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(54) CENTRIFUGAL BLOWER AND AIR CONDITIONER PROVIDED WITH SAME

(57) A centrifugal fan includes a backing plate to be
driven to rotate, an annular rim facing the backing plate,
and a plurality of blades disposed between the backing
plate and the rim. Each of the plurality of blades has a
trailing edge positioned on a positive side in an anti-ro-
tational direction relative to a leading edge. The trailing
edge includes a first trailing edge junction being a junction
with the backing plate, and a second trailing edge junction
being a junction with the rim. The second trailing edge
junction is positioned on a positive side in the anti-rota-
tional direction relative to the first trailing edge junction.
The first trailing edge junction and the second trailing
edge junction include a trailing-edge straight portion par-
allel to a rotational axis of the backing plate.
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Description

Technical Field

[0001] The present disclosure relates to a centrifugal
fan that sucks air in a direction of a rotational axis and
blows the air with its direction changed to a radial direc-
tion, and relates to an air-conditioning apparatus includ-
ing the centrifugal fan.

Background Art

[0002] Hitherto, there is proposed a centrifugal fan that
sucks gas in a direction of a rotational axis and blows the
gas in a direction intersecting the rotational axis. The
centrifugal fan includes a backing plate that rotates about
the rotational axis, a plurality of blades annularly dis-
posed about the rotational axis, and a rim disposed so
that the plurality of blades are interposed between the
rim and the backing plate in the direction of the rotational
axis (see, for example, Patent Literature 1).

Citation List

Patent Literature

[0003] Patent Literature 1: Japanese Unexamined Pat-
ent Application Publication No. 2005-155510

Summary of Invention

Technical Problem

[0004] In the centrifugal fan structured as in Patent Lit-
erature 1, airflows at junctions between each blade and
the backing plate and between the blade and the rim are
likely to become turbulent due to corners between the
wall surface of the blade and the wall surface of the back-
ing plate and between the wall surface of the blade and
the wall surface of the rim. Particularly in a three-dimen-
sional blade shape in which the trailing edge of each
blade extends in an anti-rotational direction from the
backing plate toward the rim, the blade is inclined relative
to the backing plate and the rim. Therefore, the airflow
is likely to become turbulent at a part having an acute
angle between the blade and the backing plate or the rim.
[0005] The present disclosure has been made to solve
the problem described above and provides a centrifugal
fan reduced in terms of air turbulence at junctions be-
tween each blade and a backing plate and between the
blade and a rim, and provides an air-conditioning appa-
ratus including the centrifugal fan.

Solution to Problem

[0006] A centrifugal fan according to an embodiment
of the present disclosure includes a backing plate to be
driven to rotate, an annular rim facing the backing plate,

and a plurality of blades disposed between the backing
plate and the rim. Each of the plurality of blades has a
trailing edge positioned on a positive side in an anti-ro-
tational direction relative to a leading edge. The trailing
edge includes a first trailing edge junction being a junction
with the backing plate, and a second trailing edge junction
being a junction with the rim. The second trailing edge
junction is positioned on a positive side in the anti-rota-
tional direction relative to the first trailing edge junction.
The first trailing edge junction and the second trailing
edge junction include a trailing-edge straight portion par-
allel to a rotational axis of the backing plate.

Advantageous Effects of Invention

[0007] In the centrifugal fan according to the embodi-
ment of the present disclosure, the first trailing edge junc-
tion being a junction between the trailing edge and the
backing plate and the second trailing edge junction being
a junction between the trailing edge and the rim include
the trailing-edge straight portion parallel to the rotational
axis. Therefore, the speed difference between a pressure
surface and a suction surface of the blade is reduced at
the first trailing edge junction and the second trailing edge
junction. Thus, air turbulence is reduced.

Brief Description of Drawings

[0008]

[Fig. 1] Fig. 1 is a perspective view of a centrifugal
fan according to Embodiment 1.
[Fig. 2] Fig. 2 is a side view of the centrifugal fan
according to Embodiment 1.
[Fig. 3] Fig. 3 is a perspective view of a centrifugal
fan according to Embodiment 2.
[Fig. 4] Fig. 4 is a perspective view of a centrifugal
fan according to Embodiment 3.
[Fig. 5] Fig. 5 is a vertical sectional view of a centrif-
ugal fan according to Embodiment 4.
[Fig. 6] Fig. 6 is an internal structural diagram of an
indoor unit of an air-conditioning apparatus including
a centrifugal fan according to Embodiment 5.
[Fig. 7] Fig. 7 is a structural diagram of the air-con-
ditioning apparatus according to Embodiment 5.

Description of Embodiments

[0009] A centrifugal fan 100 and an air-conditioning ap-
paratus 200 according to each of Embodiments 1 to 5
are described below with reference to the drawings. In
the drawings including Fig. 1 to which reference is made
below, the relative relationship of dimensions of constit-
uent elements and the shapes thereof may differ from an
actual relationship and actual shapes. In the drawings to
which reference is made below, elements represented
by the same reference signs are identical or correspond-
ing elements and are common throughout the description
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herein. Terms of directions (for example, "up", "down",
"right", "left", "front", and "rear") are used as appropriate
for facilitating understanding. Those terms are used only
for convenience of the description but do not limit dispo-
sitions and directions of devices or components.

Embodiment 1.

[Structure of Centrifugal Fan 100]

[0010] Fig. 1 is a perspective view of a centrifugal fan
100 according to Embodiment 1. Fig. 2 is a side view of
the centrifugal fan 100 according to Embodiment 1. In
Fig. 1, a rotational direction R is a direction in which the
centrifugal fan 100 and a backing plate 10 rotate, and an
anti-rotational direction AR is a direction opposite to the
direction in which the centrifugal fan 100 and the backing
plate 10 rotate. The basic structure of the centrifugal fan
100 is described with reference to Fig. 1 and Fig. 2.
[0011] The centrifugal fan 100 is driven to rotate by a
motor or other devices (not illustrated). The centrifugal
fan 100 sucks gas in a direction of a rotational axis RS
and forcibly sends air radially outward with a centrifugal
force generated by the rotation. The centrifugal fan 100
includes the backing plate 10 serving as a rotator, an
annular rim 20 facing the backing plate 10, and a plurality
of blades 30 provided between the backing plate 10 and
the rim 20.

(Backing Plate 10)

[0012] The backing plate 10 is a rotator that rotates
about the rotational axis RS. The backing plate 10 has a
circular shape when projected along the rotational axis
RS of the centrifugal fan 100. A radially central part of
the backing plate 10 has a substantially conical shape to
project like a mountain toward the rim 20. That is, the
backing plate 10 has an inclined surface extending away
from an air inlet 102 described later with increasing dis-
tance from the center to the outer periphery.
[0013] The backing plate 10 has a boss 12 at a central
part of the backing plate 10, that is, at the top of the
mountain-like projection. The boss 12 is a part where a
rotational shaft of the motor (not illustrated) is fixed. The
rotational shaft of the motor is connected to the boss 12.
The backing plate 10 is driven by the motor (not illustrat-
ed) to rotate about the rotational axis RS. The rotational
axis RS is a rotational axis of the backing plate 10 and
is also a rotational axis of the centrifugal fan 100.
[0014] The backing plate 10 may have any shape other
than the shape described above as long as the backing
plate 10 is the rotator having the boss 12. For example,
the backing plate 10 may have a disc shape or a polyg-
onal shape when projected along the rotational axis RS.
The radially central part of the backing plate 10 may
project like a mountain and a radially outer part of the
backing plate 10, that is, a ring-shaped part around the
projecting radially central part may have a substantial

flat-plate shape.

(Rim 20)

[0015] The rim 20 faces the backing plate 10. The rim
20 is a so-called shroud. The rim 20 couples the plurality
of blades 30 to keep a positional relationship among the
distal ends of the blades 30 and increase the strength of
the plurality of blades 30.
[0016] The rim 20 serves as an air introduction wall at
an air inlet part of the centrifugal fan 100. The rim 20 has
an annular shape in plan view in the direction of the ro-
tational axis RS, and has an arc shape in cross section
along the rotational axis RS.
[0017] More specifically, the rim 20 has a ring shape
when projected along the rotational axis RS of the cen-
trifugal fan 100. The rim 20 projects like a mountain from
a radially outer part toward a radially central part. The
rim 20 has the air inlet 102 at the center.
[0018] The air inlet 102 for gas is defined by an inner
peripheral edge 22 that is an edge on the inner periphery
of the rim 20. The diameter of the rim 20 increases with
decreasing distance from the air inlet 102 to the backing
plate 10. In the cross section along the rotational axis
RS, the rim 20 has a curved shape to expand toward the
backing plate 10.
[0019] A rim outer peripheral edge portion 24 consti-
tuting the outer peripheral edge of the ring-shaped rim
20 has the largest diameter among components of the
rim 20, and is positioned closest to the backing plate 10.
As illustrated in Fig. 2, an outside diameter OS of the rim
20 is larger than an outside diameter OM of the backing
plate 10. The structure of the centrifugal fan 100 is not
limited to the structure in which the outside diameter OS
of the rim 20 is larger than the outside diameter OM of
the backing plate 10. In the centrifugal fan 100, the out-
side diameter OS of the rim 20 may be equal to the out-
side diameter OM of the backing plate 10 or may be small-
er than the outside diameter OM of the backing plate 10.
[0020] The backing plate 10 and the rim 20 are dis-
posed away from each other in the direction of the rota-
tional axis RS. In the centrifugal fan 100, the rim outer
peripheral edge portion 24 of the rim 20 and a backing-
plate outer peripheral edge portion 14 of the backing plate
10 define an air outlet 104 between the rim outer periph-
eral edge portion 24 and the backing-plate outer periph-
eral edge portion 14.
[0021] The rim outer peripheral edge portion 24 is an
outer peripheral edge portion of the rim 20 in the radial
direction, and constitutes the outer peripheral edge of
the rim 20 as described above. The backing-plate outer
peripheral edge portion 14 is an outer peripheral edge
portion of the backing plate 10 in the radial direction, and
constitutes the outer peripheral edge of the backing plate
10. The air outlet 104 is an opening where air sucked
into the centrifugal fan 100 through the air inlet 102 is
discharged by rotation of the centrifugal fan 100.
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(Blades 30)

[0022] Each blade 30 rotates together with the backing
plate 10 during rotation of the backing plate 10 to gener-
ate an airflow from the center toward the outer periphery
of the backing plate 10. The plurality of blades 30 are
disposed between the backing plate 10 and the rim 20.
In each of the plurality of blades 30, one end in the di-
rection of the rotational axis RS of the centrifugal fan 100
is joined to the backing plate 10, and the other end in the
direction of the rotational axis RS is joined to the rim 20.
[0023] The plurality of blades 30 are disposed on a
circle about the rotational axis RS. The blades 30 are
disposed at predetermined intervals in a circumferential
direction of the backing plate 10. Each blade 30 extends
rearward in the rotational direction R of the backing plate
10.
[0024] In each of the plurality of blades 30, an inner
peripheral end 31 is positioned closer to the rotational
axis RS than is an outer peripheral end 32. In each of
the plurality of blades 30, the inner peripheral end 31 is
positioned at a predetermined distance from the rotation-
al axis RS, and the outer peripheral end 32 is positioned
near the backing-plate outer peripheral edge portion 14
and the rim outer peripheral edge portion 24. An imagi-
nary line extended from a straight chord line connecting
the inner peripheral end 31 and the outer peripheral end
32 of each blade 30 does not pass through the rotational
axis RS. That is, the inner peripheral end 31 is positioned
forward in the rotational direction R relative to a radial
imaginary line connecting the rotational axis RS and the
outer peripheral end 32.
[0025] The inner peripheral end 31 constitutes a lead-
ing edge 31a of the blade 30. The outer peripheral end
32 constitutes a trailing edge 32a of the blade 30. The
leading edge 31a of the blade 30 is positioned on a pos-
itive side in the rotational direction R relative to the trailing
edge 32a. The leading edge 31a of the blade 30 extends
in the anti-rotational direction AR from the backing plate
10 toward the rim 20. The trailing edge 32a of the blade
30 is positioned on a positive side in the anti-rotational
direction AR relative to the leading edge 31a. The trailing
edge 32a of the blade 30 extends in the anti-rotational
direction AR from the backing plate 10 toward the rim 20.
[0026] The trailing edge 32a of the blade 30 includes
a first trailing edge junction 41 with the backing plate 10,
and a second trailing edge junction 42 with the rim 20.
The first trailing edge junction 41 is a root of the trailing
edge 32a near the backing plate 10. The second trailing
edge junction 42 is a root of the trailing edge 32a near
the rim 20. The first trailing edge junction 41 and the
second trailing edge junction 42 are offset in the rotational
direction R. The second trailing edge junction 42 is po-
sitioned on a positive side in the anti-rotational direction
AR relative to the first trailing edge junction 41.
[0027] The first trailing edge junction 41 and the sec-
ond trailing edge junction 42 include a trailing-edge
straight portion 40 parallel to the rotational axis RS of the

backing plate 10. The trailing-edge straight portion 40
includes a first trailing-edge straight portion 43 at the first
trailing edge junction 41, and a second trailing-edge
straight portion 44 at the second trailing edge junction 42.
[0028] The first trailing edge junction 41 has the first
trailing-edge straight portion 43 parallel to the rotational
axis RS of the backing plate 10. The first trailing edge
junction 41 may be constituted by the first trailing-edge
straight portion 43 alone or may have the first trailing-
edge straight portion 43 as a part in the direction of the
rotational axis RS. For example, the first trailing edge
junction 41 may have a curved portion having an arc
shape between the first trailing-edge straight portion 43
and the backing plate 10 to connect the blade 30 and the
backing plate 10 by a smooth curved surface. In the case
where the first trailing edge junction 41 has the curved
portion, stress concentration at the first trailing edge junc-
tion 41 of the blade 30 is mitigated.
[0029] The second trailing edge junction 42 has the
second trailing-edge straight portion 44 parallel to the
rotational axis RS of the backing plate 10. The second
trailing edge junction 42 may be constituted by the sec-
ond trailing-edge straight portion 44 alone or may have
the second trailing-edge straight portion 44 as a part in
the direction of the rotational axis RS. For example, the
second trailing edge junction 42 may have a curved por-
tion having an arc shape between the second trailing-
edge straight portion 44 and the rim 20 to connect the
blade 30 and the rim 20 by a smooth curved surface. In
the case where the second trailing edge junction 42 has
the curved portion, stress concentration at the second
trailing edge junction 42 of the blade 30 is mitigated.
[0030] It is desirable that the trailing edge 32a of the
blade 30 have both the first trailing-edge straight portion
43 of the first trailing edge junction 41 and the second
trailing-edge straight portion 44 of the second trailing
edge junction 42. The trailing edge 32a of the blade 30
may have either the first trailing-edge straight portion 43
of the first trailing edge junction 41 or the second trailing-
edge straight portion 44 of the second trailing edge junc-
tion 42. That is, in the trailing edge 32a of the blade 30,
at least one of the junction of the blade 30 near the rim
20 and the junction of the blade 30 near the backing plate
10 may have the trailing-edge straight portion 40 parallel
to the rotational axis RS of the backing plate 10.
[0031] The blade 30 has an outer blade surface 30a
as one surface and an inner blade surface 30b as the
other surface in the radial direction about the rotational
axis RS. In the blade 30, the outer blade surface 30a is
a pressure surface, and the inner blade surface 30b is a
suction surface. The outer blade surface 30a distant from
the rotational axis RS is positioned farther away from the
rotational axis RS at a part closer to the rear in the rota-
tional direction R. The inner blade surface 30b near the
rotational axis RS is similarly positioned farther away
from the rotational axis RS at a part closer to the rear in
the rotational direction R while keeping a predetermined
distance from the outer blade surface 30a. The thickness
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of the blade 30 that corresponds to the predetermined
distance gradually decreases from the center toward the
inner peripheral end 31 and the outer peripheral end 32.
That is, the sectional shape of the blade 30 in a plane
perpendicular to the rotational axis RS is analogous to
the shape of a general blade.
[0032] As illustrated in Fig. 2, an outside blade diam-
eter OW of the centrifugal fan 100 is larger in a range AS
between the rim 20 and an intermediate point HB of the
opening width of the air outlet 104 than at the intermediate
point HB. The outside blade diameter OW of the centrif-
ugal fan 100 is smaller in a range AM between the backing
plate 10 and the intermediate point HB of the opening
width of the air outlet 104 than at the intermediate point
HB.
[0033] The centrifugal fan 100 has the maximum value
of the outside blade diameter OW at a point closer to the
rim 20 than the intermediate point HB of the opening width
of the air outlet 104, and the minimum value of the outside
blade diameter OW at a point closer to the backing plate
10 than the intermediate point HB. The opening width of
the air outlet 104 is a distance between the backing-plate
outer peripheral edge portion 14 of the backing plate 10
and the rim outer peripheral edge portion 24 of the rim
20 in the direction of the rotational axis RS. The outside
blade diameter OW is a diameter of the centrifugal fan
100 at a portion of the blade 30. In other words, the out-
side blade diameter OW is a diameter of a rotational circle
drawn by the outer peripheral end 32 of the blade 30 by
the rotation of the centrifugal fan 100 while the centrifugal
fan 100 is operating.
[0034] The centrifugal fan 100 need not essentially
have the maximum value of the outside blade diameter
OW at the point closer to the rim 20 than the intermediate
point HB of the opening width of the air outlet 104, and
the minimum value of the outside blade diameter OW at
the point closer to the backing plate 10 than the interme-
diate point HB. For example, the centrifugal fan 100 may
have a structure in which the outside blade diameter OW
at the point closer to the rim 20 than the intermediate
point HB is equal to the outside blade diameter OW at
the point closer to the backing plate 10 than the interme-
diate point HB.

[Operation of Centrifugal Fan 100]

[0035] When the backing plate 10 of the centrifugal fan
100 is rotated by the rotation of the motor connected to
the boss 12, the blades 30 fixed to the backing plate 10
move in the circumferential direction about the rotational
axis RS. When the backing plate 10 rotates in the rota-
tional direction R, air outside the centrifugal fan 100 is
sucked, through the air inlet 102, into a space defined by
the backing plate 10, the rim 20, and the plurality of blades
30. When the blades 30 of the centrifugal fan 100 rotate
together with the backing plate 10, the air sucked into
the space defined by the backing plate 10 and the plurality
of blades 30 is caused to pass between the adjacent

blades 30 and sent outward in the radial direction of the
backing plate 10.

[Advantageous Effects of Centrifugal Fan 100]

[0036] In general, the airflow is likely to become turbu-
lent at the corner of each blade near the junction with the
rim or the backing plate. The first trailing edge junction
41 and the second trailing edge junction 42 of the cen-
trifugal fan 100 have the first trailing-edge straight portion
43 and the second trailing-edge straight portion 44 par-
allel to the rotational axis RS of the backing plate 10,
respectively. With the first trailing-edge straight portion
43 and the second trailing-edge straight portion 44 of the
centrifugal fan 100, the blade 30 and each of the backing
plate 10 and the rim 20 are connected at a right angle
along the trailing edge 32a on both the pressure surface
and the suction surface of the blade 30. Therefore, in the
centrifugal fan 100, the speed difference between the
pressure surface and the suction surface of the blade 30
is reduced at the trailing edge 32a of the blade 30. Thus,
the air turbulence is reduced compared with a case where
the trailing edge 32a of the blade 30 is connected to each
of the backing plate 10 and the rim 20 at an acute angle.
As a result, the centrifugal fan 100 can attain higher ef-
ficiency of the fan.
[0037] In general, the airflow is likely to become turbu-
lent at the corner of each blade near the junction with the
rim or the backing plate, and the efficiency of the centrif-
ugal fan may decrease due to separation of the airflow
from the blade. With the first trailing-edge straight portion
43 and the second trailing-edge straight portion 44 of the
centrifugal fan 100, the air turbulence is reduced com-
pared with the case where the trailing edge 32a of the
blade 30 is connected to each of the backing plate 10
and the rim 20 at an acute angle. As a result, the sepa-
ration of the airflow from the blade can be suppressed,
and the centrifugal fan 100 can attain higher efficiency
of the fan.
[0038] In general, the airflow is likely to become turbu-
lent at the corner of each blade near the junction with the
rim or the backing plate, and noise may be generated
due to the air turbulence. With the first trailing-edge
straight portion 43 and the second trailing-edge straight
portion 44 of the centrifugal fan 100, the air turbulence
is reduced compared with the case where the trailing
edge 32a of the blade 30 is connected to each of the
backing plate 10 and the rim 20 at an acute angle. As a
result, the noise generated due to the air turbulence can
be reduced in the centrifugal fan 100.

Embodiment 2.

[Structure of Centrifugal Fan 100A]

[0039] Fig. 3 is a perspective view of a centrifugal fan
100A according to Embodiment 2. Portions having the
same structures as those of the centrifugal fan 100 in
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Fig. 1 and Fig. 2 are represented by the same reference
signs and description thereof is omitted. In the centrifugal
fan 100A according to Embodiment 2, the structure of
the leading edge 31a of the blade 30 in the centrifugal
fan 100 according to Embodiment 1 is further specified.
Thus, the following description is mainly made about the
structure of the leading edge 31a of the blade 30 with
reference to Fig. 3.

(Blades 30)

[0040] The leading edge 31a of the blade 30 includes
a first leading edge junction 51 with the backing plate 10,
and a second leading edge junction 52 with the rim 20.
The first leading edge junction 51 is a root of the leading
edge 31a near the backing plate 10. The second leading
edge junction 52 is a root of the leading edge 31a near
the rim 20. The first leading edge junction 51 and the
second leading edge junction 52 are offset in the rota-
tional direction R. The second leading edge junction 52
is positioned on a positive side in the anti-rotational di-
rection AR relative to the first leading edge junction 51.
[0041] The first leading edge junction 51 has a first
leading-edge straight portion 53 parallel to the rotational
axis RS of the backing plate 10. The first leading edge
junction 51 may be constituted by the first leading-edge
straight portion 53 alone or may have the first leading-
edge straight portion 53 as a part in the direction of the
rotational axis RS. For example, the first leading edge
junction 51 may have a curved portion having an arc
shape between the first leading-edge straight portion 53
and the backing plate 10 to connect the blade 30 and the
backing plate 10 by a smooth curved surface. In the case
where the first leading edge junction 51 has the curved
portion, stress concentration at the first leading edge
junction 51 of the blade 30 is mitigated.
[0042] The second leading edge junction 52 has a sec-
ond leading-edge straight portion 54 parallel to the rota-
tional axis RS of the backing plate 10. The second leading
edge junction 52 may be constituted by the second lead-
ing-edge straight portion 54 alone or may have the sec-
ond leading-edge straight portion 54 as a part in the di-
rection of the rotational axis RS. For example, the second
leading edge junction 52 may have a curved portion hav-
ing an arc shape between the second leading-edge
straight portion 54 and the rim 20 to connect the blade
30 and the rim 20 by a smooth curved surface. In the
case where the second leading edge junction 52 has the
curved portion, stress concentration at the second lead-
ing edge junction 52 of the blade 30 is mitigated.
[0043] It is desirable that the leading edge 31a of the
blade 30 have both the first leading-edge straight portion
53 of the first leading edge junction 51 and the second
leading-edge straight portion 54 of the second leading
edge junction 52. The leading edge 31a of the blade 30
may have either the first leading-edge straight portion 53
of the first leading edge junction 51 or the second leading-
edge straight portion 54 of the second leading edge junc-

tion 52. That is, in the leading edge 31a of the blade 30,
at least one of the junction of the blade 30 near the rim
20 and the junction of the blade 30 near the backing plate
10 may have the leading-edge straight portion parallel to
the rotational axis RS of the backing plate 10.

[Advantageous Effects of Centrifugal Fan 100A]

[0044] In general, when an airflow moves onto each
blade, the airflow is likely to become turbulent at the cor-
ner of the blade near the junction with the rim or the back-
ing plate. The first leading edge junction 51 and the sec-
ond leading edge junction 52 of the centrifugal fan 100A
have the first leading-edge straight portion 53 and the
second leading-edge straight portion 54 parallel to the
rotational axis RS of the backing plate 10, respectively.
With the first leading-edge straight portion 53 and the
second leading-edge straight portion 54 of the centrifugal
fan 100A, the blade 30 and each of the backing plate 10
and the rim 20 are connected at a right angle along the
leading edge 31a on both the pressure surface and the
suction surface of the blade 30. Therefore, in the centrif-
ugal fan 100A, the difference between the angles of the
pressure surface and the suction surface of the blade 30
from the backing plate 10 and the rim 20 is reduced at
the leading edge 31a. Thus, the air turbulence is reduced
compared with a case where the leading edge 31a of the
blade 30 is connected to each of the backing plate 10
and the rim 20 at an acute angle. As a result, the centrif-
ugal fan 100A can attain higher efficiency of the fan.
[0045] In general, when an airflow moves onto each
blade, the airflow is likely to become turbulent at the cor-
ner of the blade near the junction with the rim or the back-
ing plate, and noise may be generated due to the air
turbulence. With the first leading-edge straight portion 53
and the second leading-edge straight portion 54 of the
centrifugal fan 100A, the air turbulence is reduced com-
pared with the case where the leading edge 31a of the
blade 30 is connected to each of the backing plate 10
and the rim 20 at an acute angle. As a result, the noise
generated due to the air turbulence can be reduced in
the centrifugal fan 100A.

Embodiment 3.

[Structure of Centrifugal Fan 100B]

[0046] Fig. 4 is a perspective view of a centrifugal fan
100B according to Embodiment 3. Portions having the
same structures as those of the centrifugal fan 100 and
the other centrifugal fan in Fig. 1 to Fig. 3 are represented
by the same reference signs and description thereof is
omitted. In the centrifugal fan 100B according to Embod-
iment 3, the structure of the trailing edge 32a of the blade
30 in the centrifugal fan 100 according to Embodiment 1
is further specified. Thus, the following description is
mainly made about the structure of the trailing edge 32a
of the blade 30 with reference to Fig. 4.
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[0047] As described above, the trailing-edge straight
portion 40 includes the first trailing-edge straight portion
43 at the first trailing edge junction 41, and the second
trailing-edge straight portion 44 at the second trailing
edge junction 42. In a direction parallel to the direction
of the rotational axis RS, the length of the first trailing-
edge straight portion 43 is a length L1, and the length of
the second trailing-edge straight portion 44 is a length L2.
[0048] In the centrifugal fan 100B, the length L2 of the
second trailing-edge straight portion 44 is larger than the
length L1 of the first trailing-edge straight portion 43
(length L2 > length L1).

[Advantageous Effects of Centrifugal Fan 100B]

[0049] In general, in the centrifugal fan, the air speed
of the airflow is lower near the rim than near the backing
plate, and the airflow is likely to become turbulent. With
the first trailing-edge straight portion 43 and the second
trailing-edge straight portion 44 of the centrifugal fan
100B, the blade 30 and each of the backing plate 10 and
the rim 20 are connected at a right angle along the trailing
edge 32a on both the pressure surface and the suction
surface of the blade 30. Therefore, in the centrifugal fan
100B, the speed difference between the pressure surface
and the suction surface of the blade 30 is reduced at the
trailing edge 32a of the blade 30. Thus, the air turbulence
is reduced compared with the case where the trailing
edge 32a of the blade 30 is connected to each of the
backing plate 10 and the rim 20 at an acute angle. In the
centrifugal fan 100B, the length L2 of the second trailing-
edge straight portion 44 is larger than the length L1 of
the first trailing-edge straight portion 43. Thus, the air
turbulence can further be reduced near the rim 20 where
the air turbulence is likely to occur.

Embodiment 4.

[Structure of Centrifugal Fan 100C]

[0050] Fig. 5 is a vertical sectional view of a centrifugal
fan 100C according to Embodiment 4. Portions having
the same structures as those of the centrifugal fan 100
and the other centrifugal fans in Fig. 1 to Fig. 4 are rep-
resented by the same reference signs and description
thereof is omitted. In the centrifugal fan 100C according
to Embodiment 4, the structure of the air outlet 104 in the
centrifugal fan 100 according to Embodiment 1 is further
specified. Thus, the following description is mainly made
about the structure of the air outlet 104 with reference to
Fig. 5.
[0051] As described above, the rim 20 of the centrifugal
fan 100C defines the air inlet 102 for gas by the inner
peripheral edge 22. The backing plate 10 and the rim 20
of the centrifugal fan 100C define the air outlet 104 for
gas between the backing-plate outer peripheral edge por-
tion 14 constituting the outer peripheral edge of the back-
ing plate 10 and the rim outer peripheral edge portion 24

constituting the outer peripheral edge of the rim 20.
[0052] As shown by an arrow D2 in Fig. 5, the rim outer
peripheral edge portion 24 is oriented in the radial direc-
tion in a cross section parallel to the rotational axis RS.
That is, in the cross section parallel to the rotational axis
RS, the direction in which a part of the rim outer peripheral
edge portion 24 extends corresponds to the radial direc-
tion. Assuming that a rim extension 20a is an imaginary
part of the rim 20 extended from the rim outer peripheral
edge portion 24 in the cross section parallel to the rota-
tional axis RS, the direction in which the rim extension
20a extends corresponds to the radial direction.
[0053] The backing plate 10 has a slope 10a inclined
away from the air inlet 102 with increasing distance from
the inner periphery to the outer periphery in the cross
section parallel to the rotational axis RS. In the backing
plate 10, the region between the boss 12 and the backing-
plate outer peripheral edge portion 14 may be constituted
by the slope 10a alone or the slope 10a may be provided
as a part of the region between the boss 12 and the back-
ing-plate outer peripheral edge portion 14. It is desirable
that the backing-plate outer peripheral edge portion 14
define the outer peripheral edge of the slope 10a in the
cross section parallel to the rotational axis RS.
[0054] As shown by an arrow D1 in Fig. 5, the backing-
plate outer peripheral edge portion 14 defines the outer
peripheral edge of the slope 10a and is oriented in a
direction opposite to the direction to the part where the
air inlet 102 is provided. Assuming that a backing plate
extension 10b is an imaginary part of the backing plate
10 extended from the backing-plate outer peripheral
edge portion 14 in the cross section parallel to the rota-
tional axis RS, the direction in which the backing plate
extension 10b extends from the backing-plate outer pe-
ripheral edge portion 14 corresponds to the direction op-
posite to the direction to the part where the air inlet 102
is provided. In the cross section parallel to the rotational
axis RS, the backing plate extension 10b is inclined rel-
ative to the direction parallel to the rotational axis RS and
relative to the radial direction.
[0055] When the centrifugal fan 100C rotates, gas is
sucked into the centrifugal fan 100C through the air inlet
102 defined by the inner peripheral edge 22 of the rim
20, and is discharged out of the centrifugal fan 100C
through the air outlet 104 defined between the backing-
plate outer peripheral edge portion 14 and the rim outer
peripheral edge portion 24. In the direction in which the
gas flows inside the centrifugal fan 100C, the backing-
plate outer peripheral edge portion 14 is a downstream
end of the backing plate 10, and the rim outer peripheral
edge portion 24 is a downstream end of the rim 20. In
the cross section parallel to the rotational axis RS, the
downstream end of the rim 20 is oriented in the radial
direction. In the cross section parallel to the rotational
axis RS, the downstream end of the backing plate 10 is
inclined relative to the downstream end of the rim 20 in
a direction opposite to the direction to the suction side of
the fan.
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[Advantageous Effects of Centrifugal Fan 100C]

[0056] In the centrifugal fan 100C, the trailing edge 32a
of the blade 30 has the second trailing-edge straight por-
tion 44 near the rim 20. Therefore, the air turbulence is
reduced. Thus, in the centrifugal fan 100C, the airflow to
be blown from the centrifugal fan 100C moves easily
along the rim 20 and the backing plate 10 even if the
airflow expands radially outward.
[0057] In the cross section parallel to the rotational axis
of the centrifugal fan 100C, the rim outer peripheral edge
portion 24 that is the airflow downstream end of the rim
20 is oriented in the radial direction. In the centrifugal fan
100C, the backing-plate outer peripheral edge portion 14
that is the airflow downstream end of the backing plate
10 defines the outer peripheral edge of the slope 10a and
is oriented in the direction opposite to the direction to the
part where the air inlet 102 is provided. In the centrifugal
fan 100C, the airflow near the rim 20 is blown horizontally
and the airflow near the backing plate 10 is blown away
from the suction side along the inclination of the slope
10a of the backing plate 10. Therefore, the airflow to be
blown from the centrifugal fan 100C expands radially out-
ward. For the airflow to be blown from the centrifugal fan
100C, the air speed decreases and the static pressure
is recovered by a diffuser effect.
[0058] As described above, the air speed of the airflow
to be blown radially outward from the centrifugal fan 100C
decreases by the diffuser effect obtained by the orienta-
tion of the rim outer peripheral edge portion 24 of the rim
20 and the orientation of the backing-plate outer periph-
eral edge portion 14 of the backing plate 10. Therefore,
in an air-conditioning apparatus in which the centrifugal
fan 100C is surrounded by wall surfaces, a loss caused
by impingement of the airflow blown from the centrifugal
fan 100C on the wall surfaces of the air-conditioning ap-
paratus is suppressed.

Embodiment 5.

[Structure of Indoor Unit 150 of Air-Conditioning Appa-
ratus 200]

[0059] Fig. 6 is an internal structural diagram of an in-
door unit 150 of an air-conditioning apparatus 200 includ-
ing a centrifugal fan 100 according to Embodiment 5. Fig.
7 is a structural diagram of the air-conditioning apparatus
200 according to Embodiment 5. The indoor unit 150 of
the air-conditioning apparatus 200 is a floor-standing ap-
paratus. The indoor unit 150 of the air-conditioning ap-
paratus 200 is not limited to the floor-standing apparatus
but may be any other type of apparatus such as a ceiling-
concealed apparatus.
[0060] The indoor unit 150 of the air-conditioning ap-
paratus 200 includes a casing 210 that is an outer shell
of the indoor unit 150, a heat exchanger 220 disposed in
the casing 210, and the centrifugal fan 100 that is dis-
posed in the casing 210 and forms an airflow passing

through the heat exchanger 220.

(Casing 210)

[0061] The casing 210 has a cubic shape. The shape
of the casing 210 is not limited to the cubic shape but
may be any other shape such as a columnar shape, a
prism shape, a conical shape, a shape including a plu-
rality of corners, or a shape including a plurality of curves.
[0062] A top portion 211 of the casing 210 has an air
inlet 212. A bottom portion 213 of the casing 210 has an
air outlet 214. The air inlet 212 is an opening where air
is sucked into the casing 210 from the outside by the
operation of the centrifugal fan 100. The air outlet 214 is
an opening where air is discharged out of the casing 210
from the inside by the operation of the centrifugal fan
100. The positions of the air inlet 212 and the air outlet
214 are not limited to those in this structure. For example,
the air inlet 212 and the air outlet 214 may be provided
on the same plane, that is, either the top portion 211 or
the bottom portion 213. Alternatively, one of the air inlet
212 and the air outlet 214 or both the air inlet 212 and
the air outlet 214 may be provided on the side of the
casing 210.
[0063] The casing 210 houses the centrifugal fan 100
and the heat exchanger 220. The internal space of the
casing 210 is partitioned by a partition plate 215 into a
space S11 including the heat exchanger 220 and a space
S12 including the centrifugal fan 100. The casing 210
includes an electrical component 250 that controls the
air-conditioning apparatus 200.

(Centrifugal Fan 100)

[0064] The centrifugal fan 100 is one or more centrif-
ugal fans out of the centrifugal fans 100 to 100C accord-
ing to Embodiments 1 to 4. The number of centrifugal
fans 100 disposed in the casing 210 is not limited to one
but may be plural. The centrifugal fan 100 forms an airflow
that is sucked into the casing 210 through the air inlet
212 of the casing 210 and is blown toward an air-condi-
tioned space through the air outlet 214 of the casing 210.
[0065] The centrifugal fan 100 includes a bellmouth
230. The bellmouth 230 is disposed between the partition
plate 215 and the centrifugal fan 100. The centrifugal fan
100 is connected to a motor 240. The motor 240 is sup-
ported by a motor support 241 fixed to the bottom portion
213 of the casing 210. The motor 240 has an output shaft
242. The boss 12 of the centrifugal fan 100 is attached
to the output shaft 242 of the motor 240.

(Heat Exchanger 220)

[0066] The heat exchanger 220 is disposed on an up-
stream side of the centrifugal fan 100 in a direction of the
airflow formed in the casing 210 by the centrifugal fan
100. The heat exchanger 220 adjusts the temperature of
air that is sucked into the casing 210 through the air inlet
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212 of the casing 210 and is blown toward the air-condi-
tioned space through the air outlet 214. The heat ex-
changer 220 may have a publicly known structure.
[0067] A removable filter 221 is disposed on an up-
stream side of the heat exchanger 220 in the direction of
the airflow formed in the casing 210 by the centrifugal
fan 100. The filter 221 removes dust in air before the air
passes through the heat exchanger 220. A drain pan 222
is provided below the heat exchanger 220 to collect con-
densed water.

[Operation of Indoor Unit 150 of Air-Conditioning Appa-
ratus 200]

[0068] When the centrifugal fan 100 rotates, air in the
air-conditioned space is sucked into the casing 210
through the air inlet 212 of the casing 210. The air sucked
into the casing 210 passes through the filter 221 and then
through the heat exchanger 220. The air passing through
the heat exchanger 220 exchanges heat with refrigerant
flowing through the heat exchanger 220 and the temper-
ature and humidity are adjusted while the air passes
through the heat exchanger 220.
[0069] The air having passed through the heat ex-
changer 220 is guided by the bellmouth 230 and sucked
into the centrifugal fan 100. The air sucked into the cen-
trifugal fan 100 passes between the blades 30 and is
blown outward in the radial direction of the backing plate
10. The air blown from the centrifugal fan 100 is dis-
charged to the air-conditioned space through the air out-
let 214 in the bottom portion 213 of the casing 210.

[Overall Structure of Air-Conditioning Apparatus 200]

[0070] The air-conditioning apparatus 200 transfers
heat between outdoor air and indoor air via refrigerant to
heat or cool a room, thereby performing air conditioning.
The air-conditioning apparatus 200 includes an outdoor
unit 140 and the indoor unit 150. In the air-conditioning
apparatus 200, a refrigerant circuit through which the re-
frigerant circulates is formed by connecting the outdoor
unit 140 and the indoor unit 150 by a refrigerant pipe 115
and a refrigerant pipe 117. The refrigerant pipe 115 is a
gas pipe through which refrigerant in a gas phase flows.
The refrigerant pipe 117 is a liquid pipe through which
refrigerant in a liquid phase flows. Two-phase gas-liquid
refrigerant may flow through the refrigerant pipe 117. In
the refrigerant circuit of the air-conditioning apparatus
200, a compressor 101, a flow switching device 103, an
outdoor heat exchanger 105, an expansion valve 107,
and the heat exchanger 220 are sequentially connected
via refrigerant pipes.

(Outdoor Unit 140)

[0071] The outdoor unit 140 includes the compressor
101, the flow switching device 103, the outdoor heat ex-
changer 105, and the expansion valve 107. The com-

pressor 101 compresses sucked refrigerant and dis-
charges the compressed refrigerant. Examples of the
flow switching device 103 include a four-way valve. The
flow switching device 103 changes the direction of a re-
frigerant passage. The air-conditioning apparatus 200
can achieve a heating operation or a cooling operation
by changing a flow of refrigerant with the flow switching
device 103 based on an instruction from a controller (not
illustrated).
[0072] The outdoor heat exchanger 105 exchanges
heat between refrigerant and outdoor air. During the
heating operation, the outdoor heat exchanger 105 func-
tions as an evaporator and exchanges heat between out-
door air and low-pressure refrigerant flowing into the out-
door heat exchanger 105 through the refrigerant pipe 117
to evaporate and gasify the refrigerant. During the cooling
operation, the outdoor heat exchanger 105 functions as
a condenser and exchanges heat between outdoor air
and refrigerant compressed by the compressor 101 and
flowing into the outdoor heat exchanger 105 from the flow
switching device 103 to condense and liquify the refrig-
erant.
[0073] The outdoor heat exchanger 105 is provided
with an outdoor fan 111 to increase the efficiency of the
heat exchange between the refrigerant and the outdoor
air. The outdoor fan 111 may be provided with an inverter
that changes an operation frequency of a fan motor to
change the rotation speed of a fan.
[0074] The expansion valve 107 is an expansion de-
vice (flow rate control device). The flow rate control de-
vice functions as the expansion valve by controlling the
flow rate of refrigerant flowing through the expansion
valve 107. The expansion valve 107 regulates the pres-
sure of refrigerant by changing its opening degree. For
example, if the expansion valve 107 is an electronic ex-
pansion valve, the opening degree is adjusted based on
an instruction from the controller (not illustrated).

(Indoor Unit 150)

[0075] The indoor unit 150 includes the heat exchanger
220 that exchanges heat between refrigerant and indoor
air, and the centrifugal fan 100 that regulates a flow of
air to be subjected to the heat exchange by the heat ex-
changer 220.
[0076] During the heating operation, the heat exchang-
er 220 functions as a condenser and exchanges heat
between indoor air and refrigerant flowing into the heat
exchanger 220 through the refrigerant pipe 115 to con-
dense and liquify the refrigerant. Then, the refrigerant
flows out of the heat exchanger 220 toward the refrigerant
pipe 117. During the cooling operation, the heat exchang-
er 220 functions as an evaporator and exchanges heat
between indoor air and refrigerant having a low pressure
through the expansion valve 107 so that the refrigerant
removes heat from the air. Thus, the refrigerant is evap-
orated and gasified and then flows out of the heat ex-
changer 220 toward the refrigerant pipe 115. The cen-
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trifugal fan 100 faces the heat exchanger 220.

[Examples of Operation of Air-Conditioning Apparatus 
200]

[0077] Next, the cooling operation is described as an
example of the operation of the air-conditioning appara-
tus 200. High-temperature and high-pressure gas refrig-
erant compressed and discharged by the compressor
101 flows into the outdoor heat exchanger 105 via the
flow switching device 103. The gas refrigerant flowing
into the outdoor heat exchanger 105 is condensed into
low-temperature refrigerant by exchanging heat with out-
door air sent by the outdoor fan 111. The low-temperature
refrigerant flows out of the outdoor heat exchanger 105.
The refrigerant flowing out of the outdoor heat exchanger
105 is expanded by the expansion valve 107 and the
pressure is reduced to turn into low-temperature and low-
pressure two-phase gas-liquid refrigerant. The two-
phase gas-liquid refrigerant flows into the heat exchanger
220 of the indoor unit 150 and is evaporated into low-
temperature and low-pressure gas refrigerant by ex-
changing heat with indoor air sent by the centrifugal fan
100. The low-temperature and low-pressure gas refrig-
erant flows out of the heat exchanger 220. At this time,
the indoor air cooled by the refrigerant that removes heat
from the indoor air becomes conditioned air and is blown
to the air-conditioned space through the air outlet 214 of
the indoor unit 150. The gas refrigerant flowing out of the
heat exchanger 220 is sucked into the compressor 101
via the flow switching device 103 and is compressed
again. The operation described above is repeated.
[0078] Next, the heating operation is described as an
example of the operation of the air-conditioning appara-
tus 200. High-temperature and high-pressure gas refrig-
erant compressed and discharged by the compressor
101 flows into the heat exchanger 220 of the indoor unit
150 via the flow switching device 103. The gas refrigerant
flowing into the heat exchanger 220 is condensed into
low-temperature refrigerant by exchanging heat with in-
door air sent by the centrifugal fan 100. The low-temper-
ature refrigerant flows out of the heat exchanger 220. At
this time, the indoor air heated by receiving heat from the
gas refrigerant becomes conditioned air and is blown to
the air-conditioned space through the air outlet 214 of
the indoor unit 150. The refrigerant flowing out of the heat
exchanger 220 is expanded by the expansion valve 107
and the pressure is reduced to turn into low-temperature
and low-pressure two-phase gas-liquid refrigerant. The
two-phase gas-liquid refrigerant flows into the outdoor
heat exchanger 105 of the outdoor unit 140 and is evap-
orated into low-temperature and low-pressure gas refrig-
erant by exchanging heat with outdoor air sent by the
outdoor fan 111. The low-temperature and low-pressure
gas refrigerant flows out of the outdoor heat exchanger
105. The gas refrigerant flowing out of the outdoor heat
exchanger 105 is sucked into the compressor 101 via
the flow switching device 103 and is compressed again.

The operation described above is repeated.

[Advantageous Effects of Air-Conditioning Apparatus 
200]

[0079] Since the air-conditioning apparatus 200 ac-
cording to Embodiment 5 includes, for example, the cen-
trifugal fan 100 according to Embodiment 1, the air-con-
ditioning apparatus 200 can attain advantageous effects
similar to those of, for example, the centrifugal fan 100
according to Embodiment 1. In the air-conditioning ap-
paratus 200, the air turbulence in the centrifugal fan 100
can be reduced compared with an air-conditioning appa-
ratus without the centrifugal fan 100. As a result, the air-
conditioning apparatus 200 can attain higher efficiency
of the fan. Further, noise due to the air turbulence can
be reduced in the air-conditioning apparatus 200.
[0080] Embodiments 1 to 5 may be combined with
each other. The structures described in Embodiments 1
to 5 are illustrative and may be combined with other pub-
licly known technologies or partially omitted or modified
without departing from the gist.

Reference Signs List

[0081] 10: backing plate, 10a: slope, 10b: backing plate
extension, 12: boss, 14: backing-plate outer peripheral
edge portion, 20: rim, 20a: rim extension, 22: inner pe-
ripheral edge, 24: rim outer peripheral edge portion, 30:
blade, 30a: outer blade surface, 30b: inner blade surface,
31: inner peripheral end, 31a: leading edge, 32: outer
peripheral end, 32a: trailing edge, 40: trailing-edge
straight portion, 41: first trailing edge junction, 42: second
trailing edge junction, 43: first trailing-edge straight por-
tion, 44: second trailing-edge straight portion, 51: first
leading edge junction, 52: second leading edge junction,
53: first leading-edge straight portion, 54: second lead-
ing-edge straight portion, 100: centrifugal fan, 100A: cen-
trifugal fan, 100B: centrifugal fan, 100C: centrifugal fan,
101: compressor, 102: air inlet, 103: flow switching de-
vice, 104: air outlet, 105: outdoor heat exchanger, 107:
expansion valve, 111: outdoor fan, 115: refrigerant pipe,
117: refrigerant pipe, 140: outdoor unit, 150: indoor unit,
200: air-conditioning apparatus, 210: casing, 211: top
portion, 212: air inlet, 213: bottom portion, 214: air outlet,
215: partition plate, 220: heat exchanger, 221: filter, 222:
drain pan, 230: bellmouth, 240: motor, 241: motor sup-
port, 242: output shaft, 250: electrical component

Claims

1. A centrifugal fan, comprising:

a backing plate to be driven to rotate;
an annular rim facing the backing plate; and
a plurality of blades disposed between the back-
ing plate and the rim,
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each of the plurality of blades having a leading
edge and a trailing edge, the trailing edge being
positioned on a positive side in an anti-rotational
direction relative to a leading edge,
the trailing edge comprising:

a first trailing edge junction being a junction
with the backing plate; and
a second trailing edge junction being a junc-
tion with the rim,

the second trailing edge junction being posi-
tioned on a positive side in the anti-rotational
direction relative to the first trailing edge junc-
tion,
the first trailing edge junction and the second
trailing edge junction comprising a trailing-edge
straight portion parallel to a rotational axis of the
backing plate.

2. The centrifugal fan of claim 1,

wherein the leading edge comprises:

a first leading edge junction being a junction
with the backing plate; and
a second leading edge junction being a
junction with the rim,

wherein the second leading edge junction is po-
sitioned on a positive side in the anti-rotational
direction relative to the first leading edge junc-
tion, and
wherein the first leading edge junction and the
second leading edge junction comprise a lead-
ing-edge straight portion parallel to the rotational
axis of the backing plate.

3. The centrifugal fan of claim 1 or 2,

wherein the trailing-edge straight portion com-
prises:

a first trailing-edge straight portion at the
first trailing edge junction; and
a second trailing-edge straight portion at the
second trailing edge junction, and

wherein a length of the second trailing-edge
straight portion is larger than a length of the first
trailing-edge straight portion.

4. The centrifugal fan of any one of claims 1 to 3,

wherein an air inlet for gas is defined by an inner
peripheral edge of the rim,
wherein an air outlet for gas is defined between
a backing-plate outer peripheral edge portion

constituting an outer peripheral edge of the
backing plate and a rim outer peripheral edge
portion constituting an outer peripheral edge of
the rim, and
wherein, in a cross section parallel to the rota-
tional axis, the rim outer peripheral edge portion
is oriented in a radial direction, the backing plate
has a slope inclined away from the air inlet with
increasing distance from an inner periphery to
an outer periphery, and the backing-plate outer
peripheral edge portion defines an outer periph-
eral edge of the slope and is oriented in a direc-
tion opposite to a direction to a part where the
air inlet is provided.

5. An air-conditioning apparatus, comprising:

the centrifugal fan of any one of claims 1 to 4; and
a heat exchanger.
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