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Description
Technical Field

[0001] The presentdisclosure relates to an air-sending
device including a fan guard, and an outdoor unit of an
air-conditioning apparatus.

Background Art

[0002] Patent Literature 1 describes a fan guard of an
air-sending unit. The fan guard includes a large number
of annular ribs concentrically arranged and a large
number of radial ribs arranged at regular intervals in a
circumferential direction of the fan guard. Each of the
radial ribs and each of annular ribs are inclined along the
flow of air blown from a blower fan. It is therefore possible
to reduce interference between the flow of the blown air
and the radial and annular ribs, and thus reduce noise.

Citation List
Patent Literature

[0003]
4403691

Patent Literature 1: Japanese Patent No.

Summary of Invention
Technical Problem

[0004] In aregionlocated downstream of a boss of the
blower fan, however, the flow direction of air irregularly
changes with time. Thus, in the ribs are provided in the
region downstream of the boss, there is a possibility of
a large disturbance occurring in the flow of air on the
downstream side of the ribs, regardless of the angle of
inclination each of the ribs. Therefore, in the above con-
figuration of the fan guard, noise cannot be sufficiently
reduced.

[0005] The present disclosure is applied to solve the
above problem, and relates to an air-sending device and
an outdoor unit of an air-conditioning apparatus, which
can further reduce nose.

[0006] An air-sending device according to an embod-
iment of the present disclosure includes: a propeller fan
including a shaft located on a rotational axis of the pro-
peller fan and a blade located on a circumferential portion
of the shaft; and a fan guard provided leeward of the
propeller fan, and including a rib unit in which a plurality
of openings are provided to allow air to pass through the
openings. The fan guard includes a first region that is
located in such a manner as to overlap with the shaft as
viewed from a pointin a direction parallel to the rotational
axis, and a second region that is located outward of the
shaft and inward of a rotational trajectory of the blade as
viewed from a point in parallel to the rotational axis.
Where a dimension of the rib unit in a direction parallel
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to the rotational axis is a height of the rib unit, a height
of part of the rib unit that is located in the first region is
smaller than a height of part of the rib unit that is located
in the second region.

[0007] An outdoor unit of an air-conditioning appara-
tus, according to another embodiment of the present dis-
closure, includes the air-sending device according to the
embodiment of the present disclosure.

Advantageous Effects of Invention

[0008] In the embodiment of the present disclosure,
the height of the part of the rib unit that is located in the
first region that is located to overlap with the shaft as
viewed from a point in the direction parallel to the rota-
tional axis is smaller than the height of the part of the rib
unit that is located in the second region that is located
outward of the first region. Therefore, regardless of the
flow direction of air that flows into the first region, a pro-
jection width of the first region on a plane perpendicular
to the flow direction of air, that is, the width of a projection
obtained when the shape of the first region is projected
on the plane perpendicular to the flow direction of air, is
small. Therefore, according to the embodiment of the
present disclosure, even when the flow direction of air
irregularly changes with time in a region located down-
ward of the shaft, it is possible to reduce the disturbance
of the flow of air on the downstream side of the part of
the rib unit that is located in the first region. It is thus
possible to further reduce noise that is made by the air-
sending device.

Brief Description of Drawings
[0009]

[Fig. 1] Fig. 1 is a schematic view illustrating a con-
figuration of an air-sending device according to Em-
bodiment 1 of the present disclosure that is taken
along a plane that includes a rotational axis O.
[Fig. 2] Fig. 2 is a view for use in explanation of the
dimensions and the angle of an example of a linear
rib in a rib 22 in the air-sending device according to
Embodiment 1 of the present disclosure.

[Fig. 3] Fig. 3 is a view for use in explanation of the
dimensions and the angle of another linear rib in the
rib unit 22 in the air-sending device according to Em-
bodiment 1 of the present disclosure.

[Fig. 4] Fig. 4 describes the definition of the dimen-
sions and the angle of a further liner rib in the in the
rib unit 22 in the air-sending device according to Em-
bodiment 1 of the present disclosure.

[Fig. 5] Fig. 5 describes the definition of the dimen-
sions and the angle of still another linear rib of the
rib unit 22 in the air-sending device according to Em-
bodiment 1 of the present disclosure.

[Fig. 6] Fig. 6 is a view for use in explanation of a
disturbance of the flow of air on a downstream side
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of a linear rib 22a.

[Fig. 7] Fig. 7 describes a disturbance of the flow of
air on the downstream side of another rib 22a.

[Fig. 8] Fig. 8 is afrontview illustrating a configuration
of an outdoor unit 100 of an air-conditioning appa-
ratus, which includes the air-sending device accord-
ing to Embodiment 1 of the present disclosure.
[Fig. 9] Fig. 9 is a front view illustrating another con-
figuration of the outdoor unit 100 of the air-condition-
ing apparatus, which includes the air-sending device
according to Embodiment 1 of the present disclo-
sure.

[Fig. 10] Fig. 10 is a front view illustrating a further
configuration of the outdoor unit 100 of the air-con-
ditioning apparatus, which includes the air-sending
device according to Embodiment 1 of the present
disclosure.

[Fig. 11] Fig. 11 is a schematic view illustrating a
configuration of an air-sending device according to
a modification of Embodiment 1 of the present dis-
closure that is taken along a plane including the ro-
tational axis O.

[Fig. 12] Fig. 12 is a schematic view of a configuration
of an air-sending device according to Embodiment
2 ofthe present disclosure that is taken along a plane
including the rotational axis O.

[Fig. 13] Fig. 13 is a view for use in explanation of a
disturbance of the flow of air on the downstream side
of linear ribs 22a in the air-sending device according
to Embodiment 2 of the present disclosure.

[Fig. 14] Fig. 14 is a schematic view illustrating a
configuration of an air-sending device according to
Embodiment 3 of the present disclosure that is taken
along a plane including the rotational axis O.

[Fig. 15] Fig. 15 is a view for use in explanation of a
disturbance of the flow of air on the downstream side
of a linear rib 22a.

[Fig. 16] Fig. 16 describes a disturbance of the flow
on the downstream side of the linear ribs 22a.

[Fig. 17] Fig. 17 is a schematic view illustrating a
configuration of linear ribs 22a in an air-sending de-
vice according to a first modification of Embodiment
3 of the present disclosure.

[Fig. 18] Fig. 18 is a schematic view illustrating a
configuration of linear ribs 22a in an air-sending de-
vice according to a second modification of Embodi-
ment 3 of the present disclosure.

[Fig. 19] Fig. 19 illustrates an example of a linear rib
that includes a first linear rib and a second linear rib
thatare arranged so as not to overlap with each other
in the air-sending device according to Embodiment
3 of the present disclosure.

[Fig. 20] Fig. 20 is a schematic view illustrating a
configuration of an air-sending device according to
Embodiment 4 of the present disclosure that is taken
along a plane including the rotational axis O.

[Fig. 21] Fig. 21 is a front view illustrating a configu-
ration of a propeller fan 10 of the air-sending device

10

15

20

25

30

35

40

45

50

55

according to Embodiment 4 of the present disclo-
sure. Description of Embodiments

Embodiment 1

[0010] An air-sending device according to Embodi-
ment 1 of the present disclosure will be described. The
air-sending device according to Embodiment 1 is applied
to an outdoor unit of an air-conditioning apparatus, an
outdoor unit of a water heater, a ventilation apparatus,
or other apparatuses. Fig. 1 is a schematic view illustrat-
ing a configuration of an air-sending device according to
Embodiment 1 of the present disclosure that is taken
along a plane including a rotational axis O. Upper part of
Fig. 1 corresponds to a windward side, and lower part of
Fig. 1 corresponds to a leeward side. Asiillustrated in Fig.
1, the air-sending device according to Embodiment 1 in-
cludes a propeller fan 10, a fan motor 11 that drives the
propeller fan 10, and a fan guard 20 provided leeward of
the propeller fan 10. The propeller fan 10 includes a boss
13 (an example of a shaft) located on the rotational axis
0, and a plurality of blades 14 provided on an outer cir-
cumferential portion of the boss 13. The fan guard 20 is
provided in such a manner as to cover an air outlet 12
for the propeller fan 10. As described later, in the case
where the air-sending device is provided in an outdoor
unit 100 of an air-conditioning apparatus, the propeller
fan 10 and the fan motor 11 are provided in a housing
101 of the outdoor unit 100 of the air-conditioning appa-
ratus, and the air outlet 12 and the fan guard 20 are pro-
vided on a front side of the housing 101 (see Fig. 8, etc.).
[0011] The fan guard 20 includes a rib unit 22 in which
a plurality of openings 21 are provided to allow air to pass
therethrough. The rib unit 22 has a configuration in which
a plurality of linear ribs 22a extending straightly or curv-
edly are combined together as viewed from a point in a
direction parallel to the rotational axis O of the propeller
fan 10. In other words, the linear ribs 22a form part of the
rib unit 22. The rib unit 22 may be made of resin or metal.
The fan guard 20 includes a first region 31 that is located
to overlap with the boss 13 as viewed from a point in the
direction parallel to the rotational axis O, and a second
region 32 that is located outward of the boss 13 and in-
ward of a rotational trajectory of outer circumferential
edges 14a of the blades 14 as viewed from a point in the
direction parallel to the rotational axis O. The height of
part of the rib unit 22 that is located in the first region 31
is smaller than the height of part of the rib unit 22 that is
located in the second region 32. The height of the part
of the rib unit 22 that is located in the second region 32
may be constant from one end of the part to the other.

[0012] Figs. 2 to 5 are views for use in explanation of
the dimensions and the angles of linear ribs in the rib unit
22 in the air-sending device according to Embodiment 1.
Figs. 2 to 5 illustrate configurations of sections of linear
ribs 22a that are taken along a direction perpendicular
to the extending direction of the linear ribs 22a. It should
be noted that an up/down direction in each of Figs. 2 to
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5 is the direction parallel to the rotational axis O; and
upper part of each of the figures is the windward side,
and lower part of each figure is the leeward side.
[0013] The linear rib 22a as illustrated in Fig. 2 has an
ellipsoidal sectional shape that is elongated in one direc-
tion. In the section of the linear rib 22a that is perpendic-
ular to the extending direction of the linear rib 22a, the
major axis of the linear rib 22a is substantially parallel to
the rotational axis O. In Embodiment 1, the dimension of
the linear rib 22a in the direction parallel to the rotational
axis O is defined as a height Ld of the linear rib 22a. The
height Ld of the linear rib 22a is equal to a distance be-
tween an end point 22a1 of the linear rib 22a that is lo-
cated on the windward side and an end point 22a2 of the
linear rib 22a that is located on the leeward side, in the
direction parallel to the rotational axis O. The height of
part of the rib unit 22 that is located in a certain region is
the height Ld of a linear rib or ribs 22a located in the
certain region. In the section perpendicular to the extend-
ing direction of the linear rib 22a, the maximum value of
the dimension of the linear rib 22a in a direction perpen-
dicular to the rotational axis O is defined as a width Lw
of the linear rib 22a.

[0014] The linear rib 22a as illustrated in Fig. 3 has a
rectangular sectional shape that is elongated in one di-
rection. In the section of the linear rib 22a that is perpen-
dicular to the extending direction of the linear rib 22a, the
major axis of the linear rib 22a is substantially parallel to
the rotational axis O. The height Ld of the linear rib 22a
is equal to a distance between a center 22a5 of an end
22a3 of the linear rib 22a on the windward side and a
center 22a6 of an end 22a4 of the linear rib 22a on the
leeward side in the direction parallel to the rotational axis
0.

[0015] The linear rib 22a as illustrated in Fig. 4 has an
ellipsoidal sectional shape that is elongated in one direc-
tion. The height Ld of the linear rib 22a is equal to a
distance between the end point 22a1 of the linear rib 22a
on the windward side and the end point 22a2 of the linear
rib 22a on the leeward side in the direction parallel to the
rotational axis O. In the section of the linear rib 22a that
is perpendicular to the extending direction of the linear
rib 22a, the major axis of the linear rib 22a is inclined
relative to the rotational axis O or a straight line parallel
to the rotational axis O. In the section perpendicular to
the extending direction of the linear rib 22a, an angle
formed by a straight line (for example, a straight line con-
necting the end point 22a1 and the end point 22a2) par-
allel to the major axis and the rotational axis O or the
straight line parallel to the rotational axis O is defined as
an inclination angle 6 of the linear rib 22a.

[0016] The linear rib 22a as illustrated in Fig. 5 has a
parallelogrammatical sectional shape that is elongated
in a single direction. The height Ld of the linear rib 22a
is equal to a distance between the center 22a5 of the end
22a3 on the windward side and the center 22a6 of the
end 22a4 on the leeward side in the direction parallel to
the rotational axis O. In a section of the linear rib 22a that
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is perpendicular to the extending direction of the linear
rib 22a, the major axis of the linear rib 22a is inclined at
the inclination angle 0 relative to the rotational axis O or
the straight line parallel to the rotational axis O.

[0017] The direction of a local flow of air blown from
the propeller fan 10 is inclined relative to the rotational
axis O, such that the inclination angle of the flow of air
depends on from which part of each blade 14 in a radial
direction thereof the air is blown. Linear ribs 22a located
in the second region 32 are formed in such a manner as
tobeinclined based on the flow direction of air. Therefore,
it is possible to cause air blown from the propeller fan 10
to flow along the linear ribs 22a, and thus possible to
reduce a disturbance of the flow of air that occurs on a
downstream side of the linear ribs 22a. However, a flow
direction F1 of air (see Fig. 1) in a region downstream
from the boss 13 irregularly varies with time. Therefore,
regardless of the direction and the angle of the inclination
of the linear ribs 22a, in the first region 31 that is located
downstream of the boss 13, itis hard to cause air to con-
stantly flow along the linear ribs 22a. Thus, a large dis-
turbance occurs in the flow of air on the downstream side
of the linear ribs 22a located in the second region 32.
[0018] In contrast, in Embodiment 1, the height of the
part of the rib unit 22 that is located in the first region 31
of the fan guard 20 is smaller than the part of the rib unit
22 that is located in the second region 32 of the fan guard
20. Thus, in the first region 31, even when the flow direc-
tion of airis not coincident with a direction along the major
axis of each of the linear ribs 22a, a projection width of
each linear rib 22a with which the air flows to collide is
small. Therefore, in Embodiment 1, it is possible to re-
duce the disturbance of the flow of air on the downstream
side of the linear ribs 22a.

[0019] Figs. 6 and 7 are views for use in explanation
of the disturbance of the flow of air on the downstream
side of linear ribs 22a. Fig. 6 illustrates a linear rib 22a
having a relatively great height. Fig. 7 illustrates a linear
rib 22a having a relatively small height. In Figs 6 and 7,
the up/down direction therein is the direction parallel to
the rotational axis O; and the upper part of each of the
figures corresponds to the windward side, and the lower
part of each figure corresponds to the leeward side. As
illustrated in Fig. 6, in the linear rib 22a having a relatively
great height, when the flow direction F1 of air and the
major axis direction of the linear rib 22a are not coincident
with each other, the projection width of the linear rib 22a
on a plane perpendicular to the flow direction of the air
is great. Therefore, on the downstream side of the liner
rib 22a, the degree to which the air flows away from the
linear rib 22a is great. In contrast, as illustrated in Fig. 7,
in the linear rib 22a having a relative small height, even
when the air-flow direction F1 and the linear rib 22a are
not coincident with each other, the projection width of the
linear rib 22a on the plane perpendicular to the flow di-
rection of air is small. Therefore, on the downstream side
of the linear rib 22a, the degree to which the air flows
away from the linear rib 22a is small.
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[0020] Figs. 8 to 10 are front views each illustrating a
configuration of the outdoor unit 100 of the air-condition-
ing apparatus including the air-sending device according
to Embodiment 1. Also, Figs. 8 to 10 illustrates respective
examples of the shape of the rib unit 22 in Embodiment
1. In each of Figs. 8 to 10, the first region 31 of the rib
unit 22 is outlined, and the second region 32 of the rib
unit 22 is hatched.

[0021] As illustrated in Figs. 8 to 10, the outdoor unit
100 of the air-conditioning apparatus includes the hous-
ing 101 and the propeller fan 10 that is housed in the
housing 101. On the front side of the housing 101, the
fan guard 20 including the rib unit 22 is provided. In Figs.
8 to 10, of the fan guard 20, only the rib unit 22 is illus-
trated. The housing 101 houses an outdoor heat ex-
changer (not illustrated) that forms part of a refrigeration
cycle apparatus and transfers heat between refrigerant
and outdoor air. The outdoor heat exchanger is provided
upstream of the propeller fan 10 in the flow of air that is
sent by the propeller fan 10.

[0022] In the example illustrated in Fig. 8, the rib unit
22 includes a plurality of linear ribs 22a that linearly ex-
tend in a lateral direction. In Fig. 8, eight linear ribs 22a
are illustrated. The rib unit 22 may include a plurality of
linear ribs 22a extending in the up/down direction. In the
example illustrated in Fig. 9, the rib unit 22 includes a
plurality of linear ribs 22a that radially extend from a cent-
er portion (for example, the rotational axis O of the pro-
peller fan 10) of the fan guard 20 toward an outer circum-
ferential portion thereof, and that are each linearly or
curvedly shaped . In Fig. 9, eight linear ribs 22a are illus-
trated. In the example illustrated in Fig. 10, the rib unit
22 includes a plurality of linear ribs 22a that are concen-
trically arranged with respect to a center portion (for ex-
ample, the rotational axis O of the propeller fan 10) of
the fan guard 20. In Fig. 10, five linear ribs 22a are illus-
trated. The fan guard 20 of Embodiment 1 may include
only one of the rib units 22 as illustrated in Figs. 8 to 10
or may include a combination of two or more of the rib
units 22 as illustrated in Figs. 8 to 10.

[0023] Fig. 11 schematically illustrates a configuration
of a section of an air-sending device according to a mod-
ification of Embodiment 1 that is taken along a plane in-
cluding the rotational axis O. As illustrated in Fig. 11, the
fan guard 20 of the present modification includes a flat
plate portion 23 that has a flat plate shape and that is
provided at a center portion of the fan guard 20, and the
rib unit 22 provided around the flat plate portion 23. The
flat plate portion 23 has a diameter smaller than the di-
ameter of the boss 13 as viewed from a point in the di-
rection parallel to the rotational axis O. As viewed from
a point in the direction parallel to the rotational axis O,
part of the boss 13 coincides with the flat plate portion
23, and the other part of the boss 13 projects from the
flat plate portion 23. At least part of the rib unit 22 is
located in the first region 31 that coincides with the boss
13 in such a manner as described above. In the present
modification, the height of part of the rib unit 22 that is
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located in the firstregion 31 is also smaller than the height
of part of the rib unit 22 that is located in the second
region 32.

[0024] As described above, the air-sending device ac-
cording to Embodiment 1 includes: the propeller fan 10
that includes the boss 13 located on the rotational axis
O, and the blades 14 provided on the outer circumferen-
tial portion of the boss 13; and the fan guard 20 provided
leeward of the propeller fan 10 and including the rib unit
22 in which the plurality of the openings 21 are provided
to allow air to pass therethrough. The fan guard 20 in-
cludes the first region 31 that is located in such a manner
as to overlap with the boss 13 as viewed from a point in
the direction parallel to the rotational axis O, and the sec-
ond region 32 that is located outward of the boss 13 and
inward of the rotational trajectory of the outer circumfer-
ential edges 14a of the blades 14, as viewed from a point
in the direction parallel to the rotational axis O. Where
the dimension of the rib unit 22 in the direction parallel
to the rotational axis O is defined as the height of the rib
unit 22, the height of the part of the rib unit 22 that is
located in the first region 31 (for example, the height Ld
of the linear ribs 22a located in the first region 31) is
smaller than the height of the part of the rib unit 22 that
islocated in the second region 32 (for example, the height
Ld of the linear ribs 22a located in the second region 32).
The boss 13 is an example of a shaft.

[0025] In the above configuration, regardless of the
flow direction of air that flows into the first region 31 of
the fan guard 20, the projection width of the part of the
rib unit 22 that is located in the first region 31, on the
plane perpendicular to the flow direction of the air, is
small. Therefore, in Embodiment 1, even when the flow
direction of air in the region located downstream of the
boss 13irregularly varies with time, itis possible to reduce
the disturbance of the flow of air that occurs in the region
located downstream of the part of the rib unit 22 that is
located in the first region 31. Itis thus possible to further
reduce noise that is made by the air-sending device.
[0026] In the air-sending device according to Embod-
iment 1, the height of the part of the rib unit 22 that is
located in the second region 32 may be set constant. The
flow direction of air that flows into the second region 32
does not greatly vary with time. Therefore, in the case
where the linear ribs 22a are inclined based on the flow
direction of air, even if the height of the part of the rib unit
22 thatis located in the second region 32 is set constant,
it is possible to reduce the disturbance of the flow of air
that occurs in the region downstream from the rib unit 22.
[0027] The outdoor unit 100 of the air-conditioning ap-
paratus according to Embodiment 1 includes the above
air-sending device. Therefore, in the outdoor unit 100 of
the air-conditioning apparatus, itis possible to obtain the
same advantage as described above.

[0028] In Embodiment 1, it is preferable that as illus-
trated in, for example, Fig. 1, the height of the entirety of
the part of the rib unit 22 that is located in the first region
31 be smaller than the height of the part of the rib unit 22
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that is located in the second region 32. However, if the
height of part of the part of the rib unit 22 that is located
in the first region 31 is smaller than the height of the part
of the rib unit 22 that is located in the second region 32,
it is possible to obtain the same advantage as described
above. In other words, in the case where the height of
part of the part of the rib unit 22 that is located in the first
region 31 is smaller than the height of the part of the rib
unit 22 that is located in the second region 32, the height
of the other part of the part of the rib unit 22 that is located
in located in the first region 31 may be greater than or
equal to the height of the part of the rib unit 22 that is
located in the second region 32.

Embodiment 2

[0029] An air-sending device according to Embodi-
ment 2 of the present disclosure will be described. Fig.
12 schematically illustrates a configuration of the air-
sending device according to Embodiment 1 that is taken
along a plane including the rotational axis O. Embodi-
ment 2 is different from Embodiment 1 in the shape of
part of the rib unit 22 that is located in the first region 31.
It should be noted that regarding Embodiment 2, com-
ponents having the same functions as those in Embod-
iment 1 will be denoted by the same reference signs, and
their descriptions will thus be omitted. As illustrated in
Fig. 12, each of the linear ribs 22a located in the first
region 31 has a circular sectional shape. Each of these
linear ribs 22a has, for example, a columnar shape. The
width and height of each of the linear ribs 22a located in
the first region 31 are equal to each other. However, in
the first region 31, the width of each linear rib 22a may
be greater than the height of each linear rib 22a.

[0030] Fig. 13 is a view for use in explanation of a dis-
turbance of the flow of air on the downstream side of
linear ribs 22a in the air-sending device according to Em-
bodiment 2. In Fig. 13, the up/down direction therein is
the direction parallel to the rotational axis O. Upper part
of Fig. 13 corresponds to the windward side, and lower
part of Fig. 13 corresponds to the leeward side. As illus-
trated in Fig. 13, in the case where a section of each of
linear ribs 22a that is taken along a certain plane is cir-
cular, it is possible to further reduce the projection widths
of the linear ribs 22a regardless of the flow direction of
inflow air. Therefore, even when the flow direction of air
varies in the region downward from the boss 13, it is
possible to further reduce the degree to which the air
flows away from each of the linear ribs 22a on the down-
stream side of the linear ribs 22a. For the flow of air in
the above plane, the projection widths of the linear ribs
22a are equal to each other regardless of the flow direc-
tion of the air. Therefore, regardless of how the flow di-
rection of air varies, it is possible to reduce the degree
of a disturbance of the flow that occurs on the down-
stream side of the linear ribs 22a to a small degree.
[0031] As described above, in the air-sending device
according to Embodiment 2, the part of the rib unit 22
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thatislocated in the first region 31 has a circular sectional
shape. In this configuration, even when the flow direction
of air varies in the region downstream from the boss 13,
itis possible to further reduce the degree to which the air
flows away from the linear ribs 22a on the downstream
side of the linear ribs 22a.

[0032] In the air-sending device according to Embod-
iment 2, where the dimension of the rib unit 22 in the
direction perpendicular to the rotational axis O and also
perpendicular to the extending direction of the rib unit 22
is defined as the width of the rib unit 22, the width (for
example, the width of each of the linear ribs 22a located
in the first region 31) of the part of the rib unit 22 that is
located in the first region 31 is greater than or equal to
the height (for example, the height of each of the above
linear ribs 22a) of the above part of the rib unit 22. In this
configuration, even when the flow direction of air varies
in the region downstream from the boss 13, it is possible
to further reduce the degree to which the air flows away
from the linear ribs 22a on the downstream side of the
linear ribs 22a.

Embodiment 3

[0033] An air-sending device according to Embodi-
ment 3 of the present disclosure will be described. Fig.
14 schematically illustrates a configuration of a configu-
ration of the air-sending device according to Embodiment
3 that is taken along a plane including the rotational axis
O. Embodiment 3 is different from Embodiment 2 in the
shape of part of the rib unit 22 thatis located in the second
region 32. It should be noted that regarding Embodiment
3, components that have the same functions as those in
Embodiment 1 or 2 will be denoted by the same reference
signs, and their descriptions will thus be omitted.
[0034] As illustrated in Fig. 14, the part of the rib unit
22 that is located in the second region 32 includes a first
rib unit 24 and a second rib unit 25 that are arranged to
overlap with each other as viewed from a point in parallel
to the rotational axis O. The second rib unit 25 is provided
leeward of the first rib unit 24. The first rib unit 24 has a
configuration in which a plurality of first linear ribs 24a
straightly or curvedly extending are combined together,
as viewed from a point in the direction parallel to the
rotation axis O. Each of the plurality of first linear ribs 24a
has a circular sectional shape. The second rib unit 25
has a configuration in which a plurality of second linear
ribs 25a straightly or curvedly extending along the plu-
rality of first linear ribs 24a are combined together, as
viewed from a point in the direction parallel to the rota-
tional axis O. Each of the plurality of second linear ribs
25a has a circular sectional shape.

[0035] Eachofthelinearribs 22alocated in the second
region 32 includes the first linear rib 24a and the second
linearrib 25a that are arranged to overlap with each other
as viewed from a point in the direction parallel to the
rotational axis O. In such a case, in a section perpendic-
ular to the extending direction of the linear rib 22a, a
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distance between an end point of the first linear rib 24a
that is located on the windward side and an end point of
the second linear rib 25a that is located on the leeward
side in the direction parallel to the rotational axis O is the
height of the linear rib 22a. In the section perpendicular
to the extending direction of the linear rib 22a, an angle
formed by a straight line that connects the center of the
first linear rib 24a and the center of the second linear rib
25a and the rotational axis O or a straight line parallel to
the rotational axis O is the inclination angle of the linear
rib 22a.

[0036] The firstlinear rib 24a and the second linear rib
25a, which form the linear rib 22a, may have different
sectional areas. The sectional area of at least one of the
first linear rib 24a and the second linear rib 25a may be
equal to the sectional area of each of the linear ribs 22a
located in the first region 31. Each of the linear ribs 22a
may have a configuration in which three or more linear
ribs each having a circular sectional shape are arranged
to overlap with each other.

[0037] Figs.15and 16 are views for use in explanation
of a disturbance of the flow of air on the downstream side
of the linear ribs 22a. Fig. 15 illustrates a linear rib 22a
having an ellipsoidal sectional shape. Fig. 16 illustrates
a linear rib 22a that includes a first linear rib 24a and a
second linear rib 25a as in Embodiment 3. In Figs. 15
and 16 and Figs. 17 to 19 which will be referred to later,
the up/down direction in these figures is the direction par-
allel to the rotational axis O; and the upper part of each
of the figures is the windward side, and the lower part of
each figure is the leeward side.

[0038] As illustrated in Fig. 15, in the case where the
linear rib 22a has an ellipsoidal sectional shape, air that
flows in a direction not along the inclination of the linear
rib 22a collides with the linear rib 22a and then flows
round along an upstream-side end face and a down-
stream-side end face of the linear rib 22a. Since the up-
stream-side end face and the downstream-side end face
are curved while their curvatures greatly vary, the air that
has flowed round flows away from the upstream-side end
face and the downstream-side end face. Thus, a distur-
bance having a width substantially equivalent to the pro-
jection width of the linear rib 22a occurs in the flow of the
air in the region downstream from the linear rib 22a. Con-
sequently, the air-sending device makes a bigger noise.
[0039] In contrast, in the embodiment as illustrated in
Fig. 16, each of the first linear rib 24a and the second
linear rib 25a, which form the linear rib 22a, has a circular
sectional shape. Air that flows in a direction not along the
inclination of the linear rib 22a collides with the first linear
rib 24a and the second linear rib 25a and then flows round
along the upstream-side end face of the first linear rib
24a and the downstream-side end face of the second
linear rib 25a. Since the upstream-side end face of the
first linear rib 24a and the downstream-side end face of
the second linear rib 25a each has a constant curvature,
the air that has flowed round thus does not easily flow
away from the end faces, thatis, the air easily flows while
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being in contact with the end faces. Thus, the width of
the disturbance that occurs in the region downstream
from the linear rib 22a can be made smaller than the
projection width of the linear rib 22a. Therefore, the noise
that is made by the air-sending device can be reduced.
[0040] Fig. 17 is a schematic view illustrating a config-
uration of a linear rib 22a in an air-sending device ac-
cording to a first modification of Embodiment 1. In the
case where the first linear rib 24a and the second linear
rib 25a are formed of steel wires, the first linear rib 24a
and the second linearrib 25a may be subjected to coating
for preventing rust. As illustrated in Fig. 17, the linear rib
22a subjected to coating includes the first linear rib 24a,
the second linear rib 25a, and a coating film 26 formed
on surfaces of the firstlinear rib 24a and the second linear
rib 25a. The section of the linear rib 22a is formed in the
shape of a peanut. Even in such a case, it is possible to
obtain the same advantages as described above, as long
as each of the upstream-side end face and the down-
stream-side surface of the linear rib 22a has an arc
shape.

[0041] Fig. 18 is a schematic view illustrating a config-
uration of a linear rib 22a in an air-sending device ac-
cording to a second modification of Embodiment 1. As
illustrated in Fig. 18, the first linear rib 24a and the second
linearrib 25a are separated from each other, with a space
27 interposed between the first linear rib 24a and the
second linear rib 25a. Even in such a case, in the section
perpendicular to the extending direction of the linear rib
22a, a distance between an end point of the first linear
rib 24a that is located on the windward side and an end
point of the second linear rib 25a that is located on the
leeward side in the direction parallel to the rotational axis
O is the height Ld of the linear rib 22a. In the section
perpendicular to the extending direction of the linear rib
22a, an angle formed by a straight line that connects the
center of the first linear rib 24a and the center of the
second linearrib 25a and the rotational axis O or a straight
line parallel to the rotational axis O is the inclination angle
6 of the linear rib 22a.

[0042] In the configuration as illustrated in Fig. 18,
when air flows in a direction not along the inclination of
the linear rib 22a, part of air that has collided with the first
linear rib 24a and the second linear rib 25a passes
through the space 27. Consequently, itis possible to fur-
therreduce the disturbance of the flow in the region down-
stream from the linear rib 22a.

[0043] As described above, in the air-sending device
according to Embodiment 3, part of the rib unit 22 (for
example, the linear rib 22a) that is located in the second
region 32 includes a first rib (for example, the first linear
rib 24a) and a second rib (for example, the second linear
rib 25a) that are arranged to overlap with each other as
viewed from a point in the direction parallel to the rota-
tional axis O. Each of the first rib and the second rib has
a circular sectional shape. In this configuration, the up-
stream-side end face and the downstream-side end face
of the linear rib 22a located in the second region 32 can
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be each made to have to a constant curvature. Therefore,
even when air flows in a direction not along the inclination
of the linear rib 22a in the second region 32, it is possible
to reduce the disturbance of the flow in the region down-
stream from the linear rib 22a.

[0044] In the air-sending device according to Embod-
iment 3, the first rib and the second rib are separated
from each other, with the space 27 interposed between
the first rib and the second rib. In this configuration, since
part of air that has collided with the first linear rib 24a and
the second linear rib 25a passes through the space 27,
it is possible to further reduce the disturbance of the flow
in the region downstream from the linear rib 22a.
[0045] In the above examples, the first linear rib 24a
and the second linear rib 25a that forms a single linear
rib 22a are arranged to overlap with each other as viewed
from a point in the direction parallel to the rotational axis
O. This, however, is not limiting. Each linear rib 22a may
be formed to include a first linear rib 24a and a second
linear rib 25a that are arranged not to overlap with each
other as viewed from a point in the direction parallel to
the rotational axis O.

[0046] Fig. 19 illustrates an example of a linear rib that
includes a first linear rib and a second linear rib that are
arranged not to overlap with each other, in the air-sending
device according to Embodiment 3. As illustrated in Fig.
19, when shapes of first linear ribs 24b1 and 24b2 and
second linear ribs 25b1 and 25b2 are projected on a
plane perpendicular to the rotational axis O, in these pro-
jections, the first linear rib 24b1 is adjacent to each of the
second linear rib 25b1 and the second linear rib 25b2,
with a space interposed between the first linear rib 24b1
and each of the second linear rib 25b1 and the second
linear rib 25b2. To be more specific, a space S1 between
the first linear rib 24b1 and the second linear rib 25b1 is
smaller than a space S2 between the first linear rib 24b1
and the second linear rib 25b2. In this case, each linear
rib 22b1 is formed to include the first linear rib 24b1 and
the second linear rib 25b1. That is, the distance between
an end point of the first linear rib 24b1 that is located the
windward side and an end point of the second linear rib
25b1 that is located on the leeward side in the direction
parallel to the rotational axis O is the height Ld of the
linear rib 22b1. An angle formed by a straight line that
connects the center of the first linear rib 24b1 and the
center of the second linear rib 25b1 and the rotational
axis O or a straight line parallel to the rotational axis O
is the inclination angle 6 of the linear rib 22b1.

Embodiment 4

[0047] An air-sending device according to Embodi-
ment 4 of the present disclosure will be described. Fig.
20 is a schematic view illustrating a configuration of the
air-sending device according to Embodiment 1 that is
taken along a plane including the rotational axis O. Fig.
21 is a front view illustrating a configuration of the pro-
peller fan 10 of the air-sending device according to Em-
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bodiment 1. Embodiment 4 is different from Embodi-
ments 1 to 3 in the shape of the propellerfan 10. It should
be noted that regarding Embodiment 4, components that
have the same functions as any of Embodiments 1 to 3
will be denoted by the same reference signs, and their
descriptions will thus be omitted.

[0048] As illustrated in Figs. 20 and 21, the propeller
fan 10 according to Embodiment 4 is a so-called boss-
less propeller fan, which includes no boss or includes a
boss made smaller. The propeller fan 10 includes a plu-
rality of the blades 14 and a plurality of connection por-
tions 15 each of which connects associated two of the
plurality of blades 14 that are adjacent to each other in
the circumferential direction. Each connection portion 15
has, for example, a plate shape. An edge portion 15a of
each connection portion 15 on an outer circumferential
side thereof connects a trailing edge 14b of one of asso-
ciated two blades 14 and a leading edge 14c of the other
of the two blades 14, the above one blade 14 being lo-
cated in front of the above other blade 14 in a rotation
direction of the propeller fan 10. In the propeller fan 10
having such a configuration, an inner circumferential re-
gion that is located inward of an imaginary cylinder sur-
face C1 circularly inscribed in the edge portions 15a with
respect to the rotation axis O corresponds to a shaft 16
of the propeller fan 10.

[0049] The fan guard 20 includes the first region 31
that is located in such a manner to overlap with the shaft
16 as viewed from a point in the direction parallel to the
rotational axis O, and the second region 32 that is located
outward of the shaft 16 and inward of a rotational trajec-
tory of the outer circumferential edges 14a of the blades
14 as viewed from a point in the direction parallel to the
rotational axis O. The height of part of the rib unit 22 that
is located in the first region 31 is smaller than the height
of part of the rib unit 22 that s located in the second region
32, as in Embodiment 1. According to Embodiment 4, it
is possible to obtain the same advantages as in Embod-
iment 1. The propeller fan 10 according to Embodiment
4 can be combined with the fan guard 20 according to
Embodiment 2 or 3.

Reference Signs List

[0050] 10 propeller fan 11 fan motor 12 air outlet 13
boss 14 blade 14a outer circumferential edge 14b trailing
edge 14c leading edge 15 connection portion 15a edge
portion 16 shaft 20 fan guard 21 opening 22 rib 22a, 22b1
linear rib 22a1, 22a2 end point 22a3, 22a4 end 22a5,
22a6 center 23 flat plate portion 24 first rib unit 24a, 24b1,
24b2 first linear rib 25 second rib unit 25a, 25b1, 25b2
second linear rib 26 coating film 27 space 31 first region
32 second region 100 outdoor unit of air-conditioning ap-
paratus 101 housing C1 imaginary cylinder surface O
rotational axis
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Claims

1.

An air-sending device comprising:

a propeller fan including a shaft located on a
rotational axis of the propeller fan and a blade
located on a circumferential portion of the shaft;
and

a fan guard provided leeward of the propeller
fan, and including a rib unit in which a plurality
of openings are provided to allow air to pass
through the openings,

wherein the fan guard includes a first region that
is located in such a manner as to overlap with
the shaft as viewed from a point in a direction
parallel to the rotational axis, and a second re-
gion that is located outward of the shaft and in-
ward of a rotational trajectory of the blade as
viewed from a point in the direction parallel to
the rotational axis,

where a dimension of the rib unit in the direction
parallel to the rotational axis is a height of the
rib unit, a height of part of the rib unit that is
located in the firstregion is smaller than a height
of part of the rib unit thatis located in the second
region.

The air-sending device of claim 1, wherein the part
of the rib unit that is located in the first region has a
circular sectional shape.

The air-sending device of claim 1 or claim 2,
wherein the part of the rib unit that is located in the
second region includes a first rib unit and a second
rib unit that are arranged in such a manner as to
overlap with each other as viewed from a point in the
direction parallel to the rotational axis, and

wherein each of the first rib unit and the second rib
unit has a circular sectional shape.

The air-sending device of claim 3, wherein the first
rib unit and the second rib unit are separated from
each other, with a space interposed the first rib unit
and the second rib unit.

The air-sending device of any one of claims 1 to 4,

wherein the height of the part of the rib unit that is
located in the second region is constant throughout
the part.

The air-sending device of any one of claims 1 to 5,
wherein where a dimension of the rib unit in a direc-
tion perpendicular to the rotational axis and perpen-
dicular to a direction in which the rib unit extends is
defined as a width of the rib unit, a width of the part
oftherib unitthatis located in the first region is great-
er than or equal to the height of the rib unit.
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7. An outdoor unit of an air-conditioning apparatus

comprising the air-sending device of any one of
claims 1 to 6.
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