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(57) An axial fan includes a hub, and a blade. The areference line SL; at the radius position R1, a distance

hub has a rotational axis, and is configured to be driven
to rotate. The blade is connected to the hub, and has a
front edge and a rear edge. In a shape of the blade as
viewed in a cross section perpendicular to the rotational
axis and in a part nearer to a pressure surface of the
blade, the blade has a region in which a distance ratio
L2/L1 increases in a direction from the front edge to the
rear edge, where: a front end of a mountain-like portion
formed to be convex in a rotation direction of the blade
is defined as a vertex portion; a vertex portion positioned
nearest to an inner circumference is defined as a vertex
portion Pi; a vertex portion positioned nearest to an outer
circumferenceis defined as a vertex portion Po; a position
of a radius centering around the rotational axis and in-
cluding the vertex portion Piis defined as a radius position
Ri; a position of a radius centering around the rotational
axis and including the vertex portion Po is defined as a
radius position Ro; a position of a radius in the middle
between the radius position Ri and the radius position
Ro is defined as a radius position Rc; a position of a
radius in the middle between the radius position Ri and
the radius position Rc is defined as a radius position R1;
a position of a radius in the middle between the radius
position Ro and the radius position Rc is defined as a
radius position R2; a virtual straight line connecting the
vertex portion Pi and the vertex portion Po is defined as

between the reference line SL and the pressure surface
is defined as a distance L1; at the radius position R2, a
distance between the reference line SL and the pressure
surface is defined as a distance L2; and a ratio between
the distance L1 and the distance L2 is defined as the
distance ratio L2/L1.
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Description
Technical Field

[0001] The present disclosure relates to an axial fan
including a plurality of blades, an air-sending device in-
cluding the axial fan, and a refrigeration cycle apparatus
including the air-sending device.

Background Art

[0002] Some proposed axial fans in the related art in-
clude a cylindrical hub provided with a plurality of thin
blades (see, for example, PatentLiterature 1). In the axial
fan disclosed in Patent Literature 1, each blade has a
greater chord length near the outer circumference than
near the hub. The axial fan disclosed in Patent Literature
1 is designed such that in a cross section of the blade
taken in the radial direction, with reference to a point of
curvature defined at a distance from the hub equal to
approximately 1/3 of the length of the blade connecting
a hub portion and an outer circumferential portion, the
blade has a straight shape near the outer circumference,
and a convex shape near the hub thatis convex upstream
in the direction of airflow.

[0003] According to the configuration of the axial fan
disclosed in Patent Literature 1, the radial inflow of fluid
through the outer circumference of the blade is facilitated
by the straight portion located near the outer circumfer-
ence and the convex portion located near the hub. This
optimizes the natural flow of fluid around the blade. The
above-mentioned configuration allows the axial fan dis-
closed in Patent Literature 1 to sufficiently exhibit fan
characteristics of low-pressure propeller fans, that is, im-
proved fan efficiency and reduced noise. This leads to
reduced seasonal power consumption of air-conditioning
apparatuses.

Citation List
Patent Literature

[0004] PatentLiterature 1: Japanese Unexamined Pat-
ent Application Publication No. 2011-236860

Summary of Invention
Technical Problem

[0005] Typically, for outdoor units used for air-condi-
tioning apparatuses, designing the heat exchanger to op-
erate at high pressure drop results in a strong flow of a
radial fluid component directed toward the outer circum-
ference of the blade. As described above, as viewed in
cross section taken in the radial direction, the axial fan
disclosed in Patent Literature 1 has a straight shape near
the outer circumference. Accordingly, the presence of a
strong flow of a radial fluid component directed toward
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the outer circumference of the blade may cause the fluid
to leak at the outer circumferential end of the blade from
the blade pressure surface toward the blade suction sur-
face. This may result in formation of a strong blade tip
vortex.

[0006] The present disclosure has been made to ad-
dress the above-mentioned problem. Accordingly, it is
an object of the present disclosure to provide an axial
fan that allows for reduced leakage of fluid from the blade
pressure surface at the outer circumferential end of the
blade to thereby reduce growth of a blade tip vortex, an
air-sending device including the axial fan, and a refriger-
ation cycle apparatus including the air-sending device.

Solution to Problem

[0007] An axial fan according to an embodiment of the
present disclosure includes a hub, and a blade. The hub
has a rotational axis, and is configured to be driven to
rotate. The blade is connected to the hub, and has a front
edge and arear edge. In a shape of the blade as viewed
in a cross section perpendicular to the rotational axis and
in a part nearer to a pressure surface of the blade, the
blade has a region in which a distance ratio L2/L1 in-
creases inadirection from the front edge to the rear edge,
where: a front end of a mountain-like portion formed to
be convex in a rotation direction of the blade is defined
as a vertex portion; a vertex portion positioned nearest
to an inner circumference is defined as a vertex portion
Pi; a vertex portion positioned nearest to an outer cir-
cumference is defined as a vertex portion Po; a position
of a radius centering around the rotational axis and in-
cluding the vertex portion Piis defined as a radius position
Ri; a position of a radius centering around the rotational
axis and including the vertex portion Po is defined as a
radius position Ro; a position of a radius in the middle
between the radius position Ri and the radius position
Ro is defined as a radius position Rc; a position of a
radius in the middle between the radius position Ri and
the radius position Rc is defined as a radius position R1;
a position of a radius in the middle between the radius
position Ro and the radius position Rc is defined as a
radius position R2; a virtual straight line connecting the
vertex portion Pi and the vertex portion Po is defined as
areference line SL; at the radius position R1, a distance
between the reference line SL and the pressure surface
is defined as a distance L1; at the radius position R2, a
distance between the reference line SL and the pressure
surface is defined as a distance L2; and a ratio between
the distance L1 and the distance L2 is defined as the
distance ratio L2/L1.

[0008] An air-sending device according to an embod-
imentof the present disclosure includes the axial fan con-
figured as described above, a drive source configured to
provide a drive force to the axial fan, and a casing con-
figured to accommodate the axial fan and the drive
source.

[0009] A refrigeration cycle apparatus according to an
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embodiment of the present disclosure includes the air-
sending device configured as described above, and a
refrigerant circuit having a condenser and an evaporator.
The air-sending device sends air to at least one of the
condenser and the evaporator.

Advantageous Effects of Invention

[0010] Accordingto an embodiment of the present dis-
closure, the axial fan has a region in which the distance
ratio L2/L1 increases in the direction from the front edge
to the rear edge. This allows the fluid flow to be guided
toward an outer circumferential region of the blade where
work is efficiently done. Further, over the pressure sur-
face of the axial fan, the distance L2 increases relative
to the distance L1 in a direction toward the downstream
region in the airflow. This helps to avoid excessive guid-
ing of the airflow toward the outer circumference. Further,
the airflow is allowed to concentrate over a portion of the
pressure surface that defines the distance L2. The
above-mentioned configuration of the axial fan therefore
helps to reduce leakage of the fluid from the blade pres-
sure surface at the outer circumferential end of the blade,
and consequently reduce growth of a blade tip vortex.

Brief Description of Drawings
[0011]

[Fig. 1] Fig. 1 is a schematic front view of an axial
fan according to Embodiment 1.

[Fig. 2] Fig. 2 is a conceptual diagram representing
a meridian plane of the axial fan according to Em-
bodiment 1.

[Fig. 3] Fig. 3 is a schematic front view of a blade of
the axial fan according to Embodiment 1.

[Fig. 4] Fig. 4 is a front view of a modification of a
blade of the axial fan according to Embodiment 1.
[Fig. 5] Fig. 5 is a schematic front view of a blade of
an axial fan according to a comparative example.
[Fig. 6] Fig. 6 is a schematic front view of a blade of
an axial fan according to another comparative ex-
ample.

[Fig. 7] Fig. 7 is a schematic front view of a blade of
an axial fan according to Embodiment 2.

[Fig. 8] Fig. 8 is a schematic front view of a blade of
an axial fan according to Embodiment 3.

[Fig. 9] Fig. 9 is a schematic front view of a blade of
an axial fan according to Embodiment 4.

[Fig. 10] Fig. 10 is a schematic front view of a blade
of an axial fan according to Embodiment 5.

[Fig. 11] Fig. 11 is a schematic front view of a blade
of an axial fan according to Embodiment 6.

[Fig. 12] Fig. 12 is a schematic front view of a blade
of an axial fan according to Embodiment 7.

[Fig. 13] Fig. 13 is a schematic front view of a blade
of an axial fan according to Embodiment 8.

[Fig. 14] Fig. 14 is a schematic diagram of a refrig-
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eration cycle apparatus according to Embodiment 9.
[Fig. 15] Fig. 15 is a perspective view, as viewed
from near an air outlet, of an outdoor unit serving as
an air-sending device.

[Fig. 16] Fig. 16 is a top view of the outdoor unit for
explaining the configuration of the outdoor unit.
[Fig. 17] Fig. 17 illustrates the outdoor unit with a fan
grille removed from the outdoor unit.

[Fig. 18] Fig. 18 illustrates the internal configuration
of the outdoor unit with the fan grille, a front panel,
and other components removed from the outdoor
unit. Description of Embodiments

[0012] An axial fan, an air-sending device, and a re-
frigeration cycle apparatus according to embodiments
will be described below with reference to the drawings.
In the drawings below including Fig. 1, the relative di-
mensions, shapes, and other details of various compo-
nents may differ from those of the actual components. In
the drawings below, the same reference signs are used
to indicate the same or corresponding components or
features throughout the specification. Although terms
representing directions (e.g., "upper”, "lower", "right",
"left", "front", and "rear") are used as appropriate to fa-
cilitate understanding of the present disclosure, such
terms are for illustrative purposes only and not intended
to limit the corresponding apparatus, device, or compo-
nent to any particular placement or orientation.

Embodiment 1
[Axial Fan 100]

[0013] Fig. 1 is a schematic front view of an axial fan
100 according to Embodiment 1. A rotation direction DR
shown by an arrow in Fig. 1 represents the direction of
rotation of the axial fan 100. A reverse rotation direction
OD shown by an arrow in Fig. 1 represents a direction
opposite to the directionin which the axial fan 100 rotates.
Further, a circumferential direction CD shown by a double
headed arrow in Fig. 1 represents the circumferential di-
rection of the axial fan 100. The circumferential direction
CD includes the rotation direction DR and the reverse
rotation direction OD.

[0014] The axial fan 100 according to Embodiment 1
is described below with reference to Fig. 1. The axial fan
100 is a device for forming a flow of fluid. The axial fan
100 is used for, for example, an air-conditioning appara-
tus or a ventilator. The axial fan 100 forms a flow of fluid
as the axial fan 100 rotates in the rotation direction DR
about a rotational axis RA. An example of fluid is a gas
such as air.

[0015] The far side of Fig. 1 corresponds to an up-
stream region in the direction of fluid flow relative to the
axial fan 100, and the near side of Fig. 1 corresponds to
a downstream region in the direction of fluid flow relative
to the axial fan 100. The upstream region relative to the
axial fan 100 corresponds to a region where air is sucked
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into the axial fan 100, and the downstream region relative
to the axial fan 100 corresponds to a region where air is
blown out from the axial fan 100.

[0016] Asillustrated inFig. 1, the axial fan 100 includes
a hub 10 disposed along the rotational axis RA, and a
plurality of blades 20 connected to the hub 10. Examples
of the axial fan 100 include so-called boss-less fans hav-
ing a plurality of blades 20, with the front and rear edge
portions of adjacent blades 20 being connected to define
a continuous surface with no boss therebetween.

(Hub 10)

[0017] The hub 10 is connected to the rotary shaft of
a drive source such as a motor (not illustrated). In one
example, the hub 10 may have a cylindrical shape, or
may have a plate-like shape. The hub 10 is not limited
to any particular shape aslong as the hub 10is connected
to the rotary shaft of the drive source as mentioned
above.

[0018] The hub 10 is driven to rotate by the motor (not
illustrated) or other drive sources, and defines the rota-
tional axis RA. The hub 10 rotates about the rotational
axis RA. The rotation direction DR of the axial fan 100 is
the counterclockwise direction as represented by an ar-
row in Fig. 1. However, the rotation direction DR of the
axial fan 100 may not necessarily be the counterclock-
wise direction. Alternatively, for example, the angle at
which to mount the blades 20, or the orientation of the
blades 20 may be changed so that the hub 10 rotates in
the clockwise direction.

(Blades 20)

[0019] The blades 20 extend radially outward from the
hub 10. The blades 20 are arranged in radial formation
such that the blades 20 extend radially outward from the
hub 10. The blades 20 are spaced apart from each other
in the circumferential direction CD. Although Embodi-
ment 1 is directed to an example of the axial fan 100 with
three blades 20, the number of blades 20 is not limited
to three.

[0020] The blade 20 has a front edge 21, a rear edge
22, an outer circumferential edge 23, and an inner cir-
cumferential edge 24. The front edge 21 is located near
the leading portion of the blade 20 in the rotation direction
DR. That is, the front edge 21 is located forward of the
rear edge 22 in the rotation direction DR. The front edge
21 islocated upstream of the rear edge 22 in the direction
of the fluid flow to be generated.

[0021] The rear edge 22 is located near the trailing
portion of the blade 20 in the rotation direction DR. That
is, the rear edge 22 is located rearward of the front edge
21intherotation direction DR. The rear edge 22 s located
downstream of the front edge 21 in the direction of the
fluid flow to be generated. The axial fan 100 has the front
edge 21 serving as a blade end oriented in the rotation
direction DR of the axial fan 100, and the rear edge 22
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serving as a blade end opposite to the front edge 21 in
the rotation direction DR.

[0022] The outer circumferential edge 23 extends from
the front to the rear of the blade 20 in the rotation direction
DR such that the outer circumferential edge 23 connects
the outermost circumferential portion of the front edge
21 with the outermost circumferential portion of the rear
edge 22. The outer circumferential edge 23 defines an
end near the outer circumference of the axial fan 100 (to
be also referred to simply as "outer circumference" here-
inafter) in the radial direction (Y-axis direction). The outer
circumferential edge 23 has an arcuate shape as viewed
parallel to the rotational axis RA. However, the outer cir-
cumferential edge 23 may not necessarily have an arcu-
ate shape as viewed parallel to the rotational axis RA.
As viewed parallel to the rotational axis RA, the outer
circumferential edge 23 has a length in the circumferen-
tial direction CD that is greater than the length of the inner
circumferential edge 24 in the circumferential direction
CD.However, the length of the outer circumferential edge
23 in the circumferential direction CD, and the length of
the inner circumferential edge 24 in the circumferential
direction CD may not necessarily have the relationship
mentioned above.

[0023] Theinner circumferential edge 24 extends from
the front to the rear of the blade 20 in the rotation direction
DR such that the inner circumferential edge 24 connects
the innermost circumferential portion of the front edge 21
with the innermost circumferential portion of the rear
edge 22. The inner circumferential edge 24 defines an
end near the inner circumference of the axial fan 100 (to
be also referred to simply as "inner circumference" here-
inafter) in the radial direction (Y-axis direction). The inner
circumferential edge 24 has an arcuate shape as viewed
parallel to the rotational axis RA. However, the inner cir-
cumferential edge 24 may not necessarily have an arcu-
ate shape as viewed parallel to the rotational axis RA.
The inner circumferential edge 24 of each blade 20 is
connected with the hub 10, such as by being integrated
with the hub 10. In one example, the inner circumferential
edge 24 of each blade 20 is integrated with the outer
circumferential wall of the hub 10 having a cylindrical
shape.

[0024] The blades 20 are inclined relative to a plane
perpendicular to the rotational axis RA. As the axial fan
100 rotates, the blade surface of each blade 20 pushes
the fluid present between the blades 20 to thereby trans-
port the fluid. In this case, a blade surface that pushes
the fluid and undergoes anincreasein pressure is defined
as a pressure surface 25, and a blade surface that is on
the reverse side from the pressure surface 25 and un-
dergoes a decrease in pressure is defined as a suction
surface 26. Relative to the direction of fluid flow, the up-
stream surface of the blade 20 corresponds to the suction
surface 26, and the downstream surface of the blade 20
corresponds to the pressure surface 25. A surface of the
blade 20 depicted on the near side of Fig. 1 corresponds
to the pressure surface 25, and a surface on the reverse
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side of the blade 20 corresponds to the suction surface
26.

(Details of Blades 20)

[0025] Fig. 2 is a conceptual diagram representing a
meridian plane of the axial fan 100 according to Embod-
iment 1. Fig. 2 illustrates the shape of the axial fan 100
when rotated and projected onto a meridian plane that
covers the rotational axis RA and each blade 20. A di-
rection of flow AF shown by a vertically hatched arrow in
Fig. 2 represents the direction of fluid flow into the axial
fan 100. An axial direction AD shown by an open arrow
in Fig. 2 represents the direction of the rotational axis
RA.Theblade 20 has ablade length 27, which represents
the distance between the inner circumferential edge 24
and the outer circumferential edge 23, and an interme-
diate portion 28, which represents the radially middle part
of the blade length 27.

[0026] A viewpointVP shown by a horizontally hatched
arrow in Fig. 2 represents the direction of the line of sight
taken parallel to the rotational axis RA. The Y-axis in
Figs. 1 and 2 represents the radial direction relative to
the rotational axis RA of the axial fan 100. Y1 represents
a region of the axial fan 100 located nearer to the inner
circumference than is a region represented by Y2, and
Y2 represents a region of the axial fan 100 located nearer
to the outer circumference than is the region represented
by Y1.

[0027] Fig. 3 is a schematic front view of each blade
20 of the axial fan 100 according to Embodiment 1. To
explain the configuration of each blade 20, Fig. 3 depicts
only one of the blades 20, and does not depict other
blades 20. An airflow FL shown by an arrow in Fig. 3
conceptually represents a portion of the flow of air along
the pressure surface 25 of the blade 20.

[0028] Reference is now made to Figs. 2 and 3 to de-
scribe the structure of each blade 20 in detail. In Fig. 2,
for the axial fan 100, the shape of the blade 20 when
rotated and projected onto the meridian plane is repre-
sented by a blade projected portion 20p, and the shape
of the hub 10 when rotated and projected onto the me-
ridian plane is represented by a hub projected portion
10p.

[0029] A front-edge projection line 21p represents the
shape of the front edge 21 when rotated about the rota-
tional axis RA and projected onto the meridian plane that
covers the rotational axis RA. A rear-edge projection line
22p represents the shape of the rear edge 22 when ro-
tated about the rotational axis RA and projected onto the
meridian plane that covers the rotational axis RA. An out-
er-edge projection line 23p represents the shape of the
outer circumferential edge 23 when rotated about the ro-
tational axis RA and projected onto the meridian plane
that covers the rotational axis RA. An inner-edge projec-
tion line 24p represents the shape of the inner circum-
ferential edge 24 when rotated about the rotational axis
RA and projected onto the meridian plane that covers
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the rotational axis RA.

[0030] A position C1, a position C2, and a position C3
shown by dotted linesin Fig. 2 each representthe position
of a cross section perpendicular to the rotational axis RA.
Relative to the axial direction AD aligned with the rota-
tional axis RA, the position C1, the position C2, and the
position C3 are in this order from an upstream region
toward a downstream region in the direction of fluid flow.
[0031] The position C1, the position C2, and the posi-
tion C3 are representative of their relative locations be-
tween the front edge 21 and the rear edge 22. Although
the foregoing description of Embodiment 1 is directed to
the relationship between the three cross-sectional posi-
tions C1 to C3, such relationship between individual
cross-sectional positions is applicable not only to the
three cross-sectional positions C1 to C3 but also to two
cross-sectional positions or to four or more cross-sec-
tional positions.

[0032] Portions of the axial fan 100 located in the plane
of the cross section shown at the position C1, which are
illustrated in Fig. 2, are located at the same position in
the axial direction AD aligned with the rotational axis RA.
The cross-sectional shape of the blade 20 at the position
C1 is shown by a dotted line as a cross-sectional shape
DC1 in Figs. 2 and 3. The cross-sectional shape DC1
represents the shape of a cross section, taken at the
position C1, of the blade 20 perpendicular to the rotational
axis RA and in a part nearer to the pressure surface 25
of the blade 20.

[0033] Likewise, portions of the axial fan 100 located
in the plane of the cross section shown at the position
C2 are located at the same position in the axial direction
AD aligned with the rotational axis RA. The cross-sec-
tional shape of the blade 20 at the position C2 is shown
by a dotted line as a cross-sectional shape DC2 in Figs.
2 and 3. The cross-sectional shape DC2 represents the
shape of a cross section, taken at the position C2, of the
blade 20 perpendicular to the rotational axis RA and in
a part nearer to the pressure surface 25 of the blade 20.
[0034] Likewise, portions of the axial fan 100 located
in the plane of the cross section shown at the position
C3 are located at the same position in the axial direction
AD aligned with the rotational axis RA. The cross-sec-
tional shape of the blade 20 at the position C3 is shown
by a dotted line as a cross-sectional shape DC3 in Figs.
2 and 3. The cross-sectional shape DC3 represents the
shape of a cross section, taken at the position C3, of the
blade 20 perpendicular to the rotational axis RA and in
a part nearer to the pressure surface 25 of the blade 20.
[0035] As for the relationship between each portion of
the axial fan 100 located in the plane of the cross section
shown at the position C1, each portion of the axial fan
100 located in the plane of the cross section shown at
the position C2, and each portion of the axial fan 100
located in the plane of the cross section shown at the
position C3, these portions are located at different posi-
tions in the axial direction AD aligned with the rotational
axis RA. Accordingly, as illustrated in Figs. 2 and 3, the
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blade 20 has different cross-sectional shapes DC at dif-
ferent positions in the axial direction AD, such as the
cross-sectional shape DC1 at the position C1, the cross-
sectional shape DC2 at the position C2, and the cross-
sectional shape DC3 at the position C3. The term "cross-
sectional shape DC" is the generic term for the cross-
sectional shape DC1 at the position C1, the cross-sec-
tional shape DC2 at the position C2, and the cross-sec-
tional shape DC3 at the position C3, and is the generic
term for the shape of the blade 20 as viewed in a cross
section perpendicular to the rotational axis RA and in a
part nearer to the pressure surface 25 of the blade 20.
[0036] As illustrated in Fig. 3, in the cross-sectional
shape DC, which is the shape of the blade 20 as viewed
in a cross section perpendicular to the rotational axis RA
and in a part nearer to the pressure surface 25 of the
blade 20, the blade 20 has a mountain-like portion 30
formed to be convex in the rotation direction DR of the
blade 20. The mountain-like portion 30 is a region located
forward in the rotation direction DR, relative to a region
located nearer to the inner circumference than is the
mountain-like portion 30, relative to a region located
nearer to the outer circumference than is the mountain-
like portion 30, or relative to a region located nearer to
the inner circumference than is the mountain-like portion
30 and to a region located nearer to the outer circumfer-
ence than is the mountain-like portion 30. In the radial
direction centering around the rotational axis RA, the
mountain-like portion 30 defines a slope on a portion of
the pressure surface 25 near the inner circumference,
on a portion of the pressure surface 25 near the outer
circumference, or on both a portion of the pressure sur-
face 25 near the inner circumference and a portion of the
pressure surface 25 near the outer circumference.
[0037] With reference to the cross-sectional shape DC
of the blade 20 in a part nearer to the pressure surface
25 of the blade 20, the following describes, for example,
the positional relationship between individual portions
forming the blade 20. First, in the shape of the blade 20
as viewed in a cross section in a part nearer to the pres-
sure surface 25 of the blade 20, the front end of the moun-
tain-like portion 30 formed to be convex in the rotation
direction DR of the blade 20 is defined as a vertex portion
P. The vertex portion P is the front end of the mountain-
like portion 30 in the rotation direction DR.

[0038] In the cross-sectional shape DC, which is the
shape of the blade 20 as viewed in a cross section in a
part near the pressure surface 25, the vertex portion P
positioned nearest to the outer circumference is defined
as a vertex portion Pi, and the vertex portion P positioned
nearest to the inner circumference is defined as a vertex
portion Po. The vertex portion Pi represents the vertex
portion P of an inner mountain-like portion 31 that is lo-
cated nearest to the inner circumference (Y1). The vertex
portion Po represents the vertex portion P of an outer
mountain-like portion 32 that is located nearest to the
outer circumference (Y2). In the shape of the blade 20
as viewed in a cross section in a part nearer to the pres-
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sure surface 25 of the blade 20, the inner mountain-like
portion 31 represents the mountain-like portion 30 that
is located nearest inner circumference (Y1). In the shape
of the blade 20 as viewed in a cross section in a part near
the pressure surface 25 of the blade 20, the outer moun-
tain-like portion 32 represents the mountain-like portion
30 thatis located nearestto the outer circumference (Y2).
[0039] Now, for the axial fan 100, the position of a ra-
dius centering around the rotational axis RA and includ-
ing the vertex portion Pi is defined as a radius position
Ri. Further, for the axial fan 100, the position of a radius
centering around the rotational axis RA and including the
vertex portion Po is defined as a radius position Ro.
[0040] Now, the position of a radius in the middle be-
tween the radius position Ri and the radius position Ro
is defined as aradius position Rc. The position of aradius
in the middle between the radius position Ri and the ra-
dius position Rc is defined as a radius position R1. The
position of a radius in the middle between the radius po-
sition Ro and the radius position Rc is defined as a radius
position R2.

[0041] Now, as viewed in the cross-sectional shape
DC ofthe blade 20in a part nearer to the pressure surface
25, a virtual straight line connecting the vertex portion Pi
and the vertex portion Po is defined as a reference line
SL.

[0042] Now, atthe radius position R1, the distance be-
tween the reference line SL and the pressure surface 25
is defined as a distance L1. At the radius position R2, the
distance between the reference line SL and the pressure
surface 25 is defined as a distance L2. The ratio between
the distance L1 and the distance L2 is defined as a dis-
tance ratio L2/L1.

[0043] Withthe positionalrelationship or other features
of individual structural portions of the blade 20 being de-
fined as described above, each blade 20 of the axial fan
100 has a region SA in which the distance ratio L2/L1
increases in the direction from the front edge 21 to the
rear edge 22.

[0044] Each blade 20 has a valley-like portion 40 de-
fined between the inner mountain-like portion 31 and the
outer mountain-like portion 32. The valley-like portion 40
is recessed in a reverse rotation direction OD relative to
the vertex portion Pi and the vertex portion Po. In other
words, as viewed in the cross-sectional shape DC of the
blade 20 in a part nearer to the pressure surface 25, the
pressure surface 25 of the valley-like portion 40 is formed
to be convex in the reverse rotation direction OD. The
blade 20 may have, between the vertex portion Pi and
the vertex portion Po of the cross-sectional shape DC, a
single valley-like portion 40 or a plurality of valley-like
portions 40.

[0045] Fig. 4 is a front view of a modification of the
blade 20 of the axial fan 100 according to Embodiment
1. As illustrated in Fig. 4, the vertex portion Pi of the inner
mountain-like portion 31 may be located at the inner cir-
cumferential edge 24 of the blade 20. That is, the vertex
portion Pi of the inner mountain-like portion 31 may be
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located at the inner circumferential end of the blade 20,
or may be located at the position of connection with the
hub 10. The vertex portion Po of the outer mountain-like
portion 32 may be located at the outer circumferential
edge 23 of the blade 20. That is, the vertex portion Po of
the outer mountain-like portion 32 may be located at the
outer circumferential end of the blade 20.

[Operation of Axial Fan 100]

[0046] As the axial fan 100 rotates in the rotation di-
rection DR illustrated in Fig. 1, the pressure surface 25
of each blade 20 pushes out ambient air. As a result, the
fluid flows in a direction orthogonal to the plane of Fig.
1. More specifically, rotation of the axial fan 100 in the
rotation direction DR illustrated in Fig. 1 produces a fluid
flow directed from the far side to the near side of Fig. 1.
As the axial fan 100 rotates, the pressure on the suction
surface 26 becomes lower than the pressure on the pres-
sure surface 25. This causes a pressure difference to
develop around each blade 20 between the pressure sur-
face 25 and the suction surface 26.

[Advantageous Effects of Axial Fan 100]

[0047] The axial fan 100 has the region SA in which
the distance ratio L2/L1 increases in the direction from
the front edge 21 to the rear edge 22. This allows the
fluid flow to be guided toward an outer circumferential
region (Y2) of the blade 20 where work is efficiently done.
Further, the axial fan 100 is designed such that over the
pressure surface 25, the distance L2 increases relative
to the distance L1 in the direction toward the downstream
region in the airflow FL. This helps to avoid excessive
guiding of the airflow FL toward the outer circumference
(Y2). Further, the airflow FL is allowed to concentrate
over a portion of the pressure surface 25 that defines the
distance L2. The above-mentioned configuration of the
axial fan 100 helps to reduce leakage of the fluid from
the pressure surface 25 at the outer circumferential end
of the blade 20, and consequently reduce growth of a
blade tip vortex.

[0048] A blade tip vortex refers to a vortex of air that
is generated at the tip of the blade 20 due to a difference
in pressure between the pressure surface 25 and the
suction surface 26 of the blade 20. Generation of a blade
tip vortex leads to unnecessary energy consumption. Ac-
cordingly, reducing generation of a blade tip vortex re-
sults in improved efficiency of the axial fan 100 and con-
sequently reduced power consumption of the axial fan
100. Further, a blade tip vortex causes noise. According-
ly, reducing generation of a blade tip vortex helps to re-
duce noise associated with rotation of the blade 20.
[0049] With typical axial fans, the blade has a straight
cross-sectional shape near the outer circumference of
the blade. Such axial fans are not able to draw, toward
the inner circumference of the blade, an airflow heading
toward the outer circumference of the blade. This may
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resultin leakage of the airflow at the outer circumferential
end of the blade. As the airflow along the pressure sur-
face of the blade travels gradually downstream, the air-
flow moves in the radial direction of the blade with its
radial componentincreasing due to the centrifugal force.
Accordingly, defining a blade shape based on the shape
of the blade as viewed in a cross section perpendicular
to the rotational axis of the axial fan can be effective in
reducing leakage of the airflow at the outer circumferen-
tial end of the blade.

[0050] Fig. 5 is a schematic front view of a blade 20L
of an axial fan 100L according to a comparative example.
Generally, as illustrated in Fig. 5, to reduce blade tip vor-
tex, the axial fan 100L may in some cases have the blade
20L with a cross-sectional shape DCL. The cross-sec-
tional shape DCL represents the shape of the blade 20L
as viewed in a cross section perpendicular to the rota-
tional axis RA of the axial fan 100L according to the com-
parative example and in a part nearer to the pressure
surface 25 of the blade 20L.

[0051] The cross-sectional shape DCL of the axial fan
100L is recessed in the reverse rotation direction OD,
which results in an orientation of the pressure surface 25
such that the airflow FL is drawn toward the inner circum-
ference. The pressure surface 25 is thus designed to
have a uniform concavo-convex profile with no changes
in concavity and convexity from the front edge 21 to the
rear edge 22.

[0052] The above-mentioned configuration may allow
the axial fan 100L to draw the airflow FL toward the inner
circumference to thereby reduce the leakage of the air-
flow at the outer circumferential end of the blade 20L.
The above-mentioned configuration, however, fails to in-
crease the load on an outer circumferential region of the
blade 20L where work is efficiently done, and conse-
quently fails to sufficiently reduce required power con-
sumption. As described above, the axial fan 100L is de-
signed to draw the airflow FL toward the inner circumfer-
ence. Consequently, a maximum air velocity point MP,
where the airflow FL is atits maximum, occursin a portion
of the blade 20L from an inner circumferential region to
the vicinity of the middle of the blade 20L. With the axial
fan 100L, the airflow FL at high velocity leaving the max-
imum air velocity point MP collides with a structure such
as a grille located downstream of the maximum air ve-
locity point MP. This results in increased energy loss.
The collision of the airflow FL at high velocity with a struc-
ture may cause the axial fan 100L to generate noise.
Further, the collision of the airflow FL at high velocity with
a structure may lead to an increase in the required power
consumption of the axial fan 100L.

[0053] Fig. 6 is a schematic front view of a blade 20R
of an axial fan 100R according to another comparative
example. As illustrated in Fig. 6, the axial fan 100R ac-
cording to this comparative example has a cross-section-
al shape DCR with the pressure surface 25 designed to
have a uniform concavo-convex profile from the front
edge 21 to the rear edge 22. The cross-sectional shape
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DCR represents the shape of the blade 20R as viewed
in a cross section perpendicular to the rotational axis RA
of the axial fan 100R according to this comparative ex-
ample and in a part nearer to the pressure surface 25 of
the blade 20R.

[0054] In comparison to the cross-sectional shape
DCL of the axial fan 100L, the cross-sectional shape DCR
of the axial fan 100R has a deepest part in the vicinity of
the outer circumference. It is to be noted, however, that
for both the cross-sectional shape DCR of the axial fan
100R and the cross-sectional shape DCL of the axial fan
100L, the pressure surface 25 is designed to have a uni-
form concavo-convex profile with no changes in concav-
ity and convexity from the front edge 21 to the rear edge
22.

[0055] The concavo-convex profile of the cross-sec-
tional shape DCR of the pressure surface 25 may make
it possible for the axial fan 100R to increase the load on
an outer circumferential region where work is efficiently
done. However, due to the uniform concavo-convex pro-
file of the axial fan 100R with no changes in concavity
and convexity from the front edge 21 to the rear edge 22,
the airflow FL is guided excessively toward the outer cir-
cumference of the blade 20R. This may cause leakage
of the airflow FL at the outermost circumference of the
blade 20R of the axial fan 100R, which may lead to gen-
eration of a blade tip vortex. The blade tip vortex may
cause the axial fan 100R to generate noise, leading to a
potential increase in required power consumption.
[0056] Asopposed tothe comparative examples men-
tioned above, the axial fan 100 has the region SA in which
the distance ratio L2/L1 increases in the direction from
the front edge 21 to the rear edge 22. The axial fan 100
has, near the outer circumference (Y2) of the blade 20,
a cross-sectional portion that is convex in the reverse
rotation direction OD. As a result, a flow can be guided
from a region (Y1) located nearer to the inner circumfer-
ence than is the cross-sectional portion, toward the
cross-sectional portion located in an outer circumferen-
tial region (Y2) of the blade 20 where work is efficiently
done. This helps to reduce the required power consump-
tion of the axial fan 100. The cross-sectional shape DC
of the axial fan 100 is such that the distance L2 gradually
increases relative to the distance L1 in the direction to-
ward the downstream region in the airflow FL. This helps
to avoid excessive guiding of the airflow FL toward the
outer circumference. Further, due to the above-men-
tioned cross-sectional shape DC of the axial fan 100 in
which the distance L2 gradually increases relative to the
distance L1 in the direction toward the downstream re-
gion in the airflow FL, the airflow FL is allowed to con-
centrate at the location corresponding to the distance L2.
This helps to reduce leakage of the airflow FL at the outer
circumferential end of the blade 20.
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Embodiment 2.
[Axial Fan 100A]

[0057] Fig. 7 is a schematic front view of a blade 20A
of an axial fan 100A according to Embodiment 2. Refer-
ence is now made to Fig. 7 to describe the configuration
of the blade 20A in detail. Portions or parts of the axial
fan 100A identical in configuration to those of the axial
fan 100 illustrated in Figs. 1 to 4 are denoted by the same
reference signs and not described below in further detail.
For the axial fan 100A according to Embodiment 2, the
position of the vertex portion Po is further specified.
[0058] The blade 20A of the axial fan 100A is formed
such that in the direction from the front edge 21 to the
rear edge 22, the vertex portion Po shifts in position to-
ward the outer circumference (Y2) from a position near
the inner circumference (Y1). As viewed parallel to the
axial direction AD aligned with the rotational axis RA, the
blade 20A of the axial fan 100A is formed such that in
the direction from the front edge 21 to the rear edge 22,
the distance between the rotational axis RA and the ver-
tex portion Po increases.

[0059] As viewed parallel to the axial direction AD
aligned with the rotational axis RA, the blade 20A of the
axial fan 100A is formed such that in the direction from
the front edge 21 to the rear edge 22, the vertex portion
Po shifts in position away from the vertex portion Pi. Ac-
cordingly, as viewed parallel to the axial direction AD
aligned with the rotational axis RA, the blade 20A of the
axial fan 100A is formed such that in the direction from
the front edge 21 to the rear edge 22, the distance be-
tween the vertex portion Po and the vertex portion Pi
increases. As viewed parallel to the axial direction AD
aligned with the rotational axis RA, the blade 20A of the
axial fan 100A is formed such that in the direction from
the front edge 21 to the rear edge 22, the valley-like por-
tion 40 increases in width in the radial direction.

[Advantageous Effects of Axial Fan 100A]

[0060] The axial fan 100A has the region SA in which
the distance ratio L2/L1 increases in the direction from
the front edge 21 to the rear edge 22. The axial fan 100A
thus provides the same effect as that of the axial fan 100.
[0061] Further, the blade 20A of the axial fan 100A is
formed such that in the direction from the front edge 21
to the rear edge 22, the vertex portion Po shifts in position
toward the outer circumference (Y2) from a position near
the inner circumference (Y1). That is, the axial fan 100A
is designed such that in the direction toward the down-
stream region in the airflow FL, a portion of the axial fan
100A that defines the distance L2 shifts gradually in po-
sition toward the outer circumference (Y2) in the radial
direction. This helps to avoid excessive guiding of the
airflow FL toward the outer circumference. As a result,
in comparison to the blade 20 of the axial fan 100, the
blade 20A of the axial fan 100A makes it possible to fur-
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ther reduce leakage of the airflow FL at the outer circum-
ferential end of the blade 20A. That is, the axial fan 100A
allows the airflow FL to be guided toward the outer cir-
cumference (Y2)with gradually increasing intensity. This
makes it possible to increase the airflow FL directed to-
ward an outer circumferential region (Y2) where work is
efficiently done, while reducing leakage of the airflow FL
at the outer circumferential end of the blade 20A.

Embodiment 3.
[Axial Fan 100B]

[0062] Fig. 8 is a schematic front view of a blade 20B
of an axial fan 100B according to Embodiment 3. Refer-
ence is now made to Fig. 8 to describe the configuration
of the blade 20B in detail. Portions or parts of the axial
fan 100B identical in configuration to those of the axial
fan 100 or other axial fans illustrated in Figs. 1 to 7 are
denoted by the same reference signs and not described
below in further detail. For the axial fan 100B according
to Embodiment 3, the position of the vertex portion Po is
further specified.

[0063] For the blade 20B, the blade length 27 repre-
sents the distance between the inner circumferential
edge 24 and the outer circumferential edge 23, and the
intermediate portion 28 represents the radially middle
part of the blade length 27. The intermediate portion 28
represents a position in the middle of the distance be-
tween the inner circumferential edge 24 and the outer
circumferential edge 23. The blade length 27 is the same
at any position in the circumferential direction CD of the
axial fan 100B. That is, the blade length 27 of the blade
20B is constant in the region between the front edge 21
and the rear edge 22, and the outer circumferential edge
23 of the blade 20B has the shape of a circular arc as
viewed parallel to the axial direction AD aligned with the
rotational axis RA. However, the blade length 27 of the
blade 20B may not necessarily be constant in the region
between the front edge 21 and the rear edge 22. The
blade length 27 of the blade 20B may vary with the po-
sition in the circumferential direction CD of the axial fan
100B. That is, the outer circumferential edge 23 of the
blade 20B may not necessarily have the shape of a cir-
cular arc as viewed parallel to the axial direction AD
aligned with the rotational axis RA.

[0064] In the radial direction centering around the ro-
tational axis RA, with the middle position of the blade 20B
being defined as the intermediate portion 28, a region of
the blade 20B located nearer to the inner circumference
(Y1) than is the intermediate portion 28 is defined as an
inner-circumference-side region Ai, and a region of the
blade 20B located nearer to the outer circumference (Y2)
than is the intermediate portion 28 is defined as an outer-
circumference-side region Ao.

[0065] The vertex portion Po ofthe blade 20Bis located
in the outer-circumference-side region Ao of the blade
20B. That is, the vertex portion Po of the blade 20B is
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located nearer to the outer circumference (Y2) than is
the intermediate portion 28.

[Advantageous Effects of Axial Fan 100B]

[0066] The axial fan 100B has the region SA in which
the distance ratio L2/L1 increases in the direction from
the front edge 21 to the rear edge 22. The axial fan 100B
thus provides the same effect as that of the axial fan 100.
[0067] The blade 20B of the axial fan 100B is formed
such that the vertex portion Po is located nearer to the
outer circumference (Y2) than is the intermediate portion
28. Since a portion of the blade 20B that defines the dis-
tance L2 is located in an outer circumferential region (Y2)
ofthe blade 20B where work is efficiently done, the airflow
FL is allowed to concentrate in the outer circumferential
region (Y2) of the blade 20B. This helps to reduce re-
quired power consumption. That is, the axial fan 100B
allows the airflow FL to be guided toward the outer cir-
cumference (Y2) with gradually increasing intensity. This
makes it possible to increase the airflow FL directed to-
ward an outer circumferential region (Y2) where work is
efficiently done, while reducing leakage of the airflow FL
at the outer circumferential end of the blade 20B.

Embodiment 4.
[Axial Fan 100C]

[0068] Fig. 9 is a schematic front view of a blade 20C
of an axial fan 100C according to Embodiment 4. Refer-
ence is now made to Fig. 9 to describe the configuration
of the blade 20C in detail. Portions or parts of the axial
fan 100C identical in configuration to those of the axial
fan 100 or other axial fans illustrated in Figs. 1 to 8 are
denoted by the same reference signs and not described
below in further detail. For the axial fan 100C according
to Embodiment 4, the position of the vertex portion Po is
further specified.

[0069] In the radial direction centering around the ro-
tational axis RA, with the middle position of the blade
20C being defined as the intermediate portion 28, a re-
gion of the blade 20C located nearer to the inner circum-
ference (Y1) thanis the intermediate portion 28 is defined
as the inner-circumference-side region Ai, and a region
of the blade 20C located nearer to the outer circumfer-
ence (Y2) than is the intermediate portion 28 is defined
as the outer-circumference-side region Ao.

[0070] The vertexportion Poofthe blade 20C s located
in the inner-circumference-side region Ai of the blade
20C. That is, the vertex portion Po of the blade 20C is
located nearer to the inner circumference (Y1) than is
the intermediate portion 28.

[Advantageous Effects of Axial Fan 100C]

[0071] The axial fan 100C has the region SA in which
the distance ratio L2/L1 increases in the direction from
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the front edge 21 to the rear edge 22. The axial fan 100C
thus provides the same effect as that of the axial fan 100.
[0072] In some cases, generally, designing the heat
exchanger to operate at high pressure drop may result
in increased amount of work done in an outer circumfer-
ential region (Y2) of an axial fan. In other cases, gener-
ally, the presence of a structure such as a fan-motor sup-
port disposed upstream of an axial fan may impede the
inflow of air toward the inner circumference (Y1) of the
axial fan. In such cases, the decreased inflow of air to-
ward the inner circumference (Y1) of the axial fan may
result in increased load on the axial fan, which may lead
to an increase in required power consumption. In this
case, guiding the airflow from an outer circumferential
region (Y2) of the axial fan toward the inner circumfer-
ence (Y1) makes it possible to increase the efficiency of
the axial fan.

[0073] The blade 20C of the axial fan 100C is formed
such that the vertex portion Po is located nearer to the
inner circumference (Y1) than is the intermediate portion
28. Due to this configuration of the axial fan 100C, a re-
gion that is convex in the reverse rotation direction OD
can be positioned near the inner circumference (Y1) of
the axial fan 100C. As a result, for the blade 20C as a
whole, the airflow FL can be guided from an outer cir-
cumferential region (Y2) toward the inner circumference
(Y1). Further, within the above-mentioned area, an air-
flow FL1 is guided toward a portion of the axial fan 100C
defining the distance L2 and located nearer to the outer
circumference than is a portion of the axial fan 100C that
defines the distance L1. This helps to reduce required
power consumption. That is, the axial fan 100B is de-
signed such that in the inner-circumference-side region
Aiof the blade 20C, the airflow FL1 can be guided toward
the outer circumference (Y2) with gradually increasing
intensity, which makes it possible to increase an airflow
FL2 directed toward an outer circumferential region (Y2)
where work is efficiently done.

Embodiment 5.
[Axial Fan 100D]

[0074] Fig. 10 is a schematic front view of a blade 20D
of an axial fan 100D according to Embodiment 5. Refer-
ence is now made to Fig. 10 to describe the configuration
of the blade 20D in detail. Portions or parts of the axial
fan 100D identical in configuration to those of the axial
fan 100 or other axial fans illustrated in Figs. 1 to 9 are
denoted by the same reference signs and not described
below in further detail. For the axial fan 100D according
to Embodiment 5, the shape of its portion between the
vertex portion Piand the vertex portion Po is further spec-
ified.

[0075] As illustrated in Fig. 10 and Fig. 2, in the cross-
sectional shape DC, which is the shape of the blade 20D
as viewed in a cross section perpendicular to the rota-
tional axis RA andin a part nearerto the pressure surface
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25 of the blade 20D, the blade 20D has the mountain-
like portion 30 formed to be convex in the rotation direc-
tion DR of the blade 20D.

[0076] The blade 20D has, in the radial direction
centering around the rotational axis RA, an intermediate
mountain-like portion 33 between the inner mountain-like
portion 31 and the outer mountain-like portion 32. That
is, the mountain-like portion 30 of the blade 20D has the
inner mountain-like portion 31, the outer mountain-like
portion 32, and the intermediate mountain-like portion 33.
[0077] The intermediate mountain-like portion 33 is a
region located forward in the rotation direction DR, rela-
tive to aregion located nearer to the inner circumference
thanis the intermediate mountain-like portion 33, relative
to aregion located nearer to the outer circumference than
is the intermediate mountain-like portion 33, or relative
to aregion located nearer to the inner circumference than
is the intermediate mountain-like portion 33 and to a re-
gion located nearer to the outer circumference than is
the intermediate mountain-like portion 33. The interme-
diate mountain-like portion 33 defines a slope on the
pressure surface 25 near the inner circumference, on the
pressure surface 25 near the outer circumference, or on
the pressure surface 25 near both the inner circumfer-
ence and the outer circumference.

[0078] As viewed in the cross-sectional shape DC of
the blade 20D in a part nearer to the pressure surface
25, the vertex portion P of the intermediate mountain-like
portion 33 is defined as a vertex portion Pc. As viewed
in its cross-sectional shape DC, the blade 20D has, in
the region between the radius position R1 and the radius
position R2, the vertex portion Pc defining the vertex por-
tion P. The vertex portion Pc is a portion of the blade 20D
located in the region between the radius position R1 and
the radius position R2 and where the separation between
the reference line SL and the pressure surface 25 is
smallest. As viewed in the cross-sectional shape DC of
the blade 20D in a part nearer to the pressure surface
25, the intermediate mountain-like portion 33 with the
vertex portion Pc has a cross-sectional shape oriented
forward in the rotation direction DR.

[0079] The blade 20D has an inner valley-like portion
41 defined between the inner mountain-like portion 31
and the intermediate mountain-like portion 33. The inner
valley-like portion 41 is recessed in the reverse rotation
direction OD relative to the vertex portion Pi and the ver-
tex portion Pc. In other words, as viewed in the cross-
sectional shape DC of the blade 20D in a part nearer to
the pressure surface 25, the pressure surface 25 in the
inner valley-like portion 41 is formed to be convex in the
reverse rotation direction OD. The blade 20D may have,
between the vertex portion Pi and the vertex portion Pc,
a single inner valley-like portion 41 or a plurality of inner
valley-like portions 41.

[0080] The blade 20D has an outer valley-like portion
42 defined between the outer mountain-like portion 32
and the intermediate mountain-like portion 33. The outer
valley-like portion 42 is recessed in the reverse rotation
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direction OD relative to the vertex portion Po and the
vertex portion Pc. In other words, as viewed in the cross-
sectional shape DC of the blade 20D in a part nearer to
the pressure surface 25, the pressure surface 25 in the
outer valley-like portion 42 is formed to be convex in the
reverse rotation direction OD. The blade 20D may have,
between the vertex portion Po and the vertex portion Pc,
a single outer valley-like portion 42 or a plurality of outer
valley-like portions 42.

[Advantageous Effects of Axial Fan 100D]

[0081] The axial fan 100D has the region SA in which
the distance ratio L2/L1 increases in the direction from
the front edge 21 to the rear edge 22. The axial fan 100D
thus provides the same effect as that of the axial fan 100.
[0082] As viewed in the cross-sectional shape DC, the
blade 20D of the axial fan 100D has, in the region be-
tween the radius position R1 and the radius position R2,
the vertex portion Pc defining the vertex portion P. The
presence of the vertex portion Pc, which is the vertex
portion of the intermediate mountain-like portion 33 hav-
ing a cross-sectional shape oriented forward in the rota-
tion direction DR, makes it possible for the blade 20D to
reduce radial inflow of the airflow FL toward a region lo-
cated midway between the following regions: a region of
the outer valley-like portion 42 that defines the distance
L2; and a region of the inner valley-like portion 41 that
defines the distance L1. The above-mentioned configu-
ration of the axial fan 100D allows the airflow FL to con-
centrate toward an outer circumferential region (Y2) of
the blade 20D where work is efficiently done. This helps
to reduce required power consumption.

Embodiment 6.
[Axial Fan 100E]

[0083] Fig. 11 is a schematic front view of a blade 20E
of an axial fan 100E according to Embodiment 6. Refer-
ence is now made to Fig. 11 to describe the configuration
of the blade 20E in detail. Portions or parts of the axial
fan 100E identical in configuration to those of the axial
fan 100 or other axial fans illustrated in Figs. 1 to 10 are
denoted by the same reference signs and not described
below in further detail. For the axial fan 100E according
to Embodiment 6, the configuration of the vertex portion
Pc is further specified.

[0084] As illustrated in Fig. 11, for the axial fan 100E,
the position of a radius centering around the rotational
axis RA and including the vertex portion Pc is defined as
a radius position R3. As described above, a virtual
straight line connecting the vertex portion Pi and the ver-
tex portion Po is defined as the reference line SL. At the
radius position R3, the distance between the reference
line SL and the pressure surface 25 is defined as a dis-
tance L3.

[0085] The blade 20E is formed such that the distance

10

15

20

25

30

35

40

45

50

55

1"

L3 decreases in the direction from the front edge 21 to
the rear edge 22. That is, the blade 20E is formed such
that in the direction from the front edge 21 to the rear
edge 22, the vertex portion Pc shifts in position toward
the reference line SL. Further, the blade 20E is formed
such that in the direction from the front edge 21 to the
rearedge 22, the amount of projection of the intermediate
mountain-like portion 33 in the rotation direction DR in-
creases.

[Advantageous Effects of Axial Fan 100E]

[0086] The axial fan 100E has the region SA in which
the distance ratio L2/L1 increases in the direction from
the front edge 21 to the rear edge 22. The axial fan 100E
thus provides the same effect as that of the axial fan 100.
[0087] The blade 20E is formed such that the distance
L3 decreases in the direction from the front edge 21 to
the rear edge 22. This configuration of the blade 20E
ensures that in a region near the front edge 21 of the
blade 20E, inflow of the airflow FL2 from the inner valley-
like portion 41, which is a portion of the blade 20E defining
the distance L1, to the outer valley-like portion 42, which
is a portion of the blade 20E defining the distance L2, is
not impeded. The above-mentioned configuration of the
axial fan 100E makes it possible to increase the airflow
FL directed toward an outer circumferential region (Y2)
ofthe blade 20E where work is efficiently done. This helps
to reduce required power consumption.

[0088] Further, the blade 20E is designed such that in
a region near the rear edge 22 of the blade 20E, inflow
of the airflow FL1 toward the outer circumference in the
radial direction is reduced. This helps to reduce genera-
tion of a radial component of the airflow FL at the time
when the airflow FL leaves the rear edge 22. The above-
mentioned configuration of the axial fan 100E helps to
ensure that the airflow FL leaving the rear edge 22 does
not collide obliquely with a structure such as a grille lo-
cated downstream of the blade 20E. This makes it pos-
sible to reduce noise generated when the airflow FL col-
lides with the structure.

Embodiment 7.
[Axial Fan 100F]

[0089] Fig. 12 is a schematic front view of a blade 20F
of an axial fan 100F according to Embodiment 7. Refer-
ence is now made to Fig. 12 to describe the configuration
of the blade 20F in detail. Portions or parts of the axial
fan 100F identical in configuration to those of the axial
fan 100 or other axial fans illustrated in Figs. 1 to 11 are
denoted by the same reference signs and not described
below in further detail. For the axial fan 100F according
to Embodiment 7, the position of the vertex portion Pc is
further specified.

[0090] As illustrated in Fig. 12, for the axial fan 100F,
the position of a radius centering around the rotational
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axis RA and including the vertex portion Pc is defined as
the radius position R3. At the radius position R3, the dis-
tance between the reference line SL and the pressure
surface 25 is defined as the distance L3.

[0091] The blade 20F of the axial fan 100F is formed
such that in the direction from the front edge 21 to the
rear edge 22, the vertex portion Pc shifts in position to-
ward the outer circumference (Y2) from a position near
the inner circumference (Y1).

[Advantageous Effects of Axial Fan 100F]

[0092] The axial fan 100F has the region SA in which
the distance ratio L2/L1 increases in the direction from
the front edge 21 to the rear edge 22. The axial fan 100F
thus provides the same effect as that of the axial fan 100.
[0093] Further, the blade 20F of the axial fan 100F is
formed such that in the direction from the front edge 21
to the rear edge 22, the vertex portion Pc shifts in position
toward the outer circumference (Y2) from a position near
the inner circumference (Y1). The axial fan 100F is thus
designed such that in the direction toward the down-
stream regioninthe airflow FL, the vertex portion Pc grad-
ually shifts in position toward the outer circumference
(Y2) in the radial direction. As a result, the airflow FL
shifts in position toward the outer circumference (Y2) of
the blade 20F along the vertex portion Pc. The above-
mentioned configuration of the axial fan 100F allows the
airflow FL to further concentrate toward the outer circum-
ference (Y2) of the blade 20F. This helps to reduce re-
quired power consumption.

Embodiment 8.
[Axial Fan 100G]

[0094] Fig. 13 is a schematic front view of a blade 20G
of an axial fan 100G according to Embodiment 8. Refer-
ence is now made to Fig. 13 to describe the configuration
of the blade 20G in detail. Portions or parts of the axial
fan 100G identical in configuration to those of the axial
fan 100 or other axial fans illustrated in Figs. 1 to 12 are
denoted by the same reference signs and not described
below in further detail. For the axial fan 100G according
to Embodiment 8, the position of the vertex portion Pc is
further specified.

[0095] As illustrated in Fig. 13, for the axial fan 100G,
the position of a radius centering around the rotational
axis RA and including the vertex portion Pc is defined as
the radius position R3. At the radius position R3, the dis-
tance between the reference line SL and the pressure
surface 25 is defined as the distance L3.

[0096] The blade 20G of the axial fan 100G is formed
such that in the direction from the front edge 21 to the
rear edge 22, the vertex portion Pc shifts in position to-
ward the inner circumference (Y1) from a position near
the outer circumference (Y2).
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[Advantageous Effects of Axial Fan 100G]

[0097] The axial fan 100G has the region SA in which
the distance ratio L2/L1 increases in the direction from
the front edge 21 to the rear edge 22. The axial fan 100G
thus provides the same effect as that of the axial fan 100.
[0098] The blade 20G of the axial fan 100G is formed
such that in the direction from the front edge 21 to the
rear edge 22, the vertex portion Pc shifts in position to-
ward the inner circumference (Y1) from a position near
the outer circumference (Y2). As aresult, the outer valley-
like portion 42 that defines the distance L2 has a radial
width that gradually increases in the direction from the
front edge 21 to the rear edge 22. The above-mentioned
configuration of the axial fan 100G ensures that the air-
flow FL is dispersed in the radial direction. This allows
for improved radial uniformity of air velocity distribution,
which makes the axial fan 100G less susceptible to for-
mation of the maximum air velocity point MP mentioned
above. The above-mentioned configuration of the axial
fan 100G allows the airflow FL leaving the rear edge 22
to collide, in a dispersed manner, with a structure such
as a grille located downstream of the blade 20G. This
makes it possible to reduce noise generated when the
airflow FL collides with the structure.

Embodiment 9.
[Refrigeration Cycle Apparatus 70]

[0099] Embodiment 9 is directed to using the axial fan
100 or other axial fans according to Embodiments 1 to 8
for an outdoor unit 50, which serves as an air-sending
device of a refrigeration cycle apparatus 70.

[0100] Fig. 14 is a schematic diagram of the refrigera-
tion cycle apparatus 70 according to Embodiment 9. Al-
though the following description is directed to the refrig-
eration cycle apparatus 70 used for air-conditioning pur-
poses, this is not intended to limit the use of the refriger-
ation cycle apparatus 70 to air conditioning. For example,
the refrigeration cycle apparatus 70 is used for refriger-
ation or air-conditioning purposes, such as for refrigera-
tors or freezers, vending machines, air-conditioning ap-
paratuses, refrigeration apparatuses, or water heaters.
[0101] As illustrated in Fig. 14, the refrigeration cycle
apparatus 70 includes a refrigerant circuit 71 formed by
sequentially connecting a compressor 64, a condenser
72, an expansion valve 74, and an evaporator 73 by a
refrigerant pipe. For the condenser 72, a condenser fan
72a is disposed to send air used for heat exchange to
the condenser 72. For the evaporator 73, an evaporator
fan 73a is disposed to send sends air used for heat ex-
change to the evaporator 73. Atleast one of the condens-
er fan 72a and the evaporator fan 73a is the axial fan 100
or other axial fans according to any one of Embodiments
1 to 8 mentioned above. In the refrigeration cycle appa-
ratus 70, the refrigerant circuit 71 may be provided with
a flow switching device such as a four-way valve that
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switches the flows of refrigerant to allow switching be-
tween heating operation and cooling operation.

[0102] Fig. 15is a perspective view, as seen from near
an air outlet, of the outdoor unit 50 serving as an air-
sending device. Fig. 16 is a top view of the outdoor unit
50 for explaining the configuration of the outdoor unit 50.
Fig. 17 illustrates the outdoor unit 50 with a fan grille
removed from the outdoor unit 50. Fig. 18 illustrates the
internal configuration of the outdoor unit 50 with the fan
grille, a front panel, and other components removed from
the outdoor unit 50.

[0103] As illustrated in Figs. 15 to 18, an outdoor unit
body 51 serving as a casing is formed as an enclosure
having the following surfaces: a lateral surface 51a and
a lateral surface 51c, which define a pair of left and right
lateral surfaces; a front surface 51b; a back surface 51d;
a top surface 51e; and a bottom surface 51f. The lateral
surface 51a and the back surface 51d each have an
opening (not illustrated) for sucking in air from the out-
side. The front surface 51b has an air outlet 53 formed
in a front panel 52 to blow air to the outside. Further, the
air outlet 53 is covered with a fan grille 54. This ensures
safety by preventing contact between the axial fan 100
and, for example, an object located outside the outdoor
unit body 51. Arrows AR in Fig. 16 each represent the
flow of air.

[0104] The axial fan 100 and a fan motor 61 are ac-
commodated in the outdoor unit body 51. The axial fan
100 is connected via a rotary shaft 62 to the fan motor
61, which is a drive source located near the back surface
51d. The axial fan 100 is driven to rotate by the fan motor
61. The fan motor 61 provides a drive force to the axial
fan 100. The fan motor 61 is mounted to a motor support
69. The motor support 69 is disposed between the fan
motor 61 and a heat exchanger 68.

[0105] Theinteriorofthe outdoorunitbody 51 is divided
by a partition plate 51g, which is a wall element, into an
air-sending chamber 56 in which the axial fan 100 is in-
stalled, and a machine chamber 57 in which the com-
pressor 64 and other components are installed. The heat
exchanger 68, which extends in a substantially L-shape
in plan view, is disposed at a location within the air-send-
ing chamber 56 near the lateral surface 51a and the back
surface 51d. The heat exchanger 68 may not necessarily
have the shape mentioned above. The heat exchanger
68 acts as the evaporator 73 during heating operation,
and acts as the condenser 72 during cooling operation.
[0106] A bell mouth 63 is disposed radially outward of
the axial fan 100 disposed in the air-sending chamber
56. The bell mouth 63 surrounds an outer circumferential
region of the axial fan 100, and serves to adjust the flow
of gas created by the axial fan 100 or other components.
The bell mouth 63 is located further outside than is the
outer circumferential end of the blade 20, and defines an
annular shape in the direction of rotation of the axial fan
100. The partition plate 51g is located beside one side
of the bell mouth 63, and a portion of the heat exchanger
68 is located beside the other side of the bell mouth 63.
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[0107] The front end of the bell mouth 63 is connected
to the front panel 52 of the outdoor unit 50 so as to sur-
round the periphery of the air outlet 53. The bell mouth
63 may be integral with the front panel 52, or may be
provided as a separate componentthatcan be connected
to the front panel 52. Due to the presence of the bell
mouth 63, the flow passage between the inlet side and
the outlet side of the bell mouth 63 is defined as an air
passageway near the air outlet 53. That is, the air pas-
sageway near the air outlet 53 is partitioned off by the
bell mouth 63 from other spaces within the air-sending
chamber 56.

[0108] The heat exchanger 68 disposed near the air
inlet of the axial fan 100 includes a plurality of fins with
plate-like surfaces arranged side by side in parallel to
each other, and heat transfer tubes penetrating the fins
in a direction in which the fins are arranged side by side.
Refrigerant that circulates in the refrigerant circuit flows
in the heat transfer tubes. In the heat exchanger 68 ac-
cordingto Embodiment 9, a plurality of rows of heat trans-
fertubes extendin an L-shape over an area of the outdoor
unit body 51 including the lateral surface 51a and the
back surface 51d, and follow a meandering path while
penetrating the fins. The heat exchanger 68 is connected
to the compressor 64 via a pipe 65 or other components,
and is further connected to an indoor-side heat exchang-
er (not illustrated), the expansion valve, and other com-
ponents to form the refrigerant circuit 71 of the air-con-
ditioning apparatus. A board case 66 is disposed in the
machine chamber 57. A control board 67 disposed in the
board case 66 is configured to control devices mounted
in the outdoor unit.

[Operational Effects of Refrigeration Cycle Apparatus 70
and Air-Sending Device]

[0109] Embodiment 9 provides advantages similar to
Embodiments 1 to 8 corresponding to Embodiment 9.
For example, the axial fan 100 makes it possible to re-
duce leakage of the fluid from the pressure surface 25
at the outer circumferential end of the blade 20, and con-
sequently reduce growth of a blade tip vortex. Further,
the required power consumption of the axial fan 100 can
be reduced. This consequently makes it possible to re-
duce the required power consumption of the refrigeration
cycle apparatus 70, and the required power consumption
of the outdoor unit 50, which is an air-sending device.
The axial fan 100 thus allows forimproved radial uniform-
ity of the velocity distribution of the fluid blown by the
axial fan 100. This consequently makes it possible to
reduce noise generated by the refrigeration cycle appa-
ratus 70, and noise generated by the outdoor unit 50,
which is an air-sending device.

[0110] The configurations described in the foregoing
description of the embodiments are intended to be illus-
trative only. These configurations can be combined with
other known techniques, or can be partially omitted or
changed without departing from the scope of the present
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disclosure.
Reference Signs List

[0111] 10: hub, 10p: hub projected portion, 20: blade,
20A: blade, 20B: blade, 20C: blade, 20D: blade, 20E:
blade, 20F: blade, 20G: blade, 20L: blade, 20R: blade,
20p: blade projected portion, 21: front edge, 21p: front-
edge projection line, 22: rear edge, 22p: rear-edge pro-
jection line, 23: outer circumferential edge, 23p: outer-
edge projection line, 24: inner circumferential edge, 24p:
inner-edge projection line, 25: pressure surface, 26: suc-
tion surface, 27: blade length, 28: intermediate portion,
30: mountain-like portion, 31: inner mountain-like portion,
32: outer mountain-like portion, 33: intermediate moun-
tain-like portion, 40: valley-like portion, 41: inner valley-
like portion, 42: outer valley-like portion, 50: outdoor unit,
51: outdoor unit body, 51a: lateral surface, 51b: front sur-
face, 51c: lateral surface, 51d: back surface, 51e: top
surface, 51f: bottom surface, 51g: partition plate, 52: front
panel, 53: air outlet, 54: fan grille, 56: air-sending cham-
ber, 57: machine room, 61: fan motor, 62: rotary shaft,
63: bell mouth, 64: compressor, 65: pipe, 66: board case,
67: control board, 68: heat exchanger, 69: motor support,
70: refrigeration cycle apparatus, 71: refrigerant circuit,
72: condenser, 72a: condenser fan, 73: evaporator, 73a:
evaporatorfan, 74: expansion valve, 100: axial fan, 100A:
axial fan, 100B: axial fan, 100C: axial fan, 100D: axial
fan, 100E: axial fan, 100F: axial fan, 100G: axial fan,
100L: axial fan, 100R: axial fan, AD: axial direction, AF:
direction, AR: arrow, Ai: inner-circumference-side region,
Ao: outer-circumference-side region, CD: circumferential
direction, DC: cross-sectional shape, DC1: cross-sec-
tional shape, DC2: cross-sectional shape, DC3: cross-
sectional shape, DCL: cross-sectional shape, DCR:
cross-sectional shape, DR: rotation direction, FL: airflow,
FL1: airflow, FL2: airflow, L1: distance, L2: distance, L3:
distance, MP: maximum air velocity point, OD: reverse
rotation direction, P: vertex portion, Pc: vertex portion,
Pi: vertex portion, Po: vertex portion, R1: radius position,
R2: radius position, R3: radius position, RA: rotational
axis, Rc: radius position, Ri: radius position, Ro: radius
position, SA: region, SL: reference line, VP: viewpoint.

Claims
1. An axial fan, comprising:

a hub having a rotational axis and configured to
be driven to rotate; and

a blade connected to the hub and having a front
edge and a rear edge, wherein

in a shape of the blade as viewed in a cross
section perpendicular to the rotational axis and
in a part nearer to a pressure surface of the
blade, the blade having a region in which a dis-
tance ratio L2/L1 increases in a direction from
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the front edge to the rear edge, where

a front end of a mountain-like portion formed to
be convex in a rotation direction of the blade
being defined as a vertex portion,

a vertex portion positioned nearest to an inner
circumference being defined as a vertex portion
Pi,

a vertex portion positioned nearest to an outer
circumference being defined as a vertex portion
Po,

a position of a radius centering around the rota-
tional axis and including the vertex portion Pi
being defined as a radius position Ri,

a position of a radius centering around the rota-
tional axis and including the vertex portion Po
being defined as a radius position Ro,

a position of a radius in the middle between the
radius position Ri and the radius position Ro be-
ing defined as a radius position Rc,

a position of a radius in the middle between the
radius position Ri and the radius position Rc be-
ing defined as a radius position R1,

a position of a radius in the middle between the
radius position Ro and the radius position Rc
being defined as a radius position R2,

a virtual straight line connecting the vertex por-
tion Pi and the vertex portion Po being defined
as a reference line SL,

at the radius position R1, a distance between
the reference line SL and the pressure surface
being defined as a distance L1,

at the radius position R2, a distance between
the reference line SL and the pressure surface
being defined as a distance L2, and

a ratio between the distance L1 and the distance
L2 being defined as the distance ratio L2/L1.

2. The axial fan of claim 1, wherein
the blade is formed such that in the direction from
the front edge to the rear edge, the vertex portion Po
shifts in position toward the outer circumference from
a position near the inner circumference.

3. The axial fan of claim 1 or 2, wherein

the blade is formed such that the vertex portion
Po is located nearer to the outer circumference
than is the intermediate portion, where
an intermediate position of the blade in a radial
direction centering around the rotational axis be-
ing defined as the intermediate portion.

4. The axial fan of claim 1 or 2, wherein

the blade is formed such that the vertex portion
Po is located nearer to the inner circumference
than is an intermediate portion, where

an intermediate position of the blade in a radial
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direction centering around the rotational axis be-
ing defined as the intermediate portion.

5. The axial fan of any one of claims 1 to 4, wherein

in the shape of the blade as viewed in the cross
section, the blade has, in a region between the
radius position R1 and the radius position R2, a
vertex portion Pc defining the vertex portion, and
the vertex portion Pc is a portion of the blade 70
located in the region between the radius position
R1 and the radius position R2 and where a sep-
aration between the reference line SL and the
pressure surface is smallest.

15

6. The axial fan of claim 5, wherein

the blade is formed such that a distance L3 de-
creases in the direction from the front edge to

the rear edge, where 20
a position of a radius centering around the rota-
tional axis and including the vertex portion Pc
being defined as a radius position R3, and

at the radius position R3, a distance between

the reference line SL and the pressure surface 25
being defined as the distance L3.

7. The axial fan of claim 5 or 6, wherein
the blade is formed such that in the direction from
the front edge to the rear edge, the vertex portion Pc 30
shifts in position toward the outer circumference from
a position near the inner circumference.

8. The axial fan of claim 5 or 6, wherein
the blade is formed such that in the direction from 35
the front edge to the rear edge, the vertex portion Pc
shifts in position toward the inner circumference from
a position near the outer circumference.

9. An air-sending device, comprising: 40

the axial fan of any one of claims 1 to 8;

adrive source configured to provide adrive force

to the axial fan; and

a casing configured to accommodate the axial 45
fan and the drive source.

10. A refrigeration cycle apparatus, comprising:

the air-sending device of claim 9; and 50
a refrigerant circuit including a condenser and

an evaporator,

the air-sending device being configured to send

air to atleast one of the condenser and the evap-
orator. 55
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