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Belt and method for reducing the drag of a hull of a floating vessel.

The present invention concerns a belt and a method for reducing the drag of a hull of a

floating vessel.

It is known that the drag, in other words the frictional resistance, of the hull of a floating
vessel, like a barge or a ship, when moving through water, can be reduced by employing
air bubbles at the interface between the hull and the water. This is also called air

lubrication. W02011/161187 discloses an apparatus for doing this.

For installation of such an apparatus, the hull needs to be modified in that the apparatus
needs to be firmly and permanently attached to the hull. Installation of such an

apparatus can therefore only be done when the vessel is in dry dock.

For vessels such as drilling rigs and floating storage and production units that only
occasionally make long journeys towed by a tug, it is impractical and not cost effective to

install the known apparatus.

There is therefore a need for an apparatus to generate air bubbles on a hull, which is

easy to install, and which can be easily removed without damage.

The invention aims to solve these problems and therefore provides for a belt for
reducing the drag of a hull of a floating vessel, whereby the belt comprises a belt body
extending in a length direction, whereby the belt comprises, in the length direction, a
sequence of bubble generators which are embedded in the belt body, whereby the belt
comprises an air channel for supplying pressurised air to the bubble generators, whereby
the air channel extends in the length direction, whereby the bubble generators are
connected to the air channel, whereby the belt body is made of an elastic and flexible

material.
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Such a belt can easily be placed around part of the hull, in particular the underside, and
possibly also the sides, of the hull, and then tensioned to be kept in place. Due to its

flexibility it will thereby follow the shape of the hull and sit tightly against the hull.

After use, such a belt can also be removed again by releasing the tension and then be

reused on another vessel.

Such a belt is therefore particularly suited to equip a vessel with air lubrication
possibilities if a practical opportunity, i.e. a major maintenance, to install a permanent air
lubrication system is not available, or if the vessel is mainly used in a single location and

only occasionally needs to be moved to another, far away location.

KR20170000711 discloses a belt including a separated air injection pipe comprising an air
provider to produce and provide air; an air providing pipe into which the air discharged
from the air provider flows; and a separated air injection pipe, which has a plurality of air
injection holes formed on one side thereof. W02005/122676 discloses a bubble-
generating device consisting of a multi-cell system which is affixed to the walls of the hull
of the boat and which is equipped with at least one main circulation shaft which is
traversed by a first conduit for pressurised water and a second conduit for a pressurised
gas, said two conduits supplying multiple bubble-releasing cells. US2011/259257
discloses an apparatus for reducing the drag that a vessel hull experiences when moving
through the water by interposing air bubbles between the hull and the stream of water
that the vessel is moving through by delivering compressed air to the bottom of the
vessel. US2011/214762 discloses A flow tube for a bidirectional flow meter comprising a
first means for generating a periodic pressure fluctuation whose frequency varies in
dependence on the flow rate of fluid through the meter in a first direction; and a second
means for generating a periodic pressure fluctuation whose frequency varies in
dependence on the flow rate of fluid through the meter in a second direction, opposite

to the first direction; wherein said first and second generating means are connected in

30 series between an inlet port and an outlet port. US7080664 discloses a fluid amplifier
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comprising at least one control valve having a movable element for selectively opening
and closing at least one of a first control stream channel and a second control fluid flow
channel, wherein the control valve also includes a diaphragm for isolating the moveable

element.

In a preferred embodiment the air channel is fully enclosed in the belt body, so that it
cannot easily get damaged. Preferably the air channel is formed as a channel-shaped

cavity in the material of the belt body.

In a preferred embodiment the belt comprises at least one tensioning cable for
tensioning the belt around a hull of a floating vessel, whereby preferably the tensioning

cable is fully embedded in the belt body to avoid damage.

Such a tensioning cable allows large tensioning forces to be applied, so that the belt

remains well in place during use.

In a preferred embodiment, the belt comprises magnets which are embedded in the belt
body, whereby the magnets are magnets for attaching the belt to a metallic hull of a

floating vessel.

Such magnets can be used as a fastening mechanism, alternatively to tensioning, but
preferably in addition to tensioning, whereby the magnets are particularly useful for
attaching the belt to the hull during installation and positioning it, before tension is

applied.

In a preferred embodiment the bubble generators are fluidic oscillators for generating
one or more pulsating air flows from a constant air flow. These allow control over the

bubble size and bubble spacing, so that coalescence of bubbles can be reduced.

30 The invention further concerns a device for reducing the drag of a hull of a floating
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vessel, comprising a belt according to any of the previous claims and a tensioning device

for tensioning the belt at least partly around the hull of a floating vessel.

Preferably, the device comprises a tension monitoring system capable of generating an
status signal indicating a tension subceeding a first desired critical tension and/or
exceeding a second critical tension. Hereby the range between the first critical tension
and the second critical tension is a desired range for the tension, allowing normal use of

the belt.

Such a status signal may be any type of signal, for instance electronic, radio, visual or
audible. It may be set to be triggered at a first or second critical tension which is such
that the tension needs to be checked and/or adjusted be personnel. In this case itis a
warning signal that the tension needs to be checked. It may also be set to be triggered
when subceeding a first critical tension at which attachment of the belt to the hull is no
longer guaranteed. In this case it acts as an alarm signal to indicates a loss of sufficient
tension, which is undesirable as it may result in the belt becoming detached from the
hull. It may also be set to be triggered at a when exceeding a second critical tension
which is an indication that the belt has snagged behind an obstacle. In this case it also

acts as an alarm signal.

In a preferred embodiment, the device comprises a source of pressurised air which is
connected to the air channel, whereby the tension monitoring system is connected to
the source of pressurised air, whereby the the device is arranged such that an occurrence
of said status signal causes the source of pressurised air to cease provision of pressurised

air.

This is a further safety feature to avoid continued operation of an insufficiently tensioned

belt.

The invention further concerns a method of reducing the drag of a hull of a floating
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vessel using a belt or a device according to the invention, whereby the belt is installed

under the hull, whereby pressurised air is supplied to the air channel.

In a preferred variant of the method, the belt comprises magnets which are embedded
in the belt body, whereby the belt, in a non-tensioned state, is first attached to the hull
by means of the magnets, whereby afterwards the belt is tensioned against the hull,

whereby during use of the belt tension is maintained.

This is an easy installation method of such a belt, because it can be first properly

positioned, before tension is applied.

In a preferred variant of the method, it is a method of temporarily reducing said drag,
whereby said belt is removed after being used to reduce said drag, and preferably rolled

up for storage and/or used on another vessel.

In a preferred variant of the method, whereby the vessel is a vessel which is being towed

by another vessel.

In the last two variants, the methods is focused on equipping vessels which are only
occasionally making long voyages, eg international voyages across oceans, and which
may not even have sufficient on board propulsion capabilities for such long voyages, with

an air lubrication system.

In order to illustrate the invention, exemplary embodiments are explained below, with

reference to the following figures, wherein:

Fig. 1 shows a perspective view of a component of a belt and a device according to the
invention;
Fig. 2 shows a cross-section of the component of fig. 1 according to line A-A;

Fig. 3 shows a cross-section of the component of figs. 1 and 2 according to line B-B;
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Fig. 4 shows side view of a vessel using belts and a device according to the invention;
Fig. 5 shows a cross section according to line C-C of the vessel of fig. 4;

Fig. 6 shows a cross section according to line D-D of the vessel of figure 5.

The oscillator 1 of figures 1 to 3 is a traditional fluidic oscillator, of which the air outlets

2,3 are provided with perforated plates 4 with fifty round holes of 1.7mm diameter each.

The oscillator 1 comprises a air inlet 5 and an air inlet channel 6 leading away from the
air inlet 5. The air inlet channel 6 widens and diverges into two air outlet channels, more
specifically a first outlet channel 7 and a second outlet channel 8 which lead to the two
aforementioned air outlets 2,3, more specifically to a first air outlet 2 and to a second air

outlet 3, which are provided with said perforated plates 4.

The two outlet channels 7, 8 are separated by a splitter 9 with a concave nose 10.

The splitter 9 and the air inlet channel 6 and the outlet channels 7, 8 jointly constitute a
bistable fluidic amplifier arranged to amplify control signals, whereby in this case the
control signals are fed to the fluidic amplifier via a first control port 11 and a second

control port 12.

From each of the air outlets 2,3, a feedback channel 13 leads back to the control ports at

the point where the air inlet channel 6 widens.

The oscillator 1 works as follows: A constant airflow is established at the air inlet 5 and
through the air inlet channel 6. This airflow will either flow through the first outlet
channel 7 or through the second outlet channel 8, but not through both at the same
time. If undisturbed, the air will continue to flow this way because of the Coanda-effect,
which enhances the tendency for a fluid to follow a curved surface. The transition from
the air inlet channel 6 to each of the outlet channels 7, 8 is such a curved surface. The

concave nose 10 of the splitter 9 helps to create an induced secondary airflow that
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further stabilises the airflow through that particular outlet channel 7,8.

Most of the air flowing through this outlet channel 7,8 will then exit at the corresponding
air outlet 2,3. However, this airflow also generates a pressure pulse which is sent back via
the corresponding feedback channel 13 to the corresponding control port 11, 12, and

which cause the airflow to switch to the other outlet channel 7,8.

If left undisturbed, a stable airflow through the other outlet channel 7, 8 will now be
established. However, also at the other air outlet 2,3, a pressure wave is generated,
which will be fed back via the feedback channel 13 to the corresponding control port

11,12, so that the airflow switches to the other outlet channel 7,8 again.

This way, a sequence of pressure control signals, in other words a pressure control wave,
is established at both control ports 11, 12, every time switching the airflow from the first
outlet channel 7 to the second outlet channel 8 and back, thereby generating two
pulsating airflows, one in each of the outlet channels 7, 8, each pulsating with the same

oscillation frequency and phase shifted by half a wave period.

These sequences of control signals are thereby amplified by the fluidic amplifier

The oscillation frequency of the oscillator 1 is more or less fixed, depending on the exact
design of the oscillator 1. A change in air pressure at the air inlet 5, resulting in a change
in the total air flow rate through the oscillator 1, will influence the oscillation frequency

to a relatively small degree, but the oscillation frequency cannot be controlled

independently of the air flow rate.

This oscillator 1 can be advantageously used in a belt 15 and a device 16 according to the

invention. This is illustrated in figures 4 to 6.

These figures show a vessel 17 which is usually not provided with means for reducing
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drag, but which is in this case temporarily provided with a device 16 15 according to the

invention. The vessel 17 is intended to be towed by a tug.

The device 16 comprises three flexible belts 15 which are attached around the vessel 17.

The belt 15 comprises a belt body 18 made of flexible rubber. The belt body 18 extends
in a length direction L. In the belt body 18 a cavity is provided which acts as an air

channel 19 and which extends over the entire length of the belt body 18.

The belt 15 further comprises fluidic oscillators 1, which are provided inside the belt
body 18 at regular distances from each other, typically between two and forty oscillators
1 per meter length of the belt body 18. The air inlet 5 of each of these oscillators 1 is
connected to the air channel 19, and the air outlets 2,3 of these oscillators 1 are placed

on the outer surface of the belt body 18, so that they can release air freely.

The belt 15 further comprises a steel tensioning cable 20 , which is provided in the belt
body 18 and which extends over the entire length of the belt body 18, and which

protrudes outside the belt body 18 at its extremes.

The belt 15 further comprises strong, industrial magnets 21, which are integrated in the

belt body 18.

The device 16 further comprises a compressor 23 and connecting pipes 24 for
connecting the air channels 19 in the belt bodies 18 to the compressor 23. The device 16
further comprises three tensioning devices 25 for tensioning the belts 15. The tensioning
devices 25 are each equipped with a tension monitoring capability. The device 16 is

provided with a data cable 26 between the tensioning devices 25 and the compressor 23.

This installation and use of the device 16 is as follows.
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Firstly the belts 15 are placed under and partly around the hull 27 of the vessel 17. At
this point, the magnets 21 temporarily secure the belts 15 to the hull 27. At this stage
the belts 15 can be easily detached and placed somewhere else, so that they can be

easily placed at intended positions.

Their tensioning cables 20 are then connected on deck to anchoring points 26 at one
extreme of the belts 15 and to the tensioning devices 25 at the other extreme of the
belts 15, and tensioned to be fixed securely in place. The belts 15 will bend to follow the

contours of the hull 27.

Compressed air is then supplied by the compressor 23 to the air channels 19. This
compressed air is then distributed in the air channels 19 to the air inlets 5 of the
oscillators 1, so that the oscillators 1 start to release a stream of bubbles from their air

outlets 2,3.

This provides air lubrication between the hull 27 of the vessel 17 and the surrounding

water, so that a reduction in drag is obtained.

Obviously it is very undesirable if insufficient tension is applied to the tensioning cables
20, because the belts 15 may then come loose while the vessel 17 is moving through the
water. Also, a loss of tension may indicate that a belt 15 is broken or no longer anchored

to the deck.

Obviously it is also very undesirable if the tension is too high, as the belt 15 may break.

Therefore, the tensioning devices 25 monitor the tension continuously and send an
alarm signal via the data cable 26 to the compressor 23 and to the staff of the vessel 17
or the tug if insufficient or too much tension is present, so that the staff may investigate

and remedy this situation.
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The compressor 23 is arranged to shut off as a safety measure if an alarm signal is

detected.



