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AERODYNAMIC SURFACE DISTENSION
SYSTEM FOR HIGH ANGLE OF ATTACK
FOREBODY VORTEX CONTROL

ORIGIN OF THE INVENTION

The invention described herein was made by employ-
ees of the United States Government and may be manu-
factured and used by or for the Government for govern-
mental purposes without the payment of any royalties
thereon or therefor.

BACKGROUND OF THE INVENTION

The present invention relates generally to the field of
aerodynamics and, more specifically, to an aerody-
namic surface distension system for high angle of attack
forebody vortex control. Basically, a fluid-filled flexible
member alters the shape of a forebody portion of an
aircraft or similar vehicle to effect aerodynamic forces
and moments, thus providing control forces at high
angle of attack.

TECHNICAL FIELD OF THE INVENTION

Various devices have been employed to vary the
aerodynamic shape of an aircraft control surface to
adapt to certain flight condition. Notable examples in-
clude the high lift systems associated with multiple
element wing structures employing trailing edge flaps
and leading edge slats. When greater lift is required for
take-off and landing, for example, mechanical linkages
are used to move the rigid movable elements into de-
flected, operable positions.

Non-rigid control surfaces have been considered in
the past for changing the aerodynamic features of an
aircraft surface. For example, U.S. Pat. No. 2,378,528 to
Arsandaux describes a wing having a leading edge and
a trailing edge, and an inflatable member disposed in the
leading edge. The inflatable member is inflated in order
to enhance the lift-generating capabilities of the wing.

U.S. Pat. No. 2,912,190 to MacDonough describes
another leading edge contour-changing device which
utilizes an inflatable member to change the shape of the
wing. The altered shape is intended to generate greater
lift under certain flight conditions. A rigid member
pivots outwardly to cooperate with the inflatable mem-
ber in defining the altered shape of the airfoil.

U.S. Pat. No. 2,932,470 to Edkins describes an inflat-
able member located at the leading edge of an airfoil.
This patent recognizes that a more blunted leading edge
profile is suitable for certain combat maneuvers which
impose high G forces, and which require operation at
high positive angles of attack at relatively high Mach
numbers, in the range of 0.9.

U.S. Pat. No. 3,136,501 to Barber describes an inflat-
able member disposed midway between the leading and
trailing edges of a wing, on the suction side thereof. The
inflatable member is inflated to cause an increase in lift
generated by the wing under certain flight conditions.

The aforementioned non-rigid inflatable members are
all associated with the primary lift-generating structure
of the aircraft, and are not suggested for use on control
surfaces, meaning surfaces that are responsible for de-
termining the flight direction of the aircraft. It has been
found that at high angles of attack, the conventional
control surfaces loose effectiveness. Thus, it has been
proposed to install deployable rigid contro! surfaces or
“strakes” on the forebody of the aircraft. However,
these hinged, rigid aerodynamic control surfaces have
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certain inherent disadvantages in that they require me-
chanical actuation and linkages. This actuation struc-
ture is incompatible with the intended and normal uses
of the forebody interior, which typically houses radar
components and other sophisticated electronics. Thus,
it is important not to provide structure which demands
valuable space in the forebody area of the aircraft.

Blowing air out of a slot or orifice on the forebody of
an aircraft has been considered for creating an aerody-
namic force. This approach also has inherent disadvan-
tages in that it would require air to be taken either from
the jet engine or an outside source. If taken from the
engine, the performance of the engine will be adversely
affected. An internal air source and/or internal ducting
system that would be required for air blowing would
take up valuable space in the forebody area. Moreover,
complex systems such as radar would be disturbed.

Thus, a continuing need exists for a control device
deployable from the forebody area of an aircraft when
operating in high angles of attack.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
aerodynamic surface distention system capable of being
mounted on the surface of the forebody of an aircraft,
and requiring a minimal amount of space within the
forebody.

Another object of the present invention is to provide
an aerodynamic surface distention system capable of
being mounted on the forebody of the aircraft without
adversely affecting radar components located in the
forebody region of the aircraft.

Still another object of the present invention is to
provide an aerodynamic surface distention system
which requires a minimal amount of energy derived
from the aircraft power plant, thus minimizing adverse
affects on power plant performance.

Yet another object of the present invention is to pro-
vide an aerodynamic surface distention system which to
effect yaw and pitch control forces is capable of rapid
deployment to an operative position.

These and other objects of the invention are met by
providing an aerodynamic surface distention system for
supplying a control force to an aircraft while maneuver-
ing at high angles of attack, the system comprising at
least one deployable control surface disposed on a fore-
body portion of the aircraft and being substantially flush
with an outer surface of the forebody portion in a non-
deployed position and extending radially outwardly of
the forebody outer surface when in a deployed position,
and inflatable means for moving the at least one deploy-
able control surface from the non-deployed position to
the deployed position. Deployment of one such control
surface can be used to effect a lateral control force.

In another aspect of the invention, two deployable
control surfaces disposed symmetrically about the fore-
body of an aircraft can be deployed simultaneously to
effect longitudinal or pitch control forces.

Other objects, advantages and salient features of the
invention will become apparent from the following
detailed description, which, taken in conjunction with
the annexed drawings, discloses preferred embodiments
of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top plan of an aircraft employing the
surface distention system for high angle of attack fore-
body vortex control according to the present invention;

FIG. 2 is an enlarged, left-side perspective view of an
aircraft similar to the one illustrated in FIG. 1, and
being disposed in a high angle of attack flight attitude;

FIG. 3 is an enlarged cross-sectional view taken
along line III—III of FIG. 2, and showing a first em-
bodiment of the present invention in a deployed or
inflated position;

FIG. 4 is an enlarged cross-sectional view taken
along line III—III of FIG. 2, and showing the first
embodiment of the present invention in a non-deployed
or deflated position;

FIG. § is a view similar to FIG. 3, but showing an-
other embodiment of the present invention in which the
inflatable membrane, when inflated, produces substan-
tially planar control surfaces;

FIG. 6 is a side elevational view, partially cut-away,
showing another embodiment of the present invention
with the inflatable membrane in a non-inflated condi-
tion;

FIG. 7is a view similar to FIG. 6, with the inflatable
membrane in an inflated condition;

FIG. 8 is a schematic view showing the surface dis-
tention system of the present invention;

FIG. 9 is a side elevational view of an aircraft em-
ploying two deployable control surfaces according to
another embodiment of the present invention;

FIG. 10 is a top plan view of the aircraft of FIG. 9,

FIG. 11 is an enlarged transverse sectional view
taken along line XI—XI of FIG. 10; and

FIGS. 12-15 are views similar to FIG. 11 showing
alternative placement of the inflatable members used to
effect vortex control.

DETAILED DESCRIPTION OF THE
INVENTION

Referring initially to FIGS. 1-4, an airplane 10 has a
forebody portion 12 forward of the cockpit 14. A pair of
inflatable members 16 and 18 are disposed on opposite
sides of the forebody 12, symmetrically about the verti-
cal center plane “A” of the aircraft 10. The port-side
inflatable member 16, illustrated in detail in FIGS. 3 and
4, includes an inflatable membrane 20 made of a resilient
polymeric material. Any elastic material having the
qualities of high strength and heat resistance can be
employed, especially those have the elastic properties of
natural rubber. Any of a number of commercially avail-
able polymers can be used, including various natural
and synthetic compounds of usually high molecular
weight consisting of up to millions of repeated linked
units, each unit having a relatively light and simple
molecule.

As seen in FIGS. 3 and 4, the inflatable member 16 is
fixedly connected to the forebody portion 12 by fitting
into a recess formed in the forebody portion 12. A metal
clamping frame 21 encircles the inflatable member 16
and presses tightly against a peripheral flange portion
thereof. A plurality of screws 23 are used to secure the
inflatable member in place. Preferably, the flange region
of the inflatable member 16 is fiber reinforced, with
fibers embedded in the elastomeric material. The fibers
could be nylon, kevlar, or steel. Other fibers having a
strengthening effect could be employed.

20

25

35

50

55

4

A fluid coupling 22 is connectable to a source (not
shown) to provide the activating fluid, such as air, to a
chamber 24 defined by the inner surfaces of the mem-
brane 20. When the membrane 20 is not inflated as seen
in FIG. 4, its outer surface is flush with the outer sur-
face of the forebody 12. When inflated, as seen in FIG.
3, the outer surface of the membrane 20 defines a con-
trol surface which is capable of generating lateral con-
trol forces. For example, at high angle of attack “a” as
seen in FIG. 2, deployment of the inflatable member 16
on the port side of the forebody will cause the nose of
the aircraft 10 to move in the starboard direction. Dis-
tention of either inflatable member 16 or 18 generates a
yawing moment by modulating the forebody vortex
flow to produce differential suction pressures on the
forebody 12. In order to effect longitudinal control
forces, or pitch control, both inflatable members 16 and
18 can be deployed simultaneously to a degree neces-
sary to effect the desired amount of pitch control.

A variation of the first embodiment is illustrated in
FIG. 5, in which substantially the same structure is
provided, as indicated by primed reference numerals.
The membrane 20’ of the FIG. 5 embodiment is pro-
vided with wall thicknesses that become thinner
towards the apex so that when inflated, the outer sur-
faces of the membrane 20’ are more planar and thus
present a sharper airflow separation at the apex.

Referring now to FIGS. 6 and 7, a further embodi-
ment of the present invention is shown as a deployable
flexible member 26 having one end 28 attached to the
aerodynamic skin 30 of an aerodynamic structure 32.
The aerodynamic structure 32 may be a wing, for exam-
ple. Attachment may be accomplished by means of
threaded fasteners 29 or any other suitable means. Al-
ternatively, the flexible member 26 could be a continu-
ous extension of the forebody surface material and thus
fasteners would not be required. The opposite end 34 of
the deployable member 26 is free.

In the inactive position illustrated in FIG. 6, the flexi-
ble member 26 conforms in shape to the aerodynamic
surface of the aerodynamic structure 32. Air flow is
indicated by the directional arrow in both FIGS. 6 and
7.

An inflatable membrane 36 is secured in a recess of
the aerodynamic skin 30 and is fixedly connected
thereto by a frame 33 clamping the periphery of the
inflatable member 36 along the free end of the deploy-
able member 26. At the connected end, the periphery of
the inflatable member 36 is clamped by the screws 29
and the flexible member 26. Suitable bonding adhesives
may be employed instead of the clamping structures to
secure the inflatable member 36 within the recess. Any
other suitable means may be employed to secure the
inflatable member 36 in place.

The inflatable membrane 36 is bonded or otherwise
suitably attached to an inner surface of the flexible
member 26 so that as the membrane is inflated, as seen
in FIG. 7, by introducing fluid such as air into the mem-
brane through fluid coupling 38, the flexible member 26
is caused to move radially outwardly to an operative
position. To ensure conformity of the flexible member
26 to the shape of the aerodynamic skin 30 when the
membrane 36 is deflated, a vacuum can be administered
to the chamber 40 through the fluid coupling 38.

In any of the above embodiments involving forebody
control surfaces, it is preferable to provide two inflat-
able membranes, one on each side of the vertical plane
A. Moreover, a preferred location can be determined
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for individual aircraft, depending on flight characteris-
tics. The exact length and location of the inflatable
strakes can be selected with minimal experimentation.
One particularly preferred embodiment would locate
the inflatable members opposed to each other at about
90° from the vertical plane A.

In the above embodiments where two inflatable
members are disposed on the forebody, inflation of one
or the other will result in a lateral or yaw control force.
The control force moves the aircraft in a direction op-
posite the side of the deployed inflatable member. For
example, a port side deployment will result in a star-
board yaw movement of the aircraft. However, simulta-
neous deployment of both inflatable members will result
in longitudinal or pitch movement of the aircraft.

While deployment of either or both of the inflatable
members as described above have particular utility
when operating an aircraft at high angles of attack, the
purpose is to generate control forces. Thus, deployment
under conditions other than high angles of attack are
also contemplated.

FIG. 8 schematically illustrates the surface distention
system of the present invention including two inflatable
members 42 and 44 on opposite sides of an aircraft fore-
body 46. The port side inflatable member 44 is shown in
the inflated condition to effect yaw control of the air-
craft. Both of the inflatable members are coupled
through fluid lines 48 and 50, respectively, to a control
valve 52 which itself is coupled through line 54 to a
fluid supply 56. The valve 52 preferably controls flow
of fluid to the two inflatable members so as to permit
flow to none (OFF), flow to one (for lateral or yaw
control force generation) or flow to both (for longitudi-
nal or pitch control force generation). A flight control
58 located inside the cockpit and operated by the pilot
sends a control signal to a valve actuator 60 to effect
changes in the valve position as required by the pilot.
The fluid supply 56 may be any suitable source. For
example, if the inflating fluid is air, the supply 56 could
be a tap off the engine or a separate and self-contained
unit such as an air compressor. The fluid could be a
liquid as well as a gas, although gas is preferable due to
weight and handling considerations.

FIGS. 9-11 illustrate another type of aircraft 62 hav-
ing an triangular in section forebody 64. The forebody
64 has a flat base 66 and two converging flat surfaces 68
and 70. This type of forebody geometry is referred to as
“chined”. Inflatable members 72 and 74 are disposed at
the corners of the base 66 and the converging surfaces
68 and 70. As shown in FIG. 11, when the inflatable
member 74 is inflated, a control surface is formed which
effects the vortex in a manner that causes the forebody
to move in the same direction as the deployed inflatable
member 74. Thus, lateral control is in a direction oppo-
site that of the previously-described embodiments in
which the forebody has a near circular cross section. In
the case of a chined forebody, the inflatable member
delays separation and thus weakens the vortex, whereas
in the circular forebody, the inflatable causes separation
and thus strengthens the vortex on the deployed side,
and thus causes lateral movement of the forebody in the
opposite direction. As in the circular section forebodies,
however, simultaneous deployment can effect longitu-
dinal control forces.

Alternative locations of the inflatable members for
chined forebodies are illustrated in FIGS. 12-15. In
FIG. 12, the inflatable members 76 and 78 are located
on the base of the forebody 80. Member 78 is shown in
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the deployed position, inflated with a fluid and having a
bulbous shape. In FIG. 13, two inflatable members 82
and 84 are shown on the converging surfaces 86 and 88,
respectfully, of the forebody 90. Member 82 is shown in
the deployed position, inflated with a fluid and having a
bulbous shape. In FIG. 14, the inflatable members 92
and 94 are located on the converging surfaces 96 and 98,
respectively, of the forebody 100. In the deployed con-
dition, the members adopt a more rounded shape as
compared to the embodiments of FIGS. 12 and 13. The
inflatable members 102 and 104 of the embodiment of
FIG. 15 are located on the base 106 of the forebody 108,
and have the more rounded shape as in the case of the
FIG. 14 embodiment.

For any of the embodiments of FIGS. 11-15, control
and inflation of the inflatable members can be accom-
plished using the systems described with respect to the
other embodiments. Also, the necessary structure for
attaching the inflatable members to the forebody can be
similar to the structure described with respect to the
other embodiments.

While advantageous embodiments have been chosen
to illustrate the invention, it will be understood by those
skilled in the art that various changes and modifications
can be made therein without departing from the scope
of the invention as defined in the appended claims.

I claim:

1. An aerodynamic surface distension system for gen-
erating control forces on an aircraft, the system com-
prising:

first and second inflatable membranes disposed sym-

metrically on opposite sides of a forebody portion
of the aircraft, each membrane being substantially
flush with an outer surface of the forebody portion
in a non-deployed position and extending radially
outwardly of the forebody outer surface when in a
deployed position, and each membrane defining an
interior chamber and an exterior surface, the exte-
rior surfaces of the first and second membranes
comprising first and second control surfaces when
inflated; and

inflatable means for moving the first and second con-

trol surfaces from the non-deployed position to the
deployed position at high angles of attack.

2. An aerodynamic surface distension system accord-
ing to claim 1, wherein the first and second membranes
are disposed symmetrically on opposite sides of a longi-
tudinal, vertical plane of the aircraft.

3. An aerodynamic surface distension system accord-
ing to claim 1, wherein the first and second membranes
have a tapered thickness to define a pronounced apex
and two substantially planar surfaces converging at the
apex.

4. An aerodynamic surface distension system accord-
ing to claim 1, wherein the inflatable means includes
control means for alternately directing an inflating fluid
to the two inflatable membranes, a yaw force being
generated in a direction opposite the side of the inflat-
able membrane supplied with inflating fluid.

5. An aerodynamic surface distension system accord-
ing to claim 1, wherein the inflatable means comprises
first and second inflatable membranes fixedly connected
to the aerodynamic skin and are in fluid communication
with a supply of pressurized fluid and vacuum and the
membranes are moved to an operative position when
each membrane is inflated with pressurized fluid.
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6. An aerodynamic surface distension system for gen-
erating control forces on an aircraft having a forebody,
the system comprising:

first and second inflatable members disposed on op-

posite sides of the forebody symmetrically about a
vertical plane of the aircraft; and

means for selectively inflating the first and second

inflatable members to effect a desired control force
at high angles of attack.

7. An aerodynamic surface distension system accord-
ing to claim 6, wherein the forebody has a conical shape
and the inflating means includes control means for di-
recting an inflating fluid to one of the two inflatable
members, a yaw force being generated in a direction
opposite the side of the inflatable member supplied with
inflating fluid.

8. An aerodynamic surface distension system accord-
ing to claim 6, wherein the forebody has a conical shape
and the inflating means includes control means for di-
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recting an inflatirig fluid to the two inflatable members
simultaneously to thereby generate a pitch force.

9. An aerodynamic surface distension system accord-
ing to claim 6, wherein the forebody has a triangular
wedge shape and the inflating means includes control
means for directing an inflating fluid to one of the two
inflatable members, a yaw force being generated in the
same direction as the side of the inflatable member sup-
plied with inflating fluid.

10. An aerodynamic surface distension system ac-
cording to claim 6, wherein the forebody has a triangu-
lar wedge shape and the inflating means includes con-
trol means for directing an inflating fluid to the two
inflatable members simultaneously to thereby generate a -
pitch force.

11. An aerodynamic surface distension system ac-
cording to claim 6, wherein the forebody has a triangu-
lar wedge shape and includes a base and two converg-
ing surfaces which define two lower corners with the
base, and the two inflatable members are disposed re-

spectively at the two lower corners.
* * * % X



