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(57) Abrégée/Abstract:
Disclosed Is a device for generating aerodynamic vortices which Is to be arranged on the spanwise lateral edge of a wing or on a
regulating flap that is adjustably disposed on said spanwise lateral edge of the wing, said wing and flap each having a chordwise
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(57) Abrege(suite)/Abstract(continued):
direction and a spanwise direction. The device Is formed by one or more wing parts. The at least one wing part Is designed as a

part that can be moved relative to the wing or the regulating flap in the spanwise direction. The vortex generating device comprises
an actuator for retracting and deploying the wing parts into and from a cavity as well as a drive unit for actuating the actuator. Also
disclosed are a regulating flap of a wing, a wing comprising such a vortex generating device, and a wing that has at least two wing

segments at the lateral edge located at the spanwise end.
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(54) Title: DEVICE FOR GENERATING AERODYNAMIC VORTICES, AND REGULATING FLAP AND WING COMPRI-
SING A DEVICE FOR GENERATING AERODYNAMIC VORTICES

(54) Bezeichnung : VORRICHTUNG ZUR BILDUNG VON AERODYNAMISCHEN WIRBELN SOWIE STELLKLAPPE
UND TRAGFLUGEL MIT EINER VORRICHTUNG ZUR BILDUNG VON AERODYNAMISCHEN WIRBELN

(57) Abstract: Disclosed 1s a device for generating acrodynamic vortices
which 1s to be arranged on the spanwise lateral edge of a wing or on a re-
gulating flap that 1s adjustably disposed on said spanwise lateral edge of
the wing, said wing and flap each having a chordwise direction and a
spanwise direction. The device is formed by one or more wing parts. The
at least one wing part 1s designed as a part that can be moved relative to
the wing or the regulating flap i the spanwise direction. The vortex gene-
rating device comprises an actuator for retracting and deploying the wing
parts mnto and from a cavity as well as a drive unit for actuating the actua-
tor. Also disclosed are a regulating tlap of a wing, a wing comprising such
a vortex generating device, and a wing that has at least two wing segments
at the lateral edge located at the spanwise end.

(57) Zusammenfassung: Vorrichtung zur Bildung von aerodynamischen
Wirbeln zur Anordnung an dem spannweitigen Seitenrand eines Tragtlii-
gels oder einer an diesem verstellbar angeordneten Stellklappe, die jeweils
eine Tietenrichtung und eine Spannweitenrichtung haben, wobe1 die Vor-
richtung aus einem Fliigelteil oder aus mehreren Fliigelteilen gebildet 1st,
wobel das zumindest eine Fliigelteil als gegeniiber dem Tragfliigel oder
der Stellklappe in deren Spannweitenrichtung bewegbares Teil ausgebil-
det 1st, wobei die Vorrichtung zur Wirbelbildung eine Stellvorrichtung
[Fortsetzung auf der ndchsten Seite]
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A device for the generation of aerodynamic vortices and also a regulating flap

and wing with a device for the generation of aerodynamic vortices

The invention concerns a device for the generation of aerodynamic vortices and also a

regulating flap and wing with a device for the generation of aerodynamic vortices.

Modern commercial aircraft have high-lift aids in order to generate the necessary lift at
low speeds during the take-off and landing phases. From the general prior art it is of
known art that aerodynamic lifting surfaces such as high-lift systems (high-lift devices)
and main and auxiliary aerofoil devices are fitted with wing tips that are cut off straight,
or rounded, or with so-called winglets. As a result of the circulation and the pressure
adjustment between the lower surface of the wing and the reduced pressure on the
upper surface lateral tip vortices of greater vortex strength occur at the wing tips and at
the side edges of the high-lift flaps in addition to the vortex layer along the trailing edge
of the main wing. These edge vortices that are induced by an aircraft and are a direct
result of the circulation generated on the wing, produce an induced resistance, and in
the case of large aircraft in particular, as a result of the large angles of attack with
which these operate and the auxiliary lifting surfaces that are relatively highly extended
in these circumstances, are very strong, long-lived, and have an adverse effect on
other aircraft in the pattern flying behind the aircraft in question. This is
disadvantageous, since the aim is to minimise the separation between aircraft on the
approach to an airport. Particularly with reference to the use of large aircraft the need
exists to reduce the time intervals between machines stacked behind one another
during takeoff and landing, so as to meet the demands for higher airport passenger and
freight handling capacities. The generation of the induced vortices represents a
reduction of lift and an increase in resistance, acts as a noise source and in the vicinity
of the ground can even cause damage to buildings. The lift distribution is impaired as a

result of discontinuities.

From DE 100 20 177 A1 a device for the generation of aerodynamic vortices on the
side edge of a high-lift flap of an aircraft is of known art, wherein on the side edge of

the regulating flap a vortex generator is formed by a number of elements extending In
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the spanwise direction; air flows past between these elements on the regulating flap.
The elements extending in the spanwise direction are of elongated design and are
arranged in shapes similar to that of a comb, which extend over one or a piurality of

sections of the profile depth of the reguiating flap.

From US 3 596 854 a vortex generator is of known art, which comprises a tubular
element extending along the side edge of the regulating flap with an aperture opening
out onto the rear side of the regulating flap, by means of which high-pressure air
collected on the high-pressure surface of the high-lift flap is outputted. The direction of

rotation of the vortex can be selected in the context of an increase or a reduction of the
lift force of the high-lift flap.

From WO 03/000547 A1 a wingiet for a wing is of known art; this has an arrangement
to control the flow so as to reduce the lift generated by means of the winglet as a
function of the flight regime in question. For this purpose a flow channel is provided In
the winglet, by means of which the upper surface of the winglet can be connected with
its lower surface, so as to enable a pressure adjustment and thereby a reduction of the

lift generated by the winglet. The flow channel extends in the spanwise direction and

terminates within the winglet.

Furthermore from US 6,578,798 B1 a device for the reduction of the resistance of lifting

flaps of an aircraft is of known art; the aircraft wing tip has a front and a rear section.

The front and rear wing sections are set at different angles relative to the spanwise

direction of the wing.

DE 100 52 022 A1 discloses an arrangement for use in turbulent shear layers and
vortex structures; this has a multiplicity of flexible hair-shaped structures extending In
the flow direction, one end section of these structures being attached to a body wall.
The free ends of the hair-shaped structures are aligned by the adjacent flow so as to

reduce the vortex generation on objects in the flow field.

The object of the invention is to provide a device for the generation of aerodynamic
vortices to be arranged on a spanwise side edge of a main wing or wing or a regulating

flap adjustably arranged on the latter, and also to provide such a regulating flap and a
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wing with a device for the generation of aerodynamic vortices, which is effective with
reference to the increase in lift occurring during take-off and landing of the aircraft, with
which the take-off and landing time separations of aircraft at the airport can be minimal,

and which can be put into practice with a low level of resource.

These objects are achieved with the features of the independent claims. Further forms

of embodiment are specified in the claims that refer back to these claims.

The invention is based on the fact that on the ends of the wing or regulating flap in
question one or a plurality of aerofoil components of a feather or finger shape are
arranged such that these can be retracted and extended on the wing and/or the
regulating flap. By means of the at least one aerofoil component provided In
accordance with the invention a bundle of tip vortices is generated instead of one
lateral induced tip vortex; these form a vortex coil exiting from the regulating fiap, or the
wing or main wing. This is composed of a multiplicity of individual vortices, which
dissipate rapidly and reduce the resistance while the lift remains the same. The
greatest advantage derives from the alteration of the induced resistance and the
increase of the dissipation. The decomposition of the previous central tip vortex into a
vortex coil reduces the life and circumferential velocity of the vortex as a result of
increased dissipation. In this manner the minimum separation distances between
aircraft flying one behind another can be reduced. Furthermore the ratio of lift to
resistance is significantly improved. Moreover improvements ensue regarding the
regulation of the load distribution on the wing, the control of gusts and the controllability
of the flight dynamics, as a result of an improved effective lever arm achieved by the
extension of the at least one aerofoil component. Faster decomposition of the tip vortex

and greater vortex dissipation furthermore takes place by means of the invention.

In accordance with the invention a device is in particular provided for the generation of
aerodynamic vortices to be arranged on a spanwise side edge of a main wing or wing
or a movable flap adjustably arranged on the latter, which in each case have a

chordwise direction and a spanwise direction. Here the device for vortex generation

can have one or two aerofoil components, wherein:
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- the at least one aerofoil component is designed as a part that can be moved

relative to the wing or regulating flap in their spanwise direction,

- on the respective spanwise edge of the wing or regulating flap a recess Is
designed for accommodation of the aerofoil components, and the device for
vortex generation has an actuation device for retraction and extension of the
aerofoil component into the recess, and also a drive device to operate the

actuation device.

The device for vortex generation can in particular be formed from a plurality of aerofoll
components, and configured such that the aerofoil components are designed as parts
that can be moved relative to the wing or regulating flap in their spanwise direction and
relative to one another: in the extended state of the aerofoil components the outer end
sections of these parts are spaced apart from one another in the direction of the wing
or regulating flap thickness. Here provision is made that on the respective spanwise
edge of the wing or regulating flap a recess is designed for accommodation of the
aerofoil components, and the device for vortex generation has an actuation device for
retraction and extension of the aerofoil components into the recess, and also a drive
device to operate the actuation device. Here provision can be made that in its retracted
state the at least one aerofoil component is situated completely within the contour of
the wing or regulating flap, or that sections of the at least one aerofoil component are

situated within the contour of the wing or regulating flap.

Furthermore the device for vortex generation can be configured such that the outer end
sections of the aerofoil components in their extended state are spaced apart from one
another in the thickness direction of the wing or regulating flap, and/or the outer end
sections of the aerofoil components in their extended state are spaced apart from one

another as seen in the chordwise direction of the wing or regulating flap thickness.

The aerofoil components can be guided by the actuation device such that in the
extended state of the aerofoil components the end sections at the outer ends of the
same are situated one behind another in the chordwise direction of the wing or
regulating flap. The aerofoil components can in particular be guided by the actuation

device such that in the extended state of the aerofoil components end sections of the
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same are situated one above another in the chordwise direction of the wing or

reguiating flap.

The actuation device can have a linear guidance device for the linear retraction and
extension of the at least one aerofoil component, or can be designed as such. Here the
linear guidance device can have slider-track kinematics. The aerofoil components can
be guided by the linear guidance device such that in the extended state of the aerofoll
components end sections of the same are situated one behind another in the

chordwise direction of the wing or regulating flap.

Alternatively the actuation device can have a rotational mounting device, on which the
at least one aerofoil component is supported such that it can rotate between the
retracted and extended positions. If a plurality of aerofoil components is used these can
be arranged on the same axis of rotation. Alternatively each of the plurality of aerofoll

components can be arranged on its own axis of rotation.

In the forms of embodiment cited a drive device can in each case be provided for each

aerofoil component.

In accordance with the invention a regulating flap of a wing is furthermore provided with
a device for the generation of aerodynamic vortices to be arranged on the spanwise
side edge of the regulating flap, wherein the device for vortex generation is formed with

one or a plurality of aerofoil components in one of the examples of embodiment cited.

The regulating flap can in particular be a high-lift flap of a wing.

The actuation device of the device for vortex generation can have slider-track
kinematics for the linear retraction and extension of the aerofoil components, or a
rotational mounting device, on which the aerofoil components are supported between
the retracted and extended positions. The actuation device for the positioning of the
aerofoil components can in particular be configured such that the positioned states of
the at least one aerofoil component are coupled with the positioned state of the
requlating flap, wherein in a retracted state of the regulating flap the at least one
aerofoil component is located in a retracted state, and wherein in an extended state of

the regulating flap the at least one aerofoil component is located in an extended state.
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Here the actuation device can in particular be configured such that in positioned states
of the regulating flap within a range of adjustment with lesser extended positions at
least one of the aerofoil components is extended, and that in positioned states of the
regulating flap within a range of adjustment with greater extended positions at least one
other of the aerofoil components is extended. The range of adjustment with lesser
extended positions can lie between 0 % and 50 % of the full range of extension of the
regulating flap. For purposes of coupling the positioned states of the aerofoll
components with the positioned state of the regulating flap a mechanical coupling

device can be provided.

In accordance with the invention a feedback mechanism can furthermore be arranged
on the regulating flap, or integrated in the latter, which mechanically couples the
extended position of the regulating flap with the extended states of the aerofoll
components. Here an activation device can furthermore be provided, which activates
the feedback mechanism if the regulating flap is retracted. The feedback mechanism
can be functionally coupled with flap-positioning kinematics mechanically, or in another
manner, so that the positioning track or the positioned state of the flap-positioning
kinematics is used by the feedback mechanism to adjust the extended position of the at
least one aerofoil component or individual aerofoil components. When a plurality of
aerofoil components is used the drive device of each individual aerofoil component can
be coupled with the flap-positioning kinematics mechanism mechanically, or in another
manner, or the drive devices of the aerofoil components can be coupled with one
another, so that only one of the drive devices of the aerofoil components is coupled

with the flap-positioning kinematics mechanism to adjust the extended states of a

plurality of aerofoil components.

In a further example of embodiment the actuation device can have a control module to
actuate the drive device of the actuation device, which control module is functionally
connected with a flight control device for the whole aircraft, and has a function for the

reception of command signals for the drive device of the actuation device to operate

the same.
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Furthermore in accordance with the invention a wing or a main wing for an aircraft is
provided, which at its spanwise end has a device for the generation of aerodynamic
vortices in accordance with one of the previously cited examples of embodiment. The
actuation device of the device for vortex generation can have slider-track kinematics, or
a rotational mounting device. A regulating flap can in particular be arranged on the
wing in accordance with one of the previously cited examples of embodiment. In
particular the actuation device for the positioning of the aerofoil components can be
configured such that the positioned states of the aerofoil components are coupied with
the positioned state of the regulating flap, wherein in a retracted state of the regulating
flap the aerofoil components are located in a retracted state, and in an extended state
of the regulating flap the aerofoil components are located in an extended state. In
accordance with a further example of embodiment the actuation device can be
configured such that in positioned states of the regulating flap within a range of
adjustment with lesser extended positions at least one of the aerofoil components Is
extended, and that in positioned states of the regulating flap within a range of
adjustment with greater extended positions at least one other of the aerofoil
components is extended, so that a passive positioning of the aerofoil components is
achieved as a result of the position of the regulating flap. Here the range of adjustment
with lesser extended positions can lie between 0 % and 50 % of the full range of
extension of the regulating flap. For purposes of coupling the positioned states of the
aerofoil components with the positioned state of the regulating flap a mechanical

coupling device can be provided. On the regulating flap a feedback mechanism can be
arranged and/or integrated in accordance with one of the previously cited forms of
embodiment, in particular so as to couple the extended positions of the regulating flap
mechanically with the extended states of the aerofoil components. Furthermore an
activation device can be arranged and/or integrated, which activates the feedback

mechanism if the regulating flap is retracted.

The actuation device can also have a control module to activate the drive device of the
actuation device, which control module is functionally connected with a flight control
device for the whole aircraft, and has a function for the reception of command signals

from the flight control device, and for the generation of command signals for the drive
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device of the actuation device to operate the same. By this means an active positioning

of the aerofoil components is undertaken.

In accordance with the invention a wing is also provided, which has at least two aerofoil

segments on its side edge situated at the spanwise end. Here furthermore:

" the aerofoil segments as seen in the spanwise direction are situated in each case
one behind another and behind the wing; their outer contour is formed such that it
continues the contour of the main wing in the spanwise direction to form a

complete wing, wherein the aerofoil segments are supported such that they can

rotate on a common axis of rotation, and

" each segment is coupled in each case with a drive device, with which each

segment can in each case be positioned independently of the other segments.

The majority of segments can also be arranged on a regulating flap and in particular on
a high-lift flap. In accordance with the invention a regulating flap is accordingly

also provided, which has at least two aerofoil segments on at least one side edge

of its spanwise ends, wherein:

" the aerofoil segments as seen in the spanwise direction are situated in each case
one behind another and behind the regulating flap; their outer contour is formed
such that this continues the contour of the main wing in the spanwise direction to

form a complete wing, wherein the aerofoil segments are supported such that

they can rotate on a common axis of rotation, and

- each segment is coupled in each case with a drive device, with which each

segment can in each case be positioned independently of the other segments.

In what follows examples of embodiment of the invention are elucidated with the aid of

the drawing. In the figures,

. Figure 1 shows a wing of an aircraft as seen from the rear, i.e. in the direction of

flight, with an inner and an outer high-lift flap, in each case in its extended state,
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wherein no aerofoil components provided in accordance with the invention are

arranged on the wing as represented,;

Figure 2 shows the wing with extended high-lift flaps in the representation of
Figure 1, wherein a form of embodiment of the aerofoil components In
accordance with the invention is arranged in the outer edge region of the outer
high-lift flap;

Figure 3 shows the wing with extended high-lift flaps in the representation of
Figure 1, wherein a further form of embodiment of the aerofoil components in
accordance with the invention is arranged in the outer edge region of the outer
high-lift flap;

Figure 4 shows a lateral end section of a high-lift flap with a form of embodiment
of the device for vortex generation in accordance with the invention, in which
three aerofoil components are provided, and the aerofoil components are
supported by means of a rotational mounting device such that they can rotate on
the same axis of rotation between the retracted position and the extended

position, wherein the aerofoil components are located in a retracted state;

Figure 5 shows the lateral end section of a high-lift flap with the form of
embodiment of the device for vortex generation in accordance with the invention

in accordance with Figure 4, wherein the aerofoil components are located in an

extended state;

Figure 6 shows a lateral end section of a high-lift flap with a further form of
embodiment of the device for vortex generation in accordance with the invention,
in which three aerofoil components are provided, and the aerofoil components are
supported by means of a rotational mounting device such that each can rotate on
its own axis of rotation between the retracted position and the extended position,

wherein the aerofoil components are located in an extended state;

Figure 7 shows a lateral end section of a high-lift flap with a further form of

embodiment of the device for vortex generation in accordance with the invention,
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in which three aerofoil components are provided, and in which the aerofoll
components are supported by means of a linear guidance device such that they
can move between the retracted position and the extended position, wherein the

aerofoil components are located in an extended state;

Figure 8 shows a lateral end section of a main wing, on which is arranged a form
of embodiment of the device for vortex generation in accordance with the
invention with three aerofoil components; the aerofoil components are supported
by means of a rotational mounting device such that they can move between the
retracted position and the extended position, wherein the aerofoll components are

located in an extended state;

Figure 9 shows a lateral end section of a main wing, on which is arranged a form
of embodiment of the device for vortex generation in accordance with the
invention with three aerofoil components; the aerofoil components are supported
by means of a linear guidance device such that they can move between the
retracted position and the extended position, wherein the aerofoll components are

located in an extended state;

Figure 10 shows a lateral end section of a main wing, on which is arranged a form
of embodiment of the device for vortex generation in accordance with the
invention with two aerofoil segments, which are supported such that they can

rotate on a common axis of rotation, wherein the aerofoil segments are located in

an initial position, or a neutral positioned state;

Figure 11 shows the lateral end section of a high-lift flap with the form of
embodiment of the device for vortex generation in accordance with the invention
in accordance with Figure 10, wherein the segments are located in a first

positioned state;

Figure 12 shows the lateral end section of the main wing with the form of
embodiment of the device for vortex generation in accordance with the invention

in accordance with Figure 10, wherein the segments are located in a further

setting state.
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1]

Figure 1 shows an aircraft 1 with a fuselage 2 and a wing 3 as seen from the rear and
in the direction of flight, or along the longitudinal axis of the aircraft. In this viewing
direction the right-hand of the two wings of the aircraft is thus shown with the half span
width S2. On the main wing 9 of the wing 3 as shown are represented an inner 4 and
an outer 5 high-lift flap, in each case in its extended state, and also two engine nacelles
6a, 6b. The inner and the outer high-lift flap 4, 5 have in each case an inner end 4a and
5a respectively, facing towards the fuselage 2 and an outer end 4b, 5b respectively,
facing away from the fuselage 2, or facing towards the wing tip 7. Likewise the main
wing 9 has an outer end 9b, situated opposite to the fuselage-side end 9a of the main
wing 9. In this context the term "end" is used for the spanwise side edge of the contour

of the high-lift flap 4, 5, or of the main wing 9, respectively.

In accordance with the invention a device 10 for the generation of aerodynamic vortices
IS arranged on the spanwise side edge of a wing, or on a regulating flap adjustably
arranged on the latter, which in particular can be a high-lift flap 4, 5, the device being
formed from at least one aerofoil component 11, 12, 13. In Figures 2 to 7 aerofoll
components 11, 12, 13 are represented in an exemplary manner as on a high-lift flap,
namely on its edge region 5b facing towards the wing tip. The device for vortex
generation in accordance with the invention can alternatively or additionally be
arranged on any type of regulating flap, and thereby on its inner and/or outer edge
region. In Figures 2 and 3 vortices leaving the aerofoil components 11, 12, 13 are
symbolically represented and provided with the reference symbols 11°, 12, 13'. The
aerofoil components are feather-like flow bodies with an aerodynamic profile, which
has a spanwise direction RS1 and an aerofoil chordwise direction RT1 (Figure 5). The
aerofoil components have an aerofoil shape and are preferably formed in an elongated
manner in the spanwise direction RS1. As seen in the spanwise direction RS1 the

aerofoil components 11, 12, 13 can be of a straight or curved shape.

In Figures 2 to 9 the devices 10 for vortex generation represented there are in each

case three aerofoll components, which are provided with the same reference symbols,

even when these belong to different forms of embodiment.
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In Figures 2 to 9 the device 10 for vortex generation is in each case represented with
three aerofoil components 11, 12, 13. In general the device 10 for the generation of
aerodynamic vortices in accordance with the invention can also be formed from just
one aerofoil component. In the formation of the device 10 from one aerofoll component
this is designed as a part that can be moved relative to the wing or regulating flap in its
spanwise direction. If the device 10 for vortex generation is formed from a plurality of
aerofoil components 11, 12, 13 the device 10 is configured such that the aerofoil
components 11, 12, 13 are designed as parts that can be moved relative to the wing or
regulating flap in their spanwise direction, whose outer end sections in the extended
state of the aerofoil components are spaced apart from one another in the thickness
direction of the wing or regulating flap, and such that on the respective spanwise edge
of the wing or regulating flap a recess is designed to accommodate the aerofoil
components, and the device 10 for vortex generation has an actuation device for the
retraction and extension of the aerofoil components into the recess, and also a drive
device to operate the actuation device. Here the device 10 for vortex generation can In
particular be configured such that the outer end sections of the aerofoil components in
their extended state are spaced apart from one another in the thickness direction of the
wing or regulating flap, and/or the outer end sections of the aerofoil components in their
extended state are spaced apart from one another as seen in the chordwise direction

of the wing or regulating flap.

The device 10 for vortex generation and/or the regulating flap 4, 5 or the main wing 9
has an actuation device for the retraction and extension of the one aerofoil component
or aerofoil components, which are driven, i.e. operated, by a drive device (not shown).
The actuation device has in particular positioning kinematics and a guidance device, by
means of which the retraction and extension movement of the aerofoil component or
aerofoil components 11, 12, 13 is determined. The actuation device can In particuiar
have a linear guidance device, in particular in the form of slider-track kinematics, for the
linear retraction and extension of the at least one aerofoil component or aerofoll
components 11, 12, 13. Alternatively the actuation device can have a rotational
mounting device, on which the at least one aerofoil component or aerofoil components

11, 12, 13 is/are supported such that it/they can rotate between the retracted and

extended positions.
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In the formation of the device 10 for vortex generation from a plurality of aerofoil
components 11, 12, 13 these can be guided by the linear guidance device or by the
rotational mounting device such that in the extended state of the aerofoil components
11, 12, 13 end sections 21, 22, 23 of the same are situated one behind another in the
chordwise direction of the wing or regulating flap, as represented in Figures 5 to 9.
Furthermore these in their partially or fully extended state starting from the respective
end or edge region of the regulating flap 4, 5 or of the main wing 9 can extend in their
spanwise direction RS1 upwards (Figure 2) or downwards (Figure 3). Furthermore
provision can be made that the outer end sections 21, 22, 23 of the aerofoll
components 11, 12, 13 in their partially or fully extended state are spaced apart from
one another in the thickness direction of the wing or regulating flap, as shown In
Figures 2 and 3. Furthermore the device 10 for the generation of aerodynamic vortices
can be designed, and the aerofoil components 11, 12, 13 can be guided by the
actuation device, such that in the fully or partially extended state of the aerofoll
components 11, 12, 13 the end sections 21, 22, 23 or outer ends of the aerofoll
components are situated one behind another (Figures 5 to 9) and/or one above another

(Figures 5, 6 and 8) in the chordwise direction of the wing or regulating flap.

The main wing 9 and/or the regulating flap 4, 5 on which the device 10 is arranged can
have a depression or a cavity or a recess into which the aerofoil components 11, 12, 12

can be retracted.

The actuation device for the positioning of the aerofoil components 11, 12, 13 can be
configured such that the positioned states of the at least one aerofoil component 11,
12, 13 are coupled with the positioned state of the regulating flap 4, 5, wherein in a
retracted state of the regulating flap 4, 5 the at least one aerofoil component 11, 12, 13
is located in a retracted state, and wherein in an extended state of the regulating flap 4,

5 the at least one aerofoil component 11, 12, 13 is located In an extended state.

Here the actuation device can furthermore be configured such that in positioned states
of the regulating flap within a range of adjustment with lesser extended positions at
least one of the aerofoil components 11, 12, 13 is extended, and that in positioned

states of the regulating flap within a range of adjustment with greater extended
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positions at least one other of the aerofoil components 11, 12, 13 is extended. In this
form of embodiment of the device 10 a passive extension and retraction of the at least
one aerofoil component is implemented. For purposes of coupling the positioned states
of the aerofoil components 11, 12, 13 with the positioned state of the regulating flap 4,

5 a mechanical coupling device can be provided.

In a further form of embodiment of the device 10 for vortex generation in accordance
with the invention, a feedback mechanism can be arranged on the regulating flap 4, 5,
which mechanically couples the extended position of the regulating flap 4, 5 with the
extended states of the aerofoil components 11, 12, 13.Here an activation device is

furthermore provided, which activates the feedback mechanism if the regulating flap 4,

5 1S retracted.

In a further form of embodiment of the device 10 for vortex generation in accordance
with the invention, provision can be made that the actuation device has a control
module to actuate the drive device of the actuation device, which is functionally
connected with a flight control device for the whole aircraft, and which has a function
for the reception of command signals for the drive device of the actuation device to

operate the same. In this manner an active positioning of the at least one aerofoil

component 11, 12, 13 Is implemented.

In accordance with a further form of embodiment of the invention a wing or a main wing

9 is provided, which at its side edge situated at the spanwise end has at least two

aerofoil segments 51, 52, wherein:

- the aerofoil segments 51, 52 as seen in the spanwise direction are situated in
each case one behind another and behind the wing and their outer contour is
formed such that this continues the contour of the main wing in the spanwise
direction to form a complete wing, wherein the aerofoil segments 51, 52 are

supported such that they can rotate on a common axis of rotation 53, and

" each segment 51, 52 Is coupled in each case with a drive device, with which each

segment can in each case be positioned independently of the other segments.
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Figure 10 shows a lateral end section of a main wing 9, on which a form of embodiment
of the device 50 for vortex generation in accordance with the invention is arranged with
two aerofoil segments 51, 52, which are supported such that they can rotate on a
common axis of rotation 53, wherein the aerofoil segments are located in an initial
position or in a neutral positioned state. Figure 11 shows the segments 51, 52 in a
further positioned state and Figure 12 shows the segments 51, 52 in a further

positioned state.

In an analogous manner the previously described arrangement of aerofoll segments
can also be arranged on a regulating flap, and in particular on a high-lift flap. In
accordance with the invention therefore a regulating flap is also provided, which on at
least one side edge of its spanwise ends has at least two aerofoil segments. Here the
aerofoil segments 51,52 as seen in the spanwise direction are in each case situated
one behind another and behind the regulating flap 4, 5. Their outer contour is formed
such that this continues the contour of the main wing in the spanwise direction to form
a complete wing, wherein the aerofoil segments 51, 52 are supported such that they
can rotate on a common axis of rotation 53. Furfhermore each segment 51, 52 Is
thereby coupled in each case with a drive device, with which each segment 51, 52 can

be positioned independently of each of the other segments 52, 51.
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Patent Claims

1. A device (10) for the generation of aerodynamic vortices to be arranged on the
spanwise side edge (12, 32) of a wing (3) or a regulating flap (4, 5) adjustably arranged
on the latter, wherein the device (10) for vortex generation is formed from at least one

aerofoil component,
characterised In that,

. the at least one aerofoil component is designed as a part that can be moved

relative to the wing or regulating flap (4, 5) in its spanwise direction,

- in the respective spanwise edge of the wing or regulating flap (4, 5) a recess Is
designed to accommodate the aerofoil components (11, 12, 13) and the device
(10) for vortex generation has an actuation device for the retraction and extension
of the aerofoil component into the recess, and also a drive device to operate the

actuation device.

2. The device (10) for vortex generation in accordance with Claim 1, characterised
in that the device (10) for vortex generation is formed from a plurality of aerofoll
components (11, 12, 13), and is configured such that the aerofoll components (11, 12,
13) are designed as parts that can be moved relative to the wing or regulating flap (4,
5) In their spanwise direction, and relative to one another, whose outer end sections in
the extended state of the aerofoll components (11, 12, 13) are spaced apart from one
another in the thickness direction of the wing or regulating flap, in that on the respective
spanwise edge of the wing or regulating flap (4, 5) a recess Is desighed to
accommodate the aerofoil components (11, 12, 13), and the device (10) for vortex
generation has an actuation device for the retraction and extension of the aerofoll
components (11, 12, 13) into the recess, and also a drive device to operate the

actuation device.

3. The device (10) for vortex generation in accordance with Claim 1 or 2,
characterised in that the device (10) for vortex generation is formed from a plurality of

aerofoll components (11, 12, 13), and is configured such that the outer end sections of
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the aerofoil components (11, 12, 13) in their extended state are spaced apart from one
another in the thickness direction of the wing or regulating flap (4, 5), and/or the outer
end sections of the aerofoil components (11, 12, 13) in their extended state are spaced

apart from one another in the chordwise direction of the wing or regulating flap (4, 5).

4. The device (10) for vortex generation in accordance with one of the preceding
Claims 1 to 3, characterised in that the device (10) for vortex generation is configured
such that in its retracted state the at least one aerofoil component is situated

completely within the contour of the wing or regulating flap.

5. The device (10) for vortex generation in accordance with one of the preceding
Claims 1 to 3, characterised in that the device (10) for vortex generation is configured
such that in its retracted state some sections of the at least one aerofoil component are

situated within the contour of the wing or regulating flap.

6. The device (10) for vortex generation in accordance with one of the preceding
Claims 2 to 5, characterised in that the aerofoil components (11, 12, 13) are guided by
the actuation device such that in the extended state of the aerofoil components (11, 12,
13) the end sections (21, 22, 23) on the outer ends of the aerofoil components are

situated one behind another in the chordwise direction of the wing or regulating flap (4,
D).

/. The device (10) for vortex generation in accordance with one of the preceding
Claims 2 to 6, characterised in that the aerofoil components (11, 12, 13) are guided by
the actuation device such that in the extended state of the aerofoil components (11, 12,

13) the end sections (21, 22, 23) of the same are situated one above another in the

chordwise direction of the wing or regulating flap (4, 5).

8. The device (10) for vortex generation in accordance with one of the preceding
claims, characterised in that the actuation device has a linear guidance device (L) for

the linear retraction and extension of the at least one aerofoil component (11, 12, 13).

9. The device (10) for vortex generation in accordance with Claim 8, characterised

in that the linear guidance device has slider-track kinematics.
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10. The device (10) for vortex generation in accordance with Claim 8 or 9,
characterised in that in the formation of the device (10) for vortex generation from a
plurality of aerofoil components (11, 12, 13) these are guided by the linear guidance
device such that in the extended state of the aerofoil components (11, 12, 13) end
sections of the same are situated one behind another in the chordwise direction of the

wing or regulating flap (4, 5).

11. The device (10) for vortex generation in accordance with one of the preceding
claims, characterised in that the actuation device has a rotational mounting device (D),
on which the at least one aerofoil component is supported such that it can rotate

between the retracted and the extended position.

12. The device (10) for vortex generation in accordance with Claim 11,
characterised in that in the formation of the device (10) for vortex generation from a
plurality of aerofoil components (11, 12, 13) the plurality of aerofoili components (11,

12, 13) are arranged on the same axis of rotation (30).

13. The device (10) for vortex generation in accordance with Claim 11,
characterised in that each of the plurality of aerofoil components (31, 32, 33) Is

arranged on its own axis of rotation (31, 32, 33).

14. The device (10) for vortex generation in accordance with one of the preceding

claims, characterised in that a drive device is provided for each aerofoll component.

15. A regulating flap (4, 5) of a wing with a device (10) for the generation of
aerodynamic vortices to be arranged on the spanwise side edge (12, 32) of the
regulating flap (4, 5), wherein the device (10) for vortex generation is formed with one
or a plurality of aerofoil components (11, 12, 13) in accordance with one of the Claims
1to 14.

16. The reqgulating flap (4, 5) in accordance with Claim 15, characterised in that the

regulating flap (4, 5) is a high-lift flap of a wing.

17. The regulating flap (4, 5) in accordance with Claim 15 or 16, characterised In

that the actuation device of the device (10) for vortex generation has slider-track
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kinematics for the linear retraction and extension of the wing sections (11, 12, 13), and

the regulating flap (4, 5) has a cavity arranged at the lateral edge of the regulating flap
(4, 5) and extending in its spanwise direction, into which the aerofoil components (11,

12, 13) can be retracted.

18. The regulating flap (4, 5) in accordance with Claim 15 or 16, characterised In
that in the design of the actuation device as a rotational mounting device, on which the
aerofoil components (11, 12, 13) are supported such that they can rotate between the
retracted and the extended positions, the regulating flap (4, 5) has on its outer edge a

pocket, in which the aerofoil components (11, 12, 13) in their retracted state are

accommodated.

19. The regulating flap (4, 5) in accordance with one of the preceding Claims 15 to
18, characterised in that the actuation device for the positioning of the aerofoil
components (11, 12, 13) is configured such that the positioned states of the at least
one aerofoil component (11, 12, 13) are coupled with the positioned state of the
regulating flap (4, 5), wherein in a retracted state of the regulating flap (4, 5) the at least
one aerofoil component (11, 12, 13) is located in a retracted state, and wherein in an

extended state of the regulating flap (4, 5) the at least one aerofoil component (11, 12,

13) is located In an extended state.

20. The requlating flap (4, 5) in accordance with Claim 19, characterised in that the

actuation device is configured such that in positioned states of the regulating flap within
a range of adjustment with lesser extended positions at least one of the aerofoll

components (11, 12, 13) is extended, and that in positioned states of the regulating flap
within a range of adjustment with greater extended positions at least one other of the

aerofoll components (11, 12, 13) is extended.

21. The device (10) for vortex generation in accordance with Claim 20,
characterised in that the range of adjustment with lesser extended positions lies

between 0 % and 50 % of the complete range of extension of the regulating flap.

22. The device (10) for vortex generation in accordance with Claim 19, 20, or 21,

characterised in that for purposes of coupling the positioned states of the aerofoil
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components (11, 12, 13) with the positioned state of the regulating flap (4, 5) a

mechanical coupling device is provided.

23. The device (10) for vortex generation in accordance with one of the preceding
Claims 19 to 22, characterised in that a feedback mechanism is arranged on the
regulating flap (4, 5), which mechanically couples the extended position of the
requlating flap (4, 5) with the extended states of the aerofoil components (11, 12, 13),

as is an activation device, which activates the feedback mechanism if the regulating

flap (4, 5) Is retracted.

24 The device (10) for vortex generation in accordance with the Claim 19, 20 or 21,
characterised in that the actuation device has a control module to actuate the drive
device of the actuation device, which control module is functionally connected with a
flight control device for the whole aircraft, and which has a function for the reception of

command signals for the drive device of the actuation device to operate the same.

25. A wing for an aircraft, which at its spanwise end has a device (10) for the

generation of aerodynamic vortices in accordance with one of the previous Claims 1 to
14,

26. The wing in accordance with Claim 25, characterised in that the actuation
device of the device (10) for vortex generation has slider-track kinematics for the linear
retraction and extension of the aerofoil components (11, 12, 13) and the wing has a
cavity arranged at the lateral edge of the wing and extending in its spanwise direction,

iInto which the aerofoil components (11, 12, 13) can be retracted.

27 The wing in accordance with Claim 25, characterised in that in the design of the

actuation device as a rotational mounting device, on which the aerofoil components
(11, 12, 13) are supported such that they can rotate between the retracted and the
extended positions, the regulating flap (4, 5) has on its outer edge a pocket, in which

the aerofoil components (11, 12, 13) in their retracted position are accommodated.

28. The wing in accordance with one of the preceding Claims 25 to 27,

characterised in that a regulating flap (4, 5) is arranged on the wing, and the actuation
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device for the positioning of the aerofoil components (11, 12, 13) is configured such
that the positioned states of the aerofoil components (11, 12, 13) are coupled with the
positioned state of the regulating flap (4, 5), wherein in a retracted state of the
regulating flap (4, 5) the aerofoil components (11, 12, 13) are located in a retracted
state, and in an extended state of the regulating flap (4, 5) the aerofoil components (11,

12, 13) are located in an extended state.

29. The wing in accordance with Claim 28, characterised in that the actuation
device is configured such that in positioned states of the regulating flap within a range
of adjustment with lesser extended positions at least one of the aerofoil components
(11, 12, 13) is extended, and that in positioned states of the regulating flap within a
range of adjustment with greater extended positions at least one other of the aerofoil

components (11, 12, 13) is extended. (Passive positioning)

30. The wing for vortex generation in accordance with Claim 29, characterised In
that the range of adjustment with lesser extended positions lies between 0 % and 50 %

of the complete range of extension of the regulating flap.

31. The wing for vortex generation in accordance with Claim 28, 29 or 30,
characterised in that for purposes of coupling of the positioned states of the aerofoil
components (11, 12, 13) with the positioned state of the regulating flap (4, 5) a

mechanical coupling device Is provided.

32. The wing for vortex generation in accordance with one of the preceding Claims
28 to 31, characterised in that on the regulating flap (4, 5) Is arranged: a feedback
mechanism, which mechanically couples the extended position of the regulating flap (4,
5) with the extended states of the aerofoil components (11, 12, 13) and an activation
device, which activates the feedback mechanism if the regulating flap (4, 5) is

retracted.

33. The wing for vortex generation in accordance with one of the preceding Claims
25 to 30, characterised In that the actuation device has a control module to actuate the
drive device of the actuation device, which is functionally connected with a flight control

device for the whole aircraft, and which has a function for the reception of command
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signals from the flight control device, and for the generation of command signals for the

drive device of the actuation device to operate the same. (Active positioning)

34. A wing (3, 9), which at its side edge situated at the spanwise end has two

aerofoil segments (51, 52), characterised in that:

- the aerofoil segments (51, 52) as seen in the spanwise direction are situated In
each case one behind another and behind the wing, and their outer contour Is
formed such that this continues the contour of the main wing in the spanwise
direction to form a complete wing, wherein the aerofoil segments (51, 52) are

supported such that they can rotate on a common axis of rotation (53), and

. each segment (51, 52) is in each case coupled with a drive device, with which

each segment (51, 52) can be positioned independently of each of the other

segments (52, 51).

39. A regulating flap (4, 5), which on at least one side edge of its spanwise ends

has at least two aerofoil segments (51, 52), characterised in that:

" the aerofoil segments (51, 52) as seen in the spanwise direction are situated in
each case one behind another and behind the regulating flap (4, 5), and their
outer contour is formed such that this continues the contour of the main wing in
the spanwise direction to form a complete wing, wherein the aerofoil segments

(51, 52) are supported such that they can rotate on a common axis of rotation
(53), and

. each segment (51, 52) is in each case coupied with a drive device, with which

each segment (51, 52) can be positioned independently of each of the other

segments (52, 51).
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Fig. 6
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