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(54) Title: AERODYNAMIC DEVICE FOR IMPROVEMENT OF SUSTENTATION COEFFICIENT

& (57) Abstract: It is described a non-movable aerodynamic device of fence type (F) installed on the leading edge of a wing (W) of
% an aircraft, close to a slat (S), however said fence is not fastened to said slat, so that when the slat (S) is extended or performs any
& movement, the fence (F) stays immobile, fixed to its position o the leading edge of the wing (W); the fence (F) causes an aerodynamic
& vortex acting on the extra-dorsum (upper area of the wing), which allows to support the existence of a stronger adverse gradient of

=
=

pressure, without aerodynamic loss, with beneficial effect to the wing extra-dorsum; said vortex allows air portions of undisturbed
air flow (area far away from the wing leading edge) be brought close to the surface of the wing (area Z over the wing, closer to the
trailing edge), thus favorably altering the profile of threshold layer in the area (Z), making it more resistant to the aerodynamic loss
and favoring the aircraft operation at low speeds.
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"AERODYNAMIC DEVICE FOR IMPROVEMENT OF
SUSTENTATION COEFFICIENT"

The present invention refers to an aerodynamic
device for performance improvement of an aircraft in low speeds.

Background of the Invention

In a typical mission, an aircraft can operate in
several speeds, according to the phase of that mission. In the
cruise phase, it 1s operated in high speeds. In a take-off
situation, for instance, with ascent and holding (situation where
the aircraft awaits permission for landing), it is operated in
intermediate speeds. In the landing phase typically the aircraft
operates in the lowest speed. It 1is desirable that an aircraft
operates efficiently also in low speeds, because that allows the
aircraft to land in safer conditions, besides being easier to
ratify the aircraft to land in a larger number of runways (since
it is able to land in low speeds, it will also be able to land
in shortest runways).

As the aircraft diminishes the operation speed,
however, an aerodynamic degradation can be verified in the wing
that harms its capacity to produce sustentation. In the specific
literature can be found aerodynamic devices whose function is to
delay the emergence of that degradation and to allow the aircraft
operate with safety at low speeds. Vortex generators fastened to
the leading edge of the wing, aerodynamic fences and vortilons are
examples of those devices.

The patent US 6,152,404 from 11/28/2000, entitled
"Apparatus for influencing a wing root airflow in an aircraft",
which treats of de%ails of aerodynamic devices 1like fences,
clearly describes, for the fence with the function featured in
this subject, that said aerodynamic device (fence) should be
fastened to the slat on the leading edge of the aircraft wing,
accompanying the movement of the slat when it i1s extended, so the
fernice cannot never be in another position. This same document US
6,152,404 even includes cogitations about small changes in the
fence geometry, but it is always fastened to the slat.

Brief Description of the Drawings
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The invention will be widely described based on
the illustrations, where:

Figure 1 shows a perspective view, in details, of
vortex generators fastened to an area near the leading edge of an
aircraft wing, as a state of the art already known;

Figure 2 1illustrates vortex generators fastened
to the fuselage of an aircraft, on the canopy/cockpit area, also
belonging to the state of the known art;

' Figure 3 shows a perspective front view, in
details, of the engine cowling of an aircraft, where a type of
aerodynamic fence from the state of art is installed to maintain
quality of the wing air flow;

Figure 4 is a top view of an exemplary aircraft,
having an indication of detail areas H;

Figure b5a shows a detailed top view of an
aerodynanic device of fence type, fastened to the slat, closed,
corresponding to the solutions found in the state of art. Figure
5a is a zoom view of the area H indicated in figure 4;

Figure 5b illustrates a detailed top view of the
aerodynamic device of fence type, from the state of art, where the
fence is fastened to the slat which is in the extended position
now. Figure 5b is a zoom view of the area H indicated in figure 4;

Figure 6 represents a perspective view, in
details, showing the position of the fence of the present
invention, close to the fuselage, with the slat closed (recoiled
position), on the leading edge of an aircraft wing;

Figure 7 is a three view drawing, in details,
showing the positioning of the fence of the present invention,
with the slat in recoiled position (closed), on the exemplary
aircraft;

Figure 8a shows a top view, in details, of the
aerodynamic device of fence type belonging to the invention, which
is not fastened to the slat but to the leading edge of the wing;
in this view, the slat is in the closed position;

Figure 8b is a detailed top view of the

aerodynamic device of the fence type of the present invention,
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having a trace-dot line indicating a section area X-X; it should
be noticed that the slat is, now, in the extended position;

Figure 9 shows a side view of the wing, according
to the section area X-X in figure 10;

Figure 10 illustrates a perspective view, in
details, of an aircraft equipped with the aerodynamic device of
fence type of the present invention installed on the leading edge
of the wing, where the wvortex formed in the said fence 1is
graphically represented.

Detailed Description of the Figures and Invention

The new aerodynamic device of the invention will
be referred here as an aerodynamic fence, and its function is to
allow the aircraft operate more safely in low speed conditions,
such as upon landing. The fence generates an aerodynamic vortex
that passes over the wing, providing desirable characteristics to
the air flow on this area. As the operational attack angle of an
alrcraft increases in flight, measurements of pressure
distribution reveals that adverse pressure gradients on the extra-
dorsum of the wing increase upon recovery of pressure to the wing
trailing edge, making the air flow on this area prone to suffer
aerodynamic loss. When the aerodynamic loss begins, it is verified
that producing sustentation becomes difficult, what is undesirable
for an aircraft.

Vortex generators (V) fastened along the leading
edge of the wing (W), according to figure 1, belong to the state
of known art. Vortex generators (V) disposed over an aircraft
fuselage are also known, such as on the canopy/cockpit area
(figure 2), having an effect of avoiding aerodynamic loss on the
canopy/cockpit area of the aircraft, but their primordial function
is not to help the aircraft sustentation.

Figure 3 is shows a type of aerodynamic fence (B)
from state of art, which 1is positioned close to the engine
(turbine) cowling (M) of an aircraft, to maintain a good air flow
quality on the wing (W).

In figure 6, the position of the aerodynamic
fence ((F), surrounded by a dotted line) of the present invention,

on the leading edge of the wing (W), can be observed; the fence
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(F) is close to fuselage (E) and the slat on the wing leading edge
is closed (recoiled position).

Figure 5a 1s a top view of an aerodynamic device
(B) of fence type, corresponding to a previously known solution;
the fence (B) is fastened to the slat (S) which, in this figure,
is in recoiled position (closed). In figure 5b the same fence (B)
fastened to the slat (S) can be observed, however the slat is
extended (“open” ©position) now; therefore, according to the
already known state of art, the fence (B) accompanies the movement
of the slat (S). This is the basic difference among the fence (B),
already known, and the new fence adopted by the present invention.

Viewing the figure 6, there is no visual
difference between the proposal of the present invention and the
proposal of the state of art, having the same function, showed in
the figures 5a/bb, if both slats are in recoiled position
(closed) .

For better visualization clarity, figure 4 shows
a top view of an exemplary aircraft with indications of detail
areas (H), each surrounded by a square in full line and showing
the location area of the fence (F - not shown) of the present
invention, where installation of one or more fences (F) 1is
symmetrical for both wings (W) of the aircraft. It can be seen the
proximity of the fence (F) to the fuselage (E) and to the cowling
(M), also as it can be seen in figures 7a, 7b and 7c which exhibit
three view drawings of the position of the fence (F) on the
aircraft. Figure 7a is a side view of the wing (W), figure 7b is a
top view of the aircraft wing, and figure 7c¢ is a frontal view of
the aircraft.

Figure 8 presents a top view of the aerodynamic
device of fence type (F) belonging to the invention, where said
fence (F) is not fastened to the slat (S) but to the leading edge
of the wing (W); in figure 8a, the slat (S) is in the closed
position. Figure 8b shows the same fence (F), however the slat (S)
is extended (“open” position) now. It can be observed a trace-dot
line indicating a section area X-X which is also shown in figure

9.
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In figure 9, corresponding to a side view of the
wing (W), the section area X-X allows visualization of the
extended (“open”) slat (S), evidencinhg the fact that the fence (F)
is fastened to the leading edge of the wing (W). Also it can be
seen the smooth rounded, laminated shape of said fence.

The aerodynamic fence (F) of the present
invention causes an aerodynamic vortex acting on extra-dorsum of
the wing (upper area of the wing), which allows the existence of a
stronger adverse gradient of pressure without occurrence of
aerodynamic loss and having beneficial effect on the extra-dorsum
of the wing.

When aerodynamic air flow occurs, it is noticed
that a threshold layer is formed along the whole surface of the
airplane. The proximity of the fuselage to the wing causes a
confluence of two threshold layers, a layer on extra-dorsum of the
wing and another layer on the wing-fuselage fairing, making the
resulting air flow threshold layer thicker and prone to suffer
aerodynamic loss. The fence of the present invention 4is an
efficient solution against problems due the referred confluence in
area close to the intersection wing-fuselage.

Figure 10 is a perspective view of an aircraft
equipped with the aerodynamic device (fence (F)) of the invention
on the leading edge of the wing (W), where the lines (A) are
representing graphically the vortex formed on the wing (W) on said
fence. The vortex allows that air portions of undisturbed air flow
(area Y over the wing, closer to the leading edge) be brought
close to the surface of the wing (area % over the wing, closer to
the trailing edge). This alters favorably the profile of threshold
layer in the area (Z), making it more resistant to the aerodynamic
loss. Thus, the aircraft resists to larger attack angles without
suffering "stall" and providing, for example, best landing
characteristic. It is important to notice that the effectiveness
of the aerodynamic device is verified only when the slat (S) 1is
extended (“open” position), according to figure 10. The fence (F)
with this element (slat (S)) closed (recoiled) doesn't have

function for the instance of the present invention.
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The fence (F) of the present invention was
developed and it suffered several assays in wind tunnel to prove
its operation and high efficiency, significantly improving the
aircraft performance at low speeds; particularly, there was a
significant improving of the maximum sustentation coefficient
compared to the designs using fences (B) known of the state of
art. Further, wind tunnel assays were made with the same aircraft
without fences, with the aircraft having the fence (B) in the
already known position (figures 5a and 5b - fence fastened to the
slat (S)), and with the aircraft having the fence (F) proposed by
this invention (figs. 8a and 8b). Using the fence (F) of the
invention, the percentile improvement of the sustentation
coefficient compared to the already known solutions (fence B) is
equivalent to the improvement of the already known solutions if
compared to the configuration without fences.

As can be seen, the fence (F) of the present
invention is not fastened to a movable part; to fasten it to a
movable part would require a movable mechanical system having a
strong structure to suppcert the apparatus itself and the eventual
aerodynamic loads. This would make the system unnecessarily
heavier and complex. The fixation on the body (wing) of the
aircraft is much simpler and it demands much less structural
reinforcement.

The fixed (non-movable) portion of the fuselage,
where the fence is fastened (F), is more rigid structurally, thus
the probability of occurrence of structural damage due to
phenomena of interaction flow/structure, such as flutter or
divergence, is smaller.

If the fence (F) requires a heating system due
problems of ice formation, it will be simpler to implement this
system if the fence is fastened to the aircraft, otherwise 1t
would be necessary, for example, to bleed warm fluid from the slat
(S) to the fence area. Also, like the fence (F) is solidary to the
fixed (non-movable) portion of the wing (W), the maintenance is
simpler.

Subjects involving retrofit (determination to

incorporate modifications and improvements to airplanes already
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previously manufactured and dispatched) are easy to solve,
therefore the installation is eventually easier due the fact that
the fence (F) is fastened to a more rigid area of the wing (W) .

An example of a favorite materialization of the
invention was described, thus it should be understood that the
scope of the present invention embraces other possible variations
and it is only limited by the contents of the claims includind its

possible equivalents.
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CLAIMS

1. "ARRODYNAMIC DEVICE FOR IMPROVEMENT OF
SUSTENTATION COEFFICIENT", wherein the aerodynamic device is a
non-movable fence (F) installed to the léading edge of a wing (W)
of an aircraft, close to a slat (S), however said fence is not
fastened to said slat, so that when the slat (8) is extended or
performs any movement, the fence (F) stays immobile, fixed to its
position o the leading edge of the wing (W); the fence (F) causes
an aerodynamic vortex acting on the extra-dorsum (upper area of
the wing), which allows to support the existence of a stronger
adverse gradient of pressure, without aerodynamic loss, with
beneficial effect to the wing extra-dorsum; said vortex allows air
portions of undisturbed air flow (area far away from the wing
leading edge) be brought close to the surface of the wing (area Z
over the wing, closer to the trailing edge), thus favorably
altering the profile of threshold layer in the area (z), making it
more resistant to the aerodynamic loss and favoring the aircraft
operation at low speeds.

2. VWAERODYNAMIC DEVICE” of claim 1, wherein the
fence (F) is positioned on the wing (W) close to the fuselage of
the aircraft, softening the negative effect caused by confluence
of two threshold air layers, a layer on the extra-dorsum of the
wing and another layer on the wing-fuselage fairing.

3. “AERODYNAMIC DEVICE” of claims 1 or 2, wherein
an aircraft equipped with the fence (F) resists to larger attack
angles without suffering "stall" and thus it has Dbetter
operational characteristics in low speed conditions, such as
landing.

4. “AERODYNAMIC DEVICE” of claims 1, 2 or 3,
wherein the beneficial aerodynamic performance of the fence (F)
happens only when the slat (8) is extended (“open” position).

5. WAERODYNAMIC DEVICE” of claims 1, 2, 3 or 4,
wherein the fence (F) causes a significant improvement of the
maximum sustentation coefficient of an aircraft compared to
designs using fences (B) fixed to, and moving together with, slats

(s).
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6. V“AERODYNAMIC DEVICE” of c¢laims 1, 2, 3, 4 or
5, wherein the fence (F) has a smooth rounded, laminated shape.

7. “AERODYNAMIC DEVICE” of claims 1, 2, 3, 4, 5
or 6, wherein the rigid installation of the fence (F) to the
leading edge of the wing (W) has a simpler structure, providing
easier maintenance with lower probability of structural damage due
to phenomena of interaction flow/structure, such as flutter or
divergence, in flight. -

8. “AERODYNAMIC DEVICE” of claims 1, 2, 3, 4, 5,
6 or 7, wherein the installation of the fence (F) is simpler on
alrcrafts already previously manufactured and dispatched

(retrofit).
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Fig.1
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Fig.3
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Fig.4
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Fig.5b
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Fig.6
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Fig. 7¢
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Fig.8a

Fig.8b
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Fig.9

Fig.10
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