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AIRFOIL SYSTEM FOR CRUISING FLIGHT

Origin of the Invention

[0001] The invention wag made by employees of the United
States Government and may be manufactured and used by or for the
Government of the United States of America for governmental
purposes without the payment of any royalties thereon or
therefor. Pursuant to 35 U.S.C. §119, the benefit of priority
from provisional application 60/943,894, with a filing date of
June 14, 2007, is claimed for this non-provisicnal application.

Background of the Invention

Field of the Invention

[0002] This invention relates to airfoil systems. More
specifically, the invention is an airfoil system that improves
the aerodynamic efficiency of a winged aircraft operating in the

aircraft's cruise flight regime.

Description of the Related Art

[o003] Airfoil systems utilized by most current-day aircraft
include two rigid assemblies. The first rigid assembly is the
main body of the airfoil that is attached to an aircraft's
fuselage. The second rigid assembly comprises one or more rigid
flaps that are movably coupled to the trailing edge of the
alrfeoil's main body. As is well known in the art, these rigid
flaps are typically pivoted into the "over the wing" airfliow
during take-off and landing. However, these airfoil systems are

not equipped to optimize "over the wing" airflow for fuel
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efficiency during an aircraft's cruising operation regime.

Summary of the Invention

{0C04] Accordingly, it is an object of the present invention
to provide an airfoil system that improves aerodynamic
efficiency for an aircraft operating in the cruising regime.
[0005] Other objects and advantages of the present invention
will become more obvious hereinafter in the specification and
drawings.
[co0se] In accordance with the present invention, an airfoil
system includes an airfoil body and at least one flexible strip.
The airfoil body has a top surface and a bottom surface, a
chord length C, a span 38, and a maximum thickness Twx. Bach
flexible strip is attached along at least one edge thereof to
either the top surface or bottom surface of the airfoil body.
Each flexible strip has a spanwise length that is approximately
0.5(8) to S, a chordwise width that is approximately 0.05(C) to
0.2(C), and a thickness that is approximately 0.01(Twy) to
0.05 (Twmax) -

Brief Description of the Drawings

[0007] FIG. 1 is a schematic side view of an airfoil system

in accordance with an embodiment of the present invention;

[0008] FIG. 2 is a schematic plan view of the airfoil system
shown in FIG. 1;
[0009] FIG. 3 is a schematic side view of an airfoil system

in accordance with another embodiment of the present invention
where the flexible strip covers a cavity in the airfoil's body;
[oo10] FIG. 4 is a schematic side view of an airfoil system

in accordance with another embodiment of the present invention
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where the flexible strip extends past the trailing edge of the
airfoil's rigid portions;

[0011] FIG. B 1is a schematic side view of an airfoil system
in accordance with still another embodiment of the present
invention where flexible strips are attached to the top and
bottom surfaces of the airfoil's rigid main body and extend past
the trailing edge of the airfoil's rigid portions;

[0012] FIG. 6 is a schematic view of an airfoil system
incorporating embedded actuatorg in accordance with another
embodiment of the present invention; and

[0013] FIG. 7 is a schematic view of an airfoil system
incorporating embedded sensors and actuators for active control
of the airfoil system in accordance with another embodiment of

the present invention.

Detajled Description of the Invention

fool4] Referring now to the drawings and more particularly
to FIGs. 1 and 2, an airfoil system in accordance with an
embodiment of the present inventiocon is shown and is referenced
generally by numeral 1¢. Airfoll system 10 will be coupled on
one side thereof to the fuselage 100 of an aircraft. The
particular type of fuselage is not a limitation of the presgent
invention.

[0015] Airfoil system 10 includes a main airfoil body 20 and
a flexible element or strip 30. Airfoil body 20 is any
conventional airfoil/wing having a rigid main body 21 and a
rigid flap (or flaps) 22 coupled to main body 21 such that
flap(s) 22 blend into main body 21 while being movable with
respect thereto at a point of separation 23. As is well known
in the art, flap(s) 22 are moved into the air flowing around

airfoil body 20 during take off and landing operations.
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Coupling/moving mechanisms (not shown) used to create such
movement are well understood in the art and are not limitations
of the present invention.

[col6] Airfoil body 20 has certain well known attributes
that are used to constrain flexible strip 30 as will be
explained further below. The relevant attributes of airfoil
body 20 are its chord length C (i.e., length measured from the
leading edge of main body 21 to the trailing edge of flap(s) 22
when flap(s) 22 are in their aligned or neutral position as
shown in FIG. 1), span length 8§ (i.e., length measured from
fuselage 100 out to the outboard tip of main body 21 as shown in
FIG. 2), and the maximum thickness Twx ©f main kody 21.

[0017] Flexible strip 30 is any metal, polymer, composite,
etc., constructed in cne or multiple layers to have a desired
amount of flexibility for a particular application.
Accordingly, it is to be understood that the choice of
material (s} for flexible strip 30 ig not a limitation of the
present invention. In general, flexibility of strip 30 can be
configured for passive operation and/or active operation.
During passive operation, flexible strip 30 undergces deflection
owing solely to an airflow moving around airfoil body 20.
During active operation, flexible strip 30 undergoces deflection
owing to actuation of one or more actuators (not shown in FIGs.
1 and 2) embedded in flexible strip 30 as will be explained
further below.

foo1s] For each of the embodiments disclosed herein,
flexible strip 30 has defined length, width, and thickness
dimensions that are functions of span length S, chord length C,
and maximum thickness Twax, respectively. More specifically,
tests of the present invention have shown that the length L of
flexible strip 30 (i.e., the strip's spanwise length; should be
approximately 0.5(8) to 1.0(8). The width W of flexible strip



10

15

20

25

30

WO 2009/032384 PCT/US2008/067075

5

30 (i.e., in the chordwise dimension) should be approximately
G.05(C} to 0.2(C). The thickness t of flexible strip 30 should
be approximately 0.01(Twx) to 0.05(Twax) . Note that the width W
and thickness t are exaggerated in the drawings for clarity of
illustration.

[0019] In the illustrated embodiment of FiGs. 1-2, the
leading edge 30A of flexible strip 30 is attached to the top
surface 21A of main body 21 only along a line that is located a
distance D from the leading edge of airfoil body 20 as best seen
in FIG. 2. The distance D is in the range of approximately
0.1(C) to 0.7{(C}). Positioning flexible strip 30 in this way
provides boundary layer separation control when airfoil system
10 is operating in the c¢ruise regime of flight. The sides and
trailing edge 30B of flexible strip 30 remain free and
unencumbered. To keep the entirety of flexible strip 30 away
from flap separation 23 and flap(s) 22, flexible strip 30 can be
further constrained in its width W such that the entirety of
flexible strip 30 resides in the area defined by top surface 21A
of main body 21 as shown in this embodiment,

[00290] Another embodiment of the present invention is
illustrated FIG. 3 where a shallow spanwise cavity 24 is formed
in top surface 21A of main body 21. Flexible strip 30 is
provided over cavity 24 with either just its leading edge 30A
attached to top surface 217, or both its leading edge 30A and
trailing edge 30B attached to top surface 21A. Cavity 24
provides controllable deformation of flexible strip 30 below top
surface 21A. This embodiment provides control cover boundary
layer transitions and separation, as well as control over shock
waves.

[o021] 5till other embodiments of the present invention are
illustrated in FIGs. 4 and 5 where the flexible strip of the
present invention is positioned to optimize flow control when
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the airfoll system is operating in the cruise regime of flight.
In FIG. 4, a single flexible strip 30 is positioned such that
its free and unencumbered tralling edge 30B extends aft of the
trailing edge of flap{s) 22. The leading edge 30A of flexible
strip 30 can be attached to airfoil body 20 at either main body
21 (as shown in FIG. 4) or fiap(s) 22.
[0022] In the FIG. 5 embodiment, two flexible strips 30 are
used with one being attached to the top surface of airfoil body
20 and the other being attached to the bottom surface of airfoil
body 20. The trailing edge 30B of each flexible strip 30
extends aft the trailing edge of flap(s) 22. In this
embodiment, the leading edge 30A of one flexible strip 30 is
attached to the top surface of flap(s) 22 while the leading edge
30A associated with the other flexible strip 30 is attached to
the bottom surface of flap(s) 22.
f0023] As mentioned above, the airfoil system's flexible
strip(s} can provide passive and/or active contrxoel. In terms of
active control, actuators can be coupled to the flexible
strip{(s). For example, FIG. 6 illustrates an earlier described
embodiment of the present invention and further illustrates a
number of actuators 22 embedded within flexible strxip 30. The
embedded nature of actuators 32 is reflected by the use of
dashed lines. Actuators 32 can be one or wmore types of "smart"
materials (e.g., shape memory alloys, piezoelectric materials,
etc.) that can be actively shaped to thereby control the shape
of flexible strip 30. By way of example, actuators 32 can run
from the flexible strip's edge 30A to itsg trailing edge 30B.
Actuation of actuators 32 could be provided in accordance with a
pre-determined scheme designed for specific cruise operation
conditions.
[0024] The present invention could alsgo be implemented as
part of an active feedback system as illustrated schematically
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in FIG. 7. That is, in additicon to embedded actuators 32, a
plurality of sensors 34 could be embedded within flexible strip
30 to sense one or more conditions (e.g., pressure, humidity,
temperature, sound, acceleration, etc.) associated with the
airflow moving over top surface of flexible strip 30. The
numbexr, type, and positioning of the sensors can be designed for
specific applications and, therefore, are not limitations of the
invention. The sensor signals can be collected by a controller
36 that processes the sensed-conditicn signals in order to
generate actuation signals for actuators 32.
[o025] The advantages of the present invention are numerous.
The use of one or more specifically-constrained flexible strips
will improve the aerodynamic efficiency of a conventional
airfoil operating in cruise flight. Since the flexible strip is
minimally invasive, it will not significantly impact take-off or
landing aerodynamics. The flexible strips are simple elements
that can be used passively or actively.
[00z26] Although the invention has been described relative to
a specific embodiment thereof, there are numerous variations and
modifications that will be readily apparent to those skilled in
the art in light of the above teachings. It is therefore to be
understood that, within the scope of the appended claims, the
invention may be practiced other than as specifically described.
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Claims
1. An airfoil system, comprising:

an airfoil body having a top surface and a bottom surface,
said airfoil body having a chord length C, a span S, and a
maximum thickness Twwy; and

at least one flexible strip attached along at least cone
edge thereof to at least one of gaid top surface and zaid
bottom surface, each saild flexible strip having a spanwise
length that is approximately 0.5{S} tec S, a chordwise width
that is approximately 0.05(C) to ¢.2(C), and a thickness that
is approximately 0.01{Twyax) to 0.05 (Tyuax! .

2. An airfoil system as in c¢laim 1 wherein said at least one
flexible strip comprises a single flexible strip attached to
said top surface along a line aft of a leading edge of sgaid
airfoil body, said line being located a distance from said
leading edge of said airfoil body that is approximately 0.1(C)
to 0.7(C).

3. An airfoil system as in claim 1 further comprising at
least one actuator embedded within each said flexible strip.

4. An airfoil system as in claim 1 further comprising:

at least one sensor embedded within each said flexible
strip for sensing at least one condition at a surface thereof
and for generating a signal indicative of each said condition:
at least one actuator embedded within each said flexible strip;
and

means coupled te said at least one sensor and said at
least one actuator for controlling each said actuator based on

each said signal generated at a corresponding flexible strip.
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5. An airfoil system as in claim 1 wherein a cavity is formed
in said top surface of said airfoil body, and wherein said at
least one flexible strip comprises a single flexible strip

covering saild cavity.

6. An airfoil system as in claim 1 wherein a cavity is formed
in said top surface of said airfoil bedy, and wherein said at
least one flexible strip comprises a single flexible strip
covering said cavity and coupled to said top surface fore and

aft of said cavity.

7. An airfoil system as in claim 5 further comprising at
least one actuator embedded within said single flexible strip.

8. An airfoil system as in claim 6 further comprising at
least one actuator embedded within said single flexible strip.

9. An airfoil system as in claim 5 further comprising:

at least one sensor embedded within said single flexible
strip for sensing at least one condition at a surface thereof
and for generating a signal indicative of each said condition;

at least one actuator embedded within said single flexible
strip; and

means coupled to said at least one sensor and said at
least one actuateor for controlling each said actuator based on

each said signal.

10. An airfoil gystem as in claim 6 further comprising:
at least one sensor embedded within said single flexible
strip for sensing at least one condition at a surface thereof

and for generating a signal indicative of each said condition;
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at least one actuator embedded within said single flexible
strip; and

means coupled to said at least one sensor and said at
least one actuator for contrelling each said actuator based on

each said signal.

11. An airfoil system as in claim 1 wherein said at least one
flexible strip is coupled to at least one of said top surface
and said bottom surface of said airfoil body near a trailling
edge thereof and extends aft of said trailing edge to terminate

in an unencumbered edge.

12. An airfoil system as in claim 11 further comprising at
least one actuatcr embedded within each said flexible strip.

13. An airfoil system as in claim 11 further comprising:

at least cne sensor embedded within each said flexible
strip for sensing at least one condition at corresponding
surfaces thereof and for generating a signal indicative of each
said condition;

at least one actuator embedded within each said fiexible
strip; and

means coupled to said at least one sensor and said at
least one actuator for controlling each said actuator based on

each said signal.

14. An airfoil system, comprising:

an airfeil body having a top surface and a bottom surface,
said airfoil body having a chord length C, a span S, and a
maximum thickness Tuy, said airfoil body defined by a first
rigid region and a second rigid region movably coupled to said
first rigid region along a trailing edge of said first rigid
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region; and

a flexible strip attached along at least one edge thereof
to said top surface and dimensionally constrained to reside
within an area defined by said first rigid region, each said
flexible strip having a spanwise length that is approximately
0.5{8) to 8, a chordwise width that is approximately 0.05{C) to
0.2(C), and a thickness that is approximately 0.01 (Twa) toO
0.05 (Tuax) -

15. An airfoil system as in claim 14 wherein said flexible
strip is attached to said top gsurface along a line aft of a
leading edge of said first rigid region, said line being located
a distance from said leading edge of said first rigid region

that is approximately 0.1(C) to 0.7(C}.

16. An airfoil system as in claim 14 further comprising at

least one actuator embedded within said flexible strip.

17. An airfoil system ag in claim 14 further comprising:

at least one sensor embedded within said flexible strip
for sensing at least one condition at a surface thereof and for
generating a signal indicative of each said condition;

at least one actuator embedded within said flexible strip;
and

means coupled to salid at least one sensor and said at
least one actuator for controlling each said actuator based on

each said signal.

18. An airfoil system as in claim 14 wherein a cavity is
formed in said top surface of said first rigid region, and

wherein said flexible strip covers said cavity.
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19. An airfoil system as in claim 14 wherein a cavity is
formed in said top surface of said first rigid region, and
wherein said flexible strip covers said cavity and is coupled to

said top surface fore and aft of said cavity.

20. An airfoil system as in claim 18 further comprising at

least one actuator embedded within said flexible strip.

21. An airfoil system as in claim 19 further comprising at
least one actuator embedded within said flexibkle strip.

22. An airfoil system as in claim 18 further comprising:

at least one sensor embedded within said flexible strip
for gensing at least one condition at a surface thereof and for
generating a signal indicative of each said condition;

at least one actuator embedded within said flexible strip;
and

means coupled to said at least one senscor and =aid at
least one actuator for controlling each said actuator based on

each said signal.

23. An airfoil system as in claim 19 further comprising:

at least one sensor embedded within said flexible strip
for sensing at least one condition at a surface thereof and for
generating a signal indicative of each said condition;

at least one actuator embedded within said flexible strip;
and

means coupled to said at least one senscr and said at
least one actuator for controlling each said actuator based on

each saild signal.

24. An airfoil system, comprising:
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an airfoil body having a top surface and a bottom surface,
said airfoil body having a chord length C, a span 8, and a
maximum thickness Tuy, said airfoil body defined by a first
rigid region and a second rigid region movably ccupled to said
first rigid region along a trailing edge of said first rigid
region;

a flexible strip attached along at least one edge thereof
to said top surface along a line aft of a leading edge of said
first rigid region, said line being located a distance from said
leading edge of said first rigid region that is approximately
0.1{C) to 0.7{(C), said flexikle strip being dimensionally
constrained to reside within an area defined by said first rigid
region, each said flexible strip having a spanwise length that
is approximately 0.5(8) to S, a chordwise width that is
approximately 0.05(C) to 0.2{C}, and a thickness that is
approximately 0.01(Twax) to 0.05{Tuax) ;

at least one sensor embedded within said flexible strip
for senging at least one condition at a surface thereof and for
generating a signal indicative of each said condition;

at least one actuator embedded within said flexible strip;
and

means coupled to gaid at least cone sensor and said at
least one actuator for controlling each said actuator based on

each sald signal.

25. An airfoil system as in claim 24 wherein a cavity is
formed in said top surface of said first rigid region, and

wherein said flexible strip covers said cavity.

26. An airfoil system as in claim 24 wherein a cavity is
formed in said top surface of said first rigid region, and
wherein said flexible strip coverg sald cavity and is coupled to
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said top surface fore and aft of said cavity.
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