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(54)  Underwater vehicle

(57)  An underwater vehicle IS equipped with an ex-
ternal nozzle collector shield (7), or "ENS" ("External
Nozzle Shield"), that surrounds a substantial portion of
the hull (2), up to the rear propeller (6), so that water

flows inside the interspace (10) between the hull (2) and
said external shield (7), starting from a front mouth (8)
which is located at a position displaced rearwardly with
respect to the bow (4) of the hull (2), and ending at an
outlet mouth (9) located at the rear of the propeller (6).
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Description

Field of the invention

[0001] The presentinvention relates to the field of un-
derwater vehicles, of the type including an elongated hull
equipped with at least one propeller located at the stem
of the vehicle. This definition comprises both vessels in-
tended to transport personnel, such as those used for
subaqueous explorations, and unmanned vehicles such
as those used in oceanic studies.

General technical problem and prior art

[0002] Over the years, various solutions have been
proposed in order to improve performance and efficiency
of underwater vehicles, for example with aim of reducing
the energy consumption necessary for propulsion, and/or
increasing speed and manoeuvrability as well as noise-
lessness.

[0003] Forinstance, it has already been proposed that
shrouding the propeller with an outer, circumferential
covering, would result in its driving force becoming more
efficient.

[0004] Furthermore, some of the proposed solutions
(see, for example, U.S. Patents No. 2,969,759 and No.
4,395,965) involve an outer shell thatforms an interspace
between the hull and the shell in which water flows lon-
gitudinally from the bow to the stem of the vehicle. Water
enters the interspace via lateral openings or pores within
the shell. None of the known solutions, however, have
been able to satisfactorily resolve the aforementioned
technical issues.

[0005] An underwater vehicle of the type indicated in
the preamble of claim 1 is known from US Patent No.
6,427,618 B1.

Obiject of the invention

[0006] The object of the presentinvention is to provide
an underwater vehicle that produces minimal hydroa-
coustic disturbance through its movement and is char-
acterized by an extremely high overall functional efficien-
cy, so as to be able of overcoming the disadvantages of
the known solutions.

[0007] A further objectis that of providing an underwa-
ter vehicle which is adapted to the application of tech-
niques for active control of noise emissions (which tech-
niques, however, do notform part of the presentinvention
and therefore are not disclosed in this document).
[0008] Still a further object of the invention is to provide
an underwater vehicle having high passive safety fea-
tures, where passive safety is intended as protection
against damage caused by unintended collision with for-
eign bodies, and also having high active safety features,
where active safety is intended as the provision of emer-
gency tools for resurfacing of the vehicle following break-
down.
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[0009] Still a further object is to achieve the aforemen-
tioned objects with extremely simple and relatively inex-
pensive means.

[0010] These and further objects are achieved accord-
ing to the invention by providing an underwater vehicle
having the features indicated in the appended claim 1.
[0011] This solution is further advantageous in terms
of operability, as the frontal opening (mouth) of the tubular
shield can be positioned in such a way so as not to com-
promise the functioning of detecting apparatus and/or
devices located on the bow.

[0012] Thanks to the aforementioned characteristics,
the vehicle according to this invention is capable of ex-
ploiting the mechanics of the ducted propeller to its max-
imum advantage. During subaqueous movement, the
pressure exerted on the propeller by the water flowing
through the interspace created by the tubular shield in-
creases with the vehicle speed, dramatically reducing
undesirable cavitation phenomena and thus increasing
the velocity of rotation of the propeller, without any sub-
stantial limitations, apart from those imposed by the pow-
er of the engine driving the propeller.

[0013] The width of the interspace defined by the tu-
bular shield is kept to a minimum, so that the thrust in-
crease obtained by the higher rotational speed of the
propeller is not jeopardised by an excessive increase of
the cross section of the underwater vehicle.

[0014] In a preferred embodiment, the vehicle accord-
ing to this invention is equipped with at least one addi-
tional auxiliary propeller which consists of an annular ro-
tor rotatable around the hull and located within the inter-
space created by the outer tubular shield, more forwardly
with respect to the rear propeller and preferably adjacent
to the front mouth of the shield.

[0015] The hull is constructed according to standard
techniques and materials with a metallic structure that is
resistant to very high pressures, while the tubular shield
comprises a light structure, ideally made of synthetic con-
stituents such as fibre-reinforced composite materials.
The external shield is not subjected to elevated pres-
sures, as it is exposed to water on both its internal and
external surfaces.

[0016] Still in the case of a particularly preferred em-
bodiment, the shield is supported by several pillars pro-
jecting radially from the hull, at least some of which are
hollow and house balloons which are inflatable (e.g. by
gases generated by the explosion of pyrotechnic charges
such as those used in motor-vehicle air-bags). The bal-
loons can be deployed and used as emergency means
to induce emersion of the vehicle in an emergency situ-
ation.

[0017] The pillars can be pressurised and fulfil multiple
functions, such as the containment and protection of sen-
sors and other devices, interconnecting cables, etc.
[0018] Still in the case of the preferred solution, the
external shield’s cross-section decreases towards the
rear propeller, at least for the portion of the hull more
closer to the rear propeller.



3 EP 2 671 790 A1 4

[0019] In addition, the rear propeller is preferably as-
sociated to a further, contra-rotating propeller and/or to
a bladed stator.

[0020] Still in the case of the preferred embodiment,
on the external shield there are distributed a number of
movable lids that are adapted to provide a communica-
tion of the interspace between the hull and the shield with
the environment external to the shield. These lids can be
controlled in a differentiated manner, to provide the pos-
sibility of orienting the resulting vectorial thrust and to
balance and/or reduce pressure within the interspace.
[0021] As already mentioned, the above features pro-
duce significant advantages in terms of hydrodynamics
(dramatic reduction of the propeller cavitation factor, vis
avis a slighy increase in drag due to the presence of the
external shield) and in terms of hydroacoustics (noise
reduction) as well as in terms of passive safety (the shield
provides a non-pressurised deformable structure exter-
nal to the reinforced hull) and active safety (inflatable
balloons housed in the shield hollow pillars for emergen-
cy emersions).

[0022] A reduction of the vehicle’s thermic trail is also
obtained, as any discharges of fluids having a tempera-
ture higher than that of marine water can be dispersed
within the interspace and mixed therein.

[0023] Further features and advantages of the inven-
tion will become apparent from the following description,
with reference to the accompanying drawings, given
purely by way of non-limiting example, in which:

figure 1 is a schematic representation of a lateral
view of a preferred embodiment of an underwater
vehicle according to this invention,

figure 2 is a front view of the vehicle of figure 1, and
figure 3 is a cross-sectional view of the vehicle of
figure 1.

[0024] With reference to the drawings, figure 1 gener-
ally designates an underwater vehicle. The illustrated ex-
ample is referred to the case of a vehicle intended for
transporting personnel and used , for instance, to carry-
outunderwater surveys. As already indicated, itis readily
apparent that this invention is equally applicable to un-
manned vehicles, such as those that employ equipment
for underwater surveys. Vehicle 1 comprises a hull 2
made of steel and constructed according to any known
techniques in this field. Structural details of the hull 2 are
not herewith described nor illustrated, because, as al-
ready stated, they can be made in any known manner,
and because their deletion from the drawings render the
same simpler and easier to understand.

[0025] The hull 2 has a thin and elongated shape, with
a sail 3, a bow 4 and a stem 5. At the stem 5 a rear
propeller 6 is provided for the vehicle propulsion, which
is driven in rotation by an engine (not shown) of any
known type. Details of the propeller 6 and its operating
engine are not illustrate d herein, as they can be made
in any known manner, as readily apparent to those skilled
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in the art.

[0026] According to this invention, around the hull 2 an
external collecting nozzle shield 7 is provided, also called
"ENS" ("External Nozzle Shield"), having a substantially
tubular shape (a funnel-shape in the illustrated example)
which extends for most of the length of the hull 2, starting
from an inlet mouth 8, located at a position displaced
rearwardly with respect to the bow 4, and ending at an
outlet mouth 9, located at the rear of the propeller 6.
Shield 7 defines an enveloping casing within which the
rear propeller 6 is enclosed, and also provides an inter-
space 10 surrounding the hull 2 (at least partially in the
circumferential direction and partially in the longitude di-
rection), where the water flow is channelled towards the
propeller 6. This water flow enters the shield 7 via the
front mouth 8 (arrows A in figure 1) and travels along its
entire length (arrow C) until it exits from the stem mouth
9, downstream of the propeller 6 (arrow B).

[0027] Shield 7 is not required to have a pressure re-
sistant structure, as its surface is exposed to marine wa-
ter both internally and externally. It is preferably made of
a lightweight structure, for instance, of a synthetic mate-
rial, such as fibre-reinforced composite material. The
shield is supported by a number of front radial pillars 11
and rear radial pillars 12.

[0028] Preferably, at least some of pillars 11, 12 are
hollow and house inflatable balloons, preferably balloons
which are inflatable automatically by pyrotechnic charg-
es, according to a technique used for motor-vehicle air-
bags. In this manner, the vehicle is thus provided with
active safety features against breakdowns that would
hinder an emersion. In case of emergency, the explosive
charges can be triggered to cause inflation of the balloons
and the vehicle ascent to the surface.

[0029] Preferably to the rear propeller 6 there is asso-
ciated afurther counter-rotating propeller and/or a bladed
stator. Furthermore, according to a further preferred fea-
ture, the vehicle is provided with an additional auxiliary
propeller 13 which consists of an annular rotor that re-
volves around the hull 2, positioned in the proximity of
the front mouth 8 of shield 7.

[0030] In the case of the embodiment shown in the
drawings purely by way of example, shield 7 has a trun-
cated conical shape, butany other shape would be viable.
However, the preferred shape is tapered towards the aft-
most portion of the shield 7, close to the rear propeller 6.
[0031] According to a further preferred feature, mova-
blelids 14 are provided circumferentially on shield 7, each
movable between an opened and closed condition and
adapted to be controlled in a differentiated manner to
generate an orientable resulting vectorial thrust and/or
to reduce and/or balance the pressure within interspace
10. Movable lids 14 can be placed, in variable number,
in any position on shield 7.

[0032] Inaccordance with the conventional technique,
the vehicle is equipped with hydroplanes at the stem 15.
[0033] In operation, activation of propeller 6 causes
movement of the vehicle under water. Therefore, as a
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result of both the movement of the vehicle and the suction
effect of rear propeller 6 and front propeller 13 (if any),
water is channelled longitudinally within interspace 10
from the front mouth 8 to rear propeller 6 and exit mouth
9 at the stem.

[0034] The operating principle is that of a ducted pro-
peller, brought to a maximum in order to provide a virtual
cycle, in which the more the vehicle advances and the
higher is the increase in the pressure exerted on rear
propeller 6 (or rear and front propellers 6 and 13), thus
reducing cavitation phenomena dramatically. It is there-
fore possible to have the propellers rotating at much
greater speeds than is commonly achieved in known ve-
hicles, without risk of cavitation. Essentially, the only limit
to the propellers speed is imposed by the power that the
engine(s) of the underwater vehicle is/are able to supply.
[0035] As already stated, the width of interspace 10 -
primarily determined by the distance between shield 7
and hull 2 - must be made as minimal as possible, so
that the increased thrust is not thwarted by the wider
cross section of the vehicle.

[0036] The high drag, slow rotating front propeller 13
can be actuated independently or jointly with the main
rear propeller 6.

[0037] As previously indicated, inflatable balloons
housed within the supporting pillars 11, 12 provide an
active safety feature in the event of vehicle breakdown
preventing its resurface.

[0038] The main rear propeller 6 is completely sur-
rounded by the outer shield 7. The shield follows the con-
tour of the vehicle and may present a cross-section ta-
pering in proximity of the main rear propeller 6. This caus-
esahigher pressure flow of water onto the propeller itself,
which increases its thrust. As already mentioned, thrust
can be augmented further by the installation of additional
devices, such as an auxiliary counter-rotating propeller
and a bladed stator located downstream of rear propeller
6.

[0039] As readily apparent from the foregoing descrip-
tion, thanks to the above indicated features, the vehicle
has several advantages over the known vehicles, both
in terms of hydrodynamics (reduction of the cavitation
factor) and hydroacoustics (noise reduction) and also
from the standpoint of active and passive safety. The
interspace 10 can also be utilised to mix any discharges
of hot fluids with marine water in order to reduce the ve-
hicle thermic trail.

[0040] Naturally, while the principle of the invention re-
mains the same, the details of construction and the em-
bodiments may widely vary with respect to what has been
disclosed purely by way of example, without departing
from the scope of the present invention.

Claims

1. Underwater vehicle, comprising:
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- an elongated hull (2) provided at its stem with
at least one propeller (6), which is ducted within
a circumferential casing,

- an outer tubular shield (7) at least partially sur-
rounding the hull (2) and forming an interspace
(10) between the shield (7) and the hull (2),

- wherein said shield (7) extends throughout at
least a substantial portion of the length of the
hull (2), starting from a front mouth (8) and end-
ing atthe stem, where itdefines said casing with-
in which the propeller (6) is ducted,

so that the entire flow of water which is directed
to the propeller (6) is guided within said inter-
space (10) defined by said outer shield (7), start-
ing from said front mouth (8) to an outlet mouth
(9) located at the rear of the propeller (6),
characterized in that said front mouth (8) is lo-
cated at a position displaced rearwardly with re-
spect to the bow (4) of said elongated hull (2).

Underwater vehicle according to claim 1, character-
ized in that it is provided with an auxiliary propeller
(13) constituted by an annular rotor rotating around
the hull (2) and located within the interspace (10)
defined between by the outer shield (7), ahead of
the propeller (6).

Underwater vehicle according to claim 2, character-
ized in that said auxiliary propeller (13) is located in
proximity of the front mouth (8) of the shield (7).

Underwater vehicle according to claim 1, character-
ized in thatthe hull (2) is constructed with a structure
resistant to high pressures, whereas the outer shield
(7) is constituted by a lightweight structure, prefera-
bly made of a synthetic material, particularly a fibre-
reinforced composite material.

Underwater vehicle according to claim 1, character-
ized in that the shield (7) is supported by a plurality
of pillars (11, 12) projecting radially from the hull (2).

Underwater vehicle according to claim 5, character-
ized in that at least some of said pillars (11, 12) are
hollow and contain inflatable balloons which can be
used as emergency devices to cause an emersion
of the vehicle.

Underwater vehicle according to claim 1, character-
ized in that the shield (7) has a cross-section taper-
ing towards the rear propeller (6), at least throughout
a portion of the shield (7) which is more proximate
to the rear propeller (6).

Underwater vehicle according to claim 1, character-
ized in that the rear propeller (6) is provided with a
counter-rotating auxiliary propeller and/or a stator
with vanes.
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Underwater vehicle according to claim 1, character-
ized in that on said shield (7) there are distributed
movable lids (14) adapted to provide a communica-
tion between the interspace (10) and the environ-
ment outside the shield (7), said lids (14) being 5
adapted to be controlled in a differentiated manner,
in order to obtain a resulting vectorial thrust which
can be oriented in order to equalize and/or reduce

the pressure inside the interspace (10).
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