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Description

[0001] The present disclosure claims priorities to Chi-
nese Patent Application No. 202023086217.9 filed on
December 18, 2020 and titled "WIND TURBINE, FAN,
AND AIR CONDITIONER" and Chinese Patent Applica-
tion No. 202023083750.X filed on December 18, 2020
and titled "WIND TURBINE, FAN, AND AIR CONDITION-
ER", the contents of which are herein incorporated by
reference in their entireties.

TECHNICAL FIELD

[0002] The present disclosure relates to the technical
field of fans, in particular to a wind turbine, a fan, and an
air conditioner.

BACKGROUND

[0003] At present, a suction surface of a blade of a
wind turbine of an axial flow fan used in an outdoor unit
of an air conditioner is generally a smooth surface. More-
over, the axial flow fan of the outdoor unit of the air con-
ditioner is generally required to have excellent aerody-
namic performance and small noise. Thus, achord length
of a middle part and a chord length of an outer edge of
the wind turbine blade are relative long in most cases,
which results in airflow separation on the suction surface
of the blade of the wind turbine, thereby reducing the
aerodynamic efficiency of the axial flow fan and increas-
ing noise generated during operation of the axial flow fan.

SUMMARY

[0004] In view of above problems, the present disclo-
sure provides awind turbine, afan, and an air conditioner,
which reduce airflow separation on a suction surface of
a blade.

[0005] Inorderto solve above problems, a wind turbine
is provided in a solution of the present disclosure. The
wind turbine includes a hub, a blade, and at least two
first grooves. The blade includes a blade root, an outer
edge, and a suction surface. The blade root is connected
to the hub, the outer edge is farther away from the hub
than the blade root, and the suction surface is connected
to the blade root and the outer edge. The first grooves
are provided on the suction surface at positions close to
the outer edge and spaced sequentially apart from each
other along an extension direction of the outer edge.
[0006] In some embodiments, the blade includes a
pressure surface, the pressure surface is arranged op-
posite to the suction surface, a bottom of at least one of
the first grooves is disposed closer to the pressure sur-
face than the suction surface.

[0007] In some embodiments, a relationship between
a length L1 of at least one of the first grooves and a
distance L2 between two adjacent of the first grooves
meets the following condition: 0.1<L1/L2<2.
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[0008] In some embodiments, the relationship be-
tween the length L1 and the distance L2 meets the fol-
lowing condition: L1/L2=1.7 or L1/L2=0.23.

[0009] In some embodiments, the suction surface in-
cludes a first region, and the first grooves are provided
in the first region; and the wind turbine defines a first
circumference and a second circumference, the first cir-
cumference is centered on a center of the hub, a radius
of the first circumference is a maximum distance from
the blade to the center, the second circumference is cen-
tered on the center, aradius of the second circumference
is a minimum distance from an edge of the first region
close to the hub to the center, and a relationship between
a diameter D1 of the first circumference and a diameter
D2 of the second circumference meets the following con-
dition: 0.9<D2/D1<0.99.

[0010] In some embodiments, the relationship be-
tween the diameter D1 of the first circumference and the
diameter D2 of the second circumference meets the fol-
lowing condition: D2/D1=0.93.

[0011] In some embodiments, the wind turbine in-
cludes at least two first-groove sets, each of the first-
groove sets includes the first grooves, and the first-
groove sets are spaced sequentially apart from each oth-
er along a direction from the blade root toward the outer
edge.

[0012] In some embodiments, the blade includes a
front edge and a rear edge, the front edge and the rear
edge are arranged opposite to each other, the front edge
is connected to the blade root and the outer edge, and
the rear edge is connected to the blade root and the outer
edge; and the rear edge has a recess recessed toward
the front edge, and the recess extends through the blade
along a direction of thickness of the blade.

[0013] In some embodiments, the suction surface in-
cludes a second region, and the recess is provided in the
second region; and the wind turbine defines a first cir-
cumference and a third circumference, the first circum-
ference is centered on a center of the hub, a radius of
the first circumference is a maximum distance from the
blade to the center, the third circumference is centered
on the center, a radius of the third circumference is a
minimum distance from an edge of the second region
close to the hub to the center, and a relationship between
a diameter D1 of the first circumference and a diameter
D3 of the third circumference meets the following condi-
tion: 0.5<D3/D1<0.95.

[0014] In some embodiments, the relationship be-
tween the diameter D1 of the first circumference and the
diameter D3 of the third circumference meets the follow-
ing condition: D3/D1=0.78.

[0015] In some embodiments, the wind turbine in-
cludes a plurality of second grooves, the second grooves
are provided on the suction surface, the second grooves
are disposed closer to the blade root than the first
grooves.

[0016] In some embodiments, the blade includes a
front edge, and two ends of the front edge are connected
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to the blade root and the outer edge; and the wind turbine
includes a protrusion arranged on the suction surface
and close to the outer edge and the front edge, and the
first grooves are disposed closer to the outer edge than
the protrusion.

[0017] In some embodiments, the number of the pro-
trusions is at least two, and the protrusions are spaced
apart from each other along a direction close to the outer
edge.

[0018] In some embodiments, the protrusion extends
away from the front edge.

[0019] In some embodiments, the wind turbine in-
cludes one or more feature layers, arranged on the suc-
tion surface and including at least two features distributed
sequentially along a direction from the blade root towards
the outer edge.

[0020] In some embodiments, the number of the fea-
ture layers is at least two, the feature layers are distrib-
uted layer by layer in a direction away from the front edge,
and a thickness of the blade at a position where each of
the feature layers is located decreases layer by layer in
the direction away from the front edge.

[0021] In some embodiments, a relationship between
a diameter D1 of the wind turbine and a diameter D4 of
the hub meets the following condition: 0.2<D4/D1<0.4.
[0022] In order to solve above problems, a fan is pro-
vided in another solution of the present disclosure. The
fan includes a wind turbine. The wind turbine includes a
hub, a blade, and at least two first grooves. The blade
includes a blade root, an outer edge, and a suction sur-
face. The blade root is connected to the hub, the outer
edge is farther away from the hub than the blade root,
and the suction surface is connected to the blade root
and the outer edge. The first grooves are provided on
the suction surface at positions close to the outer edge
and sequentially spaced apart from each other along an
extension direction of the outer edge.

[0023] In order to solve above problems, an air condi-
tioner is provided in still another solution of the present
disclosure. The air conditioner includes a fan. The fan
includes a wind turbine. The wind turbine includes a hub,
ablade, and at least two first grooves. The blade includes
a blade root, an outer edge, and a suction surface. The
blade root is connected to the hub, the outer edge is
farther away from the hub than the blade root, and the
suction surface is connected to the blade root and the
outer edge. The first grooves are provided on the suction
surface at positions close to the outer edge and sequen-
tially spaced apart from each other along an extension
direction of the outer edge.

[0024] Technical effect of the present disclosure in-
cluding following. Different from the related art, the
present disclosure provides a wind turbine, afan, and an
air conditioner. The wind turbine has at least two first
grooves provided on the suction surface at positions
close to the outer edge and spaced sequentially apart
from each other along an extension direction of the outer
edge. In this way, the suction surface of the blade
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presents an uneven surface appearance, thereby reduc-
ing the airflow separation on the suction surface of the
blade.

[0025] Inaddition, the airflow separation on the suction
surface of the blade at the position close to the outer
edge is always serious in most cases in the related art.
However, in the present disclosure, the first grooves are
provided on the suction surface at the positions close to
the outer edge, thereby further reducing the airflow sep-
aration on the suction surface of the blade.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Drawings herein are incorporated into the de-
scription and form a part of the description, illustrate em-
bodiments in accordance with the present disclosure,
and are used in conjunction with the description to explain
principles of the present disclosure. Furthermore, the
drawings and descriptions are not intended to limit a
scope of the present disclosure in any way, but to illus-
trate concepts in the present disclosure to those skilled
in the art by reference to specific embodiments.

FIG. 1 is a structural schematic view of a first em-
bodiment of a wind turbine according to the present
disclosure.

FIG. 2is a structural schematic side view of the wind
turbine shown in FIG. 1.

FIG. 3 is an enlarged structural schematic view of a
region A of the wind turbine shown in FIG. 1.

FIG. 4 is a structural schematic view of a second
embodiment of a wind turbine according to the
present disclosure.

FIG. 5 is a structural schematic view of a third em-
bodiment of a wind turbine according to the present
disclosure.

FIG. 6 is a structural schematic view of a fourth em-
bodiment of a wind turbine according to the present
disclosure.

FIG. 7 is a cross-sectional structural schematic view
of the wind turbine along a B-B direction shown in
FIG. 6.

FIG. 8 is an enlarged structural schematic view of a
region C of the wind turbine shown in FIG. 6.

FIG. 9 is a schematic diagram illustrating a relation-
ship between distances and noise of adjacent fea-
ture layers according to the present disclosure.
FIG. 10is a schematic diagram illustrating a relation-
ship between distances and noise at corresponding
positions of any two adjacentfeaturesin each feature
layer of the present disclosure.

FIG. 11 is a structural schematic view of a fifth em-
bodiment of a wind turbine according to the present
disclosure.

FIG. 12 is structural schematic view of an embodi-
ment of a fan according to the present disclosure.
FIG. 13 is a schematic diagram illustrating compar-
ison between a fan according to the present disclo-
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sure and a traditional fan with respect to relationships
between airflow volumes and noises.

FIG. 14 is a schematic diagram illustrating compar-
ison between a fan according to the present disclo-
sure and a traditional fan with respect to relationships
between the airflow volumes and powers.

FIG. 15 is a schematic diagram illustrating compar-
ison between a fan according to the present disclo-
sure and a traditional fan with respect to noise levels
at various frequency points.

FIG. 16 is a structural schematic view of an embod-
iment of an air conditioner according to the present
disclosure.

DETAILED DESCRIPTION

[0027] In order to make a purpose, technical solutions
and technical effect of the present disclosure clear, the
technical solutions in some embodiments of the present
disclosure are clearly and completely described in con-
junction with the drawings in the embodiments of the
present disclosure. It is obvious that the described em-
bodiments are only a part of embodiments of the present
disclosure, and not all embodiments. All other embodi-
ments acquired by those skilled in the art based on the
embodiments in the present disclosure without the cre-
ative work are all within the scope of the present disclo-
sure. Without conflict, following embodiments and fea-
tures in the embodiments may be combined with each
other.

[0028] In order to solve a technical problem in related
art that an airflow separation phenomenon is easy to oc-
cur on a suction surface of a blade of a wind turbine used
in an axial flow fan, some embodiments of the present
disclosure provide a wind turbine. The wind turbine in-
cludes a hub and a blade. The blade includes a blade
root, an outer edge, and a suction surface. The blade
root is connected to the hub. The outer edge is farther
away from the hub than the blade root, and the suction
surface is connected to the blade root and the outer edge.
The wind turbine further includes at least two first
grooves. The first grooves are provided on the suction
surface at a position close to the outer edge and distrib-
uted sequentially and spaced apart from each other along
an extension direction of the outer edge. Following are
described in detail.

[0029] AsshowninFIGS. 1and 2, FIG. 1is astructural
schematic view of a first embodiment of a wind turbine
according to the present disclosure, and FIG. 2 is a struc-
tural schematic side view of the wind turbine shown in
FIG. 1.

[0030] In some embodiments, a wind turbine 10 in-
cludes a hub 11 and a blade 12 connected to the hub 11.
The number of the blades 12 is one or more, and the one
or more blades 12 are spaced sequentially apart from
each other along a circumferential direction of the hub
11. The hub 11 is configured to connected to a driving
apparatus a transmission way such as a motor, such that
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the hub 11 is driven by the driving apparatus to rotate
around a center axis of the hub 11, and then the blade
12 connected to the hub 11 is driven to rotate around the
center axis of the hub 11, thereby generating airflow.
[0031] The blade 12 has a blade root 121, an outer
edge 122, a front edge 123, a rear edge 124, a pressure
surface 125, and a suction surface 126. The blade root
121 of the blade 12 is connected to the hub 11. An edge
of the blade 12 arranged opposite to or facing or away
from the blade root 121 is the outer edge 122. The front
edge 123 and the rear edge 124 of the blade 12 are ar-
ranged opposite to or facing each other. Both ends of the
front edge 123 are connected to the blade root 121 and
the outer edge 122, respectively. Both ends of the rear
edge 124 are connected to the blade root 121 and the
outer edge 122, respectively. Circumferential airflow
caused by movement of the blade 12 flows from the front
edge 123 to the rear edge 124. The pressure surface 125
and the suction surface 126 of the blade 12 are arranged
opposite to each other, and axial airflow caused by move-
ment of the blade 12 flows from a side where the suction
surface 126 is located to a side where the pressure sur-
face 125 is located.

[0032] As further shown in FIG. 1, a relationship be-
tween a diameter D1 of the wind turbine 10 and a diam-
eter D4 of the hub 11 meets the following condition:
0.2<D4/D1<0.4. In some embodiments, the relationship
between the diameter D1 of the wind turbine 10 and the
diameter D4 of the hub 11 meets the following condition:
D4/D1=0.3. In this way, a size of the hub 11 may be
minimized to ensure air outlet efficiency of the wind tur-
bine 10. In addition, a connection strength between the
hub 11 and the blade 12 is high, so that stability problems
such as the blade 12 breaking are not easy to occur.
[0033] The wind turbine 10 in some embodiments of
the present disclosure may be an axial flow wind turbine.
The axial flow wind turbine is widely used in air condi-
tioners and various ventilation and heat dissipation
scenes since it has a large airflow volume, a low noise
level, and a low pressure. A design of the axial flow wind
turbine has a great impact on an efficiency and noise of
an axial flow fan. With an increasing requirement for an
energy efficiency of the air conditioner, a requirement for
an efficiency of the axial flow fan is also increasing day
by day. Generally, the axial flow fan is required to have
alow noise level and a high efficiency. The axial flow fan
is a key component in an outdoor unit of the air condi-
tioner. Performance of the axial flow fan has a great im-
pact on performance of the air conditioner. In addition,
the axial flow fan is usually used in conjunction with a
motor. Therefore, an optimal working speed and a load
capability of the motor need to be fully considered to en-
sure thatthe designed axial flow fan has a high efficiency.
[0034] Considering factors such as aerodynamic effi-
ciency, noise, and the like of the wind turbine, a suction
surface of a blade of a traditional axial flow wind turbine
is generally a smooth surface, and keeping the suction
surface smooth helps to reduce a friction loss caused by
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the blade and reduce unnecessary aerodynamic noise.
However, since the wind turbine is generally required to
have good aerodynamic performance and low noise, a
chord length of a middle part and a chord length of an
outer edge of the blade is relative long in most cases.
Since the suction surface of the blade of the traditional
axial flow wind turbine is usually smooth, so that a bound-
ary layer is formed on a surface of the blade due to an
impact of a viscous force when the airflow flows through
the surface of the blade, and a thickness of the boundary
layer increases gradually along a direction of flow of the
airflow, thereby forming an adverse pressure gradientin
the boundary layer. When the adverse pressure gradient
causes a flow speed of the airflow in the boundary layer
to be close to zero, a boundary layer separation phenom-
enon, i.e., an airflow separation, occurs. Therefore, a rel-
atively smooth suction surface with a long chord length
tends to cause the airflow separation phenomenon to
occur at a region of the blade close the rear edge. The
airflow separation not only reduces the aerodynamic ef-
ficiency of the wind turbine, but also increases the aero-
dynamic noise of the wind turbine.

[0035] Inordertoimprove the airflow separation on the
suction surface of the blade, for the traditional axial flow
wind turbine, a mounting angle of the blade is usually
adjusted. This method is simple and convenient, and may
also have a good effect under some particular circum-
stances. However, after the mounting angle of the blade
is adjusted to match an airflow angle, readjustment of
the mounting angle will reduce the aerodynamic perform-
ance of the wind turbine or cause the aerodynamic per-
formance of the wind turbine to deteriorate seriously. In
addition, adjusting the mounting angle of the blade is
easy to cause an axial size of the wind turbine to obviously
change, so that the wind turbine cannot meet actual ap-
plication requirements of air conditioner products.
[0036] Inordertoreduce the weight of the wind turbine
and a load of the wind turbine, the blade of the traditional
axial flow fan is usually designed as a single-circular-arc
structure with the same thickness, and a section of the
blade is no longer adopts a wing-shape design. In this
way, although the weight of the wind turbine and the load
of the fan are reduced, however, the noise of the fan is
increased, and the strength of the fan is weakened.
Therefore, the blade of the wind turbine is easy to have
stability problems such as breaking due to the weakened
strength.

[0037] In view of this, as shown in FIG. 1, the wind
turbine 10 in some embodiments further includes at least
two first grooves 13. The first grooves 13 are provided
on the suction surface 126 at positions close to the outer
edge 122 and are spaced sequentially apart from each
other along an extension direction of the outer edge 122.
[0038] It may be seen that the first grooves 13 enable
the suction surface 126 of the blade 12 to present an
uneven surface appearance, which helps to introduce
high-energy fluid into the boundary layer, so that a flow
field of the boundary layer in the adverse pressure gra-
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dient may continue to attach to the suction surface 126
of the blade 12 after obtaining additional energy, thereby
achieving the effect of delaying the airflow separation of
the suction surface 126, reducing the airflow separation
on the suction surface 126 of the blade 12, improving the
aerodynamic efficiency of the wind turbine 10, and re-
ducing the noise of the wind turbine 10.

[0039] In addition, since at a position of the suction
surface 126 of the blade 12 close to the outer edge 122,
the airflow speed is fast and the airflow separation is se-
rious, the first grooves 13 in some embodiments of the
present disclosure are provided on the suction surface
126 at the positions close to the outer edge 122, so that
the position of the suction surface 126 close to the outer
edge 122 presents the uneven surface appearance,
which facilitates reducing the airflow separation on the
suction surface 126 of the blade 12.

[0040] As further shown in FIGS. 1 and 2, a bottom of
at least one of the first grooves 13 is disposed closer to
the pressure surface 125 than the suction surface 126,
thatis, each of the first grooves 13 is formed by recessing
the suction surface 126 toward the pressure surface 125,
orapartofthe blade 12 ata position of the suction surface
126 where each of the first grooves 13 is located is miss-
ing to form the corresponding one of the first grooves 13.
In this way, by defining the first grooves 13, the weight
of the blade 12 may be reduced, which in turn reduces
the load of the fan configured with the wind turbine 10 in
some embodiments of the present disclosure, thereby
improving the efficiency of the fan.

[0041] AsshowninFIG. 3, FIG. 3is an enlarged struc-
tural schematic view of a region A of the wind turbine
shown in FIG. 1.

[0042] In some embodiments, a length of each of the
first grooves 13 is defined as a chord length correspond-
ing to a position where the first groove 13 is located, and
a distance between two adjacent first grooves 13 of the
first grooves 13 is defined as a minimum distance be-
tween two adjacent ends, which are adjacent to each
other, of two adjacent first grooves 13, respectively. A
relationship between the length L1 of at least one of the
first grooves 13 and the distance L2 between two adja-
cent first grooves 13 meets the following condition:
0.1<L1/L2<2, as shown in FIG. 3. In this way, the first
grooves 13 have areasonable distribution density on the
suction surface 126 of the blade 12, which facilitates en-
suring the effect of dispersing a vortex at the outer edge
122 by the first grooves 13, and the airflow separation
phenomenon on the suction surface 126 of the blade 12
may be suppressed, thereby facilitating improving the
aerodynamic efficiency of the wind turbine 10 and reduc-
ing the noise of the wind turbine 10.

[0043] Further, in some embodiments, the relationship
between the length L1 of at least one of the first grooves
13 and the distance L2 between two adjacent first
grooves 13 meets the following condition: L1/L2=1.7. In
some embodiments, the relationship between the length
L1 of at least one of the first grooves 13 and the distance
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L2 between two adjacent first grooves 13 meets the fol-
lowing condition: L1/L2=0.23. In this way, it is possible
to ensure that the first grooves 13 have a reasonable
distribution density on the suction surface 126 of the
blade 12 as far as possible, ensure the effect of dispers-
ing the vortex at the outer edge 122 by the first grooves
13 as far as possible, and further suppress the airflow
separation phenomenon on the suction surface 126 of
the blade 12 as far as possible. Thus, the aerodynamic
efficiency of the wind turbine 10 may be further improved,
and the noise of the wind turbine 10 may be reduced.
Moreover, size relationships described above may be
reasonably selected according to a specific design of the
wind turbine 10.

[0044] As shown in FIG. 1, in some embodiments, the
suction surface 126 of the blade 12 includes a firstregion
127 in which the first grooves 13 are provided. Further-
more, the wind turbine 10 defines a first circumference
(such as the circumference ®1 shown in FIG. 1, similarly
hereinafter) and a second circumference (such as the
circumference ®2 shown in FIG. 1, similarly hereinafter).
A region located between the first circumference and the
second circumference of the suction surface 126 is the
first region 127.

[0045] In some embodiments, the first circumference
and the second circumference are concentric circles cen-
tered on a center of the hub 11. A plane where the first
circumference is located and a plane where the second
circumference is located are perpendicular to a central
axis of the hub 11. The central axis of the hub 11 passes
through the center of the hub 11. The first circumference
is centered on the center of the hub 11, and a radius of
the first circumference is a maximum distance from the
blade 12 to the center of the hub 11. The maximum dis-
tanceis adistance from a position on the blade 12 farthest
from the center of the hub 11 to the center of the hub 11.
The second circumference is centered on the center of
the hub 11, and a radius of the second circumference is
a minimum distance from an edge of the first region 127
close to the hub 11 to the center of the hub 11. A diameter
of the first circumference is a diameter of the wind turbine
10.

[0046] As shownin FIG. 1, a relationship between the
diameter D1 of the first circumference and a diameter D2
of the second circumference meets the following condi-
tion: 0.9<D2/D1<0.99. In this way, the first grooves 13
may be provided as close as possible to the outer edge
122 of the blade 12, so as to reduce the airflow separation
on a position of the suction surface 126 of the blade 12
close to the outer edge 122.

[0047] Further, as showninFIG. 1, the relationship be-
tween the diameter D1 of the first circumference and the
diameter D2 of the second circumference meets the fol-
lowing condition: D2/D1=0.93, so that the first grooves
13 may be provided close but not too close to the outer
edge 122 of the blade 12, thereby facilitating forming the
first groove 13 and ensuring a structural reliability of the
wind turbine 10.
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[0048] AsshowninFIG. 4, FIG. 4 is a structural sche-
matic view of a second embodiment of a wind turbine
according to the present disclosure.

[0049] In some embodiments, the wind turbine 10 in-
cludes at least two first-groove sets 131. Each of the first-
groove sets 131 includes the first grooves 13 as de-
scribed above. The first-groove sets 131 are spaced se-
quentially apart from each other along a direction from
the blade root 121 towards the outer edge 122. In this
way, the first-groove sets 131 are provided on the suction
surface 126 at positions close to the outer edge 122, such
that the suction surface 126 of the blade 12 may further
presents an uneven surface appearance, and the effect
of dispersing the vortex at the outer edge 122 may be
improved, thereby improving the airflow separation on
the suction surface 126.

[0050] As shownin FIG. 1, in some embodiments, the
rear edge 124 of the blade 12 includes arecess recessed
towards the front edge 123, and the recess is extended
through the blade 12 along a direction of thickness of the
blade 12. The direction of thickness of the blade 12 may
be understood as a direction perpendicular to the suction
surface 126 and the pressure surface 125 of the blade
12. The recess may not only reduce the weight of the
blade 12 to reduce the load of the fan configured with the
wind turbine 10 in some embodiments of the present dis-
closure, but also reduce the vortex loss at the rear edge
124 of the blade 12, thereby reducing vibration and the
noise of the wind turbine 10 during operation.

[0051] In some embodiments, the recess includes at
least one of a first recess 141 and a second recess 142.
The number of first recess 141 is at least two, and the
first recesses 141 are provided side by side in a zigzag
shape along an extension direction of the rear edge 124.
The second recess 142 is recessed deeper toward the
front edge 123 than the first recess 141, i.e., an end of
the second recess 142 toward the frontedge 123 is closer
to the front edge 123 than an end of the first recess 141
toward the front edge 123. FIG. 1 shows that the first
recess 141 is closer to the outer edge 122 of the blade
12 than the second recess 142. A relative positional re-
lationship between the first recess 141 and the second
recess 142 is only provided for discussion purposes but
not for limitation.

[0052] For example, as shown in FIG. 1, the suction
surface 126 of the blade 12 includes a second region 128
having a recess. In some embodiments, the first recess
141 is provided in the second region 128 of the suction
surface 126. The wind turbine 10 includes the first cir-
cumference and a third circumference (such as the cir-
cumference ®3 shown in FIG. 1, similarly hereinafter),
and a region of the suction surface 126 located between
the first circumference and the third circumference is the
second region 128. That is, the first recess 141 is pro-
vided in the region of the suction surface 126 located
between the first circumference and the third circumfer-
ence, and the second recess 142 is provided in a region
of the suction surface 126 located between the third cir-



11 EP 4 265 914 A1 12

cumference and the hub 11. It may be seen from FIG. 1
that the first region 127 is located in the second region
128.

[0053] The first and third circumferences are concen-
tric circles centered on the center of the hub 11. The
plane where the first circumference is located and a plane
where the third circumference is located are perpendic-
ular to the central axis of the hub 11. The first circumfer-
ence is centered on the center of the hub 11, and the
radius of the first circumference is the maximum distance
from the blade 12 to the center of the hub 11. The third
circumference is centered on the center of the hub 11,
and a radius of the third circumference is a minimum
distance from an edge of the second region 128 close to
the hub 11 to the center of the hub 11.

[0054] As shownin FIG. 1, a relationship between the
diameter D1 of the first circumference and a diameter D3
of the third circumference meets the following condition:
0.5<D3/D1<0.95. In this way, a position of the firstrecess
141 on the suction surface 126 of the blade 12 may be
reasonably selected, which ensures that the first recess
141 reduces the vortex loss at the rear edge 124 of the
blade 12, thereby reducing the vibration and the noise of
the wind turbine 10 during operation. As further shown
in FIG. 1, the relationship between the diameter D1 of
the first circumference and the diameter D3 of the third
circumference meets the following condition:
D3/D1=0.78.

[0055] As shown in FIG. 1, in some embodiments, the
wind turbine 10 further includes a plurality of second
grooves 15 provided on the suction surface 126 of the
blade 12. Moreover, the plurality of second grooves 15
are arranged closer to the blade root 121 of the blade 12
than the first grooves 13 described above. The plurality
of second grooves 15 are formed by recessing the suction
surface 126 toward the pressure surface 125, or a part
of the blade 12 at a position of the suction surface 126
where the plurality of second grooves 15 are located is
missing to form the plurality of second grooves 15. In this
way, by defining the plurality of second grooves 15, the
weight of the wind turbine 10 may be reduced, which in
turn reduces the load of the fan configured with the wind
turbine 10 in some embodiments of the present disclo-
sure. Thus, the cost of material of the fan may be reduced
and the efficiency of the fan may be improved. The plu-
rality of second grooves 15 may further reduce the airflow
separation on the suction surface 126 of the blade 12,
reduce the vortexloss of the suction surface 126, thereby
reducing the vibration and the noise of the wind turbine
10 during operation.

[0056] It should be noted that the number of second
grooves 15 is one, two, or more than two, and is not
limited here.

[0057] In conclusion, the wind turbine in some embod-
iments of the present disclosure includes the first grooves
provided on the suction surface at positions close to the
outer edge, and the first grooves are spaced sequentially
apart from each other along the extension direction of
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the outer edge, so that the suction surface of the blade
presents the uneven surface appearance, thereby reduc-
ing the airflow separation on the suction surface of the
blade.

[0058] Besides, since the airflow separation on the
suction surface of the blade close to the outer edge is
always serious, the first grooves in some embodiments
of the present disclosure are provided on the suction sur-
face at the positions close to the outer edge, which may
further reduce the airflow separation on the suction sur-
face of the blade.

[0059] AsshowninFIG. 5, FIG. 5 is a structural sche-
matic view of a third embodiment of a wind turbine ac-
cording to the present disclosure.

[0060] Insome embodiments, different from the above
embodiments, the wind turbine 10 in some embodiments
of the present disclosure further includes a protrusion 16
arranged on and protrudes from the suction surface 126
and disposed close to the outer edge 122 and the front
edge 123. A blade tip of the blade 12 is formed at an
intersection of the outer edge 122 and the front edge 123
of the blade 12, and the protrusion 16 is arranged at the
blade tip formed by the outer edge 122 and the front edge
123, which may disperse the vortex at the blade tip, and
enable the suction surface 126 of the blade 12 to present
an uneven surface appearance, thereby reducing the air-
flow separation on the suction surface 126 of the blade
12.

[0061] Since a position of the suction surface 126 of
the blade 12 close to the outer edge 122 has a high ef-
ficiency in doing work on the airflow, and a relative linear
speed of the airflow at the position is fast, the protrusion
16 in some embodiments is arranged close to the outer
edge 122, which facilitates improving the effect of the
protrusion 16 in dispersing the vortex and suppressing
the airflow separation, thereby reducing the airflow sep-
aration on the suction surface 126 of the blade 12.
[0062] The protrusion 16 is arranged on the second
region 128 on the suction surface 126 described in the
above embodiments. In this way, the protrusion 16 is
arranged as close as possible to the outer edge 122 of
the blade 12, so as to ensure the effect of the protrusion
16 in dispersing the vortex and suppressing the airflow
separation, thereby further reducing the airflow separa-
tion on the suction surface 126 of the blade 12. The sec-
ond region 128 has been described in the above embod-
iments and is not repeated here.

[0063] It should be noted that, the wind turbine 10 de-
scribed in some embodiments may further includes the
first groove 13 described in the above embodiments, in
addition to the protrusion 16, so as to reduce the airflow
separation on the suction surface 126 of the blade 12 by
the cooperation of the protrusion 16 and the first groove
13. FIG. 5 shows that the protrusion 16 and the first
grooves 13 are arranged on the suction surface 126 of
the blade 12, and the first grooves 13 are disposed closer
to the outer edge 122 of the blade 12 than the protrusion
16.
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[0064] In some embodiments, the number of protru-
sions 16 is at least two, and the protrusions 16 are spaced
apart from each other along a direction close to or to-
wards the outer edge 122, so that the airflow generated
at the front edge 123 of the blade 12 is affected by a
greater number of protrusions 16 to further improve the
effect of the protrusions 16 in dispersing the vortex at a
position where the protrusions are located.

[0065] In some embodiments, the protrusion 16 ex-
tends along a direction away from the front edge 123 of
the blade 12. In this way, the effect of the protrusion 16
in dispersing the vortex and suppressing the airflow sep-
aration is ensured, the protrusion 16 with this design fa-
cilitates optimizing the airflow, which further facilitates
reducing the vortex loss on the suction surface 126 and
reducing the vibration and the noise of the wind turbine
10 during operation.

[0066] As shown in FIG. 5, in some embodiments, the
wind turbine 10 further includes one or more feature lay-
ers 17 arranged on the suction surface 126 of the blade
12. The one or more feature layers 17 include features
171 distributed sequentially in a direction from the blade
root 121 of the blade 12 to the outer edge 122. In some
embodiments, the number of the feature layers 17 is at
least two, the feature layers 17 are distributed layer by
layer along a direction away from the front edge 123 of
the blade 12.

[0067] FIG. 5 shows that the protrusion 16, the first
grooves 13, and the one or more feature layers 17 are
arranged on the suction surface 126 of the blade 12. The
first grooves 13 are disposed closer to the outer edge
122 of the blade 12 than the protrusion 16 and the one
or more feature layers 17. The one or more feature layers
17 are disposed closer to the rear edge 124 of the blade
12 than the protrusion 16. The first recess 141 as de-
scribed in the above embodiments may be further pro-
vided on the rear edge 124 of the blade 12.

[0068] It may be seen that the design of the above-
mentioned feature layers 17 are similar to a feather of a
bird or a fish scale, etc., so that the suction surface 126
of the blade 12 presents an uneven surface appearance,
which facilitates introducing high-energy fluid into the
boundary layer, so that the flow field of boundary layer
in the adverse pressure gradient may continue to attach
to the suction surface 126 of the blade 12 after obtaining
additional energy, and thus the effect of delaying the air-
flow separation on the suction surface 126 may be
achieved. In this way, the airflow separation on the suc-
tion surface 126 of the blade 12 may be reduced, thereby
improving the aerodynamic efficiency of the fan config-
ured with the wind turbine 10 in some embodiments of
the present disclosure and reducing the noise of the fan
configured with the wind turbine 10 in some embodiments
of the present disclosure.

[0069] AsshowninFIGS.6and7,FIG.6isastructural
schematic view of a fourth embodiment of a wind turbine
according to the present disclosure, and FIG. 7 is a cross-
sectional structural schematic view of the wind turbine
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along a B-B direction in FIG. 6. FIG. 6 shows one blade
12 of the whole wind turbine 10 and a part of the hub 11
connected to the one blade 12.

[0070] In some embodiments, a thickness of the blade
12 (the thickness H as shown in FIG. 7) at a position
where the one or more feature layers 17 are located is
reduced layer by layer along a direction close to the rear
edge 124 of the blade 12, so that the thickness of the
blade 12 is reduced and the weight of the blade 12 may
be reduced, thereby improving the aerodynamic perform-
ance of the wind turbine 10. Besides, the thickness of
the blade 12 being reduced layer by layer also facilitates
introducing the high-energy fluid into the boundary layer,
so that the flow field of the boundary layer in the adverse
pressure gradient may continue to attach to the suction
surface 126 of the blade 12 after obtaining the additional
energy, thereby achieving the effect of delaying the air-
flow separation on the suction surface 126.

[0071] In some embodiments, thicknesses of the fea-
ture layers 17 (the thickness h as shown in FIG. 7) are
set differently from each other, so that the thickness of
the blade 12 may be reduced to different degrees. In this
way, a reduced degree of the thickness of the blade 12
may be reasonably selected according to requirements
for the aerodynamic performance of the wind turbine 10.
In this way, the weight of the blade 12 may be reduced,
the strength of the blade 12 is not significantly affected
and may also meet the requirements for the aerodynamic
performance of the wind turbine 10.

[0072] Insomeembodiments, as showninFIGS. 6 and
7, the thickness h of each of the feature layers 17 is re-
duced layer by layer along the direction close to the rear
edge 124 of the blade 12, so that the thickness of the
blade 12 may be minimized, that is, the weight of the
blade 12 may be minimized. Of course, in other embod-
iments of the present disclosure, the thicknesses of the
feature layers 17 are increased layer by layer in the di-
rection close to the rear edge 124 of the blade 12, which
is not limited here.

[0073] It should be noted that, the thickness of one of
the feature layers 17 is a reduced thickness of the blade
12 by subtracting a thickness of the blade 12 at a position
where another one of the feature layers 17 adjacent to
the one of the feature layers 17 and located closer to the
rear edge 124 than the one of the feature layers 17 is
located from a thickness of the blade 12 at a position
where the one of the feature layers 17 is located. As
shown in FIG. 7, a feature layer o is adjacent a feature
layer B, and the feature layer B is disposed closer to the
rear edge 124 of the blade 12 than the feature layer a.
Thus, the thickness of the feature layer o is a reduced
thickness of the blade 12 by subtracting a thickness of
the blade 12 at a position where the feature layer § is
located from the thickness of the blade 12 at a position
where the feature layer a is located. Thatis, the thickness
of the blade 12 at a position where the feature layer B is
located is a thickness acquired by subtracting the thick-
ness h of the feature layer o from the thickness of the
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blade 12 at the position where the feature layer o is lo-
cated.

[0074] As shown in FIGS. 5 and 6, in some embodi-
ments, since regions in the blade 12 on which the airflow
separationis easy to occur are mostly located at positions
of the suction surface 126 of the blade 12 close to the
rear edge 124, the feature layers 17 described above are
arranged at the positions of the suction surface 126 of
the blade 12 close to the rear edge 124, so that the po-
sitions of the suction surface 126 of the blade 12 close
to the rear edge 124 have a non-smooth shape. In this
way, the airflow separation on the suction surface 126 of
the blade 12 may be delayed, thereby further reducing
the airflow separation on the suction surface 126.
[0075] AsshowninFIGS.6and8,FIG.8isanenlarged
structural schematic view of a region C of the wind turbine
shown in FIG. 6.

[0076] In some embodiments, a distance between ad-
jacent feature layers 17 (a distance W as shown in FIG.
8, similarly hereinafter) is from 0.5 mm to 100 mm. The
distance between the adjacent feature layers 17 may be
a distance between corresponding positions of the adja-
cent feature layers 17. For example, as shown in FIG. 8,
the distance between the adjacent feature layers may be
a minimum distance between ends of the features 171
of the adjacent feature layers facing the rear edge 124.
[0077] In this way, it may be ensured that there is a
sufficient distance between the adjacent feature layers
17 to facilitate a design and a manufacture of the features
171 of each of the feature layers 17, and that the distance
between adjacent feature layers is not too long or too
great to ensure the effect of the feature layers 17 in re-
ducing the airflow separation, and avoid poor suppres-
sion of the airflow separation on the suction surface 126
of the blade 12 due to sparse distribution of feature layers
17.

[0078] As shown in FIGS. 5 and 6, in some embodi-
ments, a distance between ends of the adjacent feature
layers close to the blade root 121 is less than a distance
between ends of adjacentfeature layers close to the outer
edge 122. In some embodiments, the distance between
the adjacent feature layers increases gradually along a
direction from the blade root 121 to the outer edge 122
of the blade 12 to match a trend that the chord length of
the blade 12 increases gradually along the direction from
the blade root 121 to the outer edge 122 of the blade 12,
so that the distance between the adjacent feature layers
17 better matches the variation of the chord length of the
blade 12, thereby improving the effect of the one or more
feature layers 17 in suppressing the airflow separation
on the suction surface 126 of the blade 12. In addition,
the above design enables the blade 12 in some embod-
iments of the present disclosure to have a better product
appearance, which is more consistent with an industrial
design and application, and which improves a product
competitiveness of the wind turbine 10 in some embod-
iments of the present disclosure.

[0079] The distance between the adjacent feature lay-
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ers 17 as described in the above embodiments is from
0.5 mm to 100 mm. In some embodiments, the distance
between the ends of the adjacent feature layers 17 close
to the blade root 121 is 30 mm, while the distance be-
tween the ends of the adjacent feature layers 17 close
to the outer edge 122 is 50 mm. In other words, the dis-
tance between adjacent feature layers 17 in some em-
bodiments gradually increases from 30 mm to 50 mm
along the direction from the blade root 121 of the blade
12 to the outer edge 122. In this way, it may be further
ensured that the distance between adjacent feature lay-
ers 17 better matches the variation of the chord length
of the blade 12, which facilitates improving the effect of
the one or more feature layers 17 in suppressing the air-
flow separation on the suction surface 126 of the blade
12, and further guaranteeing the product appearance ef-
fect of the blade 12.

[0080] FIG. 9 is a schematic diagram illustrating a re-
lationship between distances and noise of adjacent fea-
ture layers according to the present disclosure. It may be
seen that the distance between the adjacent feature lay-
ers 17 in some embodiments of the present disclosure
is between 30 mm and 50 mm, which may ensure that
the wind turbine 10 in some embodiments of the present
disclosure has low noise.

[0081] Of course, in other embodiments of the present
disclosure, the distance between the adjacent feature
layers 17 may also gradually decrease, remain un-
changed, or be arranged in an irregular manner along
the direction from the blade root 121 of the blade 12 to
the outer edge 122. Provided that the effect of the one
or more feature layers 17 in suppressing the airflow sep-
aration on the suction surface 126 of the blade 12 may
be improved, the distance between the adjacent feature
layers 17 is not limited.

[0082] As further shownin FIGS. 6 and 8, in some em-
bodiments, in each of the feature layers 17, the distance
between corresponding positions of any two adjacent
features 171 (the distance W as shown in FIG. 8, similarly
hereinafter) is from 5 mm to 80 mm. The distance be-
tween the corresponding positions of any two adjacent
features 171 may be a distance between ends of any two
adjacent features 171 facing the rear edge 124. In this
way, a distribution form of the features 171 in each of the
feature layers 17 may meet requirements, thereby en-
suring the effect of the one or more feature layers 17 in
suppressing the airflow separation on the suction surface
126 of the blade 12.

[0083] Insome embodiments, a distance between cor-
responding positions of any two adjacent features 171 in
each of the feature layers 17 is 22 mm. In this way, the
effect of the one or more feature layers 17 in suppressing
the airflow separation on the suction surface 126 of the
blade 12 may be maximized.

[0084] FIG. 10 is a schematic diagram illustrating a re-
lationship between distances and noise of corresponding
positions of any two adjacent features in each feature
layer of the present disclosure. It may be seen that the
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distance between the corresponding positions of any two
adjacent features 171 in each of the feature layers 17 of
the above embodiment is 22 mm, which may ensure that
the fan configured with the wind turbine 10 in some em-
bodiments of the present disclosure has small noise.
[0085] In some embodiments, in each of the feature
layers 17, the distances between corresponding posi-
tions of any two adjacent features 171 may be equal to
each other. In this way, provided that the one or more
feature layers 17 may suppress the airflow separation on
the suction surface 126 of the blade 12, the blade 12 has
a good product appearance and is more consistent with
an industrial design and application, and a product com-
petitiveness of the wind turbine 10 in some embodiments
of the present disclosure may be improved.

[0086] Of course, in other embodiments of the present
disclosure, in each of the feature layers 17, the distances
between corresponding positions of any two adjacent
features 171 may be different from each other and irreg-
ular. Provided that the effect of the one or more feature
layers 17 in suppressing the airflow separation on the
suction surface 126 of the blade 12 is improved, the dis-
tance between the corresponding positions of any two
adjacent features 171 is not limited.

[0087] AsshowninFIGS.6 and 11, FIG. 11 is a struc-
tural schematic view of a fifth embodiment of a wind tur-
bine according to the present disclosure.

[0088] In some embodiments, an orthographic projec-
tion of each of the features 171 on a reference plane is
in shape of at least one selected from the group consist-
ing of an arc, a curve, and a zigzag line. The reference
plane (plane y as shown in FIGS. 6 and 11, similarly here-
inafter) is perpendicular to the central axis of the hub 11
(the axis O perpendicular to a paper direction as shown
FIG. 6). In this way, the blade 12 has a good product
appearance and is more consistent with an industrial de-
sign and application, and facilitates improving a product
competitiveness of the wind turbine 10 in some embod-
iments of the present disclosure.

[0089] FIG. 6 shows that the orthographic projection
of each of the features 171 on the reference plane yis in
an arc shape, and the arc shape may be a circular arc
or the like. The orthographic projection of each of the
features 171 shown in FIG. 6 on the reference plane y is
in a semicircular-arc shape. The orthographic projection
of each of the features 171 shown in FIG. 11 on the ref-
erence plane v is in a zigzag-line shape. Of course, in
other embodiments of the present disclosure, the ortho-
graphic projection of each of the features 171 on the ref-
erence plane may be in other shapes, and the ortho-
graphic projections of the features 171 included in each
of the feature layers 17 on the reference plane may be
in shape of a combination of an arc, a zigzag line, and
any other shapes, which is not limited.

[0090] In conclusion, the wind turbine in some embod-
iments of the present disclosure includes the protrusion
protruding from the suction surface and close to the outer
edge and the front edge, the protrusion is capable of dis-
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persing the vortex formed at the blade tip by the outer
edge and the front edge, and enables the suction surface
of the blade to present an uneven surface appearance,
thereby reducing the airflow separation on the suction
surface of the blade.

[0091] Besides, the wind turbine further includes the
feature layer arranged on the suction surface. The fea-
ture layer includes the features, and the features are dis-
tributed sequentially along the direction from the blade
root towards the outer edge, which enables the suction
surface of the blade to present an uneven surface ap-
pearance, and further reduces the airflow separation on
the suction surface of the blade.

[0092] AsshowninFIG. 12, FIG. 12 is structural sche-
matic view of an embodiment of a fan according to the
present disclosure.

[0093] Insome embodiments, the fan 100 includes the
wind turbine 10. The wind turbine 10 has been described
in detail in the above embodiments and is not repeated
here. In some embodiments, the fan 100 further includes
a driving apparatus 20 connected to the wind turbine 10
in a transmission way to drive the wind turbine 10 to ro-
tate, thereby generating airflow. In some embodiments,
the driving apparatus 20 may be a motor or the like, which
is not limited.

[0094] In some embodiments, the fan 100 may be an
axial flow fan, and a concept and a working principle of
the axial flow fan can be understood by those skilled in
the art, and are not repeated here. The fan 100 in some
embodiments may be applied to an outdoor unit of an air
conditioner system or the like, especially an outdoor unit
of a multi-split air conditioner system or the like, which is
not limited.

[0095] As shown in FIG. 13, FIG. 13 is a schematic
diagramiillustrating comparison between a fan according
to the presentdisclosure and a traditional fan with respect
to relationships between airflow volumes and noises. A
line 11 shows a relationship between the airflow volume
and the noise of the fan in some embodiments of the
present disclosure, and a line 12 shows a relationship
between the airflow volume and the noise of the tradi-
tional fan. It may be seen from FIG. 13 that the fan in
some embodiments of the present disclosure has smaller
noise than the traditional fan when the fan in some em-
bodiments of the present disclosure has the same airflow
volume as the traditional fan.

[0096] As shown in FIG. 14, FIG. 14 is a schematic
diagramiillustrating comparison between a fan according
to the presentdisclosure and a traditional fan with respect
torelationships between the airflow volumes and powers.
Aline 13 shows arelationship between the airflow volume
and a power of the fan in some embodiments of the
present disclosure, and a line 14 shows a relationship
between the airflow volume and a power of the traditional
fan. It may be seen from FIG. 14 that the power of the
fan in some embodiments of the present disclosure is
lower than that of the traditional fan when the fan in some
embodiments of the present disclosure has the same air-
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flow volume as the traditional fan, which means that the
fan in some embodiments of the present disclosure has
alower power consumption and a greater efficiency than
the traditional fan.

[0097] As shown in FIG. 15, FIG. 15 is a schematic
diagramiillustrating comparison between a fan according
to the presentdisclosure and a traditional fan with respect
to noise levels at various frequency points. A line 15
shows noise levels at various frequency points of the
wind turbine in some embodiments of the present disclo-
sure, and a line 16 shows noise levels at various frequen-
cy point of a traditional wind turbine. It may be seen from
FIG. 15 that the wind turbine in some embodiments of
the present disclosure has smaller noise in the whole
frequency band than the traditional fan.

[0098] As shown in FIG. 16, FIG. 16 is a structural
schematic view of an embodiment of an air conditioner
according to the present disclosure.

[0099] In some embodiments, the air conditioner 200
includes the fan 100. The fan 100 has been described in
detail in the above embodiments and is not repeated
here. The air conditioner 200 is configured in an air con-
ditioner system. In some embodiments, the air condition-
er 200 may be an outdoor unit of an air conditioner or the
like, such as a multi-split outdoor unit of an air conditioner
or the like, which is not limited.

[0100] Inaddition,in some embodiments of the present
disclosure, unless otherwise expressly limited and de-
fined, terms "connected", "coupled", "laminated", and the
like should be understood in broad sense. For example,
these terms may be interpreted as the two components
being fixedly connected to each other, detachably con-
nected to each other, or integrated with each other; or
may be interpreted as the two components being directly
connected to each other or indirectly connected to each
other through an intermediate medium; or may be inter-
preted as the two components being communicated with
each other orinteracted with each other. For those skilled
in the art, a specific meaning of the above terms in the
present disclosure may be understood according to a
specific circumstance.

[0101] It should be noted that the above embodiments
are only used to explain the technical solutions of the
presentdisclosure but not to limitit. Although the present
disclosure is described in detail with reference to the
aforementioned embodiments, those skilled in the art
should understand that the technical solutions described
in the aforementioned embodiments may be modified, or
some or all of the technical features therein may be equiv-
alently replaced. However, these modifications or sub-
stitutions do not make the essence of corresponding
technical solutions out of the scope of the technical so-
lutions of the embodiments of the present disclosure.

Claims

1. A wind turbine, comprising:
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1"

a hub;

a blade, comprising a blade root, an outer edge,
and a suction surface; the blade root being con-
nected to the hub, the outer edge being farther
away from the hub than the blade root, and the
suction surface being connected to the blade
root and the outer edge; and

atleasttwo firstgrooves, provided on the suction
surface at positions close to the outer edge, the
first grooves being spaced sequentially apart
from each other along an extension direction of
the outer edge.

The wind turbine as claimed in claim 1, wherein the
blade comprises a pressure surface, the pressure
surface is arranged opposite to the suction surface,
a bottom of at least one of the first grooves is dis-
posed closerto the pressure surface than the suction
surface.

The wind turbine as claimed in claim 1, wherein a
relationship between a length L1 of at least one of
the first grooves and a distance L2 between two ad-
jacent of the first grooves meets the following con-
dition: 0.1<L1/L2<2.

The wind turbine as claimed in claim 3, wherein the
relationship between the length L1 and the distance
L2 meets the following condition: L1/L2=1.7 or
L1/L2=0.23.

The wind turbine as claimed in claim 1, wherein

the suction surface comprises a first region, and
the first grooves are provided in the first region;
and

wherein the wind turbine defines a first circum-
ference and a second circumference, the first
circumference is centered on a center of the hub,
aradius of the first circumference is a maximum
distance from the blade to the center, the second
circumference is centered on the center, a radi-
us of the second circumference is a minimum
distance from an edge of the first region close
to the hub to the center, and a relationship be-
tween a diameter D1 of the first circumference
and a diameter D2 of the second circumference
meets the following condition:

0.9<D2/D1<<0.99.

The wind turbine as claimed in claim 5, wherein the
relationship between the diameter D1 of the first cir-
cumference and the diameter D2 of the second cir-
cumference meets the following condition:
D2/D1=0.93.
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The wind turbine as claimed in claim 1, wherein the
wind turbine comprises at least two first-groove sets,
each of the first-groove sets comprises the first
grooves, and the first-groove sets are spaced se-
quentially apart from each other along a direction
from the blade root toward the outer edge.

The wind turbine as claimed in claim 1, wherein

the blade comprises a front edge and a rear
edge, the front edge and the rear edge are ar-
ranged opposite to each other, the front edge is
connected to the blade root and the outer edge,
and the rear edge is connected to the blade root
and the outer edge; and

wherein the rear edge has a recess recessed
toward the front edge, and the recess extends
through the blade along a direction of thickness
of the blade.

The wind turbine as claimed in claim 8, wherein

the suction surface comprises a second region,
and the recess is provided in the second region;
and

wherein the wind turbine defines a first circum-
ference and a third circumference, the first cir-
cumference is centered on a center of the hub,
aradius of the first circumference is a maximum
distance from the blade to the center, the third
circumference is centered on the center, a radi-
us of the third circumference is a minimum dis-
tance from an edge of the second region close
to the hub to the center, and a relationship be-
tween a diameter D1 of the first circumference
and a diameter D3 of the third circumference
meets the following condition:

0.5<D3/D1<<0.95.

10. The wind turbine as claimed in claim 9, wherein the

1.

relationship between the diameter D1 of the first cir-
cumference and the diameter D3 of the third circum-
ference meets the following condition: D3/D1=0.78.

The wind turbine as claimed in claim 1, further com-
prising:

a plurality of second grooves, the second grooves
being provided on the suction surface, the second
grooves being disposed closer to the blade root than
the first grooves.

12. The wind turbine as claimed in claim 1, wherein

the blade comprises a front edge, and two ends
of the front edge are connected to the blade root
and the outer edge; and
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13.

14.

15.

16.

17.

18.

19.

22

wherein the wind turbine comprises a protrusion
arranged on the suction surface and close to the
outer edge and the front edge, and the first
grooves are disposed closer to the outer edge
than the protrusion.

The wind turbine as claimed in claim 12, wherein the
number of the protrusions is at least two, and the
protrusions are spaced apart from each other along
a direction close to the outer edge.

The wind turbine as claimed in claim 12, wherein the
protrusion extends away from the front edge.

The wind turbine as claimed in claim 1, further com-
prising:

one or more feature layers, arranged on the suction
surface and comprising at least two features distrib-
uted sequentially along a direction from the blade
root towards the outer edge.

The wind turbine as claimed in claim 15, wherein the
number of the feature layers is at least two, the fea-
ture layers are distributed layer by layer in a direction
away from the front edge, and a thickness of the
blade at a position where each of the feature layers
is located decreases layer by layer in the direction
away from the front edge.

The wind turbine as claimed in claim 1, wherein a
relationship between a diameter D1 of the wind tur-
bine and a diameter D4 of the hub meets the follow-
ing condition: 0.2< D4/D1< 0.4.

A fan, comprising:
a wind turbine, comprising:

a hub;

a blade, comprising a blade root, an outer edge,
and a suction surface; the blade root being con-
nected to the hub, the outer edge being farther
away from the hub than the blade root, and the
suction surface being connected to the blade
root and the outer edge; and

atleasttwo firstgrooves, provided on the suction
surface at positions close to the outer edge and
sequentially spaced apartfrom each other along
an extension direction of the outer edge.

An air conditioner, comprising:
the fan, comprising:
a wind turbine, comprising:

a hub;

a blade, comprising a blade root, an outer edge,
and a suction surface; the blade root being con-
nected to the hub, the outer edge being farther
away from the hub than the blade root, and the
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suction surface being connected to the blade
root and the outer edge; and
atleasttwofirstgrooves, provided on the suction
surface at positions close to the outer edge and
sequentially spaced apart from each other along
an extension direction of the outer edge.
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