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Description

[0001] The present invention relates to a transverse
propulsion device of a ship.

[0002] Preferably, the present invention is aimed at
large ships, such as container ships or cruise ships.
[0003] In the context of ship handling, it is known that,
in order to carry out berthing and unberthing maneuvers
in confined spaces and at low speeds, special transverse
propulsion devices provided with maneuvering propel-
lers with a rotation axis oriented transversely to the ver-
tical longitudinal plane or diametrical plane of the vessel
are indispensable.

[0004] Inorderto protectthe transverse propulsion de-
vices from possible shocks, it is known to affix gratings
to the inlet opening of the maneuvering tunnel transverse
to the hull of the ship, in which the maneuvering propellers
are housed.

[0005] Additionally, in order to reduce turbulence phe-
nomena during navigation, it is known to include special
closing devices provided with movable doors, typically
placed at the openings of the transverse maneuvering
tunnels. The doors are movable between an open posi-
tion, in which they allow a water flow inside the maneu-
vering tunnel, and a closed position, in which they com-
pletely close the tunnel inlet opening and substantially
reconstruct the outer surface of the hull.

[0006] In particular, doors are known which are in-
stalled on a plurality of hinges connected to the mouth
ofthe transverse maneuvering tunnel. Examples of these
solutions are described in CN205819525,
CN105329405, CN102381439, CN109094715,
W02019/220152 and GB782628. Further embodiment
examples are described in International Applications
WO02022079655A1, W02022079651A1 and
W02022079652A1, on behalf of the Applicant. Manoeu-
vring transverse tunnel closing devices comprising a pro-
tective grid at the mouth of the transverse manoeuvring
tunnel are known in the field. Examples of these solutions
are described in EP2923942 A1, KR20140036409 A,
US10988220 B2 and CN111516842 B.

[0007] Such transverse maneuvering tunnel closing
devices have many critical aspects known to designers
in the naval field.

[0008] The main problems include the design of the
hydrodynamic shape of the doors, aimed at minimizing,
during cruising, turbulence due to shape discontinuities
between the doors and the outer surface of the hull, and
at the same time aimed at minimizing bulk in the open
position, i.e., during the operation of the transverse pro-
pulsion devices.

[0009] At the same time, the closing devices of the
transverse maneuvering tunnels have high structural
complexity and contribute to increasing the overall weight
of the ship.

[0010] Additionally, the transverse maneuvering tun-
nel closing devices must be designed to minimize the
potentially damaging effects of the slamming phenome-
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na of the ship’s hull (generally the bow) abruptly plunging
into water, e.g., due to the wave motion of the water.
Especially at high speeds, such slamming phenomena
generate high pressure gradients at the transverse
maneuvering tunnels, and can cause damage to the
ship’s plating and connections, or impair the operation
of the doors and the transverse propulsion device.
[0011] Suchcritical aspects andrelated problems push
designers towards conflicting technical solutions, on the
one hand towards the complete closure of the transverse
maneuvering tunnel inlet opening to better reconstruct
the hydrodynamic shape of the hull, and on the other
hand towards the complete opening of the tunnel inlet
openings to simplify and lighten the hull and eliminate
any sudden pressure gradients between the inside and
outside of the maneuvering tunnel.

[0012] The object of the present invention is to make
a transverse propulsion device which makes it possible
to overcome the drawbacks highlighted for the solutions
of the prior art.

[0013] An object of the present invention is to provide
a transverse propulsion device which achieves a com-
promise between generating low drag and turbulence
during cruising, while at least partially preserving the
mainly laminar water flows lapping the ship’s hull exter-
nally near the transverse maneuvering tunnel inlet open-
ings, and at the same time maximizes the overall weight
reduction and reduction in structural complexity of the
ship’s hull.

[0014] Specifically, one of the objects of the present
invention is to make a structurally simple transverse pro-
pulsion device having an extremely reduced number of
components.

[0015] Yetanother object of the presentinvention is to
provide a transverse propulsion device with extremely
limited weight.

[0016] An even further objectis to provide atransverse
propulsion device which can simplify installation and
maintenance operations.

[0017] Still further, an object of the present invention
is to eliminate or dampen the formation of high pressure
gradients between the inside and outside of the trans-
verse maneuvering tunnel, typically due to the slamming
phenomena of the ship’s hull.

[0018] These andotherobjects are achieved by means
of a transverse propulsion device of a ship according to
claim 1. The dependent claims show preferred embodi-
ments involving a series of advantageous technical ef-
fects.

[0019] The features and advantages of the invention
will be evident from the description below, from its pre-
ferred embodiment examples and the accompanying fig-
ures, in which:

- figure 1 shows a detail of a hull of a ship having a
plurality of maneuvering tunnels and a closing device
associated with each maneuvering tunnel, according
to an embodiment of the invention;
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figure 2 illustrates a forward part of a ship, having a
plurality of maneuvering tunnels made in the hull,
and a closing device associated with a maneuvering
tunnel, according to an embodiment of the invention;
figure 3 depicts a cross-sectional view of the ship’s
hull at the transverse maneuvering tunnel, according
to an embodiment of the invention;

figure 4 depicts a frontal view of a pair of grids for
two transverse maneuvering tunnels, aligned along
the outer flow direction, according to an embodiment
of the invention;

figure 5 shows a grid of a transverse maneuvering
tunnel, according to a first embodiment of the inven-
tion;

figure 6 depicts a grid of a transverse maneuvering
tunnel, according to a second embodiment of the
invention;

figure 7 illustrates a grid of a transverse maneuvering
tunnel, according to a third embodiment of the inven-
tion;

figure 8 depicts a perspective view of the grid of figure
5;

figure 9 shows a sectional view of the ship’s hull on
a substantially vertical cross-sectional plane of the
ship, near the tunnel inlet opening, according to the
embodiment of figure 5;

figure 10 depicts a sectional view of the ship’s hull
on a substantially horizontal cross-sectional plane,
at the transverse maneuvering tunnel, according to
the embodiment of figure 5;

the figure illustrates a perspective view of the grid of
figure 6;

figure 12 depicts a perspective view of the grid of
figure 7;

figure 13 shows a grid of a transverse maneuvering
tunnel, according to a fourth embodiment of the in-
vention;

figure 14 depicts a sectional view of the ship’s hull
on a substantially horizontal cross-sectional plane,
at the transverse maneuvering tunnel, according to
the embodiment of figure 13;

figure 15 illustrates a perspective view of the grid of
atransverse maneuvering tunnel, according to afifth
embodiment of the invention;

figure 16 shows a grid of a transverse maneuvering
tunnel, according to the embodiment of figure 15;
figure 17 depicts a sectional view of the ship’s hull
on a substantially vertical cross-sectional plane of
the ship, near the tunnel inlet opening, according to
the embodiment of figure 15;

figure 18 depicts a sectional view of the ship’s hull
on a substantially horizontal cross-sectional plane,
at the transverse maneuvering tunnel, according to
the embodiment of figure 15;

figure 19 shows a grid of a transverse maneuvering
tunnel, according to the sixth embodiment of the in-
vention;

figure 20 depicts a sectional view of the ship’s hull
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on a substantially horizontal cross-sectional plane,
at the transverse maneuvering tunnel, according to
the embodiment of figure 19;

- figure 21 depicts a sectional view of the ship’s hull
on a substantially horizontal cross-sectional plane,
at the transverse maneuvering tunnel, according to
afirstembodiment the opening edges, with the open-
ing edges joined;

- figure 22 depicts a sectional view of the ship’s hull
on a substantially horizontal sectional plane, at the
transverse maneuvering tunnel, according to a sec-
ond embodiment of the opening edges, with angled
opening edges;

- figure 23 depicts a sectional view of the ship’s hull
on a substantially horizontal sectional plane, at the
transverse maneuvering tunnel, according to a third
embodiment of the opening edges, with the opening
edges comprising a countersink.

[0020] With reference to the attached figures, the ref-
erence number 1 indicates a transverse propulsion de-
vice as awhole. The reference number 2 indicates a ship
as a whole.

[0021] Theship2comprisesahull21, which comprises
an outer hull surface 210. During cruising, an external
water flow 200 flows locally along the outer hull surface
210, along a flow direction S.

[0022] In an embodiment, the ship 2 comprises the
transverse propulsion device.

[0023] Generally, the ship 2 comprises a bulbous bow
29 projecting in front, configured to direct the external
water flow 200 along the outer hull surface 210, in par-
ticular along the flow direction S. The flow direction S is
typically inclined with respect to a horizontal bottom plane
extending mainly along the keel of the ship by a flow
angle comprised between 5 degrees and 60 degrees.
[0024] Under conditions of the ship’s forward motion
and navigation at cruising speed, the external water flow
200 flows along the outer hull surface 210 at high speeds.
[0025] Cruising speed is intended as ship navigation
speeds comprised between 10 knots and 25 knots, pref-
erably equal to around 18 knots.

[0026] High external water flow speeds are defined as
speeds close to or greater than 4 meters per second,
preferably greater than 5 meters per second, e.g., com-
prised between 7 and 10 meters per second. Conversely,
low external water flow speeds are intended as speeds
close to orbelow 2.5 meters persecond, e.g., aboutequal
to 1 meter per second.

[0027] The transverse propulsion device comprises a
transverse maneuvering tunnel 25 extending transverse-
ly in the hull of the ship, preferably open on both longitu-
dinal sides of the ship.

[0028] In an embodiment, the transverse propulsion
device comprises at least one maneuvering propeller
housed in the transverse maneuvering tunnel 25 and
configured to move water through the tunnel inlet opening
28, from the inside to the outside of the transverse



5 EP 4 474 266 A1 6

maneuvering tunnel 25, in an operating transverse pro-
pulsion device configuration.

[0029] In an inactive configuration of the transverse
propulsion device, the maneuvering propeller is station-
ary.

[0030] In a different embodiment, the transverse pro-

pulsion device lacks a maneuvering propeller. In an em-
bodiment, the transverse maneuvering tunnel is of the
anti-suction type, e.g., with a diameter equal to approx-
imately 1.5 meters, configured to fluidically connect the
two longitudinal sides of the ship in order to dampen or
eliminate opposite water flows generated by the maneu-
vering propellers of other transverse maneuvering tun-
nels.

[0031] The transverse maneuvering tunnel 25 com-
prises tunnel walls 27 which peripherally delimit the trans-
verse maneuvering tunnel 25 inside the hull 21.

[0032] The transverse maneuvering tunnel 25 com-
prises a tunnel axis X oriented incidentally to the outer
hull surface 210, e.g., along which the tunnel walls 27
mainly extend.

[0033] The transverse maneuvering tunnel 25 com-
prises opening edges 26 extending at least partially about
the tunnel axis X and delimiting a tunnel inlet opening
28, open on the outer hull surface 210.

[0034] Specifically, the tunnel inlet opening 28 is
placed on the projection of the outer hull surface 210
between the opening edges 26.

[0035] In an embodiment, the opening edges 26 are
connected to the tunnel walls 27 with a connecting radius
comprised between 100 and 500 millimeters, preferably
comprised between 200 and 400 millimeters.

[0036] Inanembodiment, the opening edges comprise
a markedly flared aft section, located downstream of the
transverse maneuvering tunnel, along the flow direction,
having the purpose of facilitating the external water flow.
[0037] Preferably, the transverse maneuvering tunnel
25 further comprises second opening edges delimiting a
tunnel exit opening opposite the tunnel inlet opening 28,
for example opposite along the tunnel axis X.

[0038] Along the flow direction S, the opening edges
26 are divided into a first edge portion 261 and a second
edge portion 262 complementary to the first edge portion
261, both having extension around the tunnel axis X, e.g.,
a substantially circular or oval or elliptical extension.
[0039] Along the flow direction S, the first edge portion
261 is destined to be lapped by the external water flow
200 first.

[0040] In other words, along the flow direction S, the
external water flow 200 initially encounters the first edge
portion 261 and subsequently the second edge portion
262.

[0041] In still other words, the first edge portion 261
substantially, at least partially, towards the bow of the
ship, extending around the tunnel axis X according to the
flow direction S.

[0042] In still other words, the opening edges 26 con-
sist of the first edge portion 261 and the second edge
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portion 262.

[0043] Similarly, the tunnel inlet opening 28 is divided
into a first half area 281 partially delimited by the first
edge portion 261, and a second half area 282 comple-
mentary to the first half area 281 and partially delimited
by the second edge portion 262.

[0044] In other words, along the flow direction S, the
external water flow 200 encounters the first half area 281
and then the second half area 282.

[0045] In still other words, the tunnel inlet opening 28
consists of the first half area 281 and the second half
area 282.

[0046] The opening edges 26 extend along the tunnel
axis X between an inner edge section 265 connected to
the tunnel walls 27 and an outer edge section 267 con-
nected to the outer hull surface 210.

[0047] In an embodiment, the opening edges 26 com-
prise a central edge portion 266 comprised along the
tunnel axis X between the inner edge section 265 and
the outer edge section 267.

[0048] In an embodiment, the opening edges 26 sub-
stantially have the shape of a corner, e.g., substantially
a right angle (figure 22).

[0049] In an embodiment, the opening edges 26 are
flared, preferably they comprise a flared section (figure
23).

[0050] In an embodiment, the opening edges 26 ex-

tend between a first edge section 273 flush with the outer
hull surface 210, and a second edge section 270 inside
the transverse maneuvering tunnel 25 and spaced along
the tunnel axis X by a height comprised between 400 and
600 millimeters from the first edge section 273.

[0051] The transverse propulsion device comprises a
grid 4 associated with the transverse maneuvering tunnel
25,

[0052] Inanembodiment,the grid4 isfixed to the open-
ing edges 26.
[0053] Inanembodiment,the grid4 isfixed to the open-

ing edges 26 in a removable manner, e.g., by means of
bolted screws.

[0054] In an embodiment, the grid 4 extends with re-
spect to the entire tunnel inlet opening 28.

[0055] In an embodiment, the grid 4 engages the first
edge portion 261 and the second edge portion 262.
[0056] The grid 4 comprises a plurality of uprights 41
and a plurality of crosspieces 42 oriented incidentally to
the uprights 41.

[0057] The intersection of the crosspieces 42 and the
uprights 31 makes the grid 4 as a whole.

[0058] In an embodiment, at least some or all of the
uprights 41 are oriented substantially orthogonal to the
flow direction S.

[0059] In an embodiment, the grid 4 has a thickness,
i.e., dimension of the uprights 41 and the crosspieces 42
along the tunnel axis X, greater than 70 millimeters. Pref-
erably, the thickness of the grid 4 is comprised between
80 and 130 millimeters.

[0060] In an embodiment, the grid 4 cooperates with
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the outer hull surface 210 to create as a whole a hydro-
dynamically-shaped surface along which the external
water flow 200 flows.

[0061] Inparticular,the grid 4 cooperates with the outer
hull surface 210 in the second half area 282 of the inlet
opening 28.

[0062] In an embodiment, the grid 4 is positioned so
that the grid surface 45 is substantially tangent to the
outer hull surface 210 near or at the outer crosspiece end
422.

[0063] In an embodiment, the grid 4 is positioned so
that the grid surface 45 is substantially tangent to the
outer hull surface 210 at or near the second edge portion
262.

[0064] In an embodiment, the grid 4 extends on a
curved grid surface 45.

[0065] In an embodiment, the grid 4 extends on a
curved grid surface 45 which is convex with respect to
the transverse maneuvering tunnel 25.

[0066] In an embodiment, all or only some uprights 41
and all or only some crosspieces 42 intersect and delimit
a plurality of functional through windows 40 therebe-
tween.

[0067] Inanembodiment, for all or only some function-
al through windows 40, the upright distance D along the
flow direction S between two consecutive uprights 41 de-
limiting a functional through window 40 is comprised be-
tween 150 and 250 millimeters.

[0068] In an embodiment, the upright distance D is
comprised between 180 and 220 millimeters.

[0069] Inanembodiment, for all or only some function-
al through windows 40, the distance between two cross-
pieces 42 delimiting a functional through window 40 is
comprised between 300 and 500 millimeters, e.g., equal
to 400 millimeters.

[0070] In an embodiment, all or only some of the func-
tional through windows 40 have a main dimension along
a direction incident upon or substantially transverse to
the flow direction S.

[0071] In an embodiment, all or only some of the func-
tional through windows 40 have a substantially rectan-
gular shape, with the longer side oriented in a direction
substantially transverse to the flow direction S.

[0072] In an embodiment, all or only some of the func-
tional through windows 40 are essentially rectangular in
shape, with the longer side of the rectangle being equal
to approximately twice the shorter side of the rectangle.
[0073] In an embodiment, with the transverse maneu-
vering tunnel 25 at least partially filled with water and
external water flow 200 flowing along the flow direction
S at high speeds, preferably speeds greater than 4 me-
ters per second, the transverse propulsion device is con-
figured so as to keep the water inside the transverse
maneuvering tunnel 25 at low speeds along the tunnel
axis X, preferably speeds less than 2.5 meters per sec-
ond.

[0074] Inan embodiment, with external water flow 200
flowing along the flow direction S at high speeds, prefer-
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ably speeds greater than 4 meters per second, the func-
tional through windows 40 are configured to cooperate
with each other and create a low-friction hydrodynamic
surface which favours the external water flow 200 along
the flow direction S.

[0075] Inan embodiment, with external water flow 200
flowing along the flow direction S at high speeds, prefer-
ably speeds greater than 4 meters per second, the func-
tional through windows 40 are configured to cooperate
with each other and limit or prevent the external water
flow 200 crossing the functional through windows 40, to-
wards the inside of the transverse maneuvering tunnel
25,

[0076] Inan embodiment, with external water flow 200
flowing along the flow direction S at high speeds, prefer-
ably speeds greater than 4 meters per second, the func-
tional through windows 40 are configured to retain water
at low speeds, preferably speeds less than 2.5 meters
per second, at said functional through windows 40 and/or
inside the transverse maneuvering tunnel 25 near said
functional through windows 40.

[0077] In an embodiment, the tunnel inlet opening 28
can be approximated to animaginary inlet circumference
extending around the tunnel axis X on the inlet plane P,
which delimits the inlet area A.

[0078] Inanembodiment, each functional through win-
dow 40 has a functional area Af on the grid surface 45.
[0079] In an embodiment, the functional ratio Af/A be-
tween the functional area Af and the inlet area A is com-
prised between 0.05% and 3%.

[0080] Preferably, the functional ratio Af/A is com-
prised between 1% and 2.5%, e.g., it is equal to about
1.7%.

[0081] In an embodiment, the uprights 41 have a re-
duced size along the flow direction S. In other words, with
respect to the flow direction S, the uprights are thin.
[0082] In an embodiment, the grid 4 comprises a grid
surface 45, along which the uprights 41 and the cross-
pieces 42 are arranged.

[0083] The grid surface 45 is incident to the tunnel axis
X.

[0084] The grid surface 45 is incident to the outer hull
surface 210.

[0085] The grid surface 45 is an imaginary surface
which is at least partially curved in space, identified by
the position of the transverse maneuvering tunnel along
the hull and along the flow direction S.

[0086] In an embodiment, the grid surface 45 is sub-
stantially a grid plane 45.

[0087] Inanembodiment,thegridsurface45isinclined
with respect to the outer hull surface 210, forming a grid
angle a. comprised between 5 and 20 degrees, preferably
comprised between 7 and 12 degrees.

[0088] In an embodiment, the grid angle o is convex
with respect to the flow direction S, i.e., it faces the flow
direction S.

[0089] Inanembodiment,thegridsurface45isinclined
with respect to the tunnel axis X by an internal angle &
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comprised between 70 and 85 degrees, preferably be-
tween 78 and 83.

[0090] Preferably, the internal angle 3 is complemen-
tary to the grid angle a.

[0091] Preferably, the tunnel walls 27 comprise a plu-
rality of fixing ledges 275 protruding into the transverse
maneuvering tunnel 25, for example protruding from the
tunnel walls or opening edges, configured to mechani-
cally engage at least one upright 41 and/or crosspiece
42, for example by bolted screws or by means of a shape
coupling or force coupling.

[0092] In an embodiment, on the grid plane 45 and
along the flow direction S, the grid 4 comprises at least
one upright41 mechanically connected to the inner edge
section 265, at least one upright 41 mechanically con-
nected to the central edge portion 266 and at least one
upright41 mechanically connected to the outer edge sec-
tion 267.

[0093] In an embodiment, the uprights 41 extend with
respect to the tunnel inlet opening 28 between a first up-
right end 411 and a second upright end 412.

[0094] The grid 4 comprises a crosspiece 42 extending
on the grid surface 45, for example a grid plane 45, be-
tween aninner crosspiece end 421 and an opposite outer
crosspiece end 422.

[0095] Preferably,the inner crosspiece end 421 is con-
secutive to the tunnel walls 27.

[0096] The inner crosspiece end 421 is mechanically
connected to the inner edge section 265 or to the tunnel
walls 27 near the inner edge section 265.

[0097] The outer crosspiece end 422 is mechanically
connected to the outer edge section 267 or to a portion
of the opening edges 26 between the inner edge section
265 and the outer edge section 267.

[0098] Inanembodiment,theinnercrosspieceend421
is mechanically connected to the inner edge section 265.
[0099] In an embodiment, the outer crosspiece end
422 is mechanically connected to the outer edge section
267.

[0100] Inanembodiment,theinnercrosspieceend421
is mechanically connected to the first edge portion 261
of the opening edges.

[0101] In an embodiment, the outer crosspiece end
422 is mechanically connected to the second edge por-
tion 262 of the opening edges.

[0102] In an embodiment, e.g., the embodiment of fig-
ure 8, all the uprights 41 are positioned substantially or-
thogonal to the flow direction S.

[0103] The grid 4 comprises at least one crosspiece
42 extending on the grid surface 45, for example a grid
plane 45, between an inner crosspiece end 421 mechan-
ically connected to the inner edge section 265, and an
outer crosspiece end 422 mechanically connected to the
outer edge section 267.

[0104] In an embodiment, the grid 4 is positioned so
that the outer crosspiece end 422 is in a position proximal
to the outer hull surface 210 and the inner crosspiece
end 421isin aposition distal to the outer hull surface 210.
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[0105] In an embodiment, the grid 4 is positioned so
that the outer crosspiece end 422 is in a more proximal
position to the outer hull surface 210 with respect to the
position of the inner crosspiece end 421.

[0106] Inanembodiment, in the first half area 281 and
along the tunnel axis X, the grid 4 is lowered with respect
to the outer hull surface 210.

[0107] In an embodiment, at least one upright 41 is
substantially in the shape of a polyline or broken straight
line.

[0108] Preferably said atleast one upright 41 compris-
es atleasttwo upright segments 417, 419 mainly extend-
ing over two mutually distinct, incidentimaginary straight
lines R1, R2 mainly extending over the grid surface 45.
[0109] In an embodiment, said at least one upright 41
comprises at least one upright segment417, 419 inclined
by an upright angle B1, 2 which is convex with respect
to the flow direction S.

[0110] In an embodiment, said upright angle 1, B2 is
less than 90°.
[0111] In an embodiment, said upright angle 1, B2 is

comprised between 15 and 60 degrees, e.g., it is equal
to about 45 degrees.

[0112] In an embodiment, said at least one upright 41
comprises at least one upright segment 418 substantially
orthogonally with respect to the flow direction S on the
grid surface 45.

[0113] Inanembodiment, all of the uprights 41 are sub-
stantially in the shape of a polyline or broken straight
lines, inwhich each upright41 comprises a central upright
segment 418 substantially orthogonal to the flow direc-
tion S on the grid surface 45, and two inclined upright
segments 417,419, which are consecutive and arranged
at the ends of the central upright segment 418.

[0114] In an embodiment, at least one upright 41 has
a substantially curved shape.

[0115] In an embodiment, at least one upright 41 has
a substantially circumferential arc shape.

[0116] In an embodiment, said circumferential arc is
convex with respect to the flow direction S.

[0117] In an embodiment, as for example shown by
way of example in figure 14, the grid 4 is housed in the
transverse maneuvering tunnel 25 and comprises at least
one crosspiece, preferably all the crosspieces, having
inner crosspiece ends 421 and outer crosspiece ends
422 mechanically connected to the tunnel walls 27, near
the inner edge section 265 of the opening edges 26.
[0118] Inan embodiment, as for example shown in fig-
ures 16, 17 and 18, the grid 4 comprises at least one
upright, preferably all the uprights, having the first upright
end 411 mechanically connected to the tunnel walls 27,
preferably near the inner edge section 265 of the opening
edges 26.

[0119] Inparticular,thefirstuprightend411isthe lower
end of said at least one upright 41.

[0120] In addition, at least one upright, preferably all
the uprights, have second upright end 412 mechanically
connected to the tunnel walls 27 in a distal position of
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the inner edge section 265.

[0121] In particular, the second upright end 412 is the
upper end of said at least one upright 41.

[0122] In anembodiment, as for example shown in fig-
ures 16, 17 and 18, the grid 4 surface 45 is incident to
the tunnel walls 27 and transverse to the tunnel axis X.
[0123] Inanembodiment, the transverse maneuvering
tunnel 25 comprises aninlet plane P incidentto the tunnel
axis X, and the tunnel inlet opening 28 has an inlet area
A on the inlet plane P.

[0124] In an embodiment, the inlet plane P is trans-
verse to the tunnel axis X.

[0125] In an embodiment, the inlet plane P is essen-
tially passing through the opening edges 26.

[0126] In an embodiment, the first edge portion 261
corresponds to a circumferential arc of the imaginary inlet
circle subtended by an angle less than 180 degrees, pref-
erably less than 150 degrees, even more preferably less
than 140 degrees.

[0127] In an embodiment, the first edge portion 261
corresponds to a circumferential arc of the imaginary inlet
circle subtended by an angle comprised between 100
and 140 degrees, preferably comprised between 120 and
130 degrees.

[0128] In an embodiment, the flow direction S is es-
sentially secant to the angle subtending the circumfer-
ential arc corresponding to the first edge portion 261.
[0129] In an embodiment, the ship 2 has an overall
length greater than 200 meters, e.g., equal to 250 meters.
[0130] Inanembodiment, the transverse maneuvering
tunnel 25 has an internal diameter between the tunnel
walls 27 comprised between 2.0 meters and 2.8 meters,
preferably comprised between 2.1 and 2.5 meters, e.g.,
2.2 meters.

[0131] Innovatively, the transverse propulsion device
which is the subject of the present invention fulfils its in-
tended purpose and overcomes the typical problems of
the prior art by simplifying the hull structure, reducing the
weight and facilitating the design, installation and main-
tenance operations.

[0132] Advantageously, the transverse propulsion de-
vice minimizes the potentially damaging effects of hull
slamming, protecting the transverse maneuvering tun-
nel.

[0133] Advantageously, the propulsion device
achieves a high compromise between structural simplic-
ity and minimization of unwanted turbulence phenomena
along the outer hull surface. Advantageously, the trans-
verse propulsion device generates low turbulence at high
cruising speeds, preferably at cruising speeds equal to
or greater than 9 or 10 knots, at which turbulence resist-
ance significantly impacts the efficiency of the ship.
[0134] Advantageously, the external water flow flows
along the tunnel inlet opening in an essentially constant
manner along the flow direction.

[0135] Advantageously, the grid is denser, i.e., it has
substantially doubled or tripled the number of uprights,
with respect to the grids typically used in the transverse
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propulsion devices of the prior art, reducing the genera-
tion of turbulence.

[0136] Advantageously, the grid has a dimension
along the tunnel axis which is thicker with respect to the
grids typically used in the transverse propulsion devices
of the prior art. This contributes to preventing or limiting
the crossing of the functional through windows.

[0137] Advantageously, the grid allows the passage of
water through the tunnel inlet opening, with an operating
transverse propulsion device.

[0138] Advantageously, the grid achieves a compro-
mise between minimizing the throttling effect of the tunnel
inlet opening and maximizing the effect of conveying the
external water flow at high speeds along the flow direc-
tion.

[0139] Advantageously, the grid allows for sudden
pressure gradients between the inside and outside of the
transverse maneuvering tunnel due to the hull slamming
with water.

[0140] Advantageously, the uprights generate a re-
duced friction against the external water flow along the
flow direction.

[0141] Advantageously, at the grid, the external water
flow mainly encounters the functional through windows,
as the uprights have a reduced surface area facing the
external water flow, thus the external water flow slides
with a low friction coefficient over the water present in
the functional through windows.

[0142] Advantageously, with external water flow at
high speeds, the functional through windows achieve the
closing function of the tunnel inlet opening.

[0143] Advantageously, the grid exploits the kinematic
inertia of the external water flow to conduct the water
outside the transverse maneuvering tunnel, along the
flow direction, minimizing or eliminating the crossings in
the functional through windows.

[0144] Advantageously, the structural complexity of
the transverse propulsion devices is reduced.

[0145] Advantageously, the grid is connected in a re-
movable manner, obviating the need to dry-dock the ship.
[0146] Advantageously,the grid can be removed to ac-
cess the inside of the maneuvering tunnel for inspection
and maintenance operations.

[0147] Advantageously, the grid is adaptable to differ-
ent embodiments of the opening edges.

[0148] Advantageously, the grid with uprights having
straight broken shape, the inclined upright segment fa-
vours the external water flow from the center of the tunnel
inlet opening towards the opening edges, i.e., in a cen-
trifugal direction with respect to the tunnel axis X. Advan-
tageously, the inclined upright segment contributes to
preventing or limiting the inlet of water inside the trans-
verse maneuvering tunnel, i.e., favouring the flow thereof
along the flow direction.

[0149] Advantageously, in the grid embodiment with
convex uprights in the shape of a circumferential arc, the
radius of curvature favours the external water flow from
the center of the tunnel inlet opening towards the opening
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edges, i.e., in a centrifugal direction with respect to the
tunnel axis X. Advantageously, the uprights in the shape
of a circumferential arc contribute to preventing or limiting
the inlet of water inside the transverse maneuvering tun-
nel.

[0150] It is clear that a person skilled in the art may
make madifications to the invention described above so
as to satisfy contingentrequirements, all contained within
the scope of protection as defined by the following claims.
[0151] For example, a person skilled in the art could
make a transverse propulsion device comprising a grid
substantially as described above but comprising only up-
rights or only crosspieces. Such an equivalent solution
is, however, a pejorative solution, as the grid would be
subject to highly undesirable vibrational and resonance
phenomena.

LIST OF REFERENCE NUMBERS
[0152]

1 Transverse propulsion device
2 Ship

21 hull

200 external water flow

210 outer hull surface

25 transverse maneuvering tunnel
26 opening edges

261 first edge portion

262 second edge portion

265 inner edge section

266 central edge section

267 outer edge section

27 tunnel walls

270 second edge section

273 first edge section

275 fixing ledges

28 tunnel inlet opening

281 first half area

282 second half area

3-

4 grid

40 functional through window
41 uprights

411 first upright end

412 second upright end

417 upright segment (inclined)
418 upright segment (central)
419 upright segment (inclined)
42 crosspieces

421 inner crosspiece end

422 outer crosspiece end
Ainlet area

D upright distance

P inlet plane

S flow direction

X tunnel axis

o grid angle

(]
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8 internal angle
B upright angle

Claims

1. Aship transverse propulsion device (1), wherein the
ship (2) comprises a hull (21) which comprises an
outer hull surface (210), along which an external wa-
ter flow (200) is intended to flow locally along a flow
direction (S); wherein the transverse propulsion de-
vice comprises:

- atransverse maneuvering tunnel (25) compris-
ing tunnel walls (27) extending along a tunnel
axis (X) oriented incidentally to the outer hull sur-
face (210), and opening edges (26) extending
at least partially about the tunnel axis (X) and
delimiting a tunnel inlet opening (28) open on
the outer hull surface (210), wherein the opening
edges (26) extend along the tunnel axis (X) be-
tween an inner edge section (265) incident to
the tunnel axis (X) and connected to the tunnel
walls (27), and an outer edge section (267) in-
cident to the tunnel axis (X) and connected to
the outer hull surface (210);

- a grid (4) associated with the transverse
maneuvering tunnel (25), comprising a plurality
of crosspieces (42) and/or a plurality of uprights
(41) incident to one another, mainly extending
over a grid surface (45) incident to the tunnel
axis (X) and the outer hull surface (210);

wherein the transverse propulsion device is charac-
terized in that the grid (4) comprises at least one
crosspiece (42) extending over the grid surface (45)
between:

* an inner crosspiece end (421) mechanically
connected to the inner edge section (265) or to
a portion of the tunnel walls (27) proximal to said
inner edge section (265), and

+ an outer crosspiece end (422) mechanically
connected to the outer edge section (267) or to
a portion of the opening edges (26) axially en-
closed between the inneredge section (265)and
the outer edge section (267) .

2. A ship transverse propulsion device according to
claim 1, wherein the grid surface (45) is substantially
a grid plane (45).

3. A ship transverse propulsion device according to
claim 1 or claim 2, wherein the grid (4) comprises at
least one crosspiece (42) extending over the grid
surface (45) between an inner crosspiece end (421)
mechanically connected to the inner edge section
(265) and an outer crosspiece end (422) mechani-
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cally connected to the outer edge section (267).

A sshiptransverse propulsion device according to any
one of the preceding claims, wherein all the uprights
(41) are positioned substantially orthogonally to the
flow direction (S).

A sshiptransverse propulsion device according to any
one of claims 1 to 3, wherein atleast one upright (41)
is substantially in the shape of a polyline or broken
straight line and comprises at least two upright seg-
ments (417, 419) mainly extending over two mutually
distinct, incident imaginary straight lines (R1, R2)
mainly extending over the grid surface (45).

A ship transverse propulsion device according to
claim 5, wherein said at least one upright (41) com-
prises at least one upright segment (418) substan-
tially orthogonally to the flow direction (S) over the
grid surface (45).

A sshiptransverse propulsion device according to any
one of claims 1 to 3, wherein atleast one upright (41)
is substantially curvilinear in shape.

A sshiptransverse propulsion device according to any
one of the preceding claims, wherein, along the flow
direction (S), the opening edges (26) are divided into
a first edge portion (261) intended to be lapped first
by the external water flow (200), and a second edge
portion (262), complementary to the first edge por-
tion (261), wherein the inner crosspiece end (421)
is mechanically connected to the first edge portion
(261), and wherein the outer crosspiece end (422)
is mechanically connected to the second edge por-
tion (262).

A ship transverse propulsion device according to
claim 8, wherein, in the second half area (282), the
grid (4) cooperates with the outer hull surface (210)
to form, as a whole, a surface with a hydrodynamic
shape along which the external water flow (200)
flows.

A sshiptransverse propulsion device according to any
one of the preceding claims, wherein the grid (4) ex-
tends over a curvilinear grid surface (45) and com-
prises at least one crosspiece (42) having an outer
crosspiece end (422) substantially tangent to the out-
er hull surface (210) .

A ship transverse propulsion device (1), wherein the
ship (2) comprises a hull (21) which comprises an
outer hull surface (210), along which an external wa-
ter flow (200) is intended to flow locally along a flow
direction (S); wherein the transverse propulsion de-
vice comprises:
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12.

13.

14.

15.

- atransverse maneuvering tunnel (25) compris-
ing tunnel walls (27) extending along a tunnel
axis (X) oriented incidentally to the outer hull sur-
face (210), and opening edges (26) extending
at least partially about the tunnel axis (X) and
delimiting a tunnel inlet opening (28) open on
the outer hull surface (210), wherein, along the
flow direction (S), the opening edges (26) are
divided into a first edge portion (261) intended
tobe lapped first by the external water flow (200),
and a second edge portion (262) complementa-
ry to the first edge portion (261);

- a grid (4) associated with the transverse
maneuvering tunnel (25), comprising a plurality
of uprights (41) and a plurality of crosspieces
(42) incident to one another, mainly extending
over a grid surface (45) incident to the tunnel
axis (X) and the outer hull surface (210); wherein
the tunnel inlet opening (28) is divided into a first
half area (281) partially delimited by the first
edge portion (261), and a second half area (282)
complementary to the first half area (281) and
partially delimited by the second edge portion
(262);

wherein the transverse propulsion device is charac-
terized in that, in the first half area (281), the grid
(4) is lowered with respect to the outer hull surface
(210), along the tunnel axis (X) and towards the in-
terior of the volume of the ship (2) defined by the
outer hull surface (210) .

A ship transverse propulsion device accordingto any
one of the preceding claims, wherein the grid (4) is
mechanically connected to the tunnel walls (27) in a
removable manner, for example, by means of bolted
screws connected to fixing ledges (275) protruding
from the tunnel walls (27) and/or the opening edges
(26), with the hull (21) being immersed in water.

A ship transverse propulsion device accordingto any
one ofthe preceding claims, wherein all or only some
uprights (41) and all or only some crosspieces (42)
delimit a plurality of functional through windows (40)
therebetween, wherein, with the external water flow
(200) flowing along the flow direction (S) at high
speeds, preferably speeds exceeding 4 meters per
second, the grid (4) is configured to prevent or limit
the passage of the external water flow (200) through
said functional through windows (40).

A ship transverse propulsion device according to
claim 13, wherein the functional through windows
(40) have a main dimension in a direction incident
or substantially orthogonal to the flow direction (S).

A ship transverse propulsion device according to
claim 14, wherein an upright distance (D) along the
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flow direction (S) between two consecutive uprights
(41), which delimit a functional through window (40)
therebetween, is between 150 and 250 millimeters,
preferably between 180 and 220 millimeters.

A sshiptransverse propulsion device according to any
one of claims 13to 15, wherein the functional through
windows (40) are configured to retain water at low
speeds, preferably speeds below 2.5 meters per sec-
ond, at said functional through windows (40) and/or
inside the transverse maneuvering tunnel (25) close
to said functional through windows (40).

A sshiptransverse propulsion device according to any
one of the preceding claims, wherein, in an inactive
configuration, with the transverse maneuvering tun-
nel (25) at least partially filled with water and the
external water flow (200) flowing along the flow di-
rection (S) at high speeds, preferably speeds ex-
ceeding 4 meters per second, the functional through
windows (40) are configured to cooperate with one
another and keep the water inside the transverse
maneuvering tunnel (25) at low speeds along the
tunnel axis (X), preferably speeds below 2.5 meters
per second.

A ship transverse propulsion device (1), wherein the
ship (2) comprises a hull (21) which comprises an
outer hull surface (210), along which an external wa-
ter flow (200) is intended to flow locally along a flow
direction (S); wherein the transverse propulsion de-
vice comprises:

-atransverse maneuvering tunnel (25) compris-
ing tunnel walls (27) extending along a tunnel
axis (X) oriented incidentally to the outer hull sur-
face (210), and opening edges (26) extending
at least partially about the tunnel axis (X) and
delimiting a tunnel inlet opening (28) open on
the outer hull surface (210), wherein the opening
edges (26) substantially form a straight corner
or comprise a flaring between the outer hull sur-
face (210) and the tunnel walls (27); wherein the
opening edges (26) extend between a first edge
section (273) flush with the outer hull surface
(210), and a second edge section (270) inside
the transverse maneuvering tunnel (25) and
spaced apart, along the tunnel axis (X), by an
amount between 400 and 600 mm from the first
edge section (273);

- a grid (4) associated with the transverse
maneuvering tunnel (25), comprising a plurality
of crosspieces (42) and/or a plurality of uprights
(41) incident to one another, mainly extending
over a grid surface (45) incident to the tunnel
axis (X) and the outer hull surface (210);

wherein the transverse propulsion device is charac-
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10

terized in that the grid (4) comprises at least one
crosspiece (42) extending over the grid surface (45)
between:

 an inner crosspiece end (421) mechanically
connected to the second edge section (270) or
to a portion of the tunnel walls (27) proximal to
said second edge section (270), and

+ an outer crosspiece end (422) mechanically
connected to the first edge section (273) or to a
portion of the opening edges (26) axially en-
closed between the first edge section (273) and
the second edge section (270) .
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