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(54) Title: RETRACTABLE VORTEX GENERATOR

(57) Abstract: A flow control device is disclosed including a flow control surface (20) over which fluid is designed to flow in a
& predetermined direction (F) . Vortex generators (30) are associated with the flow control surface. Each respective vortex generator
& has a pivot axis (40) that forms an acute angle (a) with respect to the predetermined direction and is capable of being positioned in
both of an extended state, in which the respective vortex generators function to create a swirling fluid flow, and a retracted state, in
which the respective vortex generators are pivoted via the pivot axis so as to lie adjacent to the flow control surface. An actuator is
associated with each of the vortex generators, each actuator adapted to position the associated vortex generator between the extended
and retracted states. The flow control device is disclosed to be used in tiltrotor vehicles.
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RETRACTABLE VORTEX GENERATOR
BACKGROUND OF THE INVENTION
Cross-Reference to Related Applications
[0001] This invention claims priority to U.S. Provisional Patent Application No.
60/695,181, filed on June 30, 2005, which is incorporated by reference in its entirety herein.
Field of the Invention

[0002] This invention relates to flow control surfaces with retractable vortex
generators.

Description of Related Art

[0003] Vortex generators have been used with a variety of flow control surfaces to

mix low momentum fluid flow associated with a boundary air layer of the flow control
surface with a high momentum fluid flow outside of the boundary air layer. The use of such
vortex generators in a variety of aircraft have produced improvements in maneuver
effectiveness. However, permanently installed wing vortex generators produce drag penalties
and may accrete foreign matter such as ice shapes that significantly degrade the proper

performance of the aircraft.

[0004] Retractable vortex generators have been developed to compensate for these
problems.
[0005] Bauer US 4,039,161, Cox US 5,253,828, and Lisy et al. US 6,105,904 each

disclose vortex generators which may be retracted into a flow control surface. However, the
retractable vortex generators described in these documents require modification of the
structure on which it is disposed to allow for internal space into which the vortex generator
may be retracted when not in use. This requirement for adequate space to accommodate the
vortex generators may influence the design of the wing or other structure in a negative
manner. This also requires that a wing, or other such structure having a flow control surface
to which a vortex generator is desired to be added cannot be easily retrofitted for such vortex
generators.

[0006] Campbell US 6,427,948, discloses a vortex generator which is capable of
being selectively moved into a deflected position to produce downstream turbulence and
moved into an undeflected position to reduce drag. The vortex generator of Campbell is
formed of a shape memory alloy that is in the deflected position when no electric signal is
applied to an associated heater and is in the undeflected position when an electric signal is
applied to the associated heater. However in both the deflected and undeflected states the

vortex generator protrudes outside of the flow control surface and, while the undeflected state
1



WO 2007/005687 PCT/US2006/025730

may produce less drag in comparison with the deflected state, the protrusion will still produce
some undesirable residual drag and does not alleviate the problem of ice accretion on the
exposed vortex generators.
BRIEF SUMMARY OF THE INVENTION

[0007] The present invention provides a flow control device including a flow control
surface over which fluid is designed to flow in a predetermined direction. Vortex generators
are associated with the flow control surface. Each respective vortex generator has a pivot axis
that forms an acute angle with respect to the predetermined direction and is capable of being
positioned in both of an extended state, in which the respective vortex generators function to
create a swirling fluid flow, and a retracted state, in which the respective vortex generators
are pivoted via the pivot axis so as to lie adjacent to the flow control surface. An actuator is
associated with each of the vortex generators, each actuator is adapted to position the
associated vortex generator between the extended and retracted states.
[0008] In one embodiment, the acute angle that the vortex generators make with the
predetermined direction is between 5 to 45 degrees when in the extended state.
[0009] In one example, the actuator may be a heater that actuates a shape memory
material made from a nickel-titanium alloy. However other types of electromechanical
actuators may also be used.
[0010] In one example, the vortex generator may be in the form of a fin that is
parallel to the flow control surface when in the retracted state and set at an angle between 0
and 180 degrees when in the extended state.
[0011] The flow control device as described provides reduction of drag and ice
" accumulation on flow control surfaces without requiring space in the flow control device to
be reserved for the retracted vortex generators. Thus the retractable vortex generators of the
current invention may be applied to a large variety of flow control surfaces without the
necessity of extensive retrofitting of the flow control surfaces.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] FIG. 1A is a side view of a flow control device having a vortex generator in an
extended or deployed state in accordance with the present invention.
[0013] FIG. 1B is a top view of a flow control device having a vortex generator in an
extended or deployed state in accordance with the present invention.
[0014] FIG. 2A is a side view of a flow control device having a vortex generator in a

retracted state in accordance with the present invention.
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[0015] FIG. 2B is a top view of a flow control device having a vortex generator in a
retracted state in accordance with the present invention.
[0016] FIG. 3A is a view along a pivot axis of a respective vortex generator when in
the retracted state in accordance with one embodiment of the present invention.
[0017] FIG. 3B is a view along a pivot axis of the vortex generator of FIG. 3A when
in an extended or deployed state.
[0018] FIG. 4A is a view along a pivot axis of a respective vortex generator when in
the retracted state in accordance with another embodiment of the present invention.
[0019] FIG. 4B is a view along a pivot axis of the vortex generator of FIG. 4A when
in an extended or deployed state.

DETAILED DESCRIPTION OF THE INVENTION
[0020] FIG. 1A, 1B, 2A, and 2B show an example of a flow control device 10in
accordance with one embodiment of the present invention. FIG. 1A shows a side view and
FIG. 1B shows a top view of a flow control surface 20 over which a fluid media is designed
to flow in a direction represented by vector F. An array of vortex generators 30 are
illustrated in an extended position. Vortex generators 30 are substantially flat structures that
are generally perpendicular with respect to the plane of the control surface when extended.
Each of the vortex generators 30 are constructed so as to be pivotable about a pivot axis 40.
The pivot axis 46 forms an acute angle o with the flow direction (or primary wind direction)
F so as to facilitate the generation of a swirling fluid flow. The acute angle o. may be between
5 and 45 degrees (or -5 to -45 degrees, depending on the direction measured) to generate
vortices over the flow control surface 20. In a more specific embodiment, the angle o is
between 12 and 25 degrees, and even more specifically between 19 and 21 degrees. FIG. 2A
and 2B show a side view and a top view of a flow control surface 20 over which a fluid
media is designed to flow in the predetermined direction F when an array of vortex
generators 30 are in a retracted position. As shown the vortex generators have pivoted about
pivot axis 40 so as to lie in generally parallel, overlying relation with the upper flow control
surface 20. In one embodiment, the retracted vortex generators lie in abutting contact with
the upper flow control surface 20. In this state the vortex generators are out of the way of the
flow thus substantially eliminating drag effects from the vortex generators. Thus the vortex
generators are extended when needed and retracted at all other flight conditions without
requiring any space in the flow control device for storing the vortex generator when not in

use. In the illustrated embodiments, surface 20 has a substantially continuous, unmodified
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shape. It can be appreciated, therefore, that the vortex generators as illustrated in the FIGS.
herein can be retrofitted onto many different types of previously manufactured surfaces 20.
In another embodiment (not shown), the upper surface area on which the vortex generator is
disposed when deployed is slightly recessed. Such a recess may have a depth that is of the
same dimension as the thickness of the vortex generator, so that the vortex generator’s
exposed surface when retracted is substantially flush with adjacent surface portions of surface
20.

[0021] FIG. 3A and 3B show an example of the operation of a vortex generator 30 on
the flow control surface 20 in accordance with one embodiment of the invention. FIG. 3A is
a view taken in a direction along the pivot axis 40 of the vortex generator 30 when it is in the
retracted state. FIG. 3B is a view along to the pivot axis 40 of the vortex generator 30 when it
is in extended state. The vortex generator is actuated by a motor or actuator 50 so as to be
repositioned between the retracted and extended state. The extended state may be variably
chosen so that the vortex generator is inclined at an angle 6 with respect to the flow control
surface 20. In the current embodiment the actuator 50 may be an electromagnetic motor
controlled by electrical input 60 (from an external controller) and the angle 6 may be adjusted
to lie between 0 and 180 degrees relative to surface 20. In one embodiment the angle 6 is
deployed at an orientation or angle 6 that is normal (90°) to surface 20. In another
embodiment, the vortex 30 is deployed at an angle of -4° to +4° relative to normal.

[0022] FIG. 4A and 4B show an example of another actuator for positioning the
vortex generator 30 between the extended and retracted position. In this example the actuator
includes a heater 70 controlled by electrical input 80 (from an external controller). The vortex
generator 30 is formed with a shape memory alloy such as nickel-titanium alloys and is
initially deformed to be in the extended position as shown in FIG. 4B during manufacture. In
the extended position of FIG. 4B, the vortex generator 30 forms an angle 6 with respect to
surface 20. the angle 6 can be in the same range or ranges as that for the embodiment of
FIGS. 3A and 3B as discussed above. Upon application of heat by the heater 70 above the
particular transition temperature of the shape memory material, the vortex generator returns
to the non-deformed state as shown in FIG. 4A. In another embodiment, the shape memory
alloy vortex generator is initially in a retracted (non-deployed) position as illustrated in

FIG. 4A. When heat is applied to the shape memory alloy vortex generator it moves from its
retracted position of FIG. 4A to the deployed position of FIG. 4B.
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[0023] A variety of types of actuators may be used to perform the pivoting function as
described as evident to a person of ordinary skill in the art. For example thermal bimorph
actuators, piezoelectric bimorph actuators as well as any other actuators capable of creating a
pivoting action may be employed as the actuators of the present invention.

[0024] In one embodiment, the flow control device of the present invention is
employed as part of a wing of a tiltrotor aircraft.

[0025] Although a particular configuration of the vortex generators has been shown,
the present invention is not limited to this configuration and a variety of other arrangements
may be used in creating co-rotating as well as counter-rotating effects.

[0026] Although the shape of the individual vortex generators has been shown as
triangular, the present invention is not limited to this shape and other shapes of the vortex
generator such as rectangular shapes or other shapes may be used.

[0027] While a particular embodiment of the present invention has been shown and
described, it will be apparent to those skilled in the art that a variety of modifications may be

made without departing from the teachings of the present invention.
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WHAT IS CLAIMED IS:

1. A flow control device comprising:

a flow control surface over which fluid is designed to flow in a predetermined
direction;

vortex generators associated with the flow control surface, each respective
vortex generator having a pivot axis that forms an acute angle with respect to the
predetermined direction and capable of being positioned in both of an extended state,
in which the respective vortex generators function to create a swirling fluid flow, and
a retracted state, in which the respective vortex generators are pivoted via the pivot
axis so as to lie adjacent to the flow control surface; and

an actuator associated with each of the respective vortex generators, each
actuator adapted to position the associated vortex generator between the extended and
retracted states.
2. A flow control device according to claim 1, wherein the acute angle is from 5
to 45 degrees.
3. A flow control device according to claim 1, wherein the vortex generators are
formed of a shape memory material, and wherein the actuator includes a heater that
actuates the shape memory material. )
4. A flow control device according to claim 1, wherein each of the respective
vortex generators is in the form of a fin that lies parallel to the flow control surface
when in the retracted state and is set at an angle greater than 0 degrees and less than

180 degrees with respect to the flow control surface when in the extended state.

5. A flow control device according to claim 1, wherein the flow control surface is
part of a tiltrotor vehicle.
6. An aircraft comprising:

a tiltrotor wing;

a flow control surface formed on the tiltrotor wing over which fluid is
designed to flow in a predetermined direction;

vortex generators associated with the flow control surface, each respective
vortex generator having a pivot axis that forms an acute angle with respect to the
predetermined direction and capable of being positioned in both of an extended state,
in which the respective vortex generators function to create a switling fluid flow, and
a retracted state, in which the respective vortex generators are pivoted via the pivot

axis so as to lie adjacent to the flow control surface; and
6
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an actuator associated with each of the respective vortex generators, each
actuator adapted to position the associated vortex generator between the extended and

retracted states.

7. An aircraft according to claim 6, wherein the acute angle is from 5 to 45
degrees.
8. An aircraft according to claim 6, wherein the actuator includes a heater and

wherein the vortex generators comprise a shape memory material that can be moved
based on actuation of the heater.

9. An aircraft according to claim 6, wherein each of the respective vortex
generators is in the form of a fin that lies parallel to the flow control surface when in
the retracted state and is set at an angle greater than 0 degrees and less than 180

degrees with respect to the flow control surface when in the extended state.
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