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ROTOR AND ROTORCRAFT

[0001] The disclosure claims the priority to Chinese Patent Application No.
202211679092.1, filed on December 26, 2022 and entitled "rotary wing and rotary wing
aircraft”, which is incorporated in its entirety herein by reference.

TECHNICAL FIELD

[0002] The disclosure relates to the technical field of aircrafts, and in particular to a rotary

wing and a rotary wing aircratft.

BACKGROUND

[0003] A rotary wing aircraft is capable of vertical take-off and landing and low-altitude
flight. With particular flight advantages, it has been widely applied to military and civilian

fields, and will function as a dominant vehicle of urban air traffic in future.
SUMMARY

[0004] An objective of the invention is to provide a rotary wing and a rotary wing aircratft,
so as to solve the technical problem in the related art and improve a noise reduction effect of
the rotary wing.

[0005] In a first aspect, the disclosure provides a rotary wing. The rotary wing includes a
blade, where a plurality of protruding structures are arranged on a surface of the blade in a
protruding manner, the plurality of protruding structures are sequentially arranged at intervals
in a spanwise direction of the blade, and a height difference is provided between adjacent
protruding structures.

[0006] As described in the above rotary wing, a height of the plurality of protruding
structures is sequentially reduced in the spanwise direction of the blade to form a stepped
distribution.

[0007] As described in the above rotary wing, a height difference between a protruding
structure closest to a rotation center of the blade and a protruding structure farthest from the
rotation center is 0.1 mm.

[0008] As described in the above rotary wing, the protruding structures are polygonal
bosses.

[0009] As described in the above rotary wing, each polygonal boss includes a front portion,

where the front portion has a triangular cross section.
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[0010] As described in the above rotary wing, an inner angle closest to a leading edge of the
blade in a triangle is greater than or equal to 30“and less than or equal to 90<
[0011] As described in the above rotary wing, a height of the protruding structures satisfies:

[0012] t where

~ Re%2!

[0013] tis the height of the protruding structures; and

[0014] Kk is a proportionality coefficient, and k ranges from 0.01 to 0.2;

[0015] cis a local chord length; and

[0016] Reisa local Reynolds number.

[0017] As described in the above rotary wing, where the local Reynolds number satisfies the

following requirement:

porc

[0018] Re = , Where

[0019] p isan air density;

[0020] @ is arotational angular velocity of the blade; and
[0021] ris a local spanwise position; and
[0022] w is aerodynamic viscosity.

[0023] As described in the above rotary wing, the local Reynolds number is greater than or
equal to 10000, and less than or equal to 500000.

[0024] As described in the above rotary wing, the protruding structures have a chordwise
length greater than or equal to 0.05c and less than or equal to 0.2c, where c is a local chord
length.

[0025] As described in the above rotary wing, a ratio of a spanwise width of the protruding
structures to a chordwise length of the protruding structures is greater than 0.01 and less than
0.2.

[0026] As described in the above rotary wing, a ratio of spacing between adjacent
protruding structures to a spanwise width of the protruding structures is greater than 0.1 and
less than 2.

[0027] As described in the above rotary wing, spacing between the protruding structures and
a leading edge of the blade is greater than or equal to 0.05c and less than or equal to 0.5c,
where c is a local chord length.

[0028] In a second aspect, the disclosure further provides a rotary wing aircraft. The rotary
wing aircraft includes the above rotary wing.

[0029] Compared with the related art, in the disclosure, the plurality of protruding structures
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are sequentially arranged at intervals in the spanwise direction of the blade, and a contact
region with air is increased by means of the plurality of protruding structures having the
height difference to achieve forced turbulence transition on a laminar separation bubble of the
blade, such that an air flow is more closely attached to the surface of the blade, and a
thickness of a boundary layer of a trailing edge is reduced. Thus, an occurrence region of

noise is reduced, and the purpose of reducing the noise is achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 is a perspective view of an overall structure of a rotary wing according to an
embodiment of the disclosure;

[0031] FIG. 2 is a front view of an overall structure of a rotary wing according to an
embodiment of the disclosure;

[0032] FIG. 3 is a schematic structural diagram of a local position of a rotary wing
according to an embodiment of the disclosure; and

[0033] FIG. 4 is a perspective view of a protruding structure of a rotary wing according to
an embodiment of the disclosure.

[0034] Description of reference numerals: 1-blade, 2-protruding structure, 3-main blade,

4-blade tip, 5-leading edge, 6-trailing edge, 7-front portion, and 8-recess.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0035] The embodiments described below with reference to the accompanying drawings are
exemplary and are merely used to explain the disclosure, but cannot be interpreted as limiting
the disclosure.

[0036] Inthe related art, a rotary wing aircraft is capable of vertical take-off and landing and
low-altitude flight. With particular flight advantages, it has been widely applied to military
and civilian fields, and will function as a dominant vehicle of urban air traffic in future.
However, noise of the aircraft limits application scenarios of the rotary wing aircraft to a large
extent, and the importance of reduction in aerodynamic noise of a propeller gradually
emerges.

[0037] The disclosure provides a rotary wing and a rotary wing aircraft, so as to solve the
technical problem in the related art and improve a noise reduction effect of the rotary wing.
The rotary wing will be introduced below:

[0038] It should be noted herein that parameters involved in the disclosure are all defined in

a common manner in the art. A blade in FIG. 2 is taken as an example. A wing section is
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defined as a two-dimensional section of the blade 1 at any position in a spanwise direction, a
rotation center is set as an origin to establish a coordinate system, the rotation center is a
center point for rotation of the blade 1, the blade 1 rotates about the rotation center, one end of
the wing section close to the rotation center is a main blade 3, one end of the wing section
away from the rotation center is a blade tip 4, and an extension direction from the main blade
3 to the blade tip 4 is defined as the spanwise direction (a left-to-right direction in FIG. 2).
Correspondingly, a direction perpendicular to the spanwise direction is a chordwise direction.
The chordwise direction of the blade 1 includes a leading edge 5 and a trailing edge 6. An
extension direction from the trailing edge 6 to the leading edge 5 is a rotation direction of the
blade.

[0039] With reference to FIG. 1 to FIG. 4, a rotary wing according to the disclosure includes
a blade 1. A plurality of protruding structures 2 are arranged on a surface of the blade 1 in a
protruding manner, the plurality of protruding structures 2 are sequentially arranged at
intervals in a spanwise direction of the blade 1, and a height difference is provided between
adjacent protruding structures 2. A contact region with air is increased by means of the
plurality of protruding structures 2 having the height difference to achieve forced turbulence
transition on a laminar separation bubble of the blade 1, such that an air flow is more closely
attached to the surface of the blade 1, and a thickness of a boundary layer of a trailing edge is
reduced. Thus, an occurrence region of noise is reduced, and the purpose of reducing the
noise is reduced. According to an actual noise test, the rotary wing having the protruding
structures 2 can reduce noise of up to 5 dBA under the same tension.

[0040] In the embodiment according to the disclosure, a height of the plurality of protruding
structures 2 is sequentially reduced in the spanwise direction of the blade 1 to form a stepped
distribution, thereby forcibly transiting the laminar separation bubble, effectively reducing a
total sound pressure level, and further reducing nose of the whole blade 1. Preferably, the
plurality of protruding structures 2 are distributed at equal intervals, a gap of the same size is
provided between adjacent protruding structures 2, and a height difference between a height
of a protruding structure 2 closest to the rotation center of the blade 1 and a height of a
protruding structure 2 farthest from the rotation center of the blade 1 is 0.1 mm. In a feasible
implementation, a height of a protruding structure closest to a rotation center of a blade is 0.2
mm, a height of a protruding structure 2 farthest from the rotation center of the blade 1 is 0.1
mm, and 40 to 50 protruding structures 2 are arranged between the two protruding structures.
The height of the plurality of protruding structures 2 is linearly and progressively reduced.
The protruding structure 2 farthest from the rotation center of the blade 1 is located at a tail

end of a blade tip 4, and a local spanwise position r of the protruding structure 2 closest to the
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rotation center of the blade 1 is 1/4 to 1/3 of a length R from the blade tip 4 to the rotation
center of the blade 1.

[0041] Those skilled in the art may know that the plurality of protruding structures 2 may
form distributions of other shapes. For example, the plurality of protruding structures 2 may
be arranged in the spanwise direction of the blade 1 to form a zigzag distribution, and the
plurality of protruding structures 2 are periodically changed in height in the spanwise
direction of the blade 1.

[0042] In order to further reduce the noise, with reference to FIG. 3 and FIG. 4, the
protruding structures 2 are polygonal bosses, and one ends of the polygonal bosses facing a
leading edge 5 of the blade 1 form triangular front portions 7. Each front portion 7 includes
two obliquely arranged outer wall surfaces. One ends of the two outer wall surfaces intersect
with each other, and the other ends of the two outer wall surfaces are continuous with two side
surfaces of the protruding structure 2 respectively. Openings of the front portions 7 are
provided facing the trailing edge 6 of the blade 1, extension directions of center lines of the
front portions 7 are parallel to a rotation direction of the blade 1, and the front portions 7 of
the plurality of protruding structures 2 are arranged parallel to one another. Preferably, an
inner angle closest to the leading edge 5 of the blade in a triangle is greater than or equal to 30°
and less than or equal to 90< Such an optimal design of front ends of the protruding structures
2 can weaken eddy current at the front ends of the protruding structures 2 and reduce
interference of the eddy current, thereby achieving the purpose of reducing the noise.

[0043] In the embodiment according to the disclosure, one ends of the protruding structures
2 facing the trailing edge 6 of the blade 1 are provided with recesses 8. The recesses 8 are
recesses that are recessed to be formed at rears of the protruding structures 2. Each recess has
a shape of an arrow, and includes two obliquely arranged inner wall surfaces. One ends of the
two inner wall surfaces intersect with each other, and the other ends of the two inner wall
surfaces are continuous with the two side surfaces of the protruding structure 2 respectively.
Openings of the recesses 8 are provided facing the trailing edge 6 of the blade 1, extension
directions of center lines of the recesses 8 are parallel to the rotation directions of the blade 1,
and the recesses 8 of the plurality of protruding structures 2 are arranged parallel to one
another. Preferably, an included angle between the recesses 8 is located between 30°and 90<
Such an optimal design for rear ends of the protruding structures 2 can weaken the eddy
current at the rear ends of the protruding structures 2, and reduce the interference of the eddy
current, thereby achieving the purpose of reducing the noise.

[0044] In the embodiment according to the disclosure, the protruding structures 2 have a set

height t, and the height satisfies:
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[0045] t= Re02 -

[0046] Specifically, t is the height of the protruding structures 2, k is a proportionality
coefficient, c is a local chord length, i.e. a distance from the leading edge 5 to the trailing edge
6 of a wing section of a cross section of a station, and Re is a local Reynolds number.
[0047] Asize and arrangement form of the protruding structures 2 are controlled, such that a
total sound pressure level may be effectively reduced. It may be known from a first formula
that the height t of the protruding structures 2 is changed, and is mainly changed according to
a value of the local Reynolds number Re. Specifically, in the spanwise direction of the blade 1,
the farther the local Reynolds number is from the rotation center, the larger the local Reynolds
number Re is, and the smaller the height t of the protruding structures 2 is. The height of the
protruding structures 2 is reduced in a gradient manner in the spanwise direction, such that the
air flow is more closely attached to the surface of the blade 1. Thus, the laminar separation
bubble is forcibly transited, and noise of the whole blade 1 is optimally reduced.
[0048] In the embodiment according to the disclosure, k ranges from 0.01 to 0.2, and
includes endpoint values. A proper mapping relationship is maintained between the local
chord length c, the local Reynolds number Re, and the height t of the protruding structures 2
based on a value of the proportionality coefficient k. After the local chord length ¢ and the
local Reynolds number Re are changed, the height of the protruding structures 2 is
appropriately changed accordingly. A change of the height t of the protruding structures 2 can
balance both aircraft aerodynamic performance and noise suppression, and reduce the noise of
the rotary wing to some extent without affecting aerodynamic efficiency of the blade 1.
[0049] Further, a value of Re satisfies:
pwre

o

[0050] Re =

[0051] p is an air density, @ is a rotational angular velocity of the blade 1, r is a local

spanwise position, c is a local chord length, and £ is aerodynamic viscosity.
[0052] The local Reynolds number Re is changed along with changes of values of the air

density p, the rotational angular velocity @ of the blade 1, the local spanwise position r, the

local chord length ¢ and the aerodynamic viscosity . After a rotation speed of the blade 1 is

specified, the local Reynolds number Re is mainly related to the local spanwise position r and
the local chord length c. The larger the local Reynolds number Re is, the smaller the height t

of the protruding structures 2 is, the smaller the local Reynolds number Re is, and the larger
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the height t of the protruding structures 2 is. Protruding structures 2 having a larger height
approaches the rotation center. Thus, the aerodynamic efficiency of a rotary wing aircraft is
improved. The aerodynamic efficiency of the rotary wing aircraft is improved, and the lower
rotation speed is required in a case of the same lifting surface distribution, such that it is
possible to reduce the noise generated in a flight process of the rotary wing aircraft. Preferably,
the local Reynolds number is greater than or equal to 10000 and less than or equal to 500000
to produce a desired noise reduction effect.

[0053] In the embodiment according to the disclosure, the protruding structures 2 have a set
chordwise length L, and the chordwise length L is greater than or equal to 0.05¢ and less than
or equal to 0.2c. L is the chordwise length of the protruding structures 2, and c is a local chord
length. The chordwise length L of the protruding structures 2 maintains a proportional
relationship with the local chord length c. The longer the local chord length c is, the longer the
chordwise length L of the protruding structures 2 is, and the larger an action region of the
protruding structures 2 is. Thus, the occurrence region of the noise is reduced.

[0054] In the embodiment according to the disclosure, the protruding structures 2 have a set
spanwise width hl, and a ratio of the spanwise width hl to the chordwise length L of the
protruding structures is greater than 0.01 and less than 0.2. Specifically, hl is a spanwise
width of the protruding structures 2, and L is the chordwise length of the protruding structures
2. The protruding structures 2 have elongated structures, such that the air flow may smoothly
flow to the trailing edge to obtain better aerodynamic performance and a better noise
reduction effect.

[0055] In the embodiment according to the disclosure, a ratio of spacing h2 between the
plurality of protruding structures 2 to a spanwise width hl of the protruding structures 2 is
greater than 0.1 and less than 2. Specifically, hl is the spanwise width of the protruding
structures 2, and h2 is the spacing between two adjacent protruding structures 2. In order to
further reduce noise generated by rotation of the blade 1, with reference to FIG. 1 and FIG. 2,
the plurality of protruding structures 2 are arranged close to the leading edge 5 of the blade 1.
Specifically, the spacing between the protruding structures 2 and the leading edge 5 of the
blade 1 is greater than or equal to 0.05c, and less than or equal to 0.5c.

[0056] Specifically, d is the spacing between the protruding structures 2 and the leading
edge 5 of the blade 1, and c is the local chord length. According to a flow characteristic of a
low Reynolds number laminar flow wing section, the laminar separation bubble is located
near the leading edge 5 of the blade 1. The protruding structures 2 are arranged close to the
leading edge 5 of the blade 1, such that the laminar separation bubble of the leading edge 5 is

forcibly transited to interrupt spanwise flow of air on the leading edge 5 of the blade 1 when
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the blade 1 rotates, thereby reducing eddy current formed by the leading edge 5 of the blade 1,
and further reducing noise generated when the blade 1 rotates.

[0057] With reference to FIG. 1 to FIG. 4, the protruding structures 2 have a cross section of
an arrow-shaped structure. Those skilled in the art may know that the protruding structures 2
may further include a regular cross section of a circular cross section, a regular cross section
or a polygonal cross section, or an irregular cross section, which is not limited herein.

[0058] Based on the above embodiment, the disclosure further provides a rotary wing
aircraft. The rotary wing aircraft includes the above rotary wing, and has all the beneficial
effects of the rotary wing, which will not be repeated herein.

[0059] The construction, features, and effects of the disclosure are described in detail
according to the embodiments shown in the drawings above, what are described above are
only one or more embodiments of the disclosure, but the disclosure does not limit the scope of
implementation as shown in the drawings, and any changes made according to the concept of
the disclosure, or equivalent embodiments modified to equivalent changes should all fall
within the scope of protection of the disclosure when still not falling beyond the scope

covered by the description and drawings.
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CLAIMS

1. A rotary wing, comprising a blade (1), wherein a plurality of protruding structures (2) are
arranged on a surface of the blade (1), the plurality of protruding structures (2) are
sequentially arranged at intervals in a spanwise direction of the blade (1), and a height

difference is provided between adjacent protruding structures (2).

2. The rotary wing according to claim 1, wherein a height of the plurality of protruding
structures (2) is sequentially reduced in the spanwise direction of the blade (1) to form a

stepped distribution.

3. The rotary wing according to claim 2, wherein a height difference between a protruding
structure (2) closest to a rotation center of the blade (1) and a protruding structure (2) farthest

from the rotation center is 0.1 mm.

4. The rotary wing according to claim 1, wherein the protruding structures (2) are polygonal

bosses.

5. The rotary wing according to claim 4, wherein each polygonal boss comprises a front

portion (7), wherein the front portion (7) has a triangular cross section.

6. The rotary wing according to claim 5, wherein an inner angle closest to a leading edge (5)

of the blade (1) in a triangle is greater than or equal to 30<and less than or equal to 90<

7. The rotary wing according to claim 1, wherein a height of the protruding structures (2)

satisfies:

ke

t= ReO.Z ’

wherein

t is the height of the protruding structures (2); and

k is a proportionality coefficient, and k ranges from 0.01 to 0.2;
c is a local chord length; and

Re is a local Reynolds number.

8. The rotary wing according to claim 7, wherein the local Reynolds number satisfies the

following requirement:

__ porc

Re , Wherein

p is an air density;
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@ s a rotational angular velocity of the blade (1);
r is a local spanwise position; and
M is aerodynamic viscosity.

9. The rotary wing according to claim 8, wherein the local Reynolds number is greater than or
equal to 10000, and less than or equal to 500000.

10. The rotary wing according to claim 1, wherein the protruding structures (2) have a
chordwise length greater than or equal to 0.05c and less than or equal to 0.2c, wherein c is a
local chord length.

11. The rotary wing according to claim 1, wherein a ratio of a spanwise width of the
protruding structures (2) to a chordwise length of the protruding structures (2) is greater than
0.01 and less than 0.2.

12. The rotary wing according to claim 1, wherein a ratio of spacing between adjacent
protruding structures (2) to a spanwise width of the protruding structures (2) is greater than
0.1 and less than 2.

13. The rotary wing according to claim 1, wherein spacing between the protruding structures
(2) and a leading edge (5) of the blade (1) is greater than or equal to 0.05c and less than or

equal to 0.5¢, wherein c is a local chord length.

14. Arotary wing aircraft, comprising the rotary wing according to any one of claims 1 to 13.
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