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(54) COMPRESSOR BLADES

(67)  This disclosure concerns aerofoils (24) for an
axial flow compressor (14). The compressor (14) has an
array of aerofoils (14B, 24) angularly spaced about its
axis of rotation (11). The aerofoils (24) have leading (32)
and trailing (34) edges extending in a direction spanning
a flow region defined between a radially inner rotor com-
ponent (14A) and a radially outer casing (14C). Each
aerofoil (24) has opposing pressure (36) and suction (38)

30

surfaces extending between the leading (32) and trailing
(34) edges and terminating at a free end (30) of the aer-
ofoil. Each aerofoil (24) leans towards the pressure sur-
face (36) by an angle of between 10° and 80° in the vicinity
of the aerofoil tip (30). The aggressive negative lean to-
wards the tip (30) may help reduce over-tip leakage flow
in use.
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Description
BACKGROUND OF THE INVENTION

[0001] The present disclosure concerns fluid-washed
components of axial flow machines, e.g. such as gas
turbine engines. More specifically, the disclosure con-
cerns blades and/or vanes used to drive or redirect flow
through an axial flow machine.

[0002] Itis generally desirable to reduce flow over the
tip of blades or vanes in an axial flow machine. Such
leakage flow between the rotor and stator occurs based
on the pressure difference between opposing sides/sur-
faces of a blade and the clearance of the blade tip from
the opposing casing structure. Tip leakage flows cause
efficiency losses and significant effort is expended in the
design of the opposing rotor and stator portions to mini-
mise such losses, i.e. by minimising the clearance be-
tween the tips of the rotor blades and the surrounding
casing. Similarly it is desirable to minimise the gap be-
tween the tips of stator vanes and the opposing rotor wall.
[0003] Despite such efforts, practical considerations of
tolerances, thermal expansion, etc mean that tip leakage
flow remains an ongoing efficiency loss in axial compres-
sors. The efficiency is degraded not only by the volume
of fluid passing over the tip from the pressure to the suc-
tion side of the aerofoil, but also by the subsequent mixing
losses when the leakage flow mixes with the mainstream
flow downstream of the compressor blade/vane.

[0004] It is known to use shrouded blades to reduce
tip leakage losses but the use of blade shrouds requires
an unwanted mass at the tip of the blade. Shrouded
blades thus create a number of mechanical issues and
are generally undesirable.

[0005] US 2008/0213098 A1 and corresponding EP 1
953 344 A1 disclose an attempt to resolve tip leakage
problems by providing a winglet at the compressor blade
tip, characterised by a sharp curvature, i.e. a corner, at
the tip compared to the remainder of the blade. The ben-
efits disclosed for such a winglet comprise a reduction in
driving pressure difference across the blade tip, a reduc-
tion in tip clearance and the shielding of aerodynamic
shocks of the flow against interaction with the casing.
[0006] Itis an aim of the present disclosure to provide
an additional/alternative way of reducing tip leakage. It
may be considered an aim to promote a fluid flow regime
in the vicinity of the tip gap that reduces or mitigates tip
leakage losses.

BRIEF SUMMARY OF THE INVENTION

[0007] According to a first aspect of the disclosure
there is provided an axial flow compressor having an axis
of rotation and comprising an array of aerofoils angularly
spaced about said axis, the aerofoils comprising leading
and trailing edges extending in a direction spanning a
flow region defined between a radially inner rotor com-
ponent and a radially outer casing, each aerofoil com-
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prising opposing pressure and suction surfaces extend-
ing between the leading and trailing edges and terminat-
ing at a free end of the aerofoil, wherein each aerofoil
leans towards the pressure surface by an angle of be-
tween 10° and 80° in the vicinity of the free end of the
aerofoil.

[0008] The vicinity of the free end of the aerofoil may
comprise a minority of the height of the aerofoil towards
the free end. The vicinity of the free end of the aerofoil
may include the free end of the aerofoil. The vicinity of
the free end may be close to the free end. The vicinity of
the free end of the aerofoil may comprise up to 20% or
15% of the aerofoil height. The vicinity of the free end of
the aerofoil may comprise less than orequal to 12%, 10%
or 8% of the aerofoil height. The angle that the aerofoil
leans towards the pressure surface by may be the angle
between the aerofoil and the radial direction. The angle
that the aerofoil leans towards the pressure surface by
may be the angle between the free end of the aerofoil
and the radial direction.

[0009] The vicinity of the free end of the aerofoil may
comprise greater than 3%, 4% or 5% of the aerofoil
height. A specific aerofoil lean over 5-10% of the blade
height towards its free end may be used specifically for
the purpose of tip leakage reduction.

[0010] The lean towards the pressure surface may be
referred to herein as a negative lean. The lean may rep-
resent a relatively aggressive change in orientation of
the aerofoil, e.g. a change in orientation of between 20°
and 80°. The angle formed at the tip relative to a radial
direction (e.g. the angle of lean) may be in the vicinity of
40-60°. Thus the total change in orientation in the vicinity
of the free end may be greater than the angle at the tip
if the aerofoil has a positive lean over an aerofoil region
adjacent the vicinity of the free end.

[0011] Each aerofoil may lean towards the pressure
surface by an angle of at least 10°, 20°, 30° or 40° in the
vicinity of, or at, the free end of the aerofoil.

[0012] Each aerofoil may lean towards the pressure
surface by an oblique angle of less than or equal to 75°,
70°, 65°, 60°, 55°, 50° or 45° in the vicinity of, or at, the
free end. An aerofoil change in orientation or negative
lean in the vicinity of the tip of approximately 50-60° may
be used.

[0013] A change in orientation of the aerofoil towards
the tip may be used to trigger separation of the flow over
the aerofoil surface in the vicinity of the tip gap. This may
reduce the effective flow area for flow over the tip be-
tween the pressure and suction surfaces.

[0014] The lean towards the pressure surface may be
over a majority of the chord length, such as all, or sub-
stantially all, of the chord length. The lean may be sub-
stantially constant over the chord length of the aerofoil
or may vary over the chord length, e.g. having a greater
lean towards the trailing edge.

[0015] The aerofoil cross-section profile may remain
substantially constant through the height of the aerofoil
in the vicinity of the free end.
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[0016] The aerofoil may lean away from a radial direc-
tion towards the axis of rotation of the compressor in the
vicinity of the free end.

[0017] The aerofoil may be angled and/or curved to-
wards the pressure surface in the vicinity of the free end.
[0018] The lean towards the pressure surface may be
relative to a radial direction defined with respect to the
axis of rotation. Additionally or alternatively, the lean to-
wards the pressure surface in the vicinity of the free end
may be defined with respect to the orientation, or average
orientation, of the remainder of the aerofoil. Thus the ori-
entation may be defined in absolute/Cartesian or relative
terms.

[0019] The remainder of the aerofoil (e.g. the remain-
der of the aerofoil height) may lean towards either the
pressure or suction surface. The remainder of the aerofoil
may comprise a positive lean of less than 40°, 30 °, 20°
or 10°.

[0020] The aerofoil may comprise a negative turning
point or height. The lean of the aerofoil towards the pres-
sure side may increase from the turning point/height to
the tip. The rate of change of orientation of the aerofoil
may increase from the turning point/height to, or towards,
the tip. The aerofoil may comprise two turning points.
[0021] The angular orientation of the aerofoil at the tip
may be less than or equal to 45°, 40° or 35° from the
orientation of the aerofoil at the turning point/height.
[0022] The aerofoilmay be smoothly contoured/curved
from the turning point/height to the free end.

[0023] Any of the angular definitions provided herein
with respect to the aerofoil, or a blade or vane may be
references to the component as a whole or else a longi-
tudinal section thereof, e.g. from the root to the tip.
[0024] The aerofoils may be mounted to the compres-
sor rotor, e.g. blades. The aerofoils may be mounted to
a compressor drum. Additionally or alternatively the aer-
ofoils may be mounted to the compressor casing/stator,
e.g. vanes.

[0025] A gap may be provided between the free end
of the aerofoils and the opposing casing/rotor surface.
[0026] According to a further aspect of the disclosure,
there is provided a blade for an axial flow machine, the
blade comprising leading and trailing edges extending
from a root of the blade to a tip of the blade. The blade
comprises opposing major surfaces extending between
the leading and trailing edges and terminating at a blade
tip. The blade leans towards the pressure surface by an
angle of between 10° and 80° in the vicinity of the blade
tip.

[0027] The blade may be an aerofoil. The opposing
major surfaces may be a pressure surface and a suction
surface. The vicinity of the blade tip may include the blade
tip. The vicinity of the blade tip may be a minority of the
height of the aerofoil towards the tip.

[0028] The blade may be a compressor blade. A rotor
or rotor drum may be provided comprising one or more
of the compressor blades.

[0029] Each blade may lean towards the pressure sur-
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face by an oblique angle of less than or equal to 75°, 70°,
65°, 60°, 55°, 50°, 45°, 40°, 35°, 30°, 25°, 20° or 15° in
the vicinity of, or at, the blade tip.

[0030] According to a further aspect of the disclosure,
there is provided a stator vane for an axial flow machine
the vane comprising leading and trailing edges extending
from a base of the vane to a tip of the vane, the vane
comprising opposing major surfaces extending between
the leading and trailing edges and terminating at a vane
tip, wherein the vane leans towards the pressure surface
by an angle of between 10° and 80° in the vicinity of the
tip.

[0031] A stator or casing may be provided comprising
one or more of the stator vanes.

[0032] According to a further aspect there may be pro-
vided a gas turbine engine comprising any or any com-
bination of a compressor, a blade, a rotor, a vane or a
stator/casing according to a preceding aspect of the dis-
closure.

[0033] The skilled personinthe art will understand that
any of the essential or preferable features defined in re-
lation to any one aspect of the disclosure may be applied
to any further aspect, where practicable. Accordingly the
invention may comprise various alternative configura-
tions of the features defined above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Practicable embodiments are described in fur-
ther detail below by way of example only with reference
to the accompanying drawings, of which:

Fig. 1 shows a schematic longitudinal half-section
through a gas turbine engine;

Fig. 2 shows a front three-dimensional view of an
example of a compressor blade according to the dis-
closure alongside a datum blade;

Fig. 3 shows a three-dimensional view from the side
of the blade examples of Fig. 2; and,

Fig. 4 shows a schematic two-dimensional front view
of the leading edge of a blade according to the dis-
closure.

DETAILED DESCRIPTION OF THE INVENTION

[0035] It is known that a conventional compressor
blade may have a slight lean evenly distributed over its
height/span. It is a general focus of this disclosure to
provide a far more aggressive change in blade/vane ori-
entation, purposely in a restricted region of the
blade/vane towards its tip.

[0036] It has been found by the inventors that the
change in orientation of the aerofoil as discussed herein
can trigger flow separation from the aerofoil surface at
or close to the tip. Triggering flow separation in this man-



5 EP 3 392 459 A1 6

ner means that the boundary layer becomes detached
from the surface, thereby creating a turbulent flow regime
which reduces the effective flow area through the tip
clearance gap. This causes chaotic flow behaviour/ed-
dies as the separated boundary layer interacts with faster
flow further from the rigid surface.

[0037] It will be appreciated that there is a difference
between the maximum available flow area defined by the
gap itself (i.e. the clearance between opposing rigid sur-
faces) and the effective flow area caused by the pressure
distribution/gradient in the gap.

[0038] For this purpose, it has been found that a
change in orientation in the region of 20-70° in the final
portion of the blade/vane close to the tip, e.g. an angle
of approximately 50-60° relative to a radial direction, or
the remainder of the blade/vane, is generally optimal and
thatitis not desirable for the aim of the present disclosure
to cause a change in direction approaching 90°, akin to
a winglet.

[0039] Turning now to Fig. 1, a gas turbine engine is
generally indicated at 10, having a principal and rotational
axis 11. The engine 10 comprises, in axial flow series,
an air intake 12, a propulsive fan 13, an intermediate
pressure compressor 14, a high-pressure compressor
15, combustion equipment 16, a high-pressure turbine
17, an intermediate pressure turbine 18, a low-pressure
turbine 19 and an exhaust nozzle 20. A nacelle 21 gen-
erally surrounds the engine 10 and defines both the in-
take 12 and the exhaust nozzle 20.

[0040] The gas turbine engine 10 works in the conven-
tional manner so that air entering the intake 12 is accel-
erated by the fan 13 to produce two air flows: a first air
flow into the intermediate pressure compressor 14 and
a second air flow which passes through a bypass duct
22 to provide propulsive thrust. The intermediate pres-
sure compressor 14 compresses the air flow directed into
it before delivering that air to the high pressure compres-
sor 15 where further compression takes place.

[0041] The compressed air from the high-pressure
compressor 15 is directed into the combustion equipment
16 where itis mixed with fuel and the mixture combusted.
The resultant hot combustion products then expand
through, and thereby drive the high, intermediate and
low-pressure turbines 17, 18, 19 before being exhausted
through the nozzle 20 to provide additional propulsive
thrust. The high 17, intermediate 18 and low 19 pressure
turbines drive respectively the high pressure compressor
15, intermediate pressure compressor 14 and fan 13,
each by a suitable interconnecting shaft.

[0042] Other gas turbine engines to which the present
disclosure may be applied may have alternative config-
urations. By way of example such engines may have an
alternative number of interconnecting shafts (e.g. two)
and/or an alternative number of compressors and/or tur-
bines. Further the engine may comprise a gearbox pro-
vided in the drive train from a turbine to a compressor
and/or fan.

[0043] The presentconcept was devised for use within
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the compressor, i.e. the intermediate 14 or high 15 pres-
sure compressor of engine 10. However the disclosure
is not limited thereto and may be applied to other axial
flow machines that suffer from tip gap flow losses, caus-
ing flow efficiency losses.

[0044] As shownin Fig. 1 the compressor 14 compris-
es a compressor drum 14A and a plurality of rows of
compressor blades 14B mounted thereto. Each row of
blades comprises a radial array of angularly spaced
blades. Surrounding the compressor is a casing 14C ar-
ranged around the common axis 11 to define an annular
flow passage between the compressor drum 14A and
casing 14C.

[0045] The casing 14C comprises a plurality of rows
of stator vanes 14D mounted thereto. Each row of vanes
14D comprises a radial array of angularly spaced vanes.
Successive compressor stages comprise paired rows of
blades 14B and vanes 14C.

[0046] Blades depend outwardly from the rotor drum
14A towards the casing 14C and terminate at a free end,
or tip, with a small clearance from the casing, thereby
leaving a tip gap. Vanes 14D depend inwardly from the
casing towards the drum 14A and terminate atafree end,
or tip, with a small clearance from the drum, thereby leav-
ing a tip gap. Thus the blades 14B and vanes 14D span
the majority of the annular flow passage.

[0047] The following description proceeds in relation
to compressor blades. However it will be appreciated by
the skilled person that the general principles, geometric
features and potential benefits disclosed herein may also
apply to stator vanes. Itis intended that the scope of this
disclosure encompasses the fluid washed components
of both stator and rotor components of axial flow ma-
chines. Both vanes and blades typically have the same
tip gap issues discussed herein.

[0048] Turning now to Figs. 2-4, there is shown an ex-
ample of an individual blade 24 according to the disclo-
sure alongside a datum blade 26. The blade 24 is aerofoil-
shaped in section over its entire height from its root end
28 toits tip 30. A conventional rootformation is not shown
but would be provided at the end 28 for mounting the
blade on the drum 14A.

[0049] The blade 24 has a leading edge 32, a trailing
edge 34 and opposing convex/pressure 36 and con-
cave/suction 38 faces extending between the leading and
trailing edges.

[0050] Depending on the direction of rotation of the
compressor, the pressure and suction surfaces may be
opposingly oriented and the aerofoil curvature (i.e. the
sectional profile) may be mirrored.

[0051] In Figs. 2-4, there is shown a change in orien-
tation of the blade 24, whereby the blade is bent/curved
towards the pressure side 36 close to the tip 30. The
change in orientation may be referred to herein as a lip
region 40. The lip region 40 is shown in an exaggerat-
ed/schematic manner in Fig. 4. In Figs. 3 and 4 the lip
region 40 is shown in the same orientation so that com-
parison can be draw between the different schematic and
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three-dimensional views.

[0052] Atthe tip 30, the end face of the blade lies in a
tangential/circumferential plane with respect to the axis
of rotation. Therefore the end face is generally perpen-
dicular to a height/radial direction of the blade but ob-
liquely angled relative to the blade (e.g. the pressure
and/or suction surfaces thereof) in the lip region 40. The
internal angle formed between the end face at the tip and
the direction of the blade is thus equal to the angle of
lean in the lip region 40. This may result in the end face
area being greater than that of the cross-sectional area
of the blade.

[0053] In Fig. 4, there is shown a turning point A at
which the blade 24 (e.g. the leading edge 32 or a cen-
treline thereof) starts to lean negatively towards pressure
side 36. The point A may be considered to comprise a
line, e.g. a chord line, along the blade 24 when viewed
from the side or in cross section. The line is of substan-
tially constant height in this example but the relevant re-
gion of the blade could vary between the leading 32 and
trailing 34 edges within the limits disclosed herein.
[0054] At the point/line A, the blade turns towards the
pressure side, whereas the remainder of the blade has
a generally neutral or positive lean.

[0055] The angular orientation of the blade 24 (or lead-
ing edge 32) increases gradually from point A towards
the tip 30 such that a maximum lean angle is achieved
at the tip.

[0056] Fig. 4 shows a blade height, L, and a height,
L1, from point A to the tip 30. The height L1 may thus
define the portion of the blade height L that comprises
the lip region 40.

[0057] The angle, B, is defined as the angle formed
between the blade 24 or leading edge 32 and a radial
direction R with respect to the axis of rotation of the com-
pressor in use.

[0058] Further details of the turning point A and max
lean angle B can be defined as follows:

L1/L < 0.05-0.1 (i.e. lip region height of 5%-10% or
less of the blade height);

Bmax < 60° (i.e. a max negative lean of 60° between
point A and the tip);

a maximum change in orientation of 80° between
point A and the tip (e.g. if the blade has a positive
lean leading up to point A from the root)

a smooth transition from point A to the tip.

[0059] Any or any combination of the above details
may be used to define a component according to aspects
of the present disclosure.

[0060] The local negative lean at the tip of the aerofoil
increases the angle of attack of the over-tip leakage flow
(from pressure to suction side), which increases the
blockage in the tip gap, thus reducing the effective tip
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gap area and resultant leakage flow. The aerodynamic
performance of the blade/vane and axial flow compressor
as a whole can thus be achieved. Whilst it is not a limi-
tation of aspects of this disclosure, it is feasible that a
leakage flow reduction of e.g. 3-7% may be achieved.
When considered in conjunction with the mixing losses
created as the leakage flow mixes with the mainstream
flow through the compressor, it will be appreciated that
such aero-efficiency improvements can have a signifi-
cant impact on performance.

[0061] Diminishing returns are experience for higher
angles of blade lean in the lip region 40. For a conven-
tional blade, such as datum blade 26, the lift distribution
is spread over the whole blade height/span. A negative
lean of the magnitude proposed by the presentdisclosure
is generally undesirable for overall aerodynamic efficien-
cy of the blade and so it is proposed to concentrate a
relatively aggressive change in orientation to the tip re-
gion only.

[0062] The design of the remainder of the blade may
be modified slightly to accommodate the lip region 40.
For example a positive lean may be provided in the lead-
ing edge 32 and/or blade 24 leading up to the turning
point/line A, as can be seen in Fig. 4.

[0063] Further/alternative definitions of a blade/vane
may be made according to the extremes of the depth of
the blade/vane in a lateral/circumferential direction, e.g.
when viewed front on as shown in Fig. 4. The depth di-
mension, S, can be defined as shown in Fig. 4, which
may be divided into negative, S1, and positive, S2, com-
ponents relative to a radial line R1 coinciding with the
leading edge 32 at its base/root end 28. Thus the blade
may be characterised by S1>0 (i.e. a negative location
at the tip); S1=0 (i.e. a neutral location at the tip) ; or,
Stip<82 (i.e. a positive location at the tip). Similarly the
value of S in the tip region 40 may be greater than, equal
to, or less than the value of S for the remainder of the
blade/vane. Any such relationship may be used in con-
junction with any other relationship or geometric feature
defined herein as an aspect of the disclosure.

[0064] In different aspects of the disclosure, the
blade/vane may have a more conventional lean of less
than 20°, 15° or 10° spread over the remainder of the
blade/vane height, as well as a more aggressive lean
towards the tip as described herein.

[0065] Aside from any aero-performance benefits at-
tributed to the modified blade/vane design, the negative
lean could also help with the tip rubbing the casing liner
since the leaning tip would act more akin to a cutting tool
and hence provide a cleaner rub. This may reduce the
heat resulting from a tip rubbing against the casing which
is linked with the tip cracking.

[0066] It will be understood that the invention is not
limited to the embodiments above-described and various
modifications and improvements can be made without
departing from the concepts described herein. Except
where mutually exclusive, any of the features may be
employed separately or in combination with any other
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features and the disclosure extends to and includes all
combinations and subcombinations of one or more fea-
tures described herein.

Claims

1. An axial flow machine (10, 14) having an axis of ro-
tation (11) and comprising an array of aerofoils (14B,
24) angularly spaced about said axis (11), each aer-
ofoil (24) comprising:

leading (32) and trailing (34) edges extending in
a direction spanning a flow region defined be-
tween a radially inner rotor component (14A)
and a radially outer casing (14C), the leading
(32) and trailing (34) edges terminating at a free
end (30) of the aerofoil (24);

opposing pressure (36) and suction (38) surfac-
es extending between the leading (32) and trail-
ing (34) edges;

wherein each aerofoil (24) leans towards the
pressure surface (36) by an angle of between
10° and 80° in the vicinity (40) of the free end
(30) of the aerofoil.

2. Amachine (10, 14) according to claim 1, wherein the
vicinity (40) of the free end of the aerofoil comprises
less than 15% of the aerofoil height.

3. Amachine (10, 14) according to claim 1, wherein the
vicinity (40) of the free end of the aerofoil comprises
less than or equal to 12% of the aerofoil height.

4. Amachine (10, 14) according to any preceding claim,
wherein each aerofoil (24) leans towards the pres-
sure surface (36) by an angle of between 30° and
60° in the vicinity of the free end of the aerofoil.

5. Amachine (10, 14) according to any preceding claim,
wherein each aerofoil (24) leans towards the pres-
sure surface in the vicinity (40) of the free end (30)
of the aerofoil (24) over the whole chord length be-
tween the leading (32) and trailing (34) edges.

6. Amachine (10, 14) according to any preceding claim,
wherein the aerofoil cross-section profile remains
substantially constant through the height of the aer-
ofoil (24) in the vicinity (40) of the free end (30).

7. Amachine (10, 14) according to any preceding claim,
wherein the free end (30) of the aerofoil (24) has an
end face that is obliquely angled relative to the ori-
entation of the aerofoil (24) in the vicinity (40) of the
free end (30).

8. Amachine (10, 14) according to any preceding claim,
wherein the free end (30) of the aerofoil (24) faces
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10.

1.

12.

13.

14.

15.

radially outwardly relative to the axis of rotation (11).

A machine (10, 14) according to any preceding claim,
wherein each aerofoil (24) leans away from a radial
direction (R) towards the circumferential direction in
the vicinity (40) of the free end (30).

A machine (10, 14) according to any preceding claim,
wherein each of the pressure (36) and suction (38)
surfaces are smoothly curved towards the pressure
surface (36) in the vicinity (40) of the free end (30).

A machine (10, 14) according to any preceding claim,
wherein each aerofoil (24) has a negative turning
point (A) defining the boundary between the vicinity
of the free end (30) of the aerofoil (24) and a remain-
der of the aerofoil, wherein the lean of the aerofoil
(24) towards the pressure side (36) increases from
the turning point (A) to the free end (30).

A machine (10, 14) according to any preceding claim,
wherein the angular orientation of the aerofoil (24)
at the free end (30) is less than or equal to 60° from
a radial direction (R) with respect to the axis of rota-
tion (11).

A machine (10, 14) according to any preceding claim,
wherein the array of aerofoils (24) are an array of
blades (14B) mounted to a rotor (14A) of the axial
flow machine (10, 14) and the free ends (30) of the
blades (24) face an opposing rotor casing (14C).

A machine (10, 14) according to any preceding claim,
comprising a compressor (14) of a gas turbine en-
gine (10), wherein the compressor comprises the ar-
ray of aerofoils.

An aerofoil (24) for an axial flow compressor (14),
the aerofoil (24) comprising leading (32) and trailing
(34) edges extending over a height of the aerofoil
from a root (28) of the aerofoil (24) to a tip (30) of
the aerofoil, the aerofoil (24) comprising opposing
major surfaces (36, 38) extending between the lead-
ing (32) and trailing (34) edges and terminating at
the tip (30), wherein the aerofoil (24) leans towards
a pressure surface (36) by an angle of between 10°
and 80° over a minority of the height of the aerofoil
towards the tip (30).
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