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ABSTRACT

A dome for a rotor comprising a cap extending radially from
an axis of rotation in elevation towards a periphery and in
azimuth over 360 degrees, the cap extending in thickness
from a bottom face towards a top face above the bottom face.
The dome includes at least one slot extending between the
periphery and the axis of rotation in elevation, each slot
passing right through a thickness of the cap by extending in
elevation from the bottom face to the top face.
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ROTOR DOME, A ROTOR, AND A
ROTORCRAFT

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to French patent
application No. FR 14 02562 filed on Nov. 14, 2014, the
disclosure of which is incorporated in its entirety by reference
herein.

BACKGROUND OF THE INVENTION

[0002] (1) Field of the Invention

[0003] The present invention relates to a dome for a rotor-
craft lift rotor, and also to a rotorcraft provided with such a
dome.

[0004] (2) Description of Related Art

[0005] A rotorcraft conventionally includes an airframe
extending from a nose to a tail. The tail may comprise a tail
boom carrying a fin and stabilizers.

[0006] The airframe may carry at least one rotor providing
the rotorcraft with at least some of its lift and possibly with
propulsion. Such a rotor is referred to below as a “lift rotor”,
and sometimes as a “main rotor” by the person skilled in the
art.

[0007] The tail also includes a tail fin, sometimes carrying
a rotor for controlling yaw movement of the rotorcraft. As a
result, this rotor is sometimes referred to as a “tail rotor”,
given its location within the rotorcraft.

[0008] The airframe also has covers arranged under the
main rotor. These covers may be movable covers serving to
give access to a power plant, for example. Such covers are
conventionally referred to as “engine covers”.

[0009] While the rotorcraft is flying in translation, air flows
along the rotorcraft. The slipstream of air downstream from
the lift rotor and the covers of the airframe is generally dis-
turbed. Such disturbances can then impact against a fin and/or
a stabilizer at the tail of the rotorcraft.

[0010] This disturbed slipstream is commonly referred to
as the “wake”. This term is used below for reasons of conve-
nience, even though it is not entirely appropriate. Specifically,
in theory, a wake corresponds to a region downstream from an
obstacle in a flowing fluid, with the fluid being at rest in that
region relative to the obstacle.

[0011] The impact of the disturbances generated by a lift
rotor on the tail of a rotorcraft can lead to one or more modes
of vibration of the tail being excited aerodynamically, where
such excitation is commonly referred to in aviation as “tail-
shake”. Such excitation presents numerous drawbacks, and in
particular:

[0012] interms of comfort for the crew and for passengers;
[0013] in terms of fatigue for parts and equipment; and
[0014] interms of operation of certain systems of the rotor-
craft.

[0015] Furthermore, the air flow can become separated

locally from the airframe downstream from a lift rotor, and in
particular downstream from the engine covers. Such separa-
tion tends to amplify the magnitude of the excitation on the
tail of the aircraft by increasing the amplitude and by enrich-
ing the frequency signature of such aerodynamic fluctuations.
[0016] In order to reduce such excitation, a dome may be
arranged on the head of the lift rotor.

[0017] A dome is generally in the form substantially of a
cap of an ellipsoid of revolution.
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[0018] Furthermore, notches are arranged in a peripheral
ring of the dome, in particular to avoid impeding the flapping
and lead/lag movements of the blades.

[0019] Under such circumstances, a dome may comprise an
ellipsoidal cap provided with one notch per blade of the rotor.
[0020] While flying in translation, this dome deflects the
flow of air downstream from the lift rotor in a downward
direction. The flow of air is then deflected mainly towards the
covers and the tail boom, and no longer towards the stabilizer
and the fin of the rotorcraft. The tail shake effect is thus
decreased.

[0021] Furthermore, a dome tends to deflect the slipstream
downwards downstream from a lift rotor.

[0022] In addition, the dome tends to limit the extent to
which a downstream slipstream becomes separated from
engine covers.

[0023] Nevertheless, such domes do not always perform
well.
[0024] A dome is generally dimensioned so as to deflect a

slipstream downwards, and to minimize said separation of the
slipstream downstream from the lift rotor carrying the dome.
This dimensioning tends to determine the diameter of the
dome.

[0025] Under such circumstances, the dome does not pro-
vide any means for acting on the frequency signature of the
slipstream that is generated, nor does it provide means for
acting on the forces to which the dome is subjected. A manu-
facturer therefore cannot act on a dome of given shape in
order to solve problems of interactions between the slip-
stream and the dome.

[0026] Documents U.S. Pat. No. 4,212,588, U.S. Pat. No.
4,281,967, EP 2 727 832, FR 2 863 583, and WO 2007
055813 are also known.

BRIEF SUMMARY OF THE INVENTION

[0027] An object of the present invention is thus to propose
an alternative dome.

[0028] According to the invention, a dome is for a rotor of
a rotorcraft, the dome comprising a cap extending radially
from an axis of rotation in elevation towards a periphery and
in azimuth over 360 degrees, the cap extending in thickness
from a bottom face for facing a hub of the rotor towards a top
face above the bottom face, said dome including notches
enabling a blade to pass therethrough in order to allow the
blade to flap. By way of example, the periphery may be
crenellated in order to define a succession of crenellations and
of notches.

[0029] This dome includes at least one slot extending
between the periphery and the axis of rotation in elevation of
the dome, each slot being distinct from a notch, each slot
passing right through a thickness of the cap by extending in
elevation from the bottom face to the top face, the dome
including in azimuth along at least one internal circle a suc-
cession of solid surfaces represented by the top face and of
openings represented by each slot facing an incident air
stream so that said incident air stream impacts in succession
against a solid surface and then against an opening during
rotation of said dome about the axis of rotation in elevation.
[0030] The periphery of the dome may define notches that
are dimensioned in particular to enable a blade to flap without
interfering with the dome.

[0031] Each slot of the dome is therefore not a notch and
does not enable a blade to flap. Each slot is thus provided
within a dome between its periphery and the axis of rotation
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in elevation of the dome. By way of example, the invention
can be applied to an existing dome. An operator can thus
pierce the dome in order to provide the required slots.
[0032] The slots of a dome of the invention are thus to be
distinguished from notches, if any.

[0033] The dome serves to modify the flow of air by gen-
erating geometrical variations in the cap. Each slot imparts
geometrical variations to the dome that are discontinuous,
both radially and in azimuth in decoupled manner.

[0034] The presence of slots serves to generate a pulsed
flow. This flow impacts in succession on the top face and in an
opening provided by a slot because of the rotation of the
dome. Thus, the incident air flow impacting the cap succes-
sively enters or leaves a slot.

[0035] The irregular shape of the dome in azimuth along at
least one radius has the consequence of disturbing the inci-
dent air flow at the frequency at which it passes in succession
over the irregularity introduced by the slot.

[0036] For convenience, the top face and the bottom face
are referred to as “irregular” because of the presence of slots.
In contrast, the top face and the bottom face of a conventional
dome in the shape of a spherical cap are referred to as “regu-
lar”.

[0037] The dome of the invention thus generates turbulent
flow structures that are generally of smaller size than the
structures that naturally stem from a dome having faces that
are regular. This wake interacts with the “natural” wake of the
dome, and can potentially modify its frequency content
because of the highly non-linear nature of interactions of this
type. Consequently, the wake generated by the dome of the
invention is pulsed.

[0038] This spectral redistribution of the overall wake from
the dome can potentially lead to a reduction in the magnitude
of the dynamic behavior of the wake. Specifically, a large
fraction of the resulting turbulence is smaller than with a
standard dome having regular faces. Such turbulence there-
fore naturally dissipates more quickly. The pulsed wake from
the dome of the invention also makes it possible to act on
potential separations of the air flow over the engine covers at
frequencies higher than the frequency at which the blades go
past, and that can reduce the magnitude of the wake that is
generated.

[0039] In addition, the amplitudes of the forces and
moments that are exerted on the means fastening the dome to
the rotor tend to be reduced.

[0040] These frequencies can be adjusted by adapting the
number and the shape of the slots, and thus without moditying
the overall size of the dome.

[0041] Consequently, the invention can be used as a
replacement for an existing dome.

[0042] Inaddition, each slot is also likely to expel stagnant
flows from under the dome, thus avoiding the presence of
dead flow zones. The direct consequence is a overall decrease
in drag of the dome.

[0043] The dome of the invention may also include one or
more of the following characteristics.

[0044] Thus, the periphery need not be circular, but may be
crenellated so as to define a succession of crenellations and of
notches, each notch serving to allow a blade to flap, and the
number of notches is different from the number of slots.
[0045] The number of slots may be equal to the number of
notches. In this event, each slot may then be arranged in
register with or halfway between said notches.
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[0046] Nevertheless, the number of slots may be different
from the number of notches. This characteristic makes it
possible to act on the wake that is generated by introducing
disturbances appearing at a specific frequency that is different
from the frequency at which the openings and the blades pass.
[0047] Consequently, the number of notches and the num-
ber of slots are advantageously mutually prime.

[0048] Inaddition, atleast one slot extends along a radius of
said dome.
[0049] In a first embodiment, all of the slots extend in the

dome along respective radii of said dome. Such domes are
thus obtained by making holes in the cap along respective
radii.

[0050] The slots may be distributed on the surface of the
dome in a regular arrangement that is angularly uniform, or in
an irregular arrangement.

[0051] However, the slots need not all extend radially.
[0052] In a variant, at least one slot therefore does not
extend entirely along a radius of the dome and therefore does
not extend in a single plane containing said axis of rotation.
Such a slot is thus not a radial slot, contrary to a slot extending
along a radius.

[0053] In a second embodiment, no slot extends in the
dome along a radius of said dome. Such domes are obtained
by making holes in the cap that do not extend along the radii,
but that extend along bent lines or curves passing through the
axis of rotation in elevation of the dome or along lines not
passing through the axis of rotation in elevation of the dome.
[0054] The slots may be distributed on the surface of the
dome in a regular arrangement that is angularly uniform, or in
an irregular arrangement.

[0055] A third embodiment provides for arranging at least
one slot that extends along a radius and at least one slot that
does not extend along a radius.

[0056] Since the dome is for rotation in a particular direc-
tion of rotation, at least one slot may have a convex shape that
is convex in the direction of rotation of the dome.

[0057] Inaddition, at least one slot may present a width in
azimuth that varies radially.

[0058] Furthermore, at least one slot may possibly extend
in an annulus of the dome lying between said periphery and
said axis of rotation in elevation.

[0059] Such an annulus does not reach the periphery and/or
the axis of rotation. The slots may thus be “partial” slots,
being confined within an annulus of the dome.

[0060] In alternative manner, at least one slot is on the
contrary said to be “total”, extending from the vicinity of the
axis of rotation in elevation to the periphery.

[0061] Atleastone slot may open out to the periphery. Such
a slot may be a partial or total slot.

[0062] In addition, in a variant, the cap of the dome com-
prises a plurality of arms extending spanwise from the axis of
rotation in elevation towards said periphery, each arm extend-
ing in azimuth between two slots opening out to the periphery,
each arm presenting an airfoil profile that extends in azimuth
between a leading edge in the vicinity of one slotand a trailing
edge in the vicinity of another slot.

[0063] At least one arm presents a twist relationship deter-
mining a twist angle for each section of the arm as a function
of a reference section.

[0064] Under such circumstances, each arm represents a
twisted lift-providing airfoil surface.
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[0065] Inaddition, at least one arm may present a width in
azimuth that increases on going away from the axis of rotation
in elevation.

[0066] Inadditiontoadome, the invention provides a rotor-
craft rotor provided with a hub carrying a plurality of blades.
The rotor thus includes a dome of the above-described type.
The blades thus cannot penetrate into the slots since said slots
do not constitute notches suitable in particular for enabling
the blades to flap.

[0067] Furthermore, the invention provides a rotorcraft
having at least one rotor of this type.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0068] The invention and its advantages appear in greater
detail in the context of the following description of embodi-
ments given by way of illustration and with reference to the
accompanying figures, in which:

[0069] FIG. 1 is a view of a prior art rotorcraft without a
dome;

[0070] FIG. 2 is a view of a rotorcraft of the invention;
[0071] FIG. 3 is a view of a dome provided with total slots

extending fully along radii of the dome, the slots having width
that is constant in azimuth;

[0072] FIG.4isaview of adome provided with partial slots
extending along radii of the dome and reaching the periphery
of the dome, each of the slots having width that varies in
azimuth;

[0073] FIG.5isaview of adome provided with partial slots
extending along radii of the dome in the vicinity of the axis of
rotation in elevation of the dome, each of the slots having
width that varies in azimuth;

[0074] FIG. 6isaview of adome provided with partial slots
arranged along lines that do not intersect the axis of rotation
in elevation; and

[0075] FIG. 7 is a view of a dome provided with convex
total slots defining arms, each of the arms having width that
varies in azimuth.

[0076] Elements that are present in more than one of the
figures are given the same references in each of them.

DETAILED DESCRIPTION OF THE INVENTION

[0077] Itshould be observed that three mutually orthogonal
axes X, Y, and Z are shown in the figures.

[0078] The X axis is said to be longitudinal. Another axis Y
is said to be the “transverse” axis. Finally, a third axis Z is said
to be the “elevation” axis.

[0079] FIG. 1 shows a prior art rotorcraft illustrating the
problem of the invention.

[0080] The rotorcraft 1 is conventionally provided with an
airframe extending from a nose to a tail and including a tail
boom 3. The tail boom 3 may carry a tail fin, stabilizers, and
possibly a rotor.

[0081] The airframe carries at least one main rotor 4 pro-
viding the rotorcraft with at least part of its lift and possibly
also propulsion.

[0082] The wake 5 generated by the high portions of the
rotorcraft and in particular its rotor 4 impacts against the tail
of'the aircraft, and in particular the tail fin and the stabilizers.
[0083] In addition, the wake 5 tends to separate from the
airframe in a separation zone 7 that is situated in the proximity
of engine covers 6.

[0084] FIG. 2 shows a rotorcraft 10 of the present invention.
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[0085] The rotorcraft 10 has an airframe extending from a
nose to a tail and including a tail boom 13. The airframe
carries at least one main rotor 14 providing the rotorcraft with
at least part of its lift and possibly also propulsion. The rotor
14 has a hub 18 carrying a plurality of blades 19.

[0086] Furthermore, the rotor 4 has a dome 20 of the inven-
tion.
[0087] The dome is provided with a cap 25, e.g. a spherical

cap. By way of example, the cap may be fastened to the hub
18 so as to be constrained to rotate with the main rotor 14.
[0088] The cap 25 extends radially from an axis of rotation
100 in elevation towards a periphery 27.

[0089] The cap 25 also extends in azimuth over 360
degrees. Furthermore, the cap 25 extends in elevation in its
thickness direction from a bottom face facing the hub 100
towards a top face. The centers 26 of each of the faces are then
arranged on the axis of rotation 100 in elevation.

[0090] In addition, the dome includes at least one slot 40
provided in the cap between the axis of rotation 100 in eleva-
tion all the way to the periphery 27.

[0091] Each slot then passes right through the thickness of
the cap. Each slot 40 extends in elevation from the bottom
face to the top face. Each slot thus defines an opening. Air may
thus pass through the cap from its top face to its bottom face
and vice versa through the opening provided by each slot.
[0092] The wake 5 generated by the top portions of the
rotorcraft is then deflected downwards by the dome 20.
[0093] During rotation of the dome, an incident air stream
300 impacts in succession against a solid surface of a face 31,
32 of the dome and an opening of a slot 40. The incident air
stream 300 may impact a bottom face 31 and a top face 32 of
the dome. The expression “air stream impacting a slot” or the
equivalent should be understood to mean that the stream of air
is directed against a slot, and penetrates into the opening
provided by the slot. Conversely, away from the slots, the
stream of air impacts the solid surface of the bottom face
and/or of'the top face.

[0094] The slots 40 thus make it possible to generate a
pulsed wake that interacts with the wake generated by the cap.
The overall pulsed wake generated by the dome 20 potentially
leads to a reduction in the overall magnitude of the dynamic
behavior of the wake 5 and tends at least to limit separation of
the wake 5 in the separation zone 17 situated in the proximity
of the engine covers 16.

[0095] FIGS. 3 to 7 show variants of the dome 20.

[0096] With reference to FIG. 3, the dome 20 is provided
with a cap 25. The cap 25 thus extends radially from an axis
of rotation 100 in elevation to a periphery 27.

[0097] The periphery 27 may be crenellated in order to
define a succession of crenellations 28 and of notches 29.
[0098] Each notch 29 is then arranged facing a blade so as
to avoid interference between the blade and the cap as a result
of flapping movements of the blade. By construction, each
notch 29 is arranged between the periphery 27 and the axis of
rotation 100 in elevation of the cap 25.

[0099] Conversely, the cap is pierced between the periph-
ery 27 and the axis of rotation 100 in elevation in order to
present at least one slot 40.

[0100] Each slot then passes through the thickness of the
cap.
[0101] Relative to an incident air stream 300, the cap 25

presents a succession of openings 202 and of solid surfaces
201 at least on an internal circle that is geometrically situated
at a radius 203 and centered on the axis of rotation 100 in
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elevation. Each opening is constituted by a slot 40, and each
solid surface is constituted by a face of the cap. Because of the
rotation ROT of the dome about the axis of rotation 100 in
elevation, the incident air stream thus impacts in succession
against an opening and a solid surface.

[0102] The cap may include a plurality of slots 40.

[0103] In particular, the number of notches 29 may be dif-
ferent from the number of slots 40. By way of example, the
number of notches 29 and the number of slots 40 may be
mutually prime.

[0104] Ina firstembodiment, shown in FIGS. 3 to 5, at least
one slot extends radially, and therefore along a radius 200 of
the cap.

[0105] By way of example, all the slots extend radially.
[0106] Regardless of the embodiment, at least one slot may
open out to the periphery 27.

[0107] Thus, the variants shown in FIGS. 3 and 4 have slots
that open out to the periphery 27, either through a crenellation
28 or through a notch 29.

[0108] In addition, and regardless of the embodiment, at
least one slot may extend spanwise all or part of the way along
the cap.

[0109] Consequently, the variant shown in FIG. 3 has slots
extending all the way along a radius. These slots, referred to
as “total” slots, extend from the immediate proximity of the
axis of rotation 100 in elevation to the periphery 27.

[0110] However, the variants shown in FIGS. 4 and 5 have
slots extending part of the way along a radius. These slots,
referred to as “partial” slots, extend in a restricted annulus 85
of the dome 20 arranged between the periphery 27 and the
axis of rotation 100 in elevation. Each annulus has a radius
referred to as a “small” radius 206 that is shorter than the
smallest radius of the cap referred to as the “minimum radius
205”. By way of example, the small radius 206 is less than
95% of the minimum radius, and in particular less than two
thirds of the minimum radius 205.

[0111] Moreover and regardless of the embodiment, a slot
may present a width 550 that is constant or that varies in an
azimuth direction.

[0112] The width 550 of the slots 40 of the variant shown in
FIG. 3 is thus constant in azimuth.

[0113] Conversely, FIG. 4 shows slots presenting a width in
azimuth that increases on going away from said axis of rota-
tion 100 in elevation.

[0114] FIG. 5 shows slots presenting a width in azimuth
that increases on going away from the axis of rotation 100 in
elevation until it reaches a maximum width. Then, the width
decreases on going away from the axis of rotation 100 in
elevation.

[0115] The width in elevation of the slot going from the
bottom face to the top face of the cap may also vary.

[0116] In the second embodiment shown in FIGS. 6 and 7,
at least one slot does not extend radially. More precisely, FIG.
6 shows partial slots, while FIG. 7 shows total slots.

[0117] In the variant shown in FIG. 6, such a slot may
extend along a straight line that does not intersect the center
26 of each face and the axis of rotation 100 in elevation.
[0118] In addition, the example shown in FIG. 6 shows
partial slots that present a width that is constant in azimuth
and varies in elevation.

[0119] In variants, a slot may extend along a bent line or
else along a convex line.

[0120] By way of example, the example shown in FIG. 7
shows total slots that present width that varies in azimuth.
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[0121] Inaddition, these slots present a convex shape thatis
convex pointing 80 in the direction of rotation ROT of the
dome 20.
[0122] In addition, the cap 25 shown in FIG. 7 includes a
plurality of airfoil arms 50.
[0123] Each arm extends spanwise from the axis of rotation
100 in elevation towards the periphery 27, and in azimuth in
a direction DI between two slots 40 opening out onto the
periphery 27.
[0124] Each arm 50 then presents an airfoil profile that
extends in azimuth between a leading edge 51 in the vicinity
of'aslot40 and atrailing edge 52 in the vicinity of another slot
40.
[0125] FIG. 7 shows arms formed by non-radial slots.
[0126] However, the caps shown in FIGS. 3 and 4 may also
include arms of airfoil profile.
[0127] Regardless of the type of slot, at least one arm 50
may present a twist relationship. Such a twist relationship
usually determines a twist angle for each section 54 of the arm
as a function of a reference section 53. The term “section”
refers to a cross-section of the arm in a plane extending in
elevation from the trailing edge to the leading edge of'the arm
and perpendicular to a geometrical stacking line of the arm.
[0128] Furthermore, at least one arm 50 may present a
width 55 in azimuth that increases on going away from the
axis of rotation 100 in elevation.
[0129] Naturally, the present invention may be subjected to
numerous variations as to its implementation. Although sev-
eral embodiments are described above, it should readily be
understood that it is not conceivable to identify exhaustively
all possible embodiments. It is naturally possible to envisage
replacing any of the means described by equivalent means
without going beyond the ambit of the present invention.
What is claimed is:
1. A dome for a rotor of a rotorcraft, the dome comprising
a cap extending radially from an axis of rotation in elevation
towards a periphery and in azimuth over 360 degrees, the cap
extending in thickness from a bottom face for facing a hub of
the rotor towards a top face above the bottom face, the dome
including notches enabling a blade to pass therethrough in
order to allow the blade to flap;
wherein the dome includes at least one slot extending
between the periphery and the axis of rotation in eleva-
tion, each slot being distinct from a notch, each slot
passing right through a thickness of the cap by extending
in elevation from the bottom face to the top face, the
dome including in azimuth along at least one internal
circle a succession of solid surfaces represented by the
top face and of openings represented by each slot facing
an incident air stream so that the incident air stream
impacts in succession against a solid surface and an
opening during rotation of the dome about the axis of
rotation in elevation.
2. A dome according to claim 1, wherein the number of
notches is different from the number of slots.
3. A dome according to claim 2, wherein the number of
notches and the number of slots are mutually prime.
4. A dome according to claim 1, wherein the cap comprises
a plurality of arms extending spanwise from the axis of rota-
tion in elevation towards the periphery, each arm extending in
azimuth between two slots open out to the periphery, each arm
presenting an airfoil profile extending in azimuth between a
leading edge in the vicinity of a slot and a trailing edge in the
vicinity of another slot.
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5. A dome according to claim 4, wherein at least one arm
presents a twist relationship determining a twist angle for
each section of the arm as a function of a reference section,
each section representing a cross-section of the arm in a plane
extending in elevation from the trailing edge to the leading
edge of the arm and perpendicular to a geometrical stacking
line of the arm.

6. A dome according to claim 4, wherein at least one arm
presents a width in azimuth that increases on going away from
the axis of rotation in elevation.

7. A dome according to claim 1, wherein at least one slot
extends along a radius of the dome.

8. A dome according to claim 1, wherein at least one slot
does not extend entirely in a single plane containing the axis
of rotation.

9. A dome according to claim 1, wherein the dome being
for rotation in a particular direction of rotation, at least one
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slot presents a convex shape that is convex pointing in the
direction of rotation (ROT) of the dome.

10. A dome according to claim 1, wherein at least one slot
presents a width in azimuth that varies radially.

11. A dome according to claim 1, wherein at least one slot
extends in an annulus of the dome lying between the periph-
ery and the axis of rotation in elevation, the annulus not
reaching the periphery and/or the axis of rotation.

12. A dome according to claim 1, wherein at least one slot
opens out to the periphery.

13. A rotorcraft rotor having a hub carrying a plurality of
blades, wherein the rotor includes a dome according to claim
1, the blades being unable to penetrate into the slots.

14. A rotorcraft, wherein the rotorcraft includes at least one
rotor according to claim 13.
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