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AIRCRAFT FILLET FAIRINGS WITH FIXED AND MOVEABLE
PORTIONS, AND ASSOCIATED SYSTEMS AND METHODS

TECHNICAL FIELD

The present disclosure is directed generally to aircraft fillet fairings (e.g., for
wing/body junctions) with fixed and moveable portions, and associated systems and
methods.

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 moveable surfaces 1o provide aircraft control and/or to configure the aircraft for
low-speed operations (e.g., take-off and landing). For example, in addition to carrving
fuel, the wings of a high-speed transport aircraft typically include aileron surfaces,
spoiler surfaces, leading edge devices, and trailing edge flap surfaces. These
moveable surfaces are often located at or near the leading and trailing edges of the
wing, and are each moveable between a stowed position and a variéty of deployed

positions, depending upon the particular flight condition of the aircraft.

The wings of modermn high-speed transport aircraft are joined to the fuselage at a
wing/body junction. Because the wing and fuselage surfaces each have different
orientations at the wing/body junction, this region generally includes more complex flow
interactions than are typical for either the wing or the fuselage at regions spaced apart
from the wing/body junction. The flow in this region can become even more complex
when deployable devices are positioned in this region because such devices add to the

three dimensionality of the local flow.
Y

One approach to reducing the effects of the three-dimensional fiow at the
wing/body junction is to include a side-of-body falring or fillet, which provides a smooth
transition for the exiernal flow surfaces at the junclion. When deployable devices are
tocated in the iunclion region, previcus design approaches have incorporaied several
compromises that attempt to reduce the complexity of the flow in this region, while

preserving a large degree of effectiveness for the deployed devices. One such
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approach includes a fillet that is designed primarily for cruise conditions. A drawback
with this approach is that the flow in this region may be less than optimal from a
performance standpoint when the wing flaps and/or other devices are deployed at non-
cruise conditions. Another approach is to provide a seal between the moveable devices
and the fuselage, with the seal configured to operate at both cruise and non-cruise
conditions. This approach typically requires large "wiping" surfaces or bumps that seal
the interface between the inboard deployable device surfaces and the fuselage, in a
manner that accounts for the relative motion between these components. Such
surfaces can be complex to design, and/or can add weight to the aircraft. Accordingly,
there exists a need for improved devices that handle the flow at the wing-body junction.

SUMMARY

The following summary is provided for the benefit of the reader only, and is not
intended to limit in any way the invention as set forth in the claims. An aircraft system
in accordance with a particular embodiment of the present disclosure includes a wing
having an upper surface, an inboard portion, and an outboard portion. The system
further includes a deployable flap carried by the wing at the inboard portion, with the
flap having an upper surface and being moveable relative to the wing between a stowed
position and a deployed position. The flap extends aft of the wing when in the deployed
position. The system still further includes a fillet that in turn has a forward portion fixed
relative to the wing and projecting upwardly from the wing upper surface, and an aft
portion that is moveable with the flap. The aft portion projects upwardly from the flap
upper surface and is generally aligned with the forward portion in an axial direction
Accordingly, in particular embodiments, the fillet can isolate the flow passing over the
flap from regions located inboard of the flap, e.g., regions adjacent to the aircraft

fuselage.

In a particuiar embodiment, the wing is connectad o a fuseiage and a first gap is

cated between the flap and structure forward of the flap when the flap is in the
deployed position, with the first gap being positioned to allow airfiow between the flap
and the forward structure. A second gap is located between the aft portion of the fillet
and the fuselage when the flap is in the deployed position. The system further
comprises a i{p{)ﬁ r and an intermediate portion between the forward ;)f?;“% on and the aft

portion of the fillet, with the intermediate portion being moveable at least approximately
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in accordance with movement of the spoiler, and with the intermediate portion
projecting upwardly from the spoiler upper surface. The forward portion, the aft portion
and the intermediate portion are generally aligned with each other along a fore-aft axis,
and the intermediate portion of the fillet is not attached directly to the spoiler. A
mechanical link is positioned between the flap and the intermediate portion and is
positioned to move the intermediate portion in accordance with movement of the flap.
The spoiler can be operatively coupled to the flap with a fly-by-wire arrangement to

move in accordance with motion of the fiap.

Other aspects of the disclosure are directed to methods for controlling aircraft
airflow. One such method includes directing airflow adjacent a fuselage, a wing, and a
trailing edge flap of an aircraft, and directing the airflow along an upper surface of the
wing with a forward fillet portion positioned at a junction between the fuselage and the
wing upper surface. While the trailing edge is in a stowed position, the method further
includes using an aft fillet portion to at least restrict airflow along an upper surface of
the flap from exposure to flow disturbances in a region between the flap and the
fuselage. While the trailing edge is in a deployed position, the method includes at least
restricting airflow along the upper surface of the flap from exposure to flow disturbances
in a region between the flap and fuselage by moving the aft fillet portion in a manner
that is coordinated with the motion of the flap.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a partially schematic, isometric illustration of an aircraft having a
wing/body junction configured in accordance with an embodiment of the disclosure.

Figure 2 is a partially schematic, enlarged, isometric rear view of an embodiment
of the aircraft shown in Figure 1.

Figures 3A and 3B illusirate a fuselage, a fillet, and a wing having a tralling edge
flap shown in a stowed position and a deployed position, respectively.

Figure 4 is a partially schemalic, cross-sectional rear view of the fuselage, wing,
flap and fillet shown in Figure 3B.

Figures 5A and 5B illustrate a fillet intermediate portion, flap, and associated

linkage, with the flap in a stowed position and a deployed position, respactively.

LO5]
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rigure 5C schematically illustrates a fillet intermediate portion that operates in

accordance with another embodiment of the disclosure.

Figure 6 is a partially schematic side view illustration of a moveable fillet portion

configured in accordance with another embodiment of the disclosure.
DETAILED DESCRIPTION

The following disclosure describes aircraft fillet fairings with fixed and moveable
portions, and associated systems and methods. Certain specific details are set forth in
the following description and in Figures 1-6 to provide a thorough understanding of
various embodiments of the disclosure. Other details descﬁbing well-known structures
and systems often associated with aircraft, aircraft wings, and associated deployable
devices, are not set forth in the following description to avoid unnecessarily obscuring
the description of the various embodiments.

Many of the details, dimensions, angles and other specifications shown in the
Figures are merely illustrative of particular embodiments.  Accordingly, other
embodiments can have other details, dimensions, and specifications without departing
from the present disclosure. In addition, other embodiments may be practiced without
several of the details described below.

Figure 1 is a top isomelric view of an aircraft 100 having wings 110 and a
fuselage 101. The outboard portions of the wings 110 can optionally include winglets.
The inboard portions of the wings 110 are secured fo the fuselage at corresponding
wing/body junctions 103. The fuselage 101 can be aligned along a longitudinal axis
105 and can include a passenger compartment 102 configured 1o carry a plurality of
passengers (nol shown). in one embodiment, the passenger compartment 102 can be
configured 1o carry at least 50 passengers. In another embodiment, the passenger
compartment 102 can be configured 1o carry at least 150 passengers. In further
embodiments, the passenger compariment 102 can be configured io carry other
numbers of passengers, and in sl further embodiments (such as military
embodiments), the passenger compariment 102 can be omitled or can be configured o
carry cargo. In a particular embodiment, the wings 110 inciude deployable devices,

such as flaps, and the wing/body junctions 108 can be configured to provide improved
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aircraft performance both when the flaps are stowed and when the flaps are deployed,

as is discussed in greater detail below.

Figure 2 is a partially schematic, rear (looking forward) isometric view of the
aircraft 100 shown in Figure 1. Figure 2 illustrates in greater detail the wing/body
junction 103 between the fuselage 101 and the inboard portion of the wing 110. The
wing 110 includes a wing upper surface 111, a lower surface 112, and one or more
deployable devices. These devices can include one or more flaps 140 and/or one or
more spoilers 130. For purposes of illustration, only the spoiler 130 and the fiap 140
closest to the fuselage 101 are shown in Figure 2, through the aircraft 100 may include
additional outboard flaps 140 and/or spoilers 130. In addition, the aircraft 100 can
include other deployable devices (e.g., ailerons and leading edge slats) that are not
shown in Figure 2.

The wing/body junction 103 can include a fillet 120 that provides a transition
(e.g., a smooth or mulli-stepped contour change) between the external surface of the
fuselage 101 and the external surfaces of the wing 110 and associated deployable
devices. In a particular embodiment shown in Figure 2, the fillet 120 includes a forward
portion 121, an aft portion 122, and an intermediate portion 123. The forward portion
121 is generally aligned adjacent to the fixed portion of the wing 110, forward of the
spoiler 130 and the flap 140. The forward portion 121 has a fixed position relative to
the fuselage 101 and the wing 110 projects upwardly from the wing upper surface 111,
and can be physically connected 10 one or both of the fuselage 101 and the wing 110.

The aft portion 122 can be axially aligned in a longitudinal direction behind the
forward position 121 (e.g., along wing chordwise axis 113) and can have generally the
same axial position as the flap 140. The aft portion 122 projects upwardly from the
upper surface of the flap 140, and in a particular embodiment, moves with or in a
manner that generally tracks the motion of the flap 140, as will be discussad in greater
detail below. The intermediale portion 123 can be aligned along the wing chordwise
axis 113 between the forward portion 121 and the aft portion 122, and can have
generally the same axial position as the spoiler 130. The intermediate portion 123 can
project upwardly from the upper surface of the spoiler 130, In some embodiments, the
intermediate portion 123 can track at least some part of the motion of the spoiler 130

and in other embodiments, the intermedia riion 123 can be fixed., Additional details
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of representalive embodiments for both fixed and moveable intermediate portions 123
are described further below.

Figure 3A is a schematic illustration of a portion of the aircraft fuselage 101 and
the wing 110, illustrating the flap 140 and the spoiler 130 in their stowed positions. The
flap 140 can be deployed downwardly from its stowed position, as indicated by arrow D,
The spoiler 130 can be deployed downwardly or upwardly from its stowed position, as
indicated by arrow E. The forward portion 121 of the fillet 120 has a first outboard-
facing surface 124a, the aft portion 122 has a second outboard-facing surface 124b,
and the intermediate portion 123 has a third outboard-facing surface 124c. When the
flap 140 and the spoiler 130 are in their stowed positions, the three outboard-facing
surfaces 124a-124c are generally axially aligned with each other (e.g., generally co-
planar) and form an obtuse angle A with the wing upper surface 111 so as to provide
for an asrodynamically smooth transition from the fuselage 101 to the wing 110 in a
spanwise direction S. The three outboard-facing surfaces 124a-124¢ also provide an
aerodynamically smooth transition from one outboard-facing surface to the next along

the wing/body junction 103 in a chordwise direction C.

Figure 3B schematically illustrates the filap 140 and the spoiler 130 in one of
several available deployed configurations. In this particular configuration, both the flap
140 and the spoiler 130 are deployed downwardly into a configuration representative of
a typical landing configuration. In this configuration, the flap 140 has rotated and/or
translated relative to the wing 110 to open a first gap 142 between a leading edge 144
of the flap 140 and the structure forward of the flap 140 (e.g., the wing 110 and/or the
trailing edge of the spoiler 130). The aft portion 122 of the fillet 120 has moved with the
flap 140 (s.g., downwardly relative t0 the wing 110) and, because the fuselage 101
curves away from the wing 110 in this region, a second gap 143 has opened between
the aft portion 122 and the fuselage 101.

The spoller 130 has also moved {e.g., rotated) relative to the wing 110. The
intermediate portion 123 has moved relative 1o the wing 110, with a third gap 146
positionad between the trailing edge of the intermediate portion 123 and the leading
edge of the aft portion 122, and a fourth gap 147 positioned between the leading edge
of the intermediate portion 123 and the trailing edge of the forward portion 121, Ina

particular embodiment, the gap between neighboring portions of the fillet 120 can be
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sized consistently with gap of the corresponding neighboring portions of the wing 110,
For exampie, the third gap 146 can be sized consistently with (e.g., generally equal to)
the first gap 142. Accordingly, the general component spacing can be maintained from
the fuselage 101 outwardly in the spanwise direction S. However, in other
embodiments, the third gap 146 can be eliminated at some or all downwardly deployed
flap positions. This result can be achieved by selectively activating the intermediate
portion 123, or, as discussed later with reference to Figure 6, by appropriately shaping
the intermediate portion 123 and the aft portion 122.

With the wing 110 in the configuration shown in Figure 3B, the forward portion
121 of the fillet 120 provides a smooth aerodynamic fairing between the fuselage 101
and the forward swifaces of the wing 110. The aft portion 122 of the fillet 120 has
moved with the flap 140 and can accordingly isolate flow along the Hlap upper surface
141 from flow in the second gap 143 adjacent to the fuselage 101. In particular, airflow
passing through the first gap 142 at the leading edge of the flap 140 and traveling in the
chordwise direction C over the flap upper surface 141 can be restricted and/or
prevented from being exposed to flow disturbances in the second gap 143. Such
disturbances may result when high pressure flow on the lower surface of the flap 140
tends to wrap around the inboard edge of the flap 140 and into the second gap 143. In
a generally similar manner, the intermediate portion 123 of the fillet 120 can prevent
flow passing along the upper surface 131 of the spoiler 130 from being affected by flow
disturbances in the region between the spoiler 130 and the fuselage 101. As discussed
in greater detall later, this arrangement is expected to improve flow performance and/or

efficiency in the region of the junction 103.

in a particular embodiment, the intermediate portion 123 of the fillet 120 is not
attached directly to the spoiler 130, and the inboard edge of the spoiler 130 is located
just outboard of the intermediate portion 123, Accordingly, when the spoiler 130 is
deflected upwardly (e.g., for ground braking and/or io decrease lift), it passes alongside
the intermediate portion 123, whils the intermediate poriion 123 remains in a fixed
position. The intermediate porlion 123 can be configured 1o foliow the motion of the
spoiler 130 during the spoller's downward deployments (which is when mainiaining
prediciable, uniform flow over the spoiler 130 is generally of particular valug), and can
remain out of the way of the spoiler 130 when the spolier 130 is deployed upwardly to
act as a spesd brake. In iis upward position, the purpose of the spoiler 130 is to disrupt

o
&



10

15

20

WO 2009/136949 PCT/US2008/063326

flow over the wing 110 and accordingly, the value of maintaining uniform, predictable

flow over the spoiler 130 at this setting is reduced.

Figure 4 is a partially schemalic, partially cross-sectional rear view of the
fuselage 101 and the wing 110, with the flap 140 and the spoiler 130 in the deploved
configuration generally similar to that shown in Figure 3B. This enlarged view illustrates
the second gap 143 that has opened between the aft portion 122 and the fuselage 101
as the aft portion 122 follows the flap 140 to its deployed position. As is also shown in
Figure 4, the aft portion 122 can inciude an inboard-facing surface 125 that is canted
inwardly so as to mate with the neighboring contour of the fuselage 101 when the flap
140 is stowed. Accordingly, the aft portion 122 can have a generally triangular cross-
sectional shape when intersected by plane P oriented generally normal to the flap
upper surface 141.

In a particular embodiment, the aft portion 122 is connected directly to the flap
140 so as to follow the motion of the flap 140 as the flap 140 moves from the stowed
position to any deployed position. Accordingly, the aft portion 122 is not driven by a
separate linkage. The intermediate portion 123 can, in at least some embodiments, be
connected directed to the spoiler 130 so as to move with the spoiler 130 at all spoiler
settings. However, in a particular embodiment, the intermediate portion 123 is not
connected directed fo the spoiler 130 and is instead separately driven by an
intermediate portion linkage 126. As will be discussed further below with reference to
Figures 5A and 5B, the intermediate portion linkage 126 can be coupled 1o the flap 140
s0 that the intermediate portion 123 tracks the moticon of the flap 140 (e.g., 1o maintain
a suitable gap, as described above with reference to Figure 3B), though i is located
adjacent the spoiler 130. In anocther aspect of this arrangement, the spoiler 130 can be
a fly-by-wire device that, under the direction of a controlier 150, generally follows the
motion of the flap 140 as the flap 140 is deployed downwardly and/or aft away from its
stowed position. As discussed above, the spoiler 130 can also deploy upwardly from its
stowed position, in a manner that does not track the motion of the flap 140, and during
this portion of the spoiler motion, the intermediate portion 123 can remain in a fixed

position.

Figure BA is a partially schematic fllustration of the flap 140, the aft portion 122,

and the intermediate portion 123. For purposes of Hlustration, the spoiler 130 (Figure 4}
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and the forward structure of wing 110 (Figure 4} have been omitted from the view
shown in Figure 5A. With the flap 140 in its stowed position (as shown in Figure BA),
part of the aft portion 122 wraps around and/or proximate to the leading edge 144 of
the flap 140, behind the intermediate portion 123. As is aiso shown in Figure 5A, the
intermediate portion linkage 126 connects the intermediate portion 123 to the flap 140
or the drive mechanism connected to the flap 140.

Figure 5B illustrates the flap 140 in a deployed position. The flap 140 has been
driven to the deployed position by a torque tube 145. As is also shown in Figure 5B,
the intermediate portion linkage 126 has driven the intermediate portion 123 to
generally follow the motion of the spoiler 130 (Figure 4), which in turn follows the motion
of the flap 140 at downward deployments. As discussed above, the iniermediate
portion 123 in this particular embodiment is not connected directly to the spoiler 130.
Accordingly, the spoiler 130 can move upwardly during speed brake operations without
interference from the intermediate portion 123. In a particular aspect of this
embodiment, the intermediate portion linkage 126 includes a bell crank and push rod
arrangement. An advantage of this arrangement is that it can be compact so as to fit
within the confines of the wing/body junction region, and yet can provide the desired
level of movement. In other embodiments, the mechanical link between the flap 140
and the intermediate portion 123 can have other arrangements, e.g., a roller and track

arrangement.

Figure 5C is a schematic illustration of a mechanism for moving the spoiler 130
and the intermediale portion 123 in accordance with another embodiment of the
disclosure. In one aspect of this embodiment, the intermediate portion 123 is biased
upwardly (as indicated by arrow U) via a forcing member 128, e.g., & spring. The
upward motion of the intermediate portion 123 is limited by a stop 127, When the
spoiler 130 moves downwardly (as indicated by arrow D) from the position shown in
Figure 5C, it drives the intermediate portion 123 downwardly along with it, away from
the stop 127 and against the restoring force provided by the forcing member 128,
When the spoiler 130 retumns io the position shown in Figure 5C (e.g., the stowed
position}, the forcing member 128 brings the intermediate portion 123 along. When the
spoiler 130 deploys upwardly from the position shown in Figure BC, the stop 127

prevents the intermediate portion 123 from following.

[£e]
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in still another arrangement, the intermediale portion 123 can have a dedicated
actuator thal drives it. The actuator can be coupled to a controlier {8.g., a fly-by-wire
controller) that moves the intermediate portion 123 and the spoiler 130 in concert for
downward spoiler deployments, and that moves the spoiler 130 independently of the
intermediate portion 123 for upward deployments,

Figure 6 is a partially schematic, inboard-looking view of the aircraft fuselage
101, the wing 110, and a fillet 620 configured in accordance with another embodiment
of the disclosure. In a particular aspect of this embodiment, the fillet 620 includes a
forward portion 621, an intermediate portion 623 that is fixed relative to the fuselage
101, and an aft portion 622 that is fixed relative {o the flap 140. In a further particular
aspect of this embodiment, the intermediate portion 623 can be made integral with the
forward portion 621. Accordingly, the intermediate portion 623 forms a part of the
forward portion 621, and does not move with the spoiler 130 when the spoiler 130 is
deployed downwardly. instead, the intermediate portion 623 can be sized so as to
extend downwardly to provide at least some flow isolation between the flow on the
upper surface of the spoiler 130, and the flow along the fuselage 101, even as the
spoiler 130 moves downwardly. Put another way, the intermediate portion 623 can
extend alongside and below the spoiler 130 when the spoiler 130 is stowed. When the
spoiler 130 is moved downwardly, the lower part of the intermediate portion 623
becomes exposed and provides a flow barrier or fence between flow along the spoiler
upper surface and flow along the fuselage 101.

The aft portion 622 can provide for additional flow isolation between the spoiler
130 and the fuselage 101. For example, the aft portion 622 can extend forwardly so as
to be positioned alongside the spoiler 130, and can fit into a slot between the
intermediate portion 623 and the fuselage 101. When the flap 140 and the spoiler 130
are deployed downwardly, as shown in Figure 8, the intermediate portion 623 and the
forward part of the alt portion 622 can together provide flow isolation along the inboard
edge of the spoiler 130. When the spoiler 130 and the flap 140 are stowed, the aft
portion 622 rotates upwardly with the flap 140 and fits between the intermediate portion
623 and the fuselage 101. In other embodiments, the arrangement of the foregoing
components can be different. For example, the intermediate portion 623 can fit into a

siot between the aft portion 622 and the fuselage 101,



10

15

20

25

30

WO 2009/136949 PCT/US2008/063326

Cne feature of at least some of the foregoing embodiments described above with
reference to Figures 1-6 is that they can include fillet portions that move with one or
more trailing edge devices. An expected benefit of this arrangement is that the fillet
portions can provide for flow isolation between airflow over the upper surfaces of the
deployed devices and airflow along the aircraft fuselage, even when the deployed
devices are moved to positions that deviate significantly from their stowed positions. As
a result, it is further expected that interference between flow alongside the fuselage and
flow along the upper surface of the deployable devices will be reduced or eliminated.
Furthermore, the performance of the deployable devices can be enhanced by the
increased uniformity of flow over the upper surfaces of these devices. For example, it
is expected that the increased uniformity of the flow over the trailing edge devices may
reduce possible flow asymmetries between flows over the trailing edge devices on the
teft side of the aircraft, and flows over the trailing edge devices over the right side of the
aircraft. This can in turn simplify trim characteristics in straight and level flight and/or

simplify aircraft handiing at high bank angles and/or high cross-wind conditions.

Another expected advantage of at least some embodiments in which the
intermediate portion of the fillet is not fixed directly to the spoiler is that this
arrangement can aliow the spoiler to move to upwardly deflected positions without
interference from the intermediate portion, while siill aliowing the intermediate portion to
track the spoiler (and thereby reduce interference with flow along the fuselage) as the
spoiler is deflected downwardly. This result can be achieved by an intermediate fillet
portion that is “slaved” to the motion of the flap at downward deployment angles, but
remains fixed as the spoiler moves to upward deployment angles. This result can also
be achieved by a fixed intermediale portion that is sized to provide for flow isolation at
downward spoiler deflection angles, either alone or in combination with an appropriately

sized, movable aft portion.

Yet another expected benefit of at least some of the foregoing embodiments is
that the presence of a fillet portion thal moves with the flap and/or the spoiler can
reduce the design pressure o more pariicularly, pracisely and/or completely seal
imterfaces in the wing/body unction region. For example, as is shown in Figure 8, the
fuselage 101 can include a torque iube opening 806 through which the torgue tube 145
(Figure 5B} extends. As the flap 140 deploys, the torgue tube moves within the slot-
shaped torque tube opening B808. In at least some existing arrangements, a sealable,

1



10

20

oS
o

WO 2009/136949 PCT/US2008/063326

moveable door is positioned to cover and uncover the torque tube opening 606 as the
torque tube moves upwardly and downwardly within the opening 606. However, with
the addition of fillet portions that move with the flap 140 and/or the spoiler 130, the
requirement to precisely seal the torque tube opening 606 (and thus prevent
interference between flows in and around the opening and flows over the flap 140 and
spoiler 130) can be relaxed or eliminated. This can in furn simplify the construction of

the components at the junction region.

From the foregoing, it will be appreciated that specific embodiments of the
disclosure have been described herein for purposes of illustration, but that various
modifications may be made without deviating from the disclosure. For example, the
portions of the fillets and associated deployable devices may have different shapes
and/or arrangements than those that are specifically set forth in the foregoing
description and Figures. In particular embodiments, the aft portion of the fillet can be
staved to, rather than directly attached to, the adjacent flap. The intermediate fillet
portion can be eliminated in certain embodiments, e.g.. when the wing does not include
a spoiler. In particular embodiments, the spoiler need not move to downward
deployment angles, in which case the intermediate portion of the fillet can be fixed and
possibly smaller than is shown in Figure 6. The deployable devices can simply rotate,
or can move through more complex trajectories. In embodiments having double, triple,
(or more) slotted flap configurations, the additional flap elements can also have
corresponding movable fillet portions.  In other embodiments, the flap can be un-
gapped, &.9., the flap can seal or approximately seal with the forward structure (the
wing and/or spoiler) at some or all deployed positions.

Certain aspects of the disclosure described in the context of particular
embodiments may be combined or eliminated in other embodimenis. Further, while
advantages associated with certain embodiments have been described in the context of
those embodiments, other embodiments may aiso exhibit such advaniages, and not all
embodimenis need necessarily exhibit such advantagss to fall within the scope of the
invention. Accordingly, the disciosure can include other embodimenis not specifically

shown or described above.
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/We claim:

CLAIMS

An aircraft system, comprising:

a wing having an upper surface, an inboard portion, and an outboard
portion;

a depiloyable flap carried by the wing at the inboard portion, the flap having
an upper surface and being movable relative to the wing between a
stowed position and a deployed position, the flap extending aft of the
wing when in the deployed position; and

a fillet that includes:

a forward portion fixed relalive to the wing, the forward portion
projecting upwardly from the wing upper suriace; and

an aft portion that is movable with the flap, the aft portion projecting
upwardly from the flap upper surface and being generally
aligned with the forward portion in an axial direction.

The system of claim 1 wherein:

the wing is connected to a fuselage;

a first gap is located between the flap and structure forward of the flap when
the flap is in the deployed position, the first gap being positioned {o
allow airflow between the flap and the forward structure;

a second gap is located between the aft portion of the fillet and the fuselage
when the flap is in the deployad position; and wherein the system
further comprises:

a spoiler coupled to the wing forward of the flap;

an intermediate portion of the fillet betweean the forward portion and the aft
portion, the intermediate portion being movable at  least
approximately in accordance with movement of the spoiler, the
intermediate portion projecting in a direction upwardly away from the
spoiler upper surface, wherein the forward portion, the aft ;;:aeﬁia?‘;
and the intermediate portion are generally aligned with each other

]
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along a fore-aft axis, and wherein the intermediate portion of the fillet
is not attached directly to the spoiler; and

a mechanical link between the flap and the intermediate portion, the
mechanical link being positioned to move the intermediate portion in
accordance with movement of the flap, and wherein the spoiler is
operatively coupled to the flap with a fly-by-wire arrangement to
move in accordance with motion of the fiap.

3. The system of claim 2 wherein the mechanical link includes a bell crank and

push rod arrangement.

4. The system of claim 1, further comprising a spoiler carried by the wing and
positioned at least partially forward of the flap, the spoiler having an upper surface and
being movable relative to the wing between a stowed position and multiple deployed
positions, including a first deployed position with the spoiler projecting downwardly from
the wing upper surface, and a second deployed position with the spoiler projecting
upwardly from the wing upper surface.

5. The system of claim 4 whergin the fillet further includes an intermediatle
portion between the forward portion and the aft portion, the intermediate portion being
movable at least approximately in accordance with movement of the spoiler to the first
deployed position but not the second deployed position, the intermediate portion
projecting in a direction upwardly away from the spoiler upper surface when the spoiler
is in the first deployed position.

6. The system of claim 4 wherein the forward portion extends in an af
direction alongside and inboard of the spoiler, and wherein the aft portion extends in a
forward direction alongside the spoiler inboard of the forward portion, the aft portion
being movable within a slot inboard of the forward portion.

7. The system of claim 6 wherein the spoiler is movable upwardly and

[<4]

downwardly relative 10 and alongside the forward portion of the fillst.
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8.

The systern of claim 1, further comprising a fuselage, and wherein the wing

projects outwardly from the fuselage, further wherein the forward portion of the fillet is

fixedly attached to the fuselage, and the aft portion of the fillet is moveable relative to

the fuselage.

9.

The systemn of ciaim 1 wherein the flap has a rounded leading edge, and

wherein the aft portion of the fillet extends from the upper surface of the flap around at

least a portion of the rounded leading edge of the flap.

10.

An aircraft, comprising:

a fuselage;

a wing projecting from the fuselage and forming a wing-body junction with
the fuselage, the wing having an upper surface;

a depioyable, low-speed trailing edge flap carried by the wing, the flap
having an upper surface and being movable relative to the wing
between a stowed position and multiple deployed positions, with an
airflow gap located between the flap and the wing when the flap is in
at least one of the deployed positions;

a spoiler carried by the wing and positioned at least partially forward of the
flap, the spoiler being movable relative to the wing between a stowed
position and mulliple deployed positions and having an upper
surface; and

a fillet forming an aerodynamic fairing at the wing-body junction, the fillet
including:

a forward portion fixed to the fuselage and to the wing, the forward
portion projecting upwardly from the wing upper surface;

an aft portion fixed t¢ and movable with the flap, the aft portion
projecting upwardly from the flap upoer surface and positioned
between the flap upper surface and the fuselage io at least
restrict a flow of air on the flap upper surface from exposure 1o
flow disturbances in a region between the flap and the

fuselage; and
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an intermediate portion between the forward portion and the aft
portion, the intermediate portion being movable at least
approximately in accordance with movement of the spoiler,
the intermediate portion projecting in a direction upwardly
away from the spoiler upper surface, wherein the forward
portion, the aft portion and the intermediate portion are
generally aligned with each other along a fore-aft axis.

11. The aircraft of claim 10 wherein the intermediate portion of the fillet is not
attached directly o the spoiler, and wherein the aircraft further comprises a mechanical
link between the flap and the intermediate portion, the mechanical link being positioned
to move the intermediate portion in accordance with movement of the flap, and wherein
the spoiler is operatively coupled to the flap to move in accordance with motion of the
flap.

12. The aircraft of claim 11 wherein the spoiler is coupled to a fly-by wire
controller, and wherein the controller is programmed with instructions to move the

spoiler in accordance with motion of the flap.

13. The aircraft of claim 10 wherein the intermediate portion is fixed to and

movable with the spoiler.

14. The aircraft of claim 10 wherein the fillet has a generally triangular cross-
sectional shape with an outboard-facing surface that is oriented at an obtuse angle

relative o the wing upper surface.

15, The aircraft of claim 10 wherein an outboard-facing surface of the
intermediate portion is generally co-planer with an outboard-facing surface of the
forward portion when the spoiler is in the stowed position, and wherein an outboard-
tacing surface of the aft portion is generally co-planer with the cutboard-facing surface
of the intermediate portion when the spoiler and the flap are each in their respective

stowed positions.,
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16. The aircraft of claim 10 wherein an outboard-facing surface of the aift
portion of the fillet forms a gap with the outboard-facing surface of the intermediate
portion of the fillet when the spoiler and the flap are each deployed downwardly relative
to their respective stowed positions.

17. The aircraft of claim 16 wherein a portion of the fillet extending forward of
the flap is positioned between the intermediate portion of the fillet and the fuselage
when the flap and spoiler are stowed.

18. A method for controlling aircraft airflow, comprising:

directing airflow adjacent a fuselage, a wing, and a trailing edge flap of an
aircraft;

directing the airflow along an upper surface of the wing with a forward fillet
portion positioned at a junction between the fuselage and the wing
upper surface;

while the trailing edge flap is in a stowed position, using an aft fillet portion
to at least restrict airflow along an upper surface of the fiap from
exposure to flow disturbances in a region between the flap and the
fuselage; and

while the trailing edge flap is in a deployed position, at least restricting
airflow along the upper surface of the flap from exposure to flow
disturbances in a region between the flap and the fuselage by
moving the aft fillet portion in a manner that is coordinated with

motion of the flap.

19, The method of claim 18 wherein at least restricting airfiow along the upper
surface of the flap includes directing the airflow aft along the aft fillet portion, both when

the flap is in the stowed position and when the fiap is in the deployed position.

20. The method of claim 18 wherein the aircraft further includes a moveable
spoiler positioned at lsast partially forward of the flap, and an intermediate fillet portion
positioned belween the spoiler and the fuselage, and wherein the method further

comprises at least restricting airflow along an upper surface of the spoiler from
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exposure to flow disturbances in a region hetween the spoiler and the fuselage by

moving the intermediate fillet portion along with the spoiler.

21. The method of claim 20 wherein the intermediate fillet portion is not fixed
reiative to the spoiler and wheregin moving the intermediate fiilet portion includes moving
the intermediate fillet portion via a mechanical linkage connected between the

intermediate fillet portion and the flap.

22. The method of claim 21, further comprising moving the spoiler via a fly-by-
wire arrangement to follow the flap at downward defiections, and move independently

of the flap at upward deflections.

23. The method of claim 18 wherein the aircraft further includes a moveable
spoiler positioned at least partially forward of the flap, and an intermediate fillet portion
positioned between the spoiler and the fuselage and fixed relative 1o the fuselage, and
wherein the method further comprises at least restricting airflow along an upper surface
of the spoiler from exposure to flow disturbances in a region between the spoiler and
the fuselage with the fixed intermediate portion.

24. The method of claim 23 wherein moving the aft fillet portion includes
moving the aft fillet portion in a slot between the intermediate fillet portion and the
fuselage.

25. The method of claim 23, further comprising moving the spoiler upwardly
away from the wing alongside the intermediate fillet portion while the intermediate fillet

portion is tixed relative to the wing.
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