particular.

[0075] In some embodiments, as shown in FIGs. 1 to 4 for instance, the absorber 30 is
mounted to the ship 1 so that the longitudinal direction of the interior space 31 of the absorber
body unit 32 is along the width direction of the ship 1.

According to this embodiment, with the absorber 30 having the longitudinal direction
along the width direction of the ship 1, it is possible to improve the arrangement performance
of the ship desulfurization device 20, for the ship 1 being a super-large size container ship or
the like as described above.

[0076] Further, according to this embodiment, it is possible to configure the absorber
body unit 32 so as to have the longitudinal direction along the width direction of the ship 1,
and thus it is possible to reduce bending stress applied to the absorber at the time of rolling of
the ship 1, as compared to an absorber having the longitudinal direction along the fore-aft
direction of the ship 1. Thus, it is possible to enhance the resistance of the absorber 30
against rolling.

[0077] In some embodiments, as shown in FIGs. 1 to 4 described above for instance, the

ship 1 includes the funnel 6 for releasing exhaust gas discharged from the exhaust gas
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generation device (the main engine 12 and the auxiliary engines 14) to outside of the ship 1,
formed to have an elongated tubular shape having a longitudinal direction along the width
direction of the ship 1.  Further, the absorber 30 is disposed inside the funnel 6.

[0078] In the depicted embodiment, the planar shape of the funnel 6 is formed into a
rectangular shape. Further, in some embodiments, the planar shape of the funnel 6 is formed
into a quadrilateral shape, an oval shape, an ellipse shape, or the like, having a longitudinal
direction.

[0079] According to this embodiment, with the absorber 30 positioned inside the funnel 6
having an elongated tubular shape having the longitudinal direction along the width direction
of the ship 1, it is possible to minimize the influence on the arrangement plan of various
facilities to be mounted to the ship 1 other than the absorber 30. Thus, an existing ship 1 can
be easily retrofitted. Further, with the absorber 30 disposed inside the funnel 6, it is possible
to improve the installation workability and maintainability, compared to a case in which the
absorber 30 is disposed inside the ship 1, like inside the engine room 10.

[0080] In some embodiments, as shown in FIGs. 3 and 4, inside the funnel 6 described
above, an waste heat recovery device 60 for recovering thermal energy from exhaust gas
discharged from the exhaust gas generation device (main engine 12) is disposed. Further,
the absorber 30 is disposed next to the waste heat recovery device 60 in the width direction of
the waste heat recovery device 60.

[0081] In the depicted embodiment, the waste heat recovery device 60 includes an
exhaust gas economizer configured to generate steam from thermal energy recovered from
exhaust gas. An exhaust gas inlet pipe 45 through which exhaust gas discharged from the
main engine 12 is connected to a lower part of the waste heat recovery device 60, and an
exhaust gas discharge pipe 43 is connected to an upper part of the waste heat recovery device
60. Further, from the exhaust gas discharge pipe 43, the exhaust gas introducing pipe 42
described below branches. Accordingly, exhaust gas is introduced into the absorber 30.
The above exhaust gas inlet pipe 45, the exhaust gas discharge pipe 43, the exhaust gas

introducing pipe 42 form a part of the exhaust gas introducing device 40 described above for
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introducing exhaust gas discharged from the main engine 12 and the auxiliary engines 14 to
the absorber body unit 32.

[0082] Further, in the depicted embodiment, similarly to the absorber body unit 32, the
waste heat recovery device 60 is formed to have a longitudinal direction along the width
direction of the ship 1.  Further, the interior space of the waste heat recovery device 60 has a
rectangular cross sectional shape.

[0083] According to this embodiment, with the absorber 30 and the waste heat recovery
device 60 being arranged next to each other along the width direction of the ship 1 inside the
funnel 6, it is possible to simplify the configuration of the exhaust gas introducing device 40,
compared to a case in which the waste heat recovery device 60 and the absorber 30 are
disposed away from each other. Further, since the waste heat recovery device 60 is formed
to have a rectangular shape with the longitudinal direction along the width direction of the
ship 1, dead space is less likely to be formed inside the funnel 5 having the longitudinal
direction along the width direction of the ship 1, and thus the arrangement efficiency is
improved.

[0084] In some embodiments, as shown in FIGs. 3 to 5 described above, the absorber 30
may further include an exhaust gas introducing unit 34 having a first end portion 34a
connected to the exhaust gas introducing port 33 of the absorber body unit 32, and extending
upward from the first end portion 34a toward the second end portion 34b.

[0085] In the depicted embodiment, the exhaust gas introducing unit 34 has a
quadrilateral cross sectional shape, and so does the exhaust gas introducing port 33.  Further,
the exhaust gas introducing unit 34 includes an oblique portion 34A extending obliquely
upward from the exhaust gas introducing port 33 of the absorber body unit 32, and a vertical
portion 34B extending upward along the vertical direction from an end portion of the oblique
portion 34A. Further, to an end portion of the vertical portion 34B (the second end portion
34b of the exhaust gas introducing unit 34), the exhaust gas introducing pipe 42 described
below is connected.

[0086] According to this embodiment, by connecting the exhaust gas introducing line
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(exhaust gas introducing pipe 42) to the second end portion 34b of the exhaust gas
introducing unit 34, it is possible to introduce exhaust gas into the absorber 30 disposed in a
small space inside the funnel 6.

[0087] In some embodiments, as shown in FIGs. 3 to 5, the above described exhaust gas
introducing device 40 includes an exhaust gas introducing pipe 42 extending along the width
direction of the ship 1 from the waste heat recovery device 60 toward the second end portion
34b of the exhaust gas introducing unit 34, and auxiliary exhaust gas introducing pipes 44a to
44d connected to the exhaust gas introducing pipe 42, for introducing exhaust gas discharged
from the auxiliary engines 14 to the absorber body unit 32 via the exhaust gas introducing
pipe 42.

[0088] In the depicted embodiment, an end side of the exhaust gas introducing pipe 42 is
connected to the exhaust gas discharge pipe 4 described above, and the other end side is
connected to the second end portion 34b of the exhaust gas introducing unit 34 described
above. Further, the exhaust gas introducing pipe 42 extends along the horizontal direction
inside the funnel 6.

[0089] Further, in the depicted embodiment, an exhaust gas outlet pipe 46 extending
upward inside the funnel 6 and the exhaust gas introducing pipe 42 are connected to the
downstream side of the exhaust gas discharge pipe 43, via an exhaust gas damper 47.
Further, when the exhaust gas generation device such as the main engine 12 and the auxiliary
engines 14 is stopped, the exhaust gas damper 47 opens a flow path connecting to the exhaust
gas outlet pipe 46 from the exhaust gas discharge pipe 43, and closes a flow path connecting
to the exhaust gas introducing pipe 42 from the exhaust gas discharge pipe 43. Further,
when the exhaust gas generation device such as the main engine 12 and the auxiliary engines
14 is in operation, the exhaust gas damper 47 opens a flow path connecting to the exhaust gas
introducing pipe 42 from the exhaust gas discharge pipe 43, and closes a flow path connecting
to the exhaust gas outlet pipe 46 from the exhaust gas discharge pipe 43.

[0090] Further, in the depicted embodiment, the plurality of auxiliary exhaust gas

introducing pipes 44a to 44d through which exhaust gas discharged from the auxiliary engines
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14 flows are connected to the exhaust gas introducing pipe 42. Further, a plurality of
auxiliary exhaust gas discharge pipes 48a to 48d are connected to the plurality of auxiliary
exhaust gas introducing pipes 44a to 44d, respectively, via an auxiliary gas damper (not
depicted). Further, when the auxiliary engines 14 are stopped, for instance, the exhaust gas
damper (not shown) opens a flow path connecting to the plurality of auxiliary exhaust gas
discharge pipes 48a to 48d from the plurality of auxiliary exhaust gas introducing pipes 44a to
44d respectively, and closes a flow path connecting to the exhaust gas introducing pipe 42
from each of the plurality of auxiliary exhaust gas introducing pipes 44a to 44d. Further,
when the auxiliary engines 14 are in operation, the exhaust gas damper (not shown) opens a
flow path connecting to the exhaust gas introducing pipe 42 from each of the plurality of
auxiliary exhaust gas introducing pipes 44a to 44d, and closes a flow path connecting to the
plurality of auxiliary exhaust gas discharge pipes 48a to 48d from the plurality of auxiliary
exhaust gas introducing pipes 44a to 44d, respectively.

[0091] According to this embodiment, it is possible to introduce exhaust gas discharged
from the main engine 12 and the auxiliary engines 14 into the absorber 30 disposed in a small
space inside the funnel 6.

[0092] In some embodiments, as shown in FIG. 11 described above, the absorber body
unit 32 includes a pair of longitudinal wall surfaces 32a, 32b extending parallel to each other
along the longitudinal direction of the interior space 31, and a pair of lateral wall surfaces 32c,
32d extending parallel to each other along the lateral direction of the interior space 31.

[0093] According to this embodiment, the planar shape of the interior space 31 of the
absorber body unit 32 is formed into a rectangular shape defined by the pair of longitudinal
wall surfaces 32a, 32b and the pair of lateral wall surfaces 32c, 32d. At this time, the
rectangular shape of the present embodiment includes a rectangular shape whose corner
portions are processed into an R shape, or a haunched rectangular shape. When the interior
space 31 of the absorber body unit 32 has such a rectangular shape, dead space is less likely to
be formed in the ship, and thus the arrangement efficiency upon arrangement in a ship is

improved.
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[0094] FIG. 7 is a diagram for describing a traverse member disposed in the storage space
of the absorber body unit in a ship desulfurization device according to an embodiment of the
present invention.

In some embodiments, as shown in FIG. 5 described above, a storage space 31a storing
a cleaning liquid after being sprayed over exhaust gas introduced into the interior space 31 is
formed in the absorber body unit 32. Further, as shown in FIG. 7, the absorber body unit 32
includes a traverse member 70 connecting a pair of longitudinal wall surfaces 32a, 32b (see
FIG. 11), and traversing the storage space 31a along the lateral direction of the interior space
31.

[0095] According to this embodiment, when sloshing occurs due to rolling of the ship 1,
which is heavy surge in the surface of the cleaning liquid stored in the storage space 31a, for
instance, it is possible to suppress the surge of the liquid surface with the traverse member 70.
Further, with the traverse member 70 connecting the pair of longitudinal wall surfaces 32a,
32b, it is possible to improve the strength of the absorber body unit 32 having the interior
space 31 with a rectangular shape.

[0096] In some embodiments, as shown in FIG. 7A, the above described traverse member
70 includes a traverse beam member 70A having an elongated shape.

In the depicted embodiment, the traverse beam member 70A includes an H-shape steel
beam having an H-shaped cross section, for instance, and a plurality of (three) stages of H-
shaped steel beams are disposed in the substantially center position in the longitudinal
direction of the interior space 31, at intervals from one another in the up-down direction.
Further, in some embodiments, the traverse beam member may be a beam member with a
cross section having an | shape, an L shape, a T shape, or a tubular shape.

[0097] According to this embodiment, with the traverse beam member 70A having an
elongated shape, it is possible to achieve the effect to reinforce the absorber body unit 32 and
the effect to suppress sloshing described above. Further, according to this embodiment, the

reinforcement effect for the absorber body unit 32 is particularly enhanced.
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[0098] In some embodiments, as shown in FIG. 7B, the above described traverse member
70 includes a sheeting member 70B having a flat plate shape.

In the depicted embodiment, the sheeting member 70B is formed by a non-hole plate
including no hole formed on the plate surface, and is disposed in the substantially center
position in the longitudinal direction of the interior space 31. Alternatively, the sheeting
member 70B may be a perforated plate with a plurality of holes formed on the plate surface.
[0099] According to this embodiment, with the sheeting member 70B having a flat plate
shape, it is possible to achieve the effect to reinforce the absorber body unit 32 and the effect
to suppress sloshing described above. Further, according to this embodiment, the effect to
suppress sloshing is particularly enhanced.

[0100] Further, although not depicted, the traverse member 70 described above may
include both of the traverse beam member 70A and the sheeting member 70B.

[0101] In some embodiments, as shown in FIG. 5 described above, the ship
desulfurization device 20 further includes a spraying device 38 (38A) for spraying the
cleaning liquid over exhaust gas introduced into the interior space 31 of the absorber body
unit 32.  Further, the spraying device 38A includes a longitudinal spray pipe 38al extending
parallel to each of the pair of longitudinal wall surfaces 32a, 32b (see FIG. 11), and a plurality
of spray nozzles 38a2 disposed on the longitudinal spray pipe 38al, in the interior space 31 of
the absorber body unit 32.

[0102] In some embodiments, a single longitudinal spray pipe 38al may be disposed in
the substantially center position in the lateral direction of the interior space 31. Further, in
some embodiments, a plurality of longitudinal spray pipes 38al may be disposed at regular
intervals in the lateral direction of the interior space 31.

[0103] According to this embodiment, it is possible to provide a constant distance
between the longitudinal wall surfaces 32a, 32b and each of the plurality of spray nozzles 38b
disposed on the same longitudinal spray pipe 38al. Accordingly, it is possible to spray the

cleaning liquid uniformly in the interior space 31, and thus it is possible to suppress the
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negative effect of uneven spraying of the cleaning liquid due to swaying (rolling, pitching,
yawing) of the ship 1.

[0104] FIG. 8 is a schematic diagram of an absorber of a ship desulfurization device
according to an embodiment of the present invention. The absorber 30 shown in FIG. 8 is
different from the absorber 30 shown in FIG. 5 only in the configuration of the spraying
device 38. Thus, the same component is associated with the same reference numeral and not
described in detail.

[0105] In some embodiments, as shown in FIG. 8 described above, the ship
desulfurization device 20 further includes a spraying device 38 (38B) for spraying the
cleaning liquid over exhaust gas introduced into the interior space 31 of the absorber body
unit 32. Further, the spraying device 38B includes a plurality of lateral spray pipes 38bl
extending parallel to each of the pair of lateral wall surfaces 32c, 32d (see FIG. 11) at regular
intervals, and at least one spray nozzle 38b2 disposed on each of the lateral spray pipes 38b1,
in the interior space 31 of the absorber body unit 32.

[0106] Further, in some embodiments, a plurality of longitudinal spray pipes 38b2 may be
disposed at regular intervals on each of the plurality of lateral spray pipes 38b1. Further, in
some embodiments, the plurality of spray nozzles 38b2 disposed on adjacent lateral spray
pipes 38b1 may be offset so as not to overlap in the lateral direction. In some embodiments,
the plurality of longitudinal spray nozzles 38b2 may be disposed on the plurality of lateral
spray pipes 38b1 in a staggered pattern in a planar view.

[0107] According to this embodiment, it is possible to set an equal spraying area for the
spray nozzles 38b2 disposed on each of the plurality of lateral spray pipes 38bl.
Accordingly, it is possible to spray the cleaning liquid uniformly in the interior space 31, and
thus it is possible to suppress the negative effect of uneven spraying of the cleaning liquid due
to swaying (rolling, pitching, yawing) of the ship 1.

[0108] The embodiments of the present invention have been described above. However,
the present invention is not limited thereto, and various modifications may be applied as long

as they do not depart from the object of the present invention. While the ship desulfurization
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a ship having a container capacity load less than 10,000 TEU, that is called a large-size, or a
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middle/small-size ship.

Description of Reference Numerals

[0109]

1  Ship

2 Hull

3 Upper deck

4 Accommodation house

6 Funnel

8, 8A, 8B Bulkhead
Container

10 Engine room

12 Main engine

14 Auxiliary engine

20  Ship desulfurization device

30 Absorber

31 Interior space

3la Storage space

31b Lower interior space

31c Upper interior space

31d Outlet-side interior space

32 Absorber body unit

32a, 32b  Longitudinal wall surface

32c, 32d Lateral wall surface

33

Exhaust gas introducing port
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34 Exhaust gas introducing unit
34A Oblique portion

34B Vertical portion

34a First end portion

34b Second end portion

35 Packed layer

36  Exhaust gas discharge unit
37  Mist eliminator

38, 38A,38B  Spraying device
38al Longitudinal spray pipe
38a2 Spray nozzle

38b1 Lateral spray pipe

38b2 Spray nozzle

39a Lateral end portion of first side

39b Lateral end portion of second side

40  Exhaust gas introducing device
42  Exhaust gas introducing pipe

43  Exhaust gas discharge pipe

44a to 44d Auxiliary exhaust gas introducing pipe
45  Exhaust gas inlet pipe

46  Exhaust gas outlet pipe

48a to 48d Auxiliary exhaust gas discharge pipe
50 Sea-water supplying device

52  No. 1 sea chest

52a Discharged water dilution pump

54  No. 2 sea chest
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54a Sea-water supply pump

56  Sea-water introducing pipe
58  Sea-water supply pipe

60 Waste heat recovery device
70  Traverse member

70A Traverse beam member

70B Sheeting member
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CLAIMS

1. Aship desulfurization device for desulfurizing exhaust gas discharged from an exhaust
gas generation device mounted to a ship, the ship desulfurization device comprising:

an absorber including an absorber body unit defining an interior space having a
longitudinal direction and having an exhaust gas introducing port formed on an end portion of
the absorber body unit with respect to the longitudinal direction, the exhaust gas introducing
port being in communication with the interior space; and

an exhaust gas introducing device for introducing exhaust gas discharged from the
exhaust gas generation device to the absorber body unit,

wherein, when L is a maximum length of the interior space of the absorber body unit
with respect to the longitudinal direction, and W is a maximum width of the interior space of
the absorber body unit with respect to a lateral direction that is orthogonal to the longitudinal
direction,

a ratio (W:L) of the maximum width W to the maximum length L is within a range of

1: over 1.1 and 1: 6.0 or under 6.0.

2. The ship desulfurization device according to claim 1,
wherein the ratio (W:L) of the maximum width W to the maximum length L is within a

range of 1: over 1.5 and 1: 2.0 or under 2.0.

3. The ship desulfurization device according to claim 1 or 2,
wherein the absorber is mounted to the ship so that the longitudinal direction of the

interior space of the absorber body unit is along a width direction of the ship.

4.  The ship desulfurization device according to claim 3,

wherein the ship comprises a funnel for releasing exhaust gas discharged from the

exhaust gas generation device to outside, the funnel including a cylindrical shape having a
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longitudinal direction along the width direction of the ship, and

wherein the absorber is disposed inside the funnel.

5. The ship desulfurization device according to claim 4,
wherein an waste heat recovery device is disposed inside the funnel, for recovering
thermal energy from exhaust gas discharged from the exhaust gas generation device, and
wherein the absorber is disposed next to the waste heat recovery device in the width

direction of the ship.

6.  The ship desulfurization device according to claim 5,
wherein the absorber further includes an exhaust gas introducing unit having a first end
portion connected to the exhaust gas introducing port of the absorber body unit, the exhaust

gas introducing unit extending upward from the first end portion toward a second end portion.

7. The ship desulfurization device according to claim 6,
wherein the exhaust gas generation device includes a main engine and an auxiliary
engine, and
wherein the exhaust gas introducing device includes:
an exhaust gas introducing pipe extending along the width direction of the ship
from the waste heat recovery device toward the second end of the exhaust gas introducing
unit; and
an auxiliary exhaust gas introducing pipe connected to the exhaust gas introducing
pipe, for introducing exhaust gas discharged from the auxiliary engine into the absorber body

unit via the exhaust gas introducing pipe.

8.  The ship desulfurization device according to any one of claims 1 to 7,

where the absorber body unit includes:

a pair of longitudinal wall surfaces extending in parallel to each other along the
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longitudinal direction of the interior space; and
a pair of lateral wall surfaces extending in parallel to each other along the lateral

direction of the interior space.

9.  The ship desulfurization device according to claim 8,

wherein the absorber body unit includes a storage space formed therein, the storage
space storing a cleaning liquid after being sprayed over the exhaust gas introduced into the
interior space, and

wherein the absorber body unit includes a traverse member which connects the pair of
longitudinal wall surfaces and which traverses the storage space along the lateral direction of

the interior space.

10. The ship desulfurization device according to claim 9,
wherein the traverse member comprises a traverse beam member having an elongated

shape.

11.  The ship desulfurization device according to claim 9,

wherein the traverse member comprises a sheeting member having a flat plate shape.

12. The ship desulfurization device according to any one of claims 8 to 11, further
comprising a spraying device for spraying a cleaning liquid over the exhaust gas introduced
into the interior space of the absorber body unit,

wherein the spraying device includes:

a longitudinal spray pipe extending parallel to each of the pair of longitudinal wall
surfaces in the interior space of the absorber body unit; and

a plurality of spray nozzles disposed on the longitudinal spray pipe.

13. The ship desulfurization device according to any one of claims 8 to 11, further
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comprising a spraying device for spraying a cleaning liquid over the exhaust gas introduced
into the interior space of the absorber body unit,
wherein the spraying device includes:
a plurality of lateral spray pipes extending parallel to each of the pair of lateral
wall surfaces in the interior space of the absorber body unit, the lateral spray pipes arranged at
regular intervals; and

at least one spray nozzle disposed on each of the plurality of lateral spray pipes.
14. The ship desulfurization device according to any one of claims 1 to 13,
wherein the exhaust gas generation device includes a main engine, and
wherein an exhaust gas amount of the main engine is at least 200,000Nm?/h.
15. The ship desulfurization device according to any one of claims 1 to 14,
wherein the ship comprises a container ship having a container load capacity of at least

10,000 TEU.

16. A ship comprising the ship desulfurization device according to any one of claims 1 to 15.
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