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(57) Provided is a propeller fan capable of improving
performance. The propeller fan includes: a shaft portion
that rotates about a center axial line; and a plurality of
blades that have roots connected to an outer periphery
ofthe shaft portion and extend in a radial direction, trailing
edge side surface area increased regions (S2) and lead-
ing edge side surface area increased regions (S1) are
included such that dimensions in an axial line direction
parallel to the center axial line are larger on a side of tips
than on a side of the roots in a case in which projection
to a meridional plane including a blade center axial line
is performed, and the trailing edge side surface area in-
creased regions (S2) are larger than the leading edge
side surface area increased regions (S1). A blade stag-
ger angle with respect to a direction of the center axial
line locally increases such that an amount of change from
distribution that substantially linearly increases from the
side of the roots toward the side of tips of the blades has
a maximum value at a center position of a blade height
with reference to the distribution.
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Description
[Technical Field]

[0001] The presentinvention relates to a propeller fan
and an outdoor unit for an air conditioner provided with
the same.

[Background Art]

[0002] For outdoor devices of air conditioners, propel-
ler fans are used to blow air to outdoor heat exchangers.
A propeller fan with a sickle shape in which blades are
inclined forward in a rotation direction as disclosed in
Patent Literature 1, for example, has been proposed in
order to reduce input or reduce noise.

[Citation List]
[Patent Literature]

[0003] [PTL 1]
the Publication of Japanese Patent No. 4467952

[Summary of Invention]
[Technical Problem]

[0004] However, an outdoor heat exchanger is dis-
posed on a side upstream of a propeller fan in an outdoor
device of an air conditioner, it is not possible to cover a
leading edge side of blades with a bellmouth due for a
reason of disposition of the outdoor heat exchanger, and
a configuration in which only a trailing edge side of the
blades is covered with the bellmouth is employed. This
leads to complicated flow field in which a flow from a tip
side of the blades in a radial direction to the inner side in
the radial direction and a flow in an axial direction parallel
to a center axial line from the side upstream of the blades
are present together. Thus, design of the propeller fan
alone, that is, design that takes only the flow in the axial
line direction into consideration does not lead to input
reduction or noise reduction since the practical flow field
is not taken into consideration, and it is thus not possible
to sufficiently improve performance of the propeller fan.
[0005] The presentinvention was made in view of such
circumstances, and an object thereof is to provide a pro-
peller fan capable of improving performance and an out-
door unit for an air conditioner provided with the same.

[Solution to Problem]

[0006] A propeller fan according to an aspect of the
present invention includes: a shaft portion that rotates
around a center axial line; and a plurality of blades that
have roots connected to an outer periphery of the shaft
portion and extend in a radial direction, the blades have
trailing edge side surface area increased regions and
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leading edge side surface area increased regions such
that dimensions in an axial line direction parallel to the
center axial line are larger on a side of tips than on a side
of the roots in a case in which the blades are projected
to a meridional plane including the center axial line, and
the trailing edge side surface area increased regions are
larger than the leading edge side surface area increased
regions.

[0007] The trailing edge side surface area increased
regions are set to be larger than the leading edge side
surface area increased regions to cause the trailing edge
side to work more, and a flow in the radial direction is
thus suppressed in the trailing edge side surface area
increased regions. It is thus possible to curb peeling of
a fluid from suction surfaces of the blades on the side of
the roots, to uniformize flow amount distribution in ablade
height direction (radial direction), and thereby to improve
performance.

[0008] For example, solidity obtained by dividing a
chord length of the blades by a pitch is equal to or greater
than 0.5 and equal to or less than 1.0, and is preferably
equal to or greater than 0.6 and equal to or less than
0.95. Further, the solidity preferably reaches a minimum
value at a midpoint position of the blade height.

[0009] Also, a deflection angle obtained by subtracting
an outlet angle from an inlet angle is set to substantially
linearly decrease from the side of the roots to the side of
the tips of the blades, for example.

[0010] In addition, the dimension of the blades in the
axial direction in a case in which the blades are projected
to a meridional plane is set to be substantially constant
from the roots (blade height ratio of 0%) to a blade height
ratio of about 35% and substantially linear increase from
the blade height ratio of about 35% to the tips (blade
height ratio of 100%) .

[0011] Further, in the propeller fan according to an as-
pect of the present invention, a blade stagger angle of
the blades with respect to a direction of the center axial
line locally increases such that an amount of change from
distribution that substantially linearly increases from the
side of the roots to the side of the tips has a maximum
value at a center position of a blade height with reference
to the distribution.

[0012] If the stagger angle of the blades is increased,
that is, if the blades are caused to rotate such that the
shortest distance from a leading edge and a trailing edge
of ablade to an adjacentblade becomes short, the blades
are directed in a direction in which the blades do not work,
and the pressure thus decreases. It is possible to opti-
mize pressure distribution on the surfaces of the blades
in the radial direction, to reduce required input to the pro-
peller fan, and thereby to improve performance by locally
increasing the blade stagger angle such that the amount
of change from the distribution that substantially linearly
increases from the side of the roots to the side of the tips
of the blades has a maximum value at the center position
of the blade height with reference to the distribution.
[0013] Also, a propeller fan according to an aspect of
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the presentinvention includes: a shaft portion that rotates
about a center axial line; and a plurality of blades that
have roots connected to an outer periphery of the shaft
portion and extend in a radial direction, a stagger angle
of the blades with respect to a direction of the center axial
line locally increases such that an amount of change from
distribution that substantially linearly increases from a
side of the roots toward a side of tips of the blades has
a maximum value at a center position of a blade height
with reference to the distribution.

[0014] If the stagger angle of the blades is increased,
that is, if the blades are caused to rotate such that the
shortest distance from a leading edge and a trailing edge
of ablade to an adjacentblade becomes short, the blades
are directed in adirection in which the blades do not work,
and the pressure thus decreases. It is possible to opti-
mize pressure distribution on the surfaces of the blades
in the radial direction, to reduce required input to the pro-
peller fan, and thereby to improve performance by locally
increasing the blade stagger angle such that the amount
of change from the distribution that substantially linearly
increases from the side of the roots to the side of the tips
of the blades has a maximum value at the center position
of the blade height with reference to the distribution.
[0015] Moreover, an outdoor unit for an air conditioner
according to an aspect of the present invention includes:
the propeller fan according to any of the aforementioned
propeller fans; a heat exchanger that is provided on a
side upstream of the propeller fan; and a bellmouth that
is provided so as to cause a leading edge side to be
exposed and cover a trailing edge side of the propeller
fan.

[Advantageous Effects of Invention]

[0016] Itis possible to improve performance of the pro-
peller fan by setting the trailing edge side surface area
increased regions to be larger than the leading edge side
surface area increased regions.

[Brief Description of Drawings]
[0017]

[Fig. 1]

Fig. 1 is a vertical sectional view of an outdoor unit
for an air conditioner in a side view.

[Fig. 2]

Fig. 2 is a vertical sectional view of the outdoor unit
for an air conditioner in a plan view.

[Fig. 3]

Fig. 3 is a front view of a propeller fan when seen in
a direction of a center axial line.

[Fig. 4]

Fig. 4 is a sectional view of two blades cut at a pre-
determined blade height position.

[Fig. 5]

Fig. 5 is a graph illustrating a deflection angle with

10

15

20

25

30

35

40

45

50

55

respect to a blade height ratio.

[Fig. 6]

Fig. 6 is a graph illustrating a dimension of the blade
in an axial direction with respect to the blade height
ratio.

[Fig. 7]

Fig. 7 is a graph illustrating distribution of a leading
edge and a trailing edge of the blade in a case in
which these are projected to a meridional plane.
[Fig. 8]

Fig. 8 is a schematic diagram illustrating the blade
projected to the meridional plane.

[Fig. 9]

Fig. 9 is a simulation result illustrating limit stream-
lines in a front view of a suction surface of a typical
propeller fan when seen in a direction of a center
axial line.

[Fig. 10]

Fig. 10 is a simulation result illustrating limit stream-
linesin a front view of a suction surface of a propeller
fan according to a first embodiment when seen in a
direction of a center axial line.

[Fig. 11]

Fig. 11 is a graph illustrating an input ratio when a
blade stagger angle is changed at a position of a
blade height of 25%, according to a second embod-
iment.

[Fig. 12]

Fig. 12 is a graph illustrating an input ratio when the
blade stagger angle is changed at a position of a
blade height of 50%.

[Fig. 13]

Fig. 13 is a graph illustrating an input ratio when the
blade stagger angle is changed at a position of a
blade height of 75%.

[Fig. 14]

Fig. 14 is a simulation result illustrating limit stream-
linesin a front view of a suction surface of a propeller
fan according to the second embodiment when seen
in a direction of a center axial line.

[Description of Embodiments]
[First embodiment]

[0018] Hereinafter, afirstembodiment according to the
present invention will be described with reference to
drawings.

[0019] Fig. 1 illustrates a sectional view of an outdoor
unit 1 for an air conditioner (hereinafter, simply referred
to as an "outdoor unit 1") in a side view. The outdoor unit
1 is connected to one or a plurality of indoor units (not
illustrated) with a refrigerant pipe. A propeller fan 5 is
disposed in a casing 3 of the outdoor unit 1. The casing
3 has a substantially rectangular parallelepiped shape
standing on a leg portion 4 placed on a floor surface.
[0020] The propeller fan 5 is rotated about a center
axial line L1 by a motor 7. Since the center axial line L1
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extends in the horizontal direction, the propeller fan 5
transversely blows air and causes the air to flow in the
horizontal direction.

[0021] The propeller fan 5 has a shaft portion 6 that is
connected to the motor 7, is located on the side of the
center axial line L1, and serves as a hub and three blades
8 that are secured to an outer peripheral surface of the
shaft portion 6. Note that the number of blades 8 may be
two, four, or more. The blades 8 extend outward in the
radial direction from roots 8a connected to the shaft por-
tion 6 toward tips 8b.

[0022] An outdoor heat exchanger 9 is disposed on a
side (the right side in the drawing) upstream of the air
flow of the propeller fan 5. A bellmouth 10 is disposed on
a side (the left side in the drawing) downstream of the air
flow of the propeller fan 5.

[0023] The bellmouth 10 is provided so as not to be
present in the surroundings of a leading edge side 5a of
the propeller fan 5 and to cover the surroundings of a
trailing edge side 5b of the propeller fan 5. Such dispo-
sition in which the leading edge side 5a of the propeller
fan 5 is exposed from the bellmouth 10 is employed.
[0024] Fig. 2 illustrates a vertical sectional view of the
outdoor unit 1 in Fig. 1 in a plan view. As can be under-
stood from the drawing, the outdoor heat exchanger 9 is
provided from a left side surface 3a on one side to a back
surface 3b of the casing 3 and has a shape folded into
an L shape. Since such an outdoor heat exchanger 9
with the L shape is employed, an air flow passing through
the outdoor heat exchanger 9 and flowing into the pro-
peller fan 5 forms a complicated flow field.

[0025] A machine chamber 12 in which a compressor
that compresses a refrigerant and the like are disposed
is provided on the side of the right side surface 3c of the
casing 3. The machine chamber 12 and a space in which
the air flows due to the propeller fan 5 are sectioned by
the sectioning wall 14.

[0026] Fig. 3 illustrates a front view of the propeller fan
5 when seen in a direction of the center axial line L1. In
the drawing, the counterclockwise direction corresponds
to a rotation direction R. Leading edges 8c and trailing
edges 8d of the blades 8 have such shapes that the
blades further stick out on the side of the tips 8b than on
the side of the roots 8a. Also, the blades 8 have a sickle
shape in which the leading edges 8c are inclined forward
in the rotation direction R.

[0027] Solidity ¢ of the blades 8 is equal to or greater
than 0.5 and equal to or less than 1.0 and is preferably
equal to or greater than 0.6 and equal to or less than
0.95. Also, the solidity ¢ reaches the minimum value at
a midpoint position of the blade height. The solidity c is
a value obtained by dividing a chord length C by a pitch
P that is a distance between the blades 8 in a section of
each blade height, as in Fig. 4 which schematically illus-
trates the blades 8 (c = C/P). In the drawing, the rotation
direction R of the blades 8 is directed downward, and the
air flow is directed from the left to the right. Therefore, an
inclination angle of the leading edges 8c with respect to
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the direction of the center axial line L1 is an inlet angle
a1, and an inclination angle of the trailing edges 8d with
respect to the direction of the center axial line L1 is an
outlet angle 02, as illustrated in the drawing.

[0028] As illustrated in Fig. 5, a deflection angle Aa (=
a1 - a2) obtained by subtracting the outlet angle a2 from
the inlet angle a1 is set to substantially linearly decrease
from the side of the roots 8a to the side of the tips 8b of
the blades 8. In the drawing, the horizontal axis repre-
sents the blade height ratio while the vertical axis repre-
sents the deflection angle Aa.. The blade height ratio is
0 (0%) at the roots 8a and is 1.0 (100%) at the tips 8b
(the dimension of the direction of the center axial line L1).
[0029] As illustrated in Fig. 6, the dimension of the
blades 8 in the direction of the center axial line L1 in a
case in which the blades 8 are projected to a meridional
plane is set so as to be substantially constant from the
roots 8a (blade height ratio of 0%) to the blade height
ratio of about 35% and to substantially linearly increase
from the blade height ratio of about 35% to the tips (blade
height ratio of 100%). In the drawing, the horizontal axis
represents the blade height ratio while the vertical axis
represents the axial width expressed in a non-dimension-
al manner with the diameter at the tips 8b of the blades 8.
[0030] Fig.7illustrates distribution of the leading edges
8c and the trailing edges 8d of the blades 8 in a case in
which the blades 8 are projected to a meridional plane,
in the radial direction (horizontal axis) and the axial di-
rection (vertical axis). As can be understood from the
drawing, the axial width is larger on the side of the tips
8b than on the side of the roots 8a of the blades 8 as
illustrated in Fig. 6.

[0031] Regions (leading edge side surface area in-
creased regions S1) sticking on the side (the lower side
in the drawing) upstream of the air flow is present from
the side of the roots 8a at which the position of the leading
edges 8c in the axial direction is constant to the side of
the tips 8b. Similarly, regions (trailing edge side surface
areaincreased regions S2) sticking on the side (the upper
side in the drawing) downstream of the air flow is present
from the side of the roots 8a at which the position of the
trailing edges 8d in the axial direction is constant to the
side of the tips 8b. Also, the trailing edge side surface
area increased regions S2 are set to be larger than the
leading edge side surface area increased regions S1 (S2
> S1).

[0032] According to the present embodiment, the fol-
lowing advantages are achieved.

[0033] Since the trailing edge side surface area in-
creased regions S2 are set to be larger than the leading
edge side surface area increased regions S1, the side
of the trailing edges 8d is caused to work more, and the
flow in the radial direction is thus suppressed in the trail-
ing edge side surface areaincreased regions S2. In other
words, it is possible to direct the flow having a radial di-
rection component illustrated by the solid line arrow to
the horizontal direction (the direction of the center axial
line L1) by reducing the radial direction component as



7 EP 3 798 451 A1 8

illustrated by the dashed line arrow, as schematically il-
lustrated in Fig. 8. It is thus possible to curb peeling of a
fluid from the suction surfaces of the blades 8 on the side
of the roots 8a, to uniformize flow amount distribution in
the blade height direction, and thereby to improve per-
formance.

[0034] Figs. 9 and 10 illustrate a simulation result of
the present embodiment. The simulation was conducted
under a condition of a positional relationship among the
propeller fan 5, the outdoor heat exchanger 9, and the
bell mouth 10 as illustrated in Figs. 1 and 2. In other
words, this is not a simulation result of the propeller fan
5 alone. The rotation direction R of the blades 8 in Figs.
9 and 10 is clockwise turning (right turning) unlike in Fig.
3.

[0035] Fig. 9is a simulation result of a typical propeller
fan in a comparative example. As can be understood
from the drawing, it is possible to ascertain that limit
streamlines illustrated on the suction surfaces of the
blades 8 are directed in the radial direction. On the other
hand, in the propeller fan 5 to which the present embod-
iment is applied, the radial direction component of the
limit streamlines illustrated on the suction surfaces of the
blades 8 are reduced, and the limit streamlines are in the
direction that substantially follows the rotation direction
R, asillustrated in Fig. 10. The trend significantly appears
in the regions of the roots 8a of the blades 8.

[Second embodiment]

[0036] A second embodiment of the present invention
willbe described. The presentembodiment was achieved
by partially changing the shape of the blades in the first
embodiment. Thus, description of matters that are com-
mon to those in the first embodiment will be omitted.
[0037] The attachmentangle of the blades 8 described
in the first embodiment is changed. As illustrated in Fig.
4, a blade stagger angle 31 is an angle formed between
a tangential line L2 that is in contact with each blade 8
cut at a predetermined position in the blade height direc-
tion on the side of the pressure surface (front surface
side) and the direction of the center axial line L1. In the
presentembodiment, an intersection between a line con-
necting a gravity center of the blade 8 to the center axial
line L1 with a shortest distance and a blade sectional
surface cut at a predetermined position in the blade
height direction was defined as a center position A, and
performance in a case in which the blade stagger angle
B1 was changed by causing the blades 8 to rotate about
the center position A was compared. In regard to the
rotation direction around the center position A, the coun-
terclockwise turning in Fig. 4, that s, the direction in which
the blades 8 are closed, in other words, the direction in
which the leading edge 8c and the trailing edge 8d ap-
proach the adjacent blade 8 was defined as + (positive).
Specifically, the cases in which the blades 8 were caused
to rotate by £10° at positions of the blade height ratios
of 25%, 50%, and 75% were examined.
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[0038] Fig. 11illustrates a case in which the blades are
caused to rotate at the position of the blade height ratio
of 25% to change the blade attachment angle 1. In the
drawing, the horizontal axis represents the rotation angle
of the blades 8 around the center position A while the
vertical axis represents aninput ratio of the blades 8, that
is, a value obtained by dividing a power required to cause
the blades 8 to rotate by a reference value. As can be
understood from the drawing, the input ratio is the small-
est at the rotation angle of about +5°.

[0039] Onthe other hand, the inputratio is the smallest
at the rotation angle of about +10° at the position of the
blade height ratio of 50% as illustrated in Fig. 12, and the
input ratio is the smallest at the rotation angle of about
+5° at the position of the blade height ratio of 75% as
illustrated in Fig. 13.

[0040] It is possible to ascertain from Figs. 11 to 13
that the blade stagger angle B is preferably increased by
causing the blades 8 to rotate on the + (positive) side to
the maximum extent around the center in the blade height
direction. In other words, it is preferable to locally in-
crease the blade stagger angle 1 of the blades 8 such
that the amount of change from distribution that substan-
tially linearly increases from the side of the roots 8a to-
ward the side of the tips 8b of the blades 8 has a maximum
value at the center position of the blade height with ref-
erence to the distribution.

[0041] Fig. 14 illustrates limit streamlines on the suc-
tion surfaces of the blades 8 according to the present
embodiment, similarly to Figs. 9 and 10. It is possible to
ascertain from comparison between Figs. 10 and 14 that
the radial direction component on the side of the roots
8a further decreases.

[0042] The present embodiment has the following ad-
vantages.
[0043] If the blade stagger angle B1 is caused to in-

crease, that is, if the blades 8 are caused to rotate such
that the shortest distance from the leading edge 8c and
the trailing edge 8d to the adjacent blade 8 becomes
short, the blades 8 are directed in a direction in which
the blades 8 do not work, and the pressure thus decreas-
es. Thus, the blade attachment angle 1 is caused to
locally increase such that the amount of change from the
distribution that substantially linearly increases from the
side of the roots toward the side of the tips of the blades
8 has the maximum value at the center position of the
blade height with reference to the distribution. It is thus
possible to optimize the pressure distribution on the blade
surfaces in the radial direction, to reduce required input
to the propeller fan 5, and thereby to improve perform-
ance.

[0044] Note that although the second embodiment is
used to adjust the shape of the blades in the first embod-
iment, the presentinvention is not limited thereto and can
be used not only for the blade in the first embodiment but
also for blades with other shapes.



[Reference Signs List]

[0045]

1
3
3a
3b
3c

Outdoor unit (outdoor unit for air conditioner)

Casing

Left side surface
Back surface
Right side surface

4
5
5a

Leg portion
Propeller fan
Leading edge side

5b  Trailing edge side
6 Shaft portion (hub)

7 Motor

8 Blade

8a Root

8b Tip

8c Leading edge

8d  Trailing edge

9 Outdoor heat exchanger
10  Bellmouth

12 Machine chamber

14  Sectioning wall
A Center position
C Chord length

L1 Center axial line
L2  Tangential line

P
R
al

Pitch
Rotation direction (of propeller fan)
Inlet angle

a2  Outlet angle

B1 Blade stagger angle
c Solidity
Claims

1. A propeller fan comprising:

a shaft portion that rotates around a center axial
line; and

a plurality of blades that have roots connected
to an outer periphery of the shaft portion and
extend in a radial direction,

wherein the blades have trailing edge side sur-
face area increased regions and leading edge
side surface area increased regions such that
dimensions in an axial line direction parallel to
the center axial line are larger on a side of tips
than on a side of the roots in a case in which the
blades are projected to a meridional plane in-
cluding the center axial line, and

the trailing edge side surface area increased re-
gions are larger than the leading edge side sur-
face area increased regions.

2. The propeller fan according to claim 1, wherein a
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blade stagger angle of the blades with respect to a
direction of the center axial line locally increases
such that an amount of change from distribution that
substantially linearly increases from the side of the
roots to the side of the tips has a maximum value at
a center position of a blade height with reference to
the distribution.

3. A propeller fan comprising:

a shaft portion that rotates about a center axial
line; and

a plurality of blades that have roots connected
to an outer periphery of the shaft portion and
extend in a radial direction,

wherein a blade stagger angle of the blades with
respect to a direction of the center axial line lo-
cally increases such that an amount of change
from distribution that substantially linearly in-
creases from a side of the roots toward a side
of tips of the blades has a maximum value at a
center position of a blade height with reference
to the distribution.

4. An outdoor unit for an air conditioner comprising:

the propeller fan according to any one of claims
1to 3;

a heat exchanger that is provided on a side up-
stream of the propeller fan; and

a bellmouth that is provided so as to cause a
leading edge side to be exposed and cover a
trailing edge side of the propeller fan.
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