1 Air cavity vessel The invention relates to a vessel Vessel (1) comprising
a hull (2) with a stem (5), bow (7) and bottom (3), an air cavity (6) formed

at the bottom (3) of the hull (2) and domprising a cavity top surface (27), a
front wall (28) and a front section (10) located nearest to the bow (7), and

an air inlet (8) located in the a\ieasiyy(83ssghnnected to an air supply
means (35) to provide air to the cavity. Such a vessel is known from
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From US 6,575,106 A a marine vessel is known which has an .air inlet for
drawing in air at ambient pressure into a plenum. Because of the sub-pressure created
in the plenum when the vessel moves forward, water and a stream of air bubbles move
along a mixing chamber at the bottom of the plenum plate, into the cavity. The
plenum is closed towards the aft via a vertical plate 58 (Figure 3). When the vessel is
operated under sea going conditions, waves may enter into the cavity and expell the
air therefrom such that the effectiveness of the cavity is reduced. Futhermore, the
known system will not be able to provide an air-filled cavity under all operative
conditions, at deeper draft levels.

From WO 95/14604 a high speed planing or semi-planing hull (SES) is
described in which in a dagger-shaped cavity an air deflector is situated underneath
the air inlet in order to deflect air that is injected in a downward direction, into the
cavity in a generally horizontal rearward direction. The air deflector plate is situated
close to the air inlet, in order to move air into the cavity, such that. the position of the
plate will be higher up in the cavity, close to the top side of the cavity and close to the
air infet. Waves may hence enter into the cavity before they reach the plate such that

its wave deflection action is negligible, the deflector known deflector having no



described in which in a dagger-shaped cavity an air deflector is situated
underneath the air inlet in order to deflect air that is injected in a
downward direction, into the cavity in a generally horizontal rearward
direction. The air deflector plate is sifuated close to the air inlet, in order
0 move air jnto the cavity, such that the position of the plate will be
hyéﬁ% Glrf‘fﬁ%“@&vity, close to the top side of the cavity and close to the
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substantially 0.2-0.5 and preferably 0.25-0.4. of Hi. Embodiments of the
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that the yessel comprise a wave deflector (9).defining a lower surface,
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cavity (6) and at a distance from the cavity top surface (27) and extends from the front
wall (28) to a free side (14) substantially in the direction of the stern (3), the front wall
(28) comprising a height (Hi) measured from the cavity top surface (27} in a direction
perpendicular to said top surface, the wave deflector comprising a thickness H2
between the lower surface (12) and the water side (11) measured in the direction
perpendicular to said top surface (27) of substantially 0.2-0.5 and preferably 0.25-0.4
of Hi. The effect of the wave deflector is that it in use may deflect the waves which
try to move through the air cavity, and especially through the front section. Hereby it
can prevent that the waves enter the air cavity and push air out of the air cavity. This
can ensure that when the vessel, according to the embodiments, is used in water with
a non flat surface water or ocean like waves, the air can be kept in the air cavity.
Hereby the air cavity can function optimally.

In an embodiment of the invention, the wave deflector comprises a turbulence

edge for creating turbulence in water flowing past the turbulence edge. Due to the



wall (28) to a free side (14) substantially in the direction of the stem (5),
the front wall (28) comprising a height (Hi) measured from the cavity top
surface (27) in a direction perpendicular to said top surface, the wave
deflector comprising a thickness H2,between the lower surface (12) and
the water side (11) measured in the direction perpendicular to said top
surface (27) of substantially 0.2-0.5 and preferably 0.25-0.4 of Hi. The
effect of the wave deflector is that it in use may deflect the waves which
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DI. This specific form of the wave deflector has a positive effect on the
ability thereof to prevent that a wave enters the air cavity, and especially
the front section. The fist 3 and second edges may extend substantially in
a straight line such that the directions of the, first and second edges are
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extends from the front side of a top cavi%le\,/el towards the stern and
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and,especijally in the front section. In a further embodiment of the vessel
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surface part which extends from the fist surface part towards the stern to a bottom
cavity level and under an angle al of between 0,5° and 10°, preferably 1,5° relative to
the horizontal direction. This specific form of the cavity top surface has a Ipositive
effect on the ability to keep the air in the air cavity, and especially in the front section.
In a further embodiment of the vessel according the invention, the vessel
comprises emission gas producing driving means which comprise a first gas outlet for
transporting emission gas produced by the driving means into the air cavity. By
transporting the emission gas from the driving means m the air cavity, the emission
gasses will pass through the seawater. As a result of this the emission gasses are
subjected to a cleaning process. This‘ cleaning process is generally known as
scrubbing. This embodiment enables the user to meet sirict environmental regulations.
The driving means may comprise a second gas outlet for the discharge of the emission
gas outside the air cavity and a second control system for controlling the discharge of
the emission gas through the first and second outlet. Hereby the user of the vessel can
choose whether the emission gas is transported inside the air cavity to achieve the

scrubbing effect or whether the emission gas discharged outside the air cavity, for



transporting emission gas produced by the driving means into the air
cavity. By transporting the emission gas from the driving means m the air
cavity, the emission gasses will pasg through the seawater. As a result of
this the emission gasses are subjected to a cleaning process. This
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Fig. 4 shows a schematically bottom view of a vessel according the invention,
provided with more than one air cavities, and
Fig. 5 shows an embodiment wherein the exhaust gases arc fed through the water of

the ballast tanks prior to entering into the air cavity.

Figure 1 a and b show an embodiment of the vessel | according the invention.
The vessel 1 comprises a hull 2, a bottom 3, a bow 7, a stem 5 and a longitudinal axis
20. The Iongitﬁdinal axis 20 extends in the horizontal direction. The transverse
direction of the vessel is indicated by the arrow 39. An air cavity 6 is formed at the
bottom 3 of hull 2. The air cavity 6 comprises a cavity top surface 27, a front wall 28
‘and a front section 10. The front section 10 is located nearest to the bow 7. An air
supply means 35 connected air inlet 8 is located in the front section 10 to provide air
to the air cavity 6. A wave deflector 9 is situated 1n the front section 10 of the air
cavity 6 and at a distance of the cavity top surface 27. The wave deflector 9 has a
connection side with which the wave deflector 9 is connected to the front wall 28. The
wave deflector 9 extends from the front section 10 in the direction of the stem 5 to a
free side 14 of the wave deflector 9, which free side extends freely across the air

cavity 6.



Fig. 4 shows a schematically bottom view of a vessel according the
invention, provided with more than one air cavities, and Fig. 5 shows an
embodiment wherein the exhaust gages arc fed through the water of the
ballast tanks prior to entering into the air cavity. Figure 1 a and b show an
embodiment of the vessel 1 according the invention. The vessel 1
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of the edges 15 and 16 are positioned to each other under an angle o of 25°. The first

and second points 18 and 19 intersect with the bottom edges 24 of the bottom 3.
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at a first distance DI from the bow 7 and the first and second points 18
and 19 are located at a second distance D2 from the bow 7. The vessel
length is indicated by L. L may be between 100 and 300 meters. The
width of the vessel may be between 20 and 50 meters and the height
between 15 and 30 meters. The first and sécond edges 15 and 16 extend

from the re of th X point 7such that the e
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connected # arsbédnchpantvelisystert#d. td hessmoohnobnirol system 44. The second
control system 44 controls whether the emission gas 1s discharged in the first or second
gas outlet 49 and 50. The emission gas transported through the first gas outlet 49 enters
the air supply means 35 which blows the emission gas (in combination with air)
through the air outlet 8 and inside the air cavity 6.

F igure 2 shows the vessel of fig. 1 provided with an adjustable wave deflector 9'.
The wave deflector 9' comprises displacement means 23 for moving the deflector 9
relative to the vessel 1. The displacement means 23 comprise a first drive member 50
which moves the free side 14 of the wave deflector 9' relative to the cavity top surface
27. The free side 14' is pivotable around a pivot axis 38 extending in the transverse
direction (39 of fig. 1b). The displacement means 23 are by a communication
connection 40 connected to control means 37 for controlling the positioning of the
wave deflector 9'.

Figure 3 shows the vessel of fig. 1 prov'ided with an adjustable wave deflector 9",
In this case the wave deflector 9" is displaceable in the direction substantially along the
cavity top surface 27. The common apex point 17" and the fist and second point 18"
and 19" function as displaceable hinging points which allow adjusting of the wave

deflector 9". The wave deflector 9" can be adjusted such that tic common apex point
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control system 44 controls whether the emission gas is discharged in the
first or second gas outlet 49 and 50. The emission gas transported

~ through the first gas outlet 49 enters the air supply means 35 which blows

the emission gas (in combination with air) 20 through the air outlet 8 and
inside the air cavity 6. Figure 2 shows the Yessel of fig. 1 provided with an
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substantially along the cavity top surface 27. The common apex point 17"
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result in an adjustment of the second distance D2 (displacement of the
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the duct 48’ through the water in the ballast tanks 90, 91. By passing the exhaust gases

from the ship’s diesel engine through the ballast water prior to entering the exhaust
gases into the cavity for powering the cavity, not only an effective filling of the cavity
is achieved but also can the water in the ballast tanks be disinfected so as to reduce
bacterial activity. It was furthermore found that passing the exhaust gases through the
ballast water, an effective wet scrubbing of said gases can be achieved so as to reduce
the particulate matter in the exhaust gases, such as sooth, and to cool the gases prior to
entering into the cavity. The reduced temperature results in reduced corrosion of the
cavity.

It will be clear to the person skilled in the art that many modifications of the
embodiments of the present invention are possible without departing from the scope of

protection as defined in the accompanying claims.



Figure 4 shows a vessel according the invention, provided with more than
one air 10 cavities 109. The vessel 101 comprises a hull 102 with a stem
105, bow 107 and bottom 103. At the bottom 103 of the hull 102 are four
air cavities 106 formed. Each of the air cavities 106 comprises a wave
deflector 9 which can comprise all features disclosed above. The air
cavities 106 are positioned substantially parallel to each other and extend
substantially in the direction of the longitudinal axis 120 of the vessel 101.
ClaimThe vessel comprises preferably between 2 and 5 air cavities. As
shown in Fig. 5, the exhaust gases from the driving means 43 are passed
via the duct 48' through the water in the ballast tanks 90, 91. By passing
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temperature results in reduced corrosion of the 25 cavity. It will be clear
cavitierpaisepeskitbeisnte Genhherfrany widdiicatiorissodetrabstantially in the
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the scope of protection as defined in the accompanying claims. 7 Clai

surfaog es sedlicepfiprgietpendinviatle axbiop bevrandhsorers, detlegteagnprising
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front wall and a front section located nearest to the bow, and an air inlet
pepristicHim thsaft ity ieennéerbatansiahyat: SépbRnferafmablpfovide Aol
the cavity, characterised in that the vessel
2. Vessel according to claim [, wherein the water side of the wave deflector is
situated substantially at the height of the bottom.
3. Vessel according to claim [, wherein the wave deflector comprises a
turbulence edge for creating turbulence in water flowing past said turbulence edge.
4. Vessel according to any of the preceding claims, wherein the cross sections of
the wave deflector in the direction of the longitudinal axis of the vessel are

substantially a box-shaped.

5. Vessel according to any of the preceding claims, wherein the wave deflector
comprises a water side which in use is in contact with water and the distance between
the water side and the lower surface of the air cavity is between 0,5 and 1,5 m, and

preferably 1 m.



comprises a wave deflector defining a lower surface and a water side,
which wave deflector is situated in the front section of the air cavity and at
a distance from the cavity top surface and extends from the front wall to a
free side substantially in the directic% of the stem, the front wall
comprising a height measured from the cavity top surface in a direction
perpendicular to said to surfage, the wave deflector comprising a

8- thickhE¥S HEWETNEI? Y 16 EISBIRERE Hn 0 e WwatBrsie i et R dlifisctor
cotttieicheectipn arpendicutania sdic tapishitaceoffmmstiantialyd 28 paind at
referably 0,.25-0.4 of Hi, 2. Vessel according.to claim 1, wherein the
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dii%rgé) ises a turbulence edge for creating turbulence in water flowing past
t

llence edge. 4. Vessel according to any of the preceding claims,
wherein the cross sections of the wave deflector in the direction of the

longitudinal axis of the vessel are substantjally a box-shaped, 5. Vessel
7. ooV 13 ARy B o R VLR vilerd (REwa S b ittt xiend
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distance between the water side and the lower surface of the air cavity is, .
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edge and . se on$gd which extend from a common apex point at a
Corﬁ?g%(&%[;%onioé‘(lgﬁ tsm'the Bo , respectively to a first and second point at

a second distance (D2) from the bow, which second distance (D2) is
larger than the first distance, (DI). 7. Vessel according ta claim 6 wherei
ke A S o St e R R A

" the fistand s%’%na%aoges ex
extthng directioriSiofttikertipstiandjseaand ddgesmanieon apex point such that the fist

and second edges are curved and arc part of a parabolic circle.

9. Vessel according to any of the preceding claims, wherein the wave deflector
comprises displacement means for moving the wave deflector relative to cavity top

surface,

10.  Vessel according to claim 9, wherein the displacement means are arranged to
displace the wave deflector in the direction substantially perpendicular to the cavity

top surface.

11.  Vessel according to the claim 9 and 10, wherein the displacement means are
arranged to displace the free side in the direction substantially along to the cavity lop

surface.

12, Vessel according to any of the preceding claims, wherein the cavity top
surface comprises a first surface part which extends from the front side of a top cavity
level towards the stern and substantially parallel to the horizontal direction and a

second  surface part which extends from the fist surface part



positioned to each other under an. angle a of between 5 and 45, and
preferably 25, and the first and second distances (DI and D2) in relation
to the vessel length (L) correspond 50 0,2L<D2-DI<0,6L.8. Vessel
according to the claims 6 and 7, wherein the fist and second edges
extend from and in the region adjacent to the common apex point such

t the fist and ond edges are curved and arc ar OJIC o
towcﬁjr%fet% S{?géé%ﬁa b%ﬁa %yjtﬁyﬁ%? the precédin alrt%Bs WE%I}em ifd 10%

preveaue Weflaatdss catapinses mspkaﬂ:mne&]ﬁtrtsaim.for moving the wave
deflector relative to cavity top surface. 10. Vessel according to claim 9,
wherein the displacement means are arranged to displace the wave

13 deflatiarcindheditection sybstartialy pediendicutas, toviectavibe top inlet is

| syr aceh Vtesses Ilo%cgpﬁglg%to the claim 9 and 10, wherein the
CCHighlcement meant are arrange(f to displace the free side in the

direction substantially along to the caV|ty lop surface. 12. Vessel
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direction and a secon hich extends t St gurface
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between 0,5 and 10, preferably about 1 5 relatlve to the horizontal

; diregtion. 13, Vessel according, I in i rei
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second outlet.

16. . Vessel according to any of the preceding claims, wherein the vessel comprises
more than one air cavities which comprise a wave deflector and wherein the air
cavities are positioned substantially parallel to each other and extend substantially in

the direction of the longitudinal axis of the vessel.

17. Vessel according to any of the preceding claims, the vessel comprising a
combustion engine for propulsion of the vessel, and ballast tanks comprising water,
characterised in that exhaust gases from the combustion engine are led to the air

cavity via the ballast tanks through the ballast water.

18. Afr cavity vessel according to claim 17, the combustion engine comprising a

diesel engine.

19. Air cavity vessel according to claim 17 or 1§, the exhaust gases reducing

bacterial activity in the ballast water.



transporting emission gas produced by the driving means into the air
cavity. 15. Vessel according to claim 14, wherein the driving means
comprise a second gas outlet for thi discharge of the emission gas
outside the air cavity and a second Bntrol system for controlling the
discharge of the emission gas through the first and second outlet. 16.
Vessgl accarding to any of the preceding claims, wherein the vessel .

20 compris&@VihorE-irish B8 %a{ﬁtiééaWhi&Iicéﬁﬁﬁséga W SqeaEgion of
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other and extend sybstantially in the direction of the longitudinal axis of .
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intyesséhfampriging a combustion engine for propulsion of the vessel, and

ballast tanks comprising water, characterised in that exhaust gases from
the combustion engine are led to the air cavity via the ballast tanks

21through theiballastwatetot@nAincayity vesse! acearding tQ-hadmliferthie the

combustion engine comprising a. diesel engine, 19. Air cavity yessel
tené%%gtr%riﬁgo?ot faiffl S(Br%?%h%xg%f a sﬁégﬁ?&hﬂlﬁ‘ﬁa‘&;{ﬂ%&éﬁ%ythe
tenipdhevsabdshavairindiQa20s Aiteeydtihy@atiabaeerdling to claim 17, 18 or

19, the concentration of particulate matter in the exhaust gases that exit

from the ballast tanks being lower compared to the particulate matter

concentration of the exhaust gases before entering into the ballast tank.

21. Air cavity vessel according to any of the preceding claims, wherein the

temperature of the exhaust gases exiting from the ballast tanks is lower

than the temperature of the exhaust gases entering the ballast tanks.



