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1
SPLIT WINGLET

BACKGROUND

Aircraft, such as, but not limited to, helicopters and fixed
wing airplanes, are restricted in payload capacity, range,
speed, and other performance characteristics as a function of
the aerodynamic efficiency of the aircraft components. Some
aircraft are configured with winglets at the tip of wings to
improve the acrodynamic efficiency of the wings, however,
further improved aerodynamic efficiency is a constant goal
of aircraft designers.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an orthogonal left side view of a helicopter
according to an embodiment of this disclosure.

FIG. 2 is a partial front oblique view of a rotor blade of
the helicopter of FIG. 1 attached to a split winglet according
to an embodiment of this disclosure.

FIG. 3 is a front-top oblique view of the split winglet of
FIG. 2.

FIG. 4 is a rear-right oblique view of the split winglet of
FIG. 2.

FIG. 5 is an orthogonal front view of the split winglet of
FIG. 2.

FIG. 6 is an orthogonal rear view of the split winglet of
FIG. 2.

FIG. 7 is an orthogonal top view of the split winglet of
FIG. 2.

FIG. 8 is an orthogonal right view of the split winglet of
FIG. 2.

FIG. 9 is a graphical representation of a simulated pres-
sure contour of a single conventional winglet having a
substantially similar curvature to the split winglet of FIG. 2.

FIG. 10 is a graphical representation of a simulated
pressure contour of the split winglet of FIG. 2.

FIG. 11 is a graphical representation of a simulated
velocity streamline of the conventional winglet of FIG. 9.

FIG. 12 is a graphical representation of a simulated
velocity streamline of the split winglet of FIG. 2.

FIG. 13 is an orthogonal front view of a rotorcraft 400
according to another embodiment of this disclosure.

DETAILED DESCRIPTION

In the specification, reference may be made to the spatial
relationships between various components and to the spatial
orientation of various aspects of components as the devices
are depicted in the attached drawings. However, as will be
recognized by those skilled in the art after a complete
reading of the present disclosure, the devices, members,
apparatuses, etc. described herein may be positioned in any
desired orientation. Thus, the use of terms such as “above,”
“below,” “upper,” “lower,” or other like terms to describe a
spatial relationship between various components or to
describe the spatial orientation of aspects of such compo-
nents should be understood to describe a relative relation-
ship between the components or a spatial orientation of
aspects of such components, respectively, as the device
described herein may be oriented in any desired direction.

Referring to FIG. 1 in the drawings, a helicopter 100 is
illustrated. Helicopter 100 can include a fuselage 102, a
landing gear 104, a tail member 106, a main rotor system
108 comprising main rotor blades 110, and a tail rotor
system 112 comprising tail rotor blades 114. The main rotor
blades 110 and the tail rotor blades 114 can be rotated and
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selectively controlled in order to selectively control direc-
tion, thrust, and lift of helicopter 100. In this embodiment,
each main rotor blade 110 comprises a split winglet 200.

Referring now to FIGS. 2-8 in the drawings, the split
winglet 200 is shown in greater detail. The main rotor blade
110 comprises a leading edge 116, a trailing edge 118, an
upper surface 120, a lower surface 122, and an outboard end
124. The split winglet 200 generally comprises an inboard
end 202 configured for connection to the main rotor blade
110. Because of the complicated structure of the split
winglet 200, the split winglet 200 can be described as
comprising a leading airfoil 206 and a trailing airfoil 208
that share a base 210 that comprises the inboard end 202.
Each of the leading airfoil 206 and the trailing airfoil 208
can be referred to as comprising blended winglets insofar as
the leading airfoil 206 and the trailing airfoil 208 are both
attached to the main rotor blade 110 with smooth curves
instead of sharp angles and are intended to reduce interfer-
ence drag at the junction between the main rotor blade 110
and the inboard end 202 of the base 210. Rather than each
of the leading airfoil 206 and the trailing airfoil 208 indi-
vidually connecting to the main rotor blade 110, the split
winglet 200 generally provides a bridge 212 between the
leading airfoil 206 and the trailing airfoil 208. The bridge
212 generally extends from the inboard end 202 away from
the main rotor blade 110 until the leading airfoil 206 and the
trailing airfoil 208 profiles diverge to create a gap 214. The
base 210 can be considered to extend from the inboard end
202 away from the main rotor blade 110 a distance until the
bridge 212 is discontinued where the gap 214 begins.

The leading airfoil (LLA) 206 generally comprises a LA
leading edge 216, a LA trailing edge 218, a LA upper surface
220, a LA lower surface 222, and a LA tip 224. The trailing
airfoil (TA) 208 generally comprises a TA leading edge 226,
a TA trailing edge 228, a TA upper surface 230, a TA lower
surface 232, and a TA tip 234. The base 210 generally
comprises a base leading edge 236, a base trailing edge 238,
a base upper surface 240, and a base lower surface 242.

The leading airfoil 206 and the trailing airfoil 208 are
attached to the base 210 and the base 210 is attached to the
main rotor blade 110 in a manner configured to achieve
minimum induced drag for the sizes and shapes of the split
wingtip 200. The leading airfoil 206 comprises a substan-
tially straight LA section 244 and the trailing airfoil 208
comprises a substantially straight TA section 246. The
straight [LA section 244 is joined to the base 210 by a curved
LA section 248 and the straight TA section 246 is joined to
the base 210 by a curved TA section 250. The straight and
curved nature of the straight sections 244, 246 and curved
sections 248, 250, respectively, is best shown in FIGS. 5 and
6. The curved sections 248, 250 are designed to obtain an
optimum aerodynamic loading. Surface streamwise cross-
sections are airfoils having appropriate thickness, camber
and twist variations. The curved LA section 248 and the
curved TA section 250 feature a smoothly varying chord
distribution which blends smoothly and continuously with
the main rotor blade 110 and with the adjoining straight LA
section 244 and straight TA section 246, respectively. The
curved LA section 248 and the curved TA section 250 also
feature limited in-plane curvature (i.e., large radius) to
accommodate a large chord variation and to provide a
practical means of achieving optimum aerodynamic loading.
The curved LA section 248 and the curved TA section 250
also minimize aerodynamic interference and undesirable
flow separation and compressibility effects.

The split winglet 200 is split to achieve maximum drag
reduction and performance improvement while maintaining



US 10,625,847 B2

3

favorable characteristics over a range of operating condi-
tions. The drag of a rotor blade (or aircraft wing) arises from
a number of sources, one of which, in the context of a fixed
wing aircraft is a trailing vortex system which can account
for up to one-half the total drag for a subsonic airplane in
optimum cruise flight. It has long been recognized that this
so-called induced drag is directly associated with rotor blade
(or wing) lift and load variation along the length of the rotor
blade (or wing span). This condition corresponds to a flow
that manifests as a vorticity sheet shed downstream of the
rotor blade (or wing) trailing edge (i.e., the trailing vortex
system) that is very intense near the rotor blade (or wing) tip.
In this embodiment, the split winglet 200 provides a struc-
turally continuous contour shape when viewed along the
airstream direction. For a fixed wing aircraft, split winglets
200 can be installed on each wing tip with right and left hand
(mirror image) configurations on opposite tips. The lateral
and vertical dimensions of the split winglets 200 can com-
prise any values consistent with the overall design objectives
and practical considerations which may limit the size and
form of the split winglets 200. Accordingly, the split wing-
lets 200 provide twisted and cambered surfaces that produce
an optimum distribution of load on the leading airfoil 206
and the trailing airfoil 208. In combination with appropriate
rotor blade (or wing) lift distribution, this will yield mini-
mum induced drag for given total lift and rotor blade length
(or wing span). The split winglets 200 greatly reduce the
intensity of the wake vorticity trailing from a lifting surface
thereby reducing induced drag. Furthermore, the reduced
wake intensity can substantially alleviate noise generation
due to interference of the vorticity with other moving
surfaces. While the split winglets 200 are primarily
described above as being associated with main rotor blades
110 of a helicopter 100, the split winglets 200 can be
incorporated in any apparatus or machine that employs
lifting surfaces (or airfoils) whether static or dynamic.
Accordingly, it can be advantageously utilized with fixed
wing aircraft, helicopters, propeller blades, fans, wind power
turbine blades, cooling fan blades, aerodynamic spoilers,
and other devices utilizing airfoils.

Referring now to FIG. 9, a simulated pressure distribution
of a conventional winglet 300 (not split) is shown. The
conventional winglet 300 generally comprises a total chord-
wise distance substantially similar to the base 210 of the split
winglet 200 and generally smoothly transitions from an
inboard end 302 to a tip 304. Referring now to FIG. 10, a
simulated pressure distribution of the split winglet 200 is
shown. In comparison, the split winglet 200 provides a
relatively more even pressure distribution.

Referring now to FIG. 11, a simulated velocity streamline
of the conventional winglet 200 is shown. The simulated
velocity streamline shows that a tip vortex 306 is generated
which can induce undesirable aerodynamic drag. Referring
now to FIG. 12, a simulated velocity streamline of the split
winglet 200 is shown. The simulated velocity streamline
shows that each of the leading airfoil 206 and the trailing
airfoil 208 generate separate tip vortices 252, 254, respec-
tively. However, the tip vortices 252, 254 actually counter
each other, thereby reducing overall aerodynamic drag as
compared to the conventional example of FIG. 11.

In wind tunnel and simulation testing, using the split
winglet 200 as opposed to a conventional (not split) winglet
300 can improve the aerodynamic efficiency (or Lift/Drag
Ratio) of a rotor blade (or wing) by about 36% which can
result in a fuel savings of about 15%-17%. More specifically,
when the main rotor blade 110 was equipped with a split
winglet 200 rather than a conventional winglet 300, lift was
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increased by about 13.57% (from 30.34 N to 34.46 N) and
drag was decreased by about 17.01% (from 4.29 N to 3.56
N). Accordingly, the Lift/Drag Ratio was increased by about
36.91% (from 7.07 to 9.68).

Referring to FIG. 13 in the drawings, a rotorcraft 400
according to another embodiment of this disclosure is
shown. Rotorcraft 400 comprises a fuselage 402, a landing
gear 404, a left wing 406, a right wing 408, a main rotor
system 410 comprising main rotor blades 412, a first fan 414
carried by the left wing 406, and a second fan 416 carried by
the right wing 408. Each of the left wing 406 and the right
wing 408 comprise an inner flaperon 418 and an outer
flaperon 420. The main rotor blades 412, first fan 414,
second fan 416, inner flaperons 418, and outer flaperons 420
can be controlled in order to selectively control direction,
thrust, and lift of rotorcraft 400. The rotorcraft 400 further
comprises a left stabilizer wing 422 and a right stabilizer
wing 424, each comprising a split winglet 200 attached
thereto. In this embodiment, the rotorcraft 400 comprises a
manned helicopter, but in alternative embodiments, the
rotorcraft 400 can comprise an unmanned helicopter, a
unmanned aerial vehicle, a drone and/or any other aircraft.

At least one embodiment is disclosed and variations,
combinations, and/or modifications of the embodiment(s)
and/or features of the embodiment(s) made by a person
having ordinary skill in the art are within the scope of the
disclosure. Alternative embodiments that result from com-
bining, integrating, and/or omitting features of the embodi-
ment(s) are also within the scope of the disclosure. Where
numerical ranges or limitations are expressly stated, such
express ranges or limitations should be understood to
include iterative ranges or limitations of like magnitude
falling within the expressly stated ranges or limitations (e.g.,
from about 1 to about 10 includes, 2, 3, 4, etc.; greater than
0.10 includes 0.11, 0.12, 0.13, etc.). For example, whenever
a numerical range with a lower limit, R,, and an upper limit,
R,, is disclosed, any number falling within the range is
specifically disclosed. In particular, the following numbers
within the range are specifically disclosed: R=R,+k*(R,~
R,), wherein k is a variable ranging from 1 percent to 100
percent with a 1 percent increment, i.e., k is 1 percent, 2
percent, 3 percent, 4 percent, 5 percent, . . . 50 percent, 51
percent, 52 percent, . . ., 95 percent, 96 percent, 97 percent,
98 percent, 99 percent, or 100 percent. Moreover, any
numerical range defined by two R numbers as defined in the
above is also specifically disclosed. Use of the term “option-
ally” with respect to any element of a claim means that the
element is required, or alternatively, the element is not
required, both alternatives being within the scope of the
claim. Use of broader terms such as comprises, includes, and
having should be understood to provide support for narrower
terms such as consisting of, consisting essentially of, and
comprised substantially of. Accordingly, the scope of pro-
tection is not limited by the description set out above but is
defined by the claims that follow, that scope including all
equivalents of the subject matter of the claims. Each and
every claim is incorporated as further disclosure into the
specification and the claims are embodiment(s) of the pres-
ent invention.

What is claimed is:

1. A split winglet, comprising:

a leading airfoil (LLA) comprising a LA leading edge, a LA
trailing edge, a LA upper surface, a LA lower surface,
and a LA tip;

a trailing airfoil (TA) comprising a TA leading edge, a TA
trailing edge, a TA upper surface, a TA lower surface,
and a TA tip; and
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a base connected to each of the LA and the TA, the base
being configured for connection to a tip of a main
airfoil;

wherein the LA tip and the TA tip extend to substantially
a same vertical height.

2. The split winglet of claim 1, wherein the LA trailing

edge is located upstream relative to the TA leading edge.

3. The split winglet of claim 1, wherein a gap exists
between the LA and the TA when the split winglet is viewed
from above or below.

4. The split winglet of claim 1, wherein a gap exists
between the LA lower surface and the TA upper surface
when the split winglet is viewed from the front or back.

5. The split winglet of claim 1, wherein the LA comprises
a substantially straight [LA section and the TA comprises a
substantially straight TA section.

6. The split winglet of claim 5, wherein the straight LA
section is located inboard relative to the straight TA section.

7. The split winglet of claim 5, wherein the straight LA
section is joined to the base by a curved LA section.

8. The split winglet of claim 7, wherein the straight TA
section is joined to the base by a curved TA section.

9. The split winglet of claim 1, wherein the main airfoil
comprises a main rotor blade of a helicopter.

10. The split winglet of claim 1, wherein the main airfoil
comprises a wing of a fixed wing aircraft.

11. A helicopter, comprising:

a main rotor system comprising a main rotor blade

comprising and outboard end; and

a split winglet attached to the outboard end, the split
winglet comprising:
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a leading airfoil (LA) comprising a LA leading edge, a
LA trailing edge, a LA upper surface, a LA lower
surface, and a LA tip;

a trailing airfoil (TA) comprising a TA leading edge, a
TA trailing edge, a TA upper surface, a TA lower
surface, and a TA tip; and

a base connected to each of the LA and the TA, the base
being configured for connection to a tip of a main
airfoil;

wherein the LA tip and the TA tip extend to substan-
tially a same vertical height.

12. The helicopter of claim 11, wherein the LA trailing
edge is located upstream relative to the TA leading edge.

13. The helicopter of claim 11, wherein a gap exists
between the LA and the TA when the split winglet is viewed
from above or below.

14. The helicopter of claim 11, wherein a gap exists
between the LA lower surface and the TA upper surface
when the split winglet is viewed from the front or back.

15. The helicopter of claim 11, wherein the LA comprises
a substantially straight [LA section and the TA comprises a
substantially straight TA section.

16. The helicopter of claim 15, wherein the straight LA
section is located inboard relative to the straight TA section.

17. The helicopter of claim 15, wherein the straight LA
section is joined to the base by a curved LA section.

18. The helicopter of claim 17, wherein the straight TA
section is joined to the base by a curved TA section.
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