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Descri ption

Title of the invention: LIFT-GENERATI NG SYSTEM AND BOAT
FI TTED WTH SUCH A SYSTEM

[0001] FIELD OF THE | NVENTI ON

[0002] The present invention relates in general to
systens intended to be placed in noving air in order to
produce lift, or lift generators. In the case of w nd-
propel | ed vehicles, these systens are al so known as w nd
not or s.

[0003] PRI OR ART

[0004] Wnd notors which conprise an elongate hollow
body, suction zones formed al ong the peripheral wall of
the hollow body, and suction means housed inside the
hol | ow body, are known from the prior art, and notably
from docunment FR2503286A2. The suction at the peripheral
wall of the notor makes it possible to limt flow
separation of the flow of the air fromthe wall of the
not or .

[ 0005] Document FR2503286A2 thus describes a sail of
whi ch the body houses several fans.

[0006] However, it is desirable to be able to inprove
t he performance of these notors.

[0007] SUMVARY OF THE | NVENTI ON

[0008] To this end, one subject of the invention is a
lift-generating system intended to be placed in noving
air so as to produce a lift force, the lift-generating
system conpri si ng:

- a hollow body, referred to as a sail, that is
el ongate along an axis, the peripheral wall of the sail
having at |east one opening, referred to as suction
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openi ng, designed to cause the outside of the sail to
comuni cate with the inside of the sail; and

- a suction device allowing air to be drawn in through
said at | east one suction opening;

characterized in that the lift-generating system
conprises a support which supports the sail and wth
respect to which the sail is mounted with the ability to

pi vot about an axis substantially parallel to the axis
of the sail,

and said suction device conprises a fan situated outside
the sail and in communication with the inside of the sai
so as to draw air through said at |east one suction
opening in the sail and discharge the drawn-in air via
an outlet of the fan,

the fan conprising an inpeller wheel, surrounded by a
housi ng whi ch defines, around the inpeller wheel, a duct
able to guide the air discharged by the inpeller wheel
and a notor to drive the rotation of the inpeller whee
about an axis substantially parallel to the axis of the
sail, the housing of the fan having an outlet of axis
substantially orthogonal to the axis of the inpeller
wheel of the fan.

[0009] Positioning the suction device outside of the
sail (also referred to as holl ow body or airfoil profile)
means that the footprint of the suction device is not
constrai ned by the dinmensions of the inside of the sai
as far as the choice of suction device is concerned
unlike in the solutions of the prior art in which the
suction device is housed inside the sail. Thus, it is
possible to select a fan of nmaxinmzed efficiency by
selecting a dianeter/rotational speed pairing that is
particularly effective and is able to provi de the suction
flowrate for the entire sail.
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[0010] The main function of the fan is to ventilate the
sail. As a preference, the fan is situated as close as
possible to the | ower end of the sail

[0011] The systemaccording to the invention thus nakes
it possible to use a fan of the centrifugal or m xed-fl ow
type in order to obtain the desired propulsion
performance fromthe lift-generating system w thout the
need to increase the cross section of the sail.

[0012] In order to obtain the operating point of the
lift-generating system with the sane efficiency and

suction neans |located inside the sail, it would be
necessary to split the suction nmeans i nto several nodul es
distributed along the sail, and this would increase the

conplexity of the system and the manufacturing and
mai nt enance costs.

[0013] The centrifugal fan can be placed at the foot of
the sail.

[0014] Wen the system according to the invention is
nmounted on the deck of a boat, the casing of the fan is
fixed relative to the deck of the ship. In this way, it
is possible for the air to be discharged parallel to the
| ongi t udi nal axis of the ship by directing the
corresponding air outlet of the fan along this axis,
toward the stern of the boat. The air discharged thus
contributes to the propul sive force through a jet effect.

[0015] In the solutions known from the prior art in
whi ch the suction nmeans are placed inside the sail, the
direction in which the air is discharged is dependent on
the orientation of the notor, so that the air discharged
does not necessarily contribute to the force propelling
the boat along the axis of the boat.
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[0016] Mounting the sail such that it can pivot relative
to the support which is intended to be fixed on the deck
of the boat allows the sail to turn, preferably about its
vertical axis, so that it orients itself relative to the
di rection of the apparent w nd.

[0017] Advantageously, an orifice located in the |ower
part of the sail allows direct communi cati on between the
fan and the inside of the sail. This arrangenent makes
it possible to reduce the pressure drops that woul d occur
in internediate ducting. According to one particular
enmbodi ment, provision may be nmade for a duct of a length
| ess than the di ameter of the fan, for exanple of a length
of afewtens of centineters in the case of a fan dianeter
of the order of two neters, to be positioned between the
sail and the fan.

[0018] The fan represents a not-inconsiderable mass of
the system The fact that this fan is placed at the base
of the sail offers nunerous advant ages.

[0019] Inbuilt masses are subjected to the accel erations
of the ship. The fact that the fan is placed outside of
and at the foot of the sail neans that the forces exerted
on the sail are greatly reduced. Specifically, there are
two types of force that conbine here wth the
accelerations of the ship. On the one hand, inertial
forces which are directly linked to the mass of the
centrifugal fan and, on the other hand, gyroscopic forces
originating from the rotation of the fan. Thus, the
structure of the system <can be |Ilightened and
manuf acturi ng costs are reduced.

[0020] Placing the fan at the foot of the sail makes it
easier to access, so that nmaintenance operations becone
easi er.
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[0021] According to one particul ar aspect, when nounted
on the deck of the boat, the suction device is situated
below the sail, between the deck of the boat and the
sail .

[0022] It should be noted that, in docunent FR2503286A2,
each fan is situated not outside the sail but indeed
i nside the sail.

[0023] It will be appreciated that, according to the
i nvention, the pivoting of the sail about its axis does
not cause the fan to pivot or change orientation.

[0024] The generating system may also conprise one or
nore of the following features considered in any
technical ly perm ssi bl e conbi nation.

[0025] According to one enbodi nent, the systemconprises
a hol | ow connecti ng el enent whi ch extends at | east partly
between the Iower end of the sail and the fan to allow
fluidic comunication between the sail and the fan.

[0026] According to one enbodinent, the connecting
element conprises a formmatching wall in which an

openi ng that conmunicates with the fan is forned.

[0027] According to one enbodi ment, the form nmatching

wall is equipped with an annul ar el enent which extends
around the opening of the formmatching wall and on the
side of the inside of the sail, the cross section of said

annul ar element having a curved, for exanple convex,
profile so as to limt the pressure drops experienced by
the air flow between the sail and the fan.

[0028] According to one enbodi nent, the fan i s contai ned
wi thin an imagi nary housing that surrounds the support.
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In other words, the fan is contained within the overal
footprint of the support.

[0029] According to one enbodinent, the fan is a
centrifugal fan

[0030] According to one enbodinent, the fan is a m xed-
flow fan.

[0031] According to one enbodi ment, the sail i s equi pped
with a device that generates vertical lift, which device
is nounted close to one and/or the other of the ends of
the sail.

[0032] According to one enbodinent, the device that
generates vertical lift conprises at |east a part which
is mounted with the ability to nove about an axis
substantially orthogonal to the axis of the sail.

[0033] According to one enbodinent, the device that
generates vertical 1ift conprises a suction system
allowing air fromoutside to be drawn into the inside of
the sail.

[0034] According to one enbodi nent, the peripheral wall
of the sail is equipped with a flap that is able to nove
relative to the peripheral wall to nake it possible to
separate the suction-face air flowfromthe pressure-face
air flow

[0035] According to one enbodinment, the length of the
flap is equal to the length of the sail.

[0036] According to one enbodi nent, the peripheral wall
of the sail has two suction openi ngs and a shutoff system
such as a flap, so as to all ow one of the suction openings
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to be selectively shut off and the other suction opening
to be uncovered.

[0037] According to one enbodi nent, the housing of the
fan i s extended by a vari abl e-secti on di scharge duct, the
cross section preferably decreasing toward the outlet end
of the di scharge duct.

[0038] According to one enbodi nent, the systemconprises

a tilting system to allow the sail, and possibly its
support, to be tilted about an axis substantially
orthogonal to the axis of the sail, preferably a

substantially horizontal axis.

[0039] The invention also relates to a boat conprising
at least one lift-generating systemaccording to any one
of the enbodi ments set out herei nabove, wherein the fan
is situated between the sail and the deck of the boat,
and, the sail being nmounted with the ability to pivot
relative to the deck of the boat, about an axis
substantially parallel to the axis of the sail

[0040] According to one particular aspect, the support
is arranged in such a way that, when the sail is standing
vertically (which is to say perpendicular to the deck of
t he boat) and pivots about an axis substantially parall el
tothe axis of the sail (whichis to say, during operation
of the sail — with the sail vertical — and outside of any
mobility whereby the support tilts about an axis
orthogonal to the axis of the sail), the support renains
fixed with respect to the deck of the boat.

[0041] According to one particular aspect, the fan is

arranged in such a way that when the sail is standing
vertically and pivots about an axis substantially
parallel to the axis of the sail, the housing of the fan

remains fixed relative to the deck of the boat.
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[0042] According to one enbodinent, the axis of the
outlet of the casing of the fan is directed toward the
stern of the boat, preferably substantially parallel to
the longitudinal axis of the boat.

[0043] BRI EF DESCRI PTI ON OF THE DRAW NGS

[0044] Further features and advantages of the invention
will become further apparent from the follow ng
description which is purely illustrative and nonlimting
and is to be read in connection with the attached
drawi ngs, in which:

[0045] - [Fig. 1] figure 1 is a perspective view of a
boat equipped wth several lift-generating systens
according to one enbodi nent of the invention;

[0046] - [Fig. 2] figure 2 is a view of detail Il of
figure 1;
[0047] - [Fig. 3] figure 3 is a perspective view of a

lift-generating systemaccording to one enbodi nent of the
i nvention, showi ng an incident air flow part of which is
drawn into the sail by the fan and then di scharged;

[0048] - [Fig. 3A] figure 3A is a perspective view of
the lift-generating system of figure 3, with the sail
oriented at a different angle relative to the support;

[0049] - [Fig. 4] figure 4 is a view from above of the
lift-generating systemof figure 3;

[0050] - [Fig. 5] figure 5is a viewin section on A-A
of the |ower part of the lift-generating systemof figure
4,
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[0051] - [Fig. 5A] figure 5A is a schematic view of the
| ower part of the lift-generating systemmaking it easier
to see the arrangenent of the elenents in the | ower part
of the system

[0052] - [Fig. 6] figure 6 is an exploded view of the
| ower part of the lift-generating systemof figure 4.

[0053] DETAILED DESCRI PTI ON

[0054] The concept of the invention is described nore
fully hereinafter with reference to the attached draw ngs
whi ch show enbodi ments of the concept of the invention

In the drawings, the size and relative sizes of the
el enents may have been exaggerated for the sake of
clarity. Simlar nunerals refer to simlar elenents
t hroughout the drawi ngs. However, this concept of the
i nvention may be inplenmented in nunerous different forns
and shoul d not be interpreted as being restricted to the
enbodi ments set forth here. Rather, these enbodi nents are
offered in order for this descriptionto be conplete, and
conmuni cate the scope of the concept of the invention to
those skilled in the art.

[ 0055] Throughout the specification, reference to “an
enbodi ment” means that a functionality, a structure or a
particular feature described in connection with an
enbodi ment is included in at | east one enbodi ment of the
present invention. Thus, where the expression “in one
enbodi ment” appears at various points throughout the
specification this does not necessarily refer to the one
sane enbodi nent. Furt hernore, the functionalities,
structures or particular features may be conbined in any
appropriate way in one or nore enbodi ments.
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[0056] Reference is nade to figure 1 which depicts a
nunber of lift-generating systens 101 nounted on the deck
111 of a boat 100.

[0057] The description which follows is given for one
lift-generating system 101, but also applies to severa
lift-generating systens 101.

[0058] As illustrated in figure 2, the lift-generating
system101 is placed in a nmoving air flowFl thus all ow ng
a lift force to be produced. As detailed hereinafter,
this lift-generating system101 offers greater propul sion
performance without the need to increase the dinensions
of the sail.

[0059] Sail

[0060] The Ilift-generating system conprises a hollow
body 1 that is elongate al ong an axis Al. The hol | ow body
is coomonly referred to as a sail

[0061] The sail has an aerodynamic profile. D fferent
shapes of profile my be enployed. In the exanple
illustrated in the figures, the profile is of ovoid
shape.

[0062] The peripheral wall 10 of the sail has at |east
one opening 12, referred to as suction opening, able to
comuni cate with the inside 102 of the sail 1. In the
exanple illustrated in the figures, the peripheral wall
10 has two suction openings 12 preferably distributed
symretrically about an axis of symmetry of the profile
of the sail.

[0063] The hollow body is provided with a nobile flap
14. The flap makes it possible to nodify the curvature
of the profile of the sail in order to increase the lift,



10

15

20

25

30

35

11

whet her the wind cones from one side of the ship or the
other. The ship is able to sail on both tacks — a port
tack or a starboard tack. According to one enbodi nent,
provi sion may be nade for the novenent of the flap to
shut off one suction opening 12 and uncover the other
suction opening 12.

[0064] According to one particular aspect and as
illustrated nore specifically in figures 5 and 5A, the
lower end of the sail 1 is equipped with a hollow
connecting element 13 which extends at least in part
between the lower end of the sail 1 and the fan 3 to
provide fluidic communi cati on between the sail 1 and the
fan 3. The connecting element 13 conprises a form
mat ching wall that has an opening allow ng the passage
cross section for the flow of air inside the holl ow body
to be matched to the opening 301 of the inpeller whee

30 (or rotor) of the centrifugal fan 3 set out
her ei nbel ow. The i npeller wheel may be a bl aded i npeller
wheel . As expl ained hereinafter, the fan may al so be of
the mxed-flow type. It should be note that when
reference is made to a mxed-flow fan or a centrifugal
fan this neans the inpeller wheel and the housing of the
fan together, particularly when determ ning the footprint
of the fan as a whole.

[0065] Suction device

[0066] The lift-generating system conprises a suction
device in comunication with the inside 102 of the sai
1 to draw air in through said at |east one opening 12
formed in the peripheral wall of the sail.

[0067] Provision may be made for each suction opening
12 to have an openi ng di nension or porosity that can vary
along the sail, for exanple so as to vary the quantity
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of air drawn in according to the position along the sail.
Each opening 12 may be produced in the formof a grating.

[0068] As illustrated nore particularly in figures 4 to
6, said suction device is fornmed by a fan 3 which
conprises an inpeller wheel 30, a notor (not depicted)
for driving the rotation of the inpeller wheel 30, and a
housing 31 (the fixed part around the inpeller wheel)
whi ch extends around the inpeller wheel 30. The housing
31 (also referred to as a vol ute housi ng or shroud) takes
the formof a body which around the i npel | er wheel defines
a duct, preferably of spiraloid shape, to guide the air
di scharged by the inpeller wheel as far as an outlet 32.
The geonetry of the housing 31 nmekes it possible to
i nprove the suction efficiency of the fan.

[0069] The fan 3 is configured to discharge the drawn-
in air flow back to the free air. The fan 3 has an air
inlet of axis A30 substantially orthogonal to the axis
of the outlet 32 of the housing 31 of the fan 3. In other
words, the direction in which air is drawm in is
substantially orthogonal to the direction in which air
exits the housing 31 of the fan. It will be appreciated
that the air inlet axis A30 is preferably orthogonal to
the axis of the outlet 32, but that there may al so be a
smal | angle of inclination of one or a few degrees, for
exanpl e an angle less than 5°, of the outlet axis A32 of
the outlet 32 of the housing 31 with respect to the plane
orthogonal to the axis A30. Provision may be nmade for the
outlet 32 of the housing 31 to be equipped with a
di scharge duct, preferably configured in such a way as
to accelerate the air that is being discharged.

[0070] In the exanple illustrated in the figures, the
fan is a centrifugal fan. According to the enbodi nent
illustrated, the inpeller wheel 30 is a bladed inpeller
wheel 30. The bl aded inpeller wheel 30 has an air inlet
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301 which communicates with the inside 102 of the sail
In particular, the air inlet 301 conmunicates with the
i nside 102 of the sail via the opening of an orientation
mechani sm such as an orientation ring 2 (set out
herei nafter) and the opening of the connecting el enent
13. As an alternative, the fan may be of m xed-fl ow type.
A mxed-flow fan differs froma centrifugal fan in that,
in a mxed-flow fan, the air that exits the inpeller
wheel enters the housing in a direction that nmkes an
angle of 30° to 80° with respect to the air inlet axis.
In a centrifugal fan, the air that exits the inpeller
wheel enters the housing in a direction orthogonal to the
air inlet axis.

[0071] It wll be noted that, in the lift-generating
system 101 according to the invention, whether the fan
is of the centrifugal or mxed-flow type, the air that
exits the outlet 32 of the housing 31 does indeed exit
orthogonal ly to the suction axis.

[0072] The centrifugal fan 3 is situated outside of the
sail 1 and is in fluidic comunication with the inside
102 of the sail 1 so as to draw air in through each
opening 12 fornmed in the peripheral wall 10 of the sai
1 and discharge the drawn-in air via the outlet 32 of the
housi ng 31 of the centrifugal fan 3. The air flow FE thus
di scharged contributes to the propul sion of the boat 100
on which the lift-generating system 101 i s nount ed.

[0073] The outlet 32 of the centrifugal fan 3 is
directed toward the stern of the boat. Advantageously,
the casing of the fan 3 is fixed relative to the support
4 and therefore relative to the deck of the boat, such
that the outlet 32 is also fixed.

[0074] The opening of the formmatching wall is bordered
by a peripheral el enent 130 which extends on the side of
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the inside of the sail and the cross section of which has
a curved, preferably convex (bulging) shape wth
reference to a view frominside the hollow body. In the
exanple illustrated in the figures, this elenent 130 has
a toric overall shape. The formmatching wall thus
provi des guidance for the drawn-in air flow, thereby
limting the pressure drops experienced by the drawn-in
air flowas it circul ates between the insi de of the holl ow
body and the centrifugal fan 3.

[0075] Support

[0076] The system 101 conprises a support 4 on which the
sail 1 is nounted with the ability to pivot (figures 3

and 3A). As a preference, the sail is nmounted so as to
pi vot on the support 4 about an axis substantially
parallel to the longitudinal axis Al of the sail. It wll

be appreciated that the axis of pivoting is preferably
parallel to the longitudinal axis Al of the sail but that
the axis of pivoting may be at a small angle of one or a
few degrees with respect to the axis Al, for exanple at
an angle less than 5°. The axis Al is preferably
coincident with the axis of rotation of the sail

[0077] Thus, when the system 101 is nounted on the deck
111 of the boat 100, the sail 1 is able to turn about
its (vertical) longitudinal axis so as to orient itself
relative to the direction of the apparent w nd.

[0078] 1In the configuration of use of the system in
which the sail 1 is standing upright on the deck of the
ship via its support 4, the support 4 is fixed relative
to the deck. In the exanple illustrated in the figures,
the support takes the form of a collection of several
feet. The support nay be covered with a cowing or
fairing.
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[0079] The system conprises an orientation nechani sm
such as an orientation ring 2, interposed between the
sail 1 (preferably the |Iower face 103 of the sail) and
the support 4, and configured to allow the sail 1 to
turn, about its axis of pivoting which is substantially
parallel to the axis Al, relative to the support 4. In
the exanple illustrated in the figures, the orientation
mechani smconpri ses a central opening which is positioned
facing the air inlet opening 301 of the centrifugal fan
3, which is to say the air inlet opening of the bl aded
i mpel | er wheel 30.

[0080] In the exanple illustrated in the figures, the
centrifugal fan 3 is contained in the inmaginary housing
surroundi ng the support 4. In other words, the fan 3 is
situated within the overall footprint of the support 4,
making it possible to limt the footprint of the system
101 on the deck of the boat.

[0081] According to an enbodinment which is not

illustrated in the figures, the sail is equipped with a
device for generating vertical lift, nounted near one
and/ or the other of the ends of the sail. As a preference,
the device that generates vertical lift has a planar or
profiled surface that generates vertical lift. The device
t hat generates vertical |ift may conprise at | east a part

which is mounted with the ability to nove about an axis
substantially orthogonal to the axis of the sail so as
to allow at least part of the device that generates
vertical lift to be inclined relative to the sail.

[0082] Provision may be made for the system 101 to
conprise a tilting nechanism allowing the sail, and
possibly its support, to be tilted about a horizontal
axi s.
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[0083] The tilting systemallows the sail, and possibly
its support, to be noved between an upright position in
whi ch, when the system is nounted on the deck of the
boat, it stands up perpendi cular to the deck of the boat,
and atilted position in which, when the systemis nounted
on the deck of the boat, the sail extends substantially
parallel to the deck of the boat.

[0084] Wen the sail is standing vertically and pivots
about an axis substantially parallel to the axis of the
sail, which is to say, when the sail is in operation —
with the sail vertical - and outside of any tilting
nmobility of the support about an axis horizontal to the
axis of the sail, the support remains fixed relative to
the deck of the boat. Simlarly, the fan is arranged in
such a way that when the sail is standing vertically and
pi vots about an axis substantially parallel to the axis
of the sail, the housing of the fan remains fixed rel ative
to the deck of the boat.

[0085] The invention is not restricted to the
enmbodi ments illustrated in the draw ngs.

[0086] In addition, ternms such as *“conprising” or
“havi ng” do not exclude the inclusion of other elenents
or steps. Further, features or steps which have been
described with reference to one of the enbodi nents set
out herei nabove may al so be enpl oyed in conbination with
other features or steps of other enbodinents set out
her ei nabove.
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d ai ns

1. Alift-generating system(101) intended to be pl aced
in noving air (FI) so as to produce a lift force, the
lift-generating system (101) conpri sing:

- a holl ow body, referred to as a sail (1), that is
el ongate al ong an axis (Al), the peripheral wall (10) of
the sail having at |east one opening (12), referred to
as suction opening, designed to cause the outside of the
sail to communicate with the inside (102) of the sail
(1); and
- a suction device allowing air to be drawn in through
said at | east one suction opening (12);

characterized in that the lift-generating system (101)
conprises a support (4) which supports the sail and with
respect to which the sail (1) is nounted with the ability
to pivot about an axis substantially parallel to the axis
(Al) of the sail,

and said suction device conprises a fan (3) situated
outside the sail (1) and in conmmunication with the inside
(102) of the sail (1) so as to draw air through said at
| east one suction opening (12) in the sail and di scharge
the drawn-in air via an outlet of the fan (3),

the fan (3) conprising an inpeller wheel (30), surrounded
by a housing (31) which defines, around the inpeller
wheel, a duct able to guide the air discharged by the
i mpel l er wheel, and a notor to drive the rotation of the
i mpel l er wheel (30) about an axis substantially paralle
to the axis (Al) of the sail, the housing (31) of the fan
(3) having an outlet (32) of axis (A32) substantially
orthogonal to the axis (A30) of the inpeller wheel (30)
of the fan.

2. The system (101) as clained in claim1, wherein the
system conprises a hollow connecting el enent (13) which
extends at | east partly between the | ower end of the sai
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(1) and the fan (3) to allow fluidic conmunication
between the sail (1) and the fan (3).

3. The system (101) as clained in claim2, wherein the
connecting elenment (13) conprises a formmatching wall
havi ng an opening that comunicates with the fan (3).

4. The system (101) as clained in claim3, wherein the
formmatching wall is equipped with an annul ar el enent
(130) which extends around the opening of the form
mat ching wall and on the side of the inside of the sai
(1), the cross section of said annular elenent (130)
having a curved, for exanple convex, profile so as to
[imt the pressure drops experienced by the air flow
between the sail (1) and the fan (3).

5. The lift-generating systemas clained in any one of
the preceding clains, wherein the fan (3) is contained
within an imaginary housing that surrounds the support

(4).

6. The system (101) as clainmed in any one of clains 1
to 5, wherein the fan (3) is a centrifugal fan.

7. The system (101) as clainmed in any one of clains 1
to 5, wherein the fan (3) is a mxed-flow fan

8. The system (101) as clained in any one of the
preceding clains, wherein the sail (1) is equipped with
a device that generates vertical |ift, which device is

mount ed cl ose to one and/or the other of the ends of the
sail .

9. The system (101) as clained in claim8, wherein the
device that generates vertical |ift conprises at |least a
part which is nounted with the ability to nove about an
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axis substantially orthogonal to the axis (Al) of the
sail.

10. The system (101) as clainmed in either one of
claims 8 or 9, wherein the device that generates vertical
[ift conprises a suction systemallow ng air fromoutside
to be drawn into the inside of the sail.

11. The system (101) as clainmed in any one of the
precedi ng cl ai ms, wherein the peripheral wall (10) of the
sail (1) is equipped with a flap (14) that is able to
nove relative to the peripheral wall (10) to nmke it
possible to separate the suction-face air flow fromthe
pressure-face air flow.

12. The system (101) as clainmed in any one of the
precedi ng cl ai ns, wherein the peripheral wall (10) of the
sail (1) has two suction openings (12) and a shutoff
system such as a flap (14), so as to allow one of the
suction openings (12) to be selectively shut off and the
ot her suction opening (12) to be uncover ed.

13. The system (101) as clainmed in any one of the
precedi ng cl ai ns, wherein the housing (31) of the fan (3)
is extended by a variable-section discharge duct, the
cross section preferably decreasing toward the outlet end
of the discharge duct.

14. The system (101) as clainmed in any one of the
precedi ng clains, wherein the system (101) conprises a

tilting system to allow the sail, and possibly its
support, to be tilted about an axis substantially
orthogonal to the axis (Al) of the sail, preferably a

substantially horizontal axis.

15. A boat (100) conprising at | east one lift-generating
system (101) as clainmed in any one of the preceding
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clainms, wherein the fan (3) is situated between the sai
(1) and the deck (111) of the boat, and, the sail (1)
being mounted with the ability to pivot relative to the
deck of the boat, about an axis substantially parallel
to the axis (Al) of the sail

16. The boat (100) as clained in the preceding claim
wherein the support is arranged in such a way that when
the sail is standing vertically and pivots about an axis
substantially parallel to the axis (Al) of the sail, the
support (4) remains fixed relative to the deck of the
boat .

17. The boat (100) as clained in claim15 or 16, wherein
the fan (3) is arranged in such a way that when the sai
is standing vertically and pivots about an axis
substantially parallel to the axis (Al) of the sail, the
housing (31) of the fan (3) remains fixed relative to the
deck of the boat.

18. The boat (100) as clainmed in any one of clains 15
to 17, wherein the axis (A32) of the outlet (32) of the
casing (31) of the fan (3) is directed toward the stern
of the boat, preferably substantially parallel to the
| ongi tudi nal axis of the boat.



