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DESCRIPTION

Field of the invention

[0001] The present invention generally relates to a liquid removal device as defined in the
preamble of claim 1.

Background of the invention

[0002] Bilge oil is an omnibus term for oil that is normally collected at the bottom of the hull of
the ship in the so called bilge tank. Bilge oil may originate from oil leakage in the transmission
and/or in the main seals of the engine. In addition, volumes of water, typically containing
different kinds of detergents, generated during the normal operation of the ship in, for instance,
the engine room are likewise collected in the bilge tank. In ships that are not provided with a
bilge tank, bilge water and oil that are to be transferred to the separator are preferably
collected in a keel section of the ship and/or in a bilge well. Said liquids may also frequently be
observed in the engine room of the ship. Bilge oil, having lower density than bilge water
containing detergents, floats on the bilge water surface. A bilge water separator, standard
feature on most ships having gross tonnage that exceeds 400 tons, is normally used to
separate the oil from the water. A pump and a thereto connected suction hose, whose open
end is positioned at the bottom of the bilge tank, are normally used to transfer the content of
the tank into the separator. Accordingly, the bilge water needs to first be removed from the
bilge tank, and only thereafter may the bilge oil be removed therefrom. As a consequence,
harmful oil may very frequently be observed in the bilge tank since water is continuously
flowing into the tank and the above-mentioned pump has limited capacity.

[0003] Admittedly, certain of the above-mentioned detergents are capable of binding to the oil
molecules, whereupon this new compound sinks to the bottom of the bilge tank for a
subsequent evacuation into the separator. A portion of the oil from the water surface is hereby
removed, but the method is rather expensive and environment-unfriendly since it requires
significant amounts of detergent. Furthermore, said separator is rather inefficient, when large
amounts of detergents are mixed with the water and/or oil.

[0004] Accordingly, current solutions for bilge water management are ridden with significant
drawbacks.

[0005] US 6,905,611 discloses a device for separating a surface layer of a liquid by a container
submerged in the liquid. The container includes a bottom, a wall member, connected to the
bottom and having a variable length, and a separating member, which is connected to the wall
member and communicates with a space in the container via an opening. An overflow portion
of the separating member is located below a free liquid surface of the surface layer. A
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discharge conduit extends from the space for liquid discharge. The device further comprises a
floating and a submerging member that contribute to proper positioning of the overflow portion
of the device relative to the liquid surface.

[0006] However, the design, as disclosed in US 6,905,611, comprising the floating and the
submerging member, renders the device bulky, deteriorating as a result its performance in
narrow spaces, such as tanks found onboard ships. Moreover, when the liquid to be removed
passes said overflow portion on its way into the container, the entire device is effectively
submerged. As a consequence, the separating process cannot be efficiently controlled,
especially on a wavy liquid surface, where occasionally only a section of the overflow portion of
the device is submerged. For the same reason, the device is not suitable for removing thin
layers of liquid.

[0007] In addition, the overflow portion, that is necessary for proper functioning of the device
and is a structurally integrated part of the floating member, exposes the latter, and thus the
entire device, to the buoyant force of the liquid held in the tank. This calls for a
counterbalancing force having opposite direction in order to properly position the device
relative to the surface of the liquid. Said counterbalancing force is achieved by means of the
submerging member. Forces thus exerted on the device increase its operative complexity.

[0008] Moreover, the highly probable entrapment of at least a portion of the skimmed liquid by
other components of the device, such as on top of the separating member, deteriorates its
performance and increases its maintenance frequency.

[0009] Figures 4-5 of GB 2 268 091 A show a liquid removal device according to the preamble
of claim 1.

Summary of the invention

[0010] The present invention therefore aims at providing a device and a method for removing
a surface layer of liquid from water surface in spatially limited marine conditions, said device
providing improved control of the liquid removal process, while reducing a number of
components used.

[0011] In view of at least this object, the device is characterized by the features according to
the characterizing part of claim 1.

[0012] The term "transverse measurement" refers to the distance between opposite points on
a contour of the wall element on a cross section being parallel to the surface of water, such as
for instance the diameter in case of a substantially circular cross sectional shape, or the width
in case of a substantially square cross sectional shape of the wall element.

[0013] Liquid present in the suction chamber of the device exerts a variable buoyant force on
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the therein immersed floater body, thus enabling it to effectuate a movement that is
substantially perpendicular to the surface of said liquid. The floater body being sealingly
connected to the flexible wall element at an upper edge of the latter causes the flexible wall
element to extend or contract, respectively, depending on the liquid level in the suction
chamber.

[0014] The difference in length of the flexible wall element between its fully extended and fully
contracted state, respectively, as defined in claim 1, enables the floater body to be lifted, due to
the buoyancy force coming from the liquid present in the suction chamber, above the surface
of the surrounding water, into which the device is at least partially submerged.

[0015] This is particularly useful when the device is used in marine conditions, such as to
remove bilge oil from a bilge water tank, oil pollution from the sea or algae slurry from a lake.
When removing liquid from a still surface of water, the floater body is aimed at being kept near
the border between its active and inactive position most of the time in order to obtain an
efficient removal of the liquid. However, in case of fluctuations of the surface of the surrounding
water, for instance during rough sea or like conditions, it is beneficial that the floater body is
able to be lifted out of the surrounding water. Thereby, flooding of the floater body is avoided,
and only wave crests tall enough to pass the circumferential edge of the outer element of the
floater body will enter the suction chamber. Hereby, the device's intake of water in proportion to
the liquid is reduced, and an efficient removal of liquid, also during rough sea or like conditions,
is enabled, while an improved control of the liquid removal process from a water surface is
obtained.

[0016] In another embodiment, the difference in length of the flexible wall element in a fully
extended state and in a fully contracted state, respectively, is at least 4 times any transverse
measurement of the flexible wall element. In yet another embodiment, the difference in length
of the flexible wall element in a fully extended state and in a fully contracted state, respectively,
is at least 6 times any transverse measurement of the flexible wall element, and in yet another
embodiment, the difference in length of the flexible wall element in a fully extended state and in
a fully contracted state, respectively, is at least 8 times any transverse measurement of the
flexible wall element. Embodiments where the difference in length of the flexible wall element in
a fully extended state and in a fully contracted state, respectively, is at least 3, 5 or 7 times any
transverse measurement of the flexible wall element are also conceivable.

[0017] According to an embodiment of the device, the length of the flexible wall element in its
fully contracted state is at least as large as any transverse measurement of the flexible wall
element. This provides for a large capacity suction chamber, even when the flexible wall
element is in its fully contracted state, and, at the same time, due to its relatively small
transverse dimensions, a device that is suitable for use in narrow spaces, such as for instance
in a bilge water tank onboard a ship.

[0018] According to another embodiment of the device, the length of the flexible wall element
in its fully contracted state is at least 2 times any transverse measurement of the flexible wall
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element. In yet another embodiment the length of the flexible wall element in its fully contracted
state is at least 3 times any transverse measurement of the flexible wall element, and in yet
another embodiment, the length of the flexible wall element in its fully contracted state is at
least 4 times any transverse measurement of the flexible wall element. Embodiments where
the length of the flexible wall element in its fully contracted state is even larger are conceivable.

[0019] According to the invention, the difference in length of the flexible wall element in a fully
extended state and in a fully contracted state, respectively, is at least 2 times the length of the
flexible wall element in its fully contracted state. This is advantageous for the same reasons as
discussed above.

[0020] According to another embodiment of the device, the difference in length of the flexible
wall element in a fully extended state and in a fully contracted state, respectively, is at least 3
times the length of the flexible wall element in its fully contracted state, and in yet another
embodiment of the device, the difference in length of the flexible wall element in a fully
extended state and in a fully contracted state, respectively, is at least 4 times the length of the
flexible wall element in its fully contracted state. Embodiments wherein the difference in length
of the flexible wall element in a fully extended state and in a fully contracted state, respectively,
is even larger, such as for instance at least 5 or 6 times the length of the flexible wall element
in its fully contracted state, are also conceivable.

[0021] In an embodiment, the outer member, in or at its upper circumferential edge, has at
least one indentation or opening for receiving said liquid, a lower edge of said indentation or
opening being, in an active position, positioned below a level of said liquid, thereby allowing
inflow of said liquid into said device, and said lower edge of said indentation or opening being,
in an inactive position, positioned above the level of said liquid, thereby preventing inflow of
said liquid into said device.

[0022] The outer member of the floater body is in direct contact with the surrounding liquid to
be removed and is, in an embodiment, provided with indentations or openings for receiving a
variable amount of said liquid, whereupon said liquid is conducted, via through-channels, into
the suction chamber of the device. Since the floater body, and inferentially the device, thanks
to presence of the indentations or openings, is not completely submerged during the process
of liquid removal, the stability of the immersed device is improved in that the amplitude of the
oscillations of the device between its active and inactive state is diminished. This contributes to
an improved control of said process. Consequently, the accuracy of the device is preserved
even in applications where a layer of bilge oil to be removed is rather thin.

[0023] In the same context, providing the floater body with through-channels enables for said
liquid to be transferred in a controlled manner into the suction chamber of the device. The
presence of said through-channels ensures that all of the received liquid is conveyed straight
into the suction chamber. The undesirable entrapment of the received liquid by various parts of
the device is hereby avoided. Thus, the through channels, in conjunction with the provision of
above-mentioned openings or indentations, significantly improve the control of the process of
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liquid removal. As a consequence, the floater body floating on the liquid contained in the
suction chamber may be accurately and stably positioned relative to the surrounding water and
liquid. This is achieved without using additional structural components adapted to introduce
forces acting on the device. Accordingly, fewer forces act on the device, reducing thereby
significantly its operative complexity. As a consequence thereof, the number of components
used as well as size of the device may be significantly reduced, permitting hereby its use in
narrow spaces. Moreover, since fewer components are used, cleaning of the device is
simplified and shortened.

[0024] Furthermore, the inherent design of the device, wherein the operational level of liquid
held in the suction chamber is kept low, makes it very responsive to sudden changes of the
level of liquid of the surrounding water and oil. This feature is especially useful on a wavy liquid
surface. It is hereby ensured that all of the oil that has been guided into the suction chamber is
held in said chamber and is, at all times, prevented from exiting the chamber, other than via
the liquid outlet.

[0025] The at least one indentation or opening may have, at least partially, a substantially
polygonal shape, such as rectangular, quadratic, trapezoidal or ftriangular, and/or a
substantially rounded shape, such as circular, elliptic or parabolic, and/or a shape being
substantially a mix of the aforementioned.

[0026] Preferably, each indentation or opening is positioned opposite a through channel.
Hereby, entrapment of air between the outer member of the floater body and the inflowing
stream of liquid is mitigated, as the air is able to evacuate along the outer member where it is
not provided with openings or indentations and thus no inflowing stream of liquid exists. This
ensures a fast and efficient inflow of liquid into the device.

[0027] According to a preferred embodiment, said floater body is entirely positioned in the
interior of a circular cylinder, that extends perpendicularly to said surface of water, said cylinder
being defined by a projection of a lowermost section of the flexible wall element onto a plane
that is substantially parallel to said surface of water. This should be construed as said
positioning of the floater body effectively shields said body from the detrimental buoyant forces
exerted by the surrounding water and liquid. Improved stability of the entire device is hereby
achieved. This is a result of the elimination of at least the buoyant force on the floater body,
and inferentially on the device. Consequently, fewer forces act on the device as a whole,
facilitating thereby its proper positioning relative the surrounding water and liquid, especially at
high seas. This significantly improves the control of the process of liquid removal.

[0028] According to another embodiment, both the outer and the inner member of the floater
body have substantially circular cross-sections that are parallel to the surface of water. The
circular shape of the members' cross-sections facilitates their production and reduces the
probability of undesirable liquid entrapment.

[0029] Any number of openings or indentations may be envisaged. According to another
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embodiment, said device comprises three uniformly circumferentially distributed indentations,
at least one of them being shaped as an isosceles trapezoid, at a circumferential edge of the
uppermost section of the outer member, and three uniformly circumferentially distributed
through-channels, wherein each indentation is associated with one through-channel. This
shape of the openings ensures an optimal inflow of the liquid to be removed into the suction
chamber.

[0030] According to an embodiment, any outer transversal measurement of the bottom part is
at least as large as the outer transversal measurement of the outer member. This assists in
ensuring that the floater body is not affected by buoyancy forces from the surrounding water.

[0031] According to an embodiment of the device, any transversal measurement of the flexible
wall element is at least as large as the outer transversal measurement of the outer member.
This assists in ensuring that the floater body is not affected by buoyancy forces from the
surrounding water.

[0032] According to an embodiment, the circumferentially extending flexible wall element is
tapering from the bottom part towards the floater body. For instance, the general shape of the
flexible wall is that of a frustum of a cone or frustum of a pyramid. This assists in ensuring that
the floater body is not affected by buoyancy forces from the surrounding water.

[0033] According to another preferred embodiment, the outer member of the floater body has
a circular cross section and said bottom part comprises a bottom surface and a annular collar,
and said wall element is sealingly connected both to the outer cylindrical surface of said outer
member and to the outer surface of the annular collar, and the outer diameter of said outer
member is less than the outer diameter of said annular collar. In this way, a smooth vertical
movement of the floater body is ensured. Advantageously, the stability, as well as
compactness, of the entire device is improved.

[0034] According to another embodiment, the inner member of said floater body is provided
with a central through-hole extending parallel to said direction of movement, and said liquid
outlet is an evacuation conduit, preferably with a circular cross-section, that passes through at
least said central through-hole. In this way, the floater body may be guided by said evacuation
conduit while effectuating its vertical movement. This contributes to the improved stability of the
entire device.

[0035] According to another preferred embodiment, play is provided between an inner wall that
defines said central through-hole of said inner member and the evacuation conduit, and a one-
way valve is arranged in said evacuation conduit. By providing said play, it may be avoided that
the floater body gets stuck while effectuating its movement that is substantially perpendicular to
the liquid level. The above is a common problem, when the evacuation conduit is used to
evacuate the liquid. Said one-way valve allows flow of the liquid in one direction only. In this
way, undesirable back flow of the liquid from the evacuation conduit into the suction chamber
may be avoided. This improves the process of liquid removal.
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[0036] According to another preferred embodiment, said evacuation conduit is coupled to a
pump arranged for evacuating said liquid from the suction chamber. Alternatively, other liquid
displacement means may be used.

[0037] According to another preferred embodiment, said device further comprises connecting
means that connect the lower section of the evacuation conduit with a bottom plate of the
bottom part, the inlet of the evacuation conduit preferably being positioned in or in near
proximity of said lower section of the evacuation conduit. By fixedly attaching the lower section
of the evacuation conduit to the bottom part a sturdy and robust structural design is achieved.
As an advantage, a reliable operation of the device is achieved, a feature especially valuable in
harsh operation environment. Placing the inlet of the evacuation conduit in or in near proximity
of the lower section of the evacuation conduit ensures that the suction chamber can be
completely or at least almost completely emptied of liquid by means of the evacuation conduit.
This may be beneficial for instance in connection with cleaning, maintenance and the like.

[0038] According to another preferred embodiment, the ratio of the distance between the inner
diameter of the evacuation conduit, and a lower edge of the evacuation conduit and the upper
surface of the bottom plate, is at least 1. By way of an example, said diameter may be 15 mm
and said distance is then 5 mm.

[0039] According to another preferred embodiment, said evacuation conduit is in fluid
communication with an open end of a ship's suction hose, said suction hose being used for
transfer of said liquid into the bilge water separator.

[0040] According to another preferred embodiment, said device comprises stabilizing means in
the shape of a weight connected to the bottom part of the device and at least one at least
partially submerged floating element, and preferably means for attaching said device to a ship.
In this way, the device is made suitable for outdoor use, such as at open sea, where it collects
oil that is result of the undesirable oil leakages from offshore oil-drilling platforms.

[0041] In an embodiment, the bottom part of the liquid removal device, in a condition of use, is
connected to a fixed point. By the term "fixed point" is meant a point, which is fixed in relation
to for instance the bottom of a bilge water tank, the seabed or the like, depending on the
particular use of the device, i.e. a point, which does not follow the movements of the surface of
the water in case of a wavy surface.

[0042] The fixed point may for instance be provided by the evacuation conduit or by the
stabilizing means and the floating element. As the floater body causes the flexible wall element
to extend or contract depending on the liquid level in the suction chamber, the bottom part
being connected to a fixed point, such as the evacuation conduit, enables the floater body to
be lifted out of the surrounding water, into which the device is at least partially submerged. This
is particularly advantageous when the surface of water is wavy, as it mitigates the risk of
flooding the device and enables it to substantially only remove liquid from the wave crests. This
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provides for an efficient liquid removal process even on a wavy water surface.

[0043] According to a second aspect, the invention relates to a method for removing a surface
layer of liquid from water surface, said method being characterized by the method steps of
claim 14. The method allows, as has been discussed above in view of the device, for improved
control of the liquid removal process from a water surface, while reducing the size of the device
and a number of components used.

[0044] According to a preferred embodiment, the method further comprises the step of
evacuating at least said liquid from a suction chamber in the interior of the device, via a liquid
outlet. Said liquid may be evacuated into the bilge water separator, where oil may be
separated from the water.

[0045] According to another preferred embodiment, the method further comprises the step of
establishing an equilibrium between the amount of liquid received through said circumferential
edge, indentation or opening and the amount of liquid evacuated from said suction chamber,
such as to substantially immobilize said floater body. In this way a steady-state is achieved.
Consequently, the electrical load on various components, such as a pump that drives the liquid
evacuation process and to which the evacuation conduit may be coupled, becomes even.
Advantageously, this reduces the wear of the pump, thus prolonging its useful life.

[0046] Other objectives, features and advantages of the present invention will appear from the
following detailed disclosure, from the attached claims as well as from the drawings.

[0047] Generally, all terms used in the claims are to be interpreted according to their ordinary
meaning in the technical field, unless explicitly defined otherwise herein. All references to
"a/an/the [element, device, component, means, step, etc]" are to be interpreted openly as
referring to at least one instance of said element, device, component, means, step, etc., unless
explicitly stated otherwise. The steps of any method disclosed herein do not have to be
performed in the exact order disclosed, unless explicitly stated.

Brief description of the drawings

[0048] The above, as well as additional objects, features and advantages of the present
invention, will be better understood through the following illustrative and non-limiting detailed
description of preferred embodiments, with reference to the appended drawings, where the
same reference numerals will be used for similar elements, wherein:

Fig. 1 is a longitudinal, highly schematical section of an immersed device for removing a liquid
such as oil from a water surface according to a first embodiment of the present invention;

Fig. 2 is an exploded view of the device according to the first embodiment of the present
invention;
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Fig. 3 is a longitudinal section of the assembled device for removing a liquid, such as oil, from
a water surface according to the first embodiment of the present invention, when the flexible
wall element is fully stretched;

Figs. 4a - 4b show the floater body of the device of Figs. 1 - 3 in different views;

Fig. 5 is a highly schematical perspective view of a partially immersed device for removing a
liquid from a water surface according to another embodiment of the present invention;

Fig. 6, 7 and 8 are schematical views of different shapes of indentations at the upper
circumferential edge of the outer member according to respective embodiments of the present
invention;

Figs 9 - 12 show different schematical views of the floater body of another embodiment of the
device; and

Fig. 13 show a highly schematical view of a partially immersed device for removing a liquid
from a water surface according to another embodiment of the present invention.

Detailed description

[0049] Fig. 1 is a longitudinal (i.e. vertical), highly schematical section of an immersed device 1
for removing a liquid 3 such as oil from a water surface according to a first embodiment of the
present invention. In this embodiment, the device 1 is positioned in a bilge tank 4 of a ship (not
shown in Fig. 1). However, the device 1 according to this embodiment may also be used for
other purposes, such as for removing oil from the water surface in dock areas.

[0050] Said device comprises a vertically movable floater body 11. A flexible wall element 5 is,
at its upper end, sealingly connected, preferably by means of a tight fit, to the floater body 11
and is, at its lower end, sealingly connected, preferably strapped, to a bottom part 7.

[0051] Said floater body 11 is entirely positioned in the interior of a circular cylinder 69, that
extends perpendicularly to said surface of water, said cylinder being defined by a projection of
a lowermost portion of the flexible wall element 5 onto a plane that is substantially parallel to
said surface of water. Even though present in the depicted embodiment, embodiments of the
device without the cylinder 69 may be envisaged.

[0052] The floater body 11 comprises an outer, cylindrically shaped member 15 and a coaxial,
thereto connected, cylindrically shaped inner member 17.

[0053] An evacuation conduit 35 is coupled to a pump (not shown in Fig. 1). Said evacuation
conduit 35 serves as liquid outlet 19 in the first embodiment of the present invention, but the
liquid outlet may be carried out in various ways, one of which is described in conjunction with
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Fig. 5. The device 1 has a suction chamber 9 of variable size delimited by a bottom surface of
the floater body 11, the wall element 5 and the bottom part 7. At least one suction hole 65 that
falls into the suction chamber 9 is provided at a first end of the evacuation conduit 35.

[0054] The device 1 is surrounded by a cage-like structure 53 that prevents clogging of the
device 1. Said cage-like structure 53 is positioned close to the flexible wall element 5. It doesn't
impede the inflow of the liquid to be removed into the device 1. The parts of said device will be
more thoroughly described in conjunction with Figs. 2 - 4.

[0055] Fig. 2 is an exploded view of the device 1 in Fig. 1. Itillustrates an order of assembly of
various parts of the first embodiment of the present invention. The outer member 15 of the
floater body 11 is at its upper circumferential edge provided with a plurality of openings 21 for
receiving the liquid. Openings 21 are shaped as isosceles trapezoids seen in cross-section.
Said trapezoidal openings 21 have one basis that is 50 mm long at the upper edge of the outer
member 15 and a thereto parallel basis that is 20 mm long. Legs of the trapezoidal openings
21 are 30 mm long. Openings 21 having other shapes and dimensions, such as for instance
those indicated on Figs 6, 7 and 8, may be conceived, as is other numbers of openings, for
instance 4, 5 or 6 openings. A plurality of through-channels 25, each of which is associated
with one of the above mentioned openings 21, extends between the outer 15 and inner 17
members.

[0056] The floater body 11 further comprises a disk-shaped top part 55 that prevents oil and/or
water from entering the interior of the inner member 17, typically made in polymer material,
and a central axial through-hole 33 that both accommodate an evacuation conduit. The top
part 55 is sealingly connected to a portion of the top surface of the floater body 11.

[0057] The floater body 11 is normally made in polymer material such as polypropylene.
Furthermore, an essentially tubular wall element 5 that comprises polymer hose, preferably
made in PVC that is suspended by a spiral-shaped non-corrosive, preferably metallic, wire may
be seen.

[0058] Another embodiment of the floater body 11 having differently shaped indentations 21 is
seen in Figs 9-12. Also, the inner member 17 tapers towards a bottom face 70 in order to
reduce the risk of the floater body 11 getting stuck during use. The floater body of any
embodiment of the device may taper towards the bottom face.

[0059] A bottom part 7 that comprises a metallic bottom plate 57 and a thereto welded annular
metallic collar 59, both made in a material that can withstand harsh environment, such as
stainless steel, are also shown in Fig. 2 and 3. The bottom face 70 of the inner member 17 of
the floater body abuts the bottom plate 57 in a fully contracted state of the wall element 5.

[0060] A circumferential protrusion 71 is provided on the outer member 15. Mounting the wall
element 5 on the circumferential protrusion 71 prevents buoyancy forces from the surrounding
water from acting on the floater body.
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[0061] In the following, use of the device 1 according to Figs. 1 and 2 will be explained. Prior to
start of the operation of the device 1, its evacuation conduit 35 is suitably connected, for
instance press-fitted or threaded onto, a suction hose (not shown) leading to a bilge water
separator (not shown) found onboard ships, establishing thereby fluid communication between
the suction chamber 9 and the separator. Subsequently, the device 1 is immersed in the liquids
present in the bilge tank 4, wherein a layer of oil typically floats on top of water. Initially, the
suction chamber 9 is completely filled with liquid 3, i.e. oil and/or water, enabling thereby
floating of the therein immersed floater body 11. The floater body 11 is then at its uppermost
position and the flexible wall element 5 is maximally stretched. Consequently, the amplitude of
the movement of the floater body 11 is effectively limited by the wall element 5. Since the lower
edge 23 of the respective opening 21 thereby is positioned above the oil level, the oil floating
on the surface of the water cannot flow into the suction chamber 9. The pump is thereafter
started and evacuation of the liquid from the suction chamber 9 commences, causing the level
of liquid in the chamber 9 to fall. Since the floater body 11 is immersed in said liquid, it moves
downwards as the level of liquid decreases. From the moment when the lower edge 23 of the
respective opening 21 provided in the outer member 15 of the downwards moving floater body
11 is aligned with the oil level, the skimming of oil starts, whereby oil is received by the
respective openings 21 and via the through-channels 25 guided into the suction chamber 9.
Flow directions are indicated by arrows in Fig. 1. Said flexible wall element 5 contracts as the
level of liquid in the suction chamber 9 decreases since said element is sealingly connected to
the outer member 15. After a while, when the appropriate portion of the oil-receiving openings
21 is exposed to the surrounding oil to be skimmed, a steady state is reached, wherein the
amount of oil per time unit that is pumped out of the device 1 equals the amount of skimmed oil
per time unit. During operation the bottom part 7 of the device is substantially stationary, it may
even be positioned to rest on the bottom of the bilge tank 4. It is to be understood that the
device according to the first embodiment of the invention may be used to remove oil in all
spaces onboard a ship, as the presence of a floating oil layer is a significant inconvenience for
the working environment of the crew.

[0062] In case of rough sea, the first time a wave floods the device 1, the suction chamber 9 is
completely filled with the mix of liquid 3 and water that constitutes the wave. As the bottom part
7 of the device 1 is fixed at a certain level in relation to the bottom of the tank 4 by means of
the evacuation conduit 35, the flooding of the device brings the floater body 11 to its uppermost
position and the flexible wall element 5 to its maximally stretched state. In this position, the
lower edge 23 of the openings 21 are positioned above the oil level at wave troughs but
substantially at the oil level at wave crests. Hereby subsequent flooding of the device with a
mix of liquid and water is mitigated, and an efficient skimming of the oil is obtained even on a
wavy surface of the water.

[0063] Fig. 3 is a longitudinal section of an assembled device 1 for removing a liquid such as
oil from a water surface according to the first embodiment of the present invention, when the
flexible wall element 5 is fully stretched. A thorough description of the operation of said device
1 is made in conjunction with Figs. 1 and 2, to which reference is made. In addition to what has
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been previously mentioned, a play 37 is provided between an inner wall of the inner member
17, said wall being defining the central axial through-hole, and the evacuation conduit 35. Said
play 37 ensures smooth vertical movement of the device 1. Furthermore, a one-way valve (not
shown) may be arranged in the evacuation conduit 35. Its purpose is to allow only outwards
flow of the oil in the conduit. Moreover, the evacuation conduit 35 is fixedly attached to the
bottom part 7 by means of a plurality of brackets 43. Typically, the ratio of the distance
between the inner diameter of the evacuation conduit 35, and a lower edge 45 of the
evacuation conduit 35 and the upper surface 57 of the bottom plate 7, is at least 1. By way of
an example, said diameter may be 15 mm and said distance is then § mm.

[0064] In addition, the outer diameter of the outer member 17 is less than the outer diameter
of the annular collar 59. In this way, a smooth vertical movement of the floater body 11 is
ensured since the risk of entangling of the flexible wall element 5 is eliminated. Furthermore,
the above-mentioned relationships between the outer diameters of the outer member 15 and
the annular collar 59 and the dimensions of the flexible wall element 5 improve the stability of
the entire device 1.

[0065] Figs. 4a - 4b show the floater body 11 of the device 1 of Figs. 1 - 3 in different views.
The floater body 11, whose radial cross-section is shown in Fig. 4a, will be described in more
detail in conjunction with Fig. 4b, wherein its longitudinal section is shown. In addition to what
has been previously mentioned, the inner member 17 is hollow for the most part. Said hollow
section may be filled with suitably shaped objects in a material of choice in order to adapt the
density of the entire floater body 11 to the varying external conditions, such as temperature, as
well as different fields of application. As may be seen, the central axial through-hole 33 is
defined by an inner wall 39 of the inner member 17. The lowermost part of the inner member is
massive. The purpose of said massive part is to extend the operating range of the floater body
11 in the downwards direction, when the liquid level in the suction chamber 9 is low. The
presence of the massive part stabilizes the floater body 11, thus preventing the highly probable
negative impact of the almost fully contracted wall element 5 on the floater body 11. As it may
be clearly seen, a lowermost part of the outer member 15 protrudes slightly in a radial direction
in order to facilitate the tightly-fitting, sealing connection of the flexible wall element (not shown
in Fig. 4b) with the outer member 15.

[0066] Fig. 5 is a highly schematical, perspective view of a partially immersed device 1 for
removing a liquid from a water surface according to another embodiment of the present
invention.

[0067] In this embodiment, the device 1 is to be used at open sea for skimming oil 3 from the
sea water surface, for instance in order to avoid environmental damage. For that reason, the
device 1 of this embodiment is much larger than the one described in previous embodiments.
The same general concept as previously described is employed. Reference is therefore made
to the explanation made in conjunction with Figs. 1 and 2 for a thorough description of the
operation of said device 1. Unlike in the previous embodiment, the oil is evacuated from an
interior of the device 1 via an oil suction pipe 61 provided in a bottom part 7 of the device 1. An
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annular, submerged element 51 having low weight and significant volume (thereby improving
floating properties of the device) is arranged in abutting engagement with the lower surface of
the bottom part 7. A weight 49, submerged in sea water and attached to the device 1 by
means of a connecting rod 67, is provided below said bottom part 7. The weight 49 provides
additional stability to the device 1 by restricting its lateral movements, especially during hard
weather. As it may be seen, said oil suction pipe 61 is partially integrated in the connecting rod
67, and said pipe 61 also connects the device 1 to a ship 63. As an alternative, a dedicated
connecting beam (not shown) may be conceived. A pump 41 is located onboard the ship 63
ensuring that the skimmed oil is evacuated into a suitable apparatus, e.g. a water-oil separator
(not shown) that is normally also located onboard the ship 63. The device 1 is surrounded by a
cage-like structure 53 that prevents floating foreign objects, such as dead birds and animals,
from clogging the openings and/or the through-channels of the device 1. In this way, the
availability of the device 1 is maintained.

[0068] Alternatively, floating elements 51 evenly distributed along the circumference and
shaped as those schematically depicted on Fig. 13, are provided. As they extend along the
length of the flexible wall element, improved stability is provided.

[0069] As an alternative, an embodiment comprising a suitably sized storage tank for the
skimmed oil that is integrated with the suction chamber, or that is in fluid communication with
said chamber may be conceived. It is also conceivable to use the mass of the storage tank with
a therein contained liquid to act as the above-mentioned weight. In this embodiment, the
emptying of the tank is not done continuously. Instead, the tank is emptied once the device
reaches a harbour or a properly equipped vessel.

[0070] Although the use of the device according to the invention for the removal of liquid such
as oil from the water surface has been repeatedly discussed in conjunction with the present
invention, it is to be understood that use of the device according to one of the embodiments of
the present invention in connection with liquids other than water and oil, respectively, is equally
conceivable. By way of example, in beach areas where water often is shallow, a slurry-like
liquid having significant concentration of algae may be seen floating on the water surface,
requiring the employment of the device. Furthermore, it is conceivable to employ the device
according to the invention in other industries, such as in dairies and in breweries, in order to
skim a surface of a liquid.

[0071] The invention has mainly been described above with reference to a few embodiments.
However, as will be readily appreciated by a person skilled in the art, other embodiments than
the ones disclosed above are equally possible within the scope of the invention, as defined by
the appended patent claims.
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PATENTIKRAYV

1. Vaeskefjernelsesindretning (1) til at fjerne en vaeske (3), sa som olie eller en alge-
opsleemning, fra en overflade af vand, hvilken indretning (1) omfatter:

et fleksibelt veegelement (5), som udstreekker sig rundtgdende, og som
sammen med en bunddel (7) definerer et sugekammer (9) til at modtage vee-
sken (3), hvor det fleksible vaegelement (5) er indrettet til at blive nedsaenket
i vandet,

et flyderlegeme (11), som er forseglende forbundet til det fleksible vaegele-
ment (5) ved en gvre kant af sidstnaevnte, som er indrettet til at blive mindst
delvist nedsanket i veesken, og som er i stand til at effektuere en bevasgelse
i en retning, der er i det vaesentlige vinkelret pad overfladen af vand, hvor fly-
derlegemet (11) har en ydre del (15), som udstreekker sig rundtgaende, og
en indre del (17), der er koaksial med den ydre del og forbundet dertil, hvor
den indre del (17) er indrettet til at modtage en opdrift udgvet af vaesken (3)
indeholdt i sugekammeret (9), og

et vaeskeudlgb (19) til at evakuere veesken (3) fra sugekammeret (9), hvor
udlgbet (19) er i fluid forbindelse med sugekammeret (9),

hvor den ydre del (15) har en gvre rundtgaende kant til at modtage vaesken
(3), hvor kanten i en aktiv position er positioneret under et niveau af veesken
(3), og derved tillader indstrgmning af veaesken (3) ind i indretningen (1), og
hvor kanten i en inaktiv position er anbragt over niveauet af vaesken (3), og
derved forhindrer indstrgmning af veesken ind i indretningen (1),

hvor mindst én gennemgaende kanal (25) udstraekker sig mellem den ydre
(15) og indre (17) del og tillader vaesken at blive modtaget af den rundtga-
ende kant for at stramme derfra ind i sugekammeret (9), og

hvor beveaegelsen af flyderlegemet (11) som en funktion af maengden af vee-
sken i sugekammeret (9) er muliggjort mellem den aktive og den inaktive po-
sition,

kendetegnet ved, at

en forskel i leengden af det fleksible vaegelement (5) i henholdsvis en fuldt
udstrakt tilstand og i en fuldt sammentrukket tilstand er mindst 2 gange et-
hvert transversalt mal af det fleksible vaegelement (5), hvor det transversale
mal er afstanden mellem modstadende punkter pa en kontur af vaegelementet
(5) pa et tvaersnit, der er parallelt med vandoverfladen, sa som for eksempel
diameteren i tilfeelde af en i det vaesentlige cirkuleer tveersnitsform, eller
bredden i tilfeelde af en i det vaesentlige firkantet tveersnitsform, af veegele-
mentet (5), og ved, at

forskellen i leengde af det fleksible veegelement (5) i henholdsvis en fuldt ud-

strakt tilstand og en fuldt sammentrukket tilstand er mindst 2 gange leengden
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af det fleksible veegelement (5) i dets fuldt sammentrukne tilstand.

2. Indretning ifglge krav 1, hvor forskellen i l&engde af det fleksible veegelement (5) i
henholdsvis en fuldt udstrakt tilstand og i en fuldt sammentrukket tilstand er mindst 4
gange ethvert transversalt mal af det fleksible vaegelement (5), fortrinsvis mindst 6 gange
ethvert transversalt mal af det fleksible vaegelement (5), mere fortrinsvis mindst 8 gange
ethvert transversalt mal af det fleksible vaegelement (5).

3. Indretning (1) ifglge ethvert af de foregdende krav, hvor leengden af det fleksible
veegelement (5) i dets fuldt sammentrukne tilstand er mindst lige s@ stor som ethvert
transversalt mal af det fleksible veegelement (5), fortrinsvis mindst 2 gange ethvert tran-
sversalt mal af det fleksible veegelement (5), mere fortrinsvis mindst 3 gange ethvert tran-
sversalt mal af det fleksible veegelement (5), og mest fortrinsvis mindst 4 gange ethvert
transversalt mal af det fleksible veegelement (5).

4. Indretning (1) ifalge ethvert af de foregaende krav, hvor forskellen i leengde af det
fleksible veegelement (5) i henholdsvis en fuldt udstrakt tilstand og en fuldt sammentruk-
ket tilstand er mindst 3 gange laeangden af det fleksible vaegelement (5) i dets fuldt sam-
mentrukne tilstand, mere fortrinsvis mindst 4 gange leengden af det fleksible veegelement
(5) i dets fuldt sammentrukne tilstand.

5. Indretning (1) ifolge ethvert af de foregdende krav, hvor den indre del (17) af fly-
derlegemet (11) er tilvejebragt med et centralt gennemgaende hul (33), som udstraekker
sig parallelt med retningen af bevaegelsen, og hvor vaeskeudlgbet er en evakueringsledning
(35), fortrinsvis med et cirkulaert tveersnit, som passerer igennem i det mindste det gen-
nemgaende hul (33), og hvor indretningen (1) desuden omfatter forbindelsesmiddel (43),
som forbinder et nedre afsnit af evakueringsledningen (35) med en bundplade (57) af
bunddelen (7), hvor indlgbet (45) af evakueringsledningen (35) fortrinsvis er positioneret i
eller i umiddelbar neerhed af det nedre afsnit af evakueringsledningen (35).

6. Indretning (1) ifalge ethvert af de foregaende krav, hvor indretningen (1) omfat-
ter stabiliseringsmiddel (49) i form af en veegt forbundet til bunddelen (7) af indretningen
(1) og mindst ét i det mindste delvist nedseenket flyderelement (51), og fortrinsvis middel
til at fastggre indretningen (1) til et skib (63).

7. Indretning (1) ifglge ethvert af de foregdende krav, hvor bunddelen (7) af veeske-
fjernelsesindretningen (1) i en brugstilstand er forbundet til et punkt, der er indrettet til at
veere fast.

8. Indretning (1) ifglge krav 7, nar afhaengigt af krav 5 og/eller krav 6, hvor det fa-
ste punkt er tilvejebragt af evakueringsledningen og/eller af stabiliseringsmidlet (49) og
flyderelementet (51).

9. Indretning (1) ifglge ethvert af de foregdende krav, hvor den ydre del (15) i eller
ved dens gvre, rundtgdende kant har mindst ét indsnit eller abning (21) til at modtage
vaesken (3), hvor en nedre kant (23) af indsnittet eller abningen (21) i en aktiv position er

positioneret under et niveau af veesken (3) og derved tillader indstrgmning af veesken (3)
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ind i indretningen (1), og hvor den nedre kant (23) af indsnittet eller abningen (21) i en
inaktiv position er positioneret over niveauet af vaesken (3) og derved forhindrer indstrgm-
ning af vaesken (3) ind i indretningen (1).

10. Indretning (1) ifolge krav 9, hvor det mindst ene indsnit eller abning (21) i det
mindste delvist har en i det vaesentlige polygonal form, sa som rektangulaer, kvadratisk,
trapezformet eller trekantet, og/eller en i det vaesentlige rundet form, sa som cirkulaer,
elliptisk eller parabolsk, og/eller en form, der i det vaesentlige er en blanding af de fgr-
neevnte, og/eller hvor det mindst ene indsnit eller abning (21) er anbragt modstdende den
mindst ene gennemgaende kanal (25).

11. Indretning (1) ifolge ethvert af de foregdende krav, hvor ethvert ydre, transver-
salt mal af bunddelen (7) er mindst sta stort som det ydre, transversale mal af den ydre
del (15).

12. Indretning (1) ifglge ethvert af de foregdende krav, hvor ethvert transversalt mal
af det fleksible vaegelement (5) er mindst sa stort som det ydre, transversale mal af den
ydre del (15).

13. Indretning (1) ifglge krav 11 eller 12, hvor det fleksible vaegelement (5), som
udstraekker sig rundtgaende, tilspidser fra bunddelen (7) mod flyderlegemet (11).

14. Fremgangsmade til at fijerne en veeske (3), s& som olie eller en algeopslamning,
fra en vandoverflade, hvilken fremgangsmade omfatter trinene at:

tilvejebringe en indretning (1) ifglge ethvert af de foregdende krav,
positionere indretningen (1) saledes, at den er mindst delvist nedseenket i
mindst én af vaesken og vandet, saledes at den rundtgdende kant af den yd-
re del (15), eller den nedre kant (23) af indsnittet eller abningen (21), er
positioneret under et niveau af vaesken (3), og derved tillader indstremning
af vaesken via den mindst ene gennemgaende kanal (25) af indretningen (1)
og ind i sugekammeret (9), saledes at flyderlegemet (11) som en funktion
af en stgrrelse af en opdrift udgvet af den modtagne vaeske pa den indre del
(17) bevaeger sig i en retning, der er i det vaesentlige vinkelret pa overfla-
den af vand, for derved at kontrollere mangden af vaeske modtaget gen-
nem den rundtgaende kant eller indsnittet eller abningen (21).

15. Fremgangsmade ifglge krav 14, hvor fremgangsmaden desuden omfatter trinet
at evakuere vaesken fra sugekammeret (9) via et vaeskeudlgb (19), og at etablere en lige-
veegt mellem mangden af veeske modtaget gennem den rundtgdende kant og mangden
af vaeske evakueret fra sugekammeret (9), for derved i det veesentlige at ggre flyderlege-

met (11) ubeveegeligt.
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Fig. 2
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Fig. 13



