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(57) Abrégée/Abstract:

A wing tip device (W; W1, W2) for a wing (T; 10a, 10b), comprising aroot (E1) and atip (E2) and the following determinant
characteristics:

* the local dihedral of the wing tip device (W; W1, W2) continuously increases or decreases from the root (E1) to the tip (E2);
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(57) Abrege(suite)/Abstract(continued):

 the local sweep of the trailing edge (50) continuously increases along its progression from the root (E1) to the tip (E2Z) of the wing
tip device (W; W1, W2);

wherein the local sweep of the leading edge (60) continuously increases In the progression of the leading edge (60) from the root
(El) to a first intermediate point (61a); continuously decreases from the first intermediate point (61a) to a second intermediate point

(62a); and continuously increases from the second intermediate point (62a) at least to a region before of the tip (E2) of the wing tip
device (W; W1, W2);

as well as a wing comprising a wing tip device (W; W1, W?2).
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Abstract

A wing tip device (W; W1, W2) for a wing (T; 10a, 10b), comprising aroot (E1) and atip
(E2) and the following determinant characteristics:

5 e the local dihedral of the wing tip device (W; W1, W2) continuously increases or
decreases from the root (E1) to the tip (E2);

. the local sweep of the trailing edge (50) continuously Increases along its
progression from the root (E1) to the tip (E2) of the wing tip device (W; W1, W2);

wherein the local sweep of the leading edge (60) continuously increases in the

10  progression of the leading edge (60) from the root (E1) to a first intermediate point
(61a); continuously decreases from the first intermediate point (61a) to a second
intermediate point (62a); and continuously increases from the second intermediate

point (62a) at least to a region before of the tip (E2) of the wing tip device (W; W1, W2);
as well as a wing comprising a wing tip device (W; W1, W2).

15  (Figure 4)
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Non-planar wing tip device for wings of aircraft, and wing comprising such a

wing tip device

The invention relates to a non-planar wing tip device for the wing of an aircraft, and to a

wing comprising such a wing tip device.

From the state of the art non-planar wing tip devices are known which differ not only in
their geometric shapes but also in their design sizes.

From DE 101 17 721 A1 a wingtip extension for a wing is known, comprising an upper
surface and a lower surface as well as a leading edge and a trailing edge, with the
geometries of said wingtip extension being such that between a joint region for
attachment to a wing and the tip of the wingtip extension a continuous increase in the
local dihedral, a continuous increase in the sweep of both the leading edge and of the
trailing edge, and a continuous decrease in the chord length of the wingtip extension
result, and such that the wingtip extension joins the wing in the joint region in an
essentially continuous manner.

The literature provides a multitude of different wing tip devices or winglets which are
predominantly provided for reducing the aerodynamic drag, and thus for improving
aerodynamic performance. The definition of wing tip devices can take place either
within the scope of the concept of a new overall aircraft or within the scope of
retrofitting such a wing tip device to an already existing aircraft. In the latter case the
existing wing geometry is replaced by another wing geometry. In both cases in the
design of the wing tip device the resulting gain in aerodynamic performance needs to
be balanced against the usually increased structural load, which is often in a simplified
manner evaluated by means of the integral wing root bending moment, and all the
resulting consequences relating to the weight of the aircraft. The evaluation of various

tip devices can return different results based on the given design scenario and on the
boundary conditions.
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From the general state of the art a so-called wing tip fence (WTF) is also known, which
comprises two components of similar size and which extends upwards and downwards aimost
perpendicularly to the wing. In order to optimize the flow guality at the wing, wing tip devices
with continuously smooth transitions of the sweep and the dihedral between the outer part of the
main wing on which the wing tip device is arranged and the wing tip device have been ‘

implemented.

It is the object of the invention to provide a wing tip device and a wing comprising such a wing
tip device, by means of which, when compared to known wing tip devices, an improvement in
the aerodynamic performance of the wing on which the wing tip device is arranged, and thus
also an improvement in the aircraft can be achieved in a larger number of aircraft that differ in
their size and/or performance spectrum. It is also the object of the invention to provide a wing
tip device and a wing comprising such a wing tip device, by means of which the retrofitting of
aircraft whose size and/or performance spectrum differs is possible with the provided wing tip
device for improving the aerodynamic characteristics of the wing and of the aircraft, which

improvement requires no modifications or only slight modifications of the wing.

In accordance with one embodiment of the present invention, there is provided a wing tip device
for a wing comprising a root and a tip wherein a local dihedral of the wing tip device
continuously increases or decreases from the root to the tip, and wherein a local sweep of a
trailing edge continuously increases along its progression from the root to the tip of the wing tip
device; and a local sweep of a leading edge continuously increases in the progression of the
leading edge from the root to a first intermediate point; continuously decreases from the first
intermediate point to a second intermediate point; and continuously increases from the second

intermediate point at least to a region before of the tip of the wing tip device.

The wing tip device according to the invention can, in particular, be implemented as a separate
part that is attached to the outer part of a main wing and that in this way without necessary
changes or with only comparatively minor necessary changes, and thus relatively economical
changes in the wing structure, achieves optimal aerodynamic efficiency, for example during
Cruise.

With the characteristics of the wing tip device according to the invention a performance
improvement of the wing to which the wing tip device has been attached is achieved, as is a
performance improvement in the overall aircraft with the wing. The design of the wing tip device
according to the invention makes it possible to integrate a navigation light together with a

glassing for covering said navigation light.
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Furthermore, embodiments of the wing tip device according to the invention make it
possible when said wing tip device has been attached as part of a retrofit to keep low
the additional structural load that is effective on the wing, and with corresponding
matching of the shape according to the invention to the situation of the respective
individual case to reduce said structural load so that it is negligible. Consequently, the
wing tip device according to the invention is particularly suitable for retrofitting the wing

of an existing aircraft either entirely or with only very minor modification of the wing.

In wing tip devices known from the state of the art, the above is either not possible, or
possible only to a very limited extent, because these tip devices, with the exception of
the wingtip fence, primarily aim to achieve significantly greater drag reductions, which
usually result in increases in the wing root bending moment of a corresponding
magnitude. If, provided this is possible at all, the wing tip devices known from the state
of the art were designed according to the above-mentioned measures, for example if
the load 1s neutral or the increase in the structural load effective on the wing were
designed to a lesser value, then in the known wing tip devices this would result in
designs, for example relating to the geometric height, which return insufficient

performance improvements of the wing, so that they would not be economical.

In contrast to this, with the wing tip device according to the invention the effects
according to the invention of aerodynamic performance improvement of the wing are
achieved also in relation to attached said tip device to a wing as part of a retrofit with a
relatively compact design or short effective span of the wing tip device and/or a low

aerodynamic load caused by the wing tip device.

According to the invention, a wing tip device for attachment on a wing is provided,

which wing tip device comprises aroot and atip and the following determinant
characteristics:

. the local dihedral of the wing tip device continuously increases or decreases from
the root to the tip;

. the local sweep of the trailing edge continuously increases along its progression
from the root to the tip of the wing tip device:
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. the local sweep of the leading edge continuously increases in the progression of
the leading edge from the root to a first intermediate point; continuously
decreases from the first intermediate point to a second intermediate point; and
continuously increases from the second intermediate point at least to a region
before (inboard of) the tip of the wing tip device when the progression of the

leading edge is viewed from the root to the tip.

It can be provided for the local sweep of the leading edge to continuously increase from
the second intermediate point to the tip of the wing tip device. As an alternative to this it
can be provided for the local sweep of the leading edge to continuously increase from
the second intermediate point to a sub-region of the wing tip device, which sub-region
extends before (inboard of) the tip and along a maximum of the outermost 8% of the

length of the wing tip device, which length extends in longitudinal direction between the
root and the tip.

An example of the invention provides for the increase or decrease in the local dihedral

of the wing tip device to be designed in such a way that the angular difference between

the local span direction on the root and the local span direction on the tip ranges

between 30 degrees and 90 degrees.

A turther example of the invention provides for the distance between the root and the
outermost point of the tip, when viewed in the longitudinal direction that extends from
the root to the tip of the wing tip device, is between 20% and 80% of the local profile
chord length at the root, wherein the distance between the root and the outermost point

of the tip (E2) is defined in the local wing tip device thickness direction of the local
coordinate system of the wing tip device.

As an alternative or in addition, an example embodiment of the invention can provide
for the length, which extends along the iongitudinal direction of the wing tip device, of
the first section, which is situated between the root and the first turning point, to

measure between 15% and 50% of the length of the wing tip device, which length

extends along the longitudinal direction.
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As an alternative or in addition, an example embodiment of the invention can provide

for the length, which extends along the longitudinal direction, of the second section,

which is situated between the first turning point and the second turning point, to

measure between 5% and 30% of the length of the wing tip device.

As an alternative or in addition, an example embodiment of the invention can provide

for the length, which extends along the longitudinal direction of the wing tip device, of

the third section, which is situated between the second turning point and thetip, to

measure between 15% and 70% of the length of the wing tip device.

An example embodiment of the invention can provide for the leading edge of the third

section to match with the trailing edge at the tip.

According to a further aspect of the invention, a wing with a wing tip device according

to the invention is provided. Below, example embodiments of the invention are

described with reference to the enclosed figures which show the following:

. Figure 1 a diagrammatic perspective view of an aircraft with an example

embodiment of the wing tip device according to the invention,

. Figure 2 a diagrammatic lateral view of an aircraft with a further example

embodiment of the wing tip device according to the invention,

Figure 3 a diagrammatic rear view of an exampie embodiment of the wing tip
device according to the invention,

Figure 4 a diagrammatic top view of a first example embodiment of the wing tip
device according to the invention,

Figure 5 a diagrammatic top view of a second example embodiment of the wing
tip device according to the invention, with the outermost region of said wing tip

device being designed in an alternative manner when compared to the wing tip
device shown in Figure 4,

Figure 6 a diagrammatic lateral view of the wing tip device geometry.
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Figures 1 and 2 show an example embodiment of an aircraft F with two wings 10a,
10b, on each of which a wing tip device W1, W2 according to the invention can be
arranged. Figures 1 and 2 also show the aircraft coordinate system KS-F. Each wing
10a, 10b comprises at least one aileron 11a or 11b. Optionally, each wing 10a, 10b can
comprise a multitude of spoilers 12a or 12b, slats 13a, 13b and/or trailing-edge flaps
14a, 14b. In Figure 1 only some of the spoilers 12a or 12b, slats 13a, 13b and/or
trailing-edge flaps 14a, 14b have a reference character. Figure 1 also shows a
coordinate system relating to the aircraft F, with a longitudinal axis X of the aircraft, a
transverse axis Y of the aircraft, and a vertical axis Z of the aircraft. Furthermore. the
aircraft F comprises a vertical tail unit 20 with at least one rudder 21. Optionally the
aircraft F can also comprise an elevator tailplane 24 that comprises at least one

elevator 25. The elevator tailplane 24 can also be designed as a T-tail or a cruciform
tail.

The aircraft F according to the invention can also be of a shape that differs from that of
the aircraft F shown in Figures 1 and 2. For example, the aircraft according to the
invention can also be a high-wing aircraft or a biended wing body. Furthermore, the

aircraft can also be an aircraft that comprises canards instead of an elevator tailplane.

Figures 3, 4, 5 and 6 show an example embodiment of the wing tip device W according
to the invention for a right-hand wing when viewed in the direction of flight or against
the longitudinal axis X of the aircraft. In Figures 1 and 2 the right-hand wing tip device
s designated W1, while in Figures 3, 4, 5 and 6 it is designated W. In Figures 3, 4, 5
and 6 the aircraft coordinate system KS-F and the coordinate system KS-T of the wing
T, on which the wing tip device W is arranged, are also shown.

The coordinate system KS-T of the wing T is a local coordinate system that comprises
a span direction SW, a wing chord direction FT and a wing thickness direction FD.

According to a definition according to the invention, the local coordinate system KS-T
for the wing T is oriented in such a way that the local wing chord direction FT extends
parallel to the longitudinal axis X of the aircraft coordinate system KS-F. Orientation of
the axes and the location of the origin of the local coordinate system KS-T of the wing

T can, in particular, furthermore be defined on the basis of the respectively resulting
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smallest cross-sectional area, which results at each point of the wing T, of the wing T,
wherein the origin of the local coordinate system KS-T is the area centre of gravity that
resuits In relation to the respective cross-sectional area and that is situated in said
cross-sectional area, and the local wing thickness direction FD and the local wing

chord direction FT are situated in the respectively smallest cross-sectional area.

According to an alternative definition according to the invention, the local coordinate
system KS-T for the wing T is oriented in such a way that the wing chord direction FT
of the coordinate system KS-T of the wing T extends in the X-direction or longitudinal
direction of the aircraft coordinate system KS-F and that the wing thickness direction
FD of the coordinate system KS-T of the wing T extends in the Z-direction of the

aircraft coordinate system KS-F or of the direction of the vertical axis Z of the aircraft F.

In relation to the span direction SW of the wing T on which the wing tip device is
arranged, the wing tip device W comprises aroot E1 to form a wing tip device
connection, and atip E2, which forms the wingtip, and extends the wing T in whose
span direction SW starting from the outermost part of the wing T to which the wing tip
device W has been attached. The wing tip device W comprises a trailing edge 50, a
leading edge 60, an upper surface70 and a lower surface 80, which in each case
extend between the root E1 and the tip E2.

The wing tip device W can be attached directly to the wing T. In this arrangement,

adjoining areas or lines of the wing T and of the wing tip device W can comprise an
edge or a Kink.

Furthermore, the wing tip device W can be attached to the wing T by way of an
interface or a transition region A. In this arrangement the upper surface A1 of the
transition region A on the one hand joins the upper surface T1 of the wing T, and on
the other hand joins the upper surface 70 of the wing tip device W, while the lower
surface A2 of the transition region A on the one hand joins the lower surface T2 of the
wing T, and on the other hand joins the lower surface 80 of the wing tip device W. In
this case, adjacent areas or lines, at an interface A adjacent to the wing T and to the
wing tip device W or within the interface A, can form an edge or a kink.
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In the example embodiments, shown in Figures 3, 4, 5 and 6, of a wing T with a wing
tip device W according to the invention, an interface or transition region A is provided
between the wing T and the wing tip device W. In these example embodiments the
transition region A or the transition between the wing T and the wing tip device W and
the trailing edge 50, the leading edge 60, the upper surface 70 and/or the lower surface
80 are designed fulfilling tangent continuity, i.e. without a kink; in other words the wing
has a progression with a mathematically-differentiable curve shape in which, as stated
above, the tangents, which at the transition point result from opposite directions, of the
surfaces of the wing T or of the wing tip device W meet each other without angular

discontinuity.

In particular, the transition from the surface of the wing T to the transition region A
and/or from the surface of the transition region A to the wing tip device W can be

shaped with curvature continuity, i.e. twice mathematically differentiable.

According to an example embodiment, the interface or the transition region A and/or
the transition between the wing T and the wing tip device W and, in particular, the
trailing edge 50, the leading edge 60, the upper surface 70 and/or the lower surface 80
comprises an edge or a corner so that these positions do not form part of a kink-free
and curved section, because at these transition points the respective tangents of the
wing T and of the wing tip device W meet each other with angular discontinuity, with

regard to the tangents that arise from directions that extend opposite one another.

Generally speaking, for a description of the transition region A, insofar as the latter is

provided in an embodiment of the wing according to the invention, a definition.

according to the invention, of the local wing coordinate system KS-T also needs to be
applied.

According to a further example embodiment of the invention, it can be provided for the
wing T not to comprise a transition region A, with the transition from the surface of the

wing T to the wing tip device W to fulfil tangent continuity (in other words differentiabie
at least once) or with curvature continuity.
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In the wing tip device W, W1, W2 according to the invention it is provided for the local
dihedral of the wing tip device W, W1, W2 to continuously increase or decrease from
the root E1 to the tip E2, in other words in longitudinal direction L of the wing tip device
W. In the case of the dihedral increasing in longitudinal direction L of the wing tip
device W, the wing tip device W, W1, W2 or its tip E2 is directed upwards, while in the
case of the dihedral decreasing in longitudinal direction L of the wing tip device W, the

wing tip device W, W1, W2 or its tip E2 is directed downwards.

In this context the term "upwards”®, starting from the wing T, refers to the direction that
points away from the upper surface T1 of the wing T, in other words the positive Z-
direction of the aircraft coordinate system KS-F or the positive wing thickness direction

of the wing coordinate system KS-T.

According to an example embodiment of the wing tip device W, the upper surface
and/or the lower surface of the wing tip device W can in all directions along the
respective side be designed to provide tangent continuity or curvature continuity . In an
example embodiment the upper surface and/or the lower surface of the wing tip device

W can also comprise a kink at one or several positions so that the upper surface and/or
the lower surface are/is at least continuous in shape.

The local dihedral can refer to a reference line of the wing tip device W, which
reference line extends along the longitudinal direction L. In this arrangement the local

dihedral is the angle between the tangent extending along the reference line at the
respective point at which the local dihedral is determined and a fixed line. The

reference line can, in particular, be defined by the connecting line of the area centres of
gravity of the cross-sectional areas of the wing tip device W, which are situated in the
X-Z-plane of the aircraft coordinate system KS-F. The fixed line can, in particular, be a
line that extends parallel to the Y-axis of the aircraft coordinate system KS-F.

According to the invention, the longitudinal direction L can, in particular, be identical to
the above-mentioned reference line. In the description of the shape of the wing tip
device W according to the invention, reference is made to a local coordinate system
KS-W relating to the wing tip device W, which coordinate system is iocally formed on

the points of the progression of the longitudinal direction L of the wing tip device W.
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The axes of the local coordinate system KS-W relating to the wing tip device W are: the
local span direction SW-W, the local wing tip device thickness direction WD, and the
local wing tip device chord direction WT, which extends parallel to the longitudinal axis
X of the aircraft coordinate system KS-F. The orientation of these axes and the origin of
the local coordinate system KS-W of the wing tip device W can, in particular, continue
to be defined on the basis of the smaliest cross-sectional area of the wing tip device W,
which area results in each case at each point of the wing tip device W, wherein the
origin of the local coordinate system KS-W is provided by the area centre of gravity in
relation to the respective cross-sectional area and situated in said cross-sectional area,

and the local wing tip device thickness direction WD and the local wing tip device chord

direction WT are situated in the respective smallest cross-sectional area.

In this arrangement the longitudinal direction L can be the connecting line of the area
centres of gravity with the smallest cross-sectional areas in which in each case the
local wing tip device thickness direction WD as well as the local wing tip device chord

direction WT or the local wing-thickness direction FD and the local wing chord direction
FT are situated.

According to one aspect of the invention it can, in particular, be provided for the wing
tip device chord that extends in the local wing tip device chord direction WT. and for the
wing tip device thickness that extends in the local wing tip device thickness direction

WD to continuously decrease along the wing tip device longitudinal direction L.

According to the invention, the term "continuous” decrease or "continuous" increase of
a determinant refers to the determinant, in other words in the above-mentioned
example the wing tip device thickness, monotonically decreasing or increasing along a

respective relevant reference line. In this arrangement the progression of the increase
or decrease of the determinant can also comprise a kink.

According to a further determinant characteristic of the wing tip device W according to
the invention, the local sweep of the trailing edge 50, also referred to as the trailing
edge sweep, continuously increases along its progression from the root E1 to the tip E2
or at least to a space or region before (inboard of) the tip E2. Consequently, in top view

of the aircraft F against the Z-direction, as a result of the increase in the sweep along
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the longitudinal direction L of the wing tip device the trailing edge 50 curves to such an
extent that the angle between the direction of the trailing edge 50 and the aircraft
longitudinal direction X continuously and monotonically decreases. In this arrangement
the progression of the trailing edge 50 is, in particular, differentiable from a
mathematical point of view so that the trailing edge 50 is increasingly curved
backwards when viewed along the longitudinal direction L of the wing tip device.
According to an example embodiment of the wing tip device W the progression of the
trailing edge 50 can be shaped so as to provide tangent continuity or curvature
continuity. In an example embodiment the trailing edge 50 of the wing tip device W can

also comprise a kink at one or several positions so that the trailing edge 50 is at least
continuous.

As far as the design of the wing tip device W is concerned, the invention further
provides tfor the local sweep of the leading edge 60, the leading edge sweep, to
continuously increase in the progression of the leading edge 61 from the root E1 to a
first intermediate point 61a, to decrease in the progression of the leading edge 62 from
the first intermediate point 61a to a second intermediate point 62a, and to continuously
Increase in the progression of the leading edge 63 from the second intermediate point
62a at least to a region before (inboard of) the tip E2 of the wing tip device W, W1, W2

so that the first intermediate point 61a and the second intermediate point 62a are each
turning points of the progression of the leading edge 60.

According to an example embodiment of the wing tip device W, the progression of the
leading edge 60 can be shaped with tangent continuity or with curvature continuity. In
a further example embodiment the leading edge 60 of the wing tip device W can also

comprise a kink in one or several positions, so that the leading edge 60 is at least
continuous in shape.

In an example embodiment of the wing tip device W according to the invention. which
IS shown in Figure 4, the leading edge 63 in an outer sub-section B4 of the third section
B3 is shaped in such a way that the leading edge 60 and the trailing edge 50 in an

outer end point converge as the tip E2. To this effect it can, in particular, be provided

for the local sweep of the leading edge 60 in the progression of the leading edge 64
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along the longitudinal direction L from the starting point 63a of the sub-section 64 to the
tip E2 relative to the local sweep angles in the progression of the section B3 before the
sub-section or sub-region B4 to increase in a significantly more pronounced manner,

which results in a greater reduction in the profile chord length. Such a partial section B4
can, in particular, extend along a longitudinal section which when viewed in longitudinal

direction L comprises a length of 3% to 8% of the overall length of the wing tip device
W.

According to a further example embodiment of the invention, the region in which,
viewed in longitudinal direction L, the sweep of the leading edge 60 increases extends
only to the sub-region B4, which at the maximum extends over 8% of the length, which
progresses in longitudinal direction L, of the wing tip device W; W1, W2. For example,
in the sub-region B4 the leading edge can progress in a manner that differs from that
provided for according to the invention, generally to the sub-region B4 in the third
section B3. For example, in the sub-region B4 the sweep of the leading edge 60 can
Increase again. In another example embodiment the sweep remains constant in the
sub-region B4. However, in any case, when viewed in longitudinal direction L the
sweep of the leading edge 60 increases at least to the sub-region B4 in front of the tip
2 of the wing tip device W; W1, W2, wherein the region before of the tip E2 at the
maximum extends along the outermost 8% of the length of the wing tip device W: W1,
W2, which length extends along the longitudinal direction L. According to another

example embodiment of the invention it can, however, aiso be provided for the region
B4 to not exist at all, as is shown, for example, in Figure 5.

By means of the intermediate points 61a, 62a the wing tip device W can be divided into
three spanwise regions B1, B2, B3, wherein the boundary areas of each region can be
defined in such a manner that they extend along the X-Z-plane of the aircraft
coordinate system KS-F (Figure 4) or along the local wing tip device thickness direction
WD and the local wing tip device chord direction WT. The first region B1 is situated
between the root E1 and the first turning point 61a; the second region B2 is situated
between the first turning point 61a and the second turning point 62a; and the third
region B3 is situated between the second turning point 62a and the tip E2.
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The length, which extends along the longitudinal direction L of the wing tip device W
W1, W2, of the first section, which is situated between the root E1 and the first turning
point 61a, is between 15% and 50% of the length which extends along the longitudinal
direction L of the wing tip device W; W1, W2. Furthermore, the length, which extends
along the longitudinal direction L, of the second section B2, which is situated between
the first turning point 61a and the second turning point 62a, is between 5% and 30% of
the length of the wing tip device W; W1, W2. The iength, which extends along the
longitudinal direction L of the wing tip device W: W1, W2. of the third section B3, which
s situated between the second turning point 62a and the tip E2, is between 15% and
/0% of the length of the wing tip device W: W1, W2.

In the tirst section B1 the sweep of the leading edge 60 increases very considerably up
to a aefined reversal point. In conjunction with the significantly less pronounced
increase in the trailing edge sweep, in this region of the tip device a strong reduction in
the profile chord length thus resuits. In the subsequent progression in the second
region B2 the leading edge angle is slightly reduced again until finally from a further

reversal point it continuously increases again up to the outer section of the tip device.

In particular the characteristics, provided for according to the invention, of the
progression of the leading edge 60 and in this arrangement, in particular, a change in
the sweep in the third region B3 provide variation options in the design of the wing tip
device W overall, as a result of which the aerodynamic effects that in this context can
be achieved in relation to the wing T and the aircraft F can be influenced. By changing
or adapting the sweep of the leading edge 60, in particular, adaptation of the
progression of the profile chord length along the longitudinal direction L can be
undertaken for advantageous fulfilment of design boundary conditions and
aerodynamic requirements. By changing the leading edge sweep according to the
solution according to the invention the profile chord length of the wing tip device W can
be varied over the span or along the longitudinal direction L thereof and can be set on
the basis of concept boundary conditions and requirements. Furthermore, by changing
or adapting the sweep of the leading edge 60, in particular, adaptation of the span of
the wing tip device W can be achieved, and in conjunction with the progression of the
profile chord length along the longitudinal direction L adaptation of the resulting surface
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of the wing tip device W can also be achieved. By providing two turning points 61a and
62a In the progression of the leading edge 60 it becomes possible to set the flow
components on the wing tip device W in the local wing tip device span direction SW-W
and of the local wing tip device chord direction WT for various flow conditions, taking
into account design boundary conditions. Design boundary conditions can, in particular,
Include the complete area of the wing tip device W, the total weight of the wing tip
device W, the lift coefficient of the wing tip device W, and/or the local surface loading in

regions of the wing tip device W.

In this arrangement it can, for example, be provided for the increase in the sweep of
the leading edge 60 in the third region B3 to be less when compared to the increase in
the sweep of the leading edge 60 in the first region B1. In this example an increase in

the span of the wing tip device W and a reduction of the aerodynamic drag of the wing

T can be achieved.

An example embodiment of the invention, which is, for example, shown in Figure 5,
provides for the decrease in the wing tip device chord length to be from the largest
value or 100% value on the root E1 to the tip of the region B3 to 5% to 25% of this
value. In this arrangement the tip E2 can form an edge that can extend so as to have
either a straight or a curved shape. It can also be provided for the edge 67 to join the
leading edge 60 of the third section B3 by means of a kink 68. The edge 67 can, in
particular, extend parallel to the longitudinal axis X of the aircraft. Furthermore, the
design according to the invention of the wing tip device W results in considerabie
constriction of the cross-sectional area resulting locally along the longitudinal direction
L in the inner part of the wing tip device that spanwise is situated on the first region B1.
As a result of this, the surface of the geometry of the wing tip device W according to the
invention, when compared to other known designs of wing tip devices, is considerably

smaller with the same effective span (see Figures 4 and 5).

Due to this determining feature, a situation arises in which by means of the wing tip
device W according to the invention, when compared to other known designs of wing

tip devices, lower maximum design heights are achieved. The invention can provide for
the distance between the root and the outermost point of the tip, when viewed in the
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longitudinal direction L that extends from the root E1 to the tip E2 of the wing tip device
W; W1, W2 is between 20% and 80% of the local profile chord length WT at the root
E1, wherein the distance between the root E1 and the outermost point of the tip E2 is
defined in the local wing tip device thickness direction WD of the local coordinate
system KS-W of the wing tip device W.

The geometric shape of the wing tip device W provided according to the invention
results in an tip device that aerodynamically is only weakly loaded. Apart from the usual
design parameters of geometric twistand camber, this is achieved to a significant
degree as a result of the very considerable reduction in the local profile chord lengths
In the Inner spanwise region B1. As a result of the subsequent two changes in the
progression of the local sweep of the leading edge 60, the span extension of the wing
tip device W according to the invention is significantly increased when compared to a
known tip device with a continuously increasing leading edge sweep. It is thus possible
to derive aerodynamic advantages relating to induced drag and profile drag both from
the span effect and from the reduction in the wetted area. At the same time, when
compared to known solutions, the geometric form, provided according to the invention,

of the wing tip device W while providing equal aerodynamic efficiency causes reduced
structural load on the wing F.

It on the other hand the structural advantage is balanced by additional geometric height
and/or span extension on the wing tip device W according to the invention. due to the
consequently resuiting aerodynamic load distribution and the wetted area, a gain in the

overall drag is achieved when compared to a known wing tip device.

The wing tip device W according to the invention can, in particular, be used for
retrofitting or refitting already existing aircraft in relation to which a gain in aerodynamic
performance is to be achieved without structural changes, or with only marginal

structural changes, to the wing T.
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The embodiments of the present invention for which an exclusive property or privilege is

claimed are defined as follows:

1. A wing tip device for a wing comprising a root and a tip wherein a local dihedral of the

wing tip device continuously increases or decreases from the root to the tip,
and wherein

a local sweep of a trailing edge continuously increases along its progression from the
root to the tip of the wing tip device; and

a local sweep of a leading edge continuously increases in the progression of the leading
edge from the root to a first intermediate point; continuously decreases from the first
intermediate point to a second intermediate point; and continuously increases from the second

intermediate point at least to a region before of the tip of the wing tip device.

2. The wing tip device according to claim 1, wherein the local sweep of the leading edge
continuously increases from the second intermediate point to the tip of the wing tip device.

3. The wing tip device according to claim 1, wherein the local sweep of the leading edge
continuously increases from the second intermediate point to a sub-region of the wing tip
device, which sub-region extends before the tip and along a maximum of an outermost 8% of a
length of the wing tip device, which length extends in longitudinal direction between the root and
the tip.

4. The wing tip device according to claim 1, wherein the increase or decrease in the local
dihedral of the wing tip device is designed in such a way that an angular difference between a
local span direction on the root and a local span direction on the tip ranges between 30 degrees

and 90 degrees.

S. The wing tip device according to claim 1, wherein a distance between the root and an
outermost point of the tip, when viewed in a longitudinal direction that extends from the root to
the tip of the wing tip device, is between 20% and 80% of a local profile chord length at the root,
wherein the distance between the root and the outermost point of the tip is defined in the local

wing tip device thickness direction of the local coordinate system of the wing tip device.
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6. The wing tip device according to claim 1, wherein a length, which extends along a
longitudinal direction of the wing tip device, of a first section, which is situated between the root
and a first turning point, measures between 15% and 50% of a length of t'he wing tip device,
which length extends along the longitudinal direction.

7. The wing tip device according to claim 1, wherein a length, which extends along a
longitudinal direction, of a second section, which is situated between a first turning point and a
second turning point, measures between 5% and 30% of a length of the wing tip device.

B. The wing tip device according to claim 1, wherein a length, which extends along a
longitudinal direction of the wing tip device, of a third section, which is situated between a
second turning point and the tip, measures between 15% and 70% of a length of the wing tip

device.

9. The wing tip device according to any one of claims 1 to 8, wherein a leading edge of a

third section converges with the trailing edge at an outer end.

10. A wing comprising the wing tip device according to any one of claims 1 to 9.
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