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(57)  To provide an impeller, which is for a propeller
fan, and can more effectively relieve stress concentration
in the connection portion between the root portion of the
leading edge of each blade and the boss. The impeller
(2) includes a boss (5), and blades (6) radially protruding
from an outer peripheral surface of the boss (5). The
boss (5) includes: a cylinder (11) that has the outer pe-
ripheral surface (5a) and extends from an upstream-side
end to a downstream-side end; upstream-side bridging
walls (12) having surfaces facing a direction along a cen-
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terline of the cylinder (11) and a connection portion con-
tinuous with the upstream-side end, and extends to inside
of the cylinder (11); and downstream-side bridging walls
(13) having surfaces facing a direction along the center-
line of the cylinder (11), being closer to the down-
stream-side end than the upstream-side bridging walls
(12), and extends to inside of the cylinder (11). Root por-
tions (31a) of a leading edges (31) of each of the blades
(6) are continuous with the upstream-side end (11S) of
the cylinder (11) .

~—

f

31
s

3la

1 I
1

5

12,122
16, 21s;
15s T

15 21b

)
LTINS
11a 15b 13,13a

2 11b '_\1(

FIG. 4

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 006 355 A1 2

Description
TECHNICAL FIELD

[0001] Embodiments of the present invention relate to
an impeller for a propeller fan, a blower, and an outdoor
unit for an air conditioner.

BACKGROUND

[0002] A propeller fan is used as a blower for an out-
door unit of an air conditioner. The propeller fan includes
an impeller, and an electric motor that generates the ro-
tational driving force of the impeller. The impellerincludes
a tubular boss, and a plurality of blades that radially pro-
trude from the outer peripheral surface of the boss.
[0003] Thebossincludes: ashaftmounting portion pro-
vided with a rotating shaft that connects the electric motor
and the propeller fan; a plurality of ribs that radially extend
from the outer peripheral surface of the shaft mounting
portion to the inner wall of the boss; a downstream-side
bridging wall that connects between the plurality of ribs;
and an upstream-side bridging wall that connects be-
tween the plurality of ribs on the upstream side of the
downstream-side bridging wall. The downstream-side
bridging wall and the upstream-side bridging wall do not
overlap in the direction along the rotation centerline of
the propeller fan. The upstream-side bridging wall is pro-
vided on the rotation centerline side of the base end por-
tion of the leading edge of each blade.

PRIOR ART Document
PATENT DOCUMENT

[0004] [Patent Document 1] JP 2017-053301 A

SUMMARY
PROBLEMS TO BE SOLVED BY INVENTION

[0005] During the rotation of the propeller fan, the larg-
est load is generated in the connection portion between
the boss and the root portion of the leading edge of each
blade. The conventional propeller fan still has room for
improving stress concentration in the connection portion
between the boss and the root portion of the leading edge
of each blade.

[0006] An object of the present invention is to provide
an impeller, which is for a propeller fan, that can more
effectively relieve stress concentration in the connection
portion between the root portion of the leading edge of
each blade and the boss.

MEANS FOR SOLVING PROBLEM

[0007] To achieve the above object, an aspect of the
present invention provides an impeller for a propeller fan
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including: a boss; and a plurality of blades that radially
protrude from an outer peripheral surface of the boss.
Thebossincludes: a cylinder that has the outer peripheral
surface and extends from an upstream-side end to a
downstream-side end; a plurality of upstream-side bridg-
ing walls, each of which has a surface facing a direction
along a centerline of the cylinder and a connection portion
continuous with the upstream-side end, and extends to
inside of the cylinder; and a plurality of downstream-side
bridging walls, each of which has a surface facing a di-
rection along the centerline of the cylinder, that is closer
to the downstream-side end than the upstream-side
bridging walls, and extends to inside of the cylinder. A
root portion of a leading edge of each of the plurality of
blades is continuous with the upstream-side end.
[0008] To achieve the above object, an aspect of the
present invention provides a blower including: the pro-
peller fan; and an electric motor that drives the propeller
fan.

[0009] To achieve the above object, an aspect of the
present invention provides an outdoor unit for an air con-
ditioner including: the blower; and a heat exchanger con-
figured to exchange heat with air flowed by the blower.

BRIEF DESCRIPTION OF DRAWINGS
[0010]

Fig. 1 is a cross-sectional view of an air conditioner
according to one embodiment of the present inven-
tion.

Fig. 2 is a perspective view of an impeller for a pro-
peller fan according to one embodiment of the
presentinvention as viewed from the upstream side.
Fig. 3 is a perspective view of the impeller for the
propeller fan according to the embodiment of the
present invention as viewed from the downstream
side.

Fig. 4 is a longitudinal cross-sectional view of the
impeller for the propeller fan according to the em-
bodiment of the present invention.

Fig. 5 is a perspective view of the second aspect of
the impeller for the propeller fan according to the
embodiment of the present invention as viewed from
the upstream side.

Fig. 6 is a perspective view of the second aspect of
the impeller for the propeller fan according to the
embodiment of the present invention as viewed from
the downstream side

Fig. 7 is a longitudinal cross-sectional view of the
second aspect of the impeller for the propeller fan
according to the embodiment of the present inven-
tion.

Fig. 8 is a view of the boss of the second aspect of
the impeller for the propeller fan according to the
embodiment of the present invention as viewed from
the upstream side.

Fig. 9is a perspective view of the third aspect of the



3 EP 4 006 355 A1 4

impeller for the propeller fan according to the em-
bodiment of the present invention as viewed from
the upstream side.

Fig. 10 is a perspective view of the third aspect of
the impeller for the propeller fan according to the
embodiment of the presentinvention as viewed from
the downstream side.

Fig. 11 is a longitudinal cross-sectional view of the
third aspect of the impeller for the propeller fan ac-
cording to the embodiment of the present invention.

DETAILED DESCRIPTION

[0011] Embodiments of an impeller for a propeller fan,
a blower, and an outdoor unit for an air conditioner ac-
cording to the present invention will be described by re-
ferring to Fig. 1 to Fig. 11. The same reference signs are
given to identical or equivalent components in each fig-
ure.

[0012] Fig. 1 is a cross-sectional view of an outdoor
unit for an air conditioner according to one embodiment
of the present invention.

[0013] AsshowninFig. 1, the airconditioner according
to the present embodiment includes an outdoor unit 100,
and an indoor unit (not shown). The outdoor unit 100
includes: a housing 101; a blower 103 having an electric
motor 102; a heat exchanger 105; a compressor 106; a
four-way valve (not shown); and a controller (not shown) .
The blower 103, the heatexchanger 105, the compressor
106, the four-way valve, and the controller are arranged
inside the housing 101.

[0014] The housing 101 includes: a side plate 111 that
covers the side face, a top plate 112 that covers the ceil-
ing; and a bottom plate 113 that covers the bottom face.
A partition plate 115 is provided inside the housing 101.
The partition plate 115 partitions the inside of the housing
101 into a machine chamber 117 and a heat exchange
chamber 118.

[0015] The side plate 111 has a plurality of inlet holes
111a that suck outside air into the outdoor unit 100.
[0016] At the central portion of the top plate 112, an
outlet hole 112a and a bell mouth (not shown) are pro-
vided. The outlet hole 112a exhausts the outside air,
which has been sucked into the outdoor unit 100 from
the inlet holes 111a of the side plate 111, to the outside
of the outdoor unit 100.

[0017] The compressor 106 is installed on the bottom
plate 113 of the machine room 117 and is located below
the heat exchanger 105.

[0018] The heat exchanger 105 is installed in the cen-
tral portion of the heat exchange chamber 118.

[0019] The blower 103 is located above the heat ex-
changer 105 and is installed near the outlet hole 112a of
the top plate 112.

[0020] The outdoor unit 100 is connected to the indoor
unit via a refrigerant pipe (not shown). When the refrig-
eration cycle operation is started, the compressor 106 is
driven. The compressor 106 circulates the refrigerant
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through the refrigerant pipe and leads it to the heat ex-
changer 105. Atthe same time, the operation of the blow-
er 103 is started. The electric motor 102 drives a propeller
fan 1 to rotate.

[0021] The outside air is led to the heat exchange
chamber 118 from the inlet holes 111a on the side face
of the housing 101, passes through the heat exchanger
105, and exchanges heat with the refrigerant in the heat
exchanger 105. The air having been heat-exchanged
with the heat exchanger 105 is led to the bell mouth via
the blower 103 and is discharged to the outside of the
outdoor unit 100 from the outlet hole 112a at the upper
portion of the housing 101.

[0022] Fig. 2 is a perspective view of an impeller for a
propeller fan according to the embodiment of the present
invention as viewed from the upstream side of the airflow.
[0023] Fig. 3 is a perspective view of the impeller for
the propeller fan according to the embodiment of the
present invention as viewed from the downstream side
of the airflow.

[0024] As shown in Fig. 2 and Fig. 3, the propeller fan
1 according to the present embodiment rotates in the
rotation direction R indicated by the solid arrow in Fig. 2
and Fig. 3 so as to cause the fluid, exclusively air, to flow
in the flow direction F indicated by the solid arrow in Fig.
2 and Fig. 3. When the propeller fan 1 is rotated in the
direction opposite to the rotation direction R, the fluid
flows in the direction opposite to the flow direction F. The
propeller fan 1 is applied to, for example, an outdoor unit
for an air conditioner, and is used for blowing air to an
outdoor heat exchanger.

[0025] The propeller fan 1 is a so-called axial-flow fan.
The propellerfan 1 includes an impeller 2, and an electric
motor (not shown) for rotating and driving the impeller 2.
[0026] The electric motor includes an output shaft (not
shown) that transmits rotational driving force to the im-
peller 2. The output shaft is the rotation center of the
impeller 2.

[0027] Fig. 4 is a longitudinal cross-sectional view of
the impeller for the propeller fan according to the embod-
iment of the present invention.

[0028] As shown in Fig. 4 in addition to Fig. 2 and Fig.
3, the impeller 2 for the propeller fan 1 according to the
present embodiment is a so-called axial-flow impeller.
The impeller 2 is also simply called a propeller. The im-
peller 2 includes a boss 5 and a plurality of blades 6 that
radially protrude from an outer peripheral surface 5a of
the boss 5. The impeller 2 is integrally molded with, for
example, resin.

[0029] The plurality of blades 6 are arranged at equal
intervals along the outer peripheral surface 5a of the boss
5 in the circumferential direction of the impeller 2, i.e., in
the rotation direction R of the propellerfan 1. The impeller
2 has, for example, three blades 6. In this case, the three
blades 6 are arranged at every 120° as the central angle.
The respective blades 6 are tilted toward the upstream
side in the rotation direction of the propeller fan 1, and
are arranged on the outer peripheral surface 5a of the
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boss 5. The root portion 31a of the leading edge 31 of
each blade 6 coincides with the upstream-side end 11s
of the boss 5.

[0030] The boss 5 includes: a cylinder 11 that has the
outer peripheral surface 5a of the boss 5 and extends
from the upstream-side end 11s to the downstream-side
end 11b; a plurality of upstream-side bridging walls 12,
each of which has a upstream-side end face 12a facing
the direction along the centerline of the cylinder 11 and
a connection portion 12b continuous with the upstream-
side end 11s of the boss 5, and extend to the center of
the cylinder 11; a plurality of downstream-side bridging
walls 13, each of which has a downstream-side end face
13a facing the direction along the centerline of the cylin-
der 11 and is closer to the downstream-side end 11b than
the upstream-side bridging walls, and extend to the cent-
erofthe cylinder 11; and arotating-shaft mounting portion
15 thatis disposed in the center of the cylinder 11 via the
plurality of upstream-side bridging walls 12 and the plu-
rality of downstream-side bridging walls 13.

[0031] The rotating-shaft mounting portion 15 is dis-
posed on the rotation centerline of the boss 5 and on the
rotation centerline of the impeller 2. The rotating shaft is
fixed to the rotating-shaft mounting portion 15. The im-
peller 2 is connected to the electric motor via the rotating-
shaft mounting portion 15 that s fixed to the rotating shaft.
The rotating-shaft mounting portion 15 may be one that
fixes the inserted rotating shaft or may be one that is
integrated with the rotating shaft by insert molding.
[0032] The plurality of upstream-side bridging walls 12
are a flat plate portion that has substantially uniform-
thickness, and extends from the upstream-side end 11s
of the cylinder 11 toward the center of the cylinder 11.
Each upstream-side bridging wall 12 has: a frontend 16
located forward in the rotation direction R of the propeller
fan 1; and arear end 17 located behind the front end 16.
The outer edge of each upstream-side bridging wall 12
is continuously connected to the upstream-side end 11s
of the cylinder 11.

[0033] The plurality of downstream-side bridging walls
13 are a flat plate portion that has substantially uniform-
thickness, and extends from the downstream-side end
11b of the cylinder 11 toward the center of the cylinder
11. Each downstream-side bridging wall 13 has: a front
end 18 located forward in the rotation direction R of the
propeller fan 1; and arear end 19 located behind the front
end 18. The outer edge of each downstream-side bridg-
ing wall 13 is continuous with the downstream-side end
11b of the cylinder 11. The outer edge of each down-
stream-side bridging wall 13 may be located inside the
cylinder 11 and may not be continuous with the down-
stream-side end 11b.

[0034] The plurality of upstream-side bridging walls 12
and the plurality of downstream-side bridging walls 13
are alternately arranged in the rotation direction R of the
propeller fan 1. The plurality of upstream-side bridging
walls 12 and the plurality of downstream-side bridging
walls 13 do not overlap in the direction along the rotation
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centerline of the propellerfan 1. The number of upstream-
side bridging walls 12, the number of downstream-side
bridging walls 13, and the number of blades 6 are the
same. The upstream-side bridging walls 12, down-
stream-side bridging walls 13, and blades 6 are regularly
arranged around the rotation center of the propeller fan
1. For example, when three upstream-side bridging walls
12, three downstream-side bridging walls 13, and three
blades 6 are provided as in the present embodiment,
positional and dimensional relationships between the up-
stream-side bridging walls 12, the downstream-side
bridging walls 13, and the blades 6 are the same every
120° around the rotation center of the propeller fan 1.
[0035] Between one upstream-side bridging wall 12
and the downstream-side bridging wall 13 that are adja-
cent to each other as viewed from the direction of the
rotation centerline of the propeller fan 1, a longitudinal
wall 21 extending in the direction of the rotation centerline
of the propeller fan 1 is provided. The longitudinal wall
21 has a substantially uniform thickness. A plurality of
longitudinal walls 21 are provided. Each of half of the
longitudinal walls 21 includes the rear end 17 of each
upstream-side bridging wall 12 and the front end 18 of
each downstream-side bridging wall 13, while each of
the other half of the longitudinal walls 21 includes the
front end 16 of each upstream-side bridging wall 12 and
the rear end 19 of each downstream-side bridging wall
13.

[0036] Each longitudinal wall 21 is bridged between
the inner peripheral surface 11a of the cylinder 11 and
the rotating-shaft mounting portion 15. The plurality of
longitudinal walls 21 radially extends from the rotating-
shaft mounting portion 15 to the cylinder 11.

[0037] Inotherwords, the upstream-side bridging walls
12 extend in a fan shape from the rotating-shaft mounting
portion 15 toward the upstream-side end 11s of the cyl-
inder 11 over the upstream-side ends 21s of the adjacent
longitudinal walls 21, the upstream-side end 11s of the
cylinder 11, and the upstream-side end 15s of the rotat-
ing-shaft mounting portion 15. The rotating-shaft mount-
ing portion 15 corresponds to the pivot of the fan-shaped
upstream-side bridging walls 12. The downstream-side
bridging walls 13 extend in a fan shape from the down-
stream-side end 15b of the rotating-shaft mounting por-
tion 15 toward the downstream-side bridging wall of the
cylinder 11 over the downstream-side ends 21b of the
adjacent longitudinal walls 21, the downstream-side end
11b of the cylinder 11, and the downstream-side end 15b
of the rotating-shaft mounting portion 15. The rotating-
shaft mounting portion 15 corresponds to the pivot of the
fan-shaped downstream-side bridging walls 13. That is,
the plurality of upstream-side bridging walls 12 and the
plurality of downstream-side bridging walls 13 are alter-
nately and radially arranged around the rotating-shaft
mounting portion 15.

[0038] The rear end 17 of the connection portion 12b
of each upstream-side bridging wall 12 is located behind
the root portion 31a of the leading edge 31 of the nearest
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blade 6 in the rotation direction of the propeller fan 1. In
Fig. 2, the rear end 17 of each upstream-side bridging
wall 12 is located behind the root portion 31a of the lead-
ing edge 31 of the nearest blade 6.

[0039] In the rotation direction of the propeller fan 1,
the front end 16 of the connection portion 12b of each
upstream-side bridging wall 12 may coincide with the root
portion 31a of the leading edge 31 of the nearest blade
6 in the rotation direction of the propeller fan 1, may be
located behind the root portion 31a of the leading edge
31 of the nearest blade 6, or may be located in front of
the root portion 31a of the leading edge 31 of the nearest
blade 6. In Fig. 2, the front end 16 of each upstream-side
bridging wall 12 is located in front of the root portion 31a
of the leading edge 31 of the nearest blade 6.

[0040] The root portion 31a of the leading edge 31 of
each blade 6 is preferably sandwiched between the front
end 16 and the rear end 17 of the connection portion 12b
of the upstream-side bridging wall 12. In other words, in
the rotation direction of the propeller fan 1, the front end
16 and the rear end 17 of each upstream-side bridging
wall 12 preferably sandwich the root portion 31a of the
leading edge 31 of the blade 6.

[0041] The root portion 31a of the leading edge 31 of
each blade 6 is continuous with the upstream-side end
11s of the cylinder 11. In other words, the root portion
31a of the leading edge 31 of each blade 6 and the out-
ermost edge of each upstream-side bridging wall 12 face
each otherwith the upstream-side end 11s of the cylinder
11 interposed therebetween, without offsetting in the ro-
tation direction of the propeller fan 1.

[0042] As described above, the impeller 2 according
to the present embodiment includes: the root portion 31a
of the leading edge 31 of each blade 6 that is continuous
with the upstream-side end 11s of the cylinder 11; and
the upstream-side bridging walls 12 that are continuous
with the upstream-side end 11s of the cylinder 11. Con-
sequently, the impeller 2 distributes the load to be gen-
erated in the root portion 31a of the leading edge 31 of
each blade 6 to the upstream-side bridging walls 12, the
longitudinal walls 21, and the cylinder 11 of the boss 5
so as to relieve stress concentration in the root portion
31a of the leading edge 31 of each blade 6.

[0043] If the upstream-side end 11s of cylinder 11 is
not located between the root portion 31a of the leading
edge 31 of each blade 6 and the outermost edge of each
upstream-side bridging wall 12, and the upstream-side
end 11s of cylinder 11 protrudes toward the upstream-
side of the propeller fan 1 to be away from the portion
sandwiched between the root portion 31a of the leading
edge 31 of each blade 6 and the outermost edge of each
upstream-side bridging wall 12, the proportion of the load
to be distributed with the upstream-side bridging walls
12 is reduced. That is, the improvement of the stress
concentration in the root portion 31a of the leading edge
31 of each blade 6 remains insufficient.

[0044] Also, if the upstream-side bridging walls 12 is
offset from the root portion 31a of the leading edge 31 of
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each blade 6 in the rotation direction R of the propeller
fan 1, the proportion of the load to be distributed with the
upstream-side bridging walls 12 is reduced. In other
words, in the rotation direction of the propellerfan 1, when
the rear end 17 of each upstream-side bridging wall 12
is located in front of the root portion 31a of the leading
edge 31 of the nearest blade 6 and thereby the root por-
tion 31a of the leading edge 31 of each blade 6 is not
sandwiched between the front end 16 and rear end 17
of the upstream-side bridging wall 12, the proportion of
the load to be distributed with the upstream-side bridging
walls 12is reduced. Thatis, the improvement of the stress
concentration in the root portion 31a of the leading edge
31 of each blade 6 remains insufficient.

[0045] On the other hand, in the rotation direction of
the propeller fan 1, when the root portion 31a of the lead-
ing edge 31 of each blade 6 is not sandwiched between
the front end 16 and rear end 17 of the upstream-side
bridging wall 12 but the front end 16 of each upstream-
side bridging wall 12 is located behind the root portion
31a of the leading edge 31 of the nearest blade 6, the
upstream-side bridging walls 12 bears the load to be gen-
erated in the root portion 31a of the leading edge 31 of
each blade 6 as intended so as to relieve the stress con-
centration in the root portion 31a of the leading edge 31
of each blade 6. The reason for such improvement is
considered to be that the upstream-side bridging wall 12
in the rear side bears the load to be generated in the root
portion 31a located forward via the cylinder 11 in the ro-
tation direction R of the propeller fan 1.

[0046] Additionally, in the impeller 2 according to the
present embodiment, the rear end 17 of each upstream-
side bridging wall 12 is located behind the root portion
31a of the leading edge 31 of the nearest blade 6 in the
rotation direction R of the propeller fan 1. Consequently,
the impeller 2 distributes the load to be generated in the
root portion 31a of the leading edge 31 of each blade 6
to the upstream-side bridging walls 12 and the cylinder
11 of the boss 5 so as to relieve the stress concentration
in the root portion 31a of the leading edge 31 of each
blade 6.

[0047] Further, the impeller 2 according to the present
embodiment includes the root portion 31a of the leading
edge 31 of each blade 6, and this root portion 31a is
sandwiched between the front end 16 and the rear end
17 of the upstream-side bridging wall 12. Consequently,
the impeller 2 distributes the load to be generated in the
root portion 31a of the leading edge 31 of each blade 6
to the upstream-side bridging walls 12 and the cylinder
11 of the boss 5, and thus the impeller 2 more effectively
relieves the stress concentration in the root portion 31a
of the leading edge 31 of each blade 6.

[0048] Moreover, the impeller 2 according to the
present embodiment includes: the upstream-side bridg-
ing walls 12; and the downstream-side bridging walls 13,
both of which do not overlap in the direction along the
rotation centerline of the propeller fan 1. Consequently,
the impeller 2 can be readily integrally molded by the
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mold that can be divided in the direction of the rotation
centerline.

[0049] Next, other aspects of the impeller 2 according
to the present embodiment will be described. In the im-
pellers 2A and 2B described in the respective aspects,
the same reference signs are given to common configu-
rations, and duplicate description is omitted.

[0050] Fig.5is aperspective view of the second aspect
of the impeller for the propeller fan according to the em-
bodiment of the present invention as viewed from the
upstream side.

[0051] Fig.6is aperspective view of the second aspect
of the impeller for the propeller fan according to the em-
bodiment of the present invention as viewed from the
downstream side

[0052] Fig. 7 is a longitudinal cross-sectional view of
the second aspect of the impeller for the propeller fan
according to the embodiment of the present invention.
[0053] As shown in Fig. 5 to Fig. 7, the impeller 2A of
the second aspect for the propeller fan 1 according to
the present embodimentincludes a plurality of upstream-
side bridging walls 12A that have annularly continuous
connection portions 12b located away from the inner pe-
ripheral surface 11a of cylinder 11, and are integrated
with an annular portion 41. Hereinafter, the impeller 2A
of the second aspect for the propeller fan 1 is simply
referred to as "the impeller 2A".

[0054] Each upstream-side bridging wall 12Ais a plate
portion that has a substantially uniform thickness, and is
curved in a concave shape from the upstream-side end
11s of the cylinder 11 toward the downstream side. The
concave bottom, i.e., the portion of each upstream-side
bridging wall 12A farthest from the upstream-side end
11s of the cylinder 11 is closest to the center of the pro-
peller fan 1.

[0055] The annular portion 41 integrates the plurality
of upstream-side bridging walls 12A. The annular portion
41 is a part of the upstream-side bridging walls 12A, and
is curved in a concave shape from the upstream-side end
11s of the cylinder 11 toward the downstream side. The
portions of the plurality of upstream-side bridging walls
12A near the cylinder 11 are connected to the cylinder
11 for each blade 6, whereas the portions of the plurality
of upstream-side bridging walls 12A far from the cylinder
11, that is, the portions of the plurality of upstream-side
bridging walls 12A near the rotating-shaft mounting por-
tion 15A are connected in succession by the annular por-
tion 41. That is, the plurality of upstream-side bridging
walls 12A are radially arranged from the annular portion
41 disposed inside the cylinder 11 toward the inner pe-
ripheral surface 11a of the cylinder 11.

[0056] The front end 16 of the connection portion 12b
of one upstream-side bridging wall 12A is continuous with
the rear end 17 of the connection portion 12b of the up-
stream-side bridging wall 12A located forward in the ro-
tation direction of the propeller fan 1. In other words, the
frontend 16 and the rear end 17 of the adjacent upstream-
side bridging walls 12A are connected in succession.
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These continuous front end 16 and rear end 17 of the
upstream-side bridging walls 12A have a rectilinear
shape when viewed in the direction of the rotation cen-
terline of the propeller fan 1, and have an arc shape con-
cavely recessed from the upstream-side end 11s of the
cylinder 11 toward the downstream side. These contin-
uous front end 16 and rear end 17 are connected to the
downstream-side bridging wall 13A via a longitudinal wall
21A. The longitudinal wall 21A extends in a flat plate
shape in the direction of the rotation centerline of the
propeller fan 1 connecting these continuous front end 16
and rear end 17. The portion of the cylinder 11 facing the
longitudinal wall 21A may be notched as long as it does
not interfere with the support of the blades 6. The notch
contributes to the weight reduction of the propeller fan 1.
[0057] The downstream-side bridging walls 13A are
provided inthe portions surrounded by the upstream-side
bridging walls 12A and the cylinder 11 when viewed in
the direction of the rotation centerline of the propeller fan
1.

[0058] An annular longitudinal wall 42 is provided on
the inner edge of the annular portion 41. The annular
longitudinal wall 42 extends from the inner edge of the
annular portion 41 toward the downstream-side end 11b
of the cylinder 11. The annular longitudinal wall 42 may
or may not reach the downstream-side end 11b of the
cylinder 11. The downstream-side end 42b of the annular
longitudinal wall 42 is connected to the rotating-shaft
mounting portion 15A.

[0059] The inner edge shape of the annular portion 41
may be a simple circular shape or a polygonal shape as
shownin Fig. 5when viewed in the direction of the rotation
centerline of the propeller fan 1. For example, the inner
edge shape of the polygon includes: a vertex on a line
segment bisecting the connection portion, which is be-
tween the upstream-side bridging walls 12A and the cyl-
inder 11, in the rotation direction of the propeller fan 1;
and another vertex on a line segment bisecting the arc-
shaped portion, which separates the upstream-side
bridging walls 12A from the cylinder 11, in the rotation
direction of the propeller fan 1. When three upstream-
side bridging walls 12 are provided as in the present em-
bodiment, the inner edge shape of the annular portion
41 forms a hexagon.

[0060] The rotating-shaft mounting portion 15A has a
flange 45 that is closer to the downstream-side end 11b
of the cylinder 11 than the annular portion 41 shared by
the plurality of upstream-side bridging walls 12A. The
flange 45 is a wall that extends in the direction perpen-
dicular to the rotation center of the propeller fan 1 and is
connected to the downstream-side end 42b of the annu-
larlongitudinal wall 42. The flange 45 is a wall that closes
the inner boundary of the annular portion 41.

[0061] As described above, the impeller 2A according
to the present embodiment includes: the root portion 31a
of the leading edge 31 of each blade 6 that is continuous
with the upstream-side end 11s of the cylinder 11; and
the upstream-side bridging walls 12A continuous with the
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upstream-side end 11s of the cylinder 11. Consequently,
the impeller 2A distributes the load to be generated in
the root portion 31a of the leading edge 31 of each blade
6 to the upstream-side bridging walls 12A and the cylinder
11 of the boss 5 so as to relieves the stress concentration
in the root portion 31a of the leading edge 31 of each
blade 6.

[0062] Additionally, in the impeller 2A according to the
present embodiment, the rear end 17 of each upstream-
side bridging wall 12A is located behind the root portion
31a of the leading edge 31 of the nearest blade 6 in the
rotation direction R of the propeller fan 1. Consequently,
the impeller 2A distributes the load to be generated in
the root portion 31a of the leading edge 31 of each blade
6 to the upstream-side bridging walls 12A and the cylinder
11 of the boss 5 so as to relieve the stress concentration
in the root portion 31a of the leading edge 31 of each
blade 6.

[0063] Further, the impeller 2A according to the
present embodiment includes the root portion 31a of the
leading edge 31 of each blade 6, and the root portion 31a
is sandwiched between the front end 16 and the rear end
17 of the upstream-side bridging wall 12A. Consequently,
the impeller 2A distributes the load to be generated in
the root portion 31a of the leading edge 31 of each blade
6 to the upstream-side bridging walls 12A and the cylinder
11 ofthe boss 5, and thus the impeller 2A more effectively
relieves the stress concentration in the root portion 31a
of the leading edge 31 of each blade 6.

[0064] Moreover, the impeller 2A according to the
present embodiment includes: the upstream-side bridg-
ing walls 12; and the downstream-side bridging walls 13,
both of which do not overlap in the direction along the
rotation centerline of the propeller fan 1. Consequently,
the impeller 2A can be readily integrally molded by the
mold that can be divided in the direction of the rotation
centerline.

[0065] Furthermore, the impeller 2A according to the
present embodiment includes the plurality of upstream-
side bridging walls 12A integrated with the annularly con-
tinuous annular portion 41 that is located away from the
inner peripheral surface 11a of the cylinder 11. Conse-
quently, the impeller 2A distributes the stress to be gen-
erated in the root portion 31a of the leading edge 31 of
each blade 6 to the upstream-side bridging walls 12A
and the cylinder 11 of the boss 5 and also causes the
annular portion 41 to bear the stress dispersed by the
upstream-side bridging walls 12A, and thus the impeller
2A further relieves the stress concentration in the root
portion 31a of the leading edge 31 of each blade 6.
[0066] Fig.8is aview of the boss of the second aspect
of the impeller for the propeller fan according to the em-
bodiment of the present invention as viewed from the
upstream-side.

[0067] As shown in Fig. 8, the impeller 2A for the pro-
peller fan 1 according to the present embodiment may
be provided with drain holes 47, opening width of each
of which decreases from the center side to the outer pe-
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ripheral side of the boss 5, in the upstream-side bridging
walls 12A.

[0068] The drain holes 47 are provided on the outer
peripheral portions of the respective upstream-side
bridging walls 12A. Each drain hole 47 has an oval shape
extending toward the center side of the boss 5 or toward
the inner peripheral side of the upstream-side bridging
wall 12A. Each drain hole 47 has: a first semi-arc-shaped
portion 47a that is provided on the inner peripheral side,
and is convex toward the center side of boss 5 or toward
the inner peripheral side of the upstream-side bridging
wall 12A; and a wedge-shaped portion 47b that is con-
tinuous with the chord portion of the first semi-circular
arc-shaped portion 47a, and has opening width decreas-
ing at a substantially constant rate from the center side
to the outer peripheral side of the boss 5. Each drain hole
47 has a shape that is line-symmetric with respect to an
imaginary line extending in the radial direction of the pro-
peller fan 1.

[0069] The minimum opening width portion of the
wedge-shaped portion 47b, i.e., the portion closest to the
outer edge of the boss 5, is closed in a trapezoidal shape
along the outer edge of the boss 5.

[0070] Since the drain holes 47 are configured as de-
scribed above, the impeller 2A can increase the area of
the drain holes 47 and appropriately drain moisture such
as rainwater to be accumulated in the boss 5 while re-
lieving the stress concentration in the root portion 31a of
the leading edge 31 of each blade 6. Since the drain
holes 47 are provided in the upstream-side bridging walls
12A that widely spread in the vicinity of the root portions
31a, each drain hole 47 has a degree of freedom to se-
cure a large opening area and can readily drain even
water in a solid state, such as a factor of ice or hail. In
addition, each drain hole 47 has an egg shape that ex-
tends toward the center of the boss 5. Thus, the water
to be accumulated on the downstream side of the pro-
peller fan 1 is readily drained from the propeller fan 1
along the inclination of the upstream-side bridging walls
12A. The moisture is also readily drained as it travels
outwards of the rotating propeller fan 1.

[0071] Fig. 9 is a perspective view of the third aspect
of the impeller for the propeller fan according to the em-
bodiment of the present invention as viewed from the
upstream-side.

[0072] Fig. 10is a perspective view of the third aspect
of the impeller for the propeller fan according to the em-
bodiment of the present invention as viewed from the
downstream side.

[0073] Fig. 11 is a longitudinal cross-sectional view of
the third aspect of the impeller for the propeller fan ac-
cording to the embodiment of the present invention.
[0074] As shown in Fig. 9, the impeller 2B of the third
aspect for the propeller fan 1 according to the present
embodiment includes a plurality of upstream-side bridg-
ing walls 12B that have annularly continuous connection
portions 12b located away from the inner peripheral sur-
face 11a of the cylinder 11, and are integrated with an
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annular portion 41B. Hereinafter, the impeller 2B of the
third aspect for the propeller fan 1 is simply referred to
as "the impeller 2B".

[0075] Since the longitudinal cross-sectional shape of
the impeller 2B conforms to the cross-sectional shape of
the impeller 2A shown in Fig. 7, the illustration is omitted.
[0076] Each upstream-side bridging wall 12B is a plate
portion that has a substantially uniform thickness and is
curved in a concave shape from the upstream-side end
11s of the cylinder 11 toward the downstream side. The
concave bottom, i.e., the portion of each upstream-side
bridging wall 12B farthest from the upstream-side end
11s of the cylinder 11, is closest to the center of the pro-
peller fan 1.

[0077] The annular portion 41B integrates the plurality
of upstream-side bridging walls 12B. The annular portion
41B is a part of the upstream-side bridging walls 12B,
and extends from the upstream-side end 11s of the cyl-
inder 11 toward the center of the cylinder 11. The portions
of the respective portions of the plurality of upstream-
side bridging walls 12B near the cylinder 11 are connect-
ed to the cylinder 11 for each blade 6, whereas the por-
tions of the plurality of upstream-side bridging walls 12B
far from the cylinder 11, that s, the portions of the plurality
of upstream-side bridging walls 12B near the rotating-
shaft mounting portion 15B, are connected in succession
by the annular portion 41B. That is, the plurality of up-
stream-side bridging walls 12B are radially arranged from
the annular portion 41B disposed inside the cylinder 11
toward the inner peripheral surface 11a of the cylinder 11.
[0078] The front end 16 of the connection portion 12b
of one upstream-side bridging wall 12B is continuous with
the rear end 17 of the connection portion 12b of the up-
stream-side bridging wall 12B located forward in the ro-
tation direction of the propeller fan 1. In other words, the
frontend 16 and the rear end 17 of the adjacent upstream-
side bridging walls 12B are connected in succession.
These continuous front end 16 and rear end 17 of the
upstream-side bridging walls 12B have a curved shape,
for example, an arc shape having a center of curvature
on the outside of the cylinder 11, i.e., on the side of the
blades 6, when viewed in the direction of the rotation
centerline of the propeller fan 1. In other words, these
continuous frontend 16 and rear end 17 of the upstream-
side bridging walls 12B have an arc shape that is con-
cavely recessed toward the inside of the boss 5. Further,
the continuous front end 16 and rear end 17 of the up-
stream-side bridging walls 12B have an arc shape that
is concavely recessed from the upstream-side end 11s
of the cylinder 11 toward the downstream side. These
continuous front end 16 and rear end 17 are connected
to the downstream-side bridging walls 13B via the longi-
tudinal wall 21B. Each longitudinal wall 21B is curved in
a concavely recessed arc shape toward the inside of the
boss 5 following these continuous front end 16 and rear
end 17, and extends with a substantially uniform thick-
ness. As shown in Fig. 10, of the cylinder 11, the portion
facing the longitudinal wall 21B has a notch as long as it
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does not interfere with the support of the blades 6.
[0079] The downstream-side bridging walls 13B are
provided inthe portions surrounded by the upstream-side
bridging walls 12B and the cylinder 11 when viewed in
the direction of the rotation centerline of the propeller fan
1.

[0080] The annular longitudinal wall 42 is provided on
the inner edge of the annular portion 41B. The annular
longitudinal wall 42 extends from the inner edge of the
annular portion 41 toward the downstream-side end 11b
of the cylinder 11. The annular longitudinal wall 42 may
or may not reach the downstream-side end 11b of the
cylinder 11. The downstream-side end 42b of the annular
longitudinal wall 42 is connected to the rotating-shaft
mounting portion 15B.

[0081] Theinneredge shape oftheannularportion41B
may be a simple circular shape as shown in Fig. 9 or a
polygonal shape when viewed in the direction of the ro-
tation centerline of the propeller fan 1. For example, the
inner edge shape of the polygonal shape includes: a ver-
tex on a line segment bisecting the connection portion,
which is between the upstream-side bridging walls 12B
and the cylinder 11, in the rotation direction of the pro-
peller fan 1; and another vertex on a line segment bisect-
ing the arc-shaped portion, which separates the up-
stream-side bridging walls 12B from the cylinder 11, in
the rotation direction of the propeller fan 1.

[0082] The rotating-shaft mounting portion 15B has a
flange 45 that is closer to the downstream-side end 11b
of the cylinder 11 than the annular portion 41B shared
by the plurality of upstream-side bridging walls 12B. The
flange 45 is a wall that extends in the direction perpen-
dicular to the rotation center of the propeller fan 1 and is
connected to the downstream-side end 42b of the annu-
larlongitudinal wall 42. The flange 45 is a wall that closes
the inner boundary of the annular portion 41.

[0083] As described above, the impeller 2B according
to the present embodiment includes: the root portion 31a
of the leading edge 31 of each blade 6 that is continuous
with the upstream-side end 11s of the cylinder 11; and
the upstream-side bridging walls 12B that are continuous
with the upstream-side end 11s of the cylinder 11. Con-
sequently, the impeller 2B distributes the load to be gen-
erated in the root portion 31a of the leading edge 31 of
each blade 6 to the upstream-side bridging walls 12B
and the cylinder 11 of the boss 5 so as to relieve the
stress concentration in the root portion 31a of the leading
edge 31 of each blade 6.

[0084] Additionally, in the impeller 2B according to the
present embodiment, the rear end 17 of each upstream-
side bridging wall 12B is located behind the root portion
31a of the leading edge 31 of the nearest blade 6 in the
rotation direction R of the propeller fan 1. Consequently,
the impeller 2B distributes the load to be generated in
the root portion 31a of the leading edge 31 of each blade
6 to the upstream-side bridging walls 12B and the cylinder
11 of the boss 5 so as to relieve the stress concentration
in the root portion 31a of the leading edge 31 of each
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blade 6.

[0085] Further, the impeller 2B according to the
present embodiment includes the root portion 31a of the
leading edge 31 of each blade 6, and this the root portion
31ais sandwiched between the front end 16 and the rear
end 17 of the upstream-side bridging wall 12B. Conse-
quently, the impeller 2B distributes the load to be gener-
ated in the root portion 31a of the leading edge 31 of
each blade 6 to the upstream-side bridging walls 12B
and the cylinder 11 of the boss 5, and thus the impeller
2B more effectively relieves the stress concentration in
the root portion 31a of the leading edge 31 of each blade
6.

[0086] Furthermore, the impeller 2B according to the
present embodiment includes: the upstream-side bridg-
ing walls 12B; and the downstream-side bridging walls
13B, both of which do not overlap in the direction along
the rotation centerline of the propellerfan 1. Consequent-
ly, the impeller 2B can be readily integrally molded by
the mold that can be divided in the direction of the rotation
centerline.

[0087] In addition, the impeller 2B according to the
present embodiment includes the plurality of upstream-
side bridging walls 12B integrated with the annularly con-
tinuous annular portion 41B that is located away from the
inner peripheral surface 11a of cylinder 11. Consequent-
ly, the impeller 2B distributes the stress to be generated
in the root portion 31a of the leading edge 31 of each
blade 6 to the upstream-side bridging walls 12B and the
cylinder 11 of the boss 5 and also causes the annular
portion 41 to bear the stress to be dispersed by the up-
stream-side bridging walls 12B, and thus the impeller 2B
further relieves the stress concentration in the root por-
tion 31a of the leading edge 31 of each blade 6.

[0088] Moreover, in the impeller 2B according to the
present embodiment includes the front end 16 and the
rear end 17 of the adjacent upstream-side bridging walls
12B that have an arc shape concavely recessed toward
the inside of the boss 5. Consequently, the impeller 2B
increases the stress to be borne by the upstream-side
bridging walls 12B and the annular portion 41B, and thus
the impeller 2B more significantly relieves the stress con-
centration in the root portion 31a of the leading edge 31
of each blade 6.

[0089] Thus, the impellers 2, 2A, and 2B for the pro-
peller fan 1 according to the present embodiment can
more effectively relieve the stress concentration in the
connection portion between the boss 5 and the root por-
tion 31a of the leading edge 31 of each blade 6.

[0090] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel embodiments
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changes in the form of the embodiments described herein
may be made without departing from the spirit of the in-
ventions. The accompanying claims and their equiva-
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lents are intended to cover such forms or modifications
as would fall within the scope and spirit of the inventions.
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Claims

propeller fan

impeller

boss

outer peripheral surface of boss

blade

cylinder

inner peripheral surface of cylinder
upstream-side end of cylinder
downstream-side end of cylinder
upstream-side bridging wall
upstream-side end face

connection portion of upstream-side
bridging wall

downstream-side bridging wall
downstream-side end face
rotating-shaft mounting portion
upstream-side end of rotating-shaft
mounting portion

downstream-side end of rotating-shaft
mounting portion

front end of upstream-side bridging wall
rear end of upstream-side bridging wall
front end of downstream-side bridging
wall

rear end of downstream-side bridging
wall

longitudinal wall

upstream-side end of longitudinal wall
downstream-side end of longitudinal
wall

leading edge of blade

root portion of leading edge of blade
annular portion

annular longitudinal wall
downstream-side end of annular longi-
tudinal wall

flange

drain hole

notch

1. An impeller for a propeller fan comprising:

a boss; and

a plurality of blades that radially protrude from
an outer peripheral surface of the boss,
wherein the boss includes:

a cylinder that has the outer peripheral sur-
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face and extends from an upstream-side
end to a downstream-side end;

a plurality of upstream-side bridging walls,
each of which has a surface facing a direc-
tion along a centerline of the cylinder and a
connection portion continuous with the up-
stream-side end, and extends to inside of
the cylinder; and

a plurality of downstream-side bridging
walls, each of which has a surface facing a
direction along the centerline of the cylinder,
that is closer to the downstream-side end
than the upstream-side bridging walls, and
extends to inside of the cylinder,

wherein a root portion of a leading edge of each
of the plurality of blades is continuous with the
upstream-side end.

The impeller for a propeller fan according to claim 1,
wherein each of the plurality of the upstream-side
bridging walls includes a front end that is located
forward, and a rear end that is located behind the
front end in a rotation direction of the propeller fan;
and

wherein the rear end of each of the plurality of the
upstream-side bridging walls is located behind the
root portion of the leading edge of a nearest blade
in the rotation direction of the propeller fan.

The impeller for a propeller fan according to claim 2,
wherein the root portion of the leading edge of each
of the plurality of blades is sandwiched between the
frontend and the rear end of the upstream-side bridg-
ing wall.

The impeller for a propeller fan according to any one
of claim 1 to claim 3, wherein the upstream-side
bridging walls and the downstream-side bridging
walls do not overlap in a direction along a rotation
centerline of the propeller fan.

The impeller for a propeller fan according to any one
of claim 1 to claim 4, wherein the plurality of up-
stream-side bridging walls are integrated with an an-
nular portion that is disposed at a position away from
aninner peripheral surface of the cylinder and is con-
tinuous in an annular shape.

The impeller for a propeller fan according to claim 5,
wherein the front ends and the rear ends of adjacent
upstream-side bridging walls have a curved shape
concavely recessed toward inside of the boss.

The impeller for a propeller fan according to claim 5
or claim 6, wherein each of the upstream-side bridg-
ing walls curves in a concave shape from the up-
stream-side end toward the downstream-side, and
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has a drain hole that has opening width decreasing
from a center side to an outer peripheral side of the
boss.

A blower comprising:
the propeller fan according to any one of claim
1 to claim 7; and
an electric motor that drives the propeller fan.
An outdoor unit for an air conditioner comprising:
the blower according to claim 8; and

a heat exchanger configured to exchange heat
with air flowed by the blower.
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