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AEROFOILS

FIELD OF THE INVENTION

This invention relates to aerofoils and wings based on aerofoils, and in particular

to methods and devices for reducing or preventing contamination of the same.

BACKGROUND OF THE INVENTION

Contaminants, for example ice, rain, water droplets, sand, smoke particles, dust
particles, or other contaminants that may accumulate on external surfaces of aircraft,
particularly aerofoils and other aerodynamic surfaces, can seriously affect the
aerodynamic performance, in particular the lift and drag characteristics, of the aircraft,

and can also change the weight and centre of gravity of the aircraft.

For laminar wings, relatively minor wing contamination or flow disturbances
(depending on Reynolds number) can produce a complete loss of laminar flow on the
wing surfaces, and the loss of laminar flow results in drag penalties and to deterioration
of maximum lift. However, strong contamination with the ensuing more significant flow
disturbances, may go beyond simple loss of laminar flow and may result in fully
turbulent flow on the wing surfaces. For turbulent wings, increase of flow disturbances
produce a further deterioration of maximum lift and a further increase of drag penalties.
If contamination and the flow disturbances continue to increases, the wings may

become unflyable.

De-icing apparatus are known and operate by periodically removing ice after it
accumulates, by thermal, chemical or mechanical means. Anti-icing apparatus are also

known, and attempt to prevent the formation of ice in the first place.

Thermal anti-icing systems include bleed air systems that use exhaust gas from
the aircraft to heat air which is circulated in ducts running along areas of the aircraft
where it is wished to prevent the ice build up, preventing the ice from forming or
melting the same. Electro-thermal systems use electrically powered heating elements on

these areas of the aircraft.

Other anti-icing systems use a chemical such as antifreeze, injected to the ice-

prone surfaces to prevent the ice from forming. For example, by way of general
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background, in US 5,322,246 a chemical or thermal deicing or running wet anti-icing
device is located in or on the airfoil upstream of an aft facing step situated across the
span of a single element airfoil, and causes water to run back towards the step. The step
suddenly reduces the thickness of the airfoil chord section, which causes a disturbance
in the boundary layer across the span of the airfoil downstream of the step. According to
the patent, the aforementioned disturbance causes runback water to form droplets and be

blown clear of the airfoil surface downstream of the step.

Known anti-icing systems are generally directed to single aerofoil element, and
are not directed to wings based on two-element slotted aerofoils, in particular to the

accumulation of ice, rain or other contaminants on the second element of such aerofoils.

Solutions for dealing with other types of contaminants with respect to aerofoils

or wing surfaces are not generally known or used.

SUMMARY OF THE INVENTION

The present invention relates to methods and devices for reducing or preventing
contamination, in particular ice accretion, heavy rain or other contaminants, on slotted

aerofoils.

Herein, the term "slotted airfoil” refers to two-element airfoils composed of a first
element (also referred to herein as a primary aerofoil element), the main aerofoil body,
and a second element (also referred to herein as a secondary aerofoil element), in the
form of a flap or aileron segment. The second element of slotted airfoils is permanently
separated from the main body by a slot which is substantially open for the airflow at any
deflection of the flap, and the second element does not retract to a retracted position that
results in the substantially closed aerodynamic contours of a single-element airfoil. A
feature of this structure is that it facilitates actuation of the second element through
positive or negative deflection angles. Another feature of this structure is that a box-like
relatively rigid construction may be achieved. With the second aerofoil element
optionally coupled to actuators, the slotted airfoils of the invention provide the features
of adjustable geometry and have built-in options for operating as take-off/landing flaps,

ailerons, airbrake and for providing decambering at maximum speed flight. Slotted
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airfoils according to the invention are mission-adaptive, two-element, high-lift
arrangements, and are inherently high-lift airfoils that are particularly suitable for
development of long endurance UAV and other aircraft, loitering at high lift
coefficients, in particular under unfavorable conditions in which contaminants could

potentially cause an accretion problem and/or increase turbulent flow.

Slotted airfoils according to at least some embodiments of the invention are
essentially high-lift wing sections, that benefit from the airflow through the slot of two-
element arrangement to achieve high maximum lift, and in which passage of
contaminants through the gap and onto the second element is minimized or avoided.
Positive flap deflections of the second element of these airfoils may produce a further
enhancement of maximum lift, and an improvement in minimizing or avoiding
accretion of contaminants, but this may be accompanied with some degradation of their
stall characteristics.

According to one aspect of the invention there is provided a two element aerofoil
comprising a primary aerofoil element including a leading edge of the aerofoil and a
secondary aerofoil element including a trailing edge of the aerofoil, and comprising a
gap (also referred to herein as a slot or as a permanent slot) between said primary
aerofoil element and said secondary aerofoil element, the primary aerofoil element
having at least one parameter (e.g including one or more of a profile, orientation and
location) with respect to a respective at least one parameter (e.g. including one or more
of a respective a profile, orientation and location) of said secondary aerofoil element
configured for minimizing or avoiding accretion of contaminant on said secondary
aerofoil element when subjected to an airflow comprising said contaminant, at least at
one design or predetermined set of conditions. Such a parameter may be a geometric
parameter and/or an aerodynamic parameter. Such a design or predetermined set of
conditions may comprise, for example, a range of flight conditions, or the range of lift
coefficients covering certain mission stages, for example loitering and/or cruising.

The contaminant may be in the form of particulate matter flowing in a
downstream direction with respect to said leading edge of said aerofoil, for example the
particulate matter may comprise at least one of ice, snow, rain, water droplets, sand,

smoke particles or dust particles.
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The pressure surface of said primary aerofoil element may comprise a pressure
surface profile configured for minimizing accretion of said particulate matter on said
secondary aerofoil element. The pressure surface profile may be configured for
minimizing flow into said gap of said particulate matter that may be flowing over said
pressure surface. The pressure surface profile may be configured for minimizing or
preventing flow into said gap of said particulate matter that may be flowing along or
proximate to a boundary layer over said pressure surface.

The pressure surface profile may be further configured to enable airflow through
said gap for enabling aerodynamic operation of said two element aerofoil. The airflow
through said gap may be generally consistent with providing high lift aerodynamic
characteristics to said aerofoil.

The aerofoil may comprise a profile configured to ensure that, i.e. compelling, at
least some streamlines proximate to said pressure surface of said primary aerofoil
element follow a path including over a suction surface of said secondary aerofoil
element via said gap, while concurrently providing, i.e. imparting, a trajectory to
particulate matter flowing proximate to said pressure surface of said primary aerofoil
element such as to cause said particulate matter to overshoot said gap.

In at least some embodiments, the pressure surface profile extends outwardly
along at least a portion of the chord of said primary aerofoil element with respect to a
baseline pressure surface profile. In at least one embodiment, the pressure surface
profile comprises a generally convex curvature along a portion of the chord of said
primary aerofoil element, said portion being intermediate between said leading edge of
the aerofoil and a trailing end of said primary aerofoil element Such a generally convex
curvature may comprise any suitable outwardly-curved profile, and is not restricted to a
rounded curvature as in the outside of a cylinder. In at least another embodiment, the
pressure surface profile comprises a generally concave portion configured for imparting
a centrifugal force component to said particulate matter, and a downstream generally
convex portion joined thereto at an inflexion point. The generally concave portion may
comprise any suitable inwardly-curved profile, and is not restricted to a rounded
curvature as in the inside of a cylinder. In yet another embodiment, the primary element
comprises a first cross-sectional thickness that effectively overlaps a second cross-
sectional thickness of the secondary element when viewed from the flow direction

upstream of the aerofoil, at angles of attack of at least zero and close thereto, and, as
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before, the generally concave portion may comprise any suitable inwardly-curved
profile, and is not restricted to a rounded curvature as in the inside of a cylinder. The
extent and curvature of each of the convex and concave portions may be determined on
a case-by-case basis. In some embodiments, the primary element may comprise a first
cross-sectional thickness having a boundary corresponding to the pressure side of the
primary element that effectively overlaps at least an upstream portion of the pressure
surface of the secondary element when viewed from the flow direction upstream of the
aerofoil.

For example, the secondary element may be configured for selective deflection in
the range between about +25° and about -25° degrees.

In at least some embodiments, the extent to which the main aerofoil element can
provide shielding to the secondary element generally depends on the flight regime in
which the aircraft/wing is flying, and thus on the respective lift coefficient and angle of
attack of the wing. (It is to be noted that in practice a wing is often mounted onto a
fuselage at some positive incidence, increasing the lift at zero angle of attack (CL0) and
decreasing actual flight angles of attack measured with respect to the body, and that 3-
dimensional effects of real wings often need to be taken into account when considering
wing performance based on 2-dimensional models.) Such flight regimes may include,
for example, loitering at high lift coefficients (CL~1.5-1.7), cruising flight at medium
lift (CL~1.0-1.2) and high speed flight at small lift coefficients (CL~0.3-0.5). In some
embodiments, the aircraft comprising wings based on such aerofoils may be designed
for high loitering lift coefficients, flying at relatively high positive angles of attack — for
example a UAV. At such conditions, the second aerofoil element may be exposed to the
airflow with contaminants such as ice, or water droplets, and the shielding effect
provided by the main aerofoil element may not be very high. This situation may be
alleviated in a number of ways. For example, the angle of attack at loitering may be
decreased, flying the aircraft at smaller lift coefficients while trying to provide some
shielding effect on the second element by means of the main aerofoil element. This
option, however, reduces the loitering efficiency of high-lift flight.

Another option for enhancing shielding effect of the main aerofoil element is
reducing the angle of attack while compensating with concurrently providing positive
deflection angle of the secondary aerofoil element — this provides the required lift

coefficient for high-lift loitering flight, and provides an additional benefit in shielding
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effect, relative to providing the required lift coefficient by means of angle of attack only
with zero deflection of the secondary element. Note, that for flight at difficult weather
conditions, the flow over the wing is expected to be turbulent with resulting degradation
of maximum lift of the aircraft. Considering speed safety margin, the loitering lift
coefficients are often reduced accordingly, helping, at the same time, to improve the
shielding effect. For this case, positive flap deflections help to recover the maximum lift
of configuration and decrease further a required loitering angle of attack.

The range of design angles of attack that may provide shielding may vary for
different design cases, depending on airfoil geometry (especially the shape of lower
surface), design loitering lift coefficient, lift coefficient at zero angle of attack (Cy),
wing incidence on fuselage (iy), etc. Once an acceptable level of shielding effect at high
loitering lift coefficient is achieved for an aerofoil design (typically the most difficult
case because of flap exposure to airflow is maximum), shielding of the secondary
aerofoil element at other flight regimes such as cruise and maximum speed flight is
automatically achieved because of reduced angles of attack in these regimes.

As discussed, another option according to the present invention is to provide a
pressure surface contour that provides shielding by inducing particle trajectories for
contaminants that effectively overshoot the leading edge of the secondary element, even
at positive angles of attack. In one variation of this option a removable panel is provided
at the aft portion of the pressure surface of the main aerofoil element, while in another
variation, the main aerofoil body is integrally formed with such a pressure surface
contour. This may be further supported by also providing positive secondary element
deflections for reduction of required loitering angle of attack.

Alternatively, such panels may be designed for installation at mid and forward
portions of the pressure surface of the main aerofoil element.

In some embodiments, the acrofoil may be configured as a high lift two element
aerofoil.

According to another aspect of the invention, the aerofoil may comprise at least
one of the aforesaid features and elements according to the first aspect of the invention,
and furthermore, the leading edge of said primary aerofoil element is blunt having a first
leading edge radius, wherein a ratio of said first radius to a chord of said aerofoil is
greater than a threshold value, said threshold value representing a minimum radius to

chord ratio obtained from geometric data of NACA 4-digit aerofoils at a comparable
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value of thickness to chord ratio to that of said aerofoil. Optionally, a leading edge of
said secondary aerofoil element may also be blunt having a second leading edge radius,
wherein a ratio of said second radius to a chord of said second element is greater than a
threshold value, said threshold value representing a minimum radius to chord ratio
obtained from geometric data of NACA 4-digit aerofoils at comparable value of
thickness to chord ratio to that of said second element.

According to other aspects of the invention, there is provided a wing wherein at
least a span portion thereof is based on at least one aerofoil as defined herein.

According to other aspects of the invention, there is provided an air vehicle
comprising a wing wherein at least a span portion thereof is based on at least one
aerofoil as defined herein. The wings may be the main lift-producing wings of said air
vehicle. For example, the air vehicle may be an Unmanned Air Vehicle (UAV), in
particular adapted for long range endurance and loitering.

According to yet another aspect of the invention there is provided a method for
minimizing or avoiding accretion of contaminant on a two element aerofoil, said
aerofoil comprising a primary aerofoil element including a leading edge of the aerofoil
and a secondary aerofoil element including a trailing edge of the aerofoil, and a gap
therebetween, the method comprising providing the primary aerofoil element with at
least one of a profile, orientation and location with respect to a respective at least one of
a profile, orientation and location of said secondary aerofoil element such as to
minimizing or avoiding accretion of contaminant on said secondary aerofoil element
when subjected to an airflow comprising said contaminant, at least at one design set of
conditions.

The method may comprise aligning said primary aerofoil element at an angle of
attack, and aligning said secondary aerofoil element at a deflection angle with respect to
the primary aerofoil element, such as to ensure some streamlines proximate to a
pressure surface of said primary aerofoil element follow a path to a suction surface of
said secondary aerofoil element via said gap, while concurrently providing a trajectory
to particulate matter flowing proximate to said pressure surface of said primary aerofoil
element such as to cause said particulate matter to overshoot said gap and not impinge
on the leading edge of the secondary aerofoil element. Optionally, said angle of attack
and said deflection angle are such as to enable said primary aerofoil element to

effectively shield the secondary aerofoil element from said particulate matter. For
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example, said angle of attack may be non-positive, and said deflection angle may be
positive.

According to yet another aspect of the invention there is provided a method for
designing a two element aerofoil comprising a primary aerofoil element including a
leading edge of the aerofoil and a secondary aerofoil element including a trailing edge
of the aerofoil, and a gap therebetween, the method including the step of generating an
aerofoil profile such as to ensure that at least some streamlines proximate to a pressure
surface of said primary aerofoil element follow a path including over a suction surface
of said secondary aerofoil element via said gap, while concurrently providing a
trajectory to particulate matter flowing proximate to said pressure surface of said
primary aerofoil element such as to cause said particulate matter to overshoot said gap.

According to yet another aspect of the invention there is provided a method for
operating an air vehicle comprising:

- providing said air vehicle with wings according to some aspects of the
invention;

- flying the air vehicle at adverse conditions including contaminants in the air
flow.

A feature of at least some embodiments of the invention is that in adverse icy
conditions, for example, ice accretion on the second aerofoil element is reduced or
altogether avoided, which could otherwise produce severe deterioration of control of,
and/or of the efficiency or lift generated by, the aerofoil — which in extreme cases could
prevent rotation of the second element and lead to complete loss of control power. The
profile of the main element of the aerofoil with respect to the secondary element, and/or
one or both of the location and orientation of the secondary element with respect to the
primary aerofoil element can provide a beneficial shielding effect on the secondary
element, preventing ice formation on the leading edge thereof. At the same time, this is
achieved while providing attached flow around the primary and secondary elements,
and through the slot.

By convex, or generally convex, is meant that a surface bulges in a generally
outward direction, though the shape of the surface is not necessarily cylindrical, and
thus the terms convex or generally convex include any surface in which the rate of
change of slope of the surface is generally reducing towards the peak of the surface.

Conversely, by concave, or generally concave, is meant that a surface bulges in a
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generally inward direction, or that a surface bulges in an outward direction but in a
manner in which the rate of change of slope of the surface is generally increasing
towards the peak of the surface, though the shape of the surface is not necessarily
cylindrical. Thus, when referring to a surface or a cross-section of a surface, the terms
convex or generally convex are herein also taken to refer to a profile of the surface or
cross-section of the surface wherein normals to the profile along consecutive or adjacent
points on the profile generally diverge from one another, while the terms concave or
generally concave are herein also taken to refer to a profile of the surface or cross-
section of the surface wherein normals to the profile along consecutive or adjacent

points on the profile generally converge towards one another.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out in
practice, embodiments will now be described, by way of non-limiting example only,
with reference to the accompanying drawings, in which:

Fig. 1 illustrates an aerofoil section according to a first embodiment of the
invention.

Fig. 2 is an isometric view of a wing element based on the aerofoil embodiment
of Fig. 1.

Fig. 3 schematically illustrates a variation of the embodiment of Fig. 1.

Fig. 4 schematically illustrates another variation of the embodiment of Fig. 1.

Fig. 5 schematically illustrates operation of the embodiment of Fig. 1 in the
presence of particular contaminants in the airflow.

Fig. 6(a) illustrates a threshold of leading edge radius to chord ratio vs.
thickness to chord ratio, obtained from NACA 4-digit aerofoils; Fig. 6(b) illustrates
leading edge geometry of the embodiment of Fig. 1, including a large leading edge
radius and a protection area (region of reduced curvature) downstream of the leading
edge radius along the suction surface.

Fig. 7 illustrates an aerofoil section according to a second embodiment of the

invention.
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Fig. 8(a) and Fig. 8(b) respectively compare lift coefficients and drag polars,
between the embodiment of Fig. 1 and a baseline aerofoil, which are comparatively
illustrated in Fig. 8(c).

Fig. 9(a) and Fig. 9(b) compare for lift coefficients of 1.7 and 0.6, respectively,
pressure distributions obtained with the embodiment of Fig. 1 and a baseline aerofoil.

Fig. 10(a) provides distributions of skin friction coefficients obtained with a
baseline aerofoil (illustrated in Fig. 10(b)) at a number of lift coefficients.

Fig. 11(a) provides distributions of skin friction coefficients obtained with the
embodiment of Fig. 1 (also illustrated in Fig. 11(b)) at a number of lift coefficients.

Fig. 12(a) and Fig. 12(b) respectively compare lift coefficients and drag polars,
between the embodiment of Fig. 7 and a baseline aerofoil, which are comparatively
illustrated in Fig. 12(c).

Fig. 13(a) and Fig. 13(b) compare for lift coefficients of 1.7 and 0.6,
respectively, pressure distributions obtained with the embodiment of Fig. 7 and a
baseline aerofoil.

Fig. 14(a) provides distributions of skin friction coefficients obtained with the
embodiment of Fig. 7 (also illustrated in Fig. 14(b)) at a number of lift coefficients.

Fig. 15 compares the geometric profiles of the embodiments of Fig. 1 and Fig. 7
with the geometric profile of a baseline aerofoil.

Fig. 16(a) and Fig. 16(b) compare preliminary calculations of ice accretion
profiles obtained with the embodiment of Fig. 7 and a baseline aerofoil, respectively, at
conditions of: C;=1.5; Velocity = 36m/s; exposure time = 30 minutes.

Fig. 17 lists normalized coordinates of the datum aerofoil of Fig.1.

Fig. 18 lists normalized coordinates of the aerofoil according to the first
embodiment of the invention.

Fig. 19 lists normalized coordinates of the aerofoil according to the second
embodiment of the invention.

Figs. 20(a) and 20(b) compare the lift coefficients obtained with a baseline
aerofoil and with the embodiment of Fig. 7, for a range of positive and negative

deflection angles for the secondary aerofoil element in each case.



10

15

25

30

WO 2010/032240 PCT/IL2009/000903

-11-

DETAILED DESCRIPTION OF EMBODIMENTS

According to a first embodiment of the invention, and referring to Fig. 1, a
slotted aerofoil generally designated 300 may be based on a baseline aerofoil 200, or at
least may be referenced to baseline aerofoil 200 for convenience, the baseline aerofoil
200 having substantially similar geometrical properties with respect to aerofoil 300. The
main geometrical difference between the slotted aerofoil 300 and the baseline aerofoil
200 is that in the slotted aerofoil 300 the primary aerofoil element thereof has a profile
configured for minimizing accretion of contaminant on the secondary aerofoil element,
while the baseline aerofoil 200 is designed based on design rules that do not include
specifically providing the primary aerofoil element thereof with a profile specifically
configured for minimizing accretion of contaminant on the secondary aerofoil element.
The baseline aerofoil 200 may be regarded as having a geometrically substantially
identical suction surface and secondary element as for the aerofoil 300.

Slotted aerofoil 300 may be provided for any suitable wings, for example high
lift wings of an aircraft, in particular a fixed wing of an aircraft. For the purpose of
example, such an aircraft is described herein as a fixed-wing aircraft, comprising a
regular subsonic/transonic configuration, having a fuselage section, main wings,
empennage (e.g. tailplane, vertical stabilizer), and a propulsion system, but may instead
include, mutatis mutandis, any other type of aircraft, for example: rotor-wing aircraft
including helicopters; gliders; subsonic/transonic aircraft having canards rather than a
tailplane; general aviation aircraft, cruise missiles or other air-delivered ordinance, and
O on.

By way of non-limiting example, and referring to Fig. 2, a wing element 100 of
a wing is illustrated, based on aerofoil 300, the wing having for example a substantially
rectangular plan shape. The wing element 100 may comprise a portion of the span of the
wing, or the full span of the wing (port and/or starboard) of the aircraft. The leading
edge 52 of the wing element 100 is substantially rectilinear and has a substantially zero
sweep angle. The wing element 100 is illustrated having a taper of about 1.0, between
the two lateral ends thereof, referred to as the root 51 and the tip 53 of wing element
100. The trailing edge 54 of the wing element 100 is also substantially rectilinear and
comprises a substantially zero sweep angle. In alternative variations of this
embodiment, the wing element 100 may have a different plan form, for example: swept-

back or swept forward, and/or with a different taper ratio (along the full wing, or
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different taper ratios for different wing elements); and/or having a different plan form,
including curved leading edges and/or trailing edges such as an elliptical form, for
example; and/or at least some portion of the wing may have a positive, negative or zero
dihedral angle; and so on, as appropriate.

Referring also to Fig. 1, the wing element 100 is based on two-element slotted
aerofoil 300, having a substantially static primary aerofoil element 32 and an optionally
pivotable secondary aerofoil element 34. The primary element 32 comprises the leading
edge 38 of the aerofoil, which coincides with the leading edge 52 of the wing element
100, and major portions 31a, 33a, of the suction surface 31 and pressure surface 33
thereof, respectively, and a trailing end 38a. The secondary element 34 comprises the
trailing edge 39 of the aerofoil, which coincides with the trailing edge 54 of the wing
10, and minor portions 31b, 33b, of the suction surface 31 and pressure surface 33
thereof, respectively. A slot 55 separates the leading edge 35 of the secondary element
34 from the trailing portion 36 of the primary element 32. For example, the slot S5 may
have a width of between about 1% to about 2%, or more, of the aerofoil chord in a non-
deflected position of the flap element, though the precise form and width size of the slot
55 may generally depend on the particular mode of operation of the wing. Optionally,
the hinge point 59 of the secondary element 34 is outwardly displaced with respect to
the lower (pressure) surface of the secondary element 34. A suitable actuation
mechanism (not shown) may optionally be provided for actuating the secondary element
34 to adopt the range of positive and/or negative deflection angles desired to enable the
same to function as ailerons, flaps and so on. Additionally or alternatively, the
secondary element 34 may be spatially and/or rotationally fixed with respect to the
primary element 32, and further optionally, the secondary element 34 may comprise or
may constitute control surfaces such as ailerons, flaps and so on, that are pivotable with
respect to the secondary element 34.

The primary element 32 comprises a profile, in relation to the secondary element
34 for at least one range of design angle of attack and at least one range of secondary
element deflection angle, such that the leading edge 35 of the secondary element 34 is
effectively shielded with respect to particulate matter that may be flowing along the
pressure surface 33a of the primary element 32.

In the embodiment of Fig. 1, the pressure surface 33a of the primary element 32

extends outwardly with respect to a baseline pressure surface profile 233 associated
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with said baseline aerofoil 200. It is apparent that in this embodiment the thickness t of
the primary element 32 just upstream of the gap 55 is greater than and overlaps the
maximum thickness of the secondary element 34, as seen along the general flow
direction F, and thus the secondary element 34 is not outwardly displaced with respect
to the lower (pressure) surface of the secondary element 34 in a direction generally
orthogonal to direction F, for a range of angles of attack a starting from 0 degrees or
greater.

The profile of pressure surface 33a comprises an outwardly extending or generally
convex curvature, with respect to the corresponding profile of the baseline pressure
surface profile 233, along at least a portion X1 of the pressure surface 33a, said portion
X1 being intermediate between the leading edge 38 and a trailing end 38a of the
primary aerofoil element 32. In this embodiment, this portion X1 is a downstream
portion, wherein the profile of the pressure surface 33a begins to depart from that of
baseline pressure surface profile 233 at a point A downstream of the leading edge 38,
peaks at point B, within the second half of the chord of the main aerofoil element, and
returns to the baseline pressure surface profile 233 at point C proximate to the trailing
end 38a. The additional thickness At of the pressure surface X1 with respect to surface
profile 233 thus increases smoothly from nominally zero at A to a maximum at B and
back to nominally zero again at C smoothly, providing a generally convex surface.

In particular, and referring also to Fig. 5, the profile of aerofoil 300, specially of
the portion X1 of the pressure surface is such as to ensure that the airflow over the
aerofoil is still maintained — i.e., the flow represented by some streamlines proximate to
the pressure surface 33a of the primary aerofoil element 32 follow a path close to the
pressure surface 33a, some streamlines 72 close to the pressure surface 33a passing
through gap 55 and proceeding over the suction surface 31b of said secondary aerofoil
element 34, thereby avoiding separation of the flow with respect to the pressure surface
33a and gap 55, while other streamlines 73 further outboard pass over the pressure
surface 33b of the secondary element 34. At the same time, the profile or form of the
portion X1 is such as to concurrently provide a trajectory 71 to particulate matter p
flowing proximate to the pressure surface 33a, for example along streamline 72, such as
to cause said particulate matter to overshoot the gap 55 and flow over the pressure
surface 33b of the secondary element 34. This configuration for the aerofoil 300, and

particularly the pressure surface 33a, enables the aerofoil 300 to operate as a two-
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element aerofoil, in a similar manner to the baseline aerofoil 200 (possibly with less
performance), but at the same time avoids entrainment of particulate matter p towards
the gap 55, and therefore minimizes the possibility or degree of impact and accretion of
such matter on the leading edge 35 of the secondary element 34.

While in this embodiment, portion X1 is envisaged as the actual pressure surface
of the aerofoil 300 and integral therewith, it is to be noted that aerofoil 300 may instead
be constructed by adding a suitably-shaped aerofoil accessory or attachment 350 having
an external profile corresponding to that of portion X1, to fit onto the aerofoil 200, such
as to essentially replace part of the pressure surface of the aerofoil 200 with a profile
provided by the attachment 350. Thus a wing portion based on aerofoil 200 may be
converted, permanently or temporarily, to a wing portion based on aerofoil 300 by
mounting or otherwise attaching to the pressure surface of the wing a wing accessory
based on attachment 350, to effectively change the profile of the wing from that
corresponding to aerofoil 200, to that corresponding to aerofoil 300.

In alternative variations of this embodiment, and as illustrated in Fig. 3 and Fig. 4,
the profile of pressure surface 33a may comprise an outwardly extending convex
curvature, with respect to the corresponding profile of the baseline pressure surface
profile 233, along at least a portion X2 or X3, respectively, of the pressure surface 33a,
rather than the aforesaid portion X1. While portion X2 or portion X3 are also
intermediate between the leading edge 38 and a trailing end 38a of the primary aerofoil
element 32, portion X2 is a generally upstream portion, and X3 is a mid portion. In
portion X2, the profile of the pressure surface 33a begins to depart from that of baseline
pressure surface profile 233 at or close to the leading edge 38, peaking close thereto,
within the first half of the chord of the main aerofoil element, and returning to the
baseline pressure surface profile 233 at point upstream of the trailing end 38a. In portion
X3, the profile of the pressure surface 33a begins to depart from that of baseline
pressure surface profile 233 at a point downstream of the leading edge 38, peaking at a
point approximately intermediate of the chord of the main element 32, and returning to
the baseline pressure surface profile 233 at point upstream of the trailing end 38a.

While the following is directed to the first embodiment based on the portion X1, it
applies, mutatis mutandis, also to alternative variations of the first embodiment based
on portion X2 or portion X3, for example. The streamline 72 and particle trajectory 71

follow different paths at a particular region 70, in which there is a gradual deviation of
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the trajectories of water droplet or other particulate matter p from the general airflow
direction, on the pressure surface 33a, and, without being bound to theory, may utilize
the different inertial properties of air and of the particulate matter p, for example in the
form of water droplets, snow or ice fragments, etc. This region 70 may be characterized
in providing a change in the flow direction that is too sharp to be negotiated by the
particulate matter p, while providing a positive pressure gradient, or at least a
sufficiently mild adverse pressure gradient that would not cause the corresponding
airflow to become detached from the pressure surface 33a and to flow directly to the
pressure surface 33b, rather than to flow through gap 55.

Thus, in the embodiment of Fig. 4, and more so with the embodiment of Fig. 3,
mutatis mutandis, the corresponding deviation point or region, 70' and 707,
respectively, is further upstream with respect to the leading edge 38 than in the
embodiment of Fig. 1. Further, it is to be noted that at high speed flight there is a
particular beneficial shielding effect provided by the primary aerofoil element because
of the generally small (and sometimes even negative) angle of attack, and the
embodiment of Fig. 4 and particularly the embodiment of Fig. 3, may provide enhanced
shielding in these conditions, relative to the embodiment of Fig. 1.

In the embodiment of Fig. 1, region 70 is relatively close to the second aerofoil
element — this provides an advantage in that it is more difficult for the particles in the air
stream to follow the fast change in geometry, in particular the surface contour, and thus
for the trajectory of the particles to recover and reemerge with the original streamlines.
At the same time, aerodynamic contouring of the portion X1 is made such as to ensure
that there is still attached flow through the slot, and thus minimize loss of aileron
efficiency provided by rotation of the secondary element.

By providing the region 70 at the mid or forward position along the pressure
surface, as exemplified at 70" and 70' in the embodiments of Fig. 4 and 3, respectively,
aerodynamic shaping is easier for minimizing said loss of aileron efficiency. On the
other hand the greater distance to the secondary element from the respective region 70’
or 70" increases the possibility of the particles to return to the airstream trajectories, and
thus potentially reduces the shielding effect of the corresponding portions X3, X2,
respectively. The optimal position for the region — whether 70, 70' or 70" - may depend

on a number of factors, including one or more of air vehicle size (the length of wing
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chords), flight airspeeds, the size of water droplets or other contaminants, initial shape
of the lower surface of the main aerofoil element, and so on.

Thus, the location and local geometry of this region 70 may vary depending on a
number of conditions, and in general, the region 70 may be associated with point B, for
example at point B or a relatively short distance upstream or downstream with respect
thereto.

For example, the larger the size and mass of the particles, the more upstream the
region 70 will tend to be, and the more moderate the curvature of the pressure surface
needs to be to provide the required deviation of particles so as to overshoot the gap.

Other conditions may include:-

- Speed and/or momentum (or size) of the particulate matter p flowing over
the pressure surface 33a; the higher the speed and/or momentum (or size),
the further upstream point 70 may be and/or the less severe the change in
direction of stream line 72 at and past point 70 needs to be.

- The location and geometry of the secondary element 34 with respect to the
primary element 32.

- The size and shape of the gap 55.

Furthermore, limitations on maximum flight airspeed and effect of the portion X1

(or X2 or X3) on the effectiveness of the second element operating as an aileron or flap
may also influence the position of profile of the portion X1 (or X2 or X3, depending on
the particular embodiment).

Figs. 8(a) and 8(b) compare the lift coefficient as a function of angle of attack a,
and drag polars, respectively, obtained with a baseline aerofoil and an aerofoil
according to the first embodiment of the invention (for convenience also illustrated in
Fig. 8(c)), based on CFD methods. The coordinates of the two aerofoils are given in
Figures 18 and 17, respectively. Figs. 9(a) and 9(b) compare the pressure distributions
obtained with a baseline aerofoil and an aerofoil according to the first embodiment of
the invention, based on CFD methods, at lift coefficient of 1.7 and 0.6, respectively.
Fig. 10(a) provides, for the baseline aerofoil (for convenience also illustrated in Fig.
10(b)), skin friction coefficient as a function of chord, for lift coefficients of 0.2, 0.5 and
1.0, based on CFD methods. Fig. 11(a) provides, for the aerofoil according to the first

embodiment of the invention (for convenience also illustrated in Fig. 11(b)), skin



10

15

20

25

30

WO 2010/032240 PCT/IL2009/000903

-17 -

friction coefficient as a function of chord, for lift coefficients of 0.6, 1.0, 1.7, based on
CFD methods.

Alternatively or additionally, the position of the second element 34, and/or its
thickness, relative to the position and/or thickness of the primary element 32 may also
be modified such that the primary element 32 effectively shields the secondary element
34 from the flow trajectory of the particulate matter, the local geometry of the two
elements still being sufficient form enabling the airflow to flow over the same and
through the gap.

By way of non-limiting example, the datum aerofoil 300 may comprise an 18%
thickness ratio, and has Rédesign=1.0*106, though clearly the datum aerofoil may
comprise other characteristics, mutatis mutandis, such as design lift coefficient
(Clgesign=1.7 in the case of datum airfoil), different main body/flap chord ratios (for
datum airfoil the flap chord is 30% of the total airfoil chord), etc.

Aerofoil 300 may be designed or generated in a number of ways. For example,
the baseline aerofoil 200 is first designed according to the regular criteria to provide the
desired performance to the aerofoil 200 in the absence of contaminants such as for
example rain, ice, snow, and so on.

Then a number of iteration loops are conducted. In each loop, the profile of the
pressure surface 33a is extended in at outward direction by a predefined increment, and
for example this may take the form of a percentage of the thickness of the main element
32, at a particular position — point B or close to a candidate point 70 (Fig. 5) — the
extension of the surface decreasing on either side of this point towards points A and C
in a generally smooth manner. The performance of the modified aerofoil is then
estimated using known methods — for example CFD programs, wind tunnel testing and
so on. The trajectory of particulate matter flowing close to the pressure surface 33a is
also calculated, using for example two-phase flow (e.g., air and water droplets) CFD
programs having an inertia option for the flow. If the performance of the modified
aerofoil and/or the trajectory of the particulate matter p is not acceptable, the aerofoil
profile is again changed, for example by changing one or more of the amount of the
projection, the location of the maximum projection and the profile of the pressure
surface 33a between point B and points A and C. The trial and error approach may be
continued until a suitable compromise between aerofoil performance and particulate

trajectory is achieved. Of course, in some cases it may also be possible to change other
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parameters of the aerofoil, such as for example the chord and/or thickness of the main
element 32, the position and/or profile of the second element 34, and so on.

Furthermore, the above iteration procedure may be repeated for a range of
angles of attack of the aerofoil, wherein small or negative angles of attack may provide
the desired effect in particulate trajectory, though at a performance penalty compared
with higher angles of attack.

The possibility of flow separation at the slot region is a factor that additionally
may be analyzed and corrected if necessary at each design iteration. In general, at small
lift coefficients there is a conflict between the requirement to avoid ice accretion on
secondary element, which may be configured for operating as flaps and/or ailerons, for
example, and the desirability to minimize drag penalties due to flow separation and
resulting limitation on maximum speed flight. On the other hand, at high lift
coefficients, due to angle of attack effect, the second element is more exposed,
relatively speaking, to the airflow, carrying particulate matter, such as water droplets
etc., for example, and at least according to one aspect of the invention this may be
considered as a baseline case for ice accretion on the secondary element, and most of
iterative design efforts may correspondingly be directed to such a case, for example. In
the high lift case, flow separation at the slot region is generally highly unlikely because
of favorable accelerating pressure gradient.

Thus, such an iterative design process can be focused on providing a
compromise between accretion at high lift coefficients (loitering flight) and flow
separation at small lift coefficients (maximum speed flight). The compromise may
include the limitations on maximum speed flight and may also include the limitations on
minimum speed flight also.

Furthermore, in variations of the first embodiment in which the second element
34 may be deflected, the above iteration process may be repeated for a number of
different deflection angles, wherein relatively large positive deflections may provide the
desired effect in particulate trajectory. Negative deflections of the second element 34
(effectively resulting in wing decambering) are generally beneficial for drag recovery at
high-speed flight (small lift coefficients). However, increased angle of attack is required
to provide the same lift coefficient as for the non-deflected case, and this is unfavorable
for accretion on the second element, for example ice accretion, because the second

element 34 is then more exposed to the airflow with water droplets. On the other hand,
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positive deflection of the second element 34 decreases the required angle of attack for a
given lift coefficient, effectively improving the favorable shielding effect of the main
body at all angles of attack. However, at small lift coefficients (high-speed flight), this
may accelerate flow separation on the lower surface of the main body 32, while at high
lift coefficients, ice or other particulate accretion on positively deflected flap segment
(second element 34) may trigger the stall of this element and stall of the wing.
Accordingly, the iterative design positive is preferably augmented with suitable wind
tunnel and other testing of a design for the aerofoil.

It is to be noted that the wing element 100 may comprise the same aerofoil
profile 300 along the span thereof, or alternatively, the aerofoil profile may vary along
the span. In the latter case, the acrofoil shape itself may remain the same, but the size
thereof may vary — for example the chord may increase from tip 53 to root 51, or
alternatively, the shape may also change, for example providing a different thickness
chord ratio at the tip 53 to that at the root 51. In each case, the corresponding aerofoil
sections may be designed as disclosed herein for aerofoil 300, mutatis mutandis.

According to another aspect of the invention, the leading edge 38 of the main
element 32 and/or the leading edge 35 of the secondary element 34 may comprise a
relatively large radius to minimize accretion thereat.

Referring to Figs. 6(a) and 6(b), the leading edge radius of the leading edge 38,
as a percentage of the aerofoil chord, i.e., ratio (x/c) of aerofoil 300, may be greater than
that provided by the threshold Q, for a given thickness to chord ratio (t/c) for the
aerofoil 300. For example, for a t/c ratio of about 15%, the r/c ratio can be greater than
about 2.5%. Similarly, Fig. 6(a) can also be used to provide, mutatis mutandis, an
indication of leading edge 35 radius of the secondary element 34 according to this
aspect of the invention, wherein the leading edge radius of the leading edge 35, as a
percentage of the second element chord (xr'/c') may be greater than that provided by the
threshold Q, for a given thickness to chord ratio (t'/c") for the second element, and for
example, for a t'/¢' of about 15%, the r'/c' ratio can be greater than about 2.5%.

The threshold Q is defined herein as a best fit curve through a series of data
points relating to the leading edge radius to chord ratio and thickness to chord ratio of
the NACA 4-digit series of aerofoils. Threshold Q may be approximated by two linear
distributions: distribution Q1 for t/c less than about 10%, and distribution Q2 for t/c
greater than about 11%.
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Furthermore, the leading edge geometry for the leading edge 38 and/or the leading
edge 35 may include a circular arc portion AC associated with the corresponding relatively
large leading edge radius, and a "protection area" or "protection region" AP on the suction
surface immediately downstream of the leading edge circular portion having an increased
local radius (reduced curvature) with respect to portion AC, and which serves to prevent or
reduce a leading edge suction peak at high lift coefficients, providing high values of
maximum lift for the aerofoil. This leading edge geometry may also be beneficial in
reducing the effect of particulate accretion, in particular ice accretion or the like,
facilitating spreading of the ice around the leading edge and delaying formation of horn ice
on the leading edge.

Referring to Fig. 7, a slotted aerofoil 400 according to a second embodiment of
the invention comprises all the elements as disclosed for the first embodiment, mutatis
mutandis, the main difference being that in the second embodiment, the primary
element is configured for providing a stronger shielding effect to the second element of
the aerofoil than with the first embodiment. Similarly, a wing element may be based on

aerofoil 400, mutatis mutandis.

Thus aerofoil 400, which can also be compared to or based on reference aerofoil
200, and comprises a substantially static primary aerofoil element 432 (comprising
leading edge 438, major portions 431a, 433a, of the suction surface 431 and pressure
surface 433 thereof, respectively, and a trailing end 438a), and an optionally pivotable
secondary aerofoil element 434 (comprising the trailing edge 439 of the aerofoil, and
minor portions 431b, 433b, of the suction surface 431 and pressure surface 433 thereof,
respectively) and a slot 455 separating the leading edge 435 of the secondary element
434 from the trailing portion 436 of the primary element 432.

In the second embodiment, the profile of pressure surface 433a also comprises an
outwardly extending curvature, with respect to the corresponding profile of the baseline
préssure surface profile 233, along a portion X4 of the pressure surface 433a, said
portion X4 being intermediate between the leading edge 438 and a trailing end 438a of
the primary aerofoil element 432, from a point A' downstream of the leading edge 438,
and returns to the baseline pressure surface profile 233 at point C' proximate to the
trailing end 438a. However, in this embodiment, the portion X4 comprises an upstream

generally concave part X5 that smoothly dovetails into a downstream convex part X6 at
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point of inflexion B'. X5 thus resembles a curved surface that is generally facing
towards a focal point or region thereof (away from the direction of the aerofoil), with
the rate of change of slope of the contour of X5 generally increasing up to point B'. The
generally concave portion X5 is configured for imparting a centrifugal acceleration to
particulate matter p, such as for example water droplets carried by the airstream, for
example as represented by streamline 72, thus directing the particulate matter p in a
trajectory 71' away from the second element 434. On the other hand, the generally
convex portion X6 is configured for turning the airflow (for example streamline 72)
towards the slot 455, but presents too steep a turn for the particulate matter p, due to the
inertial properties thereof which are different from the inertial properties of air, and thus
overshoot past the stagnation point 435' of the secondary element 434, and away from
the pressure surface 433b of the secondary element 434. X6 thus resembles a curved
surface that is generally facing away from a focal point or region thereof.

Figs. 12(a) and 12(b) compare the lift coefficient as a function of angle of attack
o, and drag polars, obtained with a baseline aerofoil and an aerofoil according to the
second embodiment of the invention (for convenience also illustrated in Fig. 12(c)),
based on CFD methods. The coordinates of the two aerofoils are given in Figs. 19 and
17, respectively. Figs. 13(a) and 13(b) compare the pressure distributions obtained with
a baseline aerofoil and an aerofoil according to the second embodiment of the invention,
based on CFD methods, at lift coefficient of 1.7 and 0.6, respectively. Fig. 14(a)
provides, for the aerofoil according to the second embodiment of the invention (for
convenience also illustrated in Fig. 14(b)), skin friction coefficient as a function of
chord, for lift coefficients of 0.6, 1.0, 1.7, based on CFD methods.

Figs. 20(a) and 20(b) compare the lift coefficients obtained with a baseline
aerofoil and an aerofoil according to the second embodiment of the invention, based on
CFD methods, for a range of positive and negative deflection angles for the secondary
aerofoil element in each case, at Re = 10°.

Fig. 15 graphically compares the profiles of aerofoils 300 and 400 with baseline
aerofoil 200.

Regarding the first and second embodiments, there may be some lift and drag
penalties of the aerofoils according to these embodiments relative to the reference
airfoil. However, it is contemplated that the critical trade-off will be between possible

adverse influence of the enlarged pressure surface on efficiency and travel of the
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secondary element as an aileron, and the ability of the primary element to provide a
shielding effect on the second element. Preliminary theoretical calculations of ice
accretion obtained with the second embodiment are illustrated in Fig. 16(a) and Fig.
16(b), and as may be seen from these figures, at high loitering lift coefficient (for
example, C=1.5), the region of ice accretion may move to the lower surface of the
secondary element, allowing for rotation of the second aerofoil element and retaining
aileron efficiency, in contrast with the datum aerofoil, where similar conditions result in
ice accretion on the leading edged of the secondary element, reducing aileron efficiency
and travel.

In the method claims that follow, alphanumeric characters and Roman numerals
used to designate claim steps are provided for convenience only and do not imply any
particular order of performing the steps.

Finally, it should be noted that the word “comprising” as used throughout the
appended claims is to be interpreted to mean “including but not limited t0”.

While there has been shown and disclosed example embodiments in accordance
with the invention, it will be appreciated that many changes may be made therein without

departing from the spirit of the invention.



10

15

20

25

30

WO 2010/032240 PCT/IL2009/000903

CLAIMS:

1. Two element aerofoil comprising a primary aerofoil element including a leading
edge of the aerofoil and a secondary aerofoil element including a trailing edge of the
aerofoil, and comprising a gap between said primary aerofoil element and said
secondary aerofoil element, the primary aerofoil element having at least one of a profile,
orientation and location with respect to a respective at least one of a profile, orientation
and location of said secondary aerofoil element configured for minimizing or avoiding
accretion of contaminant on said secondary aerofoil element when subjected to an
airflow comprising the contaminant, at least at one design set of conditions.

2. Aerofoil according to claim 1, wherein the contaminant is in the form of
particulate matter flowing in a downstream direction with respect to said leading edge
of said aerofoil.

3. Aerofoil according to claim 2, wherein a pressure surface of said primary
aerofoil element comprises a pressure surface profile configured for minimizing
accretion of said particulate matter on said secondary aerofoil element.

4. Aerofoil according to any one of claims 2 or 3, wherein said pressure surface
profile is configured for minimizing flow into said gap of said particulate matter that
may be flowing over said pressure surface.

5. Aerofoil according to claim 4, wherein said pressure surface profile is
configured for minimizing or preventing flow into said gap of said particulate matter
that may be flowing along or proximate to a boundary layer over said pressure surface.
6. Aerofoil according to any one of claims 2 to 5, wherein said pressure surface
profile is further configured to enable airflow through said gap for enabling
aerodynamic operation of said two element aerofoil.

7. Aerofoil according to claim 6, wherein said airflow through said gap is generally
consistent with providing high lift aerodynamic characteristics to said aerofoil.

8. Aerofoil according to any one of claims 2 to 7, wherein said aerofoil comprises a
profile configured to ensure that at least some streamlines proximate to said pressure
surface of said primary aerofoil element follow a path including over a suction surface
of said secondary aerofoil element via said gap, while concurrently providing a
trajectory to particulate matter flowing proximate to said pressure surface of said

primary aerofoil element such as to cause said particulate matter to overshoot said gap.
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9. Aerofoil according to any one of claims 2 to 8, wherein said particulate matter
comprises at least one of ice, snow, rain, water droplets, sand, smoke particles or dust
particles.

10. Aerofoil according to any one of claims 2 to 9, wherein said pressure surface
profile extends outwardly along at least a portion of the chord of said primary aerofoil
element with respect to a baseline pressure surface profile.

11.  Aerofoil according to any one of claims 2 to 10, wherein said pressure surface
profile comprises a convex curvature along a portion of the chord of said primary
aerofoil element, said portion being intermediate between said leading edge of the
aerofoil and a trailing end of said primary aerofoil element.

12.  Aerofoil according to any one of claims 2 to 10, wherein said pressure surface
profile comprises a concave portion configured for imparting a centrifugal force
component to said particulate matter, and a downstream convex portion joined thereto at
an inflexion point.

13.  Aerofoil according to any one of claims 2 to 12, wherein said primary element
comprises a first cross-sectional thickness that effectively overlaps a second cross-
sectional thickness of the secondary element when viewed from the flow direction
upstream of the aerofoil.

14.  Aerofoil according to any one of claims 2 to 13, wherein said primary element
comprises a first cross-sectional thickness having a boundary corresponding to the
pressure side of the primary element that effectively overlaps at least an upstream
portion of the pressure surface of the secondary element when viewed from the flow
direction upstream of the aerofoil.

15.  Aerofoil according to claim 13 or claim 14, wherein said secondary element
comprises a deflection in the range between about +25 degree and about -25 degrees.
16.  Aerofoil according to any one of claims 1 to 15, wherein said aerofoil is
configured as a high lift two element aerofoil.

17.  Aerofoil according to any one of claims 1 to 16, wherein a leading edge of said
primary aerofoil element is blunt having a first leading edge radius, wherein a ratio of
said first radius to a chord of said aerofoil is greater than a threshold value, said
threshold value representing a minimum radius to chord ratio obtained from geometric
data of NACA 4-digit aerofoils at a comparable value of thickness to chord ratio to that

of said aerofoil.
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18. Aerofoil according to any one of claims 1 to 17, wherein a leading edge of said
secondary aerofoil element is blunt having a second leading edge radius, wherein a ratio
of said second radius to a chord of said second element is greater than a threshold value,
said threshold value representing a minimum radius to chord ratio obtained from
geometric data of NACA 4-digit aerofoils at comparable value of thickness to chord
ratio to that of said second element.

19. A wing wherein at least a span portion thereof is based on at least one aerofoil as

defined in any one of claims 1 to 18.

20. An air vehicle comprising at least one wing according to claim 19.
21. Air vehicle according to claim 20, wherein said air vehicle is a UAV.
22. A method for minimizing or avoiding accretion of contaminant on a two element

aerofoil, said aerofoil comprising a primary aerofoil element including a leading edge of
the aerofoil and a secondary aerofoil element including a trailing edge of the aerofoil,
and a gap therebetween, the method comprising providing the primary aerofoil element
with at least one of a profile, orientation and location with respect to a respective at least
one of a profile, orientation and location of said secondary aerofoil element such as to
minimizing or avoiding accretion of contaminant on said secondary aerofoil element
when subjected to an airflow comprising said contaminant, at least at one design set of
conditions.

23. Method according to claim 22, comprising aligning said primary aerofoil
element at an angle of attack, and aligning said secondary aerofoil element at a
deflection angle with respect to the primary aerofoil element, such as to ensure some
streamlines proximate to a pressure surface of said primary aerofoil element follow a
path to a suction surface of said secondary aerofoil element via said gap, while
concurrently providing a trajectory to particulate matter flowing proximate to said
pressure surface of said primary aerofoil element such as to cause said particulate matter
to overshoot said gap.

24.  Method according to claim 23, wherein said angle of attack and said deflection
angle are such as to enable said primary aerofoil element to effectively shield the
secondary aerofoil element from said particulate matter.

25.  Method according to claim 23 or claim 24, wherein said angle of attack is non-

positive, and said deflection angle is positive.
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26. A method for designing a two element aerofoil comprising a primary aerofoil
element including a leading edge of the aerofoil and a secondary aerofoil element
including a trailing edge of the aerofoil, and a gap therebetween, the method including
the step of generating an aerofoil profile such as to ensure that at least some streamlines
proximate to a pressure surface of said primary aerofoil element follow a path including
over a suction surface of said secondary aerofoil element via said gap, while
concurrently providing a trajectory to particulate matter flowing proximate to said
pressure surface of said primary aerofoil element such as to cause said particulate matter
to overshoot said gap.
27.  Method for operating an air vehicle comprising:

- providing an air vehicle as defined in claim 20 or claim 21;

- flying the air vehicle at adverse conditions including contaminants in the air

flow.
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