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(57)  Provided are animpeller and a blower capable of
preventing a reduction in blowing efficiency and a reduc-
tion in heat exchange performance. The present inven-
tion comprises an annular shroud ring (32), a disc-
shaped center plate (31), and a plurality of blades (40)
disposed at predetermined intervals around an axis (X).
The blade surface of each blade (40) has a blade thick-
ness differing surface (43b), a center plate side surface
(43a), and a shroud ring side surface (43c) in the blade
width direction. The blade thickness differing surface
(43b) differs in the angle of the blade surface with respect
to the axis (X) in the blade width direction from the angles
of the center plate side surface (43a) and the shroud ring
side surface (43c) such that the blade thickness on the
center plate (31) side relative to the blade thickness
differing surface (43b) is larger than the blade thickness
on the shroud ring (32) side relative to the blade thickness
differing surface (43b).
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Description

Technical Field

[0001] The present disclosure relates to an impeller, a
blower, and an air conditioner.

Background Art

[0002] Forexample, inanimpeller of a sirocco fan, in a

case where a cross-sectional shape of a blade is the
same over a range from a shroud ring side where a
suction port is formed to a center plate side, air flow
may be separated from a blade surface due to a differ-
ence in an angle of a flow between the shroud ring side
and the center plate side of the blade. In a case where the
flow separation occurs, a discharge air volume is biased
tothe center plate side, noise is generated, or the blowing
efficiency is lowered.

[0003] Here, PTL 1 discloses a configuration made
such that an outlet angle is different between a center
plate side and a shroud ring side of a blade in order to
prevent flow separation.

Citation List
Patent Literature

[0004] [PTL 1] Japanese Patent No. 6415741

Summary of Invention
Technical Problem

[0005] However, even in a case where the configura-
tion disclosed in PTL 1 is adopted, there is a possibility
that a phenomenon in which the discharge air volume is
biased toward the center plate side may not be improved.
[0006] In a case where the discharge air volume is
biased toward the center plate side, blowing efficiency
is lowered. In addition, since biasing also occurs in flow
velocity in a casing that accommodates the impeller,
biasing also occurs in the discharge air volume from
the casing, so that heat exchange performance is low-
ered.

[0007] The present disclosure has been made in view
of such circumstances, and an object of the present
disclosure is to provide an impeller, a blower, and an
air conditioner in which it is possible to suppress a de-
crease in blowing efficiency or suppress a decrease in
heat exchange performance.

Solution to Problem

[0008] Inordertosolvethe above-described problems,
the impeller, the blower, and the air conditioner according
to the present disclosure adopt the following means.

[0009] Thatis,animpelleraccording toan aspectofthe
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present disclosure is an impeller having a rotation center
onan axis, including: an annular shroud ring that forms an
air suction portand is centered on the axis; a disk-shaped
center plate that is provided to face the shroud ring and is
centered on the axis; and a plurality of blades, each of
which has a blade width along a direction of the axis
between the shroud ring and the center plate, and which
are disposed around the axis at predetermined intervals,
in which a blade surface of each of the blades has, in a
blade width direction, a blade thickness change surface,
a center plate-side surface connected to a center plate
side of the blade thickness change surface, and a shroud
ring-side surface connected to a shroud ring side of the
blade thickness change surface, and in the blade thick-
ness change surface, an angle of the blade surface with
respect to the axis in the blade width direction changes
with respectto angles of the center plate-side surface and
the shroud ring-side surface such that a blade thickness
on the center plate side with respect to the blade thick-
ness change surface is thicker than a blade thickness on
the shroud ring side with respect to the blade thickness
change surface.

[0010] In addition, a blower according to an aspect of
the present disclosure includes the impeller described
above and adrive unit that rotates the impeller around the
axis.

[0011] In addition, an air conditioner according to an
aspect of the present disclosure includes the blower
described above and a heat exchanger.

Advantageous Effects of Invention

[0012] According to the present disclosure, it is possi-
ble to suppress a decrease in blowing efficiency or to
suppress a decrease in heat exchange performance.

Brief Description of Drawings
[0013]

Fig. 1 is a perspective view of an air conditioner
equipped with a blower according to an embodiment
of the present disclosure.

Fig. 2 is a cross-sectional view of the air conditioner
taken along a cutting line II-Il shown in Fig. 1.

Fig. 3 is a rear view of the air conditioner equipped
with the blower according to the embodiment of the
present disclosure.

Fig. 4 is a longitudinal sectional view of the blower
taken along a cutting line IV-V shown in Fig. 2.
Fig. 5 is a perspective view of an impeller according
to the embodiment of the present disclosure.

Fig. 6 is a side view of the impeller as viewed from a
direction of an arrow A shown in Fig. 5.

Fig. 7 is a partial perspective view of the impeller
according to the embodiment of the present disclo-
sure as viewed from an inside.

Fig. 8isanenlarged view of a portion B of the impeller
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shown in Fig. 6.

Fig. 9is a longitudinal sectional view of a blade taken
along a cutting line IX-1X shown in Fig. 8.

Fig. 10 is a longitudinal sectional view of the blade in
which a gap between the blades is shown.

Fig. 11 is another example of the longitudinal sec-
tional view of the blade in the cutting line IX-IX shown
in Fig. 8.

Fig. 12 is a partial perspective view of the impeller
according to the embodiment of the present disclo-
sure as viewed from the inside.

Fig. 13is an enlarged view of Modification Example 2
of the portion B of the impeller shown in Fig. 6.

Fig. 14 is a longitudinal sectional view of the blade
taken along a cutting line XIV-XIV shown in Fig. 13.
Fig. 15is aview of a blade of an impeller according to
Modification Example 3 as viewed from a pressure
surface side.

Description of Embodiments

[0014] Hereinafter, animpeller and a blower according
to an embodiment of the present disclosure will be de-
scribed with reference to the drawings.

[Regarding Blower]

[0015] Ablower 20 is a sirocco fan that sends out air by
rotating an impeller 30, and is mounted on, for example,
an air conditioner indoor unit of ceiling duct type 1.
[0016] As shown in Figs. 1 to 3, the air conditioner 1
includes a housing 11, a heat exchanger 13, and the
blower 20.

[0017] The housing 11 is, for example, an outer box
configured in a rectangular parallelepiped shape, and the
heat exchanger 13 and the blower 20 are accommodated
and installed in an internal space thereof.

[0018] An airoutlet 12 is open on a front surface of the
housing 11, and is configured to blow out air thathas been
sent from the blower 20 and passed through the heat
exchanger 13.

[0019] Theheatexchanger 13isadevice that performs
heat exchange between a refrigerant and air, and ex-
tends along a longitudinal direction of the housing 11.
[0020] The heat exchanger 13 is disposed on the air
outlet 12 side (a front surface side of the housing 11)
inside the housing 11.

[0021] The blower 20 is a device that sends out air by
rotating the impeller 30, as described above.

[0022] The blower 20 is disposed on a back surface
side of the heat exchanger 13 inside the housing 11. By
disposing the blower 20 in this way, the air sent out from
the blower 20 passes through the heat exchanger 13.
[0023] A plurality of blowers 20 may be installed along
the longitudinal direction of the heat exchanger 13, and in
the case of Fig. 3, three blowers 20 are installed.
[0024] The blower 20 includes the impeller 30, a volute
casing 21, an electric motor 22, and a drive shaft 23.
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[0025] The impeller 30 is a component having a sub-
stantially tubular outer shape centered on an axis X, in
which a plurality of blades 40 are disposed at intervals
around the axis X.

[0026] A detailed configuration of the impeller 30 willbe
described later.

[0027] The volute casing 21 is a container having a
known scroll shape and accommodating the impeller 30.
[0028] Asshownin Figs.2and 4, abell mouth21aand
a discharge port 21b are formed in the volute casing 21.
Air outside the volute casing 21 is taken into through the
bell mouth 21a while being rectified by the rotating im-
peller 30. In addition, the air discharged from the rotating
impeller 30 is rectified and pressurized inside the volute
casing 21 and is sent out from the discharge port 21b.
[0029] Asshownin Figs. 2 and 3, the electric motor 22
is a device for rotating the impeller 30 around the axis X
via the drive shaft 23.

[0030] Thedrive shaft23is connected to a center plate
31 of the impeller 30, which will be described later.
Accordingly, the driving force (rotation) of the drive shaft
23 connected to the electric motor 22 is transmitted to the
impeller 30.

[0031] The electric motor 22 does not need to corre-
spond to the impeller 30 on a one-to-one basis, and two
impellers 30 may be rotated by one electric motor 22. In
this case, for example, the impellers 30 are disposed on
both sides of the electric motor 22. In addition, three or
more impellers 30 may be rotated by one electric motor
22.

[Regarding Details of Impeller]

[0032] AsshowninFigs.5to7,theimpeller30includes
the center plate 31, a shroud ring 32, and a plurality of
blades 40, and has a substantially tubular outer shape
centered on the axis X.

[0033] Theimpeller 30 rotates in adirection of an arrow
R shown in, for example, Fig. 5 or Fig. 6 with the axis X as
a rotation center.

[0034] The impeller 30 is made of resin or metal, and
may be integrally molded by, for example, injection mold-
ing, or may be configured by assembling a plurality of
components.

[0035] Here, the impeller 30 shown in Fig. 5is of a type
including two shroud rings 32 on both sides of the center
plate 31. However, the impeller 30 according to the pre-
sent invention is not limited to this type and may be, for
example, a type including one shroud ring 32.

[0036] The center plate 31 is a disk-shaped portion
centered on the axis X.

[0037] As shown in Figs. 5 and 6, the drive shaft 23
connected to the electric motor 22 is connected to the
center of the center plate 31. In this case, the axis X
coincides with a rotational axis of the drive shaft 23.
[0038] The shroud ring 32 is an annular portion cen-
tered on the axis X.

[0039] The shroud ring 32 is disposed to be spaced
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fromthe center plate 31 in the direction of the axis Xand to
face the center plate 31 in parallel.

[0040] The shroud ring 32 is disposed to face the bell
mouth 21a, and the air taken into the inside of the volute
casing 21 from the bell mouth 21a flows into an inner
region (a region surrounded by the blades 40) of the
impeller 30 from a suction port 33 (an inner region of
the shroudring 32). Thatis, the shroud ring 32 defines the
suction port 33 for air in the impeller 30.

[0041] As shown in Figs. 5 to 7, the blade 40 is dis-
posed in parallel with the axis X between an outer per-
ipheral edge of the center plate 31 and the shroud ring 32,
and a blade width direction WD is along the direction of
the axis X. Here, a blade end on the center plate 31 sidein
the blade width direction WD is referred to as a base end
41, and ablade end onthe shroud ring 32 side in the blade
width direction WD is referred to as a tip 42.

[0042] The blades 40 are disposed at predetermined
intervals (gaps G) around the axis X. The gap G is an
opening for discharging the air that has flowed into the
inside of the impeller 30 (the inside region surrounded by
all the blades 40) to the outside of the impeller 30.
[0043] As shown in Figs. 6 to 9, the blade 40 has a
pressure surface 43 and a suction surface 44 as blade
surfaces, and the cross-sectional shape thereof is a
streamline shape.

[0044] The term "cross section" as referred to herein
means a cross section in a plane orthogonal to the axis X.
[0045] The pressure surface 43 is a blade surface that
is located at the front with respect to a rotation direction of
the impeller 30.

[0046] In addition, the suction surface 44 is a blade
surface that is located at the back with respect to the
rotation direction of the impeller 30.

[0047] The suction surface 44 is, for example, a
smooth surface continuous in the blade width direction
WD, and is substantially parallel to the axis X in the blade
width direction WD.

[0048] The pressure surface 43 has, for example, a
base end-side surface 43a (a center plate-side surface),
a blade thickness change surface 43b, and a tip-side
surface 43c (a shroud ring-side surface), and these sur-
faces are connected to each other to form one pressure
surface 43.

[0049] The base end-side surface 43a is a surface
located in a region on the base end 41 side of the blade
40 (aregion closer to the base end 41 with respect to the
blade thickness change surface 43b in the blade 40), one
end of which is connected to the center plate 31, and the
other end of which is connected to an edge of the blade
thickness change surface 43b.

[0050] The base end-side surface 43ais, for example,
a surface substantially parallel to the axis X in the blade
width direction WD. Therefore, the portion (range) of the
blade 40 corresponding to the base end-side surface 43a
has a substantially constant blade thickness in the blade
width direction WD.

[0051] The blade thickness change surface 43b is a

10

15

20

25

30

35

40

45

50

55

surface located in a substantially central region of the
blade 40, one end of which is connected to an edge of the
base end-side surface 43a, and the other end of which is
connected to an edge of the tip-side surface 43c.
[0052] The blade thickness change surface 43b is a
surface that changes a blade thickness of the blade 40 in
the blade width direction WD from the center plate 31
toward the shroud ring 32. Details of the blade thickness
change surface 43b will be described later.

[0053] Thetip-side surface 43cisasurfacelocatedina
region on the tip 42 side of the blade 40 (a region closer to
the tip 42 with respect to the blade thickness change
surface 43b in the blade 400), one end of which is con-
nected to an edge of the blade thickness change surface
43b, and an outer edge of the other end of which is
connected to the shroud ring 32.

[0054] The tip-side surface 43c is, for example, a sur-
face substantially parallel to the axis X in the blade width
direction WD. Therefore, the portion (range) of the blade
40 corresponding to the tip-side surface 43c has a sub-
stantially constant blade thickness in the blade width
direction WD. However, the blade thickness is thinner
than the blade thickness of the portion of the blade 40
corresponding to the base end-side surface 43a.

[Regarding Blade Thickness Change Surface]

[0055] As shown in Figs. 7 to 9, the blade thickness
change surface 43b is a surface in which an angle with
respect to the axis X in the blade width direction WD
changes with respect to angles of the base end-side
surface 43a and the tip-side surface 43c (an angle with
respect to the axis X in the blade width direction WD).
[0056] Forexample,inacase where the base end-side
surface 43a and the tip-side surface 43c are surfaces
substantially parallel to the axis X in the blade width
direction WD, the blade thickness change surface 43b
is not a surface substantially parallel to the axis X in the
blade width direction WD, but is a surface inclined with
respect to the axis X in the blade width direction WD.
[0057] Accordingly, the blade thickness of the blade 40
changes in the blade width direction WD from the center
plate 31 toward the shroud ring 32. Specifically, the blade
thickness of the portion of the blade 40 corresponding to
the tip-side surface 43c is thinner than the blade thick-
ness of the portion of the blade 40 corresponding to the
base end-side surface 43a. That is, when the blade 40 is
viewed from the direction of the axis X, the cross-sec-
tional shape of the portion of the blade 40 corresponding
to the tip-side surface 43c falls within the range of the
cross-sectional shape of the portion of the blade 40
corresponding to the base end-side surface 43a.
[0058] Theterm "blade thickness" as referred to herein
means, for example, a maximum blade thickness or a
blade thickness in the same longitudinal cross section.
[0059] Here, the expression "(blade thickness is) thin-
ner" will be described using a specific example.

[0060] As a first example, the blade thickness of the
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portion of the blade 40 corresponding to the tip-side
surface 43c s set to a blade thickness in a range of about
50% to 70% of the blade thickness of the portion of the
blade 40 corresponding to the base end-side surface
43a.

[0061] Asasecondexample,the tip-side surface43cis
offset to the suction surface 44 side along a normal
direction with respect to the base end-side surface
43a, and the offset amount is in a range of 30% to
50% of the maximum blade thickness. For example, in
a case where the maximum blade thickness is 4 mm, the
tip-side surface 43c is uniformly offset by 2 mm.

[0062] In addition, as shown in Fig. 10, since the blade
thickness of the portion of the blade 40 corresponding to
the tip-side surface 43c is thinner than the blade thick-
ness of the portion of the blade 40 corresponding to the
base end-side surface 43a, when the gap G between the
blades 40 adjacent to each other is viewed, the gap G in
the region corresponding to the tip-side surface 43c is
larger than the gap G in the region corresponding to the
base end-side surface 43a.

[0063] The blade thickness change surface 43b may
be a surface perpendicular to the axis X, as shown in Fig.
9, and may be a surface inclined with respect to the axis
X, as shown in Fig. 11.

[0064] In a case where the blade thickness change
surface 43b is a surface perpendicular to the axis X, a
level difference is generated on the pressure surface 43
due to the blade thickness change surface 43b.

[0065] As shown in Fig. 11, in a case where the blade
thickness change surface 43b is a surface inclined with
respect to the axis X, a gradient is generated on the
pressure surface 43 due to the blade thickness change
surface 43b. An angle 0 of the gradient is preferably, for
example, 45 degrees or larger and 90 degrees or smaller
with respect to the axis X. In a case where the angle 6 of
the gradient is 90 degrees, the blade thickness change
surface 43b is a surface perpendicular to the axis X (refer
to Fig. 9).

[0066] Inanycase, the blade thickness change surface
43b is a protrusion portion/hooking portion of the pres-
sure surface 43 in the blade width direction WD from the
shroud ring 32 toward the center plate 31.

[Regarding Flow of Air]

[0067] As the impeller 30 rotates, air is taken into the
inside of the volute casing 21 via the bell mouth 21a.
[0068] The air taken into the inside of the volute casing
21 flows into an inner region (a region surrounded by the
blades 40) of the impeller 30 along the direction of the axis
X from the suction port 33 of the impeller 30.

[0069] The air that has flowed into the inner region of
the impeller 30 is discharged from each gap G with a
centrifugal force by the blades 40 disposed annularly
integrally rotating around the axis X.

[0070] The air discharged from the gap G is rectified
and pressurized in the inside of the volute casing 21 and
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is sent out from the discharge port 21b.

[0071] Here, since the blade 40 of the impeller 30
according to the present embodiment is provided with
the blade thickness change surface 43b, the following
flow is formed when the air is discharged from each gap
G.

[0072] As shown in Fig. 12, part of the air that has
flowed into the inner region of the impeller 30 along the
direction of the axis X flows along the pressure surface 43
of the blade 40.

[0073] Inthis case, the air flowing from the shroud ring
32 toward the center plate 31 on the pressure surface 43
collides with the blade thickness change surface 43b. As
a result, the direction of the flow of the air is turned to the
outer side in the radial direction (a radial direction with
respect to the axis X). Therefore, the air is actively dis-
charged to the outside of the impeller 30 from the gap Gin
a region in the vicinity of the blade thickness change
surface 43b.

[0074] In addition, since the gap G in the region corre-
sponding to the tip-side surface 43c is larger than the gap
G in the region corresponding to the base end-side sur-
face 43a, the air is actively discharged from the gap G in
the region corresponding to the tip-side surface 43cto the
outside of the impeller 30.

[0075] On the contrary, the gap G in the region corre-
sponding to the base end-side surface 43ais smallerthan
the gap G in the region corresponding to the tip-side
surface 43c. Therefore, compared to the gap G corre-
sponding to the tip-side surface 43c, the airis less likely to
be discharged from the gap G corresponding to the base
end-side surface 43a due to the influence of the flow path
resistance.

[Regarding Modification Examples of Blade Thickness
Change Surface]

<Modification Example 1>

[0076] In the blade width direction WD, when the posi-
tion of the tip 42 of the blade 40 is set to 0% and the
position of the base end 41 is set to 100%, the blade
thickness change surface 43b is provided in a range of
25% ormore and 75% or less, and preferably in arange of
25% or more and 60% or less.

[0077] <Modification Example 2>

[0078] As shown in Figs. 13 and 14, the blade thick-
ness change surface 43b may be provided at a plurality of
locations on the pressure surface 43 along the blade
width direction WD.

[0079] In a case where an upper blade thickness
change surface in Fig. 14 is denoted by a reference
numeral 43b and a lower blade thickness change surface
is denoted by a reference numeral 43b’, the pressure
surface 43 between the blade thickness change surface
43b and the blade thickness change surface 43b’ is
regarded as an intermediate surface 43d.

[0080] Inthis case, inacase where the blade thickness
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change surface 43b is used as a reference, the inter-
mediate surface 43d corresponds to a center plate-side
surface, and the tip-side surface 43c corresponds to a
shroud ring-side surface. On the other hand, in a case
where the blade thickness change surface 43b’is used as
areference, the intermediate surface 43d corresponds to
a shroud ring-side surface, and the base end-side sur-
face 43a corresponds to a center plate-side surface.
[0081] Inthe case of the present modification example,
at least one of the plurality of blade thickness change
surfaces 43b may be provided in a range of 25% or more
and 75% orless, and preferably in a range of 25% or more
and 60% or less.

<Modification Example 3>

[0082] AsshowninFig.15,the blade thicknesschange
surface 43b may be inclined from the shroud ring 32 side
toward the center plate 31 side over a range from a
leading edge 46 to a trailing edge 45 of the blade 40.
[0083] Atwo-dotchainline shownin Fig. 15indicates a
blade thickness change surface 43b in a normal state
where the inclination is not given (shown for reference).
[0084] According to the present embodiment, the fol-
lowing effects are obtained.

[0085] The air flowing from the shroud ring 32 toward
the center plate 31 on the pressure surface 43 collides
with the blade thickness change surface 43b. As aresult,
the direction of the flow of the air is turned to the outer side
in the radial direction. Therefore, the air is actively dis-
charged to the outside of the impeller 30 from the gap Gin
a region in the vicinity of the blade thickness change
surface 43b. Accordingly, it is possible to suppress the
phenomenon in which the region in which the air is
discharged is biased toward the center plate 31 side.
[0086] In addition, since the gap G in the region corre-
sponding to the tip-side surface 43c s larger than the gap
G in the region corresponding to the base end-side sur-
face 43a, the air is actively discharged from the gap G in
the region corresponding to the tip-side surface 43cto the
outside of the impeller 30. On the contrary, compared to
the gap G corresponding to the tip-side surface 43c, the
air is less likely to be discharged from the gap G corre-
sponding to the base end-side surface 43a due to the
influence of the flow path resistance. Accordingly, it is
possible to suppress the phenomenon in which the re-
gion in which the air is discharged is biased toward the
center plate 31 side.

[0087] As described above, by suppressing the phe-
nomenon in which the region in which the air is dis-
charged is biased toward the center plate 31 side, the
bias of the flow velocity in the inside of the volute casing
21 accommodating the impeller 30 is improved, and for
example, the static pressure efficiency can be improved
by suppressing a blowing loss occurring due to the gen-
eration of a swirling flow caused by the bias of the wind
speed, or a decrease in heat exchange performance can
be suppressed by making the wind speed distribution of
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the air blown from the volute casing 21 toward the heat
exchanger 13 uniform.

[0088] In addition, since the blade thickness on the
shroud ring 32 side is thinner than that on the center
plate 31 side, when the blade 40 is injection-molded, it is
possible to easily perform mold releasing in the direction
of the axis X by using a mold having a simple shape.
Therefore, the manufacturing cost of the impeller 30 can
be reduced.

[0089] In addition, the blade thickness change surface
43b is a surface perpendicular to the axis X, so that the
direction of the flow of air can be rapidly turned.

[0090] In addition, the suction surface 44 is a smooth
surface continuous in the blade width direction WD, so
that a draft angle required for mold releasing during
injection molding can be provided on the suction surface
44 side.

[0091] In addition, the blade thickness change surface
43bis located in arange of 25% or more and 60% or less,
so that a region where air is easily discharged can be
brought closer to the shroud ring 32 side.

[0092] In addition, the blade thickness change surface
43b is provided at a plurality of locations on the pressure
surface 43 along the blade width direction WD, so that, for
example, even with respect to the impeller 30 having a
large blade width with respect to the diameter of the
impeller 30, the same effect can be obtained.

[0093] In addition, the blade thickness change surface
43b is inclined from the shroud ring 32 side toward the
center plate 31 side over a range from the leading edge
46 to the trailing edge 45 of the blade 40, so that the
direction of the flow of the air flowing in from the suction
port 33 can be smoothly turned. Therefore, it is possible
to reduce a loss when the direction is turned, and it is
possible to further improve the static pressure efficiency.
[0094] Inaddition, the area (the area in contact with air)
of the blade thickness change surface 43b is increased
by an amount corresponding to the inclination, and the
direction of the flow of air can be efficiently changed.
[0095] In addition, it is possible to suppress deteriora-
tion of aerodynamic noise associated with the sudden
turning of the direction of the flow.

[0096] Inaddition, the input of the electric motor 22 can
be reduced due to the impeller 30 in which the static
pressure efficiency is improved.

[0097] The suction surface 44 may be provided with the
same configuration as the blade thickness change sur-
face 43b.

[0098] In addition, when the blade 40 is viewed from
the direction of the axis X, a blade outlet angle of the
portion of the blade 40 corresponding to the tip-side
surface 43c and a blade outlet angle of the portion of
the blade 40 corresponding to the base end-side surface
43a may be different from each other in a range in which
the cross-sectional shape of the portion of the blade 40
corresponding to the tip-side surface 43c fits into the
cross-sectional shape of the portion of the blade 40
corresponding to the base end-side surface 43a.



1 EP 4 563 826 A1 12

[0099] The impeller and the blower according to the
embodiment described above are understood as follows,
for example.

[0100] Animpeller(30)accordingto afirstaspectofthe
present disclosure is an impeller having a rotation center
on an axis (X), including: an annular shroud ring (32) that
forms an air suction port (33) and is centered on the axis;
a disk-shaped center plate (31) that is provided to face
the shroud ring and is centered on the axis; and a plurality
of blades (40), each of which has a blade width along a
direction of the axis between the shroud ring and the
center plate, and which are disposed around the axis at
predetermined intervals, in which a blade surface (43) of
each of the blades has, in a blade width direction (WD), a
blade thickness change surface (43b), a base end-side
surface (43a) connected to the center plate side of the
blade thickness change surface, and a tip-side surface
(43c) connected to the shroud ring side of the blade
thickness change surface, and in the blade thickness
change surface, an angle of the blade surface with re-
spect to the axis in the blade width direction changes with
respect to angles of the base end-side surface and the
tip-side surface such that a blade thickness on the center
plate side with respect to the blade thickness change
surface is thicker than a blade thickness on the shroud
ring side with respect to the blade thickness change
surface.

[0101] According to the impeller of the present aspect,
the blade surface has, in the blade width direction, the
blade thickness change surface, the base end-side sur-
face connected to the center plate side of the blade
thickness change surface, and the tip-side surface con-
nected to the shroud ring side of the blade thickness
change surface, and in the blade thickness change sur-
face, the angle of the blade surface with respect to the
axis in the blade width direction changes with respect to
the angles of the base end-side surface and the tip-side
surface such that the blade thickness on the center plate
side with respect to the blade thickness change surface is
thicker than the blade thickness on the shroud ring side
with respect to the blade thickness change surface.
Therefore, part of the air that flows in from a suction port
formed in the shroud ring collides with the blade thickness
change surface along the direction of the axis, so that the
direction of the flow is turned to the outer side in the radial
direction. Therefore, part of the air can be discharged to
the outer side in the radial direction in the region corre-
sponding to the tip-side surface of the blade. Accordingly,
it is possible to suppress the phenomenon in which the
region in which the air is discharged is biased toward the
center plate side.

[0102] In addition, since the blade thickness on the
shroud ring side is thinner than that on the center plate
side, the gap (G) between the blades adjacent to each
other is large on the shroud ring side, so that air flows
easily, whereas the gap on the center plate side is small,
sothatairis difficult to flow due to the flow path resistance.
Accordingly, itis possible to suppress the phenomenonin
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which the region in which the air is discharged is biased
toward the center plate side.

[0103] As described above, by suppressing the phe-
nomenon in which the region in which the air is dis-
charged is biased toward the center plate side, the bias
of the flow velocity in the inside of the casing (21) accom-
modating the impeller is improved, and for example, the
static pressure efficiency can be improved by suppres-
sing a blowing loss occurring due to the generation of a
swirling flow caused by the bias of the wind speed, or a
decrease in heat exchange performance can be sup-
pressed by making the wind speed distribution of the
air blown from the casing toward the heat exchanger (13)
uniform.

[0104] In addition, since the blade thickness on the
shroud ring side is thinner than that on the center plate
side, when the blade is injection-molded, it is possible to
easily perform mold releasing in the direction of the axis
by using a mold having a simple shape. Therefore, the
manufacturing cost of the impeller can be reduced.
[0105] Inaddition, in animpeller according to a second
aspect of the present disclosure, in the first aspect, the
blade thickness change surface is a surface substantially
perpendicular to the axis.

[0106] According to the impeller according to the pre-
sent aspect, since the blade thickness change surface is
a surface substantially perpendicular to the axis, the
direction of the flow of the air flowing in from the suction
port can be rapidly turned by a stepped surface.

[0107] In addition, in an impeller according to a third
aspect of the present disclosure, in the first or second
aspect, a suction surface (44) of the blade surface is a
smooth surface continuous in the blade width direction.
[0108] According to the impeller according to the pre-
sentaspect, since the suction surface is a smooth surface
continuous in the blade width direction, a draft angle
required for mold releasing during injection molding
can be provided on the suction surface side.

[0109] In addition, in an impeller according to a fourth
aspect of the present disclosure, in any one of the first to
third aspects, in the blade width direction, when a position
of an end portion (42) of the blade on the shroud ring side
is set to 0% and a position of an end portion (41) of the
blade on the center plate side is set to 100%, the blade
thickness change surface is located in a range of 25% or
more and 60% or less.

[0110] According to the impeller according to the pre-
sent aspect, in the blade width direction, when the posi-
tion of the end portion of the blade on the shroud ring side
is setto 0% and the position of the end portion of the blade
on the center plate side is set to 100%, the blade thick-
ness change surface is located in a range of 25% or more
and 60% or less. Therefore, the region where air is easily
discharged can be brought closer to the shroud ring side.
[0111] In addition, in an impeller according to a fifth
aspect of the present disclosure, in any one of the first to
fourth aspects, the blade thickness change surface is
provided at a plurality of locations on the blade surface
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along the blade width direction.

[0112] According to the impeller according to the pre-
sent aspect, since the blade thickness change surface is
provided at a plurality of locations on the blade surface
along the blade width direction, the same effect can be
obtained even with respect to an impeller having a large
blade width with respect to the diameter of the impeller,
for example.

[0113] In addition, in an impeller according to a sixth
aspect of the present disclosure, in any one of the first to
fifth aspects, the blade thickness change surface is in-
clined from the shroud ring side toward the center plate
side over arange from a leading edge to a trailing edge of
the blade.

[0114] According to the impeller according to the pre-
sent aspect, since the blade thickness change surface is
inclined from the shroud ring side toward the center plate
side over a range of the leading edge to the trailing edge
of the blade, the direction of the flow of the air flowing in
from the suction port can be smoothly turned. Therefore,
itis possible to reduce aloss when the direction is turned,
and it is possible to further improve the static pressure
efficiency.

[0115] In addition, the area of the blade thickness
change surface (the area that can be in contact with
air) is increased by an amount corresponding to the
inclination, and the direction of the flow of air can be
efficiently changed.

[0116] In addition, it is possible to suppress deteriora-
tion of aerodynamic noise associated with the sudden
turning of the direction of the flow.

[0117] Inaddition, a blower (20) according to a seventh
aspect of the present disclosure includes the impeller
according to any one of the first to sixth aspects, and a
drive unit (22) that rotates the impeller around the axis.
[0118] According to the blower according to the pre-
sent aspect, since the blower includes the impeller de-
scribed above and the drive unit that rotationally drives
the impeller around the axis, the input (consumed power)
of the drive unit can be reduced due to the impeller with
improved static pressure efficiency.

[0119] Inaddition, anair conditioner (1) according toan
eighth aspect of the present disclosure includes the
blower according to the sixth aspect, and a heat exchan-
ger (13).

[0120] According to the air conditioner according to the
present aspect, since the air conditioner includes the
blower described above and the heat exchanger, in a
case where the wind speed distribution of the air that is
blown from the casing toward the heat exchanger is
uniform, a decrease in heat exchange performance
can be suppressed. Reference Signs List

[0121]

1: air conditioner
11: housing

12: air outlet

13: heat exchanger
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Claims

1.

20:
21:

14

blower
volute casing

21a: bell mouth
21b: discharge port

22:
23:
30:
31:

32

41

electric motor (drive unit)
drive shaft

impeller

center plate

: shroud ring
33:
40:
: base end (blade end on center plate side)
42:
43:

suction port
blade

tip (blade end on shroud ring side)
pressure surface

43a: base end-side surface (center plate-side sur-
face)

43b, 43b’: blade thickness change surface

43c: tip-side surface (shroud ring-side surface)
43d: intermediate surface

44
45:
46:

suction surface
trailing edge
leading edge

G: gap
X: axis

An impeller having a rotation center on an axis,
comprising:

an annular shroud ring that forms an air suction
port and is centered on the axis;

a disk-shaped center plate that is provided to
face the shroud ring and is centered on the axis;
and

a plurality of blades, each of which has a blade
width along a direction of the axis between the
shroud ring and the center plate, and which are
disposed around the axis at predetermined in-
tervals,

wherein a blade surface of each of the blades
has, in a blade width direction, a blade thickness
change surface, a center plate-side surface con-
nected to a center plate side of the blade thick-
ness change surface, and a shroud ring-side
surface connected to a shroud ring side of the
blade thickness change surface, and

in the blade thickness change surface, an angle
ofthe blade surface with respectto the axisinthe
blade width direction changes with respect to
angles of the center plate-side surface and the
shroud ring-side surface such that a blade thick-
ness on the center plate side with respect to the
blade thickness change surface is thicker than a
blade thickness on the shroud ring side with
respect to the blade thickness change surface.
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The impeller according to Claim 1,
wherein the blade thickness change surface is a
surface substantially perpendicular to the axis.

The impeller according to Claim 1 or 2,

wherein a suction surface of the blade surface is a
smooth surface continuous in the blade width direc-
tion.

The impeller according to Claim 1 or 2,

wherein, in the blade width direction, when a position
of an end portion of the blade on the shroud ring side
is set to 0% and a position of an end portion of the
blade on the center plate side is set to 100%, the
blade thickness change surface is located in arange
of 25% or more and 75% or less.

The impeller according to Claim 1 or 2,

wherein the blade thickness change surface is pro-
vided at a plurality of locations on the blade surface
along the blade width direction.

The impeller according to Claim 1 or 2,

wherein the blade thickness change surface is in-
clined from the shroud ring side to the center plate
side over a range from a leading edge to a trailing
edge of the blade.

A blower comprising:
the impeller according to Claim 1; and
a drive unit that rotates the impeller around the
axis.

An air conditioner comprising:

the blower according to Claim 7; and
a heat exchanger.
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