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PROPULSION UNIT

FIELD OF THE INVENTION

The present invention relates to a propulsion unit according to the

preamble of claim 1.

BACKGROUND ART

WO patent publication 99/14113 discloses a propulsion system for
vessels and a method for moving a vessel in ice conditions. The system com-
prises a drive shaft, a propeller attached to the drive shaft, and a nozzle sur-
rounding the propeller. The nozzle has a water inlet and a water outlet, and
rotatable blades or vanes attached to a portion of the drive shaft which projects
outside the water inlet for breaking and or crushing ice before the ice enters
the nozzle. The point of maximum diameter of the blades or vanes is posi-
tioned at an axial distance from the plane of the water inlet which is 0.02 to
0.25 times the diameter of the propeller. The diameter of the rotatable blades
or vanes is 0.6 to 0.8 times the diameter of the propeller.

US patent 2,714,866 discloses a device for propelling a ship. The
motor casing is in the embodiment shown in figure 4 attached to a vertical rud-
der shaft and can thereby be turned with the rudder shaft from the interior of
the ship. An electric motor is positioned within the motor casing. A nozzle sur-
rounding the casing is supported with flat joint pieces on the casing. The pull-
ing propeller which is driven with the electric motor is positioned at the front
end of the casing within the nozzle. The flat joint pieces are slightly bent so
that they capture the helical motion of the water coming from the propeller.
This causes the helical motion component of the resultant speed of the water
stream to change to an axial direction and to be employed for shearing.

US patent 8,435,089 discloses a marine engine assembly including
a pod mountable under a ship’s hull. The marine propulsion set comprises at
least one pod that is mechanically connected to a support strut, a propeller that
is situated at the aft end of the pod and that has at least two blades, and an
arrangement of at least three flow-directing fins that are fastened to the pod.
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This arrangement of fins forms a ring that is substantially perpendicular to the
longitudinal axis of the pod, said ring lying within a zone that is situated be-
tween a central portion of said support strut and the propeller. The propulsion
set comprises further a nozzle that surrounds, at least in part, the propeller and
said ring. Each of said blades presents an end with an edge coming flush with
the inside wall of the nozzle so that the propeller constitutes the rotor of a
screw pump. The fins are positioned before the propeller in the normal direc-
tion of travel of the ship. There are no fins after the propeller.

Nozzles are used e.g. in so called Dynamic Positioning (DP) vessels
used in oil drilling. The nozzle forms a central duct with an axial flow path for
water from a first end to a second end of the nozzle. The thrust produced by
the propeller is amplified by the nozzle at low speeds. The nozzle may produce
up to 40% of the total thrust at low speeds, whereby the propeller produces
60% of the total thrust. There are several propulsion units in such vessels and
the vessel is kept steady in position by the propulsion units. A big thrust is thus
needed at low speed in order to keep the vessel continuously in position in

rough seas.

BRIEF DESCRIPTION OF THE INVENTION

An object of the present invention is to achieve an improved propul-
sion unit.

The propulsion unit according to the invention is characterized by
what is stated in the characterizing portion of claim 1.

In an aspect, there is provided a propulsion unit comprising a sup-
port strut extending downwards from a hull of a vessel, a casing attached to a
lower end of the support strut, a propeller being arranged to an end of the cas-
ing, an annular nozzle surrounding the outer perimeter of the propeller blades
and being fixedly supported on the casing with a support construction compris-
ing at least three vanes between an outer perimeter of the casing and an inner
perimeter of the nozzle, said nozzle having an inlet opening and an outlet
opening, whereby a duct for water flow is formed between the inlet opening
and the outlet opening through the interior of the annular nozzle. The propeller
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puHs the vessel in a driving direction, the water enters the blades of the propel-
ler freely from the inlet opening of the nozzle, and the support construction of
the nozzle is positioned fully inside the nozzle and after the propeller in the
driving direction of the vessel, the support construction being positioned be-
tween the propeller and the support strut.

In an embodiment, the propulsion unit comprises:

a support strut extending downwards from a hull of a vessel, an up-
per end of the support strut being rotatable supported at a bottom portion of
the hull,

a casing attached to a lower end of the support strut,

a first electric motor being positioned within the casing,

a hub attached to a first end of the casing,

a first shaft having a first end attached to the first electric motor and
a second end attached to the hub,

a propeller comprising at least three blades being attached to the
hub,

an annular nozzle surrounding the outer perimeter of the propeller
blades and being fixedly supported on the casing with a support construction
comprising at least three vanes extending in the radial direction between the
outer perimeter of the casing and the inner perimeter of the nozzle, said nozzle
having an inlet opening and an outlet opening, whereby a duct for water flow is
formed between the inlet opening and the outlet opening through the interior of
the annular nozzle.

In an embodiment, the propulsion unit is characterized in that:

the propeller pulls the vessel in a driving direction,

the support construction of the nozzle is positioned after the propel-
ler in the driving direction of the vessel, whereby the vanes in said support
construction are optimized for redirecting rotational flow components of the
flow produced by the propeller into axial thrust.

The support construction of the nozzle is positioned after the propel-
ler in the driving direction of the vessel. This means that the spiral shaped flow
produced by the propeller will pass through the support construction. The for-
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mat, the position, the angle and the number of the vanes can be optimized in
view of redirecting as much as possible of the rotational components of the
propeller flow into axial thrust.

BRIEF DESCRIPTION OF THE DRAWINGS

in the following the invention will be described in greater detail by
means of preferred embodiments with reference to the attached drawings, in
which:

Figure 1 shows a vertical cross section of a propulsion unit accord-
ing to the invention,

Figure 2 shows a horizontal cross section of a propulsion unit ac-
cording to the invention,

Figure 3 shows an axonometric view of a part of the propulsion unit,

Figure 4A shows an embodiment of a nozzle,

Figure 4B shows an embodiment of a rotor,

Figure 4C shows an embodiment of a stator,

Figure 5 illustrates exemplary dimensions of the pod unit and the
nozzle,

Figure 6 shows a dependency between nozzle dimensions and
thrust efficiency, and

Figure 7 shows another dependency between nozzle dimensions

and thrust efficiency.

DETAILED DESCRIPTION OF THE INVENTION

The invention will in the following be disclosed by referring to some
embodiments. The embodiments relate to a propulsion unit of a ship/vessel.

In an embodiment, the propulsion unit is an electric azimuth thrust-
er, where an electric motor is arranged to an underwater pod unit directly con-
nected to a propeller. The electricity for the electric motor may be produced by
a prime move, such as a gas or diesel engine onboard.

In another embodiment, the propulsion unit is an azimuth mechani-
cal thruster. In this embodiment, the motor is arranged inside the ship, and is
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connected to the propulsion unit by gearing. The motor may be a diesel motor,
an electric motor or a combination thereof. The shaft arrangement may be of L-
or Z-type. ,

In still another embodiment, the propulsion unit may be rotationally
fixed, that is non-rotatable. In such an embodiment there is provided an addi-
tional rudder for controlling the orientation of the ship. The motor may be an
electric motor arranged to an underwater pod or onboard, that is inside the
ship, or a mechanical thruster arranged onboard.

In the following the invention will be explained by reference to an
embodiment where the propulsion unit has an electric motor arranged to an
underwater pod unit but it is understood that the disclosed concept relating to a
nozzle and the related features such as the propeller and the vanes is not de-
pendent on where and how the propulsion power is produced.

Figure 1 shows a propulsion unit according to an embodiment of the
invention. The propulsion unit 20 comprises a hollow support strut 21, a casing
22, a first electric motor 30, a first shaft 31, a hub 40, a propeller 50, and an
annular nozzle 60 surrounding the propeller 50. The propeller 50 is pulling the
vessel forwards in a first direction S1 i.e. a driving direction of the vessel. If the
vessel is desired to be driven to an opposite direction, the azimuthing propul-
sion unit may be rotated 180 degrees whereby the propulsion unit still operates
in a pulling mode. The propeller is thus designed and optimised for operation in
a primary rotation direction.

In some situations, such as emergency situations for example, the
orientation of the propulsion unit may be maintained but the rotation direction
of the propeller may be reversed for breaking of the vessel and/or driving the
vessel backwards. In this mode the propeller operates by pushing water ahead
of the propeller. Such operation is, however, temporary and the propeller is not
optimized for such operation.

The support strut 21 extends downwards from a hull 10 of a vessel.
An upper end 21A of the strut 21 extends into the interior of the hull 10 of the
vessel and is rotatably supported at a bottom portion of the hull 10 of the ves-
sel. The support strut 21 has further a leading edge 21C facing towards the
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driving direction S1 of the vessel. The casing 22 is attached to a lower end 21B
of the strut 21. The casing 22 has the form of a gondola having a first end 22A
and a second opposite end 22B. The gondola may have at least substantially a
form of a drop, whereby the first end 22A, that is the front end, may be more
blunt than the second end 22B being the aft end of the pod. The casing/pod is
thus arranged for propagation/driving the blunt head 22A ahead for minimiza-
tion of water resistance. The first end 22A of the casing 22 is directed towards
the driving direction S1 of the vessel when the vessel is driven forwards.

The hub 40 is connected to the first end 22A of the casing 22 and
the propeller 50 is attached to the hub 40. A first end 31A of the first shaft 31 is
connected to the first electric motor 30 positioned within the casing 22 and a
second end 31B of the first shaft 31 is connected to the hub 40. The hub 40
and thereby also the propeller 50 rotates with the first shaft 31 driven by the
first electric motor 30. The first shaft 31 rotates around a shaft line X-X.

The propelier 50 comprises at least three radially extending blades
51, 52, advantageously 3 to 7 blades 51, 52. The water enters the blades 51,
52 of the propeller 50 directly without any disturbing elements positioned be-
fore the propeller 50. There are thus no vanes, for instance, in front of the pull-
ing propeller in the driving direction whereby the water is allowed to enter the
blades of the propeller freely. The blades 51, 52 of the propeller 50 are dimen-
sioned according to normal marine propeller dimensioning processes. The
blade 51, 52 geometry of the propeller 50 is optimized for the freely incoming
three dimensional water flow taking into account the downstream equipment
such as the support construction 70 of the nozzle 60 and the support strut 21.

The annular nozzle 60 surrounds an outer perimeter of the propeller
50 blades 51, 52. The shaft line X-X forms also an axial centre line for the an-
nular nozzle 60. In an advantageous embodiment, the centre of the propeller in
the longitudinal direction of the nozzle 60 is in a range from 0.30 to 0.45 times
the diameter of the propeller 50 from the inlet opening 61 of the nozzle 60.

The annular nozzle 60 has an inlet opening 61 and an outlet open-
ing 62, whereby a central duct 65 is formed between the inlet opening 61 and
the outlet opening 62 of the nozzle 60. The central duct 65 forms an axial flow
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path for water flowing through the interior of the annular nozzle 60. The shape
of the nozzle 60 is designed for minimal self-induced drag and for maximal
thrust. The length, the thickness and the position of the nozzle 60 in relation to
the casing 22 has to be optimized. In one advantageous embodiment, the
length of the nozzle 60 is between a range being between from 0.45 to 0.65
times the diameter of the propeller 50. In a further advantageous embodiment,
the length of the nozzle is 0.45 to 0.55 times the diameter of the propeller. The
angle of the front end 22A of the casing 22 has a great effect on the form of
the nozzle 60. This will in more detailed be explained with reference to Figures
4Ato 7.

The annular nozzle 60 is fixedly attached to the casing 22 with a
support construction 70 comprising radially extending vanes 71, 72 extending
between the outer perimeter of the casing 22 and the inner perimeter of the
nozzle 60. There are at least three vanes 71, 72, advantageously 2 to 7 vanes
71, 72 supporting the annular nozzle 60 at the casing 22.

The number of propeller blades and the vanes may be mutually dif-
ferent to avoid non-stationary forces. In some embodiments, the stator may
have more vanes than the rotor has blades. In some embodiments, the differ-
ence is one (1), that is, the stator has one vane more than the rotor has
blades. In an embodiment, the propeller may have 4 blades and the stator 5
vanes.

The vanes 71, 72 are positioned after the propeller 50 in the driving
direction S1 of the vessel. The rotating propeller 50 causes water to flow
through the central duct 65 from the first end 61 of the central duct 65 to the
second end 62 of the central duct 65 in a second direction S2, which is op-
posed to the first direction S1 i.e. the driving direction of the vessel. The thrust
produced by the propeller 50 is amplified by the annular nozzle 60. The propel-
ler 50 is thus pulling the vessel in the first direction S1.

The vanes 71, 72 of the support construction 70 receive the spiral
shaped water flow from the blades 51, 52 of the propeller 50 as the vanes 71,
72 are positioned after the propeller 50 in the driving direction S1 of the vessel
10. The vanes 71, 72 recover the rotational energy created by the blades 51,
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52 of the propeller 50. The vanes 71, 72 redirect the rotational flow component
of the spiral shaped water flow into the axial direction. This will increase the
thrust produced by the propeller 50.

The sectional shape of the vanes 70 is designed to minimize self-
induced drag. Each vane 71, 72 is designed by taking into account the incom-
ing three dimensional water flow i.e. the water flow coming from the propeller
50. The impact of the support strut 21, which is positioned downstream from
the vanes 71, 72 is also taken into consideration when designing the vanes 71,
72.

The vanes 71, 72 in the support construction 70 are optimized for
redirecting rotational flow components of the flow produced by the propeller 50
into axial thrust. The optimization is done by calculating the flow field produced
by the propeller 50 just before the support construction 70. The calculation can
be done by computational fluid dynamics (CFD) or by a more simple panel
method. When the flow field is known, then the optimal angle distribution in the
radial direction of the vanes 71, 72 in relation to the incoming flow is deter-
mined so that the ratio between the extra thrust that the vanes 71, 72 produce
and the self-induced drag that the vanes 71, 72 produce is maximized. The
ratio between the thickness and the length of each vane 71, 72 is determined
by the strength of the vanes 71, 72. The vanes 71, 72 carry and supply the
thrust and the hydrodynamic loads produced by the propeller 50.

In the embodiments, the propeller thus produces a rotational torque
to the water entering freely/directly to the propeller. After the propeller in the
driving direction, the rotating water flow enters the vanes, which produce an
opposite torque than the propeller to the water flow. Thereby an axial flow of
water is returned by the vanes. The vanes thus compensate for the rotational
torque produced by the propeller by an opposite torque to return the rotating
water flow entering the vanes to an axial thrust when the water exits the vanes
and the nozzle. It may thus be said that the vanes impart a counter-torque to
the water flow when compared to the torque imparted by propeller, which
counter-torque at least substantially equalizes the rotational effect of the pro-
peller such that as an outcome a direct water flow is provided by the nozzle. It



10

15

20

25

30

WO 2015/173468 PCT/F12015/050313

is advantageous that the vanes are positioned interior of the nozzle, that is be-
tween the inlet and outlet openings of the nozzle. In this way the axial flow of
the water is returned as soon as possible which maximizes the thrust obtained
from the nozzle.

The propeller 50 and the support construction 70 are fully within the
nozzle 60 i.e. within the inlet end 61 and the outlet end 62 of the nozzie 60.
That is, the propeller blades and the vanes are located inside a tube defined
by the nozzle.

The upper end 21A of the support strut 21 is attached to a gear
wheel 26 within the hull of the vessel. A second electric motor 110 is connect-
ed via a second shaft 111 to a pinion 112 being connected to the cogs of the
turning wheel 26. The second electric motor 110 will thus turn the gear wheel
26 and thereby also the propulsion unit 20. The propulsion unit 20 is thus ro-
tatable supported at the hull 10 of the vessel and can be rotated 360 degrees
around a vertical centre axis Y-Y in relation to the hull 10 of the vessel. The
figure shows only one second electric motor 110 connected to the gear wheel
26, but there could naturally be two or more second electric motors 110 driving
the gear wheel 26.

The electric power needed in the electric motors 30, 110 is pro-
duced within the hull 10 of the vessel. The electric power can be produced by a
generator connected to a combustion engine. The electric power to the first
electric motor 30 is supplied by cables running from the generator within the
interior of the hull 10 of the vessel to the propulsion unit 20. A slip ring ar-
rangement 100 is needed in connection with the gear wheel 26 within the hull
10 in order to transfer electric power from the stationary hull 10 to the rotatable
propulsion unit 20.

The centre axis X of the first shaft 31 is directed in the horizontal di-
rection in the embodiment shown in the figures. The centre axis X of the first
shaft 31 could, however, be inclined in relation to the horizontal direction. The
casing 22 would thus be inclined in relation to the horizontal direction. This
might in some circumstances result in hydrodynamic advantages.
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The angle a1 between the axis Y-Y of rotation of the propulsion unit
20 and shaft line X-X is advantageously 90 degrees, but it could be less than
90 degrees or more than 90 degrees.

Figure 2 shows a horizontal cross section of a propulsion unit ac-
cording to the invention. The figure shows the support strut 21 and the casing
22. The support strut 21 supports the propulsion unit 20 at the hull of the ves-
sel. The horizontal cross section of the support strut 21 shows that the leading
edge 21C of the support strut 21 is inclined by an angle a2 towards the incom-
ing water flow. The leading edge 21C of the support strut 21 can be optimized
and shaped to increase the thrust of the whole unit by inclining the leading
edge 21C towards the incoming water flow. The support strut 21 can thus re-
cover the remaining rotational energy from the three dimensional flow after the
support construction 70. The inclination angle a2 of the leading edge 21C of
the support strut 21 varies in the range of 0 to 10 degrees. In an advantageous
embodiment, the inclination angle is in a range of 3 to 7 degrees. Preferably,
the inclination is towards an approaching rotor blade. That is, if the rotor ro-
tates clockwise, the inclination points to the right when seen from the behind of
the strut. The inclination angle o2 of the leading edge 21C of the support strut
21 can vary in the radial direction. The angle of the water flow after the support
construction 70 of the nozzle 60 can be calculated by computational fluid dy-
namics (CFD) or by a more simple panel method in order to determine the an-
gle a2.

The blades 51, 52 of the propeller 50 are positioned in a first axial
zone X1 and the vanes 71, 72 of the support construction 70 are positioned in
a second axial zone X2. The second axial zone X2 is positioned at an axial
distance X3 after the first axial zone X1 in the normal direction S1 of travel of
the vessel.

The propeller 50 has a diameter D1 measured from a circle passing
through the radial outer edges of the blades 51, 52 of the propelier 50.

Figure 3 shows an axonometric view of a part of the propulsion unit.
The figure shows the casing 22 and the nozzle 60 surrounding the casing 22.
The figure shows further one vane 71. The section angle a3 of each vane 71,
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72 varies in the radial direction from 0 to 15 degrees. In one preferred embod-
iment, the angle is from 3 to 10 degrees. The section angle a3 is the angle be-
tween the axial direction X-X and the radial direction of the plane of the vane
71, 72. In other words, this angle defines how much the vane is inclined with
respect to the longitudinal axis X-X, which also defines the rotation axis of the
propeller.

Figure 4A shows a 3D-representation of one embodiment of a noz-
zle. The nozzle may thus be geometrically a cylinder or a cone frustum having
open ends. The form of the nozzle may depend on the form of the pod sur-
rounded by the nozzle. Preferably the open area between the pod and the
nozzle is greater in the front of the nozzle than in the stern of the nozzle. The
front of the nozzle refers to the end of the nozzle that is closer to the propeller
to be placed within the nozzle. In another embodiment, the diameters of both
ends of the nozzle are substantially equal.

Figure 4B shows 3D-representation of an embodiment of a ro-
tor/propeller. It can be seen that the propeller comprises a substantially cylin-
drical middle portion, rotor disk, to which the blades are fixed. The base portion
of the blades which is fixed to the rotor disk may be slightly tilted from the rota-
tion axis of the propeller. The form of the blade may further have a twisted form
such that at the tip of the blade, the rear end is radially further away from the
base of the blade than the front end of the blade.

Figure 4C shows a 3D-representation of an embodiment of a stator.
The vanes of the stator may also be inclined with respect to the rotation axis of
the rotor. The tilting of the stator blades may be to opposite direction than the
tiiting of the rotor blades. For instance, as the rotor blades in Figure 4B are
tilted to the right when seen from the rear of the rotor, the stator blades of Fig-
ure 4C may be tilted to the left meaning that the front end of the vane is more
left than the rear end of the vane. The tilting of the vane may be up to 15 de-
grees when compared to the rotation axis of the rotor. Preferably the vane tilt-
ing is between 3 to 10 degrees from a longitudinal axis passing longitudinally
through the pod.
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As the inclinations of the rotor blades and stator vanes are to oppo-
site directions, they cause substantially opposite rotation effect on the water.
That is, the vanes are arranged to substantially cause an opposite rotation
force on the water than the rotor blades, whereby the rotation effect of the rotor

5 is substantially compensated by the stator such that the thrust that exits the
stator is at least substantially axial.

Figure 5 shows an embodiment of part of a propulsion unit for illus-
trating various dimensions and dependencies between dimensions. In Figure
5, following abbreviations are used.

10 D is the diameter of the nozzle front in the principal propagation di-
rection of the pod 22. Dy is the diameter of the nozzle stern, that is, the end of
the nozzle in the principal propagation direction of the pod 22. d, refers to the
diameter of pod at the plane of the nozzle front, and dg refers to the diameter
of the pod on the plane of the nozzle stern. Dy, is the inner nozzle diameter on

15 plane of the rotor disk to which the rotor blades are fixed to. dgs refers to the
diameter of the rotor hub.

Furthermore, following definitions are made.

S, . . .
Q= ;ﬁ- where S, is the section area of the nozzle front and S;, is

20 the section area of the nozzle at the rotor disk

B = -;ﬁ, where Sgis the section area of the nozzle stern and Sp

Sa =7 (D& - dB),
Sp =73 (Df = dp),
Sin = E(Dizn - dizn ;

D—dg
Din_din

_ Dp-dp

~ p2 _42
Din din
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Figure 6 shows a relationship between a and the thrust produced by
the propeller. It can be seen that the thrust is maximized when a, which is illus-
trative of a division between the open water flow area at the front head of the
nozzle and the open water area at the rotor disk, is approximately 1.25. An
optimum range can be defined to be between 1.15 to 1.35, even more prefera-
bly between 1.20 to 1.30. Thrust here illustrates how great force is affected on
the area covered by the propeller.

Figure 7 shows a relationship between (3, which refers to open area
at the stern of the nozzle divided by the open area at the rotor disk, and effi-
ciency produced by the propeller. It can be seen that a slight improvement in
efficiency is achieved when B is under 1.10, especially between 1.00 and 1.10.

The invention and its embodiments are not limited to the examples
described above but may vary within the scope of the claims.
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CLAIMS

1. A propulsion unit comprising:
a support strut extending downwards from a hull of a vessel;
a casing attached to a lower end of the support strut, a propeller being

arranged to an end of the casing; and
an annular nozzle surrounding the outer perimeter of the propeller

blades and being fixedly supported on the casing with a support construction
comprising at least three vanes, said nozzle having an inlet opening and an outlet
opening, whereby a duct for water flow is formed between the inlet opening and

the outlet opening through the interior of the annular nozzle;
wherein the propeller pulls the vessel in a driving direction;
wherein the water enters the blades of the propeller freely from the

inlet opening of the nozzle, and
wherein the support construction is positioned between the propeller

and the support strut in the driving direction of the vessel, and the vanes of the
support construction are arranged between an outer perimeter of the casing and
an inner perimeter of the nozzle to receive the water flow from the blades of the

propeller.

2. The propulsion unit according to claim 1, wherein the upper end of
the support strut is rotatable supported at a bottom portion of the hull.

3. The propulsion unit according to claim 1 or 2, wherein the
propulsion unit comprises a first electric motor positioned within the casing.

4. The propulsion unit according to any one of claims 1 to 3, wherein
the propulsion unit comprises a hub attached to a first end of the casing and the

propeller is attached to the hub.
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5. The propulsion unit according to any one of claims 1 to 4, wherein
the propulsion unit comprises a first shaft having a first end attached to the first

electric motor and a second end attached to the hub.

6. The propulsion unit according to any one of claims 1 to 5, wherein
the vanes in said support construction are configured to redirect rotational flow

components of the flow produced by the propeller into an axial thrust.

7. The propulsion unit according to any one of claims 1 to 6, wherein
the vanes in said support construction are configured to compensate for the
rotational effect caused by the propeller so that flow after the vanes is returned to

an at least substantially axial thrust.

8. The propulsion unit according to any one of claims 1 to 7, wherein
the vanes in said support construction are arranged to extend in the radial

direction of the nozzle.

9. The propulsion unit according to any one of claims 1 to 8, wherein
the number of vanes in the support structure is greater than number of blades in

the propeller.

10. The propulsion unit according to any one of claims 1 to 9, wherein
the first end of the casing has a more blunt form than the second end whereby
the casing is configured for propagation in the driving direction the first head

ahead.

11. The propulsion unit according to any one of claims 1 to 10,
wherein the propulsion unit comprises a gearing assembly for receiving

propulsion power from a motor external to the casing.
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12. The propulsion unit according to any one of claims 1 to 11,
wherein a length of the nozzle is in a range from 0.45 to 0.65 times a diameter of

the propeller.

13. The propulsion unit according to any one of claims 1 to 12,
wherein a centre of the propeller in a longitudinal direction of the nozzle is in a
range from 0.30 to 0.45 times a diameter of the propeller from the inlet opening of

the nozzle.

14. The propulsion unit according to any one of claims 1 to 13,

wherein the support structure comprises 3 to 7 vanes.

15. The propulsion unit according to any one of claims 1 to 14,
wherein a leading edge of the support strut is inclined by an angle towards the
incoming water flow, said angle of the leading edge of the support strut being in

the range of 3 to 7 degrees.

16. The propulsion unit according to any one of claims 1 to 15,
wherein an inclination angle of at least one vane with respect to a rotation axis of

the propelier is between 3 to 10 degrees.

17. The propuision unit according to any one of claims 1 to 16,
wherein a section area between the pod and the nozzle at the front of the nozzle
is 1.15 to 1.35 times the section area between the rotor disk and the nozzle.

18. The propulsion unit according to any one of claims 1 to 17,
wherein a section area between the pod and the inner surface of the nozzie at a
rear of the nozzle is 1.00 to 1.15 times the section area between the rotor disk

and the nozzle.

19. The propulsion unit according to any one of claims 1 to 18,
wherein the support construction is positioned fully inside the nozzle.
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20. The propulsion unit according to any one of claims 1 to 19,
wherein the propeller comprises a substantially cylindrical middle portion, rotor
disk, to which the blades are fixed, and the base portion of the blades which is
fixed to the rotor disk is tilted from the rotation axis of the propeller, and the form
of the blade has a twisted form such that at the tip of the blade, the rear end is
radially further away from the base of the blade than the front end of the blade.

21. The propulsion unit according to any one of claims 1 to 20,
wherein the vanes are inclined with respect to the rotation axis of the rotor, which
tilting of the vanes is to opposite direction than the tilting of the rotor blades.



