1 AHYDROFOIL FOR WATER-BORNE VESSELS The invention
concerns a hydrofoil, in particular a rudder, for water-borne vessels, in
particular ships, with a trailing edge. In the current context hydrofoils are
bodies that are used and/or installed in water-borne vessels, which
generate lift in fluid mechanics terms, Examples of hydrofoils are rudders,
keels, hydrofoil skids on hydrofoil boats, stabiliser fins or other fin-type
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of the trailing edge of the hydrofoil, vortex separations can occur in
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of which is characterised by the Strouhal number. The

Hydrofoils of known art normally have a leading edge that is assigned to a
flow direction and/or aligned in the direction of travel of the water-borne
vehicle, and a tréiling edge that opposes the leading edge. Side faces or
sidewalis of the hydrofoil are arranged between leading edge and trailing
edge. The upper end region of the hydrofoil is normally securely
connected with the hull of the waterborne vehicle, i.e. in the case of a
rudder such that it can rotate, whereas the opposing lower end is normally
designed as a free end. In the case of rudders, however, it is aiso of
known art that these can aiso be supported at the tower end, (for example,

in the case of rudders supported in the sole piece).

When in use on a water-borne vehicle water flows around the body of the
hydrofoil from the leading edge to the trailing edge. Depending on the
Reynolds number, on the flow velocity and the geometric shape of the
hydrofoil or of the trailing edge of the hydrofoil, voriex separations can
oceur in the direction of flow behind the hydrofoil, i.e. at its trailing edge,
the freguency of which is characterised by the Strouhal number. The
vorfices are usually generated on both sides of the body around which the

fluid s fiowing, their directions of rofation being opposed to one another.



vortices are usually generated on both sides of the body around which the
fluid is flowing, their directions of rotation being opposed to one another. 2
The flow between them runs in the direction towards the body around

which the fluid is flowing, opposed to that of the outer flow. This vortex
system in the form of a wake of vortice? of opposing directions of rotation,
which forms on the body around which the fluid is flowing and is driven
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Karman vortex streets can occur andfor are present in a particuiarly
distinctive form.

Fig. 4 shows the formation of a Karman voriex street in the case of a
hydrofoil 200 of known prior art. The hydrofoil 200 in Fig. 4 is a fishtail
rudder, in which the cross-sectional profile widens out again towards the
tralling edge 201. in the interests of clarity only the end region of the
hydrofoil 200 is illustrated. The trailing edge 201 runs in a concave manner
between the two end regions 2021a, 2021b of the side faces 202a, 202b.
The pattem of the (propeller) flow is represented by a multipiicity of
arrows. It can be discerned that the flow runs along the side faces 2023,
202p in an essentially laminar manner. When the flow passes the end
regions 2021a, 2021b of the side faces 202a, 202b, vortices 210 separate
from the flow in both the upper region of the trailing edge 201 and also in
its lower region. In the upper region of the trailing edge 201, i.e. directly
behind the end point 20212 of the side face, a vortex 210a has formed that
is rotafing In an anticlockwise direction. Obliquely underneath in the

- direction of flow a further vortex 210b is present that is rotating in the _



202b in an essentially laminar manner. When the flow passes the end.
regions 2021a, 2021b of the side faces 202a, 202b, vortices 210 separate
from the flow in both the upper region of the trailing edge 201 and also in
its lower region. In the upper region of the trailing edge 201, i.e. directly
behind the end point 2021a of the side face, a vortex 210a has formed
that is rotating in an anticlockwise dirEction. Obliquely underneath in the
direction of flow a further vortex 2%‘@ IS present that is rotating in the 3
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rudder is diminished and it is possible for vibrations to occur on the
hydrofoil. The latter is particularly the case if the separation frequency of
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vibrations to cccur on the hydrofoil. The latter is particularly the case if the

separation frequency of the vortices essentially corresponds to the natural

frequency of the hydrofoil body.

The object of the present invention is therefore to specify a hydrofoil in
which the negative effects of vortex formation in the direction of flow

behind the hydrofoll, i.e. of the Karman vortex streets, are reduced.
This object is achieved with a hydrofoil with the features of Claim 1.

The core igea of the invention is to provide a projecting body on the traiiing
edge by means of which vortex formation is reduced. A projecting body in
the current context is a body of fundamentally any configuration that
protrudes, i.e. projects, from the trailing edge of the hydrofoil. Since in a
cross-sectional view the trailing edge normally runs essentially fransverse
io the longitudinal direction of the hydrofoil, the projecting body generaliy
profrudes, at least approximately, in the downstream direction. This means

that the at least one projecting body projects from the traiiing edge



The core idea of the invention is to provide a projecting body on the
trailing edge by means of which vortex formation is reduced. A projecting
body in the current context is a body of fundamentally any configuration
that protrudes, i.e. projects, from the trailing edge of the hydrofoil. Since
in a cross-sectional view the trailing efige normally runs essentially
transverse to the longitudinal direction of the hydrofoil, the projecting
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direction, This means that the at least one projecting bod)épro'ects from
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and/or in the longitudinal direction of the ship that the hydrofoil is attached
to. The trailing edge is normally a surface terminating the hydrofoil that
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projecting body now protrudes from this surface, which leads to the
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configuration, as well as the exact arrangement.

in the case of the at least one proiecting body we are therefore dealing
with a body that does not belong to the traiiing edge surface per se, but is
arranged on the latter, and proftrudes from the latter. in this sense
‘therefore a projecting body is not a slight bulge from the trailing edge
- surface, e.q. a convex traiiing .edge or similar, but rather an essentially
‘independent body, which, however, is édvantageously to be connecied
securely with the trailing edge, i.e. with the trailing edge face. For this
reason, the at least one projecting body is not molded from the (material of
the) hydrofoil and aiso does not constitute a depression, indention, recess,
etc. in the hydrofoil. Accordingly the projecting body can, for exampie, be
manufactured from metal, and in particular from steel, and can be
connected with the traiiing edge by means of welding, or other suitable
methods andfor means of attachment. By means of the protrusion of a
body from the traiing edge face the formation of pairs of contra-rotating
vortices on the two sides of the hydrofoil, which is the prereguisite for the

formation of a Karman vortex street, is in particular avoided. 1t is further



surface, e.g. a convex trailing edge or similar, but rather an essentially
independent body, which, however, is advantageously to be connected
securely with the trailing edge, i.e. with the trailing edge face. For this
reason, the at least one projecting body is not molded from the (material
of the) hydrofoil and also does not cogstitute a depression, indention,
recess, etc. in the hydrofoil. Accordingly the projecting body can, for
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can be connected with the trailing edge by means of welding, or other
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contra-rotating vortices on the two sides of the hydrofoil, which is the
prerequisite for the formation of a Karman vortex street, is in particular
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and/or the hull of the waterborne vessel as a result of vibrations is
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amount of constructional effort and without any weakening of the cross-
section of the actual hydrofoil in fluid mechanics terms, the advantageous
effect of vortex formation reduction in the region of the trailing edge can be
achieved. By means of the at least one projecting body in accordance with
the inveniion the process of vortex formation is impaired or prevented, as
a result of which a very much more stable and/or laminar flow pattemn
occurs, as viewed behind the hydrofoil in the direction of flow. The at least
one projeciing body is in particuiar provided exclusively at the trailing edge

and not in other areas of the hydrofoil.

With reference io the width of the traiiing edge the at least one projeciing
body is advaniageously designed such that it does not cover the whole
width. Rather it projecis advaniageously from just a sub-region, with
reference to the frailing edge width. This ensures that a blocking of the
vortex flow is achieved. If the at isast one projecling body were to cover
the whole width of the fraiiing edge, in fiuid mechanics terms the projecting

body couid act as a pure extension of the trailing edge, and the



section of the actual hydrofoil in fluid mechanics terms, the advantageous
effect of vortex formation reduction in the region of the trailing edge can
be achieved. By means of the at least one projecting body in accordance
with the invention the process of vortex formation is impaired or
prevented, as a result of which a verygmuch more stable and/or laminar
flow pattern occurs, as viewed behind the hydrofoil in the direction of flow.

Thedisieant epatRIciSEtie RrifidedndRartcskarpEIMIdeserelisiighs als the

the trailing edge and not in other areas of the hydrofoil. With reference to
tHEURFHOOP trailing edge the at least one projecting body is
advantageously designed such that it does not cover the whole width.
Rather it projects advantageously from just a sub-re%gn, with reference
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body. In order to achieve as extensive a reduction of the vortex formation
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current context the distance between the upper and lower ends of the
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as possibie, so that with reference fo the height of the hydrofoil, vortex
formation is reduced, i.e. impaired, as exiensively as possible. It is
particularly advantageous if the at least one projecting body runs from onse
end of the frailing edge to the other, since an impairment of vortex
formation is thereby ensured over the whole height of the hydrofoil. Here
the at least one projeciing body can advantageously consist of a single
body whose length corresponds to the iength of the trailing edge, and
which is attached to the trailing edge. in principle, however, it woulid also
be possible for the at least one projecting body fo be compesed of a
plurality of sub-bodies.

in principle the at least one projecting body can be designed to be of any
form when viewed in cross-section. However, it is often advantageous if in
a cross-sectional view of the hydrofoll the at least one projecting body runs
essentially parallel to a centreline of the hydrofoil, or along the centreline.
tn this respect the at least one projecting body is preferably linear in cross-
section. In corresponding tests it has been shown that by means of an
alignment of the at least one projecting body of .this kind a particularly

good impairment of vortex formation, i.e. a particularly favourable flow



at least one projecting body runs over as large a region of the trailing edge
as possible, so that with reference to the height of the hydrofoil, vortex
formation is reduced, i.e. impaired, as extensively as possible. It is
particularly advantageous if the at least one projecting body runs from one
end of the trailing edge to the other, sipce an impairment of vortex
formation is thereby ensured over the whole height of the hydrofoil. Here
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tests it has been shown that by means of an alignment of the at least one
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a¢riewthion both sides of the hydrofolil. If a plurality of projecting bodies
is provided, all the projecting bodies are preferably designed to run
parallel to the centreline. However, it is also possible for individual
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isgple in the case of a curved trailing edge, i.e. one that is of o
a%\grsaa}%l th> the longitudinal axis of the igydrgfoi!. Here the longitudinal axis is

that axis that runs from the upper end of the hydrofoil fo the lower end of
the hydrofoil. in the case of rudders the longitudinal axis will often also be
the axis of rudder rotation. The at least one projecting body can also run
essentially paraliel to the outside edges of the traiing edge. Here the
outside edges of the trailing edge are also often aligned paralle! to the
longitudinal axis of the hydrofoil. In this manner a regular flow pattern
ensues. In particuiar it is preferred if the at least one projecting body runs
parallel to the iongitudinal axis and over the whole length of the hydrofoil.

By this means a particularly reguiar flow pattern ensues.

In a further preferred form of embodiment of the invention the at ieast one
projecting body projects essentially at right-angtes, i.e. orthogonally, from
the surface of the trailing edge. Here the right angle is formed between the
trailing edge and the axis along the width of the hydrofoil (transverse axis).
If the trailing edge surface is plane, in the case of a piurality of projecting
bodies the projecting bodies are arranged correspondingly paraliel to one
another. By this means the regularity of the flow in the direction of flow

behind the hydrofoil is further improved. in case of arcuately shaped, non-



concave or convex design. In the present form of embodiment the flow
line of the at least one projecting body in the cross-sectional view relates
to the profile of the at least one projecting body between the trailing edge
and its free end. It is further preferred if the at least one projecting body
runs essentially parallel to the longitudinal axis of the hydrofoil. Here the
longitudinal axis is that axis that runs from the upper end of the hydrofoll
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often aligned parallel to the longitudinal axis of the hydrofoil. In th?s
manner a regular flow pattern ensues. In particular it is preferred if the at
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the whole length of the hydrofoil. By this means a particularly regu ow
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orthogonally, from the surface of the trailing edge. Here the
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of a plurality of projecting bodies the projecting bodies are arrange_d
correspondingly parallel to one another. By this means the regularity of
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at least two projecting bodies vortex formation is further hindered, since
now two objects protruding independently of one another are blocking the
vortex flow. The paraliel alignment of the two projecting bodies improves in

turn the reguiarity of the flow pattern.

In a further preferred form of embodiment the following formula appiies:
number of projeciing bodies = 2n+1, where *n” is a natural number,
including 0. Particularly preferred is n = 2, t.e. the number of projecting
bodies is 5. Furthermore in a cross-sactional view one of the projecting
bodies is essentially centrally arranged on the frailing edge, and an even
number of projecting bodies are arranged on each side of the centrally
arranged projeciing body. A symmetrical arrangement is pariicutarly
preferred, in which the centreiine of the hydrofoil in the cross-sectional
view forms the iine of symmetry. The individual projecting bodies are
advantageously arranged spaced apart from one another and/or running
paraliel to one another. Test have shown that a design of this kind with an
even and in particuiar a symmetrical distribution, in particular with 5
projecting bodies, achieves a particularly good effect with regard to the

reduction of vortex formation. With this form of embodiment it is further



The width of the projecting body, i.e. its distance between the trailing edge
and its free end, preferably corresponds to at least half the width of the
trailing edge. Tests have shown that if the at least one projecting body is
dimensioned in this manner particularly good results can be achieved with
regard to the reduction of vortex formagion. If at least two projecting bodies
are provided it is advantageous to arrange the two projecting bodies
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a result of the spaced apart arrangement of the™ at least two projecting?
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parallel alignment of the two pr%ecting bodies improves in turn the
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is a natural number, including 0. Particularly preferredis n'= 2, i.e. the
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trailing edge, and an even number of projecting bodies are arranged on
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hydrofoil in the cross-sectional view forms the line of symmetry. The
in@NiSHS PYGIER%Eing bodies are advantageously arranged spaced apart
from one another and/or running parallel to one another, Test have
shown that a design of this kind with an even and in particular a
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With this form of embodiment it is further
different. Which arrangement is most favourable in fiuid mechanics terms
depends on the circumstances of the individual case, in particular on the
geometry and width of the trailing edge, the flow velocity, the exact design

of the projecting bodies, eic.

The at least one projecting body is particularly preferably designed in the
form of a plate, as a rib projecting from the trailing edge, and/or with =
rectangular cross section. The rib consists advantageously of a piate, for
example a steel piate or simitar, one end face of which is atiached fo the
trailing edge. If the plate is of eiongated design, in particular running over
a large part, or the whole, of the length of the trailing edge, the rib or plate
is preferably to be arranged, ie. aftached, fo the tfrailing edge with one
longitudinal end face. With a design of this kind an arrangement of the rib
In the form of a strip ensues. If a plurality of projecting bedies are provided
it is advantageous to arrange these parallel o one another and paraliel to
the longitudinal axis of the hydrofoil. instead of having the form of a plate
the ribs could also be désigned In their free end region slightly rounded off,

or tapering down to their free end, or simitar, The rib is preferably arranged



preferred that the centrally arranged projecting body has the largest width,
I.e. the largest distance between trailing edge and free end. Optionally two
projecting bodies of equal size can also be arranged in a central region.
Moreover the width of the other projecting bodies can advantageously
reduce progressively towards the outsjge, so that the projecting bodies
located furthermost outwards have the smallest width. Here too the design
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bodies arranged as mirror images in each case have the same wi
tHEGSEERE B ds sonsianhipbihn etdrermaciingdrsyed from the
outside inwards. If a plurality of projecting bodies are provided, the

di é}ances between the individual projecting bodies can in principle be
d
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of a plate, as a rib projecting from the trailing edge, and/or'witira
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tragin% edge. If the plate is of elongated design, in particular running over
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longitudinal end %ﬁ. With a design of this kind an dr%%%’?nﬁ]e%lt{%&ﬁg r%ige
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the longitudinal axis g? theg hydrofoil. Instead of ha\[;;%?(t%?g{ c?rrﬁrgf} E%Fgé?tex
formations occur particularly frequently on the hiydrofoil profiles described
above. In this respect the provision of the at least one projecting body is

particularly advantagesous for profiles of this kind.

Further, the at least one projecting body is preferably formed as a
monolithic body. That means the at least one projecting body does not
comprise through hoies, recesses or. the like. Also, the at least one

projecting body has preferably a constant cross-section,

in what foliows the invention is elucidated in more detail in the drawing

with the aid of various examples of embodiment. in the schematic figures.

Fig. 1 shows a perspective view of a hydrofoll with a trailing
edge and projecting bodies,

Fig. 1A shows & detail view of the upper end region of the
trailing edge of the hydrofoil from Fig. 1:

Figs. 2A - 2E show plan views of end regions of hydrofoils with
variously designed trailing edges and variously

arranged, or designed, projecting body/bodies,



the ribs could also be designed in their free end region slightly rounded
off, or tapering down to their free end, or similar, The rib is preferably
arranged 10 continuous and/or the rectangular cross-section of the at
least one projecting body is constant for the entire projecting body. The at
least one projecting body is particularlytadvantageously provided for a
hydrofoil designed as a fishtail rudder or Schilling(r) rudder, in which the

pRifilesin a cross-sectippplyigwiaidensiroma teadite adgmar@ngaddrofoil
opposed to the trailing edge in the direction of the trailing edge as far as a
central region, which %ﬂ%%@i@%%&%ﬁﬁ BrIRCHDESRN Prsrikaiingepsige
from the central regiowith a flear mgmvﬂmﬁ@@),rmﬁjthe narrowest point of

the hydrofoil profile ar%mdens once again from the rear region to the

tr fﬁng edge, in particti¥R #ie F¥in GRLHPEAIN YRl e tRalfity RiiRreart
is preferably of linearyagnyelwhesrgavsisieston. Because of the relative
width of the trailing edge compared with other hydrofoil profiles vortex
formations occur particularly frequently on the hydrofoil profiles described
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theyatderst one projecting body does not comprise through holes,
recesses or the like, Also, the at least one projecting body has preferably
a constant cross-section. In what follows the invention is elucidated in
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detafildeWind theidppeoandisegieniebifitg edge 10 and a trailing edge 20.
The side face 11 runs between leading edge 10 and trailing edge 20. An
end plate 14 is provided in each case at both the upper end 12 and aiso at
the iower end 13 of the hydrofoil 100. Since the present hydrofoil 100
takes the form of a rudder with a fishtail profile, the end region 15 of the
rudder widens out from a rear region 16 forming the narrowest point of the
rudder fowards the trailing edge 20. At the trailing edge 20 are provided a
totai of five projecting bodies 30 designed as plate-shaped ribs, which in
each case run from the upper end 12 down fo the fower end 13 and are
arrangad parailel to one another.

As can be discemed from the detail view in Fig. 1A the central rib 30a has
the largest width. On either side of the central rib 30a two further ribs 30b,
30¢ are arranged in each case, where the width of these ribs decreases
outwards. The plate-shaped ribs 30a, 30b, 30c are attached with their
iongitudinal end faces to the trailing edge 20, which is of linear design, i.e.
has a plane surface. Also the transverse end faces of the ribs 30a, 30b,
30c abut against the end plates 14, and are likewise attached to these.
The outer ribs 30c have the shortest width and are just slightly displaced
inwards relative to the outside edge 21 of the trailing edge 20. The plate-



trailing edge of the hydrofoil from Fig. 1; Figs. 2A - 2E show plan views of
end regions of hydrofoils with variously designed trailing edges and
variously arranged, or designed, projecting body/bodies, 11 Fig. 3 shows
a plan view onto the end region of a hydrofoil with projecting bodies
projecting from the trailing edge with gflow pattern plotted, and Fig. 4
shows an end region of a hydrofoil from the prior art with a flow pattern

pletiagetnribe yasiossfonms aﬁ&m@@qwémws%i@gg%ﬂgﬁn%' 0 'H%nes

what follows the same components are provided with the e referenc
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or Schilling@ profile. The rudder comprises a leading edge 10 and a
trailing edge 20. The side face 11 runs between leading edge 10 and

trafigredgecdd Apiandialaientd indunddedioeasheass @9&3%&?%% Fig.

upper end 12 and also at the lower end 13 of the hydrofoil 100. Since the
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narrowest point of the rudder towards the trailing edge 20. At the trailing
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the lower end 13 and are arranged parallel to one another. As can be
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vortex reduction effect in relation to the particular geometry of the trailing
edge and the ribs 30. The rib 30a runs aiong the centreiine 17, while the
ribs 30b and 30c run paraliel to the centreline 17. The centreiine 17 atso

forms the axis of symmetry for the rib arrangement.

Figs. 2B to 2E show further examples of configurations of the end region
15 of hydrofoils 100 in accordance with the invention. Thus in Fig. 2B a
centrai rib 30a is provided, arranged along the centreiine 17. In addition
two further ribs 30c are provided, each arranged in an outer location and
designed to be of equal width. The ribs 30c are symmetrically arranged
with reference to the centreiine 17. In the three-ribs design of Fig. 2B the
trailing edge 20 in a plan view or cross-sectional view is of concave
design. In Fig. 2C the trailing edge in contrast is of linear design, i.e. the
trailing edge forms a plane surface. Furthermore only a singie rib 30a is
provided, which is arranged along the centreiine 17. in Fig. 2D the trailing
edge 20 in a plan view or cross-sectional view is of concave design, in a
simitar manner to Fig. 2B. Likewise one central rib 30a is provided, which
runs aiong the centreline 17, and also two outer-lying ribs 30c. In contrast
to Fig. 2B, in which all three ribs are aligned in paraliel, as in Fig. 2A, the
two outer ribs 30c are not designed parallel to the centreiine 17, i.e. to the

central rib 30a, but run at an angle towards the latter. in particular they run



30c are arranged in each case, where the width of these ribs decreases
outwards. The plate-shaped ribs 30a, 30b, 30c are attached with their
longitudinal end faces to the trailing edge 20, which is of linear design, i.e.
has a plane surface. Also the transverse end faces of the ribs 30a, 30b,
30c abut against the end plates 14, ang are likewise attached to these.
The outer ribs 30c have the shortest width and are just slightly displaced
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1 _shaged ribs 30a, 30b, 30c protrude in each case essentially at
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100. Fig. 2A shows a plan view onto the end region 15 of the hydrofoll
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30b arranged between the ribs 30a and 30c have a medium width b2.
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dimensions of the widths and distances can in each case be matched to
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while the ribs 30b and 30c run parallel to the centreline 17. The centreline
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h)c/éjéofoils 100 in accordance with the invention. Thus in Fig. 2B a central
n
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designed to be of equal width. The ribs 30c are symmetrically arranged
rig. 3 shows a plan view ontc an end region 15 of a hydrofoil 100 in
accordance with the invention. in a pian view or cross-sectional view the
trailing edge 20 is of linear design. The five ribs 30a, 30b, 30c¢ protruding
from the frailing edge 20 are essentially arranged and designed in
accordance with the arrangement in Fig. 2A, where in the representation
shown in Fig. 3, which differs from that of Fig. 2A, the distance between
the ribs 30c and 30b is larger than that between the ribs 30b and 30a. The
flow pattern is represented by the multipiicity of arrows plotted. Thus with
the hydrofoll design in accordance with the invention an essentially
laminar flow pattern is esiablished in the region of the sidewalls 11
downstream from the hydrofoil 10C. Between the upper rib 30b and the
central rib 30a a vortex 40 is forming; this is rotating in an anticlockwise
sense. Moreover it can be discerned how vortex formation cannot take
place in the intermediate spaces between the individual ribs because of
the blocking action caused by the ribs 30a, 30b, 30c. In the direction of
flow a laminar flow patiern is already being established over the whoie
width of the hydrofoil 100 a short distance behind the vortex 40.

Furthermore only a single vortex 40 is produced and thus the formation of



with reference to the centreline 17. In the three-ribs design of Fig. 2B the
trailing edge 20 in a plan view or cross-sectional view is of concave
design. In Fig. 2C the trailing edge in contrast is of linear design, i.e. the
trailing edge forms a plane surface. Furthermore only a single rib 30a is
provided, which is arranged along theeentreline 17. In Fig. 2D the trailing
edge 20 in a plan view or cross-sectional view is of concave design, in a
siianmanverikiisedb it karrshaaasendalniboia istrievides raatry in
runs along the centreline 17, and also two outer-lying ribs 30c. In contrast
tPRPIIE WGHICASIISIRPFRRSER aligned in parallel, as in Fig. 2A, the
two outer ribs 30c are not designed parallel to the centreline 17, i.e. to the
central rib 30a, but run at an angle towards the latter. In particular they run
13 in the direction away from the trailing edge from the outside inwards.
In Fig. 2E five ribs are likewise provided, where the trailing edge 20 in a
plan view or cross-sectional view is of convex design. The central rib 30a,
which once again has the largest width, runs along the centreline 17. The
two outer ribs 30c have the smallest width. The ribs 30b, 30c arranged in
each case to right and left of the centreline 17, are arranged symmetrically
to one another with respect to the centreline 17. Contrary to the illustration
in Fig. 2A the ribs 30b and 30c are not arranged parallel to the centreline
17, i.e. to the rib 30a, but rather protrude in each case at an angle of
approx. 900 from the convex shape of the trailing edge 20, so that as
viewed from the trailing edge towards the free ends of the ribs 30a, 30b,
30c an arrangement is formed in which the ribs fan outwards. All the ribs
30a, 30b, 30c shown in Figs. 2A to 2E are designed as plates. Fig. 3
shows a plan view onto an end region 15 of a hydrofoil 100 in accordance
with the invention. In a plan view or cross-sectional view the



- trailing edge 20 is of linear design. The five ribs 30a, 30b, 30c protruding
from the trailing edge 20 are essentially arranged and designed in
accordance with the arrangement in Fig. 2A, where in the representation
shown in Fig. 3, which differs from that of Fig. 2A, the distance between
the ribs 30c and 30b is larger than that®etween the ribs 30b and 30a. The
flow pattern is represented by the multiplicity of arrows plotted. Thus with
trRey e atel lesthan igtaccordance with the invention an essentially
laminar flow pattern is established in the region of the sidewalls 11
downstream from the hydrofoil 100. Between the upper rib 30b and the
central rib 30a a vortex 40 is forming; this is rotating in an anticlockwise
sense. Moreover it c iscerned how vortex formation cannot take
pI%% in the intermed: Véj Rtes between the individual ribs because of
the blocking action caused by the ribs 30a, 30b, 30c, in the direction of
f|()lﬁ a laminar flow pq;tergéls alrﬁady being established over the whole

h of the hydrofoil t8 BH%fstance behind the vortex 40.
Furthermore only a siggie y@stex 40 is produced and thus the formation of
14 a Karman vortex street, in each case formed by pairs of vortices
ro@tlng in opposite d 88?5@ s suppressed. 15 Reference symbol list

103 Hydrofoil 10 Leadhwgeedgel 11 Side face 12 Upper end 13 Lower
end 14 End plate

14 end plate

15 £nd region

16 Rear region

17 Centreline

20 Trailing edge

21 Outside edge

200 Hydrofoil (prior art)
201 Trailing edge
2022, 202b Side faces

2021a, 2021b Side face end poinis
210 Vortex

30 Projecting body

40 Vortex



15 End region 16 Rear region- 17 Centreline 20 Trailing edge 21
Outside edge 200 Hydrofoil (prior art) 201 Trailing edge 202a, 202b Side
faces 2021a, 2021 b Side face end points 210 Vortex 30 Projecting body
40 Vortex 16 CLAIMS A hydrofoil (100), in particular a rudder, for
water-borne vessels, in particular shipg, with a trailing edge (20),
characterised in that at least one projecting body (30) is arranged at the
trailing edge (20) for reducing vortex fongnation. 2. The hydrofoil according
to Claim 1, characterised in that the at least one projecting body (30)
extends over at least 50% of the length of the trailing edge (20),

preferablyhguesial lerst) RYopparicpdyromierakly gatentiinovrhgs in
whole Ien%ték%icgﬁ;h trailin e'g%? (20). 3. The %drofon according to Claim
|

1 or 2, chd A tH: 2ii5:3 2defdrview of the hydrofoil (100)

the at legra eREPRAGGHNG RO £3Q) axentsessry il LA’ trénged at
centreline (17). of the hydrofoil (100), or along the centreline (17).
the trailing edge (20) 1or reducing vortex formation.

2. The hydrofoil according to Claim 1,
characterised in that the at least one projecting body (30) extends
over at least 50% of the length of the trailing edge (20), preferably
over at least 75%, particularly preferably essentially over the whole
length of the frailing edge (20).

3. The hydrofoil according to Claim 1 or 2,
characterised in that in a cross-sectional view of the nydrofoil {(100)

the at least one projecting body (30) extends essentially paraliel to
a centreline (17) of the hydro_foil (100), or along the centreline (17).

4, The hydrofoil according to one of the preceding claims,
characterised in that the at least one projecting body {30) extends
essentialiy paraliel to the longitudinal axis of the hydrofoil (100).

5. The hydrofoil according to one of the preceding claims,
characierised in that the at least one projecting body (30) projects
essentially orthogonally from the surface of the traiiing edge (20).

o2

The hydrofoil according to one of the preceding ciaims,
characterised in that the width of the projecting body (30)
corresponds to at least half the width of the trailing edge (20).



4. The hydrofoil according to one of the preceding claims, characterised in
that the at least one projecting body (30) extends essentially parallel to

the longitudinal axis of the hydrofoil (100). 5. The hydrofoil according to

one of the preceding claims, characterised in that the at least one
projecting body (30) projects essentially orthogonally from the surface of
the trailing edge (20). 6. The hydrofoil according to one of the preceding
ctaims, Tiﬁfmmm?ﬁmﬁﬁﬂ?am@ewgii@ of gﬂh@ pfléi@sﬁigg b}@ﬁb‘r@o) )
corresponds to at legst. half the width of the trailing,edge (20). 17 7, The
hydrofoﬁ:% %Hﬁ% dhe %\é}‘héaf)r Bfin GV ,@ﬁﬁ?ﬁct@%@@? in@tht are
least twopigiRalingthadies RO b s diiayideivdeseinshe areingdadspaced

bodies (30) are arranged spaced apart from gne another and/or
extendir A BTN (R ot R R D P AR S GO Bhe

preceding claims, characterised in that the number of projecting bodies

(30) is 2n+1, in particular 5, and in a cross-sectional view one projecting
bBdly (aba5 RAHAIRYEF CQBHRAAR, AL BB T SR ALBSe (20) and
an evenghiginzotsiigal aje aiagthedies B0 o3BG bRIEtRL aNUNELB®ItRepn+1,

side of the centrally arranged projecting body (30a), in particular
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optionally the width of the other projecti odies (30h, 30c) reduces
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(30) are particuiar symmetrically. |

9. The hydrofoil according to Ciaim 8,
characterised in that the centrally arranged projecting body (30a)
ha‘s the largest width and optionally the width of the other projecting
bodies (30b, 30c¢) reduces progressively towards the outside.

10.  The hydrofoll according to one of the preceding claims,
characterised in that a number of projecting bodies (30) are
provided, wherein the distances between the individual projecting

bodies (30) are the same or different.

11, The hydrofoil according to one of the preceding claims,
characterised in that the at least one projecting body (30) is

designed in the form of a plate and/or as a rib projecting from the
trailing edge (20).

12.  The hydrofoil according to one of the preceding claims,
- characterised in that the profile of the hydrofoil (100) widens in a
cross-sectional view from a leading edge (10) arranged opposed o

the trailing edge (20) in the direction towards the trailing edge (20}



provided, wherein the distances between the individual projecting bodies
(30) are the same or different. 11. The hydrofoil according to one of the
preceding claims, characterised in that the at least one projecting body
(30) is designed in the form of a plate and/or as a rib projecting from the
trailing edge (20). 12. The hydrofoil adéording to one of the preceding
claims,. characterised in that the profile of the hydrofoil (100) widens in a

cross-sectianadnteat fearivn ledtliciy ’Eﬁg&;(ﬂ@é& am&agetﬂ)mpaﬁeﬂ\m hrgrotoil
trailing edge, (20Q) in the ction t Ward the trailin e (20) 18 to

contral R0 AT s BB TQERE TSPy BRADH BrBrEgecion
profile tapéyahich t’oemsmmhmwve@t @m&ﬁrwémemj&ﬁ)fwhmbﬁwmmme
narrowest point of the h drof le, and the profil rom

the roar R (1A 6 REUTIRTo s F50) eo e o R GrBbee
dovetail (28}, Thedyiddéoiimtceiding tf £ladntdil characterised in that the
trailing edge (20) is of linear, convex, or concave design. 14. A

water-borne vessel, in particular a ship, characterised in that it has a
hyl@rofoilMi® G)sd esfaitrgtoding wf Glaimprégeding claims.

characterised in that the traliing edge (20) is of linear, convex, or

concave design.

14. A water-borne vessel, in particular a ship,
characterised in that it has a hydrofoil (100) according to one of the

preceding claims.



