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mechanisms on aircraft (150), are disclosed herein. One aspect of the invention Is directed toward a fairing system (100) that

C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca oric B o umE oo
OPIC - CIPO 191 R

SRR ‘-'\-E}:.’{Q
4
3




CA 2602901 C 2010/08/03

anen 2 0602 901
13) C

(57) Abrege(suite)/Abstract(continued):

Includes a fairing (120) mounted to an airfoll (110). The fairing (120) can have a longitudinal axis (L2) and a fairing section (122)
extending along the longitudinal axis forward and aft of a trailing edge portion (112) of an airfoil section (111). In one embodiment
of the Invention, the fairing section (122) can have a wide portion (124) located aft of the airfoil section (111) with a single spanwise
width (W1) that Is greater than or equal to a spanwise width of any other portion of the fairing section (122). In another embodiment
of the invention the fairing section (122) can have a first side (51) and a second side (52), each with a point of maximum curvature.
At least one point of maximum curvature can be located aft of the airfoil section (111).
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(57) Abstract: Aerospace vehicle fairing
systems (100a, 100b) and associated
methods, including fairings that house
flap surface drive mechanisms on aircraft
(150), are disclosed herein. One aspect of
the invention is directed toward a fairing
system (100) that includes a fairing (120)
mounted to an airfoil (110). The fairing
(120) can have a longitudinal axis (L.2) and
a fairing section (122) extending along the
longitudinal axis forward and aft of a trailing
edge portion (112) of an airfoil section (111).
In one embodiment of the invention, the
fairing section (122) can have a wide portion
(124) located aft of the airfoil section (111)
with a single spanwise width (W1) that is
greater than or equal to a spanwise width of
any other portion of the fairing section (122).
In another embodiment of the invention the
fairing section (122) can have a first side
(51) and a second side (52), each with a
point of maximum curvature. At least one

point of maximum curvature can be located
aft of the airfoil section (111).
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AEROSPACE VEHICLE FAIRING SYSTEMS AND ASSOCIATED
METHODS

TECHNICAL FIELD

Embodiments of the present invention relate to aerospace vehicle fairing
systems and associated methods, including fairings that house flap surface drive

mechanisms on aircraft.
BACKGROUND

Modern high-speed aircraft generally have thin wings that provide a low
drag profile during high-speed or cruise flight. The wings of these aircraft often
Include various movable surfaces to provide aircraft control and/or to configure the
aircraft for low-speed operations (e.g., takeoff and landing). For example, in addition
to carrying fuel, the wings of a high-speed transport aircraft typically included aileron
surfaces, spoiler surfaces, leading edge device surfaces, and trailing edge flap
surfaces. These movable surfaces are often located at or near the leading and
trailing edges of the wing where the wing is too thin to fully enclose the support
structure and/or drive mechanisms required to operate these surfaces. Accordingly,
fairings are often mounted on the wing to house portions of the drive mechanisms
and/or support structure that cannot be enclosed in the wing. These fairings are

generally streamlined to have a low drag profile during high-speed or cruise flight.

Figure 1 is a partially schematic illustration of a transport aircraft 50 having
a fuselage 51 with a longitudinal axis L1, a first wing 10a, and a second wing 10b in
accordance with the prior art. The first wing Includes a movable flap surface 13a and
a movable aileron surface 13b. A fairing 20 is mounted on the underside of the first
wing 10a to house portions of a support structure and a drive mechanism that are
required to operate the flap 13a. The fairing has a longitudinal axis L2 that is at least
approximately parallel to the longitudinal axis L1 of the fuselage 51. The fairing 20
has a streamlined planform (e.g., when viewed from the top of the wing) where the

widest part relative to the longitudinal axis L2 of the fairing is entirely forward of the
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trailing edge of the airfoil (e.g., entirely forward of the trailing edge of the flap

13a). However, even these fairings create drag on the aircratt.

SUMMARY

Aspects of the present invention are directed generally toward
aerospace vehicle fairing systems and associated methods, including fairings

that house flap surface drive mechanisms on aircraft.

In accordance with one aspect of the invention, there is provided a
fairing system. The system includes an airfoil having a trailing edge and an
airfoil section with a trailing edge portion. The system also includes a fairing
mounted to the airfoil section, the fairing having a longitudinal axis and a
fairing section extending along the longitudinal axis forward and aft of the
trailing edge portion of the airfoil section. The airfoil section corresponds to a
planform projection of a segment of the fairing on the airfoil, the fairing section
having a wide portion, located aft of the airfoil section. The wide portion of the
fairing section has a single spanwise width measured perpendicular to the
longitudinal axis of the fairing that is greater than a spanwise width of any
other portion of the fairing section. The airfoil includes a moveable surface
and the fairing houses at least one of at least a portion of a drive mechanism
configured to move the movable surface, and at least a portion of one or more

supports associated with the moveable surface.

The airfoil may include a wing and the moveable surface may include a
flap surface. The wing is coupled to a fuselage of an aircraft, and the fairing
may Include a flap fairing and the flap surface may be movable from a

retracted position to at least one extended position.

The airfoil may include an airfoil couplable to an aerospace vehicle.

The airfoil may include one or more adjacent trailing edge points, the
one or more adjacent trailing edge points being located on the trailing edge of
the airfoil and immediately adjacent to the fairing. At least part of the wide

portion of the fairing section may be located aft of at least one of the one or

more adjacent trailing edge points.
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At least a part of the trailing edge portion of the airfoil section may be
movable between at least two positions and the wide portion of the fairing

section may be located aft of the airfoil section when the at least a part of the

trailing edge portion is in a selected position.

The fairing section may include a first side and a second side, each
side being laterally displaced from the longitudinal axis, and each side having
a point of maximum curvature. The point of maximum curvature for both of the

first and second sides may be located aft of the airfoil section.

The fairing section may include at least one of multiple pieces and the

entire fairing.

At least a portion of the fairing may be positioned to move when the

drive mechanism moves the movable surface.

In accordance with another aspect of the invention, there is provided a
fairing system. The fairing system includes an airfoil having a trailing edge
and an airfoil section with a trailing edge portion. The fairing system also
includes a fairing mounted to the airfoil section. The fairing has a longitudinal
axis and a fairing section extending along the longitudinal axis forward and aft
of the trailing edge portion of the airfoil section. The airfoil section
corresponds to a planform projection of a segment of the fairing on the airfoll,
the fairing section having a first side and a second side. Each side of the
fairing section is laterally displaced from the longitudinal axis, and each side
has a point of maximum curvature. The point of maximum curvature for both
of the first and second sides is located aft of the airfoil section. The airfoll
includes a moveable surface and the fairing houses at least one of at least a
portion of a drive mechanism configured to move the movable surface, and at

least a portion of one or more supports associated with the moveable surface.

The airfoil may include a wing and the moveable surface may include a
flap surface. The wing may be coupled to a fuselage of an aircraft, and the
fairing may include a flap fairing. The flap surface may be moveable from a

retracted position to at least one extended position.
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The airfoil may include an airfoil couplable to an aerospace vehicle.

At least a part of the trailing edge portion of the airfoil section may be
movable between at least two positions. The point of maximum curvature for
both of the first and second sides may be located aft of the airfoil section

when the at least a part of the trailing edge portion is in a selected position.

The airfoil may include one or more adjacent trailing edge points. The
one or more adjacent trailing edge points may be located on the trailing edge
of the airfoil and immediately adjacent to the fairing. The point of maximum

curvature for both of the first and second sides may be located aft of at least

one of the one or more adjacent trailing edge points.

In accordance with another aspect of the invention, there is provided a
method for making a fairing system. The method involves locating a fairing
proximate to an airfoil. The airfoil has a trailing edge and an airfoil section with
a trailing edge portion, a section of the fairing extending along a longitudinal
axis of the fairing forward and aft of the trailing edge portion of the airfoll
section. The airfoil section corresponds to a planform projection of a segment
of the faring on the airfoil. The method also involves mounting the fairing to
the airfoil including mounting a flap fairing to a wing having a movable flap
surface, the flap fairing housing at least a portion of a drive mechanism for the
flap surface, and the wing being coupled to a fuselage of an aircraft. The
method further involves mounting the fairing to the airfoil such that at least
one of a wide portion of the fairing section is located aft of the airfoil section,
the wide portion of the fairing section having a single spanwise width
measured perpendicular to the longitudinal axis of the fairing that is greater
than a spanwise width of any other portion of the fairing section, and a point of
maximum curvature for a first side and a point of maximum curvature for a
second side are located aft of the airfoil section, the first side and the second

side each being laterally displaced from the longitudinal axis.

Mounting the fairing to the airfoil may involve mounting a fairing to an

airfoil that is couplable to an aerospace vehicle.

3a
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Mounting the fairing to the airfoil may involve mounting a fairing to an
airfoil, wherein at least part of the trailing edge portion is movable between at

least two positions, the movable part of the trailing edge portion being

positioned In a selected position.

Mounting the fairing to the airfoil may involve mounting a second fairing

to the airfoil, and may further involve removing a first fairing from the airfoil.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a partially schematic illustration of an aircraft with a flap

fairing in accordance with the prior art.

Figure 2 is a partially schematic illustration of an aerospace vehicle
with a first fairing system and a second fairing system, where each fairing

system is in accordance with embodiments of the invention.

Figure 3 is a partially schematic enlarged view of the first fairing system

shown In Figure 2.

Figure 4 is a partially schematic cross-sectional view of the first fairing
system shown in Figure 2 taken along line 4-4 with a first movable surface In

a first position.

Figure 5 is a partially schematic cross-sectional view of the first fairing

system shown in Figure 4 with the first movable surface in a second position.

Figure 6 is a partially schematic cross-sectional view of the first fairing

system shown in Figure 4 with the first movable surface in a third position.

Figure 7 1s a partially schematic enlarged view of the second fairing

system shown in Figure 2.

DETAILED DESCRIPTION

The present disclosure describes aerospace vehicle fairing systems and

associated methods, Including fairings that house flap surface drive

mechanisms on

3b
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aircraft. Several specific details of the invention are set forth in the following
description and in Figures 2-7 to provide a thorough understanding of certain
embodiments of the invention. One skilled in the art, however, will understand that
the present invention may have additional embodiments, and that other embodiments
of the invention may be practiced without several of the specific features described

below.

Figure 2 illustrates an aerospace vehicle 150 having a first fairing system
100a and a second fairing system 100b, where each fairing system 100 is in
accordance with embodiments of the invention. In some embodiments these fairing
systems can reduce interference drag and/or increase lift over that of current fairings
used on various aircraft. Features of the first fairing system are discussed in further
detail with reference to Figures 3-6. Features of the second fairing system are

discussed in further detail with reference to Figure 7.

In the embodiment shown in Figure 2, the aerospace vehicle 150 has a
longitudinal axis L1 that runs through a fuselage 151 (e.g., through the forward tip
and aft tip of the fuselage). The aerospace vehicle 150 also has multiple airfoils 110
coupled to the fuselage 151, including a first airfoil 110a (e.g., a left wing), a second
airfoil 110b (e.g., a right wing), a third airfoil 110¢ (e.g., a left horizontal tail), a fourth
airfoil 110d (e.g., a right horizontal tail), and a fifth airfoil 110e (e.g., a vertical
stabilizer). In other embodiments, the aerospace vehicle 150 can have other
arrangements including more or fewer fuselages 151, more or fewer airfoils 110,
and/or other arrangements of airfoils 110 coupled to the aerospace vehicle and/or

fuselage(s) 151.

In the illustrated embodiment, the first airfoil 110a includes a trailing edge
112 and two movable surfaces 113, shown as a first movable surface 1133
configured as a flap surface and a second movable surface 113b configured as an
aileron surface. In other embodiments, the first airfoil 110a can include more, fewer,
or other types of movable surfaces 113. The first fairing system 100a can include a
first fairing 120a having a longitudinal axis L2 that is at least approximately parallel to
the longitudinal axis L1 of the aerospace vehicle 150. The first fairing 120a can be
mounted to the first airfoil 110a so that a first section 111a of the first airfoil 110a

corresponds to a planform projection of the first segment 123a of the first fairing 120a

4
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on the airfoil. The second fairing system 100b can include a second fairing 120b
having a longitudinal axis L3 that is at least approximately parallel to the longitudinal
axis of the aerospace vehicle 150. The second fairing can also be mounted to the
first airfoil 110a so that a second section 111b of the first airfoil 110a corresponds to
a planform projection of the second segment 123b of the second fairing sections
120a on the airfoil. The first airfoil section 111a can include a first tralling edge
portion 112a and the second airfoil section 111b can include a second trailing edge
portion 112b.

In Figure 2, the first airfoil section 111a includes a portion of the first
movable surface 113a. The first movable surface 113a is located such that a portion
of the trailing edge of the first movable surface 113a makes up at least a part of the
first trailing edge portion 112a. Accordingly, at least a part of the first trailing edge
portion 112a is movable between at least two positions (e.g., a retracted position and
an extended position). In the illustrated embodiment, the first airfoil section 111a
Includes a first trailing edge portion 112a that moves as a single unit. In other
embodiments, the first trailing edge portion can have other arrangements, including a
first trailing edge portion 112a that has movable and fixed parts and/or multiple parts

that move independently of one another.

Figure 3 is a partially schematic enlarged view of the first fairing system
100a shown in Figure 2. In the illustrated embodiment, the first fairing 120a is
mounted to the underside of the first airfoil 110a. For example, the first fairing
section 120a can be attached to the first airfoil 110a after the first airfoil has been
produced and/or fabricated onto/into the first airfoil 110a during the production
process (e.g., to form a protrusion from the airfoil shape). In other embodiments, the
first fairing 120a can be mounted to other portions of the first airfoil 110a. For
example, the first fairing can be mounted to the top of the airfoil 110a or can be
mounted to opposing surfaces of an airfoil (e.g., mounted to the left and right
surfaces of a vertically oriented airfoil or to the top and bottom surfaces of a
horizontally oriented airfoil). The trailing edge 112 of the first airfoil 110a can include
adjacent trailing edge points 116, where the adjacent tralling edge points 116 are
points on the trailing edge 112 of the first airfoil 110a Immediately adjacent to the first

fairing 120a. In the illustrated embodiment, two adjacent trailing edge points 116 are
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shown as a first adjacent trailing edge point 116a and a second adjacent trailing edge
point 116b.

In the illustrated embodiment, the first fairing 120a has a first fairing section
122a that extends along the longitudinal axis L2 forward and aft of the first trailing
edge portion 112a of the first airfoll section 111a. In Figure 3, the first fairing section
122a includes the entire first fairing 120a. In other embodiments, the first fairing

section 122a does not include the entire first fairing 120a.

In Figure 3, the first fairing section 122a has a wide portion 124a that has a
single spanwise planform width W1 measured perpendicular to the longitudinal axis
of the first fairing 120a that is greater than or equal to a spanwise width of any other
portion of the first fairing section 122a. At least part of the wide portion 124a of the
first fairing section 120a can be located aft of the first airfoil section 111a and/or aft of
at least one of the first and second adjacent trailing edge points 116a, 116b. For
example, in the illustrated embodiment a second spanwise portion 124b of the first
fairing section 122a, located forward of the first trailing edge portion 112a of the of
the first airfoil section 111a and forward of the first and second adjacent trailing edge
points 116a, 116b, has a width W2 that is equal to the width W1 of the wide portion
124a, but the first fairing section 122a does not have any portion with a width that is

greater than the width W1 of the wide portion 124a.

It has been discovered that in certain embodiments, locating at least part of
the wide portion 124a of the first fairing section 122a aft of the first airfoil section
111a and/or aft of at least one of the first and second adjacent trailing edge points
116a, 116b can affect the airflow proximate to the first fairing section 122a, resulting
In a drag reduction and/or a lift increase over that of airfoils having current fairings. It
Is thought that one factor contributing to this phenomenon is the placement of a low
pressure area proximate to the trailing edge of an airfoil. For example, when the
aerospace vehicle 150 is operated in a selected configuration (e.g., with the first
movable surface 113a retracted) and at certain operating conditions (e.g., at low-
drag, high-speed, and/or cruise conditions), the variation in width along the
longitudinal axis of the first fairing 120a can cause fluid or air flowing proximate to the
first fairing 120a to be accelerated as the fairing increases in width (e.g. as shown

schematically by the airflow arrows AF in Figure 3). As the airflow accelerates, the

6
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local or static pressure can decrease. By placing at least part of the wide portion
124a of the first fairing section 122a aft of the first airfoil section 111a and/or aft of at
least one of the first and second adjacent trailing edge points 116a, 116b, an area of
lower pressure proximate to the first fairing section 122a and the trailing edge of the
first airfoil 110a can be positioned to provide a favorable pressure gradient with
respect to drag and/or lift as compared to current fairings. An advantage of
decreasing drag and/or increasing lift is that aircraft performance can be improved,
for example, by reducing fuel burn and thereby increasing range and/or decreasing

operating costs over aircraft having current fairings.

In certain embodiments, where at least part of the first trailing edge portion
112a of the airfoll section 111a is movable, the wide portion 124a of the fairing
section 122a is located aft of the airfoil section 111b and/or aft of at least one of the
first and second adjacent trailing edge points 116a, 116b only when the part of the
first trailing edge portion 112a is in a selected position, as shown in Figures 4-6.
Figure 4 is a partially schematic cross-sectional view of the first fairing system 100a
shown in Figure 2 taken along line 4-4 with the first movable surface 113a in a first
position. For example, the first movable surface 113a in a first position can include a
flap surface in a retracted position typically used for cruise, low-drag operations,
and/or high-speed operations. In the illustrated embodiment, the first position is a
selected position where at least part of the wide portion 124a of the fairing section
122a is positioned aft of the airfoil section 111a and/or aft of at least one of the first
and second adjacent trailing edge points 116a, 116b, as described above. In Figure
4, the first fairing houses a drive mechanism 115 and the associated supports
required to support and move the first movable surface 113a. Additionally, the first
fairing 120a includes multiple pieces, shown as a first piece 125a and a second piece
125b. The first and second pieces 125a, 125b are configured to move relative to one

another as the first movable surface 113a is moved.

In other embodiments, the first fairing system 100a can have other
arrangements, including more or fewer pieces and/or the fairing can house other
components (e.g., other aerospace vehicle system components) or no components.
Additionally, although in the illustrated embodiment the first fairing system 100a

Includes a portion of a single movable surface, in other embodiments the first fairing
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system 100a can include portions of multiple movable surfaces (e.g., the first fairing
system 100a can be positioned to include a portion of two flap surfaces). In still other
embodiments, multiple fairing systems 100 can include portions of the same movable
surface, for example, multiple fairing systems 100 can house multiple drive
mechanisms for a single movable surface (e.g., drive mechanisms to drive a single

flap surface).

Figure 5 is a partially schematic cross-sectional view of the first fairing
system 100a shown in Figure 4 where the first movable surface 113a has been
placed in a second position (e.g., a flap in a first extended position). In Figure 6, the
first movable surface 113a has been placed Iin a third position (e.g., a second
extended position). In the illustrated embodiment, when the first movable surface
113a is in the second position (Figure 5) or a third position (Figure 6), the wide
portion 124a of the fairing section 122a can be forward of the first trailing edge
portion 112a of the first airfoil section 111a and/or forward of the first and second
adjacent trailing edge points, discussed above with reference o Figure 3. For
example, the first movable surface 113a can include a flap surface that can be
placed in a first extended position (Figure 5) or a second extended position (Figure 6)
during low-speed operations where a low-drag profile can be less important than
when the first movable surface 113a is in the selected position (e.g., the retracted

position).

Figure 7 is a partially schematic enlarged view of the second fairing system
100b shown in Figure 2. In the illustrated embodiment the second fairing 120b is
mounted to the underside of the first airfoll 110a. The second fairing 120b has a
second fairing section 122b that extends along the longitudinal axis L3 forward and
aft of the second trailing edge portion 112b of the second airfoil section 111b. In
Figure 7, the second fairing section 122b is asymmetrical with respect to the
longitudinal axis L3 of the second fairing 120b. In other embodiments, the second
fairing section 122b can be symmetrical about the longitudinal axis L3 of the second
fairing 120b. Additionally, in the illustrated embodiment the second fairing section
122b includes only a portion of the entire second fairing 120b (e.g., the second fairing
section 122b does not include the shaded area SA of the second fairing 120b shown

in Figure 7). Additionally, in the illustrated embodiment the trailing edge 112 of the
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first airfoil 110a includes a third adjacent trailing edge point 116¢ and a fourth
adjacent trailing edge point 116d that are immediately adjacent to the second fairing
120Db.

In the illustrated embodiment, the second fairing section 122b includes a
first side S1 and a second side S2 facing in generally lateral directions. The first and
second sides S1, S2 can include the farthest points laterally from the longitudinal axis
L3 of the second fairing 120b. The width of the second fairing section 122b
iIncreases in an aft direction along the longitudinal axis L3 until reaching a widest
portion and then decreases. Accordingly, the second fairing section 122b includes
multiple portions 124, with each portion having a single width. For example, four of
the multiple portions 124 are identified in Figure 7 as a first portion 124a having a first
width W1, a second portion 124b having a second width W2, a third portion 124c¢
having a third width W3, and a fourth portion 124d having a fourth width W4.

In Figure 7, the fourth portion 124d is located forward of the second trailing
edge portion 112b of the second airfoil section 111b and forward of the third and
fourth adjacent trailing edge points 116¢, 116d. The fourth portion 124d has a fourth
width W4 that is smaller than the first, second, and third widths W1, W2, W3. At least
part of the third portion 124c is located aft of the second airfoil section 111b (e.g., aft
of the second trailing edge portion 112b) and aft of the third adjacent trailing edge
point 116¢. The third portion 124¢ has a third width W3 that is greater than the fourth
width W4, but smaller than the first and second widths W1, W2. Additionally, the
third portion 124c¢ has a width that is larger than or equal to the width of any portion
124 that is forward of the third portion 124c.

The entire second portion 124b is located aft of the second airfoil section
111b and aft of the third and fourth adjacent points 116¢, 116d. The second portion
has a second width W2 that is greater than or equal to the width of any portion 124
that is forward of the second portion 124b. The first portion 124a is located aft of the
second portion 124b and has a first width W1 that is greater than or equal to the
second width W2. Accordingly, the first portion 124a is the wide portion of the
second fairing section 122b. As discussed above with reference to Figure 3, it has
been discovered that in certain embodiments locating at least part of the wide portion

(e.g., the first portion 124a) of the second fairing section 122b aft of the second airfoil
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section 111b can result in an airflow AF that produces a drag reduction and/or a lift

Increase over that of airfoils having current fairings.

In the illustrated embodiment, the second portion 124b also includes a first
point P1 on the first side S1 and a second point P2 on the second side S2. The first
and second points P1, P2 are points of maximum curvature of their respective sides
S1, S2 in a streamwise direction (e.g., with respect to the airflow AF and/or with
respect to the longitudinal axis L3 of the second fairing 120b). In Figure 7, the wide
portion (e.g., the first portion 124a) includes the first and second points P1, P2, and
the first and second points P1, P2 are opposite one another relative to the
longitudinal axis L3 of the second fairing= 120b. In other embodiments, the points of
maximum curvature on the first and second sides S1, S2 are not coincidental with the
wide portion (e.g., the first portion 124a) of the second fairing 120b. In still other
embodiments, the points of maximum curvature on the first and second sides are not
directly opposite one another relative to the longitudinal axis L3 of the second fairing
120b (e.qg., the points of maximum curvature are on their respective sides, but are not
directly opposite one another). In yet other embodiments, only the point of maximum
curvature for one of the sides of the second fairing section 122b is located aft of the
second airfoll section 111b and/or aft of at least one of the third and fourth adjacent
tralling edge points 116a, 116b. As discussed above with reference to Figures 3-6, in
certain embodiments at least a part of the second trailing edge portion 112b of the
second airfoil section 111b is movable to at least two positions and at least one point
of maximum curvature is located aft of the second airfoil section 111b and/or aft of at
least one of the third and fourth adjacent trailing edge points 116a, 116b when the
movable part of the second trailing edge portion 112b is in a selected position (e.g.,
one of the two positions). In still other embodiments, a side of the second fairing
section 122b can have multiple points with the maximum curvature (e.g., the second
fairing section 122b can have two points on a side that have the same curvature

where that curvature is the maximum curvature on the respective side).

It has been discovered that in certain embodiments locating a point of
maximum curvature of at least one of the first or second sides S1, S2 of the second
fairing section 122b aft of the second airfoil section 111b can affect the airflow

proximate to the second fairing section 122b. This can result in a drag reduction
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and/or a lift increase over that of airfoils having current fairings. It is thought that one
factor contributing to this phenomenon is the placement of a low-pressure area
proximate to the trailing edge of the airfoil and the fairing. For example, the airflow
tends to accelerate proximate to the point(s) of maximum curvature, thereby reducing
the local or static pressure. This reduction in pressure can decrease drag and/or
Increase lift over that of aircraft with current fairings. An advantage of decreasing
drag and/or increasing lift is that aircraft performance can be improved, reducing fuel
burn, and thereby increasing range and/or decreasing operating costs over aircraft

having current fairings.

In certain embodiments, fairing systems 100 in accordance with aspects of
the present invention can be retrofitted on existing aircraft. For example, in selected
embodiments the fairing 20 (shown in Figure 1) mounted on the first airfoil 10a of the
aircraft 50 can be removed and a fairing similar to the first or second fairing system
100a, 100b discussed above with reference to Figures 2-7 can be mounted to the
first airfoil 10a of the aircraft 50 shown in Figure 1. As discussed above, in certain
embodiments the drag of the aircraft 50 can be reduced and/or the lift of the aircraft
50 can be increased by replacing the fairing 20 (shown in Figure 1) with a fairing

system 100 Iin accordance with aspects of the invention.

From the foregoing, it will be appreciated that specific embodiments of the
Invention have been described herein for purposes of illustration, but that various
modifications may be made without deviating from the invention. Additionally,
aspects of the invention described in the context of particular embodiments may be
combined or eliminated in other embodiments. For example, although aspects of the
present invention have been described above with reference to a wing of an
aerospace vehicle, in other embodiments fairing systems in accordance with aspects
of the invention can include other airfoil surfaces (e.g., a vertical stabilizer or a
canard). Although advantages associated with certain embodiments of the invention
have been described in the context of those embodiments, other embodiments may
also exhibit such advantages. Additionally, not all embodiments need necessarily
exhibit such advantages to fall within the scope of the invention. Accordingly, the

invention is not limited except as by the appended claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A fairing system, comprising:

an airfoil having a trailing edge and an airfoil section with a

trailing edge portion; and

a fairing mounted to the airfoil section, the fairing having a
longitudinal axis and a fairing section extending along the
longitudinal axis forward and aft of the trailing edge portion of
the airfoil section, with the airfoil section corresponding to a
planform projection of a segment of the fairing on the airfoil, the
fairing section having a wide portion, located aft of the airfoil
section, the wide portion of the fairing section having a single
spanwise width measured perpendicular to the longitudinal axis
of the fairing that is greater than a spanwise width of any other
portion of the fairing section, wherein the airfoil includes a

moveable surface and the fairing houses at least one of:

at least a portion of a drive mechanism configured to

move the movable surface:; and

at least a portion of one or more supports associated with

the moveable surface.

2. The system of claim 1 wherein:

the airfoil includes a wing and the moveable surface includes a
flap surface, the wing being coupled to a fuselage of an aircraft;

and

the fairing includes a flap fairing, the flap surface being movabie

from a retracted position to at least one extended position.

3. The system of claim 1 wherein the airfoil includes an airfoil couplable to

an aerospace vehicle.
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The system of claim 1 wherein:

the airfoil includes one or more adjacent trailing edge points, the
one or more adjacent trailing edge points being located on the
trailing edge of the airfoil and immediately adjacent to the fairing;

and

at least part of the wide portion of the fairing section iIs located
aft of at least one of the one or more adjacent trailing edge

points.

The system of claim 1 wherein at least a part of the trailing edge
portion of the airfoil section is movable between at least two positions
and wherein the wide portion of the fairing section is located aft of the
airfoil section when the at least a part of the trailing edge portion is in a

selected position.

The system of claim 1 wherein the fairing section includes a first side
and a second side, each side being laterally displaced from the

longitudinal axis, each side having a point of maximum curvature, the

point of maximum curvature for both of the first and second sides being

located aft of the airfoil section.

The system of claim 1 wherein the fairing section includes at least one

of multiple pieces and the entire fairing.

The system of claim 1 wherein at least a portion of the fairing Is

positioned to move when the drive mechanism moves the movable

surface.
A fairing system, comprising:

an airfoll having a trailing edge and an airfoill section with a

trailing edge portion; and

a fairing mounted to the airfoil section, the fairing having a
longitudinal axis and a fairing section extending along the

longitudinal axis forward and aft of the trailing edge portion of
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the airfoil section, with the airfoil section corresponding to a
planform projection of a segment of the fairing on the airfoll, the
fairing section having a first side and a second side, each side
being laterally displaced from the longitudinal axis, each side
having a point of maximum curvature, the point of maximum
curvature for both of the first and second sides being located aft
of the airfoil section, wherein the airfoil includes a moveable

surface and the fairing houses at least one of:

at least a portion of a drive mechanism configured to

move the movable surface; and

at least a portion of one or more supports associated with

the moveable surface.

The system of claim 9 wherein:

the airfoil includes a wing and the moveable surface includes a
flap surface, the wing being coupled to a fuselage of an aircraft;

and

the fairing includes a flap fairing, the flap surface being
moveable from a retracted position to at least one extended

position.

The system of claim 9 wherein the airfoil includes an airfoil couplabie to

an aerospace vehicle.

The system of clam 9 wherein at least a part of the frailing edge
portion of the airfoil section iIs movable between at least two positions
and wherein the point of maximum curvature for the at least one of the
first and second sides Is located aft of the airfoil section when the at

least a part of the trailing edge portion Is in a selected position.
The system of claim 9 wherein:

the airfoil includes one or more adjacent trailing edge points, the

one or more adjacent trailing edge points being located on the

14
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trailing edge of the airfoil and immediately adjacent to the fairing;

and

the point of maximum curvature for both of the first and second
sides being located aft of at least one of the one or more

adjacent trailing edge points.

A method for making a fairing system, comprising:

locating a fairing proximate to an airfoil, the airfoil having a
trailing edge and an airfoil section with a trailing edge portion, a
section of the fairing extending along a longitudinal axis of the
fairing forward and aft of the trailing edge portion of the airfoll
section, the airfoll section corresponding to a planform projection

of a segment of the faring on the airfoll;

mounting the fairing to the airfoil including mounting a flap fairing
to a wing having a movable flap surface, the flap fairing housing
at least a portion of a drive mechanism for the flap surface, and

the wing being coupled to a fuselage of an aircraft; and
mounting the fairing to the airfoil such that at least one of;

a wide portion of the fairing section is located aft of the
airfoll section, the wide portion of the fairing section
having a single spanwise width measured perpendicular
to the longitudinal axis of the fairing that is greater than a
spanwise width of any other portion of the fairing section:;

and

a point of maximum curvature for a first side and a point
of maximum curvature for a second side are located aft of

the airfoil section, the first side and the second side each

being laterally displaced from the longitudinal axis.
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The method of claim 14 wherein mounting the fairing to the airfoll
Includes mounting a fairing to an airfoil that is couplable to an

aerospace vehicle.

The method of claim 14 wherein mounting the fairing to the airfoil
iIncludes mounting a fairing to an airfoil, wherein at least part of the
trailing edge portion is movable between at least two positions, the
movable part of the trailing edge portion being positioned in a selected

position.

The method of claim 14 wherein mounting the fairing to the airfoil

iIncludes mounting a second fairing to the airfoil, and wherein the

method further comprises removing a first fairing from the airfoil.

16
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