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Description
TECHNICAL FIELD

[0001] The present invention relates to an axial-flow
fan, and relates in particular to an axial-flow fan with
which a hub and a plurality of blades are integrally resin-
molded, the blades being formed so as to project from
an outer perimeter edge of the hub.

BACKGROUND ART

[0002] An axial-flow fan with which a hub and a plurality
of blades are integrally resin-molded, the blades being
formed so as to project from an outer perimeter edge of
the hub has hitherto been used in an outdoor unit, or the
like, of an air conditioning apparatus.

[0003] One such axial-flow fan has a thinned-out part
formed in a joint of the blade with the hub, as illustrated
in patent document 1 (Japanese Unexamined Patent Ap-
plication Publication No. 2011-74817).

SUMMARY OF THE INVENTION

[0004] However, formation of the thinned-out part in
the joint of the blade leads to narrowing of a space in
which the resin injected into the mold flows toward the
outer perimeter side during molding of the axial-flow fan.
Therefore, in the axial-flow fan having the thinned-out
part formed in the joint of the blade, the resin does not
readily flow into a portion further toward the outer perim-
eter side from the thinned-out part during molding, and
there is a possibility that molding failure might occur in
the outer perimeter portion of the blade.

[0005] An object of the present invention is to form a
thinned-out part in a joint of a blade while minimizing
molding failure in an outer perimeter portion of the blade
in an axial-flow fan with which a hub and a plurality of
blades are integrally resin-molded.

[0006] An axial-flow fan according to a first aspect is
integrally resin-molded with a hub and a plurality of
blades formed so as to project from an outer perimeter
edge of the hub. A first blade thinned-out part is formed
in a joint of the blade with the hub so that a radial rib
extending radially toward the outer perimeter side is left.
[0007] The present inventors studied the shape of a
rib left when forming a thinned-out part on a joint of a
blade, considering an inflow of resin during molding to a
portion further toward an outer perimeter side from the
thinned-out part when forming the thinned-out part. As a
result, the present inventors discovered that a first blade
thinned-out part is formed so that a radial rib extending
radially toward the outer perimeter side is left as men-
tioned above.

[0008] Such radial rib accelerates the flow toward the
outer perimeter side of resin injected in the mold during
molding, and therefore allows a favorable inflow of resin
to the portion further toward the outer perimeter side from
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the first blade thinned-out part during molding. The radial
rib also allows resin injected into the mold during molding
to flow more easily toward the outer perimeter side, com-
pared to the case when arib not extending radially is left.
[0009] The thinned-out part can thereby be formed in
the joint of the blade while minimizing molding failure in
the outer perimeter portion of the blade in this axial-flow
fan.

[0010] An axial-flow fan according to a second aspect
is the axial-flow fan according to the first aspect, wherein
a plurality of radial ribs are disposed in a circumferential
direction.

[0011] When a plurality of radial ribs are disposed in a
circumferential direction as mentioned above, the portion
where the resin flows to the portion further toward the
outer perimeter side from the first blade thinned-out part
can be increased in the circumferential direction during
molding.

[0012] The flow toward the outer perimeter side of resin
injected into the mold during molding can thereby be fur-
ther accelerated in this axial-flow fan. The resin also can
be allowed to flow in uniformly to any position in the cir-
cumferential direction of the portion further toward the
outer perimeter side from the first blade thinned-out part
during molding.

[0013] An axial-flow fan according to a third aspect is
the axial-flow fan according to the first or second aspect,
wherein the radial rib extends on a straight line extending
radially toward the outer perimeter side from an axial
center of the hub when viewing the hub and the blade
from an axial direction.

[0014] When the radial rib is configured to extend on
a straight line extending radially toward the outer perim-
eter side from the axial center of the hub as mentioned
above, the resin injected into the mold during molding
can be controlled to flow directly toward the outer perim-
eter side.

[0015] The resin injected into the mold can thereby be
allowed to flow more easily toward the outer perimeter
side during molding in this axial-flow fan.

[0016] An axial-flow fan according to a fourth aspect
is the axial-flow fan according to any of the first to third
aspects, wherein a front edge rib continuing on a front
edge of the blade is formed in the joint in a portion further
toward the front edge side of the blade from the radial
rib. A second blade thinned-out part larger than the first
blade thinned-out part is formed between the front edge
rib and the radial rib in the circumferential direction.
[0017] Forming the front edge rib continuing on the
front edge of the blade in a portion further toward the
front edge side of the blade from the radial rib in this axial-
flow fan as mentioned above improves strength at the
front edge of the blade. However, when such front edge
rib is formed, there is a possibility that the front edge rib
and the vicinity thereof might be less likely to be cooled
during molding.

[0018] Therefore, in this axial-flow fan, the front edge
rib is formed and the second blade thinned-out partlarger
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than the first blade thinned-out part is formed between
the front edge rib and the radial rib in the circumferential
direction, as mentioned above, so that a situation in which
the front edge rib and the vicinity thereof are less likely
to be cooled during molding can be minimized.

[0019] The occurrence of sink marks during molding
can thereby be minimized despite the fact that the front
edgerib is formed in addition to the radial rib in this axial-
flow fan.

[0020] An axial-flow fan according to a fifth aspect is
the axial-flow fan according to any of the second to fourth
aspects, wherein the radial ribs are equidistantly dis-
posed in the circumferential direction.

[0021] When the radial ribs are equidistantly disposed
in the circumferential direction as mentioned above, the
resin easily flows in uniformly over the plurality of radial
ribs during molding.

[0022] The resin can thereby be allowed to easily flow
in more uniformly in the circumferential direction to the
portion further toward the outer perimeter side from the
first blade thinned-out part during molding in this axial-
flow fan.

[0023] An axial-flow fan according to a sixth aspect is
the axial-flow fan according to any of the first to fifth as-
pects, wherein an indented part going in toward the front
edge side of the blade is formed on a rear edge of the
blade. The first blade thinned-out part is positioned fur-
ther toward the front edge side of the blade from the in-
dented part when viewing the hub and the blade from an
axial direction.

[0024] Forming the indented part going in toward the
front edge side of the blade on the rear edge of the blade
in this axial-flow fan as mentioned above designs for im-
provement of ventilating performance and/or suppres-
sion of noise. However, when such indented part is
formed, the resin does not readily flow in to the indented
part and the vicinity thereof, and there is a possibility that
molding failure in the indented partand the vicinity thereof
may occur.

[0025] Therefore, in this axial-flow fan, the first blade
thinned-out part is positioned further toward the front
edge side of the blade from the indented part as men-
tioned above, so that the resin flows in as far as the in-
dented part and the vicinity thereof without passing the
first blade thinned-out part during molding.

[0026] The inflow of resin to the indented part and the
vicinity thereof is thereby ensured during molding and
molding failure in the indented partand the vicinity thereof
can be minimized, despite the fact that both the first blade
thinned-out part and the indented part are formed in this
axial-flow fan.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027]

FIG. 1 is a plan view illustrating an outdoor unit in
which is adopted an outdoor fan as an axial-flow fan
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according to one embodiment of the present inven-
tion, in a condition having removed a ceiling plate
thereof.

FIG. 2 is a front view of the outdoor unit in which is
adopted the outdoor fan according to one embodi-
ment of the present invention.

FIG. 3 is a perspective view of the outdoor fan ac-
cording to one embodiment of the present invention.
FIG. 4 is a plan view of a positive pressure face side
of the outdoor fan according to one embodiment of
the present invention.

FIG.5is a plan view of a negative pressure face side
of the outdoor fan according to one embodiment of
the present invention.

FIG. 6 is a side view of the outdoor fan according to
one embodiment of the present invention.

FIG. 7 is an enlarged view of a joint of a blade and
the vicinity thereof in FIG. 5.

FIG. 8 is a cross-sectional view along I-l in FIG. 7.
FIG. 9is an enlarged view of a front edge rib and the
vicinity thereof in FIG. 6.

FIG. 10 is a cross-sectional side view of a mold, for
describing a process for molding the outdoor fan.
FIG. 11is a cross-sectional view illustrating a portion
of the mold for forming the joint of the blade and the
vicinity thereof, for describing the process for mold-
ing the outdoor fan.

DESCRIPTION OF EMBODIMENTS

[0028] An embodiment of the axial-flow fan according
to the present invention is described below based on the
accompanying drawings. The specific configuration of
the axial-flow fan according to the present invention is
not limited to the embodiment below, and modifications
are possible within a scope not deviating from the main
point of the present invention. In the description below,
an example in which the present invention is applied to
an axial-flow fan configuring an outdoor unitis described,
but the present invention is not limited to this; it may be
applied to an axial-flow fan for another use.

(1) Overall configuration of the outdoor unit

[0029] FIGS. 1 and 2 are drawings illustrating an out-
door unit 2 of an air conditioning apparatus in which is
adopted an outdoor fan 70 as an axial-flow fan according
to one embodiment of the present invention. Here, FIG.
1is a plan view of the outdoor unit 2 in a condition having
removed a ceiling plate 57. FIG. 2 is a front view of the
outdoor unit 2. Inthe description below, words expressing
directions and/or faces including "up," "down," "left," and
"right," and/or "front face," "side face," "back face," "top
face," and "bottom face," unless otherwise specified, sig-
nify directions and/or faces in the case of regarding the
outdoor unit 2 illustrated in FIG. 2 as a front face.

[0030] The outdoor unit 2 has a structure (so called
"trunk-type" structure), in which an internal space of a
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unit casing 51 is divided into left and right by a partitioning
plate 58 extending in a vertical direction, whereby a blow-
er compartment S1 and a machine compartment S2 are
formed. The outdoor unit 2 is configured so that outside
air is taken into the unit casing 51 from a back face and
one part of a side face ofthe unitcasing 51 and the outside
air is blown out from a front face of the unit casing 51.
The outdoor unit 2 mainly has the unit casing 51, refrig-
erant circuit-configuring parts including a compressor 21,
an outdoor heat exchanger 24, and refrigerant pipes con-
necting these machines, an outdoor fan 70 (axial-flow
fan), and a bell mouth 80. Here, an example is described,
in which the blower compartment S1 is formed toward a
left side face of the unit casing 51 and the machine com-
partment S2 is formed toward a right side face of the unit
casing 51, but left and right may be reversed.

[0031] The unit casing 51 is formed in a roughly rec-
tangular parallelepiped form, and mainly houses the re-
frigerant circuit-configuring parts including the compres-
sor 21, the outdoor heat exchanger 24, and refrigerant
pipes connecting these machines, and the outdoor fan
70. The unit casing 51 has a floor plate 52, a blower
compartment-side side plate 53, a machine compart-
ment-side side part 54, a blower compartment-side front
plate 55, a machine compartment-side front plate 56, and
a ceiling plate 57.

[0032] The floor plate 52 is a metal plate-form member
configuring a bottom face of the unit casing 51. Two foun-
dation legs 59 and 60 fixed to a site installation surface
are provided beneath the floor plate 52.

[0033] The blower compartment-side side plate 53 is
a metal plate-form member configuring a side face por-
tion toward the blower compartment S1 of the unit casing
51. A lower part of the blower compartment-side side
plate 53 is fixed to the floor plate 52. An intake port 53a
for outside air taken into the unit casing 51 by the outdoor
fan 70 is formed on the blower compartment-side side
plate 53.

[0034] The machine compartment-side side plate 54
is a metal plate-form member configuring one part of a
side face portion toward the machine compartment S2
of the unit casing 51 and a back face portion toward the
machine compartment S2 of the unit casing 51. A lower
part of the machine compartment-side side plate 54 is
fixed to the floor plate 52. Here, the machine compart-
ment-side side plate 54 covers a portion toward the back
face of the side face of the machine compartment S2. An
intake port 53b for outside air taken into the unit casing
51 by the outdoor fan 70 is formed between an end part
on the back face side of the blower compartment-side
side plate 53 and an end part on the blower compartment
S1 side of the machine compartment-side side plate 54.
[0035] The blower compartment-side front plate 55 is
a metal plate-form member configuring a front face por-
tion of the blower compartment S1 of the unit casing 51
and one part of a front face portion of the machine com-
partment S2 of the unit casing 51. A blow-out port 55a
for blowing out outside air taken into the unit casing 51
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to the outside by the outdoor fan 70 is provided on the
blower compartment-side front plate 55. A front side of
the blow-out port 55a is covered by a fan grill 55b. A lower
part of the blower compartment-side front plate 55 is fixed
to the floor plate 52, and an end part on the left side face
side thereof is fixed to an end part on the front face side
of the blower compartment-side side plate 53.

[0036] The machine compartment-side front plate 56
is a metal plate-form member that is removed during test
running and/or maintenance in order to access the ma-
chine compartment S2 from the front face side of the unit
casing 51 and perform inspection, and the like, of the
machines disposed inside the machine compartment S2.
The machine compartment-side front plate 56 is a metal
plate-form member configuring one part of a front face
portion of the machine compartment S2 of the unit casing
51 and one part of a side face portion of the machine
compartment S2 of the unit casing 51. An end part on
the blower compartment S1 side of the machine com-
partment-side front plate 56 is fixed to an end part on the
machine compartment S2 side of the blower compart-
ment-side front plate 55, and an end part on a back face
side thereof is fixed to an end part on the front face side
of the machine compartment-side side plate 54. Here,
one part of the front face portion of the machine compart-
ment S2 of the unit casing 51 is configured by the blower
compartment-side front plate 55, but that part may be
configured by the machine compartment-side front plate
56. The blower compartment-side front plate 55 and the
machine compartment-side front plate 56 also may be
an integrated member.

[0037] The ceiling plate 57 is a metal plate-form mem-
ber configuring a top face portion of the unit casing 51.
The ceiling plate 57 is fixed to the blower compartment-
side side plate 53, the machine compartment-side side
plate 54, and the blower compartment-side front plate 55.
[0038] The partitioning plate 58 is a metal plate-form
member being disposed on the floor plate 52 and extend-
ing in a vertical direction. The partitioning plate 58 divides
the internal space of the unit casing 51 into left and right
to form the blower compartment S1 toward the left side
face and the machine compartment S2 toward the right
side face. The partitioning plate 58 has a shape that is
curved so that a central portion in a front-to-back direction
thereof projects toward the blower compartment S1 side.
A lower part of the partitioning plate 58 is fixed to the floor
plate 52, an end part on a front face side thereof is fixed
to the blower compartment-side front plate 55, and an
end part on a back face side thereof is fixed to an end
part on the machine compartment S2 side of the outdoor
heat exchanger 24.

[0039] The outdoorfan 70is a propeller fan mainly with
which a hub 71 and a plurality of (here, three) blades 72
are integrally resin-molded, the plurality of blades 72 be-
ing formed so as to project from an outer perimeter edge
of the hub 71. The outdoor fan 70 is provided so as to
face opposite the front face of the unit casing 51 inside
the blower compartment S1. More specifically, the out-
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door fan 70 is provided so as to face opposite the blow-
out port 55a formed on the blower compartment-side
front plate 55 in a position on the front face side of the
outdoor heat exchanger 24. Here, an indented part 72a
going in toward the front edge side of the blade 72 is
formed on a rear edge of the blade 72, for the purpose
of improvement of ventilating performance and/or sup-
pression of noise. The outdoor fan 70 is driven to rotate
by a fan motor 79 disposed between the outdoor fan 70
and the outdoor heat exchanger 24 in the front-to-back
direction. The fan motor 79 is supported by a fan motor
mount 61 extending in a vertical direction between the
ceiling plate 57 and the floor plate 52. A detailed config-
uration of the outdoor fan is to be described.

[0040] The bell mouth 80 is a member having a bell-
shaped opening 81 having an open center, and is pro-
vided on the outer perimeter side of the outdoor fan 70.
That is, the bell mouth 80 is provided so as to face op-
posite the front face of the unit casing 51 in the same
manner as the outdoor fan 70 inside the blower compart-
ment S1, and the outer perimeter of the outdoor fan 70
is surrounded by the opening 81. The bell mouth 80 is
fixed to the front face of the unit casing 51. A portion of
the bell mouth 80 toward the blower compartment-side
side plate 53 is disposed proximally to a front-side end
of the outdoor heat exchanger 24. A portion of the bell
mouth 80 toward the machine compartment S1 is dis-
posed proximally to the partitioning plate 58.

[0041] The outdoor heat exchanger 24 is a roughly L-
shaped heat exchanger panel, and is disposed on the
floor plate 52 so as to follow the left side face and the
back face of the unit casing 51 inside the blower com-
partment S 1.

[0042] The compressor 21 is a sealed-type compres-
sor having an upright cylindrical shape, and is disposed
inside the machine compartment S2.

[0043] Although not illustrated here, the machines, re-
frigerant pipes, and/or other refrigerant circuit-configur-
ing parts in addition to the compressor 21 also are dis-
posed inside the machine compartment S2.

(2) Detailed configuration of the outdoor fan

[0044] A detailed configuration of the outdoor fan 70
as the axial-flow fan according to the present embodi-
ment is next described using FIGS. 3 to 9. Here, FIG. 3
is a perspective view of the outdoor fan 70. FIG. 4 is a
plan view of a positive pressure face side of the outdoor
fan 70. FIG. 5 is a plan view of a negative pressure face
side of the outdoor fan 70. FIG. 6 is a side view of the
outdoor fan 70. FIG. 7 is an enlarged view of a joint 73
of the blade 72 and the vicinity thereof. FIG. 8 is a cross-
sectional view along I-l in FIG. 7. FIG. 9 is an enlarged
view of a front edge rib 76 and the vicinity thereof in FIG.
6. In the description below, an axial center (rotational
center) of the outdoor fan 70 is indicated as axial center
O, and the axis thereofis indicated as rotational axis O-O.
[0045] The outdoorfan 70 is a propeller fan mainly with

10

15

20

25

30

35

40

45

50

55

which a hub 71 and a plurality of (here, three) blades 72
are integrally resin-molded, as mentioned above, the plu-
rality of blades 72 being formed so as to project from an
outer perimeter edge of the hub 71. The number of blades
72 are not limited to three, and may be four or more, or
the like.

[0046] The blade 72 has a blade shape that is forward
advancing and forward tilting (see FIGS. 4 and 5). The
thickness of the blade 72 is greater at the joint 73 with
the hub 71, and becomes smaller going toward the outer
perimeter side (see FIG. 9). Anindented part 72a formed
ontherearedge ofthe blade 72 is disposed further toward
the outer perimeter side from the joint 73 (see FIGS. 3,
5, and 7). Here, a face on the side where air flows in
(upstream side in the direction of flow of air) when the
outdoor fan 70 is rotated is indicated as a negative pres-
sure face 72b, and a face on the opposite side (down-
stream side in the direction of flow of air) is indicated as
a positive pressure face 72c.

[0047] A first blade thinned-out part 74 is formed on
the joint 73 of the blade 72 so that a radial rib 75 extending
radially toward the outer perimeter side is left. A front
edge rib 76 continuing on a front edge of the blade 72 is
formed in the joint 73 in a portion further toward the front
edge side of the blade 72 from the radial rib 75. A second
blade thinned-out part 77 larger than the first blade
thinned-out part 74 is formed between the front edge rib
76 and the radial rib 75 in the circumferential direction.
[0048] Specifically, the blade thinned-out parts 74 and
77 are formed on the negative pressure face 72b of the
blade 72. Instead of being formed on the negative pres-
sure face 72b, the blade thinned-out parts 74 and 77 may
be formed only on the positive pressure face 72c, or may
be formed on both faces, being the negative pressure
face 72b and the positive pressure face 72c.

[0049] The radial rib 75 has a thickness equal to that
ofthejoint 73, and an end partin the axial direction thereof
continues smoothly to the blade surface of the blade 72
(see FIGS. 8 and 9). A plurality of (here, four) radial ribs
75 are disposed in an array in the circumferential direc-
tion. That is, a plurality of (here, four) first blade thinned-
out parts 74 are disposed going from the rear edge side
to the front edge side of the blades 72 so as to be posi-
tioned on both sides in the circumferential direction of
the radial ribs 75. The second blade thinned-out part 77
is disposed on the front edge side in the circumferential
direction of the radial rib 75 disposed furthest on the front
edge side among the plurality of radial ribs 75. Therefore,
the end parts in the axial direction of two adjacent radial
ribs 75 holding a first blade thinned-out part 74 between
in the circumferential direction are smoothly continuous.
The number of radial ribs is not limited to four, and may
be three or fewer or five or more.

[0050] The radial rib 75 extends on a straight line L
extending radially toward the outer perimeter side from
the axial center O of the hub 71 when viewing the hub
71 and the blade 72 from the axial direction (see FIG. 7).
The radial ribs 75 also are equidistantly disposed in the
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circumferential direction. That is, all of the first blade
thinned-out parts 74 have the same measurement in the
circumferential direction regardless of the position in the
radial direction, whereby the radial ribs 75 are equidis-
tantly disposed in the circumferential direction.

[0051] The spacing in the circumferential direction be-
tween the second blade thinned-out part 77 and the first
blade thinned-out part 74 is larger than the spacing in
the circumferential direction between first blade thinned-
out parts 74 (see FIGS. 5 and 7). That is, the second
blade thinned-out part 77 has a larger measurement in
the circumferential direction at the same position in the
radial direction than the first blade thinned-out part 74.
[0052] The front edge rib 76 is formed so as to project
in the axial direction from the blade surface of the blade
72 on the front edge of the joint 73, for the purpose of
improving strength at the front edge of the blade 72. The
front edge rib 76 here has a roughly triangular pyramidal
shape, and is formed on both sides, being the negative
pressure face 72b and the positive pressure face 72c, of
the blade 72. A width in the circumferential direction of
the front edge rib 76 is larger than a width in the circum-
ferential direction of the radial rib 75 at the same position
in the radial direction (see FIGS. 5 and 7). A depression
76a that is roughly triangular when viewing the hub 71
and the blade 72 from the axial direction is formed on a
portion toward the hub 71 of the front edge rib 76. The
front edge rib 76 may be formed only on the negative
pressure face 72b or the positive pressure face 72c, in-
stead of being formed on both the negative pressure face
72b and the positive pressure face 72c.

[0053] A rear edge rib 78 projecting in the axial direc-
tion from the blade surface of the blade 72 is formed on
a portion further toward the rear edge side from the first
blade thinned-out part 74 of the joint 73. The rear edge
rib 78 is formed on the negative pressure face 72b and
the positive pressure face 72c of the blade 72. That is,
the first blade thinned-out part 74 and the radial rib 75
are formed on a portion toward the front edge of the joint
73, and are not formed on a portion toward the rear edge.
The first blade thinned-out part 74 is positioned further
toward the front edge of the blade 72 than the indented
part 72a when viewing the hub 71 and the blade 72 from
the axial direction (see the straight line M extending to
the outer perimeter side from the first blade thinned-out
part 74 disposed furthest toward the rear edge in FIG. 7).

(3) Formation of the outdoor fan

[0054] A process for molding the outdoor fan 70 as the
axial-flow fan according to the present embodiment is
next described using FIGS. 10 and 11. Here, FIG. 10 is
a cross-sectional side view of a mold 90 for describing a
process for molding the outdoorfan 70. FIG. 11isacross-
sectional view illustrating a portion of the mold 90 for
forming the joint 73 of the blade 72 and the vicinity thereof,
for describing the process for molding the outdoor fan 70.
[0055] An injection-molding apparatus (not illustrated)
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having a mold 90 is first prepared. The mold 90 has a
first mold 91 and a second mold 92 that is movable with
respect to the first mold 91. A cavity 93 for configuring
the shape of the outdoor fan 70 is formed by combining
the first mold 91 and the second mold 92 (see FIG. 10).
[0056] Resin is next injected from a hot water port 94
provided on the first mold 91. The hot water port 94 is
provided so as to inject resin into the cavity 93 from a
position near the axial center O of the cavity 93 (here, a
portion for forming the hub 71 of the outdoor fan 70). The
resin thus flows from the inner perimeter portion of the
cavity 93 to the outer perimeter side and travels through-
out the cavity 93. At this time, the resin flows in to the
outer perimeter side passing through portions, and the
like, within the cavity 93 for forming the blade thinned-
out parts 74 and 77, the radial rib 75, and the front edge
rib 76.

[0057] The mold 90 is next cooled with cold water, or
the like, and the resin is hardened.

[0058] Themold 90 is nextopened by undoingthe com-
bination of the first mold 91 and second mold 92. The
molded outdoor fan 70 is removed from the mold 90.

(4) Features of the outdoor fan

[0059] The outdoor fan 70 as the axial-flow fan of the
present embodiment has features such as the following.
[0060] First, in the outdoor fan 70 of the present em-
bodiment, a first blade thinned-out part 74 is formed in
the joint 73 of the blade 72 with the hub 71 so that the
radial rib 75 extending radially toward the outer perimeter
side is left, as mentioned above. Here, the radial rib 75
extends on a straight line L extending radially toward the
outer perimeter side from an axial center O of the hub
when viewing the hub 71 and the blade 72 from an axial
direction (see FIGS. 5 and 7).

[0061] This radial rib 75 was discovered as a result of
the present inventors having studied a rib shape when
forming a thinned-out part on the joint 73 of the blade 72,
considering an inflow of resin during molding to a portion
further toward an outer perimeter side from the thinned-
out part.

[0062] Such radial rib 75 accelerates the flow toward
the outer perimeter side of resin injected in the mold 90
during molding, and therefore allows a favorable inflow
of resin to the portion further toward the outer perimeter
side from the first blade thinned-out part 74 during mold-
ing. The radial rib 74 also allows resin injected into the
mold during molding to flow more easily toward the outer
perimeter side, compared to the case when a rib not ex-
tending radially is left. In particular, here, because the
radial rib 75 is configured to extend on a straight line L,
the resin injected into the mold 90 during molding can be
controlled to flow directly toward the outer perimeter side,
and the resin flows more easily toward the outer perim-
eter side (see FIG. 11).

[0063] The thinned-out part can thereby be formed in
the joint 73 of the blade 72 while minimizing molding fail-
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ure in the outer perimeter portion of the blade 72 in the
outdoor fan 70 of the present embodiment.

[0064] In the outdoor fan 70 of the present embodi-
ment, a plurality of (here, four) radial ribs 75 are disposed
in a circumferential direction as mentioned above (see
FIGS. 5 and 7).

[0065] Therefore, the portion where the resin flows to
the portion further toward the outer perimeter side from
the first blade thinned-out part 74 can be increased in
the circumferential direction during molding (see FIG.
11).

[0066] Theflowtowardthe outerperimeterside ofresin
injected into the mold 90 during molding can thereby be
further accelerated in the outdoor fan 70 of the present
embodiment. The resin also can be allowed to flow in
uniformly to any position in the circumferential direction
of the portion further toward the outer perimeter side from
the first blade thinned-out part 74 during molding.
[0067] In the outdoor fan 70 of the present embodi-
ment, a front edge rib 76 continuing on a front edge of
the blade 72 is formed in the joint 73 on a portion further
toward a front edge side of the blade 72 from the radial
rib 75 as described above. A second blade thinned-out
part 77 larger than the first blade thinned-out part 74 is
formed between the front edge rib 76 and the radial rib
75 in the circumferential direction (see FIGS. 5 and 7).
[0068] Here, the front edge rib 76 is formed in order to
increase strength at the front edge of the blade 72 as
mentioned above, and a width in the circumferential di-
rection is larger than the radial rib 75 (see FIGS. 5 and
7). Therefore, there is a possibility that the front edge rib
76 and the vicinity thereof might be less likely to be cooled
during molding.

[0069] In the outdoor fan 70 of the present embodi-
ment, a second blade thinned-out part 77 larger than the
first blade thinned-out part 74 is formed between the front
edge rib 76 and the radial rib 75 in the circumferential
direction as mentioned above. Therefore, a situation in
which the front edge rib 76 and the vicinity thereof are
less likely to be cooled can be minimized.

[0070] The occurrence of sink marks during molding
can thereby be minimized despite the fact that the front
edgerib 75 is formed in addition to the radial rib 75 in the
outdoor fan 70 of the present embodiment.

[0071] In the outdoor fan 70 of the present embodi-
ment, the radial ribs 75 are equidistantly disposed in the
circumferential direction (see FIGS. 5 and 7).

[0072] Therefore, the resin easily flows in uniformly
over the plurality of (here, four) radial ribs 75 during mold-
ing (see FIG. 11).

[0073] The resin can thereby be allowed to easily flow
in more uniformly in the circumferential direction to the
portion further toward the outer perimeter side from the
first blade thinned-out part 74 during molding in the out-
door fan 70 of the present embodiment.

[0074] In the outdoor fan 70 of the present embodi-
ment, an indented part 72a going in toward the front edge
side of the blade 72 is formed on a rear edge of the blade
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72. Thefirstblade thinned-out part 74 is positioned further
toward the front edge side of the blade 72 from the in-
dented part 72a when viewing the hub 71 and the blade
72 from an axial direction (see FIG. 7).

[0075] Here, the indented part 72a is formed in order
to design for improvement of ventilating performance
and/or suppression of noise as mentioned above, and
resin does notreadily flow in to the indented part 72a and
the vicinity thereof. Therefore, there is a possibility that
molding failure in the indented part 72a and the vicinity
thereof may occur during molding.

[0076] As opposed to this, in the outdoor fan 70 of the
present embodiment, the first blade thinned-out part 74
is positioned further toward the front edge side of the
blade 72 from the indented part 72a as mentioned above.
Therefore, the resin flows in as far as the indented part
72a and the vicinity thereof without passing the first blade
thinned-out part 74 during molding.

[0077] The inflow of resin to the indented part 72a and
the vicinity thereof is thereby ensured and molding failure
in the indented part 72a and the vicinity thereof can be
minimized, despite the fact that both the first blade
thinned-out part 74 and the indented part 72a are formed
in the outdoor fan 70 of the present embodiment.

INDUSTRIAL APPLICABILITY

[0078] The presentinvention is applicable to an axial-
flow fan with which a hub and a plurality of blades are
integrally resin-molded, the blades being formed so as
to project from an outer perimeter edge of the hub.
REFERENCE SIGNS LIST

[0079]

70 Axial-flow fan

71 Hub
72 Blade
72a  Indented part

73 Joint

74 First blade thinned-out part
75 Radial rib

76 Front edge rib

77 Second blade thinned-out part
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ent Application No. 2011-74817

Claims

1. An axial-flow fan (70) with which a hub (71) and a
plurality of blades (72) are integrally resin-molded,
the plurality of blades (72) being formed so as to
project from an outer perimeter edge of the hub (71),
wherein:

a first blade thinned-out part (74) is formed in a
joint (73) of the blade with the hub so that a radial
rib (75) extending radially toward the outer pe-
rimeter side is left.

2. Theaxial-flowfan (70) according to claim 1, wherein:

a plurality of the radial ribs (75) is disposed in a
circumferential direction.

3. The axial-flow fan (70) according to claim 1 or 2,
wherein:

the radial rib (75) extends on a straight line ex-
tending radially toward the outer perimeter side
from an axial center of the hub (71) when viewing
the hub and the blade (72) from an axial direc-
tion.

4. The axial-flow fan (70) according to any of claims 1
to 3, wherein:

a front edge rib (76) continuing on a front edge
of the blade (72) is formed in the joint (73) in a
portion further toward the front edge side of the
blade (72) from the radial rib (75); and

a second blade thinned-out part (77) larger than
the first blade thinned-out part (74) is formed
between the front edge rib and the radial rib in
the circumferential direction.

5. The axial-flow fan (70) according to any of claims 2
to 4, wherein:

the radial ribs (75) are equidistantly disposed in
the circumferential direction.

6. The axial-flow fan (70) according to any of claims 1
to 5, wherein:

an indented part (72a) going in toward the front
edge side of the blade (72) is formed on a rear

10

15

20

25

30

35

40

45

50

55

14

edge of the blade; and

the first blade thinned-out part (74) is positioned
further toward the front edge side of the blade
(72) from the indented part when viewing the
hub (71) and the blade (72) from an axial direc-
tion.
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