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1
TRAPPED VORTEX AIRFOIL NOSE

TECHNICAL FIELD

This invention relates in general to aircraft and in par-
ticular to airfoil leading edge design.

BACKGROUND ART

Airfoil design is a critical component to achieving optimal
performance in both fixed airfoils such as wings, tails and
vertical stabilizers, and rotary airfoils such as propeller
blades. The upstream or leading edge designs of prior art
airfoils are generally smooth, convex, aerodynamic shapes
regardless of the speed of the airflow encountered by the
airfoil. However, subsonic airflow and supersonic airflow
have different behavior characteristics when obstructions are
encountered. Leading edge designs that permit efficient
performance in one type of airflow may not be as efficient in
the other type of airflow. For example, airfoils which are
designed for supersonic airflow perform less efficiently in
subsonic airflow due to the very sharp cross-sectional shape
at the leading edge. Moreover, supersonic airfoils require
expensive heat-resistant materials to avoid thermal damage
to the airfoil due to the very high temperatures developed by
shock waves in supersonic airflow. Supersonic jet aircraft
need a leading edge design that is capable of being optimal
for each type of airflow.

DISCLOSURE OF THE INVENTION

An airplane has a plurality of airfoils. Each airfoil has a
main body portion having a substantially solid surface
extending between upper and lower edges of the main body
portion. Preferably, the substantially solid surface is con-
cave. A flat elongated partition extends forward from the
main body portion and is substantially centered between the
upper and lower edges. A convex nose cap is positioned on
a forward edge of the partition. The nose cap has upper and
lower trailing edges spaced forward of the upper and lower
edges, respectively, of the main body portion. The partition
defines an upper cavity and a lower cavity which is located
between the upper and lower trailing edges of the nose cap
and the main body portion of the substantially solid surface
of the airfoil. For supersonic aircraft, flying at subsonic
velocity, the partition and nose cap are selectively extend-
able to a forward position relative to the main body portion.
The partition and nose cap are also retractable to a rearward
position relative to the main body portion for supersonic
flight. Additionally, a forward gap may be opened near the
nose cap and a rearward gap may be opened near the main
body portion to affect lift characteristics of the airfoil.

By opening a forward gap in the partition, airflow from
the lower cavity to the forward portion of the upper cavity
augments a standing upper vortex in the upper cavity. The
standing upper vortex creates a strong feeding sheer layer
that results in attached upper flow on the upper surface of the
airfoil. By opening a rearward gap in the partition, airflow is
developed from the lower cavity to a rearward portion of the
upper cavity that diminishes the upper vortex and generates
chaotic separated flow in the upper cavity. The chaotic
separated flow results in a lift loss due to upper surface
stalling on the airfoil. A loss of lift on an airfoil surface can
assist in generating a rolling moment for an aircraft.

Aslidably positional actuator is located in the airfoil. The
actuator is slidable in a direction generally parallel to the
mean plane of the airfoil. A plurality of cams are positioned
on the actuator for positioning the partition at a selected
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location relative to the main body portion of the airfoil. A
separate actuator is provided to position the partition to open
forward and rearward gaps to affect lift on the airfoil.

At supersonic speed, a shockwave forms proximate the
leading portion of the airfoil. When the nose cap is fully
retracted, a compression zone forms proximate the leading
portion. The compression zone becomes the effective lead-
ing edge of the airfoil. Located between the shockwave and
the leading portion, the compression zone diverts heat and
pressure generated by a shockwave away from the airfoil.
Downstream from the compressed zone, pressure wakes
form along the lateral surfaces of the airfoil and cool the
surfaces to a temperature below what would normally be
encountered with a conventional airfoil. At subsonic speed,
the nose cap may be extended to a forward position to
achieve optimal airfoil efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic drawing of an airplane constructed
in accordance with the invention.

FIG. 2 is a cross-sectional view of an airfoil section
constructed in accordance with the invention.

FIG. 3 is a partial sectional view of a leading edge of an
airfoil on the airplane in FIG. 1 experiencing a high inci-
dence and is shown with a nose cap in an extended position
and having a forward gap for increasing lift.

FIG. 4 is a partial sectional view of a leading edge of an
airfoil on the airplane in FIG. 1 experiencing a high inci-
dence and is shown with a nose cap in an extended position
and having a rearward gap for decreasing lift.

FIG. 5 is a partial sectional view of the leading edge of an
airfoil on the airplane in FIG. 1 with a nose cap in a retracted
position while encountering supersonic airflow.

FIG. 6 is a perspective view of the partition and the nose
cap assembly.

FIG. 7 is a partial sectional view of the leading edge of an
airfoil of the airplane in FIG. 1 showing a sectional view of
the partition and nose cap assembly.

FIG. 8 is a top view of the partition and nose cap assembly
and mechanism for extending and retracting the partition
and nose cap assembly.

BEST MODE FOR CARRYING OUT THE
INVENTION

Referring to FIG. 1, a jet airplane 10 capable of super-
sonic flight is shown. Airplane 10 has a plurality of airfoils
11 including wings 12, tail fins 14 and a vertical stabilizer
16. As shown in FIG. 2, airfoil 11 has a main body portion
18 having a substantially solid concave surface 20 extending
between an upper edge 22 and a lower edge 24 of main body
portion 18. Other shapes for the main body portion may be
utilized. Concave surfaces 20 have various degrees of cur-
vature including being substantially flat. Concave surface 20
is elongated and extends substantially the length of the
airfoil 11.

Referring to FIG. 3, a partition 32 extends forward from
main body portion 18 and is substantially centered between
upper edge 22 and lower edge 24. A convex nose cap 34 is
positioned on a forward edge 36 of partition 32. Nose cap 34
has an upper trailing edge 38 and lower trailing edge 40
spaced forward of upper edge 22 and lower edge 24,
respectively, shown in FIGS. 3, 4, and 7. Nose cap 34 is
positioned and has a curvature selected to resemble a
conventional leading edge of a conventional airfoil. The
nose cap 34 defines an upper cavity 46 and a lower cavity 48
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between upper and lower trailing edges 38, 40 and main
body portion 18.

Partition 32 is movable in forward and rearward direc-
tions relative to nose cap 34 and concave surface 20. This
movement selectively creates a forward gap 62 (FIG. 3)
between nose cap 34 and partition 32, and a rearward gap 76
(FIG. 4) between partition 32 and concave surface 20.

At subsonic flow, when airfoil 11 is positioned at a higher
incidence, as shown in FIG. 3, it may be desirable to open
forward gap 62 while closing rearward gap 76, as is shown
in FIG. 3. Upper streamline 64 and lower streamline 66 are
shown in FIG. 3. When positioned at a high incident angle,
a high pressure stagnation region 68 is formed in lower
cavity 48. A strong upper vortex 70 is generated in upper
cavity 46. Upper vortex 70 is enhanced by forward jet 72,
which passes through forward gap 62. Forward jet 72 results
from a pressure differential between the upper cavity 46 and
the lower cavity 48. A strong feeding sheer layer 74 is
generated above upper vortex 70. The augmented upper
vortex 70 helps to turn flow and avoid separation, which
results in an increase in lift acting on airfoil 11.

Decreasing lift on airfoil 11 may be desirable to facilitate
a rolling moment for aircraft 10 while at subsonic speeds. A
decrease in lift may be generated by forming rearward gap
76 between partition 32 and concave surface 22, as shown
in FIG. 4. Upper streamline 78 and lower streamline 80 are
shown engaging airfoil 11, which is shown at a high angle
of incidence. An area of high pressure stagnation 82 is
generated in the lower cavity 48. Rearward jet 84 passes
through rearward gap 76 into upper cavity 46, which nulli-
fies the formation of an upper vortex and results in a region
of chaotic flow 86. As a consequence of the region of chaotic
flow 86, upper surface stalling results, designated generally
87, on an upper surface of airfoil 11, thereby resulting in lift
loss.

Partition 32 and convex nose cap 34 may be retracted as
shown in FIG. 5 to a position where the trailing edges 38, 40
of nose cap 34 abut concave surface 20. Nose cap 34 is
moved to the retracted position when airplane 10 is accel-
erating toward supersonic speed. At supersonic speed,
shockwaves 88 form forward of main body portion 18.
However, with the concave profile 20 of main body portion
18, a compression zone 90 becomes the effective leading
edge of airfoil 11. Compression zone 90 is located between
shockwave 88 and concave profile 20 and diverts heat and
pressure of shockwave 88 away from airfoil 11. Down-
stream from compression zone 90, pressure wakes (not
shown) form along the lateral or downstream surfaces of
airfoil 11, causing the ambient surrounding gas to expand.
Expanding gas cools surfaces of airfoil 11 to a temperature
below what would normally be encountered with a conven-
tional airfoil.

At subsonic speed, nose cap 34 and partition 32 are
extended to an extended position to achieve optimal airfoil
efficiency as shown in FIGS. 2, 3, 4 and 7.

In one embodiment, a nose cap partition assembly 92
(FIGS. 6-8) is used to extend and retract nose cap 34 and to
open and close forward gap 62 and rearward gap 76.
Partition 32 has a plurality of rearward recesses 94 formed
thereon and a forward end 96 on a front end of partition 32.
Nose cap 34 is mounted on a plurality of support rods 98,
which are slidably received within partition 32. Support rods
98 are preferably affixed to nose cap 34 at nose cap apex
100. Partition 32 extends through a slot 102 in concave
surface 20 midpoint between upper leading edge 22 and
lower leading edge 24. Nose cap 34 is retracted and
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extended by a plurality of nose cap mover cams 104 that are
moved on actuating rod 106 by actuator 108. Actuating rod
106 is preferably oriented generally parallel to the mean
plane of the airfoil.

Partition 32 is extended and retracted relative to main
body portion 18 and nose cap 34 to create forward gaps 62
or rearward gaps 76. For illustrative purposes in FIG. 8,
partition 32 is extended such that rearward recesses 94 are
forward of slot 102, thereby creating rearward gaps 76 at
recesses 94. Additionally, nose cap 34 is extended on sup-
port rods 98 so that forward gap 62 is created between nose
cap 34 and forward end 96 of partition 32. In operation,
when partition 32 is retracted, rearward gaps 76 close.
Partition 32 is moved forward or rearward independent of
nose cap 34 by means of motor 110 acting on partition
mover 112.

The invention has several advantages. When encountering
supersonic airflow, a concave main body portion along the
leading edge of a wing permits superior flight efficiency by
reducing drag and limiting a temperature increase in the
airfoil. As a result, less costly materials may be employed in
the manufacture of the airfoil. For subsonic flow, extending
the nose cap creates cavities for reducing separation losses.
Additionally, in the case of subsonic flow, a selectively
openable forward gap behind the nose cap increases lift on
the airfoil. A selectively openable rearward gap allows for a
controllable decrease in lift on the airfoil.

With the retractable and extendable nose cap, the leading
edge profile may be changed for optimal performance in
both supersonic and subsonic airflow. While the invention
has been shown in only one of its forms, it should be
apparent to those skilled in the art that it is not so limited,
but is susceptible to various changes without departing from
the scope of the invention. For example, in a purely subsonic
aircraft, the nose cap and partition could be fixed and the
gaps removed.

I claim:

1. An airfoil for an aircraft, comprising in combination:

a main body portion having an upper edge and a lower
edge;

a partition extending forward from said main body
portion, substantially centered between said upper edge
and said lower edge; and

a convex nose cap on a forward end of said partition, said
nose cap having an upper trailing edge and a lower
trailing edge spaced forward of the upper and lower
edges, respectively, of the main body portion, defining
an upper cavity and a lower cavity separated by said
partition.

2. The airfoil according to claim 1 wherein said partition
and said nose cap are elongated and extend substantially the
length of the airfoil.

3. The airfoil according to claim 1 wherein said partition
is movable in a forward direction and a rearward direction
relative to said nose cap to selectively define a forward gap
proximate said nose cap for allowing flow of air from the
lower cavity to a forward portion of the upper cavity.

4. The airfoil according to claim 1 wherein said partition
is movable in a forward direction and a rearward direction
relative to said main body portion to selectively define a
rearward gap proximate said main body portion for allowing
flow of air from the lower cavity to a rearward portion of the
upper cavity.

5. The airfoil according to claim 1 further comprising a
substantially solid surface extending between said upper and
lower edges of the main body portion.
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6. The airfoil according to claim 1 further comprising a
substantially solid concave surface extending between the
upper and lower edges of the main body portion.

7. The airfoil according to claim 1 wherein said partition
and said nose cap are movable in a rearward direction
relative to said main body portion to a retracted position
where the trailing edges of the nose cap abut the solid
surface.

8. An airfoil for an aircraft, comprising in combination:

a main body portion having an upper edge and a lower
edge and a substantially solid concave surface extend-
ing between said upper and lower edges;

a flat, elongated partition extending forward from said
main body portion substantially centered between said
upper and lower edges; and

a convex nose cap on a forward end of said partition, the
nose cap having an upper trailing edge and a lower
trailing edge spaced forward of said upper and lower
edges, respectively, of the main body portion, defining
an upper cavity and lower cavity separated by said
partition, wherein said partition and said nose cap are
movable in a forward and rearward direction relative to
said main body portion between an extended position
for subsonic flow on a retracted position with the
trailing edges abutting the concave surface for super-
sonic flow.

9. The airfoil according to claim 8 wherein said partition
is further movable in said forward direction and said rear-
ward direction relative to said nose cap to selectively define
a forward gap proximate said nose cap for allowing flow of
air from said lower cavity to a forward portion of said upper
cavity.

10. The airfoil according to claim 8 wherein said partition
is further movable in said forward direction and said rear-
ward direction relative to said main body portion to selec-
tively define a rearward gap proximate said concave surface
for allowing flow of air from said lower cavity to a rearward
portion of said upper cavity.

11. An airfoil for an aircraft, comprising in combination:

a main body portion having an upper edge and a lower
edge;
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a flat, elongated partition extending forward from said
main body portion, substantially centered between said
upper and lower edges; and

a convex nose cap on a forward end of said partition, the
nose cap having an upper trailing edge and a lower
trailing edge spaced forward of said upper and lower
edges, respectively, of the main body portion, defining
upper and lower cavities separated by the partition,
wherein said partition is movable in a forward and
rearward direction relative to said nose cap to selec-
tively define a forward gap proximate said nose cap,
and said partition is movable in a forward and rearward
direction relative to said main body portion to selec-
tively define a rearward gap proximate said main body
portion, said forward gap and said rearward gap allow-
ing flow of air from the lower cavity to the upper cavity.

12. An airfoil for an aircraft according to claim 11 further

comprising a slidably positionable actuator in the airfoil,
said actuator slidable generally parallel to a mean plane of
the airfoil, and a plurality of cams on said actuator for
positioning said partition at a selected position relative to
said main body portion of said airfoil.

13. A method of selectively increasing and decreasing lift

on an airfoil, comprising:

mounting a partition on a forward surface of said airfoil;

mounting a nose cap to said airfoil at a forward end of said
partition, the partition defining an upper cavity and a
lower cavity;

selectively opening a forward gap in the partition proxi-
mate to the nose cap to allow flow of air from the lower
cavity to a forward portion of the upper cavity to
augment a standing upper vortex for increasing lift; and

selectively opening a rearward gap in said partition proxi-
mate said forward surface of said air foil to allow a flow
of air from the lower cavity to a rearward portion of the
upper cavity for generating chaotic separated flow in
the upper cavity for decreasing lift.
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