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(57) Abrégée/Abstract:
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aircraft so as to be able to be expanded and housed and extending along the wing span direction of the main wing (2); and a vortex
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(57) Abrege(suite)/Abstract(continued):
suppression portion (100, 200, 300, 400, 500, 600) provided at an end portion In the wing span direction of the flap main body (11)

and used for suppressing vortex rolling up from the lower surface of the end portion (11a) of the flap main body (11) to the upper
surface of the end portion (11a).
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ABSTRACT
A high-lift device (3) of a flight vehicle includes: a flap main body (11)
provided at a trailing edge portion of a main wing (2) of the flight vehicle so as to be
extracted from and be retracted in the trailing edge portion and extending in a wing span
direction of the main wing (2); and a vortex suppressing portion (100, 200, 300, 400, 500,
or 600) provided at a tip end portion of the flap main body (11) in a wing span direction
of the flap main body (11) and configured to suppress a vortex rolling up from a lower

surface of a tip end portion (11a) of the flap main body (11) to an upper surface of the tip

end portion (11a).
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DESCRIPTION
Title of Invention: HIGH-LIFT DEVICE OF FLIGHT VEHICLE
Technical Field
[0001] The present invention relates to a high-lift device provided at a trailing edge
portion of each main wing of a flight vehicle so as to be able to be extracted from and be

retracted in the trailing edge portion of the main wing.

Background Art

10002] A flight vehicle includes high-lift devices provided at main wings. The
high-lift devices are retracted in the main wings while the flight vehicle is cruising.  The
high-lift devices are extracted from the main wings when the flight vehicle 1s about to
take off or land. Since the high-lift devices are aerodynamic devices for securing lift
during flight at low speed, they are designed with emphasis on aerodynamic
characteristics.

[0003] In recent years, there is an increasing demand for a reduction in noises
generated from the flight vehicle when the flight vehicle is about to take off or land.
Under such circumstance, the high-lift device is recognized as one major noise source

especially when the flight vehicle is about to land. Here, proposed is a high-lift device

produced in consideration of the reduction in aerodynamic noises. For example, P1L 1
discloses a noise reduction device configured such that air currents are ejected through

holes formed on an upper surface, side surface, and lower surface of each main wing.

Citation List

Patent Literature

10004} PTL 1: U.S. Patent No. 74384930
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Summary of Invention
Technical Problem
[00035] According to the above-described noise reduction device, to eject the air

currents, a pneumatic source needs to be provided near the main wing. In a case where
a dedicated compressor is applied to the pneumatic source, the entire device becomes
large, and an airframe of the flight vehicle increases in weight. In addition, pipes
through which the air is introduced from the pneumatic source to the holes need to be
provided inside a flap. In the case of providing such a complex mechanism, the weight
increases, and in addition, works, such as inspections and maintenances, required to
maintain the airframe increase. Therefore, the practicality deteriorates.

[0006] Here, an object of the present invention is to suitably reduce aerodynamic

noises generated from a high-lift device without increasing the weight of an airframe as

much as possibly and deteriorating the practicality.

Solution to Problem

[0007] In the process of analyzing the mechanism of noises generated from a
high-lift device of a flight vehicle, the present inventors have obtained findings that there
is a possibility that: a vortex rolling up from a lower surface of a tip end portion of a flap
main body of the high-lift device to an upper surface of the tip end portion of the tlap
main body at the tip end portion of the flap main body exists at a position close to a

surface of the tip end portion of the flap; the pressure on the surface of the flap tluctuates
by the fluctuations in the strength and position of the vortex with time; and thus, the
aerodynamic noises are generated. Here, the present inventors have found out that

suppressing the strength of the vortex, suppressing the fluctuations in the strength and



CA 02830352 2013-09-16

position of the vortex with time, and avoiding the interference between the vortex and the
flap main body by separating these from each other are effective to reduce the
aerodynamic noises generated from the high-lift device. Thus, a below-described
high-lift device of a flight vehicle was made.

{0008 To be specific, a high-lift device of a flight vehicle according to the present
invention includes: a flap main body provided at a trailing edge portion of a main wing
of the flight vehicle so as to be extracted from and be retracted in the trailing edge
portion and extending in a wing span direction of the main wing; and a vortex
suppressing portion provided at a tip end portion of the flap main body in a wing span
direction of the flap main body and configured to suppress a vortex rolling up from a
lower surface of the tip end portion of the flap main body to an upper surface of the tip
end portion of the flap main body.

10009] According to the above configuration, the vortex suppressing portion has an
effect of: suppressing the strength of the vortex rolling up from the lower surface of the
tip end portion of the flap main body to the upper surface of the tip end portion of the
flap main body; suppressing the fluctuations in the strength and position of the vortex
with time; or causing the position of the vortex to be separated from the tlap main body.
With this, the aerodynamic noises generated from the high-lift device can be suitably
reduced.

10010] The vortex suppressing portion may be formed by partially cutting out the

tip end portion of the flap main body. According to the above configuration, the

generation of the vortex can be suppressed only by simply changing the shape ot the tip
end portion of the flap main body.
[0011] The vortex suppressing portion may be formed by partially cutting out the

tip end portion of the flap main body such that a trailing edge end of the tip end portion
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of the flap main body projects toward a tip end side in the extending direction more than
a leading edge end of the tip end portion of the flap main body. According to the above
configuration, the lift generated at the vortex suppressing portion of the flap main body
decreases toward the tip end side in the extending direction. Therefore, the strength of
the vortex generated at the tip end portion of the flap main body and rolling up trom the
lower surface side to the upper surface side is made lower than that in a case where there
1S no projection.

[0012] The vortex suppressing portion may be formed by partially cutting out the
tip end portion of the flap main body such that a leading edge end of the tip end portion
of the flap main body projects toward a tip end side in the extending direction more than
a trailing edge end of the tip end portion of the flap main body. According to the above
configuration, the lift generated at the vortex suppressing portion of the flap main body
decreases toward the tip end side in the extending direction. Therefore, the strength ot
the vortex generated at the tip end portion of the flap main body and rolling up from the
lower surface side to the upper surface side 1s suppressed.

[0013] The vortex suppressing portion may be formed by partially cutting out the
tip end portion of the flap main body such that: the tip end portion of the flap main body

decreases in thickness as it extends toward a tip end side in the extending direction; and

an angle between an upper-surface-side surface of the tip end portion of the tlap main
body and a lower-surface-side surface of the tip end portion of the flap main body
becomes 60° or smaller. According to the above configuration, since the area of the

side end surface of the tip end portion of the flap main body becomes small, the tlow
separation caused at the side end surface is little, so that the fluctuation in the strength of
the vortex with time can be suppressed. Further, in a case where the shape ot the upper

surface side of the flap main body is changed when setting the shape of the tlap main
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body such that the thickness of the tip end portion of the flap main body decreases
toward the tip end side in the extending direction, the vortex rolling up from the lower
surface side to the upper surface side can be separated from the surface of the flap main
body. Therefore, the vortex can be suitably prevented from interfering with the flap
main body. With this, the aerodynamic noises generated tfrom the high-lift device can
be suitably reduced.

[0014] The vortex suppressing portion may be a flow suppressing portion formed at
an upper surface side in the vicinity of a leading edge of the tip end portion of the flap
main body and configured to cause a flow along the upper surface of the tip end portion
of the flap main body to be separated from the upper surface. According to the above
configuration, at the leading edge portion of the tip end portion of the flap main body, the
flow suppressing portion locally separates the flow on the flap upper surface trom the
surface of the flap main body. With this, the lift generated at the vortex suppressing
portion of the flap main body decreases. Therefore, the strength of the vortex rolling up
from the lower surface side to the upper surface side at the side edge portion of the tip
end portion of the flap main body can be decreased. Thus, the aerodynamic noises
generated from the high-lift device can be suitably suppressed.

[00135] The vortex suppressing portion may include: a ventilation structure
provided at at least one of an upper end surface and side end surface of the tip end side of
the flap main body; and a cavity formed inside the tip end portion of the tlap main body.
According to the above configuration, even in a case where the vortex rolling up from the
lower surface side is generated at the tip end portion of the flap main body, strong
pressure variations generated on the surface of an object can be buffered by causing the

inside of the cavity and the air currents to partially communicate with each other through

the ventilation structure provided at at least one of the upper end surface and side end
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surface of the flap main body. Therefore, the aerodynamic noises generated by the
interference between the vortex and the flap main body can be suitably reduced.
Further, a porous material may be provided in the cavity. The aerodynamic noises can
be suitably suppressed by converting the fluctuation in the air currents generated in the
cavity into heat energy by the porous material.

[0016] The vortex suppressing portion may be a flow suppressing portion formed at
a leading edge portion of the tip end portion of the flap main body, close to and opposed
to a lower surface of the main wing in a state where the flap main body 1s being extracted
from the main wing, and causes a flow along an upper surface of the tip end portion of
the flap main body to be separated from the upper surface. According to the above
configuration, at the leading edge portion of the tip end portion of the tlap main body, the
flow suppressing portion narrows a passage between the upper surface of the tip end
portion of the flap main body and the lower surface of the main wing. With this, the
flow on the upper surface of the flap is locally separated from the upper surface.
Therefore, the lift generated at the vortex suppressing portion of the flap main body
decreases. Thus, the strength of the vortex rolling up from the lower surface side to the
upper surface side at the side edge portion of the tip end portion of the tlap main body

can be reduced. With this, the aerodynamic noises generated from the high-lift device

can be suitably suppressed.

Advantageous Effects of Invention

[0017] According to the present invention, the aerodynamic noises generated from
the high-lift device can be suitably reduced without increasing the weight of the airtrame

as much as possible and deteriorating the practicality.
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Brief Description of Drawings
[00138] [Fig. 1] Fig. 1 is a perspective view showing a schematic contiguration of a
high-lift device of a flight vehicle according to an embodiment of the present invention.

[Fig. 2] Fig. 2 is a perspective view of the high-lift device according to
Conventional Example.

[Fig. 3] Fig. 3 is a partial plan view of a flap main body and shows a vortex
suppressing portion according to Example 1 of the present invention.

[Fig. 4] Fig. 4 is a partial plan view of the flap main body and shows the
vortex suppressing portion according to Example 2 of the present invention.

[Fig. SA] Fig. 5A is a partial plan view of the flap main body and shows the
vortex suppressing portion according to Example 3 of the present invention.

[Fig. 5B] Fig. 5B is a partial cross-sectional view of the flap main body

taken along line b-b of Fig. SA.

[Fig. 6A] Fig. 6A is a partial plan view of the flap main body and shows the
vortex suppressing portion according to Example 4 of the present invention.

[Fig. 6B] Fig. 6B is a partial cross-sectional view of the flap main body
taken along line b-b of Fig. 6A.

[Fig. 6C] Fig. 6C is a partial plan view of the flap main body and shows the

vortex suppressing portion according to Modification Example of Example 4 of the

present invention.

[Fig. 7A] Fig. 7A is a partial perspective view of the flap main body and
shows the vortex suppressing portion according to Example 5 of the present invention.

(Fig. 7B] Fig. 7B is a partial cross-sectional view of the tlap main body and
shows the vortex suppressing portion according to Example 5 of the present invention.

[Fig. 7C] Fig. 7C is a partial cross-sectional view of the flap main body and
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shows the vortex suppressing portion according to Modification Example of Example 5
of the present invention.

[Fig. 8] Fig. 8 is a cross-sectional view of a tip end portion ot the flap main
body and a main wing and shows the vortex suppressing portion according to Example 6
of the present invention.

[Fig. 9] Fig. 9 is a bar graph showing noise reduction effects obtained by the

vortex suppressing portions according to Examples 1 to 6.

Description of Embodiments

[0019] Hereinafter, an embodiment of the present invention will be explained in
reference to the drawings. In the following, directions will be explained on the basis
that in a case where a nose of a flight vehicle is located at a front side, an airframe of the
flight vehicle extends in a front-rear direction. In the drawings, the same reference
signs are used for the same or corresponding components, and a repetition of the same
detailed explanation 1s avoided.
[0020] Main Wing and High-Lift Device

Fig. 1 is a perspective view showing a schematic configuration of a high-lift
device 3 of the flight vehicle according to an embodiment of the present invention.  As
shown in Fig. 1, the flight vehicle includes an airframe 1, a pair of left and right main
wings 2 (Fig. 1 shows only the right main wing.), and the high-lift device 3. The
airframe 1 extends in the front-rear direction. The pair of main wings 2 respectively
extend to the left and the right from the airframe 1. The high-lift device 3 1s provided at
a trailing edge portion of the main wing 2. The high-lift device 3 according to the
present embodiment is a slotted flap type or a fowler flap type. The high-lift device 3 1s

retracted 1n the main wing 2 and extracted from the main wing 2. In Fig. 1, reference
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sign 4 denotes a jet engine, reference sign 5 denotes a slat, reference sign 6 denotes an
inner aileron, and reference sign 7 denotes an outer aileron.

[0021] The high-lift device 3 includes a flap main body 11 and link mechanisms 12.
The flap main body 11 has an airfoil shape that is longer in a wing span direction than in
a wing chord direction. The wing span direction of the flap main body 11 1s
substantially parallel to a wing span direction of the main wing 2. The link mechanisms
12 couple the flap main body 11 to the main wing 2 such that the tlap main body 11 can
swing. When the link mechanisms 12 are driven by an actuator, not shown, the flap
main body 11 is retracted in the main wing 1 or extracted from the main wing 1 1n
accordance with the operations of the link mechanisms 12.

(0022] When the flap main body 11 is retracted in the main wing 2, a leading edge
portion of the flap main body 11 is retracted in a lower side of the trailing edge portion of
the main wing 2. A trailing edge portion of the flap main body 11 is exposed to the
outside and partially constitute the trailing edge portion of the main wing 2.  When the
flap main body 11 is extracted from the main wing 2, the substantially entire flap main
body 11 is provided so as to project beyond a trailing edge side of the main wing 2 in
plan view.

[0023] Fig. 2 is a partial perspective view of a high-lift device 3° according to
Conventional Example. In the high-lift device 3’ according to Conventional Example,

an entire flap main body 11’ is formed in a substantially rectangular shape 1n plan view.
Therefore, a tip end portion of the flap main body 11° extends straight rearward from the

trailing edge portion of the main wing 2 in plan view. A vortex rolling up from a lower
surface side of the flap main body 11’ through a tip end side of a side end surface of the
flap main body 11’ to an upper surface side of the flap main body 11’ 1s generated at the

tip end portion of the flap main body 11°.
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[0024] When the high-lift device 3’ is being extracted, the position ot the vortex
changes with time, and the strength of the vortex changes with time. In addition, the
rolling-up vortex interferes with the upper surface of the flap main body 11°, and the
flow of the vortex is drastically bent at this interfering point toward the tip end side 1n the
wing span direction (see a broken-line circle A). The vortex moving toward the tip end
side in the wing span direction is separated from the surface ot the flap main body 11" at
a corner portion where the upper surface and side end surface of the flap main body 11°
intersect with each other (see a broken-line circle B). With this, the tlow becomes
complex around the corner portion. Therefore, it 1s thought that when the high-hft
device 3’ is being extracted from the main wing 2, the aerodynamic noises are generated
from the high-lift device 3°.

[0025] In the high-lift device 3 according to the present embodiment, the
configuration of a tip end portion 11a (see Fig. 1) of the flap main body 11 1s changed
from that of Conventional Example. By this change in configuration, the high-lift
device 3 is provided with a vortex suppressing portion 100 (200, 300, 400, 500, or 600)
configured to suppress such a vortex. Hereinafter, the configurations of the vortex
suppressing portions according to Examples will be explained in order. Then, noise

reduction effects obtained by the vortex suppressing portions of Examples will be

explained.
10026] Example 1 (Change in Planar Shape)

Fig. 3 is a partial plan view of the flap main body 11 to which the vortex
suppressing portion 100 according to Example 1 i1s applied. The vortex suppressing
portion 100 according to Example 1 includes a leading edge end 101 and a traihing edge
end 102. The leading edge end 101 is located closer to a tip end side of the tlap main

body 11 in the wing span direction than the trailing edge end 102.
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10027} In Fig. 3, the tip end portion of the flap main body 11" of Conventional
Example is shown by a chain double-dashed line. As shown in Fig. 3, when considered
based on the flap main body 11° according to Conventional Example having a rectangular
shape in plan view, the vortex suppressing portion 100 according to Example 1 is formed
by partially cutting out the tip end portion of the flap main body 11°. To be specitic, the
vortex suppressing portion 100 is formed by cutting off a leading edge 103 side of the tip
end portion of the flap main body 11° such that the cut-out amount increases toward the
tip end side.

[0028] With this, a wing chord length of the flap main body 11 decreases as the flap
main body 11 extends toward the tip end. In a case where the shape of the tip end
portion 11a of the flap main body 11 in plan view is changed as above, a lift distribution
in the wing span direction changes. Since the lift acting on the flap main body 11
becomes comparatively small at a wing tip 104, the strength of the vortex rolling up from
the lower surface side of the flap main body 11 to the upper surface side of the flap main
body 11 can be suppressed. Therefore, the aecrodynamic noises generated by the vortex
can be reduced. In the example shown in Fig. 3, the leading edge end 101 and the
trailing edge end 102 are connected to each other by two straight lines in plan view.

However, this is just one example, and the leading edge end 101 and the trailing edge end

102 may be connected to each other by a single straight line or three or more straight

lines in plan view or by drawing a curved line in plan view.
10029] Example 2 (Change in Planar Shape)

Fig. 4 1s a partial plan view of the flap main body 11 to which a vortex
suppressing portion 200 according to Example 2 is applied. Unlike Exampie 1, in the
vortex suppressing portion 200, a leading edge end 201 1s located closer to the tip end

side of the flap main body 11 in the wing span direction than a trailing edge end 202.
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When considered based on the flap main body 117 according to Conventional Example
having a rectangular shape in plan view, the vortex suppressing portion 200 is formed by
cutting off the tip end portion of the flap main body 11° such that the cut-out amount
increases toward the tip end side.

10030] Even in a case where the shape of the tip end portion 11a of the flap main
body 11 in plan view is changed as above, the lift distribution in the wing span direction
can be changed, so that the strength of the vortex can be suppressed. As with Fig. 3, 1n
the example shown in Fig. 4, the leading edge end 201 and the trailing edge end 202 are
connected to each other by two straight lines in plan view. However, this 1s just one
example, and the leading edge end 201 and the trailing edge end 202 may be connected
to each other by a single straight line or three or more straight lines 1in plan view or by
drawing a curved line in plan view.

[0031] Example 3 (Change in Cross-sectional Shape of Wing Tip)

Fig. 5A 1s a partial plan view of the flap main body 11 to which a vortex
suppressing portion 300 according to Example 3 is applied. Fig. 5B 1s a partial
cross-sectional view of the flap main body 11 taken along line b-b of Fig. 5A. In plan
view, the vortex suppressing portion 300 is substantially the same in shape as the tip end
portion of the flap main body 11’ according to Conventional Example. However, the
cross-sectional shape of the vortex suppressing portion 300 1s ditferent from that ot the
tip end portion of the flap main body 11’ according to Conventional Example. In Fig.
5B, the flap main body 11” according to Conventional Example 1s shown by a chain line,
and the vortex suppressing portion 300 according to Example 3 is shown by a solid line.
[0032] The vortex suppressing portion 300 i1s formed such that the tip end portion

I1a of the flap main body 11 decreases in thickness as i1t extends toward the tip end side

in the wing span direction of the flap main body 11. In addition, the vortex suppressing
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portion 300 is formed such that an angle between a lower surface 301 and an
upper-surface-side stepped surface 302 at the position of a side end surface 303 of the tip
end portion of the flap main body 11 is 60° or smaller. When considered based on the
flap main body 11’ according to Conventional Example, the thickness of the vortex
suppressing portion 300 is reduced by depressing downward the upper surface of the tip
end portion of the flap main body 11’ according to Conventional Example, that is, by
scraping off the upper surface side of the tip end portion of the flap main body 11°
according to Conventional Example. The lower surface 301 of the vortex suppressing
portion 300 is not changed in shape from the flap main body 11’ according to
Conventional Example and is smoothly continuous with a wing-span-direction
intermediate portion of the flap main body 11.

10033} In a case where the cross-sectional shape of the flap main body 11 1s
changed as above, the area of the side end surface 303 decreases. Theretore, the area
for the flow separation caused on the side end surface 303 deceases, so that the
fluctuation in the vortex with time can be suppressed. In addition, the angle between
the lower surface 301 and the upper-surface-side stepped surface 302 is maintained small.
With this, it is possible to suppress a phenomenon in which the separation occurs betore

the flow reaches the end surface, and a practical separation region of the side end surface

increases. Further, since the upper surface side of the tip end portion of the tlap main
body 11 is depressed downward, the vortex rolling up from the lower surface side of the
flap main body 11 is physically separated from a surface that may interfere with the
vortex, as compared to Conventional Example. Therefore, even in a case where the
vortex rolls up from the lower surface side to the upper surface side at the tip end portion

of the flap main body 11, the interference itself between the vortex and the flap main

body 11 can be suppressed. On this account, the aerodynamic noises can be made
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smaller than those 1n conventional cases.

10034] However, this configuration is just one example. For example, while
changing the cross-sectional shape of the flap main body 11 such that the thickness of the
tip end portion 1la of the flap main body 11 becomes small, the shape of the lower
surface of the flap main body 11 may also be changed at the same time. In the example
shown in Figs. 5A and 5B, the thickness of the tip end portion 11a of the flap main body
11 gradually changes, and the stepped surface 302 extends like a curved line 1n
cross-sectional view. With this, the turbulence of the air currents flowing along the
upper surface of the flap main body 11 can be suppressed as much as possible. Of

course, this is just one example, and the stepped surface 302 may extend like a straight

line.

[0035] Example 4 (Flow Suppressing Portion Provided on Upper Surface of

Flap)

Fig. 6A is a partial perspective view of the flap main body 11 to which a
vortex suppressing portion 400 according to Example 4 is applied. Fig. 6B 1s a partial
cross-sectional view of the flap main body 11 taken along line b-b of Fig. 6A. As
shown in Fig. 6A, the vortex suppressing portion 400 includes flow suppressing portions

401. The flow suppressing portions 401 are constituted by a plurality ot projections,

and the projections are arranged at the leading edge portion of the upper surface ot the tip
end portion 11 of the flap main body 11 at intervals in the wing span direction of the flap
main body 11. As shown in Fig. 6B, the flow suppressing portions 401 are provided so
as to project upward from the upper surface of the flap main body 11.

[0036] According to this configuration, the air currents tlowing tfrom the leading

edge of the flap main body 11 along the upper surface of the flap main body 11 are

locally separated from the surface of the flap main body 11 by the flow suppressing
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portion 401. Therefore, the lift generated at the vortex suppressing portion 400 of the
flap main body decreases, so that the strength of the vortex rolling up from the lower
surface side to the upper surface side is suppressed. On this account, the aerodynamic
noises are reduced. In the example shown in Fig. 6, the flow suppressing portions 401
are constituted by the projections. However, this is just one example, and the flow
suppressing portion 401 may be formed in a plate shape, constituted by a step formed on
the flap itself, or the like. Fig. 6C is a partial cross-sectional view of the flap main body
and shows a vortex suppressing portion 450 according to Modification Example of
Example 4. As shown in Fig. 6C, the vortex suppressing portion 450 includes a flow
suppressing portion 451. The flow suppressing portion 451 is constituted by a
plate-shaped projection, and the plate-shaped projection is arranged at the leading edge
portion of the upper surface of the tip end portion 11 of the flap main body 11 and
extends in the wing span direction of the flap main body 11. The flow suppressing
portion 451 is formed by continuously integrating the plurality of projections shown in
Fig. 6A in the wing span direction. As with the flow suppressing portions 401 shown 1n
Fig. 6A, the flow suppressing portion 451 is provided so as to project upward from the
upper surface of the flap main body 11. According to this configuration, the air currents
flowing from the leading edge of the flap main body 11 along the upper surface of the
flap main body 11 are easily separated from the surface of the flap main body 11. With
this, the lift generated at the vortex suppressing portion 450 of the flap main body 11
decreases, so that the strength of the vortex rolling up from the lower surtace side to the
upper surface side can be suppressed. On this account, a more significant noise
reduction effect than in the case shown in Fig. 6A can be obtained.

|0037] Example 5 (Ventilation Structure and Cavity)

Fig. 7A is a partial perspective view of the flap main body 11 to which a
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vortex suppressing portion 500 according to Example 5 is applied. Fig. 7B 1s a partial
cross-sectional view of the vortex suppressing portion 500 shown in Fig. 7A.  As shown
in Fig. 7A, the vortex suppressing portion 500 includes a cavity 501, an upper surface
ventilation structure 502. and a side surface ventilation structure 503. The cavity 501 1s
formed inside the tip end portion 1la of the flap main body 11. The upper surface
ventilation structure 502 is provided so as to cover the upper surface of the tip end
portion 11a of the flap main body 11 and constitutes an upper wall defining the cavity
501. The side surface ventilation structure 503 is provided so as to cover a side end
portion of the tip end portion 11a of the flap main body 11 and constitutes a side wall
defining the cavity 501. Each of the upper surface ventilation structure 502 and the side
surface ventilation structure 503 is a mesh-like plate-shaped member or a porous plate
member and is a ventilation structure that partially allows the flow of the air currents.
To be specific, the cavity 501 is defined by the upper surface ventilation structure 502
and communicates with an outside on the upper surface side of the flap main body 11
through the upper surface ventilation structure 502. In addition, the cavity 501 1s
defined by the side surface ventilation structure 503 and communicates with an outside

on the tip end side of the flap main body 11 through the side surface ventilation structure

503.

|0038] According to this configuration, pressure fluctuations are generated on the
surface of the flap by the interference between the vortex rolling up from the lower

surface side of the tip end portion 11a of the flap main body 11 and the surface of the tlap.

However, since the ventilation structures are provided at a position where the vortex
tends to interfere with the flap main body 11, the interference between the vortex and the
flap main body 11 is buffered or absorbed by the upper surface ventilation structure 502,

the side surface ventilation structure 503, and the cavity 501. Therefore, the
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acrodynamic noises generated by the interference between the vortex and the tlap main

body 11 can be reduced.

[0039] Fig. 7C is a partial cross-sectional view of the flap main body and shows a
vortex suppressing portion 550 according to Modification Example of Example 5. As
shown in Fig. 7C, a porous material 554 may be provided in the cavity 501. With this,
the energy of a fluid having flowed into the cavity 501 is favorably absorbed by the
porbus material. Therefore, a further significant noise reduction can be realized.

[0040] Example 6 (Flow Suppressing Portion Provided at Lower Surface of
Main Wing)

Fig. 8 is a partial cross-sectional view of the tip end portion of the flap main
body 11 to which a vortex suppressing portion 600 according to Example 6 1s applied,
and the main wing 3. As shown in Fig. 8, a recess 2a configured to retract the leading
edge portion of the high-lift device is formed at the lower surface side of the trailing edge
portion of the main wing 3. As shown in Fig. 8§, the vortex suppressing portion 600
according to Example 6 includes an opposing portion formed at the leading edge ot the
tip end portion 11a of the flap main body 11. In a state where the high-lift device 3 1s
being extracted from the main wing 2, the opposing portion is close to and opposed to the
lower surface of the trailing edge portion of the main wing 2 in the upper-lower direction.
A projecting portion 601 projecting downward is provided on an upper surface 2b,
defining the recess 2a, so as to be located at a position close to and opposed to the
opposing portion of the flap main body 11. By providing the projecting portion 601, an

opposing interval between the opposing portion and the main wing 3 can be suitably
narrowed. According to this configuration, the narrow space between the opposing
portion and the lower surface of the main wing 2 becomes resistance to the air currents

flowing backward along the lower surface of the main wing 2. With this, the air



CA 02830352 2013-09-16

13

currents flowing along the upper surface of the tip end portion 11a of the flap main body
I1 are locally separated, so that the lift generated at the vortex suppressing portion of the
flap main body decreases. With this, the strength of the vortex rolling up from the
lower surface side to the upper surface side decreases, so that the aerodynamic noises are
reduced.
10041 ] Noise Reduction Effects of Examples

Fig. 9 1s a bar graph showing the noise reduction eftects of the high-lift
devices to which the vortex suppressing portions according to Examples 1 to 6 are
respectively applied. To evaluate and verify the noise reduction etfects of the vortex
Suppressing portions according to Examples 1 to 6, the present inventors have conducted
wind tunnel model experiments. Sound pressure levels at the tip end portion 11a of the
flap main body 11 in a plurality of frequency bands were measured 1n a case where the
flight state 1s a state where the flight vehicle 1s about to land, and the angle of attack 1s 4°,
6°, or 8°. In Fig. 9, the noise reduction effects ot the vortex suppressing portions
according to Examples 1 to 6 are shown by overall values. The overall values are
obtained 1n such a manner that measurements are converted into real-vehicle scale
frequencies, and then a frequency weighting that 1s A weighting 1s applied to the
frequencies.

10042} As shown 1n Fig. 9, 1t became clear that each of the vortex suppressing

portions according to Examples 1 to 6 has a high noise reduction effect unlike the
high-lift device according to Conventional Example. Each ot the vortex suppressing
portions according to Examples 1 to 6 1s formed by changing the shape of the tip end
portion of the tlap main body or the structure of the tip end portion of the flap main body.
Unlike the conventionally proposed noise reduction devices, a large-scale device 1s not

required. Therefore, the weight of the airframe of the flight vehicle increases little, and
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the practicality does not deteriorate.
10043] The foregoing has explained the embodiment of the present invention.
However, the above configurations may be suitably modified within the spirit ot the

present invention.

Industrial Applicability

10044 ] The present invention has an operational advantage of suitably reducing the
aerodynamic noises generated from the high-lift device without increasing the weight ot
the airframe as much as possible and deteriorating the practicality. Thus, 1t 1s usetul to

apply the present invention to the flight vehicle including the high-lift device.

Reference Signs List

[0045] 1  main wing
10  high-lift device
11 tlap main body

100, 200, 300, 400, 500, 600  vortex suppressing portion
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CLAIMS
1. A high-lift device of a tlight vehicle,
the high-lift device comprising:
a flap main body provided at a trailing portion of a main wing of the tlight
vehicle so as to be extracted from and be retracted in the trailing portion and extending in

a wing span direction of the main wing; and

a vortex suppressing portion provided at a tip end portion of the flap main
body in an extending direction of the flap main body and contigured to suppress a vortex
rolling up from a lower surface of the tip end portion of the flap main body to an upper

surface of the tip end portion of the flap main body.

2. The high-lift device according to claim 1, wherein the vortex suppressing

portion is formed by partially cutting out the tip end portion of the flap main body.

3. The high-lift device according to claim 2, wherein the vortex suppressing
portion is formed by partially cutting out the tip end portion of the flap main body such
that a trailing edge end of the tip end portion of the flap main body projects toward a tip
end side in the extending direction more than a leading edge end of the tip end portion of

the flap main body.

4. The high-lift device according to claim 2, wherein the vortex suppressing

portion 1s formed by partially cutting out the tip end portion of the flap main body such
that a leading edge end of the tip end portion of the tflap main body projects toward a tip
end side in the extending direction more than a trailing edge end of the tip end portion of

the flap main body.
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. The high-lift device according to claim 2, wherein the vortex suppressing
portion is formed by partially cutting out the tip end portion of the flap main body such
that: the tip end portion of the flap main body decreases in thickness as 1t extends toward
a tip end side in the extending direction; and an angle between an upper-surface-side

surface of the tip end portion of the flap main body and a lower-surface-side surface ot

the tip end portion of the flap main body becomes 60° or smaller.

0. The high-lift device according to claim 1, the vortex suppressing portion 1S
a flow suppressing portion formed at an upper surface side of a leading edge portion of
the tip end portion of the flap main body and configured to cause a flow along the upper
surface of the tip end portion of the flap main body to be separated from the upper

surface.

7. The high-lift device according to claim 1, wherein the vortex suppressing
portion includes: a ventilation structure provided at at least one of an upper end surface
and side end surface of the tip end side of the flap main body; and a cavity provided at

the tip end portion of the flap main body.

8. The high-lift device according to claim 7, wherein a porous material 1s

provided in the cavity.

9. The high-lift device according to claim 1, wherein the vortex suppressing
portion is a flow suppressing portion formed at a leading edge portion of the tip end

portion of the flap main body, close to and opposed to a lower surtace of the main wing
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in a state where the flap main body is being extracted from the main wing, and causes a

flow along an upper surface of the tip end portion of the flap main body to be separated

from the upper surface.
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