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ABSTRACT

An aircraft comprises a wing assembly, a pod, and a pylon attaching the
pod to the wing assembly. The pylon has a swept pylon flap, which is configured
5 to unload the pylon and pod during flight of the aircraft, and also to create

downward flow that counters a vortex trailing the pod.
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WING AERIAL REFUELING SYSTEM

This invention was made with Government support under contract number
FA8625-11-C-6600 awarded by the U.S. Air Force. The government has certain

rights in this invention.

BACKGROUND

Aerial refueling systems aboard tanker aircraft are used to transfer fuel to
receiver aircraft during flight. One type of aerial refueling system includes a hose
and drogue. To perform refueling with this type of system, the tanker aircraft
slows down from cruise speed to a lower refueling speed, and extends the hose
and drogue. The drogue stabilizes the hose in flight and provides a funnel to aid

insertion of the receiver aircraft's probe into a hose fuel coupling.

The hose and drogue are typically stored in a pod that is attached by a
pylon to a lower outboard section of the tanker aircraft’'s wing. When deployed,

the hose and drogue trail the pod.

During flight, airflow creates vortices trailing the pod. Vortex flow is circular
in a vertical plane and has an upward velocity component which can lift the hose
and drogue, thereby causing instability for the hose and drogue during extension
and retraction. For older tanker aircraft, existing aerodynamic mitigation designs
(e.g., chines and Gurney flaps) can counter low strength vortices across narrow

regions of the refueling envelope.

A new class of tanker aircraft is being designed to operate at higher
maximum speeds. The pod and its pylon may be designed to minimize buffet at
maximum operating speed, but minimizing the buffet will cause higher side loads,
which result in stronger vortices at refueling speeds. The existing mitigation

designs are not effective for addressing significantly higher vortex strengths

across the entire flight envelope.
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SUMMARY

In one embodiment, there i1s provided an aircraft. The aircraft includes a
wing assembly, a pod, and a pylon attaching the pod to the wing assembly, the
pylon having a swept pylon flap, the swept pylon flap configured to unload the
pylon and pod during flight of the aircraft, and also to create downward flow that
counters a vortex trailing the pod.

The pod and the pyion may be aligned with local flow at buffet conditions.

An uppermost portion of the swept pylon flap may be configured with a
shallow incidence angle with respect to freestream flow, the incidence angle
increasing towards a lowermost portion of the flap.

The uppermost portion of the swept pylon flap may have an incidence
angle between 0 and 30 degrees with respect to freestream flow.

The lowermost portion of the swept pylon flap may have an incidence
angle of 30 to 90 degrees with respect to freestream flow.

The Incidence angle may increase continuously from the uppermost
portion to the lowermost portion.

The angle may increase discontinuously such that the flap has an upper
portion between a first range of angles, and a lower portion between a higher
range of angles.

The aircraft may include at least one chine pair on an outer surface of the
pod for disrupting the vortex and aligning the downward flow created by the
swept pylon flap.

First and second chines may be configured to create a counter-rotating
vortex pair.

The first and second chines may be upper and lower outboard chines.

The first and second chines may be lower inboard and lower outboard
chines.

First, second and third chines may be configured to create multiple

counter-rotating vortex pairs.
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A lower outboard chine may be configured to create a counter-rotating pair
with the swept pylon flap.

The aircraft may include a hose and drogue in the pod.

The swept pylon flap may be further configured to direct a downward flow
during flight to maintain alignment of the downward flow along a hose and drogue
path.

The aircraft may include at least one additional pod and pylon for
multipoint refueling. Each additional pylon may have a swept pylon flap.

In another embodiment, there is provided a wing aerial refueling system.
The system includes a pod for storing a hose and drogue, and a pylon extending
from the pod, the pylon having an outboard 5wept pylon flap, an uppermost
portion of the flap having a shallow angle with respect to local flow, the angle
iIncreasing towards a lowermost portion of the flap.

The system further includes an outboard upper chine on the pod for
creating a vortex that is counter-rotating with respect to downward flow from the
pylon flap.

According to an embodiment herein, an aircraft comprises a wing
assembly, a pod, and a pylon attaching the pod to the wing assembly. The pylon
has a swept pylon flap. The swept pylon flap is configured to unload the pylon
and pod during flight of the aircraft, and also to create downward flow that

counters a vortex trailing the pod.

According to another embodiment herein, a wing aerial refueling system
comprises a pod for storing a hose and drogue, and a pylon extending from the
pod. The pylon has an outboard swept pylon flap. An uppermost portion of the
flap has a shallow angle with respect to local flow. The angle increases towards

a lowermost portion of the flap.

According to another embodiment herein, a wing aerial refueling system
comprises a pod configured to store a hose and drogue, and first and second

chines on an outer surface of the pod for creating a counter-rotating vortex pair.
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According to another embodiment herein, a method of using a hose and
drogue in a pod aboard a tanker aircraft comprises flying the tanker aircraft at a
refueling speed, extending the hose and the drogue to trail the pod, and using a

swept flap and chines to disrupt a pod vortex trailing the pod and induce a downward

flow that counters the pod vortex.

According to another embodiment herein, there is provided an apparatus for
wing aerial refueling comprising a pylon configured to attach a refueling pod to a
wing assembly of an aircraft. The pylon has a swept pylon flap. The swept pylon flap
has a first portion extending from the pylon toward an aft direction at a first incidence
angle relative to a leading edge of the swept pylon flap. The swept pylon flap also
has a second portion extending from an end of the first portion toward the aft
direction at a second incidence angle, the second incidence angle relative to the
leading edge and different than the first incidence angle. The swept pylon flap
reduces loading on the pylon and the pod during flight of the aircraft and creates a

downward flow to counter a vortex trailing the pod.

According to another embodiment herein, an apparatus for wing aerial
refueling comprises: a pylon configured to attach a refueling pod to a wing assembly
of an aircraft. The pylon has a swept pylon flap extending from the pylon in an aft
direction, the swept pylon flap has a first portion extending from a trailing edge of the
pylon at a first rearward angle and a second portion extending from an end of the

first portion at a second rearward angle different than the first rearward angle.

According to another embodiment herein, an apparatus for attaching a pod to
a wing assembly of an aircraft includes a pylon having a first portion connectable to
the wing assembly to extend from wing assembly and having a second portion
opposite the first portion for holding the pod in a position beneath the wing
assembly. The apparatus further includes a swept pylon flap on an outboard side of
the pylon. The swept pylon flap includes a first portion extending from the pylon in an

aft direction at a first incidence angle with respect to free stream airflow and a

2b
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second portion extending from an end of the first portion in the aft direction at a

second Incidence angle with respect to the free stream airflow. The second
incidence angle is different from the first incidence angle. The first incidence angle
and second incidence angle are selected to cause loading on the pylon and the pod

to be reduced during flight of the aircraft and to create a downward flow of air toward

the pod during flight to counter a vortex trailing the pod during flight.
These features and functions may be achieved independently in various

embodiments or may be combined in other embodiments. Further details of the

embodiments can be seen with reference to the following description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an illustration of a tanker aircraft.

FI1G. 2 Is an illustration of a wing aerial refueling system for the tanker aircraft.

2C
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FIG. 3 is an illustration of a coordinate system for the tanker aircraft, and
directions of air flow during flight.

FIGS. 4A, 4B, 4C and 4D are illustrations of a pod and pylon of a wing
aerial refueling system.

FIG. 5 is an illustration of a discontinuous incidence angle for a swept

pylon flap.

FIG. 6 is an illustration of a continuous incidence angle for a swept pylon
flap.

FIG. 7 is an illustration of a method of using a hose and drogue In a pod

aboard a tanker aircraft to refuel a receiver aircratft.

DETAILED DESCRIPTION
Reference is made to Figure 1, which illustrates a tanker aircraft 110
including a fuselage 120, wing assemblies 130, and empennage 140. One or

more propulsion units 150 are coupled to the fuselage 120, wing assemblies 130

or other portions of the tanker aircraft 110.

The tanker aircraft 110 includes one or more fuel tanks 160 for providing
fuel to receiver aircraft during aerial refueling operations. The tanker aircraft 110

further includes at least one wing aerial refueling system 170. There may be one

or more wing aerial refueling systems 170 per wing assembly 130. For instance,
left and right wing aerial refueling systems 170 may be located at the extremes of

left and right wing assemblies 130.

Reference is now made to FIG. 2. Each wing aerial refueling system 170
includes a hose 172 and drogue 174. The length of the hose 172 and design of

the drogue 174 are tailored for the tanker aircraft's flight envelope. Each wing
aerial refueling system 170 further includes a pod 176 for storing the hose 172
and drogue 174, and for deploying the hose 172 and drogue 174 during aerial

refueling operations. The pod 176 may be attached to a lower outboard section

3
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of one of the wing assemblies 130 by a pylon 178, typically between 75% and

95% of wing semi-span.

Additional reference is made to FIG. 3, which illustrates a global (X-Y-Z)
Cartesian coordinate system for the tanker aircraft 110. The X-axis extends in
the direction from tail to nose of the fuselage120 (the forward direction). The Y-
axis may extend in the direction from middle of the fuselage 120 to a tip of the
right wing (the “spanwise” direction). The Z-direction may be orthogonal to the X-

and Y-directions (the up/down direction).

The arrow 310 represents freestream flow, which refers to the flow of
air far upstream of the tanker aircraft 110 during flight. The arrow 320 represents
local flow, which iIs the near field flow that is influenced by the tanker aircraft 110
during flight. The direction of the local flow 320 varies as the air moves past the
wing assembly 130, pod 176 and pylon 178. The arrow 320 is angled a few
degrees outboard to indicate that it is slightly perturbed relative to the freestream
flow 310, and that the local flow 310 has a non-trivial component in the spanwise

direction.

During flight, the spanwise component of the local flow 320 creates a pod
vortex 330 trailing each pod 176 and pylon 178. Each pod vortex 330 will be
referred to as a “pod” vortex 330. The pod vortex 330 is circular in a vertical
plane and has an upward velocity component (the flattened circle represents the

circulation of the pod vortex 330). The applicants have found that strength and
positioning of the pod vortex 330 are a function of local flow angle on the lower
surface of the wing assembly 130 (defined by wing geometry, loading and flight
condition), pod/pylon shaping, and flow separation, which create a side load on
the pod 176 and the pylon 178.

The tanker aircraft 110 may be designed to fly at maximum operating
speed or fly near maximum operating speed (e.g., cruise speed) by cambering
and aligning (or toeing out) the pod 176 and the pylon 178 with respect to the
local flow at buffet conditions so that local flow angle in the side plane (the X-Y

plane) is near zero degrees. (The toe angle is the angle that the pod and pylon
4
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are rotated about the Z-axis, measured from the forward direction.) This
alignment minimizes flow instabilities and buffeting at high-speed operation, as it
creates a pressure distribution on the pylon and pod surfaces that varies in an

orderly manner.

However, this alignment tends to create a higher local flow angle for the
pod 176 and the pylon 178 at lower speeds (e.g., refueling speeds), thereby
creating higher side force on the pod 176 and the pylon 178 (since the local flow
direction i1s more outboard). As a result of the higher side force, a stronger pod
vortex 330 is generated. The stronger pod vortex 330 can create instability for the

hose 172 and the drogue 174 when extended from the pod 176 during refueling.

The drogue 174 stabilizes the hose 172 in flight and provides a funnel to
aid insertion of a receiver aircraft's probe into a hose fuel coupling. After
refueling has been completed, the hose 172 and the drogue 174 are retracted.
The upward velocity component of the pod vortex 330 tends to cause instability

for the hose 172 and the drogue 174 during retraction.

Reference is now made to FIGS. 4A, 4B, 4C and 4D, which illustrate a pod
176 and pylon 178 having a swept pylon flap 410 at an outboard side. The swept
pylon flap 410 is configured to reduce loading on the pod 176 and the pylon 178
during all flight conditions of the tanker aircraft 110, and also to create a
downward flow that counters the pod vortex 330 at lower speeds. The swept
pylon flap 410 includes an uppermost portion 412 having a shallow incidence
angle (a) with respect to freestream flow 310 and a lowermost portion 414 having
a higher incidence angle (a). For the swept pylon flap 410, the terms
‘uppermost” and “lowermost” are relative to the wing assembly 130, with the
uppermost portion 412 being closest to the wing assembly 130 and the
lowermost portion 414 being furthest from the wing assembly 130 and closest to
the pod 176. The uppermost portion 412 is swept in the aft direction to avoid flow
separation. The uppermost portion 412 does not significantly affect the tanker

aircraft 110 at higher operating speeds.
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The uppermost portion 412 of the swept pylon flap 410 has an incidence
angle (a) between 0 and 30 degrees with respect to freestream flow 310. The
lowermost portion 414 of the swept pylon flap 410 has an incidence angle (a)
between 30 and 90 degrees with respect to freestream flow 310. The position of
the pod 176, as well as the sweep of the wing assembly 130, the lower surface
contour of the wing assembly, and the freestream speed can all affect the ideal
incidence angle (a). The ideal incidence angle (a) is one that turns the local flow

efficiently without adversely affecting the surrounding air flow.

In some embodiments, the increase in incidence angle (a) is discontinuous
in at least two discrete portions. FIG.5 illustrates an example in which the pylon
flap 410 has two discrete portions: a discrete uppermost portion 412 having an
upper incidence angle (ay) between 0 and 30 degrees, and a discrete lowermost
portion 414 having a lower incidence angle (a.) between 30 and 90 degrees. For
each portion 412 and 414, the incidence angle (ay and a.) iIs constant with

respect to distance from a leading edge (L) of the swept pylon flap 410.

In some embodiments, the incidence angle (a) of the swept pylon flap 410
increases continuously from the uppermost portion 412 to the lowermost portion
414. FIG. 6 illustrates an example of a continuous non-linear increase with
respect to the leading edge (L) of the swept pylon flap 410. In some

embodiments, the increase may vary smoothly from the leading edge (L).

In addition to the pylon 178 having the swept pylon flap 410, the pod 176
may have at least one chine on its outer surface. A chine is a plate-like wing
surface having a very low aspect (span-to-chord) ratio. See, for instance, the
chine 420 illustrated in FIG. 4D. A chine is characterized by the vortex
generated at its tip (outboard edge), and the strength of its vortex Is determined

by the chine design and orientation on the pod 176 (e.g., chine size, incidence,

axial station, and azimuth angle).

A pair of chines may create a counter-rotating vortex pair. A vortex pair is
characterized herein as counter-rotating if tip vortices in the pair rotate In

opposite directions. The counter-rotating vortex pair interacts with the pod vortex
6
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330 to disrupt (i.e., change the flow velocities and locations of) the pod vortex
330 and align the downward flow created by the swept pylon flap, without
increasing total flow vorticity. The counter-rotating vortex pair maintains the
alignment of the downward flow along the hose and drogue path at nominal and
off-nominal flight conditions. As a result, the aligned downward flow pushes the
hose and drogue downward, and the hose and drogue remain below a
predominant region of vorticity trailing the pod and the pylon at refueling
conditions. The chine(s) overcome problems with trall-rewind instabilities, which

have been observed on legacy refueling platforms. The instabilities occur as the

drogue gets closer to the pod.

Reference is once again made to FIG. 4, which shows a pod 176 having
three chines 420-440 on its outer surface: a lower inboard chine 420, a lower
outboard chine 430, and an upper outboard chine 440. The lower inboard and
lower outboard chines 420 and 430 are placed on opposite sides of the pod 176,
and both have the same incidence angle or similar incidence angle (the incidence

angle is measured relative to the local flow).

The upper outboard chine 440 creates a downward velocity adjacent to the

swept pylon flap downward flow. It also creates multiple pairs of counter-rotating
vortices with both of the lower chines 420 and 430. Incidence angles of the lower
outboard and upper outboard chines 430 and 440 are in the opposite direction,

which causes the tip vortices to rotate in opposite directions.

Although FIG. 4 illustrates three chines 420-440, other embodiments may
have different chine configurations. As a first example, the pod 176 has only an
upper outboard chine 440, which creates a counter-rotating vortex with the swept
pylon flap 410. As a second example, the pod 176 has only the lower inboard
and lower outboard chines 420 and 430, which create a single counter-rotating
vortex pair. As a third example, the pod 176 has only the lower and upper

outboard chines 430 and 440, which create a single counter-rotating vortex pair.

Reference is now made to FIG. 7, which illustrates a method of using a

hose and drogue in a pod aboard a tanker aircraft to refuel a receiver aircraft. At
7
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block 710, the tanker aircraft is flying at or near its maximum operating speed.

For example, the aircraft is flying near Mach 0.86. At this speed, the freestream
flow is nearly aligned with the wing chord, and there is little to no outboard
spanwise flow. This alignment of the pod and the pylon with the flow at buffet

conditions minimizes flow instabilities and buffeting at the near-maximum

operating speeds.

At block 720, speed of the aircraft is reduced to a refueling speed. For

example, speed of the aircraft is reduced to Mach 0.6. At this speed, the local

flow angle is increased by approximately three degrees.

At block 730, the swept pylon flap is used to reduce side load on the pod
and pylon, thereby reducing the strength of the pod vortex. In addition, the swept
pylon flap creates downward flow that counters the vertical velocity component of

the pod vortex. In addition, or in the alternative, at least one chine pair is used to

create a counter-rotating vortex pairr.

At block 740, the hose and the drogue are extended. The downward fiow

from the swept pylon flap pushes the hose and drogue downward so that they

remain below a predominant region of vorticity trailing the pod and the pylon at

refueling speeds.

At block 750, the drogue stabilizes the hose In flight and provides a funnel

to aid insertion of the receiver aircraft's probe into a hose fuel coupling. Fuel Is

then supplied to the receiver aircraft via the hose.

At block 760, after refueling has been completed, the drogue and hose are
retracted and returned to the pod for storage. As the hose and drogue are being
retracted, retraction forces cause the hose and drogue track to be higher, which
can result in the drogue being entrained in the pod and pylon vortex. The swept
pylon flap and the upper outboard chine direct the flow downward along the hose
and drogue path and displace the upward velocities from the pod and pylon
vortex away from the hose and drogue path. The counter-rotating vortices from

the inboard and outboard lower chines keep the flow field centered on the hose

8
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and drogue path. This prevents the large upward velocities from the pod and
pylon vortex from lifting the hose and drogue and entraining the drogue into a

large circular orbit about the pod vortex.

A swept pylon flap herein is not limited to a single flap. In some
embodiments, additional flaps may be used to provide the desired amount and

location of the downward flow.

In some embodiments, the swept pylon flap may be split into two or more
portions. Incidence angles of the portions may be controlled passively or
actively. This split design enables the swept pylon flap component to be aligned
with the freestream flow to minimize effects on aircraft performance when not in

use for refueling.

The swept flap is not limited to the pylon. Other support structures on the

tanker aircraft may have the swept flap.

A tanker aircraft herein is not limited to a single wing aerial refueling
system. A tanker herein may include at least one additional wing aerial refueling

system for multipoint refueling.

An aircraft herein is not limited to a tanker aircraft. The swept flap and/or
chines may be applied to an aircraft having a pod or store, where the flow field of
iInterest trails the pod or store. Examples include pods and stores for towed

decoys and electronic countermeasure equipment.

According to an aspect of the present disclosure there is provided an aircraft
comprising a wing assembly; a pod; and a pylon attaching the pod to the wing
assembly, the pylon having a swept pylon flap, the swept pylon flap configured to
unload the pylon and pod during flight of the aircraft, and also to create

downward flow that counters a vortex trailing the pod.

The pod and the pylon may be aligned with local flow at buffet conditions.
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An uppermost portion of the swept pylon flap may be configured with a shallow

incidence angle with respect to freestream flow, the incidence angle increasing

towards a lowermost portion of the flap.

The uppermost portion of the swept pylon flap may be an incidence angle

between 0 and 30 degrees with respect to freestream flow.

The lowermost portion of the swept pylon flap may have an incidence

angle of 30 to 90 degrees with respect to freestream fiow.

The incidence angle may increase continuously from the uppermost

portion to the lowermost portion.

The angle may increase discontinuously such that the flap has an upper
portion between a first range of angles, and a lower portion between a higher

range of angles.

The aircraft disciosed herein may further comprise at least one chine pair
on an outer surface of the pod for disrupting the vortex and aligning the

downward flow created by the swept pylon flap.

First and second chines may be configured to create a counter-rotating

vortex pair.
The first and second chines may be upper and lower outboard chines.
First and second chines may be lower inboard and lower outboard chines.

First, second and third chines may be configured to create multiple

counter-rotating vortex pairs.

A lower outboard chine may be configured to create a counter-rotating pair

with the swept pylon flap.

10
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The aircraft disclosed herein may further comprise a hose and drogue In

the pod.

The swept pylon flap may be further configured to direct a downward flow

during flight to maintain alignment of the downward flow along a hose and drogue

path.

The aircraft disclosed herein may further comprise at least one additional
pod and pylon for multipoint refueling, wherein each additional pylon has a swept

pylon flap.

According to an aspect of the present disclosure there is provided a wing
aerial refueling system comprising a pod for storing a hose and drogue; and a
pylon extending from the pod, the pylon having an outboard swept pylon flap, an
uppermost 'portion of the flap having a shallow angle with respect to local flow,

the angle increasing towards a lowermost portion of the flap.

The system may further comprise an outboard upper chine on the pod for
creating a vortex that is counter-rotating with respect to downward flow from the

pylon flap.

According to another aspect of the present disclosure there is provided a
wing aerial refueling system comprising a pod configured to store a hose and
drogue; and first and second chines on an outer surface of the pod for creating a

counter-rotating vortex pairr.

According to another aspect of the present disclosure there is provided a
method of using a hose and drogue in a pod aboard a tanker aircraft, the method
comprising flying the tanker aircraft at a refueling speed,; extending the hose and
the drogue to trail the pod; and using a swept flap and chines to disrupt a pod

vortex trailing the pod and induce a downward flow that counters the pod vortex.

11
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EMBODIMENTS IN WHICH AN EXCLUSIVE PROPERTY OR PRIVILEGE IS
CLAIMED ARE DEFINED AS FOLLOWS:

1.  An apparatus for wing aerial refueling, the apparatus comprising:

a pylon configured to attach a refueling pod to a wing assembly of an
aircraft, the pylon having a swept pylon flap, the swept pylon flap having a
first portion extending from the pylon toward an aft direction at a first
Incidence angle relative to a leading edge of the swept pylon flap, and a
second portion extending from an end of the first portion toward the aft
direction at a second incidence angle, relative to the leading edge and
different than the first incidence angle, such that the swept pylon flap
reduces loading on the pylon and the pod during flight of the aircraft and

creates a downward flow to counter a vortex trailing the pod.

2. The apparatus of claim 1, wherein the pod and the pylon are aligned with local

flow at buffet conditions.

3. The apparatus of claim 1 or 2, wherein the first incidence angle 1s a shallow

iIncidence angle with respect to freestream flow.

4. The apparatus of any one of claims 1 to 3, wherein the first incidence angle is

between about 0 and about 30 degrees with respect to freestream flow.

5. The apparatus of any one of claims 1 to 4, wherein the second incidence angle

IS between about 30 and about 90 degrees with respect to freestream flow.

6. The apparatus of any one of claims 1 to §, wherein the first incidence angle

Increases from the first portion towards the second portion.

12
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10.

11.

12.

13.

14.

15.

The apparatus of claim 6, wherein the first incidence angle increases

continuously from the first portion to the second portion.

The apparatus of claim 6, wherein at least one of the first incidence angle and
the second incidence angle increases discontinuously relative to the leading

edge of the swept pylon flap.
The apparatus of any one of claims 6, 7 and 8, further comprising the pod.

The apparatus of claim 9, further comprising a first chine and a second chine
on an outer surface of the pod to disrupt the vortex and to align the downward

flow created by the swept pylon flap.

The apparatus of claim 10, wherein the first and second chines are configured

to create a counter-rotating vortex pair.

The apparatus of claim 10 or 11, wherein the first and second chines are upper

outboard and lower outboard chines.

The apparatus of claim 10 or 11, wherein the first and second chines are lower

Inboard and lower outboard chines.

The apparatus of any one of claims 10 to 13, further including a third chine on
the outer surface of the pod, wherein the first, second and third chines are

configured to create multiple counter-rotating vortex pairs.

The apparatus of claim 9, further including a lower outboard chine positioned
on an outer surface of the pod, wherein the lower outboard chine and the swept

pylon flap provide a counter-rotating pair.

13
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16.

17.

18.

19.

20.

21.

22.

23.

The apparatus of claim 9, further comprising an outboard upper chine on the

pod to create a vortex that is to counter rotate with respect to the downward

flow form the swept pylon flap.

The apparatus of any one of claims 9 to 16, further comprising a hose and

drogue in the pod.

The apparatus of claim 17, wherein the swept pylon flap is further configured to
direct the downward flow during flight to maintain alignment of the downward

flow along a hase and drogue path.

The apparatus of claim 17 or 18, wherein the swept pylon flap is configured to

apply a downward force to at least one of the hose or the drogue when the

hose and the drogue extend relative to the pod.

The apparatus of any one of claims 9 to 19, further comprising at least one
additional pod and pylon for multipoint refueling, wherein each additional pylon

has a respective swept pylon flap.

The apparatus of any one of claims 1 to 20, wherein the first portion of the
swept pylon flap is adjacent the wing assembly of the aircraft and is swept in

the aft direction to avoid flow separation.

The apparatus of any one of claims 1 to 21, wherein at least a portion of the

first portion of the swept pylon flap has an elevation that I1s greater than an

elevation of a least a portion of the second portion.

The apparatus of any one of claims 1 to 22, wherein the first portion has a

slope directed toward the aft direction and the pod.
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24.

25.

The apparatus of any one of claims 1 to 23, wherein the first portion extends In

the aft direction relative to a trailing edge of the pylon and away from the wing

assembly.

The apparatus of any one of claims 1 to 23, wherein the swept pylon flap

extends in a rearward direction from a trailing edge of the pylon.

26. An apparatus for wing aerial refueling, the apparatus comprising:

27.

28.

29.

30.

a pylon configured to attach a refueling pod to a wing assembly of an

aircraft, the pylon having a swept pylon flap extending from the pylon in

an aft direction, the swept pylon flap having:

a first portion extending from a trailing edge of the pylon at a first

rearward angle; and

a second portion extending from an end of the first portion at a

second rearward angle different than the first rearward angle.

The apparatus of claim 26, wherein the swept pylon flap reduces loading on the

pylon and the pod during flight of the aircraft.

The apparatus of claim 26 or 27, wherein the swept pylon flap creates

downward flow to counter a vortex trailing the pod.

The apparatus of any one of claims 26 to 28, wherein the first rearward angle is

between approximately 0 degrees and approximately 30 degrees.

The apparatus of any one of claims 26 to 29, wherein the second rearward

angle 1s between approximately 30 degrees and approximately 90 degrees.
15
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31. The apparatus of any one of claims 26 to 30, further comprising the pod,

wherein the pod includes a hose and a drogue.

32. An apparatus for attaching a pod to a wing assembly of an aircraft, the

apparatus comprising:

a pylon having a first portion connectable to the wing assembly to extend
from wing assembly and having a second portion opposite the first portion

for holding the pod in a position beneath the wing assembly;

a swept pylon flap on an outboard side of the pylon, the swept pylon flap

comprising:

a first portion extending from the pylon in an aft direction at a first

Incidence angle with respect to free stream airflow; and

a second portion extending from an end of the first portion in the aft
direction at a second incidence angle with respect to the free stream
airflow, wherein the second incidence angle is different from the first

Incidence angle, and

wherein the first incidence angle and second incidence angle are

selected to cause loading on the pylon and the pod to be reduced
during flight of the aircraft and to create a downward flow of air

toward the pod during flight to counter a vortex trailing the pod

during flight.
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FIG. 1

TANKER AIRCRAFT

120 FUSELAGE WING ASSEMBLIES 130
140 EMPENNAGE PROPULSION UNITS 150
160

WING AERIAL REFUELING 170
FUEL TANKS SYSTEM(S)

110

FIG. 2

WING AERIAL REFUELING SYSTEM

HOSE 172
DROGUE 174

PYLON 178

170



CA 02879296 2015-01-21

2/6

FIG. 3
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FIG. 7
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