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DRAINAGE SYSTEM FOR MARINE DESULFURIZATION DEVICE

TECHNICAL FIELD

[0001] The present disclosure relates to a drainage system for a marine desulfurization

device.
BACKGROUND ART
[0002] In recent years, the International Maritime Organization (IMO) has adopted new

regulations for pH of wastewater from desulfurization devices mounted on ships. At the
present time, the pH is restricted to be no less than 6.5 at 4 m from the overboard discharge
point.

[0003] Patent Document 1 discloses a desulfurization device mounted on a ship, in which
a water-saving deacidification device is connected with a total drain pipe to discharge post-

deacidification seawater that is suitable for discharge regulation.

Citation List
Patent Literature

[0004] Patent Document 1: JP2011-524800A (translation of a PCT application)

SUMMARY

Problems to be Solved

[0005] In a case where a desulfurization tower is mounted on the deck or the like of a ship,
the liquid level of a liquid reservoir in the bottom of the desulfurization tower is situated
above the waterline. In this case, a configuration shown in FIG. 11 is considered as a
drainage system for the desulfurization device.

[0006] In the drainage system 07 shown in FIG. 11, an outlet 012 for discharging
wastewater of a desulfurization tower 08 to the outside of the ship is disposed below the

waterline L (in the sea), and a liquid in a liquid reservoir 018 of the desulfurization tower 08
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is discharged from the outlet 012 via a drainage line 010 including a pipe 034 extending in the
vertical direction. In case of this drainage system 07, a valve 040 is disposed in the middle
of the pipe 034 so that the liquid reservoir 018 of the desulfurization tower 08 does not
become empty. Thus, the valve 040 enables adjustment of the flow rate of wastewater
flowing from the liquid reservoir 018 into the sea. Thereby, it is possible to prevent inflow
of exhaust gas into the drainage line. Further, it is possible to reliably prevent emission of
exhaust gas into the atmosphere.

[0007] However, the drainage system 07 shown in FIG. 11 causes, in a case where the
opening degree of the valve 040 is decreased to reduce the drainage amount from the
desulfurization tower 08, large negative pressure downstream of the valve 040 in the drainage
line 010, which can cause damage to the pipe 034 or boiling of internal fluid under reduced
pressure. Further, even if the valve 040 is opened to avoid the occurrence of negative
pressure, there is a possibility that the liquid reservoir 018 of the desulfurization tower 08
becomes empty and exhaust gas flows into the drainage line 010, resulting in thermal damage
to the pipe 034.

[0008] In this regard, Patent Document 1 does not disclose any measure for suppressing
damage to pipes in a drainage system for a marine desulfurization device.

[0009] At least one embodiment of the present invention was made in view of the above
typical problem, and an object thereof is to provide a drainage system for a marine
desulfurization device whereby it is possible to reduce damage to pipes of a drainage line
through which wastewater from a desulfurization tower is discharged to the outside of the

ship.

Solution to the Problems

[0010] (1) According to at least one embodiment of the present invention, a drainage
system for a marine desulfurization device for desulfurizing an exhaust gas discharged from
an exhaust gas generation device mounted on a ship comprises: a desulfurization tower

defining therein a gas-liquid contact part spraying a cleaning liquid to the exhaust gas
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introduced into the gas-liquid contact part to bring the exhaust gas and the cleaning liquid into
gas-liquid contact; and a drainage line having an inlet and an outlet, the inlet being positioned
above a waterline of the ship and being configured so that a liquid stored in a liquid reservoir
and including the cleaning liquid sprayed to the exhaust gas flows into the inlet as wastewater,
the outlet being positioned below the waterline and discharging the liquid flowing from the
inlet to an outside of the ship. The drainage system is configured so that the liquid that is
stored in the liquid reservoir and exceeds a height of a weir part disposed above the waterline
overflows the weir part and flows into the inlet.

[0011] With the drainage system for a marine desulfurization device described in the
above (1), using the gravity and the height difference between the liquid level position of the
wastewater in the drainage line and the height position of the waterline, it is possible to
supply the wastewater to the outlet by the hydraulic head of the wastewater in the drainage
line. Further, since the wastewater flows into the inlet from the liquid reservoir by the
overflow method as described above, a liquid stored in the liquid reservoir and a liquid
accumulated in the drainage line are separated spatially, and the amount of the liquid stored in
the liquid reservoir does not directly affect the pressure of the liquid in the drainage line.
Thus, it is possible to suppress the increase in pressure applied to pipes forming the drainage
line.

[0012] Further, since it is not necessary to provide a valve to the drainage line above the
waterline, the above problems raised in the configuration shown in FIG. 11 (damage to pipes
or boiling of internal fluid under reduced pressure due to negative pressure occurring
downstream of the valve) do not occur, and thus it is possible to reduce damage to pipes of the
drainage line. Accordingly, it is possible to decrease the design strength of pipes forming the
drainage line, and it is possible to reduce the cost and the weight of the pipes.

[0013] (2) In some embodiments, in the drainage system for a marine desulfurization
device described in the above (1), the desulfurization tower further defines therein the liquid
reservoir positioned below the gas-liquid contact part.

[0014] With the drainage system for a marine desulfurization device described in the
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above (2), a liquid can be stored in the liquid reservoir disposed inside the desulfurization
tower.

[0015] (3) In some embodiments, in the drainage system for a marine desulfurization
device described in the above (2), the desulfurization tower further defines therein a
connection space part connected to the drainage line, the weir part is disposed on the
connection space part, the desulfurization tower includes a partition member separating the
connection space part from the gas-liquid contact part, and a lower end of the partition
member is positioned below an upper end of the weir part.

[0016] With the drainage system for a marine desulfurization device described in the
above (3), since the lower end of the partition member is positioned below the upper end of
the weir part, a liquid can be stored to a position above the lower end of the partition member
in the liquid reservoir. Thereby, it is possible to suppress inflow of the gas in the gas-liquid
contact part of the desulfurization tower into the connection space part by the liquid stored in
the liquid reservoir and the partition member. Consequently, it is possible to suppress inflow
of the gas in the gas-liquid contact part of the desulfurization tower into the drainage line, and
it is possible to reduce damage to pipes forming the drainage line.

[0017] (4) In some embodiments, in the drainage system for a marine desulfurization
device described in the above (3), the desulfurization tower is provided with an atmospheric
opening connecting the connection space part to atmosphere.

[0018] With the drainage system for a marine desulfurization device described in the
above (4), the pressure in the connection space part is kept at atmospheric pressure through
the atmospheric opening, which makes it possible to avoid the occurrence of a phenomenon
that a liquid stored in the liquid reservoir of the desulfurization tower is sucked out to the
drainage line by the siphon effect. Further, since the connection space part and the gas-
liquid contact part are separated by the partition member, it is possible to prevent the gas in
the gas-liquid contact part from flowing out to the atmosphere through the atmospheric
opening.

[0019] (5) In some embodiments, in the drainage system for a marine desulfurization
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device described in the above (3) or (4), the desulfurization tower includes a traverse member
connecting an opposed pair of wall surfaces of the desulfurization tower and traversing the
liquid reservoir.

[0020] With the drainage system for a marine desulfurization device described in the
above (5), it is possible to suppress sloshing in a direction intersecting with the extension
direction of the traverse member in the liquid reservoir by the traverse member. The
sloshing suppression effect by the traverse member can be obtained regardless of the
configuration of the drainage line.

[0021] (6) In some embodiments, in the drainage system for a marine desulfurization
device described in the above (5), the traverse member extends along an extension direction
of the partition member.

[0022] With the drainage system for a marine desulfurization device described in the
above (6), it is possible to effectively suppress sloshing in a direction perpendicular to the
extension direction of the partition member by the traverse member. Thus, it is possible to
suppress the flow of the gas in the gas-liquid contact part passing below the partition member
and flowing into the connection space part.

[0023] (7) In some embodiments, in the drainage system for a marine desulfurization
device described in the above (6), an upper end of the traverse member is positioned above
the upper end of the weir part, a lower end of the traverse member is positioned below the
upper end of the weir part, and a clearance is provided between the lower end of the traverse
member and a bottom surface of the desulfurization tower.

[0024] With the drainage system for a marine desulfurization device described in the
above (7), it is possible to effectively suppress sloshing in a direction intersecting with the
extension direction of the traverse member in the liquid reservoir by the traverse member
while the liquid level on both sides of the traverse member in the liquid reservoir is made
uniform.

[0025] (8) In some embodiments, in the drainage system for a marine desulfurization

device described in any of the above (3) to (7), when a direction in which the gas-liquid
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contact part and the connection space part are adjacent is defined as a first direction; a side
adjacent to the gas-liquid contact part in the first direction is defined as a first side; a side
adjacent to the connection space part in the first direction is defined as a second side; L is a
length of the liquid reservoir along the first direction; L1 is a length of the liquid reservoir
between the partition member and an end of the liquid reservoir on the first side in the first
direction; L2 is a length of the liquid reservoir between the partition member and the weir
part; and D is a difference between a height of the weir part and a height of a lower end of the
partition member, the following expression (A) is satisfied:

D>max{L1, L2} xtan0 (A)
wherein 0 is 22.5 degrees in a case where the first direction coincides with a width direction
of the ship, and 0 is 15 degrees in a case where the first direction coincides with a front-back
direction of the ship.
[0026] A typical ship is designed in consideration of rolling (swing in the roll direction)
of the ship about 22.5 degrees, and pitching (swing in the pitch direction) of the ship about 15
degrees. In this regard, with the drainage system for a marine desulfurization device
described in the above (8), since the above expression (A) is satisfied, even in a case where
the ship rolls or pitches as expected, it is possible to suppress the flow of the gas in the gas-
liquid contact part passing below the partition member and flowing into the connection space
part.
[0027] (9) In some embodiments, in the drainage system for a marine desulfurization
device described in the above (1), the drainage system further comprises a relay tank disposed
outside the desulfurization tower and defining therein the liquid reservoir.
[0028] With the drainage system for a marine desulfurization device described in the
above (9), a liquid can be stored in the liquid reservoir of the relay tank disposed outside the
desulfurization tower. Further, since the liquid reservoir is provided in the relay tank which
is positioned outside the desulfurization tower and can be changed in layout more easily than
the desulfurization tower, it is possible to improve the layout of the desulfurization tower,

compared with a case where the liquid reservoir is provided in the desulfurization tower.
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[0029] (10) In some embodiments, in the drainage system for a marine desulfurization
device described in the above (9), the relay tank further defines therein a connection space
part connected to the drainage line, and the weir part is disposed on the connection space part.
[0030] With the drainage system for a marine desulfurization device described in the
above (10), since the connection space part connected to the drainage line is provided in the
relay tank which is positioned outside the desulfurization tower and can be changed in layout
more easily than the desulfurization tower, it is possible to improve the layout of the
desulfurization tower and the drainage line.

[0031] (11) In some embodiments, in the drainage system for a marine desulfurization
device described in the above (10), the relay tank is provided with an atmospheric opening
connecting the connection space part to atmosphere.

[0032] With the drainage system for a marine desulfurization device described in the
above (11), the pressure in the connection space part is kept at atmospheric pressure through
the atmospheric opening, which makes it possible to avoid the occurrence of a phenomenon
that a liquid stored in the liquid reservoir of the relay tank is sucked out to the drainage line by
the siphon effect.

[0033] (12) In some embodiments, in the drainage system for a marine desulfurization
device described in any of the above (1) to (11), the drainage system further comprises a
liquid level meter for measuring a liquid level position of the wastewater in the drainage line;
a liquid-level-position adjustment valve disposed below the waterline in the drainage line; and
a valve controller controlling an opening degree of the liquid-level-position adjustment valve,
based on the liquid level position measured by the liquid level meter.

[0034] With the drainage system for a marine desulfurization device described in the
above (12), by controlling the opening degree of the liquid-level-position adjustment valve so
that the liquid level position of the wastewater in the drainage line measured by the liquid
level meter is kept in a predetermined range, it is possible to suppress the excess or deficiency
of hydraulic head of the wastewater (power of wastewater in the drainage line) due to load

fluctuation in the head pipe of the drainage line. Thus, it is possible to discharge the
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wastewater from the outlet appropriately with reduced damage to pipes forming the drainage
line.

[0035] (13) In some embodiments, in the drainage system for a marine desulfurization
device described in any of the above (1) to (12), the drainage system further comprises a
nozzle for mixing the liquid including the cleaning liquid discharged from the outlet with
water around the ship.

[0036] With the drainage system for a marine desulfurization device described in the
above (13), using the gravity and the height difference between the liquid level position of the
wastewater accumulated in the drainage line and the height position of the waterline, it is
possible to supply the wastewater to the nozzle by the hydraulic head of the wastewater in the
drainage line. Thereby, it is possible to effectively mix the wastewater discharged from the
nozzle with water around the ship.

[0037] (14) In some embodiments, in the drainage system for a marine desulfurization
device described in any of the above (1) to (13), the drainage system further comprises an
overflow pipe connecting a predetermined position of the drainage line above the waterline to
the outside of the ship.

[0038] With the drainage system for a marine desulfurization device described in the
above (14), even if the flow rate of the wastewater flowing into the drainage line suddenly
increases due to some troubles, and the liquid level position of the wastewater in the drainage
line rises, the wastewater is discharged from the overflow pipe to the outside of the ship.
Thus, it is possible to suppress backflow of the wastewater from the drainage line to the
desulfurization tower and to the exhaust gas generation device.

[0039] (15) In some embodiments, in the drainage system for a marine desulfurization
device described in any of the above (1) to (14), the drainage system further comprises a fluid
injection device for injecting a fluid into the drainage line.

[0040] With the drainage system for a marine desulfurization device described in the
above (15), injecting a liquid such as hypochlorous acid into the drainage line by the fluid

injection device prevents adhesion of marine growth to the inside of the drainage line.
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Further, injecting an alkaline liquid into the drainage line by the fluid injection device

increases the pH of the wastewater in the drainage line.

Advantageous Effects

[0041] According to at least one embodiment of the present invention, there is provided a
drainage system for a marine desulfurization device whereby it is possible to reduce damage
to pipes of a drainage line through which wastewater from a desulfurization tower is

discharged to the outside of the ship.

BRIEF DESCRIPTION OF DRAWINGS
[0042] FIG. 1 is a cross-sectional view showing a schematic configuration of a drainage
system 7(7A) of a desulfurization device 6 according to an embodiment.

FIG. 2 is a schematic cross-sectional view for describing the dimension of a part of the
desulfurization device 6 shown in FIG. 1.

FIG. 3 is a cross-sectional view showing a schematic configuration of a drainage system
7(7B) of a desulfurization device 6 according to an embodiment.

FIG. 4 is a cross-sectional view showing a schematic configuration of a drainage system
7(7C) of a desulfurization device 6 according to an embodiment.

FIG. 5 is a cross-sectional view showing a schematic configuration of a drainage system
7(7D) of a desulfurization device 6 according to an embodiment.

FIG. 6 is a cross-sectional view showing a schematic configuration of a drainage system
7(7E) of a desulfurization device 6 according to an embodiment.

FIG. 7A is a schematic cross-sectional view for describing the configuration of a
traverse member 56.

FIG. 7B is a schematic diagram for describing the arrangement of the traverse member
56 in plan view.

FIG. 8 is a cross-sectional view showing a schematic configuration of a drainage system

7(7F) of a desulfurization device 6 according to an embodiment.
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FIG. 9A is a schematic diagram showing an example of a planar shape of a relay tank 70
shown in FIG. 8.

FIG. 9B is a schematic diagram showing another example of a planar shape of the relay
tank 70 shown in FIG. 8.

FIG. 10A is a schematic cross-sectional view for describing the configuration of a
traverse member 94.

FIG. 10B is a schematic diagram for describing the arrangement of the traverse member
94 in plan view.

FIG. 11 is a cross-sectional view showing a schematic configuration of a drainage

system 07 of a desulfurization device according to a comparative embodiment.

DETAILED DESCRIPTION

[0043] 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
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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.

[0044] FIG. 1 is a schematic cross-sectional view of a ship 2 according to an embodiment.

As shown in FIG. 1, the ship 2 includes a hull 4 and a desulfurization device 6 (marine
desulfurization device).

[0045] The desulfurization device 6 is configured to desulfurize an exhaust gas
discharged from an exhaust gas generation device (not shown) mounted on the hull 4 and
includes a drainage system 7(7A) for discharging wastewater generated by desulfurization
treatment in the desulfurization device 6 to the outside of the ship 2. Examples of the
exhaust gas generation device include main engines using C heavy oil or a mixed oil of low
sulfur fuel and C heavy oil, such as a diesel engine, a gas turbine engine, or a steam turbine
engine, multiple power generation engines, and marine boilers.

[0046] The drainage system 7 of the desulfurization device 6 includes a desulfurization
tower 8 and a drainage line 10.

The desulfurization tower 8 is disposed on a deck 5 of the hull 4. The desulfurization
tower 8 defines therein a gas-liquid contact part 16 spraying a cleaning liquid (e.g., seawater,
alkaline agent) to the exhaust gas introduced into the gas-liquid contact part 16 to bring the
exhaust gas and the cleaning liquid into gas-liquid contact, and a liquid reservoir 18 disposed
below the gas-liquid contact part 16 and receiving a liquid including the cleaning liquid which
absorbs sulfur contents in the exhaust gas at the gas-liquid contact part 16. Examples of the
alkaline agent include NaOH, Ca(OH),, NaHCOs3, Na2COg, and it is preferable to use an alkali
reduced in volume to increase concentration.

[0047] The drainage line 10 includes an inlet 20 and an outlet 12.

The inlet 20 is disposed above the waterline L of the ship 2 and is configured so that a

liquid stored in the liquid reservoir 18 flows into the inlet 20 as wastewater W1. In the

illustrated embodiment, when the liquid level (liquid surface height) of the liquid reservoir 18
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exceeds the height of a weir part 19 (an upper end portion of a head pipe 34 of the drainage
line 10 described later) disposed above the waterline L, the liquid stored in the liquid reservoir
18 overflows the weir part 19 and flows into the inlet 20 as wastewater W1.

[0048] The outlet 12 is disposed below the waterline L and is configured to discharge the
wastewater W1 flowing from the inlet 20 to the outside of the ship 2. Further, when the
wastewater W1 is accumulated in the drainage line 10 and reaches a liquid level position P1
above the waterline L, the drainage line 10 includes a section S (pipe) that is not open to the
atmosphere over a range between the outlet 12 and the liquid level position P1 of the
wastewater W1 in the drainage line 10. That is, in the section S, the drainage line 10 is not
connected to a facility, such as a wastewater treatment tank, that is open to the atmosphere.
[0049] In the exemplary embodiment shown in FIG. 1, the drainage line 10 includes a
head pipe 34 extending along the vertical direction and having a height (head) between an
upper end portion and a lower end portion, and a horizontal pipe 36 extending along the
horizontal direction from the lower end portion of the head pipe 34. The inlet 20 is disposed
at the upper end of the head pipe 34, and the outlet 12 is disposed on the rear end of the
horizontal pipe 36 (side surface of the hull 4).

[0050] With the above configuration, using the gravity and the height difference between
the liquid level position P1 of the wastewater W1 accumulated in the drainage line 10 and the
height position PO of the waterline L, it is possible to supply the wastewater W1 to the outlet
12 by the hydraulic head of the wastewater W1 in the drainage line 10. Further, since the
wastewater W1 flows into the inlet 20 from the liquid reservoir 18 by the overflow method as
described above, a liquid stored in the liquid reservoir 18 and a liquid accumulated in the
drainage line 10 are separated spatially, and the amount of the liquid stored in the liquid
reservoir 18 does not directly affect the pressure of the liquid in the drainage line 10. Thus,
it is possible to suppress the increase in pressure applied to pipes forming the drainage line 10.
[0051] Further, in the illustrated embodiment, since the drainage line 10 is not provided
with a valve above the waterline L, the above problems raised in the configuration shown in

FIG. 11 (damage to pipes or boiling of internal fluid under reduced pressure due to negative
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pressure occurring downstream of the valve) do not occur, and thus it is possible to reduce
damage to pipes of the drainage line 10. Accordingly, it is possible to decrease the design
strength of pipes forming the drainage line 10, and it is possible to reduce the cost and the
weight of the pipes.

[0052] In some embodiments, for instance as shown in FIG. 1, the desulfurization tower 8
defines therein a connection space part 22 connected to the drainage line 10, and includes a
partition member 24 separating the connection space part 22 from the gas-liquid contact part
16. Additionally, the weir part 19 is disposed on the connection space part 22, and a lower
end 26 of the partition member 24 is positioned below an upper end 28 of the weir part 19.
[0053] With the above configuration, since the lower end 26 of the partition member 24 is
positioned below the upper end 28 of the weir part 19, a liquid can be stored to a position
above the lower end 26 of the partition member 24 in the liquid reservoir 18. Thereby, it is
possible to suppress inflow of the gas in the gas-liquid contact part 16 of the desulfurization
tower 8 into the connection space part 22 by the liquid stored in the liquid reservoir 18 and the
partition member 24. Consequently, it is possible to suppress inflow of the gas in the gas-
liquid contact part 16 of the desulfurization tower 8 into the drainage line 10, and it is possible
to reduce damage to pipes forming the drainage line 10.

[0054] In some embodiments, for instance as shown in FIG. 1, the desulfurization tower 8
is provided with an atmospheric opening 30 connecting the connection space part 22 to the
atmosphere. In the illustrated embodiment, the atmospheric opening 30 is formed in a
ceiling part 32 which defines the connection space part 22 of the desulfurization tower 8.
[0055] With the above configuration, the pressure in the connection space part 22 is kept
at atmospheric pressure through the atmospheric opening 30, which makes it possible to avoid
the occurrence of a phenomenon that a liquid stored in the liquid reservoir 18 of the
desulfurization tower 8 is sucked out to the drainage line 10 by the siphon effect. Further,
since the connection space part 22 and the gas-liquid contact part 16 are separated by the
partition member 24, it is possible to prevent the gas in the gas-liquid contact part 16 from

flowing out to the atmosphere through the atmospheric opening 30.
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[0056] FIG. 2 is a schematic cross-sectional view for describing the dimension of a part of
the desulfurization device shown in FIG. 1.

Firstly, as shown in FIG. 2, a direction in which the gas-liquid contact part 16 and the

connection space part 22 are adjacent is defined as a first direction; a side adjacent to the gas-
liquid contact part 16 in the first direction is defined as a first side; and a side adjacent to the
connection space part 22 in the first direction is defined as a second side. Secondly, it is
defined as follows: L is the length of the liquid reservoir 18 along the first direction; L1 is a
length of the liquid reservoir 18 between the partition member 24 and an end of the liquid
reservoir 18 on the first side in the first direction; L2 is a length of the liquid reservoir 18
between the weir part 19 and the partition member 24; and D is a difference between the
height from the bottom surface of the liquid reservoir 18 to the upper end 28 of the weir part
19 and the height from the bottom surface of the liquid reservoir 18 to the lower end 26 of the
partition member 24. In the embodiment shown in FIG. 2, the partition member 24 extends
perpendicular to the first direction.
[0057] In some embodiments, in FIG. 2, the drainage system 7 is configured to satisfy the
following expression (A). That is, the weir part 19 and the partition member 24 are
configured so that the difference D is larger than the larger one of the product of the length L1
and tanf and the product of the length L2 and tanf.

D>max{L1, L2} xtand  (A)

In the expression (A), 0 is 22.5 degrees in a case where the first direction coincides with
the width direction of the ship 2, and 0 is 15 degrees in a case where the first direction
coincides with the front-back direction of the ship 2.

[0058] A typical ship is designed in consideration of rolling (swing in the roll direction)
of the ship about 22.5 degrees, and pitching (swing in the pitch direction) of the ship about 15
degrees. Thus, when the above expression (A) is satisfied, even in a case where the ship 2
rolls or pitches as expected, it is possible to suppress the flow of the gas in the gas-liquid
contact part 16 passing below the partition member 24 and flowing into the connection space

part 22.
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[0059] Next, some modifications of the drainage system 7 of the desulfurization device 6
will be described with reference to FIGs. 3to 7B. FIG. 3 is a cross-sectional view showing a
schematic configuration of a drainage system 7(7B) of the desulfurization device 6 according
to an embodiment. FIG. 4 is a cross-sectional view showing a schematic configuration of a
drainage system 7(7C) of the desulfurization device 6 according to an embodiment. FIG. 5 is
a cross-sectional view showing a schematic configuration of a drainage system 7(7D) of the
desulfurization device 6 according to an embodiment. FIG. 6 is a cross-sectional view
showing a schematic configuration of a drainage system 7(7E) of the desulfurization device 6
according to an embodiment.

[0060] The drainage system 7(7B to 7E) of the desulfurization device 6 described below
is same as the above-described drainage system 7(7A) in the basic configuration, but differs in
that they further include additional components. In the following modifications, the same
features as those of the drainage system 7(7A) are denoted by the same reference sings, and
description thereof will be omitted. The characteristic features of each modification will be
mainly described below.

[0061] In some embodiments, for instance as shown in FIG. 3, the drainage system 7(7B)
includes a pressure gauge 38 as a liquid level meter for measuring the liquid level position P1
of the wastewater W1 in the drainage line 10, a liquid-level-position adjustment valve 40
disposed below the waterline L on the drainage line 10, and a valve controller 42 controlling
the opening degree of the liquid-level-position adjustment valve 40, based on the liquid level
position P1 measured by the pressure gauge 38.

[0062] With the above configuration, by controlling the opening degree of the liquid-
level-position adjustment valve 40 so that the liquid level position P1 of the wastewater W1 in
the drainage line 10 measured by the pressure gauge 38 is kept in a predetermined range, it is
possible to suppress the excess or deficiency of hydraulic head of the wastewater W1 (power
of wastewater in the drainage line 10) due to load fluctuation in the head pipe 34 of the
drainage line 10. Thus, it is possible to discharge the wastewater W1 from the outlet 12

appropriately with reduced damage to pipes forming the drainage line 10.
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[0063] In some embodiments, for instance as shown in FIG. 4, the drainage system 7(7C)
includes a nozzle 44 for mixing a liquid including the cleaning liquid discharged from the
outlet 12 with water WO (e.g., sea water, lake water, or river water) around the ship 2. As
the nozzle 44, for instance, a known nozzle such as an ejector nozzle, a multi-hole nozzle, an
inward annular nozzle, or a swirling nozzle can be used.

[0064] With the above configuration, using the gravity and the height difference between
the liquid level position P1 of the wastewater W1 accumulated in the drainage line 10 and the
height position PO of the waterline L, it is possible to supply the wastewater W1 to the nozzle
44 by the hydraulic head of the wastewater W1 in the drainage line 10. Thereby, it is
possible to effectively mix the wastewater W1 discharged from the nozzle 44 with the water
WO around the ship 2.

[0065] In some embodiments, for instance as shown in FIG. 5, the drainage system 7(7D)
includes an overflow pipe 48 (emergency drainage mechanism) connecting a position P2
above the waterline of the drainage line 10 to the outside of the ship 2. In the illustrated
embodiment, a first end of the overflow pipe 48 is connected to the head pipe 34 at the
position P2, and a second end of the overflow pipe 48 is connected to the outside of the ship 2
at a position below the waterline L on the side surface of the ship 2.

[0066] With the above configuration, even if the flow rate of the wastewater W1 flowing
into the drainage line 10 suddenly increases due to some troubles, and the liquid level position
P1 of the wastewater W1 in the drainage line 10 rises, the wastewater W1 is discharged from
the overflow pipe 48 to the outside of the ship 2. Thus, it is possible to suppress backflow of
the wastewater W1 from the drainage line 10 to the desulfurization tower 8 and to the exhaust
gas generation device (not shown).

[0067] In some embodiments, for instance as shown in FIG. 6, the drainage system 7(7E)
includes a fluid injection device 50 for injecting a fluid W2 into the drainage line 10. In the
illustrated embodiment, the fluid injection device 50 includes a tank 52 storing the fluid W2
and a pump 54 for supplying the fluid W2 in the tank 52 to the head pipe 34 of the drainage

line 10. Further, the fluid W2 injected by the fluid injection device 50 may be a liquid such
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as hypochlorous acid for preventing adhesion of marine growth or an alkaline liquid (pH
adjusting agent) for increasing the pH of the wastewater W1 in the drainage line 10.

[0068] With the above configuration, injecting a liquid such as hypochlorous acid into the
drainage line 10 by the fluid injection device 50 prevents adhesion of marine growth to the
inside of the drainage line 10. Further, injecting an alkaline liquid into the drainage line 10
by the fluid injection device 50 increases the pH of the wastewater W1 in the drainage line 10.
By increasing the pH of the wastewater in the drainage line 10, in a case where wastewater
having a lower pH than as intended is drained, the pH can be increased to the intended pH on
the upstream side of the outlet. Alternatively, the diameter of each nozzle may be increased
to reduce the number of the nozzles 44. Preferably, mixture of water and alkali, such as
NaOH, Ca(OH)2, NaHCO3, Na2COs, reduced in volume to increase concentration is used as
the alkaline liquid.

[0069] Next, the drainage system 7(7F) of the desulfurization device 6 will be described
with reference to FIGs. 8 to 9B. The drainage system 7(7F) of the desulfurization device 6
differs from the drainage system 7(7A) in that it further includes a relay tank 70. FIG. 8 is a
cross-sectional view showing a schematic configuration of the drainage system 7(7F) of the
desulfurization device 6 according to an embodiment. FIG. 9A is a schematic diagram
showing an example of a planar shape of the relay tank 70 shown in FIG. 8. FIG. 9B is a
schematic diagram showing another example of a planar shape of the relay tank 70 shown in
FIG. 8.

[0070] In some embodiments, for instance as shown in FIG. 8, the drainage system 7(7F)
of the desulfurization device 6 includes a relay tank 70, a desulfurization tower 71, and a
drainage line 72. The desulfurization tower 71 is disposed on the deck 5 of the hull 4.  The
desulfurization tower 71 defines therein the above-described gas-liquid contact part 16
spraying a cleaning liquid (e.g., seawater, alkaline agent) to the exhaust gas introduced into
the gas-liquid contact part 16 to bring the exhaust gas and the cleaning liquid into gas-liquid
contact.

[0071] The relay tank 70 is disposed outside the desulfurization tower 71 and defines
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therein a liquid reservoir 78 for receiving a liquid including the cleaning liquid which absorbs
sulfur contents in the exhaust gas at the gas-liquid contact part 16. That is, while in the
drainage systems 7A to 7E, a liquid including the cleaning liquid is stored in the liquid
reservoir 18 defined in the desulfurization tower 8, in the drainage system 7F, a liquid
including the cleaning liquid is stored in the liquid reservoir 78 defined in the relay tank 70.
[0072] In the illustrated embodiment, the relay tank 70 is disposed inside the hull 4.
Further, the drainage system 7(7F) includes a relay pipe 74 with a first end 75 connected to
the desulfurization tower 71 at a position below the gas-liquid contact part 16 and a second
end 76 connected to the relay tank 70 at a position below the first end 75. The relay pipe 74
is configured so that a liquid including the cleaning liquid which absorbs sulfur contents in
the exhaust gas at the gas-liquid contact part 16 flows therethrough from the desulfurization
tower 71 to the liquid reservoir 78 of the relay tank 70.

[0073] The drainage line includes an inlet 80 and an outlet 82.

The inlet 80 is disposed above the waterline L of the ship 2 and is configured so that a

liquid stored in the liquid reservoir 78 flows into the inlet 80 as wastewater W1, for instance,
as shown in FIG. 8. In the illustrated embodiment, a weir part 79 is disposed on the liquid
reservoir 78, and an upper end 86 of the weir part 79 is positioned above the waterline L.
Further, when the liquid level (liquid surface height) of the liquid reservoir 78 exceeds the
upper end 86 of the weir part 79, a liquid stored in the liquid reservoir 78 overflows the weir
part 79 and flows into the inlet 80 as wastewater W1.
[0074] The outlet 82 is disposed below the waterline L and is configured to discharge the
wastewater W1 flowing from the inlet 80 to the outside of the ship 2. Further, when the
wastewater W1 is accumulated in the drainage line 72 and reaches a liquid level position P1
above the waterline L, the drainage line 72 includes a section S (pipe) that is not open to the
atmosphere over a range between the outlet 82 and the liquid level position P1 of the
wastewater W1 in the drainage line 72. That is, in the section S, the drainage line 72 is not
connected to a facility, such as a wastewater treatment tank, that is open to the atmosphere.

[0075] In the exemplary embodiment shown in FIG. 8, the drainage line 72 includes the
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above-described head pipe 34 extending along the vertical direction and having a height
(head) between an upper end portion and a lower end portion, the above-described horizontal
pipe 36 extending along the horizontal direction from the lower end portion of the head pipe
34, and a second horizontal pipe 37 extending along the horizontal direction from the upper
end portion of the head pipe 34 and having an end connected to the relay tank 70. The
second horizontal pipe 37 is connected to a side surface of the relay tank 70 at a position
below the upper end 86 of the weir part 79. The inlet 80 is disposed on the front end of the
second horizontal pipe 37 (side surface of the relay tank 70), and the outlet 82 is disposed on
the rear end of the horizontal pipe 36 (side surface of the hull 4).

[0076] In other embodiments, the upper end portion of the head pipe 34 may be
connected to the bottom surface of the relay tank 70. That is, the drainage line 72 includes
the head pipe 34 and the horizontal pipe 36. The inlet 80 is disposed at the upper end of the
head pipe 34 (bottom surface of the relay tank 70), and the outlet 82 is disposed on the rear
end of the horizontal pipe 36 (side surface of the hull 4).

[0077] With the above configuration, a liquid can be stored in the liquid reservoir 78 of
the relay tank 70 disposed outside the desulfurization tower 71. Further, since the liquid
reservoir 78 is provided in the relay tank 70 which is positioned outside the desulfurization
tower 71 and can be changed in layout more easily than the desulfurization tower 71, it is
possible to improve the layout of the desulfurization tower 71, compared with a case where
the liquid reservoir 18 is provided in the desulfurization tower 8 (see FIGs. 1 to 7B).

[0078] In particular, in a case where the relay tank 70 is disposed inside the hull 4, it is
possible to make use of a space above the deck 5 of the hull 4. Further, since the relay tank
70 can be disposed in an empty space inside the hull 4, it is possible to make use of the
interior of the hull 4.

[0079] Further, with the above configuration, as well as the drainage system 7A, using the
gravity and the height difference between the liquid level position P1 of the wastewater W1
accumulated in the drainage line 72 and the height position PO of the waterline L, it is

possible to supply the wastewater W1 to the outlet 82 by the hydraulic head of the wastewater
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W1 in the drainage line 72. Further, since the wastewater W1 flows into the inlet 80 from
the liquid reservoir 78 by the overflow method as described above, a liquid stored in the
liquid reservoir 78 and a liquid accumulated in the drainage line 72 are separated spatially,
and the amount of the liquid stored in the liquid reservoir 78 does not directly affect the
pressure of the liquid in the drainage line 72. Thus, it is possible to suppress the increase in
pressure applied to pipes forming the drainage line 72.

[0080] Further, in the illustrated embodiment, since the drainage line 72 is not provided
with a valve above the waterline L, the above problems raised in the configuration shown in
FIG. 11 (damage to pipes or boiling of internal fluid under reduced pressure due to negative
pressure occurring downstream of the valve) do not occur, and thus it is possible to reduce
damage to pipes of the drainage line 72. Accordingly, it is possible to decrease the design
strength of pipes forming the drainage line 72, and it is possible to reduce the cost and the
weight of pipes.

[0081] In some embodiments, for instance as shown in FIG. 8, the relay tank 70 defines
therein a connection space part 84 connected to the drainage line 72. Further, the weir part
79 is disposed on the connection space part 84.

[0082] With the above configuration, since the connection space part 84 connected to the
drainage line 72 is provided in the relay tank 70 which is positioned outside the
desulfurization tower 71 and can be changed in layout more easily than the desulfurization
tower 71, it is possible to improve the layout of the desulfurization tower 71 and the drainage
line 72,

[0083] In some embodiments, for instance as shown in FIG. 8, the second end 76 of the
relay pipe 74 is positioned below the upper end 86 of the weir part 79.

[0084] With the above configuration, since the second end 76 of the relay pipe 74 is
positioned below the upper end 86 of the weir part 79, a liquid can be stored to a position
above the second end 76 of the relay pipe 74 in the liquid reservoir 78. Thereby, it is
possible to suppress inflow of the gas in the gas-liquid contact part 16 of the desulfurization

tower 71 into the connection space part 84 by the liquid stored in the liquid reservoir 78.
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Consequently, it is possible to suppress inflow of the gas in the gas-liquid contact part 16 of
the desulfurization tower 71 into the drainage line 72, and it is possible to reduce damage to
pipes forming the drainage line 72.

[0085] In some embodiments, for instance as shown in FIG. 8, the relay tank 70 is
provided with an atmospheric opening 88 connecting the connection space part 84 to the
atmosphere. In the illustrated exemplary embodiment, the atmospheric opening 88 is formed
in a ceiling part 90 which defines the connection space part 84 of the relay tank 70. Further,
in the illustrated exemplary embodiment, an atmospheric opening pipe 92 having a first end
connected to the atmospheric opening 88 and a second end disposed outside the hull 4 is
provided.

[0086] With the above configuration, the pressure in the connection space part 84 is kept
at atmospheric pressure through the atmospheric opening 88, which makes it possible to avoid
the occurrence of a phenomenon that a liquid stored in the liquid reservoir 78 of the relay tank
70 is sucked out to the drainage line 72 by the siphon effect. Further, since the connection
space part 84 and the gas-liquid contact part 16 are separated by the liquid stored in the liquid
reservoir 78, it is possible to prevent the gas in the gas-liquid contact part 16 from flowing out
to the atmosphere through the atmospheric opening 88.

[0087] In some embodiments, as shown in FIG 9A, the planar shape of the relay tank 70
is rectangular.  Alternatively, in some embodiments, as shown in FIG 9B, the planar shape of
the relay tank 70 is circular. Further, in some embodiments, the planar shape of the relay
tank 70 is elliptical or rounded rectangular. That is, the planar shape of the relay tank 70
may be determined in accordance with the layout inside the hull 4 at the time of designing.
[0088] Further, in some embodiments, the drainage system 7F of the desulfurization
device 6 includes additional components included in the drainage systems 7B to 7E. With
the above configuration, the drainage system 7F of the desulfurization device 6 achieves
effects attributable to the additional components included in the drainage systems 7B to 7E.
[0089] The present invention is not limited to the embodiments described above, but

includes amendments and modifications to the embodiments described above, and
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embodiments composed of combinations of those embodiments.

[0090] For instance, in some embodiments, in the drainage system 7(7A to 7F) of the
desulfurization device 6, a material having acid resistance such as fiber reinforced plastic
(FRP) and Hastelloy may be used as the material of the pipes (head pipe 34, horizontal pipe
36, and second horizontal pipe 37) of the drainage line 10, 72 or the relay pipe 74. An acid
resistant treatment such as rubber lining may be applied to the inner peripheral surfaces of the
pipes (head pipe 34, horizontal pipe 36, and second horizontal pipe 37) of the drainage line 10,
72 or the relay pipe 74. Thereby, it is possible to elongate the lifetime of pipes forming the
drainage line 10, 72.

[0091] Further, for instance, the drainage system 7(7A to 7F) of the desulfurization device
6 may further includes a traverse member 56 described below. FIG. 7A is a schematic cross-
sectional view for describing the configuration of the traverse member 56. FIG. 7B is a
schematic diagram for describing the arrangement of the traverse member 56 in plan view.
[0092] In some embodiments, for instance as shown in at least one of FIG. 7A and FIG.
7B, the desulfurization tower 8 includes a traverse member 56 connecting an opposed pair of
wall surfaces 58, 60 of the desulfurization tower 8 and traversing the liquid reservoir 18.
[0093] With the above configuration, it is possible to suppress sloshing in a direction
intersecting with the extension direction of the traverse member 56 in the liquid reservoir 18
by the traverse member 56. The provision of the traverse member 56 allows the change of
natural frequency of liquid in the reservoir, and the selection of natural frequency different
from the frequency of the ship 2 prevents sloshing (i.e., oscillation of liquid surface). The
sloshing suppression effect by the traverse member 56 can be obtained regardless of the
configuration of the drainage line 10.

[0094] In some embodiments, for instance as shown in FIG. 7B, the traverse member 56
extends along the extension direction of the partition member 24.

[0095] With the above configuration, it is possible to effectively suppress sloshing in a
direction perpendicular to the extension direction of the partition member 24 by the traverse

member 56. Thus, it is possible to suppress the flow of the gas in the gas-liquid contact part
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16 passing below the partition member 24 and flowing into the connection space part 22.
[0096] In some embodiments, for instance as shown in at least one of FIG. 7A and FIG.
7B, the traverse member 56 has a planar shape, an upper end 62 of the traverse member 56 is
positioned above the upper end 28 of the weir part 19, and a lower end 64 of the traverse
member 56 is positioned below the upper end 28 of the weir part 19. Further, a clearance 68
Is provided between the lower end 64 of the traverse member 56 and a bottom surface 66 of
the desulfurization tower 8.

[0097] With the above configuration, it is possible to effectively suppress sloshing in a
direction intersecting with the extension direction of the traverse member 56 in the liquid
reservoir 18 by the traverse member 56 while the liquid level on both sides of the traverse
member 56 in the liquid reservoir 18 is made uniform.

[0098] Further, for instance, the drainage system 7(7F) of the desulfurization device 6
may further includes a traverse member 94 described below. FIG. 10A is a schematic cross-
sectional view for describing the configuration of the traverse member 94. FIG. 10B is a
schematic diagram for describing the arrangement of the traverse member 94 in plan view.
First, as shown in FIG. 10A, a direction in which the liquid reservoir 78 and the connection
space part 84 are adjacent is defined as a second direction.

[0099] In some embodiments, for instance as shown in at least one of FIG. 10A and FIG.
10B, the relay tank 70 includes a traverse member 94 traversing the liquid reservoir 78.
Both ends of the traverse member 94 are connected to the wall surface of the relay tank 70.
[0100] With the above configuration, it is possible to suppress sloshing in a direction
intersecting with the extension direction of the traverse member 94 in the liquid reservoir 78
by the traverse member 94. The provision of the traverse member 94 allows the change of
natural frequency of liquid in the reservoir, and the selection of natural frequency different
from the frequency of the ship 2 prevents sloshing (i.e., oscillation of liquid surface). The
sloshing suppression effect by the traverse member 94 can be obtained regardless of the
configuration of the drainage line 72.

[0101] In some embodiments, for instance as shown in FIG. 10B, the traverse member 94
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extends along the extension direction of the weir part 79 (direction perpendicular to the
second direction).

[0102] With the above configuration, it is possible to effectively suppress sloshing in a
direction perpendicular to the extension direction of the weir part 79 by the traverse member
94,

[0103] In some embodiments, for instance as shown in at least one of FIG. 10A and FIG.
10B, the traverse member 94 has a planar shape, an upper end 95 of the traverse member 94 is
positioned above the upper end 86 of the weir part 79, and a lower end 96 of the traverse
member 94 is positioned below the upper end 86 of the weir part 79. Further, a clearance 99
is provided between the lower end 96 of the traverse member 94 and a bottom surface 98 of
the relay tank 70.

[0104] With the above configuration, it is possible to effectively suppress sloshing in a
direction intersecting with the extension direction of the traverse member 94 in the liquid
reservoir 78 by the traverse member 94 while the liquid level on both sides of the traverse
member 94 in the liquid reservoir 78 is made uniform.

[0105] Further, while the above embodiments have been described in conjunction with a
case where the pressure gauge 38 is used as the liquid level meter for measuring the liquid
level position P1 of the wastewater W1 in the drainage line 10, the liquid level meter is not
limited to a water pressure type. Any liquid level gauge of a known type such as ultrasonic

type, radio type, float type, optical type can be used as the liquid level meter.

Reference Signs List

[0106]

2 Ship

4 Hull

5 Deck

6 Desulfurization device

7 (TAto 7F) Drainage system
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8,71 Desulfurization tower

10, 72 Drainage line

12, 82 Outlet

16 Gas-liquid contact part

18, 78 Liquid reservoir

19, 79 Weir part

20, 80 Inlet

22, 84 Connection space part
24 Partition member

26, 64, 96 Lower end

28, 62, 86, 95 Upper end

30, 88 Atmospheric opening
32,90 Ceiling part

34 Head pipe

36 Horizontal pipe

37 Second horizontal pipe

38 Pressure gauge

40 Liquid-level-position adjustment valve
42 Valve controller

44 Nozzle

48 Overflow pipe

50 Fluid injection device

52 Tank

54 Pump

56, 94 Traverse member

58, 60 Wall surface

66, 98 Bottom surface

68, 99

Clearance



70
74
75
76
92

26

Relay tank
Relay pipe
Firstend
Second end

Atmospheric opening pipe
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CLAIMS

1.  Adrainage system for a marine desulfurization device for desulfurizing an exhaust gas
discharged from an exhaust gas generation device mounted on a ship, the drainage system
comprising:

a desulfurization tower defining therein a gas-liquid contact part spraying a cleaning
liquid to the exhaust gas introduced into the gas-liquid contact part to bring the exhaust gas
and the cleaning liquid into gas-liquid contact; and

a drainage line having an inlet and an outlet, the inlet being positioned above a waterline
of the ship and being configured so that a liquid stored in a liquid reservoir and including the
cleaning liquid sprayed to the exhaust gas flows into the inlet as wastewater, the outlet being
positioned below the waterline and discharging the liquid flowing from the inlet to an outside
of the ship,

wherein the drainage system is configured so that the liquid that is stored in the liquid
reservoir and exceeds a height of a weir part disposed above the waterline overflows the weir

part and flows into the inlet.

2. The drainage system for a marine desulfurization device according to claim 1,
wherein the desulfurization tower further defines therein the liquid reservoir positioned

below the gas-liquid contact part.

3. The drainage system for a marine desulfurization device according to claim 2,

wherein the desulfurization tower further defines therein a connection space part
connected to the drainage line, the weir part is disposed on the connection space part, and the
desulfurization tower includes a partition member separating the connection space part from
the gas-liquid contact part, and

wherein a lower end of the partition member is positioned below an upper end of the

weir part.
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4.  The drainage system for a marine desulfurization device according to claim 3,
wherein the desulfurization tower is provided with an atmospheric opening connecting

the connection space part to atmosphere.

5. The drainage system for a marine desulfurization device according to claim 3 or 4,
wherein the desulfurization tower includes a traverse member connecting an opposed

pair of wall surfaces of the desulfurization tower and traversing the liquid reservoir.

6.  The drainage system for a marine desulfurization device according to claim 5,
wherein the traverse member extends along an extension direction of the partition

member.

7.  The drainage system for a marine desulfurization device according to claim 6,

wherein an upper end of the traverse member is positioned above the upper end of the
weir part,

wherein a lower end of the traverse member is positioned below the upper end of the
weir part, and

wherein a clearance is provided between the lower end of the traverse member and a

bottom surface of the desulfurization tower.

8.  The drainage system for a marine desulfurization device according to any one of claims
3to7,
wherein when
a direction in which the gas-liquid contact part and the connection space part are
adjacent is defined as a first direction;
a side adjacent to the gas-liquid contact part in the first direction is defined as a

first side;
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a side adjacent to the connection space part in the first direction is defined as a
second side;
L is a length of the liquid reservoir along the first direction;
L1 is a length of the liquid reservoir between the partition member and an end of
the liquid reservoir on the first side in the first direction;
L2 is a length of the liquid reservoir between the partition member and the weir
part; and
D is a difference between a height of the weir part and a height of a lower end of
the partition member,
the following expression (A) is satisfied:
D>max{L1, L2} xtan0 (A)
wherein 0 is 22.5 degrees in a case where the first direction coincides with a width direction
of the ship, and 6 is 15 degrees in a case where the first direction coincides with a front-back

direction of the ship.

9.  The drainage system for a marine desulfurization device according to claim 1, further
comprising a relay tank disposed outside the desulfurization tower and defining therein the

liquid reservaoir.

10. The drainage system for a marine desulfurization device according to claim 9,
wherein the relay tank further defines therein a connection space part connected to the

drainage line, and the weir part is disposed on the connection space patrt.
11. The drainage system for a marine desulfurization device according to claim 10,
wherein the relay tank is provided with an atmospheric opening connecting the

connection space part to atmosphere.

12. The drainage system for a marine desulfurization device according to any one of claims
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1 to 11, further comprising:

a liquid level meter for measuring a liquid level position of the wastewater in the
drainage line;

a liquid-level-position adjustment valve disposed below the waterline in the drainage
line; and

a valve controller controlling an opening degree of the liquid-level-position adjustment

valve, based on the liquid level position measured by the liquid level meter.

13. The drainage system for a marine desulfurization device according to any one of claims
1 to 12, further comprising a nozzle for mixing the liquid including the cleaning liquid

discharged from the outlet with water around the ship.

14. The drainage system for a marine desulfurization device according to any one of claims
1 to 13, further comprising an overflow pipe connecting a predetermined position of the

drainage line above the waterline to the outside of the ship.

15. The drainage system for a marine desulfurization device according to any one of claims

1 to 14, further comprising a fluid injection device for injecting a fluid into the drainage line.





