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(54) AXIAL FLOW FAN

(57) In an axial flow fan provided with a plurality of
impeller blades (13) provided in a hub (14), and a plurality
of bent portions (13c) each formed by bending an outer
peripheral edge of each of the impeller blades (13) toward
a negative pressure surface (13e) of each of the impeller
blades (13), a protruding portion (13f) is provided in a
portion in which a blowing wind speed is high and a pres-
sure rising work is most effectively carried out, in a rear
edge portion (13b) of each of the impeller blades (13).
Each of the protruding portions (13f) protrudes to an in-
verse direction to a rotating direction of each of the im-
peller blades (13) with respect to a straight line L con-
necting a proximal end and an outer peripheral end in
the rear edge portion (13b) of each of the impeller blades
(13). In this case, if a vane area of each of the impeller
blades (13) is enlarged by setting a protruding portion
(13f) at a predetermined position in the rear edge portion
(13b) of each of the impeller blades (13), it is possible to
effectively compensate for shortage of an amount of rise
in static pressure which is lowered by bending the outer
peripheral edge of each of the impellers (13).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a structure of
an axial flow fan such as a propeller fan or the like.

BACKGROUND ART

[0002] This kind of axial flow fan is used as an air blow-
er of an outdoor unit for an air conditioner. As shown in
Fig. 6, the outdoor unit for the air conditioner is provided
with a box-like casing 1. An air suction port 10a is pro-
vided on a back surface of the casing 1. A heat exchanger
2 is arranged within the casing 1 so as to be adjacent to
the air suction port 10a. Further, within the casing 1, a
fan motor 12, and an air blowing unit 3 driven by the fan
motor 12 are arranged downstream of the heat exchang-
er 2. The fan motor 12 is fixed to the casing 1 using a
bracket (not shown).
[0003] The air blowing unit 3 is provided with a propel-
ler fan 4 serving as an axial flow fan. As shown in Figs.
6 to 8, the propeller fan 4 is provided with a hub 14, and
a plurality of impeller blades 13. Each of the impeller
blades 13 is integrated on an outer peripheral surface of
the hub 14. The propeller fan 4 is coupled to a driving
shaft 12a of the fan motor 12. Further, the air blowing
unit 3 is provided with a bell mouth 5 arranged near an
outer periphery of the propeller fan 4, and a fan guard 6
arranged in a front side of the propeller fan 4. The bell
mouth 5 partitions a suction region X positioned in a rear
side of the propeller fan 4 and a blow region Y positioned
in a front side thereof.
[0004] As a problem of the outdoor unit mentioned
above, there are a noise generated from the propeller
fan 4, and a noise generated by a collision of the air blown
off the propeller fan 4 with the fan guard 6 or the like. In
order to reduce the noises, for example, there have been
conventionally carried out an optimization of a shape of
the impeller blade 13 of the propeller fan 4, an employ-
ment of an air foil type vane having an excellent aerody-
namic performance, and the like.
[0005] However, even in the case of employing these
means, when the propeller fan 4 is rotated, an air flow
(A1) heading for a negative pressure surface 13e having
a low pressure from a pressure surface 13d having a high
pressure is generated near an outer peripheral edge of
each of the impeller blades 13 as shown in Fig. 8, and
an eddy current (A2) is formed near the outer peripheral
edge of each of the impeller blades 13 by the air flow
(A1). Further, a turbulence of the air flow due to the eddy
current (A2) is promoted toward the downstream side
from the upstream side, as shown in Figs. 9 and 10, and
the center of the eddy current (A2) gradually separates
from the negative pressure surface 13e of each of the
impeller blades 13. As a result, the eddy current (A2)
comes into collision with the pressure surface 13d of each
of the impeller blades 13, the inner peripheral surface of

the bell mouth 5, the fan guard 6 and the like, which can
further increase the noise of the blower.
[0006] In particular, if the eddy current (A2) interferes
with the subsequent impeller blade 13 after separating
from the negative pressure surface 13e of each of the
impeller blades 13, the turbulence of the air flow becomes
further large, which can further increase the noise of the
blower.
[0007] For example, if the chord length of each of the
impeller blades 13 is shortened for weight saving (cost
reduction), a blade lattice performance generated by
each of the impeller blades 13 is lowered. Accordingly,
the eddy current (A2) tends to separate from the negative
pressure surface 13e of each of the impeller blades 13.
As shown in Fig. 11, the eddy current (A2) interferes with
the subsequent impeller blade 13 early in comparison
with the case in Fig. 10. Therefore, the noise of the blower
tends to be further increased.
[0008] In order to cope with the problem mentioned
above, as shown in Figs. 12 and 13, there has been pro-
posed a propeller fan provided with a bent portion 13c
along the outer peripheral edge of each of the impeller
blades 13 (for example, refer to Patent Document 1). The
bent portion 13c is formed by bending the outer peripheral
edge of the impeller blade 13 toward the negative pres-
sure surface 13e (the suction side). The width d of the
bent portion 13c is set to become gradually larger toward
the rear edge portion 13b from the front edge portion 13a
of each of the impeller blades 13.
[0009] In accordance with this structure, as shown in
Figs. 13 and 14, the air flow (A1) smoothly goes around
to the negative pressure surface 13e from the pressure
surface 13d through the bent portion 13c of each of the
impeller blades 13. At this time, the eddy current (A2)
generated by the air flow (A1) is formed near the outer
peripheral edge of each of the impeller blades 13. How-
ever, since the diameter of the eddy current (A2) is small,
it is possible to suppress the interference between the
eddy current (A2) and the air flow (A3) of the negative
pressure surface 13e of each of the impeller blades 13.
[0010] Further, as shown in Fig. 9, the diameter of the
eddy current (A2) becomes gradually larger toward the
rear edge portion 13b from the front edge portion 13a of
each of the impeller blades 13. If the width d of each of
the bent portions 13c is made larger toward the rear edge
portion 13b from the front edge portion 13a of each of
the impeller blades 13 in correspondence thereto, the
operations and effects mentioned above can be achieved
over the entire outer peripheral edge of each of the im-
peller blades 13, and it is hard for the eddy current (A2)
to separate from the negative pressure surface 13e of
each of the impeller blades 13.
[0011] Accordingly, even if the chord length of each of
the impeller blades 13 is shortened for weight saving, the
eddy currents (A2) do not interfere with each other be-
tween adjacent impeller blades 13, and the turbulence
of the air flow is reduced in the downstream side of the
blower. In other words, the noise of the blower can be
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effectively reduced by incorporating the propeller fan in
the outdoor unit for the air conditioner.
Patent Document 1: Japanese Patent No. 3629702

DISCLOSURE OF THE INVENTION

[0012] However, in the case that the bent portion 13c
is provided in the outer peripheral edge of each of the
impeller blades 13, there is a problem that a warp of the
vane contributing to a pressure rising work of the propel-
ler fan 4 becomes small, and the blowing performance
of the blower is lowered.
[0013] Accordingly, it is necessary to prevent the width
d of the bent portion 13c from becoming too large. Con-
ventionally, the maximum value of the width d of the bent
portion 13c is preferably set to be equal to or less than
15% of the length from the center of rotation of each of
the impeller blades 13 to the outer peripheral end. How-
ever, even if the width d of the bent portion 13c is opti-
mized, a certain degree of reduction of the amount of rise
in pressure is unavoidable.
[0014] As shown in Fig. 15, in the conventional propel-
ler fan 4, the rear edge portion 13b of each of the impeller
blades 13 is formed along a circular arc, and shallowly
and widely protrude in an inverse direction to a rotating
direction of each of the impeller blades 13 with respect
to a straight line L connecting a proximal end of each of
the impeller blades 13 and the outer peripheral edge.
Accordingly, a vane area of each of the impeller blades
13 is sufficiently secured.
[0015] However, in each of the impeller blades 13, a
portion in which a blowing wind speed becomes highest
is a region shown by line F-F7’ in Fig. 15. Accordingly,
the amount of rise in pressure cannot be sufficiently im-
proved unless the vane area in this region is enlarged.
[0016] Accordingly, even if the rear edge portion 13b
of each of the impeller blades 13 is protruded as shown
in Fig. 15, the amount of rise in pressure cannot be ef-
fectively increased with respect to the enlargement of the
vane area of each of the impeller blades 13. Further, this
structure acts counter to weight saving of the apparatus
and reduction of the material.
[0017] An objective of the present invention is to pro-
vide an axial flow fan which effectively compensates for
shortage of the amount of rise in static pressure which
is lowered by bending the outer peripheral edge of an
impeller blade.
[0018] In order to achieve the foregoing objective and
in accordance with a first aspect of the present invention,
an axial flow fan is provided that includes a plurality of
impeller blades (13) provided on a hub (14), and a plu-
rality of bent portions (13c) each formed by bending an
outer peripheral edge of each of the impeller blades (13)
toward a negative pressure surface (13e) of the impeller
blade (13). A protruding portion (13f) is provided in a por-
tion in which a blowing wind speed is high and a pressure
rising work is most effectively carried out in a rear edge
portion (13b) of each of the impeller blades (13). Each

of the protruding portions (13f) protrudes to an inverse
direction to a rotating direction of the impeller blade (13)
with respect to a straight line L connecting a proximal
end and an outer peripheral end in the rear edge portion
(13b) of each of the impeller blades (13).
[0019] In accordance with the structure mentioned
above, an air flow (A1) in the pressure surface 13d of
each of the impeller blades 13 smoothly goes around to
the negative pressure surface 13e from the outer periph-
eral edge of each of the impeller blades 13. As a result,
an eddy current (A2) having a small diameter is formed
near the outer peripheral edge of each of the impellers
13. Accordingly, it is possible to suppress an interference
between an air flow (A3) of the negative pressure surface
13e of each of the impeller blades 13 and the eddy current
(A2).
[0020] In this case, in the rear edge portion 13b of each
of the impeller blades 13, the protruding portion 13f is
provided in the portion in which the blowing wind speed
is high and the pressure rising work is most effectively
carried out. Further, the protruding portion 13f is protrud-
ed in the inverse direction to the rotating direction of each
of the impeller blades 13 with respect to the straight line
L connecting the proximal end and the outer peripheral
end in the rear edge portion of each of the impellers 13.
If the vane area of each of the impeller blades 13 is en-
larged as mentioned above, it is possible to effectively
compensate for the shortage of the amount of rise in static
pressure which is lowered by bending the outer periph-
eral edge of each of the impeller blades 13 to the negative
pressure surface 13e. Accordingly, it is possible to
achieve a reduction of a blowing noise and a high effi-
ciency of the blowing performance.
[0021] In the axial flow fan mentioned above, each of
the bent portions (13c) is provided over the entirety of
each of the impeller blades (13) from the front edge por-
tion (13a) to the rear edge portion (13b). In this case, the
air flow (A1) of the pressure surface 13d of each of the
impeller blades 13 smoothly goes around to the negative
pressure surface 13e from the outer peripheral edge of
each of the impeller blades 13, the eddy current (A2)
having the small diameter is formed near the outer pe-
ripheral edge of each of the impeller blades 13, and it is
possible to suppress the interference between the air flow
(A3) of the negative pressure surface 13e of each of the
impeller blades 13 and the eddy current (A2).
[0022] In the axial flow fan mentioned above, each of
the bent portions (13c) is provided in the portion from the
position between the front edge portion (13a) and the
rear edge portion (13b) in each of the impeller blades
(13) to the rear edge portion (13b). In this case, the air
flow (A1) of the pressure surface 13d of each of the im-
peller blades 13 smoothly goes around to the negative
pressure surface 13e from the outer peripheral edge of
each of the impeller blades 13, the eddy current (A2)
having the small diameter is formed near the outer pe-
ripheral edge of each of the impeller blades 13, and it is
possible to suppress the interference between the air flow
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(A3) of the negative pressure surface 13e in each of the
impeller blades 13 and the eddy current (A2).
[0023] In the axial flow fan mentioned above, the width
of each of the bent portions (13c) is formed so as to be-
come gradually larger toward the rear edge portion (13b)
from the front edge portion (13a) of each of the impeller
blades (13).
[0024] In this case, in correspondence to the eddy cur-
rent (A2), the diameter of which becomes larger toward
the rear edge portion 13b from the front edge portion 13a
of each of the impeller blades 13, it is possible to effec-
tively make the eddy current (A2) small from the front
edge portion 13a to the rear edge portion 13b, and it is
possible to make it hard for the eddy current (A2) to sep-
arate from the negative pressure surface 13e of each of
the impeller blades 13.
[0025] Accordingly, even if the chord length of each of
the impeller blades 13 is made short for the weight saving,
the eddy currents (A2) do not interfere with each other
between adjacent impeller blades 13, and the turbulence
of the air flow generated downstream of the blower is
reduced. Accordingly, it is possible to effectively sup-
press the noise on the basis of a synergistic effect of the
operations mentioned above.
[0026] In the axial flow fan mentioned above, in each
of the protruding portions (13f), the portion protruding
most largely in the inverse direction to the rotating direc-
tion with respect to the straight line L is set in a region in
which a value of an expression (R - Rh)/(Rt - Rh) is be-
tween 0.65 and 0.85, in which the radius of the axial flow
fan is represented by Rt, the radius of the hub (14) is
represented by Rh, and the distance in a radial direction
from the center O of rotation of the axial flow fan is rep-
resented by R.
[0027] On the basis of results of measurement ob-
tained by the inventors et al. of the present invention, the
portion in which the blowing wind speed is highest and
the pressure rising work is most effectively carried out is
a region in which a value of the expression (R - Rh)/(Rt
- Rh) is between 0.65 and 0.85 in which the radius of the
axial flow fan is represented by Rt, the radius of the hub
14 is represented by Rh, and the distance in a radial
direction from the center O of rotation of the axial flow
fan is represented by R.
[0028] On the basis of the results mentioned above,
the vane area of each of the impeller blades 13 is en-
larged by setting the protruding portion 13f protruding in
the opposite direction to the rotating direction of the axial
flow fan with respect to the straight line L connecting the
proximal end and the outer peripheral end of each of the
impeller blades in the rear edge portion of each of the
impeller blades. In accordance with the structure men-
tioned above, it is possible to further effectively compen-
sate for the shortage of the amount of rise in static pres-
sure which is lowered by bending the outer peripheral
edge of each of the impeller blades to the negative pres-
sure surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029]

Fig. 1 is a rear view showing a propeller fan and a
bell mouth in accordance with the present embodi-
ment;
Fig. 2 is a perspective view showing the propeller fan;
Fig. 3 is a rear view showing the propeller fan;
Fig. 4 is a graph showing a relation between the po-
sition of a rear edge portion of an impeller blade and
a blowing wind speed;
Fig. 5 is a partly enlarged plain view showing an im-
peller blade in accordance with a modified embodi-
ment;
Fig. 6 is a vertical cross-sectional view showing the
whole structure of an outdoor unit for an air condi-
tioner using a conventional propeller fan;
Fig. 7 is a rear view showing the conventional pro-
peller fan;
Fig. 8 is a partly cross-sectional view showing a
cross-sectional structure of an impeller blade of the
conventional propeller fan and its problems;
Fig. 9 is an explanatory view showing a generating
mechanism of an eddy current of the conventional
propeller fan;
Fig. 10 is an explanatory view showing an eddy cur-
rent interference phenomenon of the conventional
propeller fan;
Fig. 11 is an explanatory view showing the eddy cur-
rent interference phenomenon in the case that the
chord length of an impeller blade is made short in
the conventional propeller fan;
Fig. 12 is a perspective view showing a basic shape
of the impeller blade coping with a problem of the
conventional propeller fan;
Fig. 13 is a cross-sectional view showing an eddy
current suppressing effect of the propeller fan in Fig.
12;
Fig. 14 is an explanatory view showing an eddy cur-
rent interference phenomenon of the propeller fan in
Fig. 12; and
Fig. 15 is a partly enlarged plain view showing a prob-
lem of the propeller fan in Fig. 12.

BEST MODE FOR CARRYING OUT THE INVENTION

[0030] A propeller fan according to one embodiment
of the present invention will now be described with ref-
erence to Figs. 1 to 4.
[0031] As shown in Figs. 1 to 3, a propeller fan 4 is
provided with a hub 14 made of a synthetic resin, and
three impeller blades 13. Each of the impeller blades 13
is integrally formed on an outer peripheral surface of the
hub 14.
[0032] An outer peripheral end of a front edge portion
13a and an outer peripheral end of a rear edge portion
13b in each of the impeller blades 13 are arranged in an
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offset manner in a rotating direction of the impeller blade
13 in comparison with a proximal end of the impeller blade
13. The entire outer peripheral edge of each of the im-
peller blades 13 is bent toward a negative pressure sur-
face 13e (a suction side) of the impeller blade 13 shown
in Fig. 2, from the front edge portion 13a to the rear edge
portion 13b. The width d of each of the bent portions 13c
is enlarged at a predetermined rate toward the rear edge
portion 13b from the front edge portion 13a of each of
the impeller blades 13.
[0033] In the light of effectively suppressing the gen-
eration of the eddy current A2 without lowering the blow-
ing performance of each of the impeller blades 13, it is
desirable that the maximum value of the width d of the
bent portion 13c be equal to or less than 15% of the length
from the center of rotation of the propeller fan 4 (the center
of the hub 14) to an outer peripheral end of each of the
impeller blades 13.
[0034] A protruding portion 13f is provided in the rear
edge portion 13b of each of the impeller blades 13. Each
of the protruding portions 13f is provided in a portion in
which a blowing wind speed is highest and a pressure
rising work can be effectively carried out (a region shown
by an outer peripheral line having a diameter ϕ1 to ϕ5 of
the propeller fan 4 in Fig. 3). Each of the protruding por-
tions 13f protrudes to an inverse direction to a rotating
direction M of each of the impeller blades 13, with respect
to a straight line L (a broken line in Fig. 3) connecting the
proximal end and the outer peripheral end of the rear
edge portion 13b in each of the impeller blades 13.
[0035] In each of the protruding portions 13f, a portion
which most largely protrudes to the inverse direction to
the rotating direction M of the impeller blade 13 is set to
a maximum protruding portion T. In the case that the
radius of the propeller fan 4 is represented by Rt, the
radius of the hub 14 is represented by Rh, and the dis-
tance in a radial direction from the center O of rotation
of the propeller fan 4 is represented by R, the maximum
protruding portion T is set in a region in which a value (R
- Rh)/(Rt - Rh) is between 0.65 and 0.85.
[0036] A blowing wind speed of the fan at a time of
changing the value (R - Rh)/(Rt - Rh) between 0 and 1.0
is measured with respect to the impeller blade 13 of the
propeller fan 4 which does not have the bent portion 13c
shown in Figs. 7 and 8, and the impeller blade 13 of the
propeller fan 4 which has the bent portion 13c shown in
Figs. 1 to 3, and Figs. 12 and 13. The results thereof are
shown in Fig. 4.
[0037] On the basis of the results in Fig. 4, it was found
out that the value of (R - Rh)/(Rt - Rh) at which the blowing
wind speed of the fan becomes maximum is in the region
between 0.65 and 0.85 regardless of whether the bent
portion 13c is provided.
[0038] In the present embodiment, the bent portion 13c
is provided in a region (between outer peripheral lines
having diameters ϕ5 and ϕ6 of the propeller fan 4 in Fig.
3) in which the value (R - Rh)/(Rt - Rh) is between 0.9
and 1.0. Accordingly, it is preferable that the protruding

portion 13f is provided in a region in which the value of
(R - Rh)/(Rt - Rh) is between 0.65 and 0.85.
[0039] It is preferable that the maximum protruding
portion T of the protruding portion 13f is provided in a
region in which the blowing wind speed becomes highest,
in a region radially inside of the boundary (the outer pe-
ripheral line having the diameter ϕ5 of the propeller fan
in Fig. 3) with the bent portion 13c, for example, a region
in which the value (R - Rh)/(Rt - Rh) is about 0.75.
[0040] In contrast, in the case of the propeller fan 4
shown in Fig. 15, the maximum protruding portion T of
the protruding portion 13f is provided in a region in which
the value of (R - Rh)/(Rt - Rh) is about 0.5. In this case,
the blowing wind speed is low despite the enlargement
of the vane area of each of the impeller blades 13, so
that the amount of rise in static pressure cannot be suf-
ficiently enlarged.
[0041] Next, a description will be given in detail of an
operation of the propeller fan 4 mentioned above.
[0042] In the case of the propeller fan 4 in accordance
with the present embodiment, the entire outer peripheral
edge of each of the impeller blades 13 is bent toward the
negative pressure surface 13e of the impeller blade 13
from the front edge portion 13a to the rear edge portion
13b. In this case, as shown in Fig. 13, the air flow (A1)
of the pressure surface 13d of each of the impeller blades
13 smoothly goes around to the negative pressure sur-
face 13e from the outer peripheral edge of each of the
impeller blades 13. As a result, the small eddy current
(A2) having a small diameter is formed near the outer
peripheral edge of each of the impeller blades 13. Ac-
cordingly, an interference between the air flow A3 and
the eddy current (A2) in the negative pressure surface
13e of each of the impeller blades 13 is suppressed.
[0043] Further, in the rear edge portion 13b of each of
the impeller blades 13, the protruding portion 13f is pro-
vided in the portion in which the blowing wind speed is
high, and the pressure rising work can be most effectively
carried out. Each of the protruding portions 13f protrudes
to the inverse direction to the rotating direction of each
of the impeller blades 13 with respect to the straight line
L connecting the base and the outer peripheral end of
the rear edge portion 13b of each of the impeller blades
13. If the vane area of each of the impeller blades 13 is
enlarged as mentioned above, it is possible to effectively
compensate for the shortage of the amount of rise in static
pressure which is lowered by bending the outer periph-
eral edge of each of the impeller blades 13. Accordingly,
it is possible to achieve a reduction of a blowing noise
and a high efficiency of the blowing performance.
[0044] Further, the width d of each of the bent portions
13c is formed to become larger toward the rear edge
portion 13b from the front edge portion 13a of each of
the impeller blades 13. Accordingly, it is possible to ef-
fectively make the eddy current (A2) small from the front
edge portion 13a to the rear edge portion 13b in corre-
spondence to the eddy current (A2) in which the diameter
becomes larger toward the rear edge portion 13b from
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the front edge portion 13a of each of the impeller blades
13, and it is possible to make it hard for the eddy current
(A2) to separate from the negative pressure surface 13e
of each of the impeller blades 13.
[0045] Accordingly, even if the chord length of each of
the impeller blades 13 is made short for the weight saving,
the eddy currents (A2) do not interfere with each other
between adjacent impeller blades 13, and the turbulence
of the air flow generated in the downstream side of the
blower is reduced. Accordingly, it is possible to effectively
suppress the noise on the basis of a synergistic effect of
the operations mentioned above.
[0046] Further, in the case that the radius of the pro-
peller fan 4 is represented by Rt, the radius of the hub
14 is represented by Rh, and the distance in a radial
direction from the center O of rotation of the propeller fan
4 is represented by R, the position of the maximum pro-
truding portion T is set in the region in which the value
of (R - Rh)/(Rt - Rh) is between 0.65 and 0.85.
[0047] As shown in Fig. 4, in each of the impeller blades
13 of the propeller fan 4, the region in which the blowing
wind speed is high and the pressure rising work can be
most effectively carried out is the region in which the val-
ue of (R - Rh)/(Rt - Rh) is between 0.65 and 0.85. if the
vane area of each of the impeller blades 13 is enlarged
by protruding the region to the opposite direction to the
rotating direction of the propeller fan 4, it is possible to
effectively compensate for the shortage of the amount of
rise in static pressure which is lowered by bending the
outer peripheral edge of each of the impeller blades 13.
[0048] Accordingly, it is possible to stably generate the
eddy current A2 having the small diameter near the outer
peripheral edge of each of the impeller blades 13 by set-
ting the bent portion 13c in the outer peripheral edge of
the impeller blade 13, as in the propeller fan 4 in accord-
ance with the present embodiment. Further, the vane ar-
ea of each of the impeller blades 13 is enlarged by setting
the protruding portion 13f in the region in which the blow-
ing wind speed becomes maximum in the rear edge por-
tion 13b of the impeller blade 13. In accordance with the
structure mentioned above, it is possible to reduce the
noise without lowering the amount of rise in static pres-
sure, even if the bent portion 13c is provided in the outer
peripheral edge of each of the impeller blades 13. Ac-
cordingly, it is possible to achieve both of the reduction
of the blowing noise and the high efficiency of the bel-
lowing performance. Further, since it is unnecessary to
enlarge the vane area of each of the impeller blades 13
more than necessary, it is possible to suppress a gener-
ation of a material loss as much as possible, and it is
possible to achieve a weight saving and a low cost of the
propeller fan 4.

(Modified Embodiment)

[0049] In the present embodiment, the bent portion 13c
is provided over the entire outer peripheral edge of each
impeller blade 13 from the front edge portion 13a to the

rear edge portion 13b. However, the bent portion 13c
may be provided in a portion from a position between the
front edge portion 13a and the rear edge portion 13b to
the rear edge portion 13b. In this case, the position be-
tween the front edge portion 13a and the rear edge por-
tion 13b is preferably set to a position which is offset from
the front edge portion 13a to the rear edge portion 13b
at about 25% of the entire length of the outer peripheral
edge of the impeller blade 13.
[0050] In this case, the air flow (A1) of the pressure
surface 13d in each of the impeller blades 13 smoothly
goes around to the negative pressure surface 13e from
the outer peripheral edge of the impeller blade 13. As a
result, the eddy current (A2) having a small diameter is
formed near the outer peripheral edge of each of the im-
peller blades 13. Accordingly, the interference between
the air flow (A3) of the negative pressure surface 13e in
each of the impeller blades 13 and the eddy current (A2)
is suppressed.
[0051] In this case, it is possible, in the rear edge por-
tion 13b of the impeller 13, to effectively compensate for
the shortage of the amount of rise in static pressure which
is lowered by bending the outer peripheral edge of each
of the impeller blades 13, by setting the protruding portion
13f in the portion in which the blowing wind speed is high
and the pressure rising work can be most effectively car-
ried out. Therefore, it is possible to achieve both of the
reduction of the blowing noise and the high efficiency of
the blowing performance.

(Regarding the kind of the impeller blade)

[0052] In the embodiment and the modified embodi-
ment mentioned above, the present invention is embod-
ied in impeller blades having a thin vane structure.
[0053] However, the present invention is not limited to
thin vane structures, but may be applied, for example, to
a vane having a thick structure, various air foil vane and
the like.

Claims

1. An axial flow fan comprising a plurality of impeller
blades (13) provided on a hub (14), and a plurality
of bent portions (13c) each formed by bending an
outer peripheral edge of each of the impeller blades
(13) toward a negative pressure surface (13e) of the
impeller blade (13),
the axial flow fan being characterized in that a pro-
truding portion (13f) is provided in a portion in which
a blowing wind speed is high and a pressure rising
work is most effectively carried out in a rear edge
portion (13b) of each of the impeller blades (13), and
each of the protruding portions (13f) protrudes to an
inverse direction to a rotating direction of the impeller
blades (13) with respect to a straight line L connect-
ing a proximal end and an outer peripheral end in
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the rear edge portion (13b) of each of the impeller
blades (13).

2. The axial flow fan according to claim 1, character-
ized in that each of the bent portions (13c) is pro-
vided over the entirety of the corresponding impeller
blade (13) from the front edge portion (13a) to the
rear edge portion (13b).

3. The axial flow fan according to claim 1, character-
ized in that each of the bent portions (13c) is pro-
vided in a portion from a position between the front
edge portion (13a) and the rear edge portion (13b)
in each of the impeller blades (13) to the rear edge
portion (13b).

4. The axial flow fan according to any one of claims 1
to 3, characterized in that a width of each of the
bent portions (13c) is formed so as to become grad-
ually larger toward the rear edge portion (13b) from
the front edge portion (13a) of each of the impeller
blades (13).

5. The axial flow fan according to any one of claims 1
to 4, characterized in that, in each of the protruding
portions (13f), a portion protruding most largely in
the inverse direction to the rotating direction with re-
spect to the straight line L is set in a region in which
the value of an expression of (R - Rh)/(Rt - Rh) is
between 0.65 and 0.85, where a radius of the axial
flow fan is represented by Rt, a radius of the hub (14)
is represented by Rh, and a distance in a radial di-
rection from a center O of rotation of the axial flow
fan is represented by R.
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