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(54) Propulsion and steering arrangement

(57) A propulsion and steering arrangement for a
vessel (40) comprises a screw propeller (2) and a rudder
(10) arranged behind the propeller (2). A fairing (6) at a
tail end of the propeller (2) and a bulb-shaped body (20)
provided on a rudder blade (11) of the rudder (10) form

Fig.

a streamlined body which is continuous except for a nar-
row gap between the fairing (6) and the bulb-shaped body
(20) to allow a swinging movement of the bulb-shaped
body (20) relative to the fairing (6) when the rudder blade
(11) is turned. A tail end of the rudder blade (11) is pro-
vided with a movable flap (12).
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Description
FIELD OF THE PRESENT INVENTION

[0001] The present invention relates to a propulsion
and steering arrangement for a vessel. The arrangement
is of a kind that comprises a propeller, a rudder arranged
behind the propeller, and a bulb-shaped body provided
on a rudder blade of the rudder.

BACKGROUND OF THE PRESENT INVENTION

[0002] The most common means for propelling a ves-
sel is a screw propeller which has two or more propeller
blades. To reduce fuel consumption and emissions, the
propulsive efficiency of the propeller, which is defined as
being the ratio between propulsion (also called effective)
power and delivered power, should be as high as possi-
ble.

[0003] The prediction of the propulsive efficiency for a
certain engine power is usually done through model scale
tests. The prevailing opinion that was developed more
than 100 years ago in the model testing practice of those
days suggests that propeller and hull of a vessel can be
viewed and assessed separately. In reality, however, the
interaction between propeller and hull is a very important
aspect. The propeller and the hull should be integrated
and tuned to one another if optimal performance is to be
achieved. This also holds true for the interaction between
propeller and hull appendages such as a rudder.
[0004] Inordertoimprove interaction between a screw
propeller and a rudder, GB 762,445 teaches to arrange
a bulb-shaped body behind the propeller in extension of
the propeller axis. In order to overcome a contraction of
the propeller slip stream, it is suggested to push a freely
protruding head of the bulb-shaped body closely up to
the trailing edge of the propeller blades so as to overlap
the propeller hub. In one embodiment, the bulb-shaped
body is supported by arudder blade of a balancing rudder
and the propeller hub has a recess engaged by the pro-
truding head of the bulb-shaped body to allow a swinging
movement of the bulb-shaped body relative to the pro-
peller hub when the rudder blade is turned.

[0005] WO 2006/112787 A discloses a propulsion and
steering arrangement of a vessel, wherein a fairing hub-
cap which is integral with a hub of a screw propeller forms
a continuous streamlined body with a bulb-shaped body
supported by a rudder blade of a full spade rudder behind
the propeller. The leading end of the bulb-shaped body
and the hubcap are designed to keep a narrow gap be-
tween the bulb-shaped body and the hubcap constant
when the rudder blade is turned.

SUMMARY OF THE INVENTION
[0006] Itis an object of the presentinvention to provide

a propulsion and steering arrangement having increased
propeller efficiency.
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[0007] Accordingtoafirstaspectthe presentinvention,
there is provided a propulsion and steering arrangement
for a vessel, the arrangement comprising a screw pro-
pellerand a rudder arranged behind the propeller, where-
in a fairing at a tail end of the propeller and a bulb-shaped
body provided on a rudder blade of the rudder form a
streamlined body which is continuous except for a narrow
gap between the fairing and the bulb-shaped body to
allow a swinging movement of the bulb-shaped body rel-
ative to the fairing when the rudder blade is turned, and
wherein a tail end of the rudder blade is provided with a
movable flap.

[0008] When the rudder blade is turned so much that
the bulb-shaped body comes out from the shadow of the
fairing, the continuous streamlined body formed by the
bulb-shaped body and the hubcap is disrupted, so that
flow friction increases and unwanted turbulence is
formed. However, by actuating the flap, the vessel can
be steered without turning the rudder blade or with a
smaller steering angle of the rudder blade. Therefore,
the manoeuvring situations where the bulb-shaped body
comes out from the shadow of the fairing will be less.
Consequently, propulsion efficiency is increased and
considerable fuel savings are obtained.

[0009] Preferably, the fairing has a recess which is en-
gaged by a leading end of the bulb-shaped body.
[0010] The rudder may be a full spade rudder. In this
case, the rudder blade may have a twisted upper leading
edge extending from an upper end of the rudder blade
to the bulb-shaped body and a twisted lower leading edge
extending from a lower end of the rudder blade to the
bulb-shaped body.

[0011] Alternatively, the rudder may be a semi spade
rudder having a fixed leading head. In this case, the lead-
ing head may have a twisted upper leading edge extend-
ing from an upper end of the leading head to a lower end
of the leading head, and the rudder blade may have a
twisted lower leading edge extending from a lower end
of the rudder blade to the bulb-shaped body.

[0012] The twist of the full spade rudder or the semi
spade rudder aligns the upper and lower leading edges
with the incoming flow from behind the propeller, thus
reducing propeller drag and, to a high degree, propeller
cavitation.

[0013] Preferably, at least one of the upper and lower
leading edges has a constant twist angle. The constant
twist angle results in a rugged and easy to manufacture
rudder.

[0014] The propulsion efficiency and fuel savings of
the propulsion and steering arrangement according to
the present invention are the more remarkable the farer
the pivot axis of the rudder blade is disposed from the
leading edge of the rudder, or the more the bulb-shaped
body is displaced from the axis of rotation of the propeller
for a given turning angle of the rudder blade. At the same
time, the balance of the rudder is improved and the effi-
ciency of the rudder at low ship speeds is increased. For
this reason, the pivot axis of the rudder blade is preferably
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located at 30 to 50% of a maximum rudder length, more
preferably at 35 to 50% of the maximum rudder length,
and most preferably at 40 to 50% of the maximum rudder
length in aft direction.

[0015] The propulsion efficiency and fuel savings are
also improved by at least one of the following measures:
The bulb-shaped body is substantially equal or larger in
width than the diameter at the tail end of the fairing and
has a larger height than width. A tail end of the bulb-
shaped body is located above the level of the axis of
rotation of the propeller on one side of the rudder blade
and below the level of the axis of rotation of the propeller
on the other side of the rudder blade. The fairing has a
concave shape towards the bulb-shaped body.

[0016] According to a second aspect the present in-
vention, there is provided a vessel having the afore-men-
tioned propulsion and steering arrangement.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017]

Fig. 1 shows a propulsion and steering arrangement
according to a first embodiment of the present inven-
tion.

Fig. 2 is a schematic view of the rudder of Fig. 1 with
upper and lower cross sections.

Fig. 3 shows the upper cross section of Fig. 2.

Fig. 4 shows the lower cross section of Fig. 2.

Fig. 5 shows a propulsion and steering arrangement
according to a second embodiment of the present
invention.

DETAILED DISCLOSURE OF THE INVENTION

[0018] Theinvention is now explained in greater detail
with reference to Figs. 1 to 5 which illustrate preferred
embodiments of the present invention.

First Embodiment

[0019] Figs. 1 to 4 show a propulsion and steering ar-
rangement according to a firstembodiment of the present
invention. The propulsion and steering arrangement is
mounted on the stern of a vessel. The vessel may be
equipped with one or more of the propulsion and steering
arrangements.

[0020] Asillustratedin Fig. 1, the propulsion and steer-
ing arrangement according to the first embodiment com-
prises a screw propeller 2 mounted on a drive shaft (not
shown) of the vessel 40, and a full spade rudder 10 which
has a turnable rudder blade 11 mounted at a pivot axis
P to a rudder stock 32 of the vessel 40 behind a tail end
of the propeller 2 and a movable flap 12 hinged to a tail
end of the rudder blade 11 behind the pivot axis P. In this
context, the term "behind" refers to the fore direction of
the vessel 40 as indicated by arrow F.

[0021] The rudder stock 32 is supported by a main
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bearing 36 at the stern of the vessel 40 and is actuated
for turning the rudder blade 11 about the pivot axis P to
port or starboard so as to manoeuvre the vessel 40. Fur-
ther, an actuation mechanism 38 is adapted to move the
flap 12 relative to the rudder blade 11 to port or starboard
so as to manoeuvre the vessel 40. The movement of the
flap 12 is independent of the rudder blade 11.

[0022] The pivot axis P of the illustrated rudder 10 is
located at about 45% of a maximum rudder length L from
the upper leading edge 14 in aft direction. The maximum
rudder length L is the maximum distance between the
upper and lower leading edges 14, 15 and the trailing
edge 16. The pivot axis P can also be located at a different
position, but preferably at 35 to 50% of the maximum
rudder length L to achieve a superior balance of the rud-
der 10. The closer the pivot point P to the midsection of
the rudder 10 is, the smaller is the steering angle of the
rudder blade 11 needed for a given steering effect and
the higher is the efficiency of the rudder at low ship
speeds such as in harbour conditions.

[0023] Whenthe propeller 2 is driven by the drive shaft,
the propeller 2 propels the vessel 40 in either the fore
direction F or in the opposite aft direction. When the ves-
sel 40 is propelled in the fore direction F by the propeller
2, water that has passed the propeller 2 forms a slip
stream of swirling water which travels towards the rudder
blade 11.

[0024] The propeller 2 has a hub 4 on which three pro-
peller blades 8 are mounted. It can also have less or
more blades. The propeller 2 is shown as a variable pitch
propeller, but may also have a fixed pitch.

[0025] The tail end of the propeller 2 is defined by a
fairing hubcap 6 which has been screwed on or shrunk
on the propeller hub 4 to be integral with the hub 4. The
illustrated concave contour of the propeller hub 4 can
also be cast in a single piece. The fairing hubcap 6 has
a recess. The recess is engaged by a front end 22 of a
bulb-shaped body 20 which has been attached to the
rudder blade 11 by means of a flange connection to be
integral with the rudder blade 11.

[0026] The front end 22 of the bulb-shaped body 20
projects into the recess of the hubcap 6 without contact-
ing the recess. The recess of the hubcap 6 and the front
end 22 of the bulb-shaped body 20 are curved to keep a
narrow gap between the recess of the hubcap 6 and the
front end 22 of the bulb-shaped body 20 constant when
the rudder blade 11 is turned. The bulb-shaped body 20
and the hubcap 6 form a continuous streamlined body
which is broken only by the narrow gap when the rudder
blade 11 is not turned. Additionally, a flexible, non-con-
tacting sealing structure may be provided between the
bulb-shaped body 20 and the hubcap 6 to minimize the
water flow in the narrow gap. The concave hubcap 6
guides the propeller slip stream away from the narrow
gap and around the bulb-shaped body 20 when the rud-
der blade 11 is not turned, and the bulb-shaped body 20
prevents a contraction of the propeller slip stream behind
the propeller hub 4. As a result, separation losses behind
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the propeller hub 4 are reduced.

[0027] The bulb-shaped body 20 has roughly the
shape of an ellipse in cross-section which is substantially
equal or larger in width than the diameter at the tail end
of the hubcap 6 and which has a larger height than width.
This bulb-shaped body 20 has another effect in that it
reduces water velocity through the propeller plane. Con-
sequently, the average wake fraction of the vessel 40
and the hull efficiency are increased.

[0028] The design of the full spade rudder 10 is now
explained in more detail. Fig. 2 shows the full spade rud-
der 10 of Fig. 1 together with an upper cross section at
an upper end 17 of the rudder 10 and a lower cross sec-
tion at a lower end 18 of the rudder 10. Figs. 3 and 4
show the upper and lower cross sections in more detail.
[0029] As shown in Figs. 2 to 4, the rudder 10 has a
streamlined profile with an upper leading edge 14 ex-
tending from the upper end 17 of the rudder blade 11 to
the bulb-shaped body 20, a lower leading edge 15 ex-
tending from the lower end 18 of the rudder blade 11 to
the bulb-shaped body 20, and a trailing edge 16 extend-
ing behind the bulb-shaped body 20 from the upper end
17 to the lower end 18 of the flap 12. The upper leading
edge 14 has a constant first twist angle o of 8° with re-
spect to a centreline C of the rudder 10 in port-side di-
rection, while the lower leading edge 15 has a constant
twist angle B of 6° with respect to the centreline C of the
rudder 10 in starboard direction. The twist angles o,
can have different values, but are preferably less than
15°, more preferably less than 10°, and most preferably
between 5° and 10° in each direction.

[0030] The twists of the illustrated upper and lower
leading edges 14, 15 decrease in aft direction to 0° within
a range defined by the respective leading edge 14, 15
and the pivot axis P of the rudder 10, so that the trailing
edge 16 is not twisted and extends in a straight line. The
twists can also decrease to 0° within a range defined by
the pivot axis P and the trailing edge 16, or the twists can
continue up to the trailing edge 16 so that a fishtail rudder
is formed.

[0031] Whenthe propeller 2 drives the vessel 40 in the
fore direction F, the twisted leading edges 14, 15 meet
the swirling water propelled backwards by the propeller
2. The twisted leading edge profile of the rudder 10 im-
proves the propeller slip stream through the rudder area,
thereby increasing propeller efficiency.

[0032] The llustrated bulb-shaped body 20 has a sym-
metric shape. However, similar to the twisted leading
edges 14, 15, the bulb-shaped body 20 may be asym-
metric in shape. The angle formed between the axis of
rotation of the propeller 2 and the tail end of the bulb-
shaped body 20 may be such that the tail end of the bulb-
shaped body 20 is located above the level of the axis of
rotation of the propeller 2 on one side of the rudder blade
11 and below the level of the axis of rotation of the pro-
peller 2 on the other side of the rudder blade 11. The
asymmetric shape has the effect of further increasing
propeller efficiency.
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[0033] Ascompared with a standard rudder which has
no bulb-shaped body 20, the drag produced by the rudder
10 at a small steering angle of 10° or less is higher. How-
ever, the produced lift force is also much higher, meaning
that smaller steering angles can be used. This trend
changes for large steering angles of more than 10°, and
this is of course due to the bulb-shaped body 20. How-
ever, in general such large steering angles will only be
used at slow speed operation, for which the lift force is
more of an issue than the rudder drag. Allin all, the rudder
10 shows a better lift-to-drag ratio than the standard rud-
der.

[0034] Ascompared with a standard rudder which has
no flap 12, the flap 12 of the rudder 10 has the ability to
redirect the propeller slip stream. Consequently, the lift-
to-dragratiois furtherincreased, thereby facilitating small
accurate turns at low ship speed.

[0035] The flap 12 of the rudder 10 has advantages at
not only low ship speeds and large steering angles, but
also high ship speeds and small steering angles of 10°
or less. This is for the following reason. When the rudder
blade 11 is turned so much that the front end 22 of the
bulb-shaped body 20 comes out from the shadow of the
hubcap 6, the continuous streamlined body formed by
the bulb-shaped body 20 and the hubcap 6 is disrupted,
so that flow friction increases and unwanted turbulence
is formed. However, by actuating the flap 12, the vessel
40 can be steered without turning the rudder blade 11 or
with a smaller steering angle of the rudder blade 11.
Therefore, the manoeuvring situations where the front
end 22 of the bulb-shaped body 20 comes out from the
shadow of the hubcap 6 will be less as compared with
the standard rudder which has no flap 12. Consequently,
considerable fuel savings are obtained.

[0036] Actually, the flap 12 is so efficient that it is pos-
sible to make the front end 22 of the bulb-shaped body
20 which projects from the leading end of the rudder blade
11 longer and the hubcap 6 shorter. With the hubcap 6
being shorter, the rotating parts between the propeller
plane and the rudder 10 are smaller in length, which low-
ers flow friction and further increases efficiency.

[0037] This all makes it possible to reduce the size of
the rudder 10, which again lowers the frictional losses
and increases overall efficiency.

[0038] The efficiency gains are particularly large for
propellers with a relatively large propeller hub, such as
highly loaded controllable pitch propeller systems as on
RoRo vessels, RoPax ferries, container/multipurpose
vessels, or cargo vessels with an ice class notation. Due
to the large ratio between propeller and hub diameters,
the hub losses would be significant for a conventional
combination of propeller and rudder. With the application
of the propulsion and steering arrangement according to
the first embodiment, these losses can largely be avoid-
ed.

[0039] Additionally, the gains for single screw full block
ships can be quite significant. The bulb-shaped body 20
causes the wake fraction to become larger and thus also
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the hull efficiency to increase. Hence, for single screw
vessels with full aft bodies, such as tankers, bulk carriers
and small cargo vessels - which may have quite a difficult
wake field as well as a high wake fraction - the annual
savings could also be well worth the investment.

Second Embodiment

[0040] Fig. 5 shows apropulsion and steering arrange-
ment according to a second embodiment of the present
invention mounted on the stern of a vessel 40.

[0041] Asillustratedin Fig. 5, the propulsion and steer-
ing arrangement according to the second embodiment
comprises a screw propeller 2 mounted on a drive shaft
30 ofthe vessel 40, and a semi spade rudder 10’ mounted
behind the propeller 2 to the hull of the vessel 40. The
semi spade rudder 10’ comprises a leading head 34
which is fixed to the hull of the vessel 40, a turnable rudder
blade 11 mounted at a pivot point P to a rudder stock 32
of the vessel 40, and a movable flap 12 hinged to a tail
end of the rudder blade 12.

[0042] The rudder stock 32 is supported by a main
bearing 36 provided in a lower part of the leading head
34 and is actuated for turning the rudder blade 11 about
the pivot axis P to port or starboard so as to manoeuvre
the vessel 40. Further, an actuation mechanism (not
shown) is provided in the inside of the rudder blade 11
for moving the flap 12 relative to the rudder blade 11 to
port or starboard so as to manoeuvre the vessel 40. The
movement of the flap 12 is independent of the rudder
blade 11.

[0043] Theillustrated rudder 10’ has a constant rudder
length in fore and aft direction. The pivot axis P of the
rudder blade 11 is located at about 41% to achieve a
good balance of the rudder 10'.

[0044] The propeller 2 has a hub 4 on which four pro-
peller blades 8 are mounted. It can also have less or
more blades. The propeller 2 is shown as a variable pitch
propeller, but may also have a fixed pitch.

[0045] The propeller hub 4 has been cast in a single
piece to have the shape of a fairing which is slightly con-
cave towards the tail end thereof. Alternatively, the fairing
can be a hubcap which has been screwed on or shrunk
on the propeller hub. The hub 4 has a recess which is
engaged by a leading end of the bulb-shaped body 20
without contacting the recess. The recess of the hub 4
and the leading end of bulb-shaped body 20 are curved
to keep the narrow gap constant when the rudder blade
11 is turned. The bulb-shaped body 20 and the hub 4
form a continuous streamlined body which is broken only
by a narrow gap to allow a swinging movement of the
bulb-shaped body 20 relative to the hub 4 when the rud-
der blade 11 is turned. The streamlined body prevents a
contraction of the propeller slip stream, thereby reducing
separation losses.

[0046] The bulb-shaped body 20 has roughly the
shape of an ellipse in cross-section which is substantially
equal or larger in width than the diameter at the tail end
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of the hubcap 6 and which has alarger height than width.
This bulb-shaped body 20 has another effect in that it
reduces water velocity through the propeller plane. Con-
sequently, the average wake fraction of the vessel 40
and the hull efficiency are increased.

[0047] Similar to the full spade rudder 10 according to
the first embodiment, the semi spade rudder 10’ accord-
ing to the second embodiment has a streamlined profile
with a twisted upper leading edge 14, a twisted lower
leading edge 15, and a trailing edge 16 which is not twist-
ed and extends in a straight line. The upper leading edge
14 extends from an upper end of the leading head 34 to
a lower end of the leading head 34. The lower leading
edge 15 extends from a lower end 18 of the rudder blade
11 to the bulb-shaped body 20. The upper leading edge
14 has a constant first twist angle with respect to a cen-
treline of the rudder 10’ in starboard direction, while the
lower leading edge 15 has a constant twist angle with
respect to the centreline in port-side direction. The twist
angles have values less than 15°, more preferably less
than 10°, and most preferably between 5° and 10° in each
direction. The twist of the upper leading edge 14 decreas-
es to 0° in aft direction towards the rudder stock 32. The
twist of the lower leading edge 15 decreases to 0° in aft
direction within a range defined by the lower leading edge
15 and the pivot axis P of the rudder 10’. The range be-
tween the pivot axis P and the trailing edge 16 can also
be twisted.

[0048] When the propeller 2 drives the vessel 40 in the
fore direction, the twisted leading edges 14, 15 meet the
swirling water propelled backwards by the propeller 2.
The twisted leading edge profile of the rudder 10’ im-
proves the propeller slip stream through the rudder area,
thereby increasing propeller efficiency.

[0049] Similar to the propulsion and steering arrange-
ment according to the first embodiment, the lift-to-drag
ratio of the rudder 10’ is better than a standard rudder
which has no bulb-shaped body 20. The flap 12 of the
rudder 10’ further increases the lift-to-drag ratio at low
ship speeds, thereby facilitating small accurate turns at
low ship speed. Additionally, by actuating the flap 12, the
vessel 40 can be steered without turning the rudder blade
11 or with a smaller steering angle of the rudder blade
11. Therefore, the manoeuvring situations where the
front end 22 of the bulb-shaped body 20 comes out from
the shadow of the hub 4 will be less as compared with a
standard rudder which has no flap 12. Consequently,
considerable fuel savings are obtained. The flap 12 is so
efficient that it is possible to make the front end 22 of the
bulb-shaped body 20 which projects from the leading end
of the rudder blade 11 longer and the hub 4 shorter or
reduce the size of the rudder 10, so that efficiency is
further improved.

[0050] Similar to the to the propulsion and steering ar-
rangement according to the first embodiment, the effi-
ciency gains of the rudder 10’ are particularly large for
propellers with a relatively large propeller hub and for
single screw full block ships.
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Claims

A propulsion and steering arrangement for a vessel
(40), the arrangement comprising a screw propeller
(2) and a rudder (10; 10’) arranged behind the pro-
peller (2), wherein

a fairing (4; 6) at a tail end of the propeller (2) and a
bulb-shaped body (20) provided on a rudder blade
(11) of the rudder (10; 10’) form a streamlined body
whichis continuous except for a narrow gap between
the fairing (4; 6) and the bulb-shaped body (20) to
allow a swinging movement of the bulb-shaped body
(20) relative to the fairing (4; 6) when the rudder blade
(11) is turned,

characterized in that

a tail end of the rudder blade (11) is provided with a
movable flap (14).

A propulsion and steering arrangement according to
claim 1, wherein the fairing (4; 6) has a recess which
is engaged by a leading end (22) of the bulb-shaped
body (20).

A propulsion and steering arrangement according to
claim 1 or 2, wherein the rudder (10; 10’) is a full
spade rudder.

A propulsion and steering arrangement according to
claim 3, wherein the rudder blade (11) has a twisted
upper leading edge (14) extending from an upper
end (17) of the rudder blade (11) to the bulb-shaped
body (20) and a twisted lower leading edge (15) ex-
tending from a lower end (18) of the rudder blade
(11) to the bulb-shaped body (20).

A propulsion and steering arrangement according to
claim 1 or 2, wherein the rudder (10’) is a semi spade
rudder having a fixed leading head (34).

A propulsion and steering arrangement according to
claim 5, wherein the leading head (34) has a twisted
upper leading edge (14) extending from an upper
end (17) of the leading head (34) to a lower end of
the leading head (34), and the rudder blade (11) has
a twisted lower leading edge (15) extending from a
lower end (18) of the rudder blade (11) to the bulb-
shaped body (20).

A propulsion and steering arrangement according to
claim4 or 6, wherein atleast one of the upper leading
edge (14) and the lower leading edge (15) has a
constant twist angle (o, B).

A propulsion and steering arrangement according to
any one of the preceding claims, wherein a pivot axis
(P) of the rudder blade (11) is located at 30 to 50%
of a maximum rudder length (L), preferably at 35 to
50% of the maximum rudder length (L), and more
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10.

11.

12.

preferably at 40 to 50% of the maximum rudder
length (L) in aft direction.

A propulsion and steering arrangement according to
any one of the preceding claims, wherein the bulb-
shaped body (20) is substantially equal or larger in
width than the diameter at the tail end of the fairing
(4; 6) and has a larger height than width.

A propulsion and steering arrangement according to
any one of the preceding claims, wherein a tail end
of the bulb-shaped body (20) is located above the
level of an axis of rotation of the propeller (2) on one
side of the rudder blade (11) and below the level of
the axis of rotation of the propeller (2) on the other
side of the rudder blade (11).

A propulsion and steering arrangement according to
any one of the preceding claims, wherein the fairing
(4; 6) has a concave shape towards the bulb-shaped
body (20).

A vessel (40) having a propulsion and steering ar-
rangement according to any one of the preceding
claims.
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