SHIP WITH STERN EQUIPPED WITH A DEVICE,FOR DEFLECTING A FLOW OF KATER

The present invention concerns a ship whereof the stern is equipped with a device for deflecting a flow
of water. It more particularly concerns a ship with large dimensions and a high tonnage, such
as a cruise sWif Mip&pgétilar, the displacement speed of which is relativelyPlirnig@ebin/eetation to that of
light and fast boats, this speed being between 10 And 25 knots or approximately between 18 and 45
km/h in cruising speed, 10 for information, and the Froude number of which does not exceed 0.28.

It is known to equip the hull of a ship of this type with a deflector member in wedge form, positioned
below the waterline, in the connection zone 15 of the bottom of the hull with the rear flank -or bow-of
the ship. WO 2010/003905PCT/EP2009/058442 2 The function of a deflector of this type,
generally designated by the expression "trim wedge", is to deviate, downward and rearward, the flow
of water in relative movement, which passes under the hull, at the 5 stern, which results in increasing
the power of the ship or, correlatively, by decreasing the fuel consumption necessary for its propulsion
for a given speed. A deflector of this type is described in 10 patent US-6 038 995, for
example. One drawback of the known deflectors is that
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low of water.

It more particularly concerns a ship with

5 large dimensions and a high tonnage, such as a cruise
ship in particular, the displacement speed of which is
relatively limited in relation tc that of light and
fast boats, this speed being betwsen 10 and 25 knots or
approximately between 18 and 45 km/h in cruising speed,

10 " for infermation, and the Froude number of which does
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It 1s known to eguip the hull of a ship of
this type with a deflector member in wedge form,
positiconad helow the waterline, in the connection zone

15 of the betitom of the hull with the rear flank -or bow-

of the ship.



their efficiency, in particular regarding power gains provided, depends on the trim of the ship (which
can depend on its load and/or navigation conditions), as 15 well as the ship's speed. The
dimensions and the angle of the "wedge" making up the deflector, which are determined in order to
ensure maxiMUEHEEH%ness under certain given trim and speed conditRSERERIEISR$Bre not 20
necessarily optimal under other conditions. ?Already known from document WO-98/24684 is a
small fast motor vessel., provided at its rear end with two pivoting float bodies, arranged on either side
of the propulsion means of the boat. These float bodies are deployed downwardly, when the
boat moves at a low speed, so as to lift the rear of the boat, cause it to squat (passage into plane

mode) and thereby decrease theshaulder waye atthe froptof the ship.,3 .1: 5 Athigh speed, the

float bodies are on Dthlg lg:omrg%gp Lhenwgggr%wn Qﬁgitig}g. ressi Thig t¥pe of gr,range‘me'nt of the hull
is not, however, applicable t & Ship with large dimensions.and 5 High 1oARagE Which does not squat.

Moreover, it doesTibtthERE itSoo<&iBIB 6 Bvofd the fecirtaition 6Tahé Wnaveoat #rsrear Bt the ship,
whereas this phememenonds ther source, ofventoss of prepulsivedcnergy forthe ship ¢hraugh increased
friction and disruptisef, the, 40 dlow.ia ghe vicinity of the blades of thepropulsive means). Moreover,
this type of float b&g%/pdoeg rn,ot mglég, }teg%sc%jpr[éaltﬁg’res%gfe thg éacrgtéga& % rea1r2 he  fuel
consumption necessary for i1ts propulsion for a given

speead.

& deflector of this type 1is described in
10 patent US-6 038 985, for example.

One drawback of the known deflectors is that
their efficiency, in particular regarding power gains
provided, depends on the trim of the ghip (which can
depend on its load and/or navigation conditions), as

15 well as the ship’s speed.

The dimensicns and the angle of the "wedge”
making up the deflector, which are determined in order
to  ensure mazximum effectivensss under certain given
trim and speed conditions, are therefore not

20 necessarily opitimal under other conditions.

Already known from document WO-98/24684 is a
amall fast motor vessel, provided at its rear end with
two pivoting float bodies, arranged on either side of

the propulsion means of the boat.

25 These float bodies are deployed downwardly,
when the boat moves at a low speed, so as to lift the
rear of the boat, cause 1t Lo sguat (passage into plane
mode) and thereby decrease the shoulder wave at the
front of the ship.



slamming, as the surge coming from the rear can freely 15 penetrate under the rear counter, in the
central zone of the boat which extends between the two float bodies. Embodiments of the
invention aim to resolve the aforementioned difficulties. An aspect of the invention provides a ship 20
with large dimensions and high tonnage, such as a cruise ship in particular, the stern of which is
equipped with a device for deflecting flows of water, comprising several deflector members having a
submerged lower face, called first face, fitting overall into the 25 extension of the hull bottom, toward
the rear thereof, while forming an angle in relation to a general plane tangent to this bottom, each of

these deflector members beingrartigiiated ta-the hullpeonrebmeans-making ipossihle tg cause it to
pivot 4 in one direct{':on or the ot c?lr in_or er to cause sai% angle to vary wherein, on one hand, these
je{®) raxy G

deflector membérs are similar an ﬁx%%os%g%vﬂ%hgﬁasﬁ é“y extend transversely side by side, over all,
or nearly 5 all, the width of the stern, each of these deflector members consisting of a case and, on the
other hand, said means for cQ tr.olling the pivgtin% of each deﬂecl,z%%r m mbgr ﬁmgrise at least one
hydraulic jack, the body of whic 1§ hotrSed fhra r&%&%?em(? e fin e%?a! With the StfdRfure of the hull
and the rod of whitfesstegialmvithcihk e fleetct nidrmberafalhith igso ndiorethedsivstirigiduch that
this jack is sheltareghfrans the sergeanddronavayes.da thisiuay thevalde-eihe anglgsas be 15
modified, e'ther%8@”%?r5i>éb¥lhé‘c§8%%%8ﬂ adt%octam 9%‘%"&{'&‘9%2%”‘98& 1 aLtomatcally according to
certain parameters, such as the speed and trim o the's ip in"particular.

wave at the rear of the ship, whereas this phenomenon

is the source of a loss of propulsgive energy for the

ship (through increased friction and disruption of the

10 flow in the wvicinity of the blades of the propulsive

means) .

Moreover, this type of float body does not
make it possible to resolve the problem of rear
slamming, as the surge coming from the rear can freely

15 penetrate under the rear counter, in the central zone

of the boat which extends between the two float kodies.

Embodiments of the invention aim to resolve
the aforementioned difficulties. ' '

An aspect of the invention provides a ship

20 with large dimensions and high tonnage, such as a
cruise ship 1in particular, the stern of which is
equipped with a device for deflecting flows of water,
comprising several deflector members having a submerged
lower face, called first face, fitting overall into the

25 extension of the hull bottom, toward the rear thereof,
while forming an angle in relation toc a general plane
tangent to this bottom, each of these deflector members
being articulated to the hull, control means making it

poggible to cause it to pivot



Moreover, the arrangement of the deflector 20 members over all or nearly all of the width of the stern
makes it possible to smooth the wave at the rear of the ship and to avoid the phenomenon of
recirculation of the wave, which is a source of wasted energy. 25Moreover, according to a certain
number of possible additional characteristics of the int/ention: - each case is closed on the top
by walls turned upward and forward, respectively, forming a dihedron, and is closed on the sides by
lateral vertical walls, said hydraulic jack being inserted between the stern structure of the ship and the

angular zone of fiys dinedron, such that i s isqlated,ip a,5 1 }?ti%‘iléieeiﬁ]c'%edc%%cee ' s upper part

of v dihedron; said control means makepossible to vary said angle within a rana/gﬁf}om%rlsed between
g@hdY&arward in

a negative valueBHspgondilg 1y at'Bfidihtion FreaititFfirdtaace inbiREup
relation to said genevaldanerand ajpositve vane correspapdigdo anotientatian pfthie;first face
downward and rearuayd in felation tasthis, genesal planes ssaid contol meaps comprise asset of 15

hydraulic jacks waorking synchronously; these hydraulic jacks are controlled voluntarily by

actuating a manguvering eMbet théde Hyifraufic §adks afé tontitied B 28shiftiehivE Subjugated

to the speed andienbritrof 20tsistiipng of a case and, on the other hand,
gaid means for controlling the pivoting of each

deflector member comprise at least one hydraulic jack,
the body of which is housed in a protective case
10 integral with the structure of the hull and the rod of
which is integral with the deflector member of which it
controls the pivoting, such that this jack is sheltered

from the surge and from waves.

In this way the wvalue of the angle can be

15 modified, either voluntarily by actuating an ad hoc
man@uvering member, or automatically - according to
certain parameters, such as the speed and trim of the

ship in particular.

Moreover, the arrangement  of the deflector

20 members over all or nearly all of the width of the
stern makes it possible to smooth the wave at the rear

of the ship and to aveid the  phenomenon  of
recirculation of the wave, which is a source of wasted

energy.

25 Moreover, according to a certain number of

possible additional characteristics of the invention:

- each case 1s closed on the top by walls

turned upward and forward, respectively, forming a



each of said deflector members in case form has a rear face or second face, also submerged at least
partially, able to be lowered by increasing said aforementioned angle, so as to form an approximately
vertical wall opposing slamming by rear surge; said first surface is substantially flat; WO
2010/003905B€ 1E#09/058442 6 said first face is made up of k@b RRIOSIARtiAly flat front
and rear facets which form an obtuse angle dihedron open downwardly; said second face is
substantiallyflat; 5- said second face is made up of two substantially flat upper and lower facets which
form an obtuse angle dihedron open toward the rear, the set of deflector members has a
shared pivot axis; - the pivoting of the set of deflector members is done jointly, over a same

angle, using said pivet£eBHOl Means; : 5 -1, 1B pivgting.of the vasious deflectar.members is done
in a differentiated manner yvith 1§Jqsifferen1 angl%lv lues, using, said pivot control means; the stern of
g e

ey ShidliHbTE 16 Protedt the defEtor Mémberas well as the

.. Y J:tt" & . sardy.
the ship is prowdec?m ha spoWer serving as shi ’
hydraulic jacks frotf #&2isshtR of #ie Bufge aRd Wevesicomimgeidm thedeah20itshiduld be noted
that the expressionone cof this dihedron, such that it is isolated in a

5 relatively enclosed space in the upper part of <the

dihedron:

~ said control means make 1t possible to

vary said angle within a range comprised.‘between a
negative value, corresponding to an orientation of said

10 first face inclined upward and rearward in relation to
said general plane, and a positive value, corresponding
to an orientation of this first face downward and

rearward in relation to this general plane;

- said control means comprise a set of

15 hydraulic jacks working synchronously;

- these  Thydraulic Jjacks are controlled

voluntarily by actuating a maneuvering member;

- these hydraulic jacks are controlled by a
shuttle valve, subjugated to the speed and/or trim of
20 the ship;

- each o¢f zaid deflector members 1in case
form nas a rear face or gsecond face, also submerged at
least partially, able to be lowered by increasing said
aforementioned angle, so as to form an approximately

25 wvertical wall opposing slamming by rear surge:

- said first surface is substantially flat;



"shared pivot axis" used above does not necessarily refer to a shared shatft, this shared axis being
able to take the form of separate, but coaxial shaft sections. WO 2010/003905PCT/EP2009/058442 7
description of one preferred embodiment of the invention. This description is done in reference
to the appentf&PHHWITES, in which: 5- figure 1 is a diagrammatic side vieR TEREHAFS $1de) of a first
embodiment of a device constituting the invention® the deflector member of which is in the retracted,
inactive position; - figure 2 is a view similar to that of 10 figure 1 showing the deflector
member in the active position, folded downward, - figure 3 is a diagrammatic end view of the
rear, of a stern half-bow (port side) of a ship equipped with a device according to the invention, 15

comprising four juxtaposed deflectog members, two of ywhich age vigible.in the half-view,,these
deflectors being shp;:\)/\ér%inn;:h:.Learl(:?jtrac]_;eidaE J'nafcgglgtpogziltg)n'ea oo figure’%i.s? L view similar to that of
figure 3, showingsth‘e Juftapose 3él(‘aﬂect‘ér members, O%hese dgﬁgcTSrswbﬁiﬁg i the ative position,
folded downward®°t1se and€ 533 BfAfa o fifitre ¥ Bt With' déflector members positioned in

different angular positions;

- s2id sscond face is substantially flat;

5 - said second Zace is made up of  two
substantially flat upper and lower facets which form an

obtuse angle dihedron open toward the rear;

- the set of deflector members has a shared

pivot axls;

i0 - the pivoting of the szet of deflector
members 1s done jointly, over a same angle, using said

pivot control means;

- the pivoting of the wvarious deflector
members 1is done in a differentiated manner, with
d

r
15 different anglie values, using said pivot control means;

- the stern of the ship is provided with a
spoller serving as shield able Lo protect the deflector
member as well as the hydraulic jacks from the assault
of the surge and waves coming from the rear.

20 It shculd be neoted that the expressio
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shared pivot axis” used above does not necessari
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sa
refer to a shared shaft, this shared axis being able t¢
o)

take the form of separate, but coaxial shaft sections.

Other characteristics and advantages of the

25 invention will appear upon reading the following



positionsofthedeflector which areadapted respectively to "deflection of water" and "anti-slamming"
functions; - figure 8 is a diagrammatic end view of the 5 rear of a stern bow of a ship equipped with a
device according to the invention, comprising five juxtaposed deflector members, shown in the
retracted, inEWVEPIRIRIGA, some of these deflectors having an axis of artiegetiomdiffezent from that of
the others; - figures 9 and 10 are views sinilar to those of figures 1 and 2, respectively,
showing a second embodiment of the device; - figures 11 and 12 are views similar to those of
figures 9 and 10, respectively, showing a IS third embodiment of the device. In reference to
figures 1 and 2, the reference 1 designates a deflector member arranged at the rear of a ship with

arge dimensions angAigh onjage. such,35.a cyise-ship. or example. 29The reference FC

designates the hullpbottv?:“rq, relatively flat, QU deSignates the rear portion of the keel, an
designates the reaf table of the stern. The front of the ship is located on the right side of these
figures. WO 2010/003905PCT/EP2009/058442

This descripticon is done in reference to the

appended drawings, in which:

5 ~ figure 1 135 a diagrammatic side view
(starboard side) of a first embodiment of a device
constituting the inventicon, the deflector member of

which is in the retracted, inactive position;

- figure 2 is a view similar to that of
10 figure 1 showing the deflector member in the active

position, folded downward,

- figure 3 is a diagrammatic end view of tThe
rear, of a stern half-bow (port side) of 2 ship
equipped with a device according to the invention,

15 comprising four juxtaposed deflector members, two of
which are wvisible in the half-view, these deflectors

being shown in the retracted, inactive position;

gl o

- figure 4 1s a wview similar to <that of
figure 3, showing the Juxtapcsed deflector members,
20 these deflectors being in the active position, folded

downward:

- figure 5 is similar to figure 4, but with
deflector members positioned in different angular

positions;

25 - figures 6 and 7 are diagvams similar to

those of figures 1  and 2, illustrating angular



9 the vertical cutting plane corresponding to figures 1 and 2. The deflecter member 1
essentially comprises two walls in the form of functional faces 2 and 3. 5The first face 2 is
approximately flat (except for its slight transverse curve, visible in figure 3), and turned downward.
Purely for inMfh3atisee3ieslongitudinal dimension, referenced L in figure 1pigtifeteseetsdQapproximately
4 and 5 meters. The second face 3 is turn®d toward the rear. It is made up of two facets, an
upper one 3s and a lower one 3b, which form a dihedron with a. horizontal and transverse edge, the
apex angle of which is an 15 obtuse angle open toward the rear, with a. high value, for example in the
vicinity of 160. The facet 3b extends over a much greater height than the facet 3a. The face 2
and the facet 3b are.also substantially inthe shape of a dihedron: with a 20 horizontal,.and transverse
edge, but the apexgan%lfg_%‘ wqich iS an agute. nglgoopen to¥vard the front and top, For.information, its
value is in the vicinity o1 70." =Y The déffectsr mémber 1'is aidiow caé which'is tiosed on the
top by walls 6 and ‘Ffiiféd 251Fward &id frontward, respectively, and which also form a dihedron,
with an obtuse angle open upward and WO 2010/003905PCT/EP2009/058442

- figure 8 is a diagrammatic end view of the

Lh

rear of a stern bow of a ship eguipped with a device
according to the invention, comprising five juxtaposed
deflectcr members, shown 1in the retracted, inactive
position, some of these deflectors having an axis of

articulation different from that of the others:

10 - figures 9 and 10 are views similar to those
of figures 1 and 2, respectively, showing a second

embodiment of the device;

- figures 11 and 12 are views similar to
theose of figures 9 and 10, respectively, showing &

15 third embodiment of the device.

In reference te figures 1 and 2, the
reference 1 designates a deflector member arranged at
the rear of a ship with large dimensiocns and high

tonnage, such as a cruise ship, for example.

20 The reference FC designates the hull bottom,
relatively flat, QU designates the rear portion of the

keel, and TA designates the rear table of the stern.

The front of the ship is located on the right

side of these figures.

The reference 4 corregponds to a plane in

)
Th

which the hull bottom FC fits overall at the level of



10 frontward. On the sides, this case is closed by vertical lateral walls (not visible in thefigures).

The different walls making up the case are, for example, stainless steel sheets welded to each 5 other;
the case can be reinforced by internal frames (not shown) such as ribs and partitions, in order to
suitably resi$YPyeREIRAEMic stresses and reduce deformations. The cas&G3E@20eteas 2ir filled.

This case thus has an approximately L-shaped prgofile and - according to an important characteristic of
the invention - it is articulated toward the front, in the end portion of its horizontal branch, around a
shaft 5 with a horizontal and transverse axis. This shaft is integral with the hull. The pivoting of
the deflector member | is realized using at least one hydraulic jack 4 and, advantageously, a set of

parallel hydraulicjaeksy forexample three.(only; ane of-whichdsyisiblesin the 20 figures),which work
loin-1y and syncharggo%sly. These may, for example, be double-acting jacks, the body 42 of
which is integral, via a‘hinged connection 40, with the stern structure of the ship, and the rod 41 of
which is integral, via a hinged 25 connection 8, with the deflector case 1. In the illustrated embodiment,

this connection 8 is positioned;in the angulay conpegtion zone.otthe walls 6 and 7., ... The
connection 40 advantageously consists of a horizontal and transverse trunhion mounted between two

longitudinal and veFticaibratketd G 6t theStermtstriictire 6Ffhe SHip=as shdWn by the partial and

3 The first face 2 1s approximately flat
except for i1ts slight transverse curve, visible in

(
figure 3), and turned downward.

Purely for information, its longitudinal
dimension, referenced L in figure 1, 18  between

0 approximately 4 and 5 meters.

The second face 3 is turned toward the rear.

It is made up of two facets, an upper one 32a and a
lowser one 3b, which form a dihedron with 2 herizontal
and transverse edge, the apex angle of which 1is an

15 obtuse angle open toward the rear, with a high value,
for example in the wvicinity of 160°. The facet 3b

extends over a much greater height than the facet 3a.

The face 2 and the facet 3b are also
substantially in the shape of a dihedron with =&

20 horizontal and transverse edge, but the apex angle of
which is an acute angle open toward the front and top.

For information, its value is in the wvicinity of 70°.

The deflector member 1 18 a hollow case,
which is closed on the top by walls 6 and 7 turned
25 upward and frontward, respectively, and which alsoc form

a dihedron, with an obtuse angle open upward and



5 diagrammatic cross-section of figure 3. When the jacks 4 are retracted, the face 2 fits
substantially into the aforementioned. plane A, in the extension of the hull bottom. One will note that
the jacks 4 are then isolated in a relatively enclosed W space, between the rear portion of the hull and
the upper poMfbH 8t tihedron formed by the walls 6 and 7 of the casePTHEY 4¢e/¢F2sheltered,
protected from shocks due to the surge and waveéd. Moreover, each jack 4 is advantageously 15
housed in a protective case 43 integral with the hull structure, and arranged behind it. This case 43 is
defined for example by a pair of brackets 0. When they are extended, the face 2 forms an acute
angle a with the plane A, the value of this angle 20 depending on the degree of extension of the
cylinder rods 41 ¢ onshoulddbe neted that uhien thendefleciar.gember & is,moyed:from an active
position (figure 2) to ar% its idle position (figure 1), the water which 25 may have settled in the recess
of the dihedron d)‘é%r%c]i ?/Lthg%a%l%aé aﬁ'ﬁ%'*?scar(l ow ffré%ﬁt/gtﬁé\e/va?a tﬁgl Frofit along thie wall 6, which
assumes an inclined position. WO 2010/003905PCT/EP2009/058442 12 members, extending

transversely side by side, over.all, o nearly all, the width ﬂm%gu'hp he I\éggeeprgggely, the ship is

equipped with four deflector members, distributed Iin two pairs
for example, stainless steel sgheets welded to each

5 other; the case can be reinforced by internal frames
{not shown) such as ribs and partitions, 1in order <to
suitably resist  hvdrodynamic stresses and reduce

deformations.

The case 1s sealed and air fillied.

10 This case thus has an approximately L-shaped
profile and -~ according to an important characteristic
of the invention - it is articulated toward the front,

in the end portion of its horizontal branch, arcund a

shaft 5 with a horizontal and transverse axis.

—
v

This shaft isg integral with the hull.

The piveting of the deflector member 1 is
realized using at least one hydraulic Jack 4 and,
advantageously, a set of parallel hydraulic jacks, for

-

example three (only one of which is visible in the

26 figures), which work dointly and synchronously.

These may, for example, be double~acting

jacks, the bedy 42 of which is integral, via a hinged
connection 40, with the stern structure of the ship,
and the rod 41 o¢f which 1is integral, wvia a hinged

23 connection &, with the deflector case 1. In the
1llustrated embodiment, this connection § is positioned

in the angular connection zone of the walls 6 and 7.



5 arranged symmetrically on either side of the median longitudinal vertical plane PVL of the ship.

In the illustrated example, a relatively narrow central zone ZPC of the stern is kept, without deflector
members. 100n each side of this zone are mounted two juxtaposed deflectors IA and 13, the structure
of which is sStHIHFPEYE of the member 1 previously described. Their Ioﬁ&fé%f@éofgﬂﬁ’fﬁfﬂed with a
contour which corresponds substantially to that of'the lower N edge of the hull bottom, such that there
is not, or practically is not, any disappearance of the continuity between the hull bottom and the lower
face of the deflector member. Reference W1-W2 designates the horizontal and 20 transverse axis of
articulation which is shared here by the two cases IA and 13 (axis in the form of the shaft Sin figures
land 2). Each case is actuatedusing-a set afitheaejacks 4awhieh.are segularly distributed on its

length. synchrongusiy, withthe sae degies olextensian or/elaction, . oo Bidyiedlustates a

situation in which the two sets of 1acks also work synchronously, such that 5 the pivot angle of the two

cases 1A, 1B (and"€orréldfively thé travairst thiF fowéring” 345 1A this figure}Ts the“sdne.
Figure 5 illustratesta different sitbatiorein wWhich the 3w setsrof jacks-are piloted. indeperidently, 10 the
pivot angle ofsthestwvo;eases 1 Ac 1Brbeing different; in:thisiease-the travel for lowering of the outer
deflector, designated I'B, is greater than that of the inner deflector, designated I'A. The opposite is also
possible.

When the jacks 4 are retracted, the face 2

fits substantially into the afcrementioned plane A, in
the extension of the hull bottom. COne will note that
the jacks 4 are then isclated in a relatively enclosed
10 space, between the rear portion cf the hull and the
upper portion of the dihedron formed by the walls 6 and
Y of the case. They are then sheltered, protected from

shocks due to the surge and waves.

Morecver, each Jack 4 1s advantageously
15 housed in a protective case 43 integrzl with the hull
structure, and arranged behind it. This case 43 is

defined for exampie by a pair of brackets G.

When they are extended, the face Z forms an

acute angle o with the plane A, the value of this angle

20 depending on the degree of extension of the cylinder
rods 41,

It shouid be noted that when the deflectox
member 1 is moved from an active positicon {(figure 2)
toward 1ts idle positlion (figure 1), the water which

25 may have settled in the recess of the dihedron defined
by the walls 6 and 7 can flow freely toward the front

along the wall &, which assumes an inclined position.

In reference to figure 3, we have shown a

device comprising several Juxtapocosed similar deflector



ISIn reference to figures 6 and 7, we will now explain how such a deflector device is used to ensure
smoothing of the rear wave or an "anti-slamming" function, respectively. The waterline bears theN.
20Figure 6 illustrates a situation of ordinary navigation, the progress of the ship being symbolized by
the arrow A WO 2010/443898 egree of extension of the jacks 4 is moderate, SUEHERAHE&RYle al formed
by the face 2 25 of the deflector with the plane AT relatively small, for example approximately 3. WO
2010/003905PCT/EP20091058442 14 ks a result of the incline of said face 2, the channels of
water i which pass under the hull in motion are deviated downward and rearward, as symbolized by
the arrows j, which results in avoiding 5 recirculation of the wave at the rear, causing an increase in
the power developeg-for propulsion-and, corealatively-a decrease in fueheonsumaptign at a given
speed. However, it has é)gif#‘ %lﬁe’rve_% that.a i Tf%pg@a{%g ngle value al for a given speed, for

example 23 knots, can favorable for & rent speed, or example 18 knots.

More precisely, the ship 1s eguipped with
four deflector members, distributed in two pailrs
5 arranged symmetrically on either side of the median

longitudinal vertical plane PVL of the ship.

m

In the i1llustrated example, relatively
narrow central zone ZPC of the stern i1s kept, without

deflector members.

10 On each side of this gone are mounted two
juxtapcsed deflectors 1A and 1B, the structure of which
is similar to that of the member 1 previously
described. Their lower edge is profiled, with a contour
which corresponds substantially to that of the lower

15 edge of the hull bottom, such that there i1sg not, or
practically is not, any disappearance of the continuity
between the hull bottom and the lower face of the

deflector member.

Reference W1-W2 designates the horilzontal and
20 transverse axis of articulation which is shared here by
the twoe cases 1A and 1B (axis in the form of the shaft

5 in figures 1 and 2).

Each case 1s actuated using a get of three

jacks 4 which are regularly distributed on its length.

25 The three Hjacks of a same sat (allocated to

the same deflector) are controllied so as to work



Other parameters, in particular the trim of the ship (which can depend on its loading as well as 15
navigation conditions), the direction of the wind and sea currents, and the surge, can have a negative
impact on the effectiveness of the device for this given angle al. This is why, thanks to the invention, it
is 20 possib ¢GRI %his angle by actuating the hydraulic jacks 4 in oS @iF@etRMIE e other in
order to vary the angular position of some or all dfthe deflector members which equip the ship so as to
continuously optimize the angle a. 25Each deflector member can be maintained in position using a
shuttle valve. The jacks can be controlled manually, or preferably automatically, via a
calculation and control unit which receives signals, from ad hoc sensors, WO

2010/003905PCH§E&QQ&4@@§4@2 13ith the same degres of extension or

retraction.

Figure 4 illustrates a situation in which the

two sets of Jacks also work synchronously, such that

5 the pivot angle of the two cases 134, 1B (and
correlatively the travel of their lowering, visible in

this figure) 1s the same.

Figure 5 1illustrates a different situation in

which the two sets of jacks are piloted independently,

10 the pivotr angle of the two cases 1A, 18 being
different; in this case the travel for lowering of the
outer defiector, designated 1'B, is greater +than that

of the inner deflector, designated 1’A. The opposite is

also possible.

15 In reference to figures & and 7, we will now
explain how such a deflector device is used fo ensure
smoothing of the rear wave or an anti-slamming”

function, respectively.
The waterline bears the reference N.

20 Figure ¢ illustrates a situation of ordinary
navigation, the progress of the ship being symbolized

by the arrow A.

The degree of extension of the jacks 4 is
moderate, such that the angle ol formed by the face 2
25 of the deflector with the plane A is relatively small,

fcr example approximately 2°.



relative to the relevant parameters which must be taken into-account: speed and trim in particular. This
unit actuates the jacks in real time so as to optimize the effect of the device. 5For information, the
range of the values of angle a implemented is between 0 and 6'. In practice, when the ship
moves at a [3f 3pE&E3It¥e phenomenon of recirculation of the wave at thBGEEFI80888ible and in this
case, the jacks 4 10 are actuated (retracted) suctithat the deflector elements | are in the idle position
(figure 1). On the contrary, when the ship moves at a high speed, for example above 15 knots
(27 km/h) for a ship 300 m long, the jacks 4 are actuated. (deployed 15 downward, see figure 2). In
this position, they make it possible to avoid recirculation of the wave at the rear, limit eddies, and

thereby avoid a. loss of the prgpulsive forge:of the ship. Figurevijlustrategsananti-slamming 20 situation,

the arrow H symiglizing 8 fear surge- ... When,a,large ship which is stopped (docled at a port, for
example) or navigating at low speed is exposedlto a surge from the rear, it'is common for the flow of

water generated By thisTsurge™®® pefl&ifafe- 25t undetthe+&ar cotifer, iff &7 Jiinction zérie of the hull
bottom with the stemilyow .z O0R2010/R03005PCT/EP2009/058442 16t in avoiding

5 recirculaticon of the wave at the rear, causing an
increzse in the power developed for propulsicen and,
correlatively, a decrease in fuel consumption at a

given speed.

However, 1t has bsen observed that an optimal
18 angle wvalue ol for a given speed, for example 23 knots,
can be unfavorable for a different speed, for example

18 knots.

Other parameters, in particular the trim of

the ship (which can depend on its loading as well as

i5 navigetion conditions), the direction of the wind and
gea currents, and the surge, can have a negative impact

on the effectiveness ¢f the device for this gilven angle

L.

This 1s why, thanks to the invention, it is

20 possible to wmodify this angle by actuating the
hydreulic sacks 4 in cne direction or the other in
order to wvary the angular position of some or zll of
the deflector members which eguip the ship so as to

continuously cptimize the angie o.

25 Each deflector member can be maintained in

position using a shuttle vaive.

The tJacks can be contrelled manually, or
preferably automatically, via a calculation and control

unit which receives signals, from ad hoo sensors,



Inthisphenomenon,usuallycalled "slamming"”, the impact of the water is likely to cause violent shocks,
with vertical components causing undesirable oscillations and vibrations which spread in 5 the entire
structure of the ship and are sources of discomfort for passengers and irritations for mechanical
maintenance¥éf IW8Hitture. The invention also makes it possibl8Gd/F@2e9e58HiL problem.

To this end, the jacks 4 are significantly, even fuIF;? extended, such that the aforementioned angle a -
designated a2 in figure 7 - ha S a value such that the rear face 3 of the deflector member 1 is upright,
in an approximately vertical position. in the illustrated embodiment, the value of the angle a2 is
in the vicinity of 200 so that this is the case. In this type of situation, the surge H cannot

penetrate under the:stern;counter,. mentioned-ahove, 20:t0.cregte impagts @gainst the hull bottom

FC, as is easily uggggst%oq(grgrm lookin %t fi ure Ziim i The flgyv of wavy )ﬁ/lgter dulg to the surge is
blocked by the rear dorsal face 3 of the defléctor miember 1. S5ACIUALING the Set of jacks 4 of the
device, or only sdtfié ot Hiém Hifthisarith s mitiylpositish &ah B coRtrélicd Volantarife depending
on atmospheric effect ¢f the device.

5 For informaticn, the range of the wvalues of

angle o implemented ig between 0 and €°.

In practice, when the ship moves at & low
speed, the phenomenon of recircoculation of the wave at
the rear 1s negligible and in this case, the jacks 4

10 are actuated {(retracted) such that the deflector

elements 1 are in the idle position (figure 1).

Un the contrary, when the ship moves at a

high speed, for example ahove 15 knots (27 km/h) for a
ship 300 m long, the zJacks 4 are actuated {(deployed

15 downward, see figure 2). In this position, they make it
possible Lo avoid recirculation of the wave at the
rear, limit eddies, and thereby avoid & loss of the

propulsive force of the ship.

Figure 7 illustrates arn anti-slamming

20 situation, the arrow H symbolizing & rear surge.

When a large ship which is stopped (docked at

a port, for example) or navigating at low speed is
exposed to a surge from the rear, it 1s common for the
fiow of water generated by this surge to penetrate

25 under the rear counter, in the Jjunction zcne of the

huil bottom with the stern bow.



WO 2010/003905PCT/EP2009/058442 17 conditions, or -preferably- automatically by detection of the
orientation and amplitude of the surge. In the embodiment illustrated in figure 8, the stern of the
ship is equipped with a set of five 5 deflector members, a central one Ix with a transverse dimension
-width- "x", tW& itEYAEHteral ones 11 and 1Y1 with a width MT", and tw&€xEiiabléiesrtl ones 1Z and
11' with a width "z", arranged symmetrically in relftion to the median plane PVL, with x>y>z. ftThe

deflector members ix, IY and 11" are provided with a single axis of articulation V1-V2. On the
contrary, the axes of articulation xi-wW2 and W'1-W'2 of the deflector members 1Z and IT', coaxial to
each other, are offset in height in relation 15 to Vi-V2, being positioned above the latter. This

arrangement shows that theregare a plurality of passible-arrangements, concerning the pumber of
deflector members, their width, thﬁengositioning of%hgi givot gxis(indivgdxi{al Pr 20 collective),as
. 3 Ftl'lh"nlnﬁ . lmDan&) T water " 18 likeliy to Ccause
wellastheircontrol,whether individuar or gfouped togéether.
viclent  shocks, with vertical compcnents causing
undesirabie oscillations and vibrations which spread in
5 the entlire structure of the ship and are sources of
discomfort for Passengers and irritations for
mechanical maintenance of the structure.

The invention also makes 1t possible to

rescive this problem.

i0 Toc this end, the jacks 4 are significantly,
even fully extended, such that the aforementioned angle
o - designated o«Z in figure 7 - has a value such that
the rear face 3 of the deflector member 1 is upright,

in an approximately vertical pcesition.

15 In the illustrated embodiment, the wvalue of
the angle w2 is in the vicinity of 20° so that this is

the case.

In this type of situation, the surge H cannot
penetrate under the stern “counter”, mentioned above,
20 Lo create impacts against the hull bottom FC, as is

easily understood from locking at figure 7.

The flow of wavy water due to the surge is
blocked by the rear dorsal face 2 of the deflector
member 1.

25 Actuating the set of jacks 4 of the device,
or only some of them, in this anti-slamming position

can be controlled veiuntarily, depending on atmospheric



Inthesecondandthirdembodiments illustrated in figures 9-10 and 11-12, which are variations of the
embodiment illustrated in figures 1 25 and 2, the same reference signs have been used to illustrate
elements identical or similar to those already described. WO 2010/003905PCT/EP20091058442 18
The deflectol th&HWEENDf figures 9 and 10 has a first face 2 made up of RWEFBBAHYRGHE front facets
2a and rear facets 2b forming a dihedron with an'dbtuse angle, open downwardly; the second face 3 is
5 flat. Thus, when this deflector member 1 occupies its idle position as in figure 9, the facet 2b
forms a non null angle no, which is positive, in relation to the plane of the hull bottom FC.
10Thisangleincreasesaccording to the extension of the lacks 4 (angle n"> no in figure 10). One will also
note, in this embediment; thal, or -pa)ike pivolaxis s ehthe defleciormemberdisjpwardly offset
in relation to the g?”%%@‘j@?{%%’%%g of this member;

1on and amplitude of the surge.

In the embodiment illustrated in figure 8§,
the stern of the ship is eqguipped with a set of five

deflector members, a central one 1X with a transverse

h

dimension ~width~ “x”, two internal lateral ones 1Y and
1¥" with & width “w”, and two external lateral ones 17
and 1Z7 with a width “z", arranged symmetrically in

reiation to the median plane PVL, with x>vy>z.

10 The deflector members 1X, 1Y and 1Y’ are

vrovided with a single axis of articulation V1-VZ.

On the contrary, the axes of articulation Wi-
WZ and W'l-W'2 of the deflector members 172 and 127,
coaxial to each other, are offset in height in relation

15 to Vi-V2, being positioned above the latter.

This arrangement shows that there are a

plurality of ©possible arrangements concerning the

number of deflector members, thelr width, the
positioning of their pivet axis (individual or
20 collective), asg well as their control, whether

individual or grouped together,

in the second and third embodiments

illustrated in figures 9-10 and 11-12, which are
variations of the embodiment illustrated in figures 1

25 and 2, the same reference signs have been used to
illustrate elements identical or similar to those

already described.



b) the base of the stern table TA extends by a profiled lug, or spoiler, BE, in the extension of which the
second face 3 is found when the deflector member 1 occupies its idle position. 20The deflector 1 of
figures 11 and 12 has a first face 2 made up of two front 2a and rear 2b contiguous facets forming an
obtuse angl&vSiReWHF?Epen toward the bottom; the second face 3 is curf€@/EIBEM#ANY in the
shape of a cylinder arc centered 25 on the shaft 3% with a convexity facing the rear. WO
2010/003905PCT/EP2009/058442 19 When this deflector member | occupies its idle position
shown in figure 9, the facet 2b forms a non-null angle aro, but which is negative, in relation to the
plane of the hull bottom FT. This angle becomes positive and increases according to the

extension of the jacks 4 (see figure 42} e+ o IRthis embodiment; the base of the sterp table TA is

also extended byhaagrogleg f’Ps?J!rerPE; th% 10 Ia%tgr part here takes the shape of aprotective shield 9,

inside which the upper portion o the element T is hotsed in the idle position. 16 th.é%ﬁa, this shield 9
has a concave profitéd-ihnet facélopetie &arve'st whichisatapted fothaf bP the'sé8orid face 3.

This shield 9 protects:tie deflector mamber doamdr theljacks 4ironethecassalil of the surge and waves
from the rears 1+ Inthe various embodiments just described, in connection with figures 9 to 12,
one will note that the 20 jacks 4 are also housed in a protective case 43. It should be noted that,
in the case where the ship is equipped with a set of deflector cases, lowering the side cases makes it
possible to obtain a beneficialanikrollingeffeet: s deflector member 1 occupies

its idle position as in figure %, the facet 2bh forms a
non null angle oy, which 1s positive, 1n relation to

the plane ¢f the hull bottom FC.

10 This angle increases according to  the

extension of the jacks 4 (angle o’'> op in figure 10).
One will alsc note, in this embodiment, that:

a) the pivot axis b of the deflector member 1
is upwardly offset in relation to the front end portion

15 of this member;

b} the base of the stern table TA extends by
2 profiled lug, or spoiler, BE, in the extensicn of
which the second face 2 1s found when the deflector

member 1 occuples its idle posgition.

20 The deflector 1 of figures 11 and 12 has a
first face Z made up of two front Za and rear 2b
contiguous facets forming an obtuse angle dihedron,
cpen toward the bottom; the second face 3 is curved,
substantially in the shape of a cylinder arc centered

25 on the shaft 5, with a convexity facing the rear.



25Traditionally,a ship of this type is equipped witheffectiveanti-rollingstabilizing boards. However,
these boards having a relatively WO 2010/003905PCT/EP2009/058442 20 significant drag, which
offers resistance to the forward motion of the ship. In case of calm sea, it may be interesting to
retract these"o v EA lower the side deflector 5 cases, which may peffomErh@ame+alling function
in their place, but with a reduced resistance to foAard motion; indeed, the incline of the cases mainly
causes a lift, with little drag. Of course, in case of rough sea, generating 10 significant rolling, the
boards continue to be activated, either alone or together with the side deflectors. 21 CLAIMS

When this deflector member 1 occupies 1its
1dle position shown in figure 9, the facet 2b forms a
non-null angle o'y, but which is negative, in relation

to the plane of the hull bottom FC.

3 This angle becomes positive and increases
according to the extension of the jacks 4 (see figure
123 .

In this embodiment, the hase of the stern

table TR is also extended by & profiled spoiler BE: the

10 latter part here takes the shape of a protective shield
%, inside which the upper portion of the element 1 is
housed in the idle pesition. To this end, this shield ¢
has a concave profiled inner face 99, the curve of

which is adapted to that of the second face 3.

15 Trhis shield 9 protects the deflecter member
1 and the Jjacks 4 £from the assault of the surge and

waves from the rear.

Iin the various embodiments Just described, in
connection with figures 9 to 12, one will note that *“he

20 jacks 4 are also housed in a protective case 43.

It should be noted that, in the case where
the ship is equipped with a set of deflector cases,
lowering the side cases makes it possible to cbtain a

beneficial anti~rolling effect.

25 Traditionally, a ship of this type 1is
equipped with effective anti-rolling stabilizing

boards. However, these boards having a relatively



1. A ship, with large dimensions and high tonnage, such as a cruise ship in particular, the stern of
which is equipped with a device for deflecting flows of water, comprising several deflector members
having a submerged lower face, called first face, fitting overall into the extension of the hull bottom,
toward the r&&? Bi&HEBi?%hile foLming an angle in relation to a general plang/tangerssa4his bottom,
each of these deflector members being articulatetf to the hull, control means making it possible to
cause it to pivot in one direction or the other in order to cause said angle to vary, characterized by the
fact that, on one hand, these deflector members are similar and juxtaposed such that they extend
transversely side by side, over all, or nearly all, the width of the stern, each of these deflector members

consisting of a casegand.that, on the.pther hand, said means fot contrplling the piyoting of each
deflector member_.comprise at least one h\T/ldrauIic jack, the body of which is housed in a protective

case integral withft%léﬂs ficture of the nulF ahd theFod of which is integral with the deflector member of
which it controls the pivoting, such that this jack is sheltered from the surge and waves. 2. The

ship according to claim 1, charﬁctgré%eed Qy trg:e Iact Stgat each ggf!egtgr mgrg?eg i_si(r:llosg_% on the top by
walls turned upward and frontward, respeétiveﬁty,”formfﬁg a Hihe&ronfaﬁd i$ closed on the sides by
lateral vertical wali§ *$4id rod-Bf e hydriie jack Being e6Rhectéd to e Angifdrizsie st this
dihedron, such thatitds isotatedh22.#va relatively enclosed space in the ugperportion ofi the dihedron.
3. The ship accorging to ¢laimd, orclaim,2,rchasacterized by the fact that.said, cantrolmeans make it
possible to vary said angle ign%(gaerg:ge Q%tgvegrqc ngga'g\ge \“/%Iuetg%rrgs%qnldr!rﬂg toC an %rjsentation of
said first face inclined upward and rearward in refation to séldegeneraelb’lancé,an a posﬁvevalue,
corresponding toan-drientation bf thisfir&t f¥&9nclined downward and rearward in relation to this
general plane. 4. The ship according to one of the preceding claims, characterized by the fact
that said control means comprise a set of hydraulic jacks working synchronously. ‘ 5. The ship
according to claim 4, charactefized By tR& fact that Safd RydrddicfackSare VEititRTy E8ntrolled by
actuating a Manetivefing riémber. rollingg, Thelship dccording teelaimdiccharacterized by the fact
that said hydrauliejacks:areicontrolted:by anshuttle valve-sihjugated to the speed andfer trim of the
ship. 7. Thesship;according to any one of the preceding claims, characterized by the fact that
each of said deflector members in case form has a rear face or second face, also at least partially
submerged, able to be lowered by increasing said angle,



23 so as to form an approximately vertical wall opposing slamming by rear surge.
according to any one of the preceding claims, characterized by the fact that said first face is

9. to 7,characterized is made up of facetswhich The ship according by the
two substantially to any one of claims 1 fact that said first face flatfront and rear angledihedronopen

substantially flat.

formanobtuse

21

CLAIMS

1. A ship, with large dimensions and high
tonnage, such as a cruise ship in particular, the stern
of which is equipped with a device for deflecting flows
of water, comprising several deflector members having
a submerged lower face, called first face, fitting
overall into the extension of the hull bottom, toward
the rear thereof, while forming an angle in relation to
a general plane tangent to this bottom, each of these

deflector members being articulated to the hull,

control means making it possible to cause it to pivot
in one direction or the other in order to cause said
angle to vary, characterized by the fact that, on one
hand, these deflector members axre gimilar and
juxtaposed such that they extend transversely side by
side, over all, or nearly all, the width of the stern,
each of these deflector members consisting of a case,
and that, on  the other hand, gald means for
controlliing the pivoting of each deflector member
comprise at least one hydraulic jack, the body of
which is housed in a protective case integral with the
structure of the hull and the rod of which is
integral with the deflector member of which it
contreols the pivoting, such that thig jack is sheltered
from the surge and waves.

2. The ship according to claim 1,
characterized by the fact that each deflector member
is closed on the top by walls turned upward and
frontward, respectively, forming a dihedron, and is
closed on the sides by lateral vertical walls, said rod
of the hydraulic jack being connected to the angular
zone of this dihedron, such that it iz isolated

22

8. The ship



downwardly. 10. Theship according toclaim 7, characterized by thefact substantially flat. thatsaid
secondface

22

in a relatively enclosed space in the upper portion of the
dihedron.

3. The ship according to claim 1 or claim 2,
characterized by the fact that said control means make
it possible to wvary said angle in a range between a
negative value, corresponding to an orientaticn of said
first face inclined upward and rearward in relation to
said general plane, and a positive value,
corresponding to an orientation of this first face
inclined downward and rearward in relation to this
general plane.

4. The ship according to one of the
preceding claims, characterized by the fact that said
control means comprise a set of hydrauvlic jacks

working synchronously.

5. The ship according to claim 4,
characterized by the fact that said hydraulic jacks are
voluntarily controlled by actuating a maneuvering
member.

6. The ship according to claim 4,
characterized by the fact that said hydraulic jacks are
contrclled by a shuttle valve, subiugated to the speed
and/or trim of the ship.

7. The ship according to any one of the
preceding claims, characterized by the fact that each
of said deflector members in case form has a rear face
or second face, also at least partially submerged,
able to be lowered by increasing saild angle,



is 11 . Theship according toclaim 7, characterized by thefact thatsaid secondface is made up of two
substantially flat upper and lower facets which form an obtuse angle dihedron open toward the rear.

12. The ship according to claim 11, characterized by the fact that the set of deflector members has a
shared pivot axis.

23

so as to form an approximately vertical wall
cpposing slamming by rear surge.

8. The ship according to any one of the
preceding claims, characterized by the fact that said
first face ig substantially flat.

9. The ship according to any one of claims 1
to 7, characterized by the fact that said first face
is made up of two substantially £flat front and rear
facets which form an obtuse angle dihedron open
downwardly.

10. The ship according to claim 7,
characterized by the fact that said second face is
substantially flat.

11. The sghip according to c¢laim 7,
characterized by the fact that said second face is
made up of twe substantially flat upper and lower
facets which form an obtuse angle dihedron open toward

the rear.

12. The ship according fo <c¢laim 11,
characterized by the fact that the set of deflector
members has a shared pivotr axis.

13. The ship according to any one of the
preceding claims, characterized by the fact that the
pivoting of all of the deflector members is done
jointly, over a same angle, using said pivot
control means.



13. The ship according to any one of the preceding claims, characterized by the fact that the pivoting
of all of the deflector members is done jointly,over asame angle,using said pivot control means. 24
14. The ship according to claim 1 to 12, characterized by the fact that the pivoting of the
differentdeflector membersisdoneina differentiated manner, with different angle values, using said
pivot control means. 15. The ship according to any one of the preceding claims, characterized
by the fact that its stern is provided with a spoiler serving as a shield able to protect the deflector
member as well as the hydraulic jacks from the assault of the surge and waves coming from the rear.

i4. The ship according to c¢laim 1 to 12,
characterized by the fact that the pivoting of the
different deflector members is done in a
differentiated manner, with different angle values,

using said pivot control means.

15. The ship according to any one of the
preceding claims, characterized by the fact that its
stern is provided with a spoiler serving as a shield
able to protect the deflector member as well as the
hydraulic jacks from the assault of the surge and
~waves coming from the rear.



